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Komy xax ne yuenvim-gusuxam paccysxcoames o mom, ymo 6yoem npedcmagiiams coo0u Mup 6
2100 200y? Kax oOnum ycunuem 6oau 6yOym yYnpagiamvcs KOMHbIOMEPbl, KAK CUNLOU MblCIU
yenogek cmodcem 08uU2amv  NpeomMemvl, KAk Ml Oy0eMm NOOKMOYAMbCs K MUpPOBOMY
ungopmayuonnomy nomo? Bosmoowcno au smo?  Oxazvieaemcs, B03MONCHO U He MAKoe.
Hckyccmeennvie opeanvi; napsawue 8 6030yxe dA6MOoMOOUNU; HEGEePOAMHAS NPOOONHCUMETLHOCHIL
JHCUBHU U MONOOOCMU — 8Ce MU yyoeca He (panmacmukd, a HAYyYHO 0DOCHOBAHHBIE NPOSHO3bl
Cepbe3HbIX YUEHBIX, UHMEPBbIO ¢ KOMOopbIMu 0000w 8 ceoeti knuee Mumuo Kaky.

H30anue noozomosneno npu noodepicke QPonoa [Imumpusa 3umuna «Junacmusy.




MuTtuno Kaky
dusunka dyayuwero

Hoceawaemes moeu mobumoi ocene Cuysys, a maxdce MOUM
doyepsam Muwenv u Inucon

BBeaeHue
Mpeacka3aHue Ha 100 net

Umnepuu 6yoywezo 6yoym umnepusamu pazyma.
Yuncron Yepumwiib

Korma s Oblm ManeHbKUM, JIBa COOBITHS MOMOINIM CPOPMHUPOBATH MEHS TAaKUM, KaKOW s
CEroJHs, ¥ 3apOHWIIN B AYIIY JABE CTPACTH, ONPEACIUBIINE BCIO MOIO KU3Hb.

[TepBoe coObITHE MPOU30ILIO, KOTJIa MHE OBLIO BOCEMb JieT. Sl O4eHb XOpOIO MOMHIO, Kak
ryjiena y4uTenbckas, 00Ccykas MOCIEHIO HOBOCTh: YMEp BEJUKUN yUeHbIl. B TOT Beuep razersl
Haneuyaranu ¢ororpaduio ero kKabrHeTa ¢ HE3aKOHUEHHOM PYKOMHCHIO Ha CTOJIE. 3aroJIoBOK TIIacu,
YTO BEJIMYANIINI YUYEHBIN HAlIe 3MI0XU HE CMOT 3aBEPIIMTh CBOM BeIMYaWIINi meaesp. S cHoBa u
CHOBA 3aJ1aBajl cebe BOMPOC: YTO MOXKET ObITh HACTOJIBKO CIOKHBIM, YTOOBI TAKOW BEIUKHUI YIEHBIN
HE CMOT 3aKOHYUTH CBOM Tpya? Uro BooOIIe MOXET OBITh HACTOIBKO CIOKHBIM M HACTOJIBKO
BaxxHbIM? [locTemeHHO 3TOT BOmpoc cTad Jjisi MEeHs Oojiee MHTEPECHBIM, YeM IF00O0H NETeKTHB,
Oosee 3aXBaTHIBAIOIINM, YeM JIFOObIE MPUKITIOYeHUs. S TOIDKeH ObLT y3HATH, YTO COJCPIKUTCS B TOU
HEOKOHYEHHOM PYKOMHCH.

[To3xe s BBISICHWI, YTO y4Y€HOro 3Baju AsbOepT DUHIITEWH, a HEOKOHYEHHAsl PYKONHCH
JIOJHKHA OBbLIA CTaTh €ro BEIMYaNIIUM JOCTHXKEHHEM. DTO OblIa MOMBITKA CO3/aTh «TEOPHUIO BCETOY,
BBIBECTH O0Ilee ypaBHEHHE, COCTOAIIEE, MOXKET OBITh, BCETO W3 HECKOIBKHX OYKB, KOTOPOE
MPUOTKPBIIO OBl Ui yenoBedecTBa TalHbl BceneHHOW M MO3BONMIIO OBl €r0 aBTOPY «IIOHSTh
3ambIcen boray.

JpyruM ompenensomuM coOBITHEM MOETO AETCTBA CTallk, KaKk HU CTPaHHO, Telenepenay,
ocobenHo cepuan «Dmm [opaon» ¢ bactepom Kpadb6om B maBHoii pomu. Kaxayto cy660Ty yTpom
s OyKBaJbHO MPUIUIAN K TEJIEBU30pPY U BOIIIEOHBIM 0Opa3oM MEPEeHOCHIICA B 3araJlouHbIi MUp
MHOIUJIAHETHBIX IPULIENIBLEB, 3BE3HBIX KOopaliel, cpakeHUl ¢ IPUMEHEHHEM JIy4E€BOTO OpYXkKus,
MOJBOJHBIX TOPOJOB W, KOHEYHO, 4ydoBHII. Jla, s 3armIoTWi HaXHBKY W TOMajl Ha KPIOUYOK.
[TpekpacHO MOMHIO CBOM TIE€PBBIE BCTPEUH C MUPOM OYAYIIETO M JI0 CUX TOP MUCHBITHIBAIO JIETCKHI
BOCTOPT IPH MBICIIHA O HEM.

OnHako, TOCMOTPEB Bce cepuu GUIIbMa, s MOTUXOHBKY Havajl MOHUMATh, YTO, XOTSI BCE JIABPHI
B HEM JocTaBanuch Doy, Ha caMOM JieNie TIIaBHBIM JICUCTBYIOIIMM JIMIIOM CIOXKETa ObLIT YUEHbII
— noktop 3apkoB. be3 Hero melicTBHE 3acTOMOPHIOCH OB B caMOM Hadaine. MIMeHHO oH m300pen
pakeTHBIH KOpabiib, UUT HEBUAMMOCTH, UCTOYHHUK SHEPTUH U1 HEOECHOTO TOpojia U MHOXKECTBO
JPYTruX HE0OXOMUMBIX Bemel. S moHsu1, uTo 6e3 yueHoro Oymyiiee HeBO3MOXKHO. 1 mycTh Momosibie
U KpacHBBIE TepOM BBI3BIBAIOT BOCTOPTH 3pHUTENEH, HO BCe UyAeCHbIe HM300peTeHus OymyIiero —
pe3ynbTaT 1eATeNbHOCTH HEBOCIIETHIX U 3a4aCTyI0 AHOHUMHBIX YUEHBIX.

[Toxke, B cTapmmMx Kiaccax HIKOJbI, S Peln1 MOoclieA0BaTh NPUMEPY BEIUKHUX YUEHBIX
MPOIILJIOTO U MOJBEPTHYTh TEOPETUUECKHE 3HAHUS MPAKTHUECKON MpoBepKe. S XxoTen ObITh YacThiO
TOW BETMKON PEBOIIOIMH, KOTOpasi, KaK s ObLT YOeXKIeH, B caMOM OmipkaiiiiemM OynyiieM U3MEHUT
Mup. S pemmni NoCTpOUTh YCTAHOBKY JIJIsl CTOJIKHOBEHMSI aTOMOB U IOIPOCKI Y MaMbl pa3peleHus
COOPYAUTh B Tapake YCKOPHUTENIb YacTUI[ Ha 2, 3 MHWJUIMOHA 3JIeKTPOHBONLT. OHA HEMHOTO
yAUBWIACH, HO paspemmia. [Tocie atoro s oOparuics k pupmam Westinghouse u Varian Associates,
106611 400 dyHTOB TpaHCHOPMATOPHOH CTAIK M 22 MUJIM MEIHOTO MPOBOJIA M COOpajl B MAMHHOM
rapaxe BIOJIHE IPWJINYHBIN YCKOPUTEIb-0ETaTPOH.



Eme panbiie s coopynuin kamepy BuiabcoHa ¢ MOIIHBIM MAarHUTHBIM IIOJIEM M HEKOTOPOE
Bpems (otorpaduposan Tpeku antuyactuil. Ho 3Toro mHe Obuto Mano. S moctaBui cebe HOBYIO
1EJIb: TIOYYUTh MYy4OK aHTUYACTUL]. MarHUTHbIE KaTYIIKH YCKOPUTEIIs 00eCIeYrBaIl MHE MOIIIHOE
MarHuTHoe nose HanpspkeHHOCThIo B 10 000 rayce (mpumepno B 20 000 pa3 moiiHee MarHUTHOTO
noJst 3eMiid; B TPUHIIMIIE TAKOTO IMOJIsl JOCTaTOYHO, YTOOBI BBIPBATh U3 PYKH MOJIOTOK). MarnHa
MOXKUpaJla EeCTh KUJIOBATT, 3a0upasi BCIO AJIEKTPOIHEPTHIO B JOME; MPEAOXPAHUTETN TO U JEJIO
nerenu. (JlomwkHO OBITH, MOs OeqHas Mama He pa3 MoXkalesla, 4YTO €€ ChbIH He YpOJHICS
¢byTboICcTOM. )

Wtak, Moell )KU3HBIO YIPABISIIN JBE CTPACTU: BO-TIEPBBIX, JKEJIaHUE MOHAThH BCe (pu3nueckue
3aKOHBbl BceneHHOl M cBecTH MX B €AMHYIO HENPOTHBOPEUYHBYIO TEOPHIO, BO-BTOPBIX, XKEJIAaHUE
yBuzeTh Oynyiee. Co BpeMeHeM 5 MOHsUI, YTO Ha CaMOM JIeJie 9TH JIBE CTPACTH JIOMOJIHAIOT O/IHA
apyryto. Kitou x noHumanuio Oynymiero — (QyHIaMeHTaldbHbIE 3aKOHBI IMPHUPOJIBI; HOBBIE
n300peTeHNs], MAllIMHBI U METOABI JICYSHHUs], CO3/IaHHbIE HAa UX OCHOBE, ONpeNesAT Oyayliee Halei
UMBUIN3AI[MN HA MHOTHE JAECITUIIETHS.

51 y3Ha, 4To BO BCe BpEMEHA YeJIOBEK IBITAJICS MPeACKa3bIBaTh Oyayliee, U MHOTHE TIONBITKU
TaKoro poja ObUIM MOJE3HBIMU M ITYOOKHMH, HO, YBBI, TMCAIN O OynylieM Bce OOoJIbIIe UCTOPHKH,
COLIMOJIOTH, MUcaTeNU-(aHTACThl U «PYTYPUCTBI». MOXHO CKazaTh, YTO CTOPOHHHME HAOIIOAATENH
IBITAIUCH MPECKa3bIBaTh MUP HAayKH, HUYETO JIOCTOBEPHO O HayKe He 3Has. YueHble — Te, KTO,
COOCTBEHHO, U co37aeT Oyayllee B CBOMX JaOOpaTOpUsiX, — CIHUIIKOM 3aHATHl OTKPBITHAMU H
MIPOPBIBaMH, YTOOBI MUCATh MOMYISPHbIE KHUTH O OYyIyILIEM.

BoT 4ueM 3Ta KHMra omIM4yaeTcsl OT ApYTrux. Sl HaJerCh, YTO OHA MIOMOXKET YUTATEII0 YBUAETD
qyJleCHbIE OTKPBITHS, OXUAAIOIIME Hac B OyAylleMm, Ia3aMH HEMNOCPEICTBEHHOIO Y4YacTHHKAa U
IIPEICTaBUT CaMblii IOJIMHHBIA U aBTOPUTETHBIN B3Msi HAa mup 2100 1.

KoneuHno, HEBO3MOXKHO TMpeAcKazaTh Oymyriee ¢ aOCOMIOTHON TOYHOCTBIO. MHE KaxkeTcs,
MaKCHUMYM, YTO MOXKHO CJI€aTh, — 3TO 3aIITHYTh B MBICIH YYEHBIX, KOTOPbIE CETOAHSA PabOTaIOT
Ha MepeTHEM Kpae HayKH U cTapaTesibHO n300peTatoT Oynymiee. IMEHHO OHU CO3/1al0T YCTPOMCTBA,
NPUCIIOCOOTIEHNsT M JIeKapCTBa, KOTOpble B OyaylleM TOJHOCTBIO M3MEHAT YEJIOBEYECKYIO
HUBWIM3anUi0. Mosi KHHUra — paccka3 o0 3THX JoAsx. Y MeHs Oblia peakas BO3MOXKHOCTh
HaOMI0AATh 3TY BEJHMKYIO PEBOJIOLMIO M3 MEPBBIX PSJIOB; s Opan umHTEpBBIO Oonee yeM y 300
JYYIIMX B MUPE YUEHBIX, MBICIIMTENICH U MeuTaTesen Ui TeNeBUICHUS U pagio AMEpUKH.

51 BoaniI cheMOUHBIE TPYIIBI B JIAOOPATOPUM; MBI CHUMAJIHM MPOTOTHIIBI TE€X 3aMeyaTeIbHbBIX
YCTPOICTB, KOTOpble U3MEHAT Haile Oyayiiee. MHe Bbllana pejikas 4ecTh BBICTYHAaTh BETYLIUM
MHOTMX Hay4YHbIX mepenad Ha TenekaHanax BBC, Discovery u Science, paccka3biBaTh 00
M300peTEeHNSIX U OTKPBITUSIX COBPEMEHHBIX MpOpHUlIaTesield, KOTOpPble OCMENIHBAIOTCS HE TOJIBKO
3arIsiIplBaTh B Oydyllee, HO M TBOPUTb €ro COOCTBEHHBIMH pyKaMmH. S MMenT BO3MOXHOCTb
3aHUMAThCsl COOCTBEHHBIMHU HCCIIEOBAHUSMU TEOPHEH CTPYH U OJHOBPEMEHHO 3HAKOMHTBHCS C
CaMbIMHU TEPENOBBIMH UCCIIENOBAaHUAMH, KOTOpble B X XI B. mepeBepHyT MUp. S, Kak MHE KaxeTcs,
3aHHUMAJICs B HayKe CaMbIMH JKETaHHBIMH BelllaMu. Most IeTckasi MeuTa OCyIIeCTBUIIACh.

Ho »Tra kHura ommmyaercs OT NpPEKHUX MOUX KHUL B Takux kHurax, kak «Jlambiie
Oiinmreitna» (Beyond Einstein), «I'unepnpocrpanctso» u «IlapaniensHbie MUpBD», s paccKa3blBajl
O CBEXHX BETpax PEBOJIIOLIMOHHBIX MEPEMEH, AYIOIIHUX B MOEH 00JacT TeopeTHyecKoi pu3nke —
1 OTKPBIBAIOLIMX HOBBIE IIyTH K MOHMMaHNIO Bceenennoi. B «®u3nke HEBO3MOKHOTO» 51 TOBOPHII O
TOM, YTO TEKYIME OTKPBITHS B (PU3MKE CO BPEMEHEM BOIUIOTAT, BEPOSTHO, B JKU3Hb JJaXK€ CaMble
cMellble Hay4HO-(haHTaCTHYECKHUE UJIEH.

W3 Bcex KHUT 3Ta Oomble Bcero noxoxka Ha «lIpemuyBctBusi» (Visions), rie TeMoi MOEro
pacckaza ObUTO pa3BUTHE (U3UKKA B ONMMKANIIME HECKOIBKO AecATWIETHH. S pan, 4To MHOTHE
IIPEJICKA3aHNs, CAEIaHHBbIE B TOM KHUIE, CETOJHS PEaJIM3yIOTCsl TOYHO IO PACIMCAHHIO, 4YTO B
3HAYUTEIHLHOU Mepe ONpPeAesioCch MYIPOCThIO M pa3yMHBIM MPEIBUIEHUEM MHOXKECTBA YUEHBIX, C
KOTOPBIMH sl TOBOPHJI B IIPOLIECCE MOATOTOBKU 3TOW PaOOTHI.

Ho sra xHura nmaer ropasgo 0Oosiee HIMPOKYIO MaHOpaMmy OyAyllero, B HEW TOBOPUTCS O
TEXHOJIOTHUSIX, KOTOPBIE, BOBMOYKHO, IPUHECYT ILIOABI JIMILIB YEPE3 CTO JIET, HO KOTOPHIE B CBOI CPOK
onpeaensaT cynp0y yenoBeuectBa. OT TOro, Kak Mbl CHOPaBUMCS C BBI30BAaMU M BO3MOYKHOCTSMH



HAuUaBIIETOCS BEKa, OydeT 3aBHCETh, HA MOUM B3IV, OKOHUYATENbHAs TPACKTOpHS NajbHEHIIero
JIBMOKEHUS YEJIOBEYECKOM pPachl.

MpenckasaHua Ha GNMXXanwnn BekK

[Ipenckazarte coObITHS ONMMKAMIIMX HECKOJIBKUX JIET TeM OoJiee 3ariisHyTh Ha LENbId BEK
BIIEpE]l — OYEHb HEIPOCTO, HO MMEHHO TAaKHE 3aJaud 3acTaB/IAIOT HAC MEUYTaTb O TEXHOJOTUSX,
CHOCOOHBIX U3MEHUTD CyAbObI MHpA.

B 1863 r. Benukuit pantact XKronp BepH Hamucan cBoe, MOXeT ObITh, caMOe aMOUIIMO3HOE
MIpOU3Be/IeHuEe — MpopodYecKuil poMaH nmoj HazBaHueM «Ilapmx B XX Bekey, r1e B MOJIHOM OJecke
IPOSIBUIICS €ro HeoObIYaHbi nap npensuaeHus. [lo kpaiiHeil Mepe rpsayIuii BeK OH MpeacKa3al
C YIMBHUTEIbHONW TOYHOCTHIO. K HecuacThlo, pyKONHCh 3arepsulach B TyMaHE BpEMEHH; IPaBHYK
nycarelns cly4JailHO HaTKHYJICS Ha Hee B celde, rae oHa nmponexana nouru 130 ger. Ilonss, kakoe
cokpoBuIne oOHapyxw1, HacneqHuk JKrons Bepra m3gan poman B 1994 1., u OH cpasy ke crai
OecTcenepoM.

Torma, B 1863 ., kOpoin M HMMIEPATOPHI €€ MPABWIA APEBHUMH HMMIIEPHUSIMH, & HUILIHE
KpECTbsHE B IOTE JMLA cBoero Tpyawauch Ha nomsix. B Coeaunensbix Illtarax mnosnbixana
paspymirensHas [paxaaHckass BoifHa, eBa HE pas3opBaBllas CTpaHy Ha 4YacTd, a MapoBOM
JIBUTATEIh TOJILKO HAYMHAJ cBOe NobeqHoe mectBue no mupy. Ho Bepn nmpenckasain, uro B [lapuxke
B 1960 . OynyT crekisiHHbIE HEOOCKpeObl, KOHIUIIMOHEPHI, TeleBUJEHUE, JTUQTHI, CKOPOCTHHIE
noesna, OEH3MHOBbIE aBTOMOOWIIH, (haKC-MaIlMHBI U Jake 4To-TO HarmoMmuHaroniee MutepHer. C
HEBEPOSTHOW TOUHOCTHIO BepH onmcai n *u3Hb B coBpeMeHHOM [lapumxe.

Hano ckasarp, 4yTO 3TO HE cilydaliHas yaada, BElb BCETO Y€pPE3 HECKOJIBKO JIET OH CAEJA €Ile
OJIHO BHeuaTssioulee npeackazanue. B pomane «C 3emnu Ha Jlyny» (1865) Xions Bepn npuen
HEMaJl0 TOYHBIX MOAPOOHOCTEH TeX HEOOBIKHOBEHHBIX MYTEIIECTBUHM, KOTOpbIE OOJbIIE CTa JIET
cnyctd, B 1969 ., mpuBenu amepukaHCKMX acTpoHaBToB Ha JlyHy. OH mpenckasan pasmepbl
KOCMUYECKOM Karcysabl (C TOYHOCTBIO 10 HECKOJIBKHUX MPOIEHTOB), PAaCIOJIOKEHHUE CTapTOBOM
wioniaaku (Bo ®nopuje, Ha mupore Mbica KanaBepain), 4ucio acTpOHABTOB, MPOJOIKUTEILHOCTD
MyTEIIeCTBUSl, HEBECOMOCTb, KOTOPYIO HCIBITAIOT acCTPOHABTHI, U (DUHAIBHOE MpPU3EMIICHHE B
okeaH. (EnnHcTBeHHON cepbe3HOM OmMOKONW ObUIO TO, YTO JAJISl IOCTAaBKM acTpOHABTOB Ha JIyHy
aBTOp pOMaHa BOCIOJb30BAJCSI MOPOXOM, a HE paKeTHbIM TormuBoM. Ho 10 u3o0pereHHs
KHUJIKOCTHBIX PAKET OCTABAJIOCH €Ill€ CEMBIECHT JIET.)

Kakum o6pazom ymynapuics XKrone BepH npenckazats Oyayiiee Ha CTO JIET BIEpe ¢ TaKou
nopasureiabHo TouHOCThIO? Ero Oumorpadsl ormeuator, yto BepH, He Oyayuu YYeHbIM,
BHUMATENBHO CIEINI 32 Pa3BUTHEM HAyKH, ITOCTOSSHHO BCTPEYAJICS C YYEHBIMM M BBISCHSUI, Kak
KKJIBIN U3 HUX TIPENICTaBIAET cebe Oymayiiee pa3BuTrue cBoeil obmactu. OH coOupan nHGOPMAITHIO
000 BceX Cepbhe3HBIX HAYYHBIX OTKPBITUSX CBOETO BPEMEHM M HAKOMMJ OOMIMpHBIN apxuB. JKionb
Bepn nyunie, ueM kTo-1100 APYyroi, MOHUMAJ, YTO UMEHHO HayKe B caMoM OnmkaiiieM Oynyiiem
CYXKJIEHO TOTPSCTH OCHOBBI LIMBWIN3ALIMM U BBECTU €€ B HOBBIM BEK, IOJHBIA YIWBUTEIbHBIX
coOBITHI W Yynec. A TIaBHOE, MUcaTeNb MOHSJ, YTO Hayka CrocoOHa mpeoOpa3oBaTh OOIIECTBO;
MMEHHO B 3TOM KJIIOY K €ro ITyO0O4aiIIiM MpO3pEHUsIM.

E1e omHuM BeMMKUM NPOPOKOM TeXHUKHU ObLT JleoHapno aa BuHuu, XynoKHUK, MBICIUTENb U
MeuTarenb. OH OCTaBMJI HaM KPAacUBBIE U TOYHbBIE YEPTEXKU MAIIUH, KOTOPHIE JOJKHBI ObUIH KOT/Ia-
HUOYZIb TTOHATHCS B HE0O: HAOPOCKH MapamnIoToOB, BEPTOJICTOB, JEIBTAIUIAHOB U JaKe CaMOJIETOB.
3amMeydaTenbHO, YTO MHOTHE U3 €ro M300peTeHUI NeHCTBUTENIBHO MONETeNN Obl, XOTS MPHUIyMaHbl B
koH1ie XV B. (Ero snerarmommm MammHaM HE XBaTallo OTHOTO-EIMHCTBEHHOTO MHTPEAUEHTA: MOTOpa
MOIIHOCTBIO IO KpaliHEN MEpPE B OJIHY JIOIIAJUHYIO CUITY, KOTOPOMY MPEACTOSIIO MOSBUTHCS HA CBET
muib yepes 400 sert.)

He menee nopasurteneH ToT ¢akt, yto JleoHapio ocTaBuil HaM HaOPOCOK MEXaHMYECKOIo
CYMMHPYIOIIETO YCTPOMCTBa, OOOTHaBIEro Bpems mnpuMepHo Ha 150 mer. B 3arepsBmeiics
PYKOITUCH, BHOBb OTKpBHITOH B 1967 T, Obul OOHapyXeH NPOEKT CYMMHUpYIOIIEH MalluHBI C
nu(pOBBIMU KOJIECUKAMHM Ha TPUHAALUATH paspsanoB. IIpu moBopoTe pydykH KOJECHUKH BHYTPHU



JOJDKHBI  OBITM TPOKPYYMBATbCS M TNPOU3BOAUTH apudMeTHueckue BbluucieHus. (MarmHa,
MOCTPOEHHAs 10 ATOMY 4epTexxky B 1968 1., Ha camoM Jerne 3apaboTaia.)

Kpome Toro, B 1950-x rr. 6bl1a oOHapyXeHa ele ofHa pykonuch JleoHapno ¢ HaOpOCKOM
po0oTa-BOMHA B MTAJIO-TEPMAHCKUX JOCIEXax, CIIOCOOHOTO CaIWThCS, ABUraTh pyKamu, Lieed u
4eItocThio. POOOT MO 3TOMY MPOEKTY Takke ObUI OCTPOEH M OKa3ajcs BIOJIHE (DYHKIIMOHAIBHBIM.

Kak u XKwone Bepn, Jleonapao ob6mianicst ¢ mepeaoBbIMA MBICIHTENISIMA CBOETO BPEMEHH U
yMeJ YBHJIETh B 3TUX Oecenax Oyaylee; OH BXOAMI B HEOOJBIIOW KPYT JItoAeH, HaXOAMBIIUXCS Ha
MepeoBOM COBpEMEHHON emy Hayku. Kpome Toro, JleoHapmo MOCTOSSHHO SKCIIEPUMEHTHPOBAI,
CTPOMJI MOJIENIH, YEPTHUII, @ 3TO OYEHb Ba)KHAs UepTa JIFoOOro, KTO XOUeT MPEBPATUTh MBICIIHU B JIeJa.

PaccmarpuBasg mnporHossl JKrons Bepna u Jleomapno na BuHUM W ynMBISICE  HX
IIPOPOYECKOMY JAapy, Mbl HEBOJIBHO 3aJaeMCsl BOIIPOCOM: MOXKHO JIM CErOJIHs NpEACKa3aTb MUD
2100 .? B momHOM COOTBETCTBUU C TpaauuusMu BepHa u na BuHuu B 3T0il KHUTE MBI TOJPOOHO
paccMOTpUM palOOThl BEIYIIMX YYEHBIX, YK€ CErofHs CO3JMAIONIMX TMPOTOTHUIBI TEXHOJIOTUH
Oyaymiero. Jta KHUTa — He (aHTAaCTUYECKUH pOMaH, He MPOIYKT pa3bIrpaBUIETOCs] BOOOpakeHUs
TOJIJTUBYJICKOTO CLIEHApPHCTa, OHA OCHOBaHA Ha pe3y/bTaTax CEPbE3HBIX HAYYHBIX HCCIIEIOBAHUH,
IIPOBOJIMMBIX B HACTOSIIEE BpEMS B KPYITHEHIINX JIabopaTopusx MUpa.

[TpoToTHIBl BCEX ONMUCAHHBIX B KHUTE€ MPUOOPOB M MEXAHU3MOB YK€ CYIECTBYIOT. ABTOp
«HelipomanTtay VYumbsim [uOcoH, mycTHBIIMI B OOpalleHHe CJIOBO «KHOEPIPOCTPAHCTBOY,
ofHaX bl ckazall: «bynyiee yxe 31ech. OHO MPOCTO paclpeIelIeHO HEPABHOMEPHOY.

[IpenckasbiBaTh, kKakuM OyaeT mup B 2100 1., TpynHO e11e ¥ IOTOMY, YTO MbI C BAMHU >KUBEM B
AMOXY II00ATBHOTO HAyYHOTO MEPEeBOPOTa, U TEMIIbI MMO3HAHHUSI MUpPA HETIPEPHIBHO BO3PACTAIOT. 3a
MOCJIETHIE HECKOJIbKO JIECATUIIETUI YellOBEUeCTBO 00pesio OoJbllle HayYHbIX 3HAHHM, YEM 3a BCIO
NpeAbIAYIIYI0 UCTOPHUIO. JIOTHYHO NPEANnonoXkuTh, yTo K 2100 . 00beM HayuyHBIX 3HAHHWH ycreer
YABOUTHCS €lIe HE OJIUH Pa3.

Bo3moxHO, my4nii cnocod 0co3HaTh CI0KHOCTh U HEOOBATHOCTh B3ATON Ha ce0st 3a/1auu —
BCIIOMHUTD, KakuM Ob11 Mup B 1900 1., Kak kuiu Hamy 6a0yIIky U IeIyIIKH.

Kypnamuer Mapk CamnmuBan (Mark Sullivan) npeanaraer Ham NpencTaBUTh YelOBEKa,
gyutatomero B 1900 r. o0bIuHyIO razery:

«B razere 3a 1 suBaps 1900 roga Hau amepukaHel] HE Hallel, K IPUMEpPY, CI0Ba
,»paauo®, ubo 70 ero MOSBJCHUS OCTaBaJOCh CIlle JBAJIATh JIET, WIH ,,KHHO, OO ero
paciBeT Toxe ObLI eIle BIEPeIu; WU ClioBa ,odep*, nbo aBTOMOOWIb TOJBKO 4YTO
MOSIBUJICS M HA3bIBAJICS ITOKA ,,0€3J101IaJHbIM dKUIakeM ... He ObUIO Takoro cjioBa, Kak
»aBraaTop®... depMepsl elle HUYETO HE CIBIIAIA O TpaKTopaxX, a OaHKUpH — O
denepanbHON pe3epBHOM cUcTeMe. TOProBIbI HE CIBIXAIU HUA O CETEBBIX YHHBEpCaMax,
HU O TIPUHIIMIIE CaMOOOCTY)KMBaHUS; MOPSIKHA HE UMEIHU IMPEICTABICHUS O JU3EIbHBIX
nBUTATeNsX... Ha cenbckuxX goporax BCe €Ie TMOMafauCh TsDKEThIe TIOBO3KH,
3aMpsDKEHHBIC AP0 BOJIOB. .. YIPSKHBIC JIOMIATHA U MYJIBI BCTPEUAIHCH TOBCEMECTHO. ..
Ky3Hunia o pa3BecuCThIM KalllITAHOM TpeACTaBIsIa COOON BIIOTHE OOBIYHOE 3PEITHIIEY.

YroObl MOHATH, HACKOJIIBKO CIIOXKHO Jienarh nporuo3bl Ha 100 jet Bmepen, HaM JOCTaTOYHO
MpeACTaBUTh, KakoBo Obwto JomsM B 1900 r. mpeackassiBate mMup 2000T. B 1893 1. B pamkax
BcemupHoii «komyMOOBCKOW» BhICTaBKM B YUukaro 74 3HAMEHUTOCTH TMONYYMUIH 3aJaHUE
npecKa3ath, kKakoil Oyaet »ku3Hb yepe3 100 netr. OOmel nmpobaemMoit i BCeX yYacTHHKOB CTajia
HEJIOOIIEHKa CKOPOCTH, ¢ KOTOPOH pa3BHBaeTcs W OyleT pa3BuBaThcsa Hayka. K mpumepy, MHOTHE
PECHOHJIEHTHl BEPHO TMpeacka3anu, 4To OydeT JeiicTBOBaTh BO3AYIIHOE TPaHCATIAHTUYECKOE
cooOIIeHne, HO COLUIMCh Ha TOM, YTO CPEACTBOM COOOIIECHHUS OylyT yHpaBisieMble BO3IYIIHbIE
mapel. Cenarop JIxon Haromic (John J. Ingalls) ckazanm: «Ilpukazanue mojgarh K MOABE3IY
TUpMKa0e OyeT Tak ke OOBIYHO, KaK CEeTrOAHs MpPUKa3aHUE IMOJaTh SKHUIAX WM OalIMaKmy.
Kpome Toro, ydacTHUKM MPOEKTa APYKHO UTHOPUPOBAIM aBTOMOOMIIb, 4 HayaJIbHHUK MOYTOBOTO
BegomcTBa CIIA renepan [[)xon Banameiikep (John Wanamaker) gake ckazai, 4To U 4epe3 CTO JIET
nmouta CIIIA OymeT pa3BO3UTHCS B IOYTOBBIX KapeTaxX M HAa BHIOYHBIX JIOIIAISX.

Takass HeEIOOLIEHKA HAayKd W HMHHOBALIMOHHBIX TEXHOJOTHMH pacHpoCTpaHsulach Jake Ha



nateHTHoe BeaoMcTBo. B 1899 r. Hapmnw3 dysmn (Charles H. Duell), komuccap Ilarentaoro 6ropo
CIIA, ckazan: «Bce, 9To MOXXHO H300pECTH, YKE H300PETEHOY.

WHoraa 3KcnepThl 0Ka3bIBaINCh OYKBAJIBHO CJIETbl B COOCTBEHHOW 001aCTH U HE BUJIEIH, YTO
IIPOUCXOUT Y HUX MOl HOCOM.

B 1927 ., B amoxy Hemoro kuHo, ['appu Yopuep (Harry M. Warner), onqun u3 ocHoBateneit
kuHoctynun Warner Brothers, kak-To 3ametnin: «Hy KkTo, uepT Bo3bMH, 3aX0UeT CIyLIAaTh AKTEPOB?»

A Tomac Yorcon (Thomas Watson), npesunent IBM, ckazan B 1943 r.: «f nymaro, B mupe
€CTh PBIHOK cOBITa /It KoMITbIoTepoB. LLITyK, ckakeM, AJs TSATHY.

Henoornenka MOIIM HayYHBIX OTKPBITUH 3aTpoHYNa U nmouTeHHyto razery New York Times. B
1903 . Times 3asBUIIA, YTO JETAIONIME MAITUHBI — TyCTasl Tpara BPEMEHH, POBHO 3a HEJENIO JI0
TOrOo, Kak OpaThbst PaliT ycmemHo momHsuid B BO3AYX CBOM al’pomiian B ropojke Kuttu-Xok B
Ceseproii Kapomuue. B 1920 . Times packputukoBaja ydeHOro-paketunka Pobepra lommapna
(Robert Goddard) u oObsiBusIa ero paboTy 4enmyxoi, MOTOMY YTO PAaKeThl HE MOTYT JIBUTAThCS B
BakyyMme. [IpaBma, Kk decTu raserbl cieAyeT OTMETUTh, 4TO depe3 49 Jer, Korja acTpOHABTHI
«Anomtona-11» crynunu Ha Jlyny, Times Hamewartana ompoBepkeHHe: «Tenepb omnpeneraeHHo
YCTaHOBJIEHO, UTO pakeTa MOXKeT (DyHKIIMOHUPOBATh B BaKyyMe. Times cojkajeeT 0 CBOEH OIINOKe».

W3 npuBeieHHBIX IPUMEPOB BUIHO, KaK OMIACHO CTAaBUTH Ha Oyny1iee.

BooOie, nmporHo3sl Ha Oyayiiee, 3a peIKUM HCKIIIOYEHHEM, BCET/Ia HEOOLIEHUBAIN CKOPOCTh
TEXHUUYECKOTO ITporpecca.

MpbI BHOBB M BHOBb yO€XJ1a€MCsl, UTO UCTOPHIO JI€Tat0T HE MECCUMHUCTHI, a ONTUMUCTHL. Kak
onHaxapl 3ameTun npe3uneHT CIIA [lyailt DiizeHxaysp, «II€CCMMU3M HE BBIMIPAJ HU OIHOMN
BOWHBD».

HecnoxHo ybenuTbes, 4To Aaxe mucaresn-(paHTacThl 3a4acTyl0 HEAOOLIEHUBAIOT CKOPOCTh
pa3BuTHs Haykd. [IocMOTpeB MOBTOp CTaporo cepuana «3BE3IHBIM MyTh», CHATOro B 1960-x rr,
MOKHO 3aMETUTh, YTO 3HAUUTEIbHAs 4YacThb IOKAa3aHHBIX B HeM «rexHonorui XXIII Beka» yxe
psaom ¢ Hamu. Torna 3puTeny ¢ W3yMIJIEHHEM B3Upald Ha MOOWJIbHbIE Tele(OHbI, TOPTATUBHbBIE
KOMIIBIOTEPHI, TOBOPSILIME aBTOMAThl U MUIIYIIHME MAIIUHKH, CIIOCOOHBIE MeYaTaTh MOJA JUKTOBKY.
Tem He MeHee CEerojHs Bce 3TH YCTPOWCTBA CYIIECTBYIOT B JIEHCTBUTEILHOCTH. A COBCEM CKOPO
MOSIBATCSL TIEpBbI€ YHMBEPCAJIbHBbIE NEPEBOAYMKH, CIIOCOOHBIE NEPEeBOJUTH CHHXPOHHO, U
«TPUKOPJEPBI» — YCTPOUCTBA, CIIOCOOHBIE TUArHOCTUPOBAaTh O0IEe3HU Ha paccTosHuu. (B olmiem,
O0NbIIMHCTBO HAay4dHbIX OTKpbITHIA XXIII B., 32 MCKIIIOUEHHEM TPAHCIOPTEPOB M BapI-JIBUTATEIIEH,
MO3BOJISAIOLIUX JIETAaTh CO CBEPXCBETOBON CKOPOCTHIO, YK€ CAETAHO. )

YuuTeiBass  BONMHUIOUIME  OMIMOKM  HAIIMX  TPEIIIECTBEHHHKOB, KOTOpPBIE  YIOPHO
HEJI0O0IIEHUBAIM OymyIee, 3aJyMaeMcs: Kak HaM TOJIBECTH OoJjiee MPOYHYH Hay4dyHyH 0asy Ioj
HaIlli COOCTBEHHBIE MPOTHO3bI?



B oyagymem v Hac moSBATCH TPHROPOEPSI, KAK B JBE3THOM
OYTH . KOTOPEIE CMOTYT JHATHOCTHPOBATE [IOYTH JEOVED
OonesHs; ¢ H30OpeTeHHeM nopTarHEHEX MPT-cranepos v

ITHK-9Hmor 310 CTAHET BOONHE BOIMOMHEIM.
$Pomo:- bpyro Buncenm {Brimo Vincent), Getiy Images

PasobpaTbCcsa B 3aKkoHax npupoabl

CeromHst MOYKHO C YBEPEHHOCTBIO CKa3aTh, YTO TEMHBIE BEKA HAyKH, KOTJa MOJIHUS WIHM Yyma
NPEACTaBIUTUCH JEJIOM OOTOB, 3aKOHYHMIIMCH. Y HAc TpOMaJHOE MpeuMymecTBo mnepen JKromem
BepHowM u Jleonapao na BuHun: Mbl ropaszio Jiydine IOHUMAEM 3aKOHBI IIPUPOBI.

[lpencka3anus, pasymeeTcsi, HHUKOTAa HE CTAaHyT aOCONIOTHO O€3yNpedyHbIMH, HO
€IMHCTBEHHBIH CIOCOO clenaTb MX Kak MOXKHO Oojiee JTOCTOBEpPHBIMH — 3TO pa3o0paTbcs B
4yeThlpeX (QyHAaMEHTAIBHBIX CHJIAX TPUPOABI, KOTOphIE ympaBisaioT BceneHHOW. OTKphITHE U
ONMCAHME KaXIO0M U3 HUX B CBOE BPEMsI H3MEHUIIO HCTOPHUIO YEIIOBEUECTBA.

[lepBoii W3 CuJI, TMONYyYUBIIMX HAy4YHOE OOBSICHEHHE, CTajlla CHJa TATOTEHUS. 3aKOHBI
MEXaHHUKH, OTKpbITbie IMcaakom HbIOTOHOM, OOBACHSIOT JBMKEHHE OOBEKTOB Yepe3 CUIIbl U
B3aMMOJICHCTBUS M TIOKA3BIBAIOT, YTO JISl TOTO HE HYXHBI HU MUCTUYECKHE TyXH, HU MeTa(H3HKa.
3akoHbpl HpIOTOHA NMpOJIOKWINA MyTh NMPOMBIIIEHHONW PEBOIIOLUU M MAPOBOW TATE, B YaCTHOCTH
JKEJIE3HBIM J0pOraM.

Bropoil cuiof, MexXxaHuW3M [JEHCTBUS KOTOPOM yHAJOCh MOHATh 4YEIOBEKY, cTaja
AJIEKTPOMAarHUTHas CWJIa, KOTOpas OCBELIAeT HAIlM ropoja U IUTAeT SHEprueil BCEBO3MOXKHbBIE
ycrpoiictBa. Tomac Onucon, Maiikn ®apanen, bxeiimc Kiapk MakcBemn u apyrue ydeHble U
u3o0peTaTenu pa3o0pauch B JJIEKTPUYECTBE M MAarHETH3ME M TIOCTaBHIM WX Ha CIyxOy
4eJI0BEUECTBY. PesynbraToM cTajla 3JIEKTpPOHHAs PEBONIIOLMSA, KOTOpas IPUHECHIA HaM Maccy
HAyYyHBIX dYygec. B 3TOM MOXHO yOeAWThCS BCAKMHA pa3 MpH aBapUHHOM  OTKIIOUEHHUH
ANIEKTPUYECTBA, KOI/1a O0IIECTBO BHE3AITHO OKa3bIBaeTcst 0TOpomeHHbIM Ha 100 et Haszan.

Tperbeil U 4eTBepTOl B Mpolecce MO3HAHUS (DYHIAMEHTAIBHBIX CHJI CTalIH JIBE siFCpHBIC
CHJIBL: c1aboe U cuiibHOe B3aumozaencTus. [locne Toro kak DWHIITENHH Hamucal CBOIO 3HAMEHHUTYIO
dopmyny E=mc2 u B 1930-x I ydeHBIM BHEpBbIC YAAIOCh PACIICNUTH aTOM, OHU HaYaJld
NOHUMaTh, KaKWe CHWJIbl 3acTaBISAIOT NbUIaTh HeOeca. bbina OTKpbITa TaliHAa TOpEHHs 3Be3l.
Pe3ynpraroM crana He TOJIBKO IPOMaJIHAsl MOILb SIJIEPHOTO OPYKHsI, HO M HaJeX/Jla Ha TO, YTO KOT/a-
HUOYZb YEJIOBEK CMOXKET 00y3/1aTh 3TH HEBEPOSITHBIE CUIIBI 3/1€Ch, HA 3eMIIE.

CerogHst Mbl JOBOJIBHO XOpOIIO pa30upaeMcs BO BCEX YEThIPEX MEPEYMCIEHHBIX BHJAX
B3auMojielicTBUs. [lepBblli M3 HUX — TPaBUTAIMOHHOE B3aMMOJIECUCTBHUE — B HACTOSLIEE BpEMs
OTKCHIBAETCS B paMKax OOIIeH TEOPHH OTHOCHTEIBHOCTH OiHIITElWHA. OcCTalbHbIE TPH CHIIBI



OIMCBIBAIOTCS B PAMKAaX KBAHTOBOM TEOPUHU — TEOPHUH, KOTOPast IIPUOTKPBIBAET NIEPE] HAMU TalHbI
MHpa 3JIEMEHTAPHBIX YaCTHUL.

KBanToBas Teopus, B CBOIO oOuepenb, MOAApHIA HaM TPaH3HUCTOp, Jlazep U ILHU(PPOBYIO
PEBOJIOLNI0 — JIBIXKYIIYIO CHIIy COBpeMeHHOro obmiecta. Kpome Toro, ¢ ee moMomipi0 y4eHble
cymenu packpblTh TaiiHel Monekyasl JIHK. CrpemutenbHas mocTymb OMOTEXHOIOTMYECKOM
PEBOJIFOIIMM — HEMOCPEICTBEHHBIA PE3YyJIbTAaT Pa3BUTHS KOMIBIOTEPHBIX TEXHOJOTHH, BEIb MPH
cexBeHnposanuu JJHK He o0oiiTrce 6e3 clnokHeHuX aBToMaToB, poOOTOB U KOMIIBIOTEPOB.

BcnenctBue Bcero 3Toro Mel Jiydiie, 4eM KOTJa-Jn0o, pa3inyaeM MyTh, KOTOPHIM MOWIYT B
HOBOM BEKE HayKa U TE€XHOJOrWsA. Pazymeercs, Ha 3TOM IIyTH 4YE€JIOBEYECTBO KAYT U COBEPLICHHO
HEOXXUJAHHbIE OTKPBITHS, U 3aXBaThIBAIOIIME AyX HAyYHble HOBUHKH, HO (DyHIaMEHT COBPEMEHHOMN
¢bu3uKH, XUMUU U OMOJIOTHH YK€ 3aJI0KEH U B 0003pUMOM OynyIeM 371eCh He OKUIAETCs HUKAKUX
CepbE3HbIX M3MEHEHHU. [103TOMY MBI MOXEM YyTBEpKIaTh, YTO MPEICKAa3aHUs, COAEpKAIIUECS B
OTOW KHUIE, — HE IMPOAYKT IYCTBIX CIEKYISALHH, a pa3yMHas OLIEHKa CpPOKOB, 3a KOTOpbIE
MAJIOTHBIE TEXHOJIOTMU CETOIHSIIHETO JHS CMOTYT JOCTHYb 3PEJIOCTH U IPUHECTH TUIOABI.

B 3axmioueHne Ha30BeM HECKOJBKO COOOpa)kKeHWi, MAroIMX HaM IMPaBO CUUTATh, YTO MBI
ceiiuac B COCTOSTHUM pa3IN4UTh KOHTYphl MUpa, KakuM oH Oyzaet B 2100 .

1.Ota kHHMra OcHOBaHa Ha Oecemax ¢ Oojee 4eM Tpemsl COTHSAMH JIYYLIMX Y4YEHBIX,
paboTaronux Ha MepeHeM Kpae HayKu.

2. Hu ongna HayuyHasi pa3paboTKa W3 YINOMSHYTHIX B KHHUI€ HE MPOTHMBOPEUYUT HM3BECTHBIM
3aKOHaM (PU3UKU.

3. Yerblpe (yHIaMEHTANbHBIX B3aUMOJCHCTBUS W 0a30Bble 3aKOHBI NMPHPOJBI B OCHOBHOM
M3BECTHBI; HUKAKMX CEPhE3HBIX N3MEHEHMH 3/1€Ch HE OXKUIACTCS.

4. IIpoToTHIIBI BCEX TEXHOJIOTUYECKUX HOBUHOK, YIOMSHYTBIX B KHUTE, YK€ CYILIECTBYIOT.

5. ABTOp KHUTM — 4YEJIOBEK HAyKH, HE IOHACJBIIIKE 3HAKOMBIN C TEXHOJIOTHUSMHM MEPETHETO
Kpast Hay4HbIX UCCIIEIOBAHUMN.

becuucrnennble  3MOXM  YeNOBEK ObUI  BCEro JIMIIb  [ACCUBHBIM  HaOmromarenem
BEJIMYECTBEHHOIO TaHIa NpupoAsl. OH MOT TOJIBKO CMOTPETHh B M3YMIIEHUU MU Yy)XKace Ha KOMETHI,
MOJTHUH, U3BEPKEHUS BYJIKAHOB U CTpallHble 3nuieMud. OH Obl YBEPEH, YTO BCE ATO HAXOJUTCS 32
npeaesaMu ero NoHuMaHus. [l JpeBHEro yesoBeKa CHUJIbI MPUPOABI ObUIM BEYHOM 3araakoi, ux
CJIEZIOBANIO OOSATHCS U MOYMUTATh. UTOOBI XOTh KaK-TO OOBSICHUTH MPOUCXOJSIIEE BOKPYT, YEIOBEK
coznaBasl MU(HUYecKuX OOTrOB M 3acelisil UMHU 3eMiIto0 u Hebo. OH Hajesuics, YTo, €CIM yCepIHO
MOJIUTBCSL 3TUM OOraM, OHU HPOSBAT MWJIOCEPAHWE U JAPYIOT HCIIOJHEHHE CaMblX 3aBETHBIX
JKEITaHUH.

CerosHs 4eJOBEK CTAaHOBHUTCS XopeorpagoM MpUpOAHOTO TaHIa. MHorma emy ymaercs
BHOCHUTB B 3aKOHBI ITPUPOJIBI CBOU monpaBku. S yBepeH, uro k 2100 1. MbI 3aBepIIMM 3TOT IPOLECC
Y OKOHYATEJIbHO MOAYMHUM ceOe CHIIbI TPUPOBI.

2100 r.: BcTaTb BPpOBEHb C 6oramu

Ecin Obl  coOBpeMEeHHBI 4YeNOBEK MOI HABECTHTh CBOMX JPEBHUX IMPEAKOB H
MPOJIEMOHCTPUPOBATh UM BCE OOTaTCTBO COBPEMEHHOM HayKH M TEXHHKH, HA HETO MOCMOTPEIH ObI
KakK Ha BoimeOHuka. Uyneca Hayku OKpYKalrOT HAC CO BCEX CTOPOH: CAMOJIETHI B3MBIBAIOT B HeOeca,
pakeTsl uccnenytot Jlyny u miuaHetsl COMTHEYHON CHCTEMbI, MarHUTHO-PE30HAHCHBIE TOMOTpadbI
MIOMOT'al0T BpadyaM 3amiis/IbIBaTh BHYTPb YEJIOBEYECKOTO Teja, COTOBbIE Telle(hOHBI CBSI3bIBAIOT HAC C
aOOHEHTOM, HaXOAALIMMCA B J1t000M Touke rutaHeTsl. Eciu ObI MOXKHO OBUIO MOKa3aTh JPEBHEMY
YeJI0BeKy HOYTOYK, CIOCOOHBIH MIHOBEHHO IepefaBaTh JBHKYILIUECS KapTUHKH M COOOLIECHUS Ha
Jpyroil KOHTUHEHT, OH HaBEPHsKa Ha3Bajl Obl 3TO KOJIIOBCTBOM.

Ho »T10 Bcero numsp Havano. Hayka He ctonT Ha mecte. ONISSHYBIIMCH BOKPYI, MBI YBUIUM
B3PBIBHOE DOKCIIOHEHIMAJILHOE pAa3BUTHE HAyKM M TEXHUKU. Eciau moacuuMrars KOJIMYECTBO
MyOJIMKYEMBIX HAyYHBIX CTaTell, HECIOXKHO YOETUTHCS, YTO J1ake 00beM HayUHBIX 3HAHHMM Kaxable
JleCATh JIET IPUMEPHO yABauBaeTCs. VIHHOBAllMUU OTKPBITHUS MTOJIHOCTBIO MEHAIOT YKOHOMUYECKYIO,
MTOJINTUYECKYIO ¥ COLMAIIBHYIO JKU3Hb, PA3pYLIAIOT U CTABAT C HOT Ha TOJIOBY BCE MIPEXKHUE, IPOYHO



YKOPEHUBIIHECS B3IVISIIBI U IPEPACCYIKH.

A Ttenieps cmenee! BooGpaszure cede mup 2100 1!

K 2100r. Ham cyxaeHO ymoaoOuTbcs OoraM, Ha KOTOPBIX MbI KOTZA-TO B3UpPAIM C
OnaroroBeHueM M yxacoM. Ho opynusMu Hammmu OyayT HE BOJIIEOHBIE MAJTOYKH M KOJJAOBCKHE
3eJbsl, @ HayKa O KOMITBIOTepaxX, HAHOTEXHOJIOTUH, UCKYCCTBEHHBIH MHTEIUIEKT, OMOTEXHOIOTHUS U,
camoe€ IJIaBHOE€, KBAHTOBAas T€OpHsi — (DYH/IaMEHT BCET0 OCTaJIbHOTO.

K 2100r. ™Mb, monoOHO MupuyeckuM OoraM, CMOXKEM MBICICHHO OTAaBaTh MpPUKA3bl U
MaHUIYJIUPOBATh MpeaMeTaMu. KommbloTepbl, MOI4a M HE3aMETHO CUMTBHIBAs HalIM MBICIH,
HayyaTcs WCIOJHATH HAlllM jKeJIaHUs. Mbl HayduMCsl CUJION MBICIIH JABUraTh 0ObEKThI — 00peTemM
TEJIEKUHETHUECKHE CIIOCOOHOCTH, KOTOpbIE MpeXAe NMPUIUCHIBAIU JUIIL O6oraMm. buorexHomorus
MIOMOXET HaM COTBOPHUTbH JUIsl ce0sl MJEalbHOE TEJIO U YBEIUYUTh MPOJODKUTENBHOCTD JKU3HHU.
Kpome TOro, Mpl Hayuumcs co3/aBaTb HOBBIE (POPMBI JKU3HM, TaKue, KaKUX Mpexae Ha 3emie
IPOCTO HE cyllecTBOBaj0. HaHOTeXHOIOTMS O3BOIUT HaM OpaTh MpenMeT M MpeBpallaTh ero BO
YTO-TO HMHOE, a TaKXe CO3/aBaTh BEIIM MOYTH U3 HUYero. E3nuTh Mbl OyneM He Ha OTHEHHBIX
KOJIECHUIIAX, & B 00TEKaeMbIX TPAHCIOPTHBIX CPEJCTBAX, CIOCOOHBIX JABUraThCsl MPAaKTHUECKU 0e3
TOIUIMBA W JIETKO NOJHMMATHCSA B Bo31yX. HoBble culOBbIe yCTAaHOBKH MO3BOJSAT HaM 00y3/1aTh
HEOIpaHMUYEHHYIO PHEpruio 3Be3l. Kpome Toro, Mbl OyneM CTOSTh Ha MOpPOre OTIPAaBKU MEPBBIX
MEXK3BE3/IHbIX AKCIEAUIUHN I U3y4eHUs OMMKalIINX CBETHIL.

CerogHst 3T BO3MOXKHOCTU TIPEJICTABIISIOTCS HEBOOOpPa3UMbIMH, (HDaHTACTUYECKHMHU, HO
CEMEHa 3TUX TEXHOJOTHI BBICEBAIOTCS CETO/HS, cedyac, B TOT CaMblii MOMEHT, KOT/ia Bbl YHTAETe
3Ty KHHUTY. A TEpPEYUCIIEHHbIE BO3MO)KHOCTU JAacT YEJIOBEKY COBPEMEHHAs HayKa, a HE 3€Jbs U
3aKJIMHAHUS.

Cam s kBaHTOBBIM (Qu3UK. Kakaplil eHb s MUMEIO JIeN0 ¢ ypaBHEHUSMH, ONHMCHIBAIOIIUMH
MOBEJIEHUE AJIEMEHTAPHBIX YaCTHUIl, U3 KOTOPBIX cOcTOUT BcenenHas. Mup, B KOTOpOM 5 KUBY,
npezacTaBisier co0oil BceeneHHyro OAMHHAALATUMEPHOIO TUIEPHIPOCTPAHCTBA, YEPHBIX IBIP H
poxoJ0B B MynbruBcenennyo. CrneayeT 3aMeTUTh, YTO YPaBHEHUSIMH KBAaHTOBOU (DM3UKH MOKHO
OIMCHIBATh HE TOJILKO OOraTyro COOBITUSAMH XH3Hb 3Be31 U bonbmiol B3pbB. C MX MOMOIIBIO
MOXKHO Pa3mIsiZIETh M OYEPTaHMsI HAIIETO OyIyIIero, XOTs Obl caMble o0Iue.

Ho 3amamumcs npyrum BompocoM. Kyna BenmeT Hac TexHosornueckas peomtonus? Kakosa
KOHEYHasl 11eJIb HAILIETO JI0JITOT0 MYTEIIECTBHS B MUP HayKU M TEXHUKU?

KynpMmuHanumeil Bcero 3Toro J0MKHO cTaTh (popMUpOBaHME IUIAHETAPHOM IMBMIM3ALMUA —
TOro, 4to (U3UKKA Ha3bIBAlOT IwBMiaM3anuedl | tuma. BooOmie, mepexom K IIaHETapHOU
[IUBUIIN3AIUHN CTAHET, BEPOSTHO, BETMYANIIIUM PYOEkKOM B HCTOPUHU YEIOBEUECTBa U Oy/leT O3HaYaTh
PEe3KHil yXoa OT Bcex LMBMIM3auui npouuioro. [IpakTuuecku Bce camble IPOMKHE COOBITHS, BCE
3aroJIOBKM HOBOCTHBIX COOOIIEHHH TE€M WM HWHBIM CHOCOOOM OTpPaXaroT «pPOJIOBBIE CXBATKH»
IUTaHETapHOW IMBUIIM3aluu. JlenoBasi akTUBHOCTh, TOPTOBIIS, KYJIbTYpa, A3bIK, pa3BieueHus, Xo00u
U JlaXe BOMHA — BCE CTOPOHBI JEATEIBHOCTH YEJIOBEKAa IIEPEXKHUBAIOT B CBA3M C OITUM
PEBOIIOLMOHHBIE TIepeMeHbl. [loicunTaB KOIMYeCcTBO SHEPTUH, BhIpabaThIBAEMOMN Ha IJIAHETE, MbI
YBUJIUM, YTO MpPU CTAOMJILHOM pa3BUTHH YEJIOBEUYECTBO AOCTUTHET CTaTyca IMBMIM3alMu | Tuma B
ommokaiimme 100 net. Eciau oOmiecTBo He mazeT >KepTBOM CHJI Xaoca M IIYNOCTH, TO Mepexo] K
IUITAHETapHOW IMBHJIM3AIMM HEU30€XKEeH; HTO KOHEYHBIM MPOAYKT JEHCTBHUS HEYMOJIUMBIX
100aJIbHBIX CUJI UCTOPUU M TEXHUYECKOTO Pa3BUTHS, HE MOJIBIACTHBIX HUKOMY.

I'quemy npeacka3aHnsa He Bcerga cObIBaloTCA

He cekper, uro HeKkoTOpble TMpelcKa3aHUs dSpbl HHPOpPMATU3ALKUK  OJIKUCTATENBHO
npoBamwinck. K mpumepy, MHOTHE (YTYpUCTBI Mpencka3biBaau «0e30yMaxHbIi oduc», T. €.
YTBEPKAAJIM, YTO KOMIIBIOTED clieiaeT OyMaru HEHYKHbIMH, a IOKyMEHTOOOOPOT — BUPTYaJIbHBIM.
Ha camom e nerne Bce MPOHM30ILIO ¢ TOYHOCTHIO 0 Ha000poT. OmHOTO B3MMIsLAa Ha 000N oduc
JIOCTATOYHO, YTOOBI MOHATH: OyMar cTajao 0oJbIle, YeM KOoTAa-Inbo.

Kpome Toro, HekoTopple BuAenu B Oyaymem «Oe3moaHble Topona». DOyTypuCTHI
Hpe)ICKaSI)IBaJ'II/I, qTO0 6.]'[31"0}13135{ TCXHOJIOTHUHU I/IHTepHCT-BI/I}IGOKOH(i)epeHHI/II\/'I (OKUBBIC)» 6I/I3HeC-



BCTPEYM CTAHYT HEHY>KHBIMHU U €3/IUTh KaX/bIH J€Hb B rOpoJl Ha paboTy Oyner He3auem. [oBopuin,
YTO KPYIHBIE TOPO/Ia OMYCTEIOT, a JoU OyayT Oosblie paboTaTh 10Ma, 4YeM B oduce.

To4yHO Tak e rOBOPUIIOCH O TIOSIBIEHUH «KHOEpTYPUCTOB» — JIOOUTENEH J1exaTh Ha JUBaHe
U OJHOBPEMEHHO IIyTeIIeCTBOBaTh IO MHUPY, pas3mIsibiBasg JOCTONPHUMEYATEIbHOCTH dYepes
WutepHer Ha »HKpaHe KommbioTepa. OTcCroma YHaJoK TypHCTHYecKoro OusHeca. Bwmecrto
MOKYyIaTeslied BO3HUKHYT «KHOEpHOKyHaTeaw», 3a KOTOPBIX XOAUTh [0 MarazuHam Oyner
KOMIBIOTEpHAsi MbIIIKA. TOproBele LEHTPHI U THIIEPMapKeThl pazopsaTcs. «KubepcTyneHTs» OyayT
MOCEIIaTh 3aHATUS BUPTYalbHO, a BTailHE MrpaTh B BUAECOUTPHI U NMUTH MUBO, & YHUBEPCHUTETHI
3aKpOIOTCS 32 OTCYTCTBHEM JKEJIAIOIIUX YUUTHCA.

Bcenomuum Takxke o cynabbe Buueorenedona. Ha BcemupHnoil BeicTaBke 1964 r. xomnaHus
AT&amp;T noxazana HoByro cuctemy. OHa norparuna okoiao 100 MMIUIMOHOB [OJUTApOB Ha
pa3paboTKy TelledKpaHa, KOTOPBIH MOT OBl MOACOCTUHATHCS K TeIe()OHHON CETH U MOKa3bIBaTh BaM
Ballero codecenHuka, a eMy — Bac. Mnes nposanunacs: AT&amp;T cymena mpoaaTh BCEro OKOJIO
CTa TaKUX almaparoB, Belb KAl U3 HUX CTOWJI IMOPsJIKa MUJUIMOHA JOJUIApOB. DTa Heyaada
obomwiack pupMe OYeHb HEACIIEBO.

Haxkoner, Henz0exHON cuuTanack U rudesb TPaAUIIMOHHBIX CPEJICTB MacCOBOW MH(OpMAIUU
u pasBiedeHuil. Hekoropeie QyTypucTsl mpenckasbpiBaiy, yTo VHTEpHET, MOJ0OHO KOJIECHUIIE
JlxarrepHayTa, pa3IaBUT KUBOU TeaTp, KNHO, palo U TeJIeBUICHHE, KOTOPbIE CKOPO MOXHO Oyner
YBUJETH TOJIBKO B MY3€sX.

Ha camom nene mpowusomnio oOparHoe. TpaHCTOPTHBIE MPOOKK CTAaId HACTOSAIICH TTpoOIeMoin
U HEOThEMJIEMOM uepTod ropoJCKoi XHU3HM. JIIoAM B PEKOPIHBIX KOJIMYECTBAX €IyT 3a pPYyOex,
BCJIE/ICTBUE YEro TYpU3M MpPEBpaTHIICS B OAHY M3 HauOoJee CTPEMUTENBHO Pa3BUBAIOLINXCS
orpaciieil. Ilokynarenu, HECMOTpPS Ha SKOHOMMUYECKMH KPHU3HUC, HAaBOAHSAIOT TOPrOBBHIE IUIOIIAIU.
VYHUBEpCUTETHI, BMECTO TOTO YTOOBI MPOABUTaTh BHUPTyalbHOE OOpa30BaHUE, MO-NPEKHEMY
PETUCTPUPYIOT  PEKOPIHOE KOJIMYECTBO CTyACHTOB. KoHeEuHO, 4Ywnciao JroAei, KOTopble
MPEeINoYUTaOT paboTaTh JOMa WM OOILIAIOTCS C KOJJIETaMHU Ha TeleKOH(epeHIHsIX, BbIPOCIO U
IIPOAOJIKAET PACTH, HO TOPOJIa BOBCE HE MYCTEIOT. BMECTO 3TOr0 OHM MPEBPAIIAIOTCS B IPOMaJIHbIE
MEranoJIuchl W pa3pacTaioTcsi BO BCeX HampaBieHUsX. Jla, ceromHs oO4YeHb NPOCTO BECTH
BU7ICOpa3roBopel B MHTepHeTe, HO OOJBIIMHCTBO JIOJIEHl HEOXOTHO CHUMAETCS Ha BHUJEO H
MPEINoYUTaeT BCTPEUaThCs C ApPY3bsiIMU «B pease». U pasymeercs, VHTepHET KapauHAJIBHO
M3MEHMJI BECh MeIuaNaHAmadT, U Tenepb MEAUAruraHThl Pa3MBIIUISIOT O TOM, KakK JIydlle
3apabareiBath B Cetu. Bee 310 Tak, HO 00 MCUYE3HOBEHMM TEJEBUACHMS, PaJlo U JKUBOTO Tearpa
peun He unet. Orau bpoases u He JyMaroT TracHyTh.

MpuHUMN newepHOro YenoBeka

ITouemy ke He oIpaBIaIUCh NPEACKa3aHus, O KOTOPbIX MbI TOBOpHIN? MHE KaxkeTcs, JTH0IU B
OCHOBHOM HE€ WJIYT Ha MOAO0OHBIE U3MEHEHHs U3-3a TOTO, YTO S Ha3biBalo [IpMHIMIIOM mHemepHoro
qesoBeKa. [eHeTHuecKkre M TMajJeOHTOJOTMYECKUE JIaHHBIE TOBOPAT O TOM, YTO COBPEMEHHBIN
YeNI0BEeK, KOTOPBIM BBIMISAEN yXKe B TOYHOCTH, KaK MBI ¢ BamH, Bblied u3 Adpuku 6omnee 100 000
JIET Ha3aJ, U HET HUKAKUX YKa3aHWI Ha JaJbHEWUIINE CEPbE3HbIE M3MEHEHUS B CTPYKTYpE Mo3ra
Wi JuyHocTH BuAa Homo sapiens. AHAaTOMHUYECKHM 4YEJNOBEK TOrO BpEMEHH UACHTUYEH
COBPEMEHHOMY HYEJIOBEKY: €CIIM BBIMBITH €ro, NOOPUTh, OJETh B KOCTIOM-TPOMKY W NPHUBECTH Ha
Yonn-ctpurt, Gpu3ndecku oH OyAeT HE OTIIMYUM OT OKpYyKaromux. M3 3Toro MokHO caenars IpocToil
BBIBOJ: HAIIM HYXIbl M MEYThHI, Halla JIMYHOCTb W HAIUU JKEJIAHUS, BEPOSITHO, HE CIUIIKOM
m3MeHwnch 3a nociaeanue 100 000 ner. BeposTHO, MBI MBICIMM IPUMEPHO TAK XKeE, KAK HallH
NEIIEPHBIE ITPEIKH.

Bce ouenp npocTo: BeAkUil pa3, Korja BO3HUKAET KOHGIUKT MEXAY COBPEMEHHOM TEXHUKOM U
JKEJIAaHWSMU  HAlllUX TPUMHUTHBHBIX IIPEIKOB, O3TU CaMble IPUMUTHBHBIE >KEIaHUS BCerna
nobexnaor. Becerna. Oto u ecty [lpunnun mnemepHoro dvenoeka. K mpumepy, mnemepHoMy
YeJIOBEKY HEOOXOAMMO OBIIO «JI0Ka3aTeNIbCTBO YCIEIIHOM OXoTbl». HemocraTtouHo B Kpackax
onucarh, Kakoil 3aMedareibHBbIA OJIEHb, CKa)keM, OT TeOs yIlea WM Kakas TpoMagHas pblOMHa



copBajiach C Kprouka. J[pyroe neno — cBexas J1o0blya B pykax MM Ha IUiedaX, a OXOTHUYBH
paccka3bl yMeeT BbIAYMbIBaTh JIOOOM HEylauHUK. TOYHO Tak >XK€ W CEerojiHs: HMes Jelo ¢
AJIEKTPOHHBIMHU JOKYMEHTaMH, Mbl HY)KJA€MCSl B BEIIECTBEHHOM IOATBEPKIACHUM — pacliedarke.
MpbI MHCTUHKTUBHO HE JIOBEpsIEM 3JIEKTPOHAM, OErarolyM MO0 KOMIIBIOTEPHOMY 3KpaHy, a MOTOMY
pacriedaTbiBaeM MHCbMa M OTYETHI, Jakeé KOTrJa B ATOM HET HeoOxonumocTu. MIMEHHO mosTomy
0e30yMaxHBIN 0(hHC OKa3aICs MyCTHIIIKOM.

AHAJIIOTMYHO 3TOMY HAIllM TPEAKH BCETa JI0OMIN BCTPEUYAThCs € APY3bsIMU U BparaMu JIMIOM
K suiy. Takue BCTpeud MO3BOJIIOT HAJaXUBaThb OTHOILEHHUS C OKPYKAIOIMMMU M YHUTaTh HX
CKpbITBIE dMouMu. HaBepHoe, mosTomMy ropoga He cnemar mycteTb. O4eBUAHO, K NMPUMEPY, UTO
eciM 60cc XOUeT Kak ClelyeT OLIEHUTh KaKJO0To COTPYAHHUKA, TO ClIeiaTh 3TO MPU JIMYHON BCTpede
ropaszio TIpolie, YeM dyepe3 Kommbiotrep. Buas cobecennuka nepen cob6oi, 4enToBeK MOXKET YUTaTh
S3BIK T€JIa U MOJIy4aTh TaKUM 00pa3oM LIEHHYIO — IPUYEM HEKOHTPOJIUPYEMYIO, TO/ICO3HATENbHYIO
— uHpopmanuio. OO1asch ¢ JIOABMHU, MBI OLIYIIAEM CBSI3b C HUIMU U B TO K€ BPEMs MOXEM I10
MHOYKECTBY MEJKHUX, MOYTH HE3aMETHBIX MPHU3HAKOB OIpPENEsATh, KAaKW€ MBICIH BO3HHUKAIOT Yy
cobeceHIKA B TOJIOBE. A BCE MOTOMY, YTO MHOTO THICSY JIET Ha3aJ] HAIM MPEJKU-TIPUMATHI, e1le He
NPUIYMaBIINE WICHOPA3JAECNbHYI0 peYb, OOMEHHBAJINUCH MBICISIMU © HOMOLMUAMU [OYTH
UCKJIIOYUTEIBHO IIPU TOMOLIH A3bIKA TENA.

HNmenHO molsToMy KHOEpTypus3M ymep, He ycmeB poautbes. OAHO €0 — paccMarpuBaTh
nzo0paxxkenne Tamxk-Maxana U COBCeM Jpyroe — YBHJETh €r0 CBOMMH IJIa3aMH UM UMETh HOTOM
BO3MOXKHOCTh TMOXBAJIMTHCA ATHM. TOYHO TaK e CIyllaTh 3alUCH JIOOMMOIO HCIOIHUTENS —
JIAJIEKO HE TO JK€ CaMo€, YTO NPUCYTCTBOBaTh HA JKMBOM KOHIIEPTE, BUJETh CBOEr0 KymMuUpa U
ONIYIIATh SHTY3Wa3M JUKYIOIIEH TOIMNbIl. A 3TO O3HAYaeT, YTO, CKOJILKO HHU CKauyMBail camble
pearuCTUYHbIE 3aHUCU JIIOOMMOTO CIEKTAKIS WM KOHIIEPTOB 3HAMEHMTOCTH, BCE 3TO HUKAaK He
CpPaBHUTCSA C TMPHUCYTCTBMEM Ha HACTOSILEM CIHEKTaKJe WIM pealbHONM BCTpeyeil C HM3BECTHBIM
4yernoBeKoM. [TOKJIIOHHMKM 3HAMEHHUTOCTEH MpuiIaraloT HEMMOBEpPHBIE YCWIIMS pajd TOTO, YTOOBI
MOJTy4uTh aBTorpad cBoero kymupa Ha (ortorpaduy WM KOHIEPTHOM OHIIETE, XOTS TOUYHO TAKYIO
K€ KapTUHKY MOYKHO COBEPILEHHO OecIulaTHO ckayath U3 MHTepHeTa.

Teneps sicHO, MOYEMY He cOBUIOCH MpeJICKa3aHue O TOM, YTO MIHTepHET COTpeT C JMIa 3eMIIH
TeneBUAeHNE U paano. Korna KMHO M paguo TOJIBKO MOSBUIMCH, MHOTHE KMHYIUCH MPENICKA3bIBATh
CKOPYIO CMepTh TeaTpa. TeneBuaeHne mopoanio mpeacka3anus CKOpol KOHYMHBI KUHO U panuo. Ha
CaMOM JK€ JIell€ Mbl IOJb3yeMCsl CETOJHS U IEPBBIM, M BTOPBIM, M TPETbUM, Ja U B TeaTp
3axakuBaeM. BBIBOJ O4YeBHEH: HOBas Menuacpesa HE YHHUTOXKAET MPEIbIayliue BapHaHThI, HO
COCYIIECTBYET C HUMH, 00pa3ysd cMmech. [IOCTOSIHHO MeHseTcsl JHIIb MPOLEHTHBIH COCTaB ITOM
CMECH M B3aMMOOTHOIIEHHUS €€ KOMIIOHEHT. Bcskuil, KTO cyMeeT TOYHO IMpelcKa3aTh COCTaB
MeuacMecH B OyayIleM, CMOXeT 0e3 Tpyaa pazoorareTb.

[TpuunHa B TOM, YTO HAIIM OT/AAJECHHbIE IPEIKN BCEr]a CTPEMUIINCH YBUAETh BCE MHTEPECHOE
U BaXKHOE COOCTBEHHBIMH IVIa3aMH, HE MOJIarasich Ha 4y)kue pacckasbl. YToObI BEKUTH B JIECY, HAJIO
BCE 3HATh TOYHO, a HE MO CliyXaM. TaK 4TO M 4epe3 CTO JIET Mbl MO-MpexHeMy OyneM XOIUTh B
TeaTp, YTOObI MOCMOTPETh JKUBOW CIEKTaKIb, OyJIeM TOHATbCA 32 3HAMEHHUTOCTSMH — BE/Ib 3TO
JIpeBHEE HACJIeIMe HAIlero J1aJeKoro MpOoILIOoro.

[ToMumo Bcero mpoyero Mbl NMOTOMKHM XHUIIHUKOB W OXOTHUKOB. [lo3ToMy MBI J1t0OMM
HaOI01aTh 32 APYTUMH U CUIUM YacaMM Mepes TeIeBU30POM, ISJISICh Ha HeJleNble BHIXOJKU CBOUX
coOpaTbeB, HO UCTIBITHIBAEM OCCIIOKOMCTBO BCAKUMN pa3, KOTJa YyBCTBYEM, YTO KTO-TO HAOIIONAET 3a
Hamu. bonee Toro, ydeHble NOJCYMTANIM, YTO YenoBeK HaumHaeT HepBHUYATh, €CIU KTO-TO
HE3HAKOMBI CMOTPHUT Ha HErO OKOJIO YeThlpex ceKyHI. IIpuMepHo depe3 necsATh CEeKyHJ OOBEKT
HaAOJIOIeHNsT HAYMHAET OECUTHCS U MPOSBIATH arpecCUBHOCTh. BOT mouemy mnepBble TeneQoHbI ¢
KapTUHKOHN motepnenu ¢uacko. K ToMy ke KOMy 0XOTa MPHUYECHIBATbCS BCAKUN pa3, Mpexkae 4em
OTBETUTh Ha TejepoHHbIN 3BOHOK? (CeroaHs, mociie HECKOJIbKUX JECATKOB JIET MEUIEHHBIX U
Oone3HeHHBIX 1OpabOTOK, BUJICOKOH(EPEHIIMN HAKOHEI] HAUWHAIOT 3aBOEBBIBATH MOMYISPHOCTD. )

Kcratu roBopsi, Tenepb NEWCTBUTENIBHO MOXHO IOJIydaTh OOpa30oBaHME Ha BHUPTYaJIbHBIX
Kypcax. Ho yHHUBepCHUTETHI MOJHBI KENAIIUX YYUThCS TPAJAULMOHHBIM CIIOCOOOM, BE/b JIMYHOE
oOuieHne ¢ npodeccopaMu, KOTOPbIE MOTYT YAEIUTh BHUMAaHUE KaKJOMy M OTBETUTh Ha CaMble



HEOOBIYHBIE BOIIPOCHI, ONPENEIEHHO MPEINOUYTUTENIbHEE OHIAWH-KYpPCOB. A MpU MOCTYIJICHUU Ha
paboTy IUIUIOM YHHUBEPCUTETA MO-TIPEKHEMY LIEHUTCS Ky/a BbILIE, YeM JUIJIOM KaKuX-HUOYIb
UHTEPHET-KYpPCOB.

Wner HenpephlBHOE COpPEBHOBAaHME MEXAY BBICOKUMHU TEXHOJOTHUSIMH M JIMYHBIM
IIPUCYTCTBUEM; C OJHOU CTOPOHBI — CHJIEHUE B KpECiIe NEPE]] TENEBU30POM, C IPYroil — *KeJlaHue
MOTpOraTh BCE pyKaMH U BO BCeM yOeAMUThCS JIMYHO. B 3TOM COpeBHOBaHMHU HET MOOEIUTENEH: Mbl
XOTUM U TO U Jipyroe. Bot mouemy B Bek KMOEpIpOCTPAHCTBA U BUPTYaIbHOMN pealbHOCTH y HAC JI0
CHX TOp €CTh Tearp, POK-KOHIEPTHI, ra3eThl U Typu3M. Ho eciu dyenoBeky MpeniokuTh Ha BbIOOD
OecIuTaTHBIN MOPTPET JHOOUMOM MY3bIKAIBHOM 3HAMEHUTOCTH M peajibHbIe OMIIETHl Ha €€ KOHIIEPT,
OH HaBEpHSKa BbIOEpET OMIIETHI.

Bot n Bech [IpuHIMI nemepHOro 4eiaoBeKa: Mbl XOTUM BCE U cpasy, HO €CIIM IPUXOIUTCS
BbIOMpATh, TO BEIOMpAEM, 1OI0OHO HAILIUM MEIIEPHBIM IPEIKaM, JINYHOE IPUCYTCTBHE.

Ho y sToro mpuHuumna cymecTByeT OIHO HeMalloBaxkHoe cienctsue. B 1960-x rr, korma
yY€HbIE TOJIKO co3faBaiu MHTepHeT, OOJIBIIMHCTBO BUIEIO B HEM 00pa30BaTeNIbHYIO0 U HAyYHYIO
IUIOLIA/IKY, MOIHOE OpyAHe mporpecca. MHorue nepsonpoxoausl MHTepHeTa Npuium B yXkac,
KOTJIa B CAaMOM CKOPOM BpPEMEHHU OH IMPEBPATHIICA B TO, YEM SIBIISIETCSI CETOAHSI, — CBOEOOpa3HBIi
Juxuii 3anan, rae He IEHCTBYIOT HUKAKUE 3aKOHBI U orpaHuueHus. Ha camoM fiene aToro u cTouso
oxuaare. CrnencrBue u3 IlpuHnMNa mNemepHOro 4YenoBeKa INIACUT: €CIM XOTUTE MpelcKas3aTh
COILlMAJIbHBIE OTHOILICHMS JofeH B Oyayliem, MpOCTO MpeAcTaBbTe cede, KaKMMU ObUIM 3TH
otHomenus 100 000 ner Hazaa, U yMHOXbTe Ha MuwuiapA. CTaHeT CHO, YTO YCKOPEHHBIMHU
TeMnaMu OylyT pa3BUBATbCsS MEXaHU3MbI PACIIPOCTPAHEHHUs CIIYXOB U CIUIETEH, COI[MAbHBIE CETH U
BCEBO3MOKHBIE pa3BieueHus. BooOie, B MIEMEHHOM OOIECTBE CIyXH XHU3HEHHO Ba)KHBI; 3TO
CpeACTBO OBICTPOTO pacHpoCTpaHeHHs MH(OpMaIMK, B MEPBYIO OYEepelb O BOXKIAX M TE€X YJIEHAX
IUIEMEHU, KOTOpbIE JOJDKHBI CIYXHUTh O0pa3loM Ui MojapaxaHus. Te, KTO He BKJIIOYEH B CETh
pacnpoCTpaHEHUsI CIIYyXOB, YaCTO HE BBDKMBAIOT M HE MOTYT IE€pPENaThb CBOU TE€HBI IOTOMCTBY.
CeroaHst 0 TeX k€ 3aKOHOMEPHOCTSIX CBHUJETEIbCTBYIOT JUIMHHBIE PSIBI CTOEK, CIUIOUIb 3a0UTHIX
DJISSHLIEBBIMU JKypHaJlaMH CO CIUIETHSIMM 00 HM3BECTHBIX JIIONSAX, U paclBeT TOW pPa3HOBHUIHOCTH
KYJBTYpbI, B KOTOPOM 0aj mpaBaT 3HAMEHUTOCTH. EMUHCTBEHHAs pa3HMIIA B TOM, YTO BO3MOXKHOCTH
CPE/ICTB MaccoBOM HWH(pOpPMAIMM, a 3HAYUT, M MaclITaObl IUIEMEHHBIX CIUIETEH HEBEPOSTHO
BBIPOCJIH, U TETEph JII0O0H CIyX MOXET 3a JI0JI0 CEKYH/Ibl MHOTOKPAaTHO OOOTHYTH 3€MHOM I1ap.

CrpemuTenbHOE pa3pacTaHUE COLMAIBbHBIX CETEH, €Ba JM HE 3a OJHY HOYb IPEBpATHBILIEE
MOJIOJBIX HEOMNBITHBIX MpEeANpUHUMATENe B MHUIMAPAEPOB, 3acTajllo0 MHOTMX aHAJIUTHUKOB
BpacCIUIOX, HO HAa CAMOM JIEJIE€ ATO MPOSBIEHUE BCE TOTO K€ MPUHLMIA. B 3BOIOIIMOHHON UCTOPUH
YeJI0BEUeCTBa TOT, KTO YMEJ MOAJAEPKUBATh OOJIbIINE COLMAIbHbIE CETH, B KPUTHUECKHI MOMEHT
MOT PACCYMTHIBATh Ha HUX KAK HA HCTOYHHK CPEICTB, COBETOB U IIOMOIIIH.

Hakonen, uHnycTpus pasBiedeHHil U ganblie OyneT cTpeMuTenbHO pacTtd. Ham He Bcerma
HpPaBUTCS 3TO TNPH3HABATh, HO OCHOBHAs YacTh Halllell KyIbTypbl Oa3zupyercs Ha pa3BICUCHHUSIX.
[Tocne oxoThl HalIK MpenKH JIIoOWIH pacciaOuThes U pa3pieubcs. W neno He TOJIBKO B TOM, UTO
pa3BiIeUEHUs IIOMOTAOT HaJla)kKUBaTh KOHTAKTBI C OKPY)KAIOIIMMHU; OHU TAKXe IIOMOTal0T YEJIOBEKY
YTBEPAUTHCSI Ha OINpENeeHHON MO3MIMU B HepapXxuu muieMeHu. HecnmyuyaliHO TaHIBI M TIEHUE,
COCTABJISIONINE BAXHYIO YaCTh TPAJULMOHHBIX Pa3BICYCHHH, UTPAIOT OCOOYIO POJIb B )KMBOTHOM
L[ApCTBE, T7I€ CaMIIbl C X MOMOIIBIO JEMOHCTPHUPYIOT IPOTUBOMNOI0KHOMY IOy CBOM J1OCTOMHCTBA.
Korga nruipl-caMmIiibl MOIOT KPAaCHBBIE M CIOKHBIE MEJIOJUN MM YYAaCTBYIOT B CIIOXKHBIX OpauHBIX
pUTYyanax, OHH, Kak MPaBUiIO, IPECIEAYIOT OIHY-€IMHCTBEHHYIO LIeIb — I0Ka3aTh MapTHEpIIE, YTO
OHU 3JI0POBBI, CHJIbHBI, CBOOOJIHBI OT MApa3uTOB U 00IAAI0T XOPOLUIMMHU T€HAMHU, KOTOPBIE CTOMIIO
OBI TIepenaTh OYIyIIMM MTOKOJICHHSIM.

Tak M HCKYCCTBO BO3HHMKJIO HE TOJIBKO <«JUIsl KPacoTbl»; OHO CHIIPajO BaXKHYIO POJb B
HBOJIIOLIMM YEJIOBEYECKOTO MO3ra, B KOTOPOM 3HAYMTEIbHas 4acTh MH(pOpMaluu oOpabarbiBaeTCs
CHUMBOJIBHO.

Tak 4T0 ecnu Mbl HE U3MEHUM T'€HETUYECKH CaMy OCHOBY UE€JIOBEYECKOM JMYHOCTH, TO U B
OynymieM TabmoWJHBIE CIUIETHH M COLMANbHBIE CETH OyAyT HE YMEHbIIAThCs B MaciiTtadax, a
TOJILKO PacTH U IMIUPUTHCS.



HGYKa KaK KIMMMHOK

Kornma-to naBHO S MOCMOTpeNn KHWHO, KOTOPOE HaBCerna H3MEHHJIO MOE OTHOILIEHUE K
Oynymemy. @unbM HasbBaics «3ampeTHas IUIaHETa», a CIOKeT ero ObUT OCHOBaH Ha
meKCUpoBCcko mhece «byps». B aTom duimbMe acTpoHaBTHI BCTPEUAIOTCS C MPEACTABUTEISIMU
JpeBHEW MBUIU3AIMU, OOOTHABIIIEH YETIOBEYECTBO B PA3BUTUU HA MUJUTMOHBI JIET. DTH CYyIIEeCTBa
JIOCTUTIIM OKOHYATEITLHOM IIeJIH Pa3BUTHS: OECKOHEUHBIX BOBMOKHOCTEH 0€3 MPUMEHEHUS KaKuX ObI
TO HH OBLIO TEXHUYECKUX CPEACTB, T. €. HAYYHIIUCH JeNaTh MOYTH BCE OAHON TOJIBKO CHUJIOW MBICIIH.
Nx mbIcnu OBLTH MOAKITIOYEHBI K KOJIOCCATBHBIM TEPMOSIEPHBIM CTAHIIUSIM, CKPBITHIM B TITyOMHAX
TUTAHETHI; 3TH CTAHIIMM TPETBOPSIN MPAKTHUYECKH J000€ KelaHue B KU3Hb. VHBIMHU ClIOBaMu,
CyIIIeCTBa Ha ATOW TIaHeTe 0Opeu CHUITy OOTOB.

Co BpeMeHeM MBI TOXKE 00peTeM Takue BO3MOKHOCTHU, HO AAaTh ITOT0 MIJUTHOHBI JIET HAM He
mpUAeTCs. XBAaTUT M OJHOTO CTOJETHS; 3€pHa OymyIIero MOXHO pPa3mIsACTh YK€ CEroaHs, B
COBpEMEHHBIX TexHoNIorusx. Ho B ¢unbMme Obula M MoOpalib; B KOHIIE KOHIIOB OOpeTEHHBIC
00XEeCTBEHHBIE BOZMOXKHOCTH TOTYOMITH [IUBUITN3AIIHIO.

Koneuno, Hayka — 0OOIOIOOCTPBIN KIMHOK; OHA TMOPOXKIAET HE MEHBIIE MpoOlieM, YeM
pelaeT, HoO HeM3MEHHO Ha 0oJsiee BHICOKOM ypoBHE. CeroiHs B MUpe OOpIOTCs 1BE€ TEHIECHLIUU: OJJHA
CTPEMHUTCSl CO3/1aTh IUIAHETAPHYIO LMBWIA3AIUIO, TOJIEPAHTHYIO, HAYYHYI0 M MPOLBETAIOLIYIO,
Jpyras — TpOCJaB/IsIeT aHapXUI0 M HEBEXKECTBO, CIOCOOHBIE pa30pBaTh TKAaHb UYEJIOBEYECKOTO
oOmiecTBa'. Mbl, Kak ¥ HallM JANEKHE IPEIKU, CKIOHHBI K CEKTaHTCTBY, (pyHIaMEHTAIM3MY,
HUPpAIMOHATIEHBIM CTPACTSIM, HO €CTh M CYIIICCTBEHHAs pa3HUIIA: y HAC, B OTJIMYKE OT MPEIKOB, €CTh
SAJIEPHOE, XUMUYIECKOE U OAKTEPUOTIOTHIECKOE OPYXKHE.

B Oymymem MBI mpeBpatuMcs W3 TACCHBHBIX HaOIOmareseil TaHIa TPUPOILI B €T0
xopeorpadoB, BIAIBIK MPHUPOALI M, HAKOHEI, B €€ XpaHuTelei. bymeMm HamgesTbcs, dYTO
YeJI0BEUECTBO CyMEET YKPOTUTh B ce€Oe BapBapCTBO J1aJI€KOTO MPOLLIOr0 U HAYYUTCS MOJIb30BaThCS
KJIMHKOM HayKHd MYJpPO U XJIAJIHOKPOBHO.

A Temepp B mMyTh, B BOoOOpakaemoe ImyTemiecTBue mo Ommxkadmmm 100 romam HaydHBIX
OTKPBITUM U MHHOBAIIMM, O KOTOPBIX paccKa3all MHE T€, KTO IPUHUMAET B 3TOM HETOCPEACTBEHHOE
yuyactre. Hac skmer awkas ckadyka MO TOJSIM CTPEMUTETBHO Pa3BUBAIOIIUXCS KOMITBIOTEPHBIX
TEXHOJIIOTHH,  TEIEKOMMYHUKAllM{,  OMOTEXHONOTWH,  WCKYCCTBEHHOTO  HHTEIEKTa U
HaHOTeXHOMOTHi. OT BCEro, 4eMmy MbI CTAaHEM CBHUICTEISIMU, O€3 COMHEHHS, OyleT 3aBHCETh
OymyIee MUBUITU3ALINN.

1. byayuwee komnbroTepa
NMpeBocxoacTBO CO3HAHUA HaA MaTepuen

Yenogeky  c6OUCMEEHHO  NPUHUMAMb  SPAHUYbLL  COOCMBEHHO20
Kpy2030pa 3a 2panuybl Mupa.
Aptyp lonenraysp

Hu oonomy neccumucmy 6 ucmopuu me yoanoch packpvlinb mMatilbl
36€30, OONAbIMb 00 HEeBeOOMOU 3eMIU Ul OMKPbIMb HOBble 20PUOHNIbL
Ye106eYECK020 PA3yMd.

Xeusen Kengep

’KuBo BcmOMHHAeTCs, KaKk MOYTH JBAJALATH JIET Ha3al s cuaen B kabunere Mapka Busepa
(Mark Weiser) B KpemHHeBoli [0IMHE M OH paccKas3blBal MHE O TOM, KaK MpEICTaBiIseT cede

1 IlpenaBas aHademMe NPOTHBHUKOB IIOOATU3AIMH, aBTOP, OYCBHIHO, HCXOAUT K3 TOro, 4ro O0Opa3oBaHHE
TUIaHETAPHON LMBWIIM3AlMM — HE TOJBKO 3aKOHOMEPHOCTh, HO U Oe3yciioBHOe Oiaro. OmHaKo NMpPU3HATH TaKOBBIM
IUTAHETapHYIO0 NUBWIA3ALKIO B TOM BUIE, B KakoM ee BUAUT Mutno Kaky m B kakom oHa aericTBUTENbHO IIpITaercs
pacupoCTpaHUThCA Ha BECh MU, YpE3BbIUaiHO TpyaHO. — [Ipum. mep.



Oynymiee. Pa3maxuBasi pykamu, OH BO30Y)XJI€HHO TOBOPMJI, YTO BOT-BOT HA4YHETCS PEBOIIOIUS,
KOTOpOH CYXJI€HO HW3MEHUTh MHUp. Buzep BXoauna B KOMIBIOTEPHYIO ANIUTYy M paldoTan B
HccnenoBarenbckoM neHTpe Xerox B Ilano-Ansro (MMEeHHO OHM OBLIM MHOHEpaMH B pa3padoTKe
MEPCOHAIBHOTO KOMIIBIOTEPA, JIA3€pHOTO MPHUHTEpa U MEepefoBoi apXuTeKTypsl Tuna Windows c
rpadMuecKUM TOJIb30BaTeIbCKUM HHTepdeiicom). IIpu 3ToM OH OblT OyHTapeM U HMKOHOOOpIEM,
pe3upa TPaJULMOHHYIO MYIPOCTh U UTPaj B TMKOM pPOK-aHCaMOJIe.

Torma — kaxkeTcs, ¢ TeX MOp MPOIUIA 1ejast )KU3Hb — IMEePCOHAIbHBIE KOMITBIOTEPHI OBLITH
emie HOBUHKOM. OHM TOJNBKO HAUMHAIM BXOIUTH B )KM3Hb OOBIYHBIX JIFOACH, /1a U JIFOIH MOKa II0XO
MOHUMAJIM, CTOUT JM TOKYNaTh JUIs TAaOMWYHBIX BBIYMCICHUH, Habopa W OOpabOTKH TEKCTOB
OONBIION, TPOMO3/IKMII HACTONBHBIN KoMIbloTep. MIHTepHET emie ocraBajics mo Oousbliell yacTu
3akpeIThIM [lasieHuemM ydeHBIX BpoJe MEHs, OOMEHHMBABIIMXCS MeEXIy c000#l 3arajouHbIMU
dbopMynaMu Ha TalfHOM SI3bIKE. Bypinin skapkue Criopbl 0 TOM, HE MOTYOUT JIM ATOT SIIIKUK Ha CTOJIe
Hally OUMBUIM3ALUI0 CBOMM XOJOJHBIM HEIPOLIAIOIIMM B30pOM, HE JETYMaHU3UPYET JIU MPUPOLY
yenoBeka. Jlaxke moiauruyeckoMmy aHanutuky Ywibsamy baxmu (William F. Buckley) npuxoaunocs
3allMIIATh TEKCTOBBI IPOLECCOpP OT HHTEIUIEKTYaJOB, KOTOPbIE BOCCTaBaJIM IPOTUB HEr0 M
KJISUTHCh HUKOT/Ia HE MIPUTPAruBaThCsl K KOMIIBIOTEPY, HAa3bIBasi €10 MHCTPYMEHTOM (PMIIMCTUMIISIH.

VIMeHHO B 3Ty MPOTHBOPEUMBYIO 310Xy Buzep BBen noHsATHE «I100aIbHBIE BEIUMCIEHUs». OH
BUJIEJI MHOTO Jaibllle SMOXH MEPCOHAIBHBIX KOMIBIOTEPOB M MPEACKa3bIBall, YTO KOTAa-HUOYAb
AIIEKTPOHHBIE YHIIBI CTAaHYT HACTOJBKO JEHIEBHIMH W JOCTYMHBIMH, YTO HAaWUTH UX MOXHO OyneT
Be3lle — B OJIEK[E, B MeOeny, B CTeHAaX HalllUX JIOMOB, Ja)ke B HamieM coOcTBeHHOM Tene. U Bce
oHHu OynyT moakitoueHsl kK HTepHeTY, OyyT AETUThCS AaHHBIMH, JeNlaTh HAIlly XH3Hb MpUATHEE,
OTCIIeXKMBATh Bce HallM noxkenanus. Kyaa Obl MBI HM HallpaBUIIMCh, BE3AECYIINE YUIIBI OyIyT MoT4a
BBINOJIHATH HaIlIM kenanus. Cpea oOuTaHus YeloBeKa Kak Obl O)KHBET.

st cBoero BpeMenn meuta Busepa Obuta coBepiiieHHO (haHTaCTUYECKOH, dake abCypaHOM.
[TepcoHanbHbIE KOMIBIOTEPHI TOTIAa OBUIH JOPOTH U B OOJIBLIMHCTBE CBOEM JaXKe HE MOJKITIOYATUCH
Kk WuTepHery. MbICIb O TOM, YTO MWIIHApPAbl KPOXOTHBIX YMIIOB KOTAAa-HUOYIb CTaHYT JEIIEBIIE
ropoxa, Kazaiaach OpeioM.

A TIOTOM s CHpPOCHJ, NIOYEMY OH TaK YBEPEH B ATOM CBOeil peBomtonrH. OH CHOKOMHO
OTBETUJI, YTO B JAHHBI MOMEHT MOIIHOCTh KOMIIBIOTEPOB PACTET 3KCIIOHEHIMAIBHO U ITOKa KOHIIA
sToMy He BUAHO. [IpuKuHBTE camu, mpeanoXxui1 oH MHe. KoMmmbioTepHas peBONIOIUS — BCETO
JuIb €10 BpeMeHu. (I'pycTHO TonbKo, yTo caM Busep He yBuzaen npencka3aHHON pEBOIOLUU; OH
ymep ot paka B 1999 r)

JBmwxymeil cuinoil mpopoueckoit Meutsl Buzepa ObuIO yTBEp)KIEHHE, U3BECTHOE KaK 3aKOH
Mypa — »MOHMpUYECKOe NpPaBUIIO, YIPaBISIBIIEE pPAa3BUTHEM KOMIIBIOTEPHOW HWHAYCTPUM Ha
NPOTSHKEHUH TONyBeKa C JUIIHUM. OTO MPaBWJIO, KaK METPOHOM, 33JaBajio TEMI pa3BUTHS
coBpeMeHHOM 1uBmIM3anuu. Cam no cebe 3akoH Mypa OueHb MPOCT: OH INIACUT, YTO MOUIHOCTH
KOMIIBIOTEPOB YJBaMBAaETCs MPUMEPHO KaxJele nontopa roga. CdopmynupoBan ero B 1965 .
Topnon Myp, onuH u3 ocHoBatened koprnopauuu Intel. [leificTBue 3TOro 3akoHa oOecrneymsio
KapIUHAJIbHYIO TEePECTPOMKY MHPOBOW 5SKOHOMHKH, HAKOIUIEHHE CKa30YHBIX OOraTrcts U
HeoOpaTuMoe M3MEHEeHHE 00pasa KU3HU COBPEMEHHOTO 4esioBeka. Eciu 0003HaunTh MajieHue 1eH
Ha KOMIIBIOTEpHBIE YHIIBI, & TAKXKe CTPEMHUTENbHBIH POCT MX CKOPOCTH, MOIIHOCTH 00pabOTKH
JAHHBIX M TMaMATH Ha rpaduke, MOCTPOCHHOM B Jorapu(MHUEecKOM MacuiTade, MOIy4YHM, YTO
JlaHHBIE 3a MOCJEIHUE IATHACCAT JIET 3aMedarelbHO JOXKarcs Ha mpsamyro. bornee toro, ecnu
100aBUTh B 3TOT rpaduK AaHHBIE O JIAMIOBBIM U JaXX€ MEXaHUYECKUM BBIYMCIUTEIbHBIM
MallliHaM U YCTpoicTBaM, npsimMyo Mypa MOXXHO NMPOTSHYTH B mporuioe 6osee uem Ha 100 jer.

OKCMOHEHIMAJIbHBIM POCT MHOTIA CIIOKHO cebe MpelCTaBUTh, IOTOMY YTO YeJIOBEK, BOOOIIIe
TOBOPSI, MBICIIUT JTUHEWHO. VI3MEHEHUs] HAaKalIMBalOTCs TUIABHO M MOCTENEHHO, TaK YTO MHOTA UX
BoOoOIIe He 3aMedaenib. Ho MpoOXoAUT HECKONIBKO AECSITKOB JIET — U BCE BOKPYI HEy3HaBaeMo
MEHSETCS.

CornacHo 3akoHy Mypa ¢ KaxJ1bIM Pojk/1ecTBOM Ballli KOMIIBIOTEPHBIE UTPbI CTAHOBATCS YyTh
JIM He B/IBOE OoJiee MOLTHBIMU (B CMBICIIE YUCIIA UCHIONb3YEMbIX TPAH3UCTOPOB), YEM 3TO OBLIO TOJ
Hazaja. bonee Toro, ¢ TeueHHEM JIET 3TOT €KETrOJIHBIM MPUPOCT AOCTUTAET TPOMAIHBIX pazmMepoB. K



IIPUMEPY, MBI ITOJIy4a€M Ha JIEHb POXKJIEHUS IOYTOBYIO OTKPBITKY C UUIIOM, KOTOPBIA UCIIOIHSAET IS
HAac TO3IpaBUTENbHYIO MECEHKY (O0ObIYHOE /€70, HUYEro OcoO0eHHOro). Tak BOT, 3TOT YHUI IO
BBIYHUCIIUTEIBHOM MOIIHOCTH IPEBOCXOAMT BCE, YEM BIAJENM COIO3HUKM B 19451 I'mtiep,
Yepunsuib win Py3BensT nonutu Obl Ha yOUHCTBO paju TOTrO, YTOOBI 3aMONYYUTh ATOT YUM. A MbI?
[Tpoiiner neHb POXIEHHS — M MBI IPOCTO BHIOPOCHUM OTKPBITKY BMecTe ¢ uuriioM. CeromHs B
BallleM COTOBOM Tele(oHe 3akilodeHa OoJbllas BBIYMCIUTENIbHAsS MOIIHOCTb, YEM Ta, 4YTO
Haxoawinack B pacnopsbkeHMM NASA B 1969 r, korna 1Ba acTpoHaBTa BIIEpBbIE CTYNUIN Ha JIyHy.
Buneourpsl, KOTOPBIM [UIsl CUMYJSILIUU TPEXMEPHBIX OOBEKTOB M CLIEH TpeOyroTcs TpoMajHbIe
BBIUMCIIUTENIbHBIE ~ MOIIHOCTH, HCHOJNB3YIOT  OoOJbllleé  KOMIBIOTEPHBIX  PECYpCOB,  YeM
YHUBEPCAJIbHBIE BBIYMCIUTENbHBIE MAIIWHBI MNPOULIBIX AecATwieTud. CeropHsHsAs WUrpoBas
npucraBka crouMocTbio 300 10/1apoB MO BBIYMCIHUTENBHONW MOILIHOCTH CPAaBHMMA C BOEHHBIM
cynepkoMnbroTepoM 1997 1., CTOMBIIMM HE OIMH MUJUIMOH.

PasHuny Mexnay JUHEHMHBIM M 3KCIIOHEHIMAJIBHBIM POCTOM BBIYMCIIUTEIBHBIX MOIIHOCTEU
MOXKHO HaIVISITHO TPEJCTaBUTH cebe, mpountaB crarbio 1949 1. Torma xypran Popular Mechanics
npeapeK, YTO KOMIbIOTEpHl B Oyayiiem OynyT pa3BUBaThCs JMHEHMHO M CO BPEMEHEM, BO3MOXKHO,
BCETO JIMIIb YABOSAT WU YTPOST MOIIHOCTh. ABTOp cTaThi nucai: «Eciu cerogHs B BEIUUCIHTETE,
takoM kKak ENIAC, conepxutcst 18 000 snexkTpoHHBIX jJami U BecuT oH 30 TOHH, TO B Oymyiiem
KOMITBIOTEPBI, BO3MOXKHO, OynyT coaepxkarb Bcero 1000 naMm u BeCUTh Bcero 1, 5 TOHHBI».

(Hago otmeTuTh, 4TO MaTh-NpUpoIa JOOUT U LIEHUT MOILb AKCIIOHEHIIMAIbHOM 3aBUCUMOCTH.
OnuH-eIMHCTBEHHBIM BUPYC, 3aXBaTHB YEJIIOBEUYECKYIO KIIETKY, CIIOCOOEH BBIHYAUTH €€ MPOU3BECTH
HECKOJIbKO COTEH KOMMHA camoro ceOs. YBenuuuBash COOCTBEHHYIO YHCICHHOCTb B KaXJIOM
nokosiennn B 100 pa3, oauH BHUpPYC MOXET BCEro 3a INSATh IOKOJECHHWH mpeBpatutrhcsi B 10
MUJJIAPJIOB TOYHO TaKUX K€ BUPYCOB. IIpu 3TOM HE CTOUT yIMBIATHCS, YTO OJUH-€IUHCTBEHHBIN
BUPYC, MPOHUKAs B YEJIOBEUECKHUI OpraHu3M, rjae QyHKIHOHUPYIOT TPUILIMOHBI 3I0POBBIX KIIETOK,
BCEr0 yepe3 HEeJIeNI0 UM OKOJIO TOTO 00eCIeYrBaeT BaM MPOCTYAY. )

MoIIHOCTh KOMITBIOTEPOB 3a MPOIIEAIINE HECKOJIBKO JIECATUICTHH MHOTOKPATHO BBIpOCIA,
HO 3Toro Mmajuo. IlpuHIMNManbHO W3MEHMJIAch TeXHUYecKas 0a3a, Ha KOTOPOM peaTu3yloTCs
BBIUYHCIIUTENbHBIE MOIIIHOCTH, a C HUMH U BCA SKOHOMHKA. [locMOTpuM, Kak 3TO MPOUCXOAUIIO.

*1950-e rr . KommbrloTepsl Ha BaKyyMHBIX OJJIEKTPOHHBIX JIaMIaX OBLIM THTaHTCKUMHU
YCTPOWCTBAMHM W TIPEACTABISIIM COOOM Liesble 3aibl ¢ HACTOSAMIMMHU JDKYHIISIMU U3 TPOBOJOB,
KaTylIIeK U CTalbHbBIX Ka(oB. ToIbKO BOEHHBIE ObUINM JOCTATOYHO OOraThl, YTOObI (PMHAHCHPOBAThH
9TH YyIOBUIIHBIE allllapaThl.

*1960-¢ rr . DJEKTPOHHBIE JAMIIBI CMEHWJIMCh TPAH3UCTOPAMH, M KOMIIBIOTEPBI CPEIHETO
KJIacca MOCTENEHHO BTN HA KOMMEPYECKUI PBIHOK.

*1970-e¢ rr . MHTerpasbHble CXE€MBI C COTHSIMHM TPAH3UCTOPOB IMO3BOJWIM CO3[aTh MHUHH-
KOMIIBIOTEP pa3MepoM ¢ OOJIbIION MUCHMEHHBIH CTOI.

*1980-¢ rr . MukpocxeMbl ¢ JecATKaMyd MWUIMOHOB TPAaH3UCTOPOB CJAENAald BO3MOKHBIMU
MIEPCOHANIBHBIE KOMIIBIOTEPHI, KOTOPHIE YK€ YMEIAINCh B UEMOJAHUUKE.

*1990-e rr . VIHTepHET COEMMHUI COTHH MIJIJTMOHOB KOMITHIOTEPOB B €IMHYIO TIIOOATBHYIO
KOMITBIOTEPHYIO CETb.

*2000-e rr . [moGanpHbBIe BBIUMCIEHHUS OCBOOOIMIN MUKPOCXEMY OT KOMIBIOTEPA, TaK YTO
YUIIbI TETIEPD TTOBCIOY.

Takum 00pazoM, MpexHss napagurma (OAWH MPOLECCOpP BHYTPH HACTOJIBHOTO KOMITbIOTEpa
WIN JIDITON, COSTUHEHHBIH ¢ OOBIYHBIM KOMITBIOTEPOM) TIOCTETICHHO CMEHSETCS HOBOHM (TBHICSYH
IPOIIECCOPOB, Pa30pPOCAHHBIX IO BCEBO3MOXHBIM YCTpPOWMCTBaM, BKIOUasi MeOenb, OBITOBYIO
TEXHUKY, KapTHHBI, CTCHBI, aBTOMOOWJIM W OICKIY, U BCE OHHU MOJCOeAnHEeHbl K WHTepHEeTy M
OOIIAFOTCS MEXKIY COO0iN).

Korna B ycTpoiicTBe — BCe paBHO KakoM — MOSBIISIETCS MPOLIECCOpP, caMasi OObIYHAS BEIllb
qyJecHbIM 00pa3oM mpeoOpaxaercs. [Iumrymmas MalmHKa IpeBpaTuiack B TEKCTOBBINA MpoLeccop.
OOb1uHbIN TenegoH — B coToBbI. Buneo- u ¢orokamepsl — B ymHbIEe LludpoBbie ycTpoiicTsa.



MexaHudeckue WrpoBbie aBTOMaThl — B Buaeourpel. @onorpader — B iPod. Camonersi,
yIpaBisieMble YEJIOBEKOM, — B HECYILIHME CMEpPTh OeCHUIOTHUKU-APOHBL. UM B Kaxkaom ciydae
MIPOMBIIIUIEHHOCTb, BBIITYCKaBIIasi COOTBETCTBYIOLIME YCTPOMCTBA, yMHpalla U BO3POXKIAIACh
MOJTHOCTHIO OOHOBJIEHHOM.

Co BpeMeHeM MPaKTUYECKH BCE BOKPYT HAC CTAHET «YMHBIM.

Muxkpocxembl HACTOJIBKO IMOJIEHIEBEIOT, YTO OyIyT CTOMTH MEHbBIIIE IIACTUKOBOW YIAaKOBKU U
3aMEHAT CcOOOW MITPUXKOAbl. KoMIaHuu, He cenaBIide CBOI MPOAYKIUIO «yMHOI», B OIUH
MIPEKPACHBIN JeHb OyIyT BBITECHEHBI C pPBIHKA KOHKYPEHTaMH, KOTOpbIE BOBpEMs 00 3TOM
M03a00THIIHCE.

Pazymeercs, BOKpyr Hac MO-IpexHeMy OyleT HeMajao KOMIBIOTEPHBIX MOHHUTOPOB, HO
BHEIIHE OHU OylyT HalOMHHATh CKOpee KYyCOK 000€B, KapTHHY B paMKe HIH CEMEHHYIO
¢dortorpaduto, a He cerogHAMHNNA KomnbioTep. [IpencraBsre Bce KapTuHBI U (hoTorpaduu, KOTopble
YKpalllalT CETOAHs Ball JOM; a TeHepb BOOOpasuTe, YTO KaXKAas U3 HHUX «OXKHUBET», CTAHET
noABMKHOU U cBsbkerca ¢ MutepHeroM. IloaBmknble n3o0pakeHuss OyAyT CTOUTH HE OOJbIIe
CTaTUYHBIX U MOCTETIEHHO CMEHAT UX Ha CTE€HAaX HAIllMX TOCTUHBIX.

Cynb0a KOMIBIOTEPOB — KaK U JAPYTMX MACCOBBIX TEXHOJOTHM, TaKUX KakK 3JIEKTPUYECTBO,
Oymara W BOJONPOBOJ, CTaTh HEBUAMMBIMH, T. €. BPAaCTH B TKaHb HAIICH >KU3HH W HAIIETO MHpA,
ObITh Beszie U Hurae. VX npeaHasHadeHre — Moida U He3aMETHO MCIIONIHATh HAIllK KeJIaHusl.

Cerongusi, BXOAs B KOMHaTy, Mbl aBTOMATUYECKH MILEM B3IVISAOM AJIEKTPUUECKUUN
BBIKJIIOUaTelb, TMOCKOJBKY YBEPEHBI: JOM 3JIeKTpU(PHUIMPOBaH, B CTEHAX €CTh IPOBOJAKA, U B
KOMHAaTe MOXXHO BKJIIOUMTH CBET. B Oymymiem mepBoe, 4To MblI OylneM HCKaTh MPU BXOJE B
HE3HAKOMYIO KOMHATy, — 3TO MHTEpPHET-NOPTaJl, BEb Mbl OyIeM YBEPEHBI: 3TO «yMHas» KOMHATA.
Pomanuct Makc @pumr (Max Frisch) omnaxknbr ckazan: «TexHuka — 3TO CIOCOOHOCTh Tak
OpraHu30BaTh CBOM MHUP, YTOOBI C HEM HE MPUXOAUIOCH CTAIKUBATHCS.

Kpome Bcero mpouero, 3akoH Mypa Mmo3BojIsieT HaM Ipe/icKa3bIBaTh Ha Omkaiiiee Oymyiee
HBOJIIOLIMIO  KOMIIbIOTEpa. B mocienyromue AecsaTh JE€T MNPOLECCOpbl OObEIUHATCS €O
CBEPXUYBCTBUTEIBHBIMH JAaTYMKAMH, KOMIIBIOTEPHl Haydarcs BHUACTh M pa3iuyarh OOJIE3HH,
MOTEHLMAIbHbIE TPOUCIIECTBUS U HECUACTHBIE Cllydyau U OyayT 3apaHee, [ToKa CUTYyallisl HE BbIILIa
U3-110J] KOHTPOJIS, TPEIOCTEPEraTh YEI0BEKAa O BO3MOXKHBIX ONAacHOCTAX. OHU Haydarcs B KaKOM-TO
CTETEeHU Y3HaBaTh HAC MO rojocaM M JHIaM, a TakKe pa3 roBapuBaTh U 0OLIaThCs C YEIOBEKOM Ha
(opMaTM30BaHHOM SI3BIKE.

OHU CMOTYT CaMOCTOSITEJIBHO CO3/1aBaTh 11€JIble BUPTYaJbHbIE MUPBI, O KOTOPBIX CErO/IHS MbI
MOXKeM TOJlbKO MeuTarh. Oxono 2020 . CTOMMOCTH 3JEKTPOHHOIO YHWIIA, BO3MOXHO, YIAJET
HACTOJIbKO, YTO MPOILIECCOPBl CTaHyT JemieBine Oymaru. Bce BOKpYr HamoiMHHUTCS MHJUTHOHAMU
YHIIOB, CIOCOOHBIX BBITIOIHSAThH HAIIIA KOMaH/IbI.

B KoHI1e KOHIIOB camMO CIIOBO «KOMITHIOTEPY OyaeT 3a0bITO.

YroObl ymoOHee OBLIO TOBOPUTH O OyayllleM Mporpecce HaykKu M TEXHUKH, S pa3lesni
KK/IyIO IJIaBy KHUTH Ha TPU 4YacTu: Omrkaiimee Oymymiee (ot cero aust 10 2030 r.), cepeanHa Beka
(c 2030 mo 2070 1) u, HakoHer, Aanekoe Oymymiee, ¢ 2070 mo 2100 r. Koneuno, Takoe aeneHue
YCIIOBHO, a JIaTUPOBKU NMPUOIU3UTENbHBI, HO OHU IOMOTYT HaM OPUEHTHPOBATHCA BO BPEMEHHBIX
paMKax pa3IuvHbIX TEHACHIINI, O KOTOPHIX MOWUJET PeUb B KHUTE.

CTpeMHUTENbHBIA POCT BBIYUCIUTENbHBIX MomHOcTed Kk 2100 r. obecrieuutT HaMm e/Ba JIU He
OOKECTBEHHOE MOTYIIECTBO M IMO3BOJMT YIPABIATH OKpYXKAlOIIeH JeHCTBUTEIBHOCTBIO IPH
MIOMOIIIM OJHON TOJIBKO CHIIbI MbIcTH. [TonoOHO Muduyeckum Goram, KOTOpble yMEITU MaHOBEHHEM
PYKH WIHM JIETKUM KHUBKOM TOJIOBBI JIBUTATh MPEAMETHl U M3MEHATHb YEJIOBEUYECKYIO KW3Hb, MbI
Hay4YMMCsl BO3JIEHCTBOBAaTh Ha BEIIECTBEHHBIM MHp CHJIOH CBOero co3HaHus. Mbl Oynem
MOJACPKUBATh TIOCTOSTHHBIN MBICIIGHHBI KOHTaKT C AJIEKTPOHHBIMH YHIIAMH, Pa30pOCaHHBIMU
MOBCIO/IYy B HAIIeM OKPY)KEHHH, M 3TH MOJIYaJIMBBIE CIyrd OyIyT yJaaBIUBaTh U 0O€30TKAa3HO
UCIIOJIHSATH HAIlIM MBICJICHHBIE PUKA3BI.

[TomHIO, KOTJa-TO s CMOTpEN OMH307 «3BE3IHOTO MyTW», [JE€ OKUMAX 3Be3oJeTa
«OHTepMpaii3» TMomagaeT Ha IUIAHETY, HACEJICHHYIO0 TPEUeCKUMH Ooramu, U mepel acTpOHABTaMHU
BO3HUKaeT OOr AMNOJIJIOH — TUraHTckas ¢urypa, cnocoOHas OCIEHNUTb M OIIEJIOMUTH 3E€MHOM



SKUNAX OOKecTBeHHbIMH uynecamu. llonawamy Hayka XXIIIB. Huyero He MOXeT
MIPOTUBONOCTABUTh MOTYIIECTBY OOra, KOTOPBIN THICSUM JIET Ha3a/ MoBejeBasl HeGecaMu aHTHYHOM
I'perun. Ho cromno 3emisiHaM MOOOPOTH IIOK OT BCTPEYM C IPEUYECKUMHU OOoraMu — TaKUMH
3HAKOMBIMU M MOTYHIECTBEHHBIMH, — KaK OHM IMOHSJIM, YTO Y MOTYIIECTBA 3TUX CYIIECTB JOJIKEH
OBbITH BIIOJIHE MATEPUAbHBIM HCTOYHUK U YTO AIOJUIOH, CKOPEE BCEro, HAXOIUTCS B MEHTAJIbHOM
CBSI3U C IIEHTPAJIbHBIM KOMIBIOTEPOM M MOIIHBIMH MeXaHHU3MaMH, KOTOpble, COOCTBEHHO, U
UCIOJHSAIOT €ro NpHKa3bl. Kak TONBKO KM HAILEN U YHUYTOXKWI CUJIOBYIO CTaHLIMIO, ATIOJUIOH
MIPEeBpaTHIICA B OOBIYHOTO CMEPTHOTO.

OTO, KOHEYHO, BCETO JMIIb TOUIMBYACKas cka3zka. OJHAKO HKCTPAnoaupysl IMOCIEIHUE
Hay4HbIE OTKPBITUS M TEXHUYECKUE JOCTUKEHHUS, YUEHBIE YK€ MOTYT MPEICTaBUTh cebe TOT JIEHb,
KOTZIa MBI TOXKE HAy4UMMCS TEJICNATUYECKU YIPABIATh KOMIIBIOTEpAMU U IIOIYYUM CHILY
JIETEHIAPHOTO ATIOJUIOHA.

Bnwvxanwee 6yayuiee
(c HacTosiLwero momeHTa Ao 2030 r.)

I/IHTepHeT-O‘lKH H KOHTAKTHbIC JINH3bI

CeronHsa Mbl NMOAJEPKUBAEM CBA3b ¢ MIHTEpHETOM IpH NMOMOLIM KOMIIBIOTEPOB M COTOBBIX
teneponoB. Ho B Oynymiem MHTepHeT Oynet moBClofy.

CymiecTByeT HECKOJIBKO CHOCOOOB BBIBECTH CBA3b ¢ MHTepHeTOM Ha nuH3Y. M300paxeHue
MOXeET IIepelaBaThCs CO CTEKOJI OYKOB Uepe3 JIMH3Y IVla3a HEMOCPEACTBEHHO Ha ceTyarky. MoXXHO
TaKXKe MPOELHPOBATh U300paKEeHUE Ha JIMH3Y, KOTOpas B 3TOM cilyyae OyJeT UrpaTh posib HKpaHa.
Wi MOXHO TPUKpPENuTh SKpaH K ONpaBe OYKOB HaAMogo0ue KpOXOTHOM JIMH3bI, KaKUMH
MOJIB3YIOTCS IOBEIMPHL. [T/ CKBO3b CTEKJa OYKOB, MbI Oynem, OyITO Ha KHHOJKpaHe, BHJETbH
nepen cobol HMHTepHET-3KpaH. llpu 3ToM yCTpoOWCTBO TUCTAHIIMOHHOTO YIIPAaBIECHHS B PyKax
MO3BOJIUT HAM YIPaBIATh JCHCTBUSMHU KOMITBIOTEpA MO OECHpPOBOAHOM CBA3M. A MOXHO MPOCTO
IIEBEJIUTh NaJNblIaMU B BO3AYXE U TaKUM 00pa3oM yNpaBisTh U300pak€HUEM — BeJlb KOMIIBIOTED
MIOCTOSIHHO PETUCTPUPYET MOJOKEHUE HAIIMX NaJIbLIEB.

K npumepy, yuenple Bamumnrronckoro ynuBepcuteta ¢ 1991 . 3aHmmarorcsi pa3zpaOoTkoit
BUPTYyaJIbHOTO peTuHasbHOro MoHutopa VRD (virtual retinal display) — ycrpoiicTBa, B KOTOpOM
KpPAaCHBIH, 3€JI€HBIA U CUHUH JIa3€pHBIE JIYYH NMPOEHUPYIOTCS HEMOCPEACTBEHHO HA CETUYATKy IVIa3a.
ITpu paspemennn 1600x1200 Touek Ha aroiiM npu ymie 3peHus 120° VRD-moHuTOp MOXKET
CO3/1aBaTh SIPKOE >KU3HEHHOE M300pa’keHHE, CPAaBHUMOE C KapTUHKOM Ha KMHOJKpaHE. YCTPOUCTBO
JUIS TEHEPALUN U300pakeHHsI MOXKET OBITh BCTPOEHO B IIJIEM, B CIIELIUAIBbHBIE WM OOBIYHBIE OUKH.

V mens eme B 1990-e rT. 6bU1a BO3MOXKHOCTD MCIIBITaTh HAa ceOe Takue MHTEPHET-OUKH, OAUH
U3 TEpBBIX MX 00pa3loB, pa3pabOTaHHBIX Y4YEHBIMH MeauanabopaTopun MaccayyceTcKoro
TexHonornyeckoro uHcturyta (MIT). BHemne 3ToT mpubop BIMISAET KaK OOBIYHbIE OYKH, TOJIBKO
cripaBa W HEMHOTOo COOKYy Ha HUX ObUIa 3aKpelieHa JONOJHUTENbHAs LWIMHIpUYECKas JHMH3a
JUTMHOM OKOJIO moymtoiima. [Tpu 0OBIYHOM MOJI0KEHUHU STOU JOTIOJIHUTEILHON JTMH3HI S TIPEKPACHO
BUJIEJI CKBO3b OUKH, HO CTOWJIO CJIETKAa HA)KaTh NaJIbLIEM — M KPOXOTHAs JIMH3a 3aHMMaJla MECTO
nepen masoM. IIpm 3ToM mnepeno MHOH MOSBIAJIOCH JIETKO PA3IM4YUMOE H300pakeHHue
KOMIIBIOTEPHOT'O KPaHa, Ha B3NS YyTh MEHbIIe CTaHAapTHOro. OHO OBUIO YAMBHUTEIBHO YETKHUM;
Ka3aJloCh, YTO CMOTPHILb NPSIMO B 3KpaH. boiee Toro, B3siB B pyKH HEOOJIbIIOE — pa3MEPOM ¢
COTOBBIN Tene(OH — YCTPONUCTBO C KHOIKAMH, 5 IMOJYYHJI BO3MOXKHOCTh YIIPABIATh KypCOPOM Ha
SKpaHe U Jake NeyaTarb KOMaHIbl.

B 2010, xorga s Obul BeayluM OAHOW W3 mporpamm TenekaHana Science Channel, mue
noBenock NoObiBaTh B (opre bennunrc (wrar JKOpmxus) U yBUAETHh IOCIEIHIO MOJEIh
«Unrepnera [{nsg nons 6os» apmun CILIA non HazBanueMm «llexotunery. S Hajgen ocoObli HIIEM C
3aKpeIyIeHHbIM COOKY MHUHHUATIOPHBIM 3KpaH4YMKOM. [lepenBHHYB 3KpaH Tak, YTOOBI OH OKa3ajcs
nepes I1a3aMu, s BHE3aIHO YBHJIEN MOPA3UTENbHOE 3peluiie: TaHopaMy Mo OUTBBI, Ha KOTOPOM
KpecTUKaMu ObLII0 0003HAUYE€HO pAaCIONIOKEHHE CBOMX M BpaXeCKWx BOMCK. «TymaH BOWHBDY



BHE3AIHO paccesuics, PS-ceHcopsl TOUHO ONpeAenwiv IMOJI0KEHHE BOMHCKHMX YacTeil, TaHKOB M
3MaHuil 1 o0o3HauWIM Ha cxeMe MecTHOCcTH. CTOWJIO HakaTh KHOINKY — U H300pakeHue
MTHOBEHHO H3MEHMJIOCH, OTKpPBIB MHE INpPsIMO Ha moje 0os BbIXo4 B MHTEpHET M NpenoCTaBHB
MH(GOPMAIUIO O MOTOJE, TUCIO3UINH BONCK, CTPATETUN U TAKTHKE.

B Oonee mnpoaBuHyTOHl Bepcuu mNpuOOpa HMHTEPHET-dKpaH MOr Obl MPOELHUpOBATHCS
HEMOCPEICTBEHHO B Ia3 4Yepe3 KOHTAKTHBIE JIMH3bI CO BCTPOCHHBIM B IUIACTUK yunoMm u LCD-
skpaHoM. babak ITapsus (Babak A. Parviz) u ero rpymnmna B YauBepcutete Bammurrona B Cudtie
pa3pabatbiBatoT 6a3y JUIsl CO3AaHMsI KOHTAaKTHBIX JIMH3 ¢ IHTepHETOM; MoKa 3TO JIUIIb IPOTOTHUII, HO
MO3KE TaKasi TEXHOJIOTUs, BOSMOXKHO, U3MEHUT OOBIUHYIO TEXHUKY JOCTyma B IHTEpHET.

[TapBu3 cuMTaer, YTO OJHUM U3 OMKANIIMX MO BPEMEHHU IMPHIIOKEHUN ITON TEXHOJIOTUU
MOIJIO OBl CTaTh YCTPOMCTBO JAJISi MOCTOSHHOTO KOHTPOJIS YPOBHS IVTIOKO3bI B KPOBU THAOCTHKOB.
Jlunza Oyner AEMOHCTpPUpPOBATH BaM TEKYIIME 3HAYCHHs] IapaMeTpoB, XapaKTEPU3YIOIIUX
COCTOsIHME Bamero opranusma. Ho 3to ynmms Havano. IlapBu3 yBepeH, yTO HACTYIUT AEHb, KOIZa
MBI CMOXeM 3arpyxatb u3 VHTepHera ntoOble (UIbMBI, NMECHU, CAWTHl WIM MHPOPMAIMOHHBIE
COOOIIEHNsI U BHJETh MX HAa KOHTAaKTHOW JMH3e-3KpaHe. Ilo cyliecTBy, JMH3a CTaHET HKPaHOM
MOJHO(QYHKIMOHAIIBHOTO  pa3BiEKaTeNIbHOTO ILIEHTpa, MU MOXHO OyJIeT Jiexxa Ha JUBaHE
HACJIAXXaThCs XY/I0KECTBEHHBIMU (pHiIbMaMH. Yepes 3TOT K€ LEHTP MOXKHO Oy/IeT MOAKIIOUUTHCS K
O(pUCHOMY KOMIIBIOTEPY M TMOJYYUTh JOCTYNl K XpaHsmuMca TaMm (QaillaMm U mporpammam.
JocrarouHo OyneT MOPrHYTh IJIa30M, YTOOBI MPSIMO C IUIsKA CBSI3aThCs C 0(PUCOM M OPraHU30BATh
BUJICOKOH(EPEHLIUIO.

Jlo6aBUB B MHTEPHET-OYKH MpPOrpaMMHOE oOecreueHHue IJisi pacro3HaBaHHs 0O0pas3oB, BB
MOJIYYHTEe BO3MOXKHOCTh BHJETH TEpel COO00W OOBEKTHl MU Jaxe JHIA JIIOAEH. YKe CEeromHs
HEKOTOpbIe NMPOrpaMMbl pacliO3HaBaHUS MOTYT y3HaBaTh 3apaHee BBEACHHBbIE B HUX JHIa ¢ Oolee
geMm 90 %-Hoii TouHocThi0. U Torna yxe B Hayane pa3roBopa Bbl YBUIUTE Mepesl cOO0N HE TOIBKO
UMs YeJIOBEeKa, HO M ero Ouorpaduio M XapakTepUCTHKY. B obmecTBe 3T0 moMoOXeT H30exaTh
HEJIOBKOCTH NP BCTPEUE CO 3HAKOMBIM Y€JIOBEKOM, UMEHHU KOTOPOTO BbI BCLIOMHUTH HE MoxkeTe. Ha
MHOTOJIFOZIHOM BEUepUHKE, T7Ie COOMPAIOTCsS Mal0O3HAKOMbIE MJIM BOBCE HE 3HAKOMBIE MEXKIY cO00ii
monu, 3Ta (QyHKIUS cTaHeT emie Oosiee MOJIE3HOW, BEOb Cpeld rocTeid MOTYT OKa3aThCsl OY€Hb
BaXKHBIE IIEPCOHBI, C KOTOPBIMU BbI TIOKA HE 3HaKOMBI. OTIMCaHHAasl CUCTEMA IIOMOKET BaM Y3HATh UX
B JIMIO U TOJIYYUTh O HUX KOE-Kakyl HH(Opmanuio, He npuberas K MOCTOPOHHEHW MOMOIIH,
NPaKTUYEeCKH BO Bpems pa3roBopa. (BcmomuuTe, kak Buaena Mup podot B ¢puinbMe « TepMUHATODY;
MIPUMEPHO TaK ke Oy/eT BUAETh OKpYKarollee YeJIOBEK B MHTEPHET-0UKaxX Oyayliero.)

Kak cnenctBue, MOXET KapIWHAJIBHO HW3MEHHMTHCS cUCTeMa oOpasoBaHus. B Oymymem
ydaluecss Ha HK3aMeHe CMOTYT He3aMETHO CKaHHWpOoBaTh VHTEpHET MpH MOMOIIY KOHTAKTHBIX JIMH3
U HaxOQUTh TaM OTBEThl Ha JIOObIE BOMPOCHI; YUUTENSM, OPUEHTHUPYIOIIMMCS B OCHOBHOM Ha
MEXaHW4YeCKoe 3aloMUHaHue, OyIeT TpyJHO IoHMaTh TaKOro Y4YeHHKa. OTO O3HadaeT, 4To
IpernojaBaTelisiM MpHuaeTcst o0paliaTth 0co00e BHUMaHKUE Ha MPOBEPKY CIIOCOOHOCTH PACCykKJIaTh U
MBICITUTH JIOTUYECKH.

A eme MOXHO BCTPOUTH B ONpaBy BallMX HMHTEPHET-OYKOB, K IPUMEPY, KPOLIEUYHYIO
BUJICOKaMepy, KoTopas OyJleT CHUMaTh OKpYXarolllee W MepeiaBaTh KapTUHKY MpsiMo B MHTepHeT.
JIronn no BceMy MUpPY CMOTYT BMECTE C BaMHU IEPEKHUBATh MPOUCXOAAIIEE B Bawel xu3HU. Ha uTto
Obl BBl HU CMOTpEIH, THICSUU JIIOJIEH CMOTYT YBUJETh 3TO BMecTe ¢ BaMH. Pogutenu OynyT 3HaTh,
YeM 3aHAThl MX JeTU. BiroOneHHble CMOTYT, HaXoAsCh B pasiykKe, AEIUTHCS BIIEYATICHUSMHU.
3puTeny Ha KOHIlEpTaXx — IepeaaBaTh CBOM BOCTOPT JIPYIMM MOKJIOHHHKAM JIFOOMMBIX apTHCTOB.
MHcneKkTopsl, MOcCemaroliie OTAAJCHHbIE MOApa3AeNeHuss KOMIaHWM, CMOTYT JAepkaTh Oocca B
Kypce npoucxozsuiero. (Mnu xxuteiickuii mpuMep: OJUH U3 CYIIPYrOB XOJIUT IO MarasuHy, a Apyrou
KOMMEHTHPYET TOBaphl M BbIJIACT LIEHHBIE YKA3aHUS 110 MOBOY MOKYIIOK.)

[TapBu3y yxke yaamoch UW3rOTOBUTH TUIOCKUM KOMIIBIOTEPHBIM YHII, KOTOPBIA MOXHO
pa3MecTUTh BHYTPU NOJIMMEPHOW IUIEHKM — KOHTAKTHOM JMH3bl. OH CyMes TakKe MOMECTUTH B
KOHTaKTHYIO JIMH3Y CBETOAMOJA M Temepb paboTaeT Haj JMH30M Mmarpuieil 8x8 cBeroamnonos. Ero
JMH30H MOXKHO YHOpaBiIsATh o OecrnpoBonHoW cBsizu. I[lapBu3 yrBepxkaaer: «Co BpeMeHeM
MoI00HBIE KOMIIOHEHTHI OYIyT COACP)KaTh COTHA CBETOAMOIOB, KOTOpPBIE OynyT (hOpMHPOBATH TIEPET



I71a30M BCEBO3MOXKHBIE H300PaKEHUSI — TEKCTHI, Uarpammsl U ¢otorpaduu. 3HaYUTENbHAS YaCTh
JleTajed Mmoyynpo3payHa, TaK YTO MOJIB30BaTEIM CMOTYT OPHEHTHPOBATHCS B PEaTbHOM MHUpPE, HE
HATBIKasICh Ha MPEAMETHI U HE Tepsisi YyBCTBa opueHTanun». KoHeuHas 1enb uccienoBarens — a
OHa TO-TIPEKHEMY JajeKa — CO3/1aTh KOHTakTHYI JuH3y U3 3600 Touek He Oomee 10 MKM
TOJILLIMHOM.

OmHO W3 CEephE3HBIX  NPEUMYIECTB  KOHTAKTHBIX  HHTEPHET-TUH3 —  HU3KOE
HHEPronoTpedIeHNe, BCETO HECKOIbKO MIJUTHOHHBIX JIOJIEH BaTTa, TaK YTO OHU OUY€Hb YKOHOMHBI U
He mocanar Oarapeiky. Eme omHO NpeuMymecTBO — HEMOCPEACTBEHHBINH TOCTYN K MO3TY
4yenoBeka 0e3 HeoOXOMUMOCTH BXKHUBISATH JIEKTPOAbl (MOCKOJNBKY ONTHYECKHH HEpB B
OTIPEIETICHHOM CMBICJIE MOJKHO CUMTATh MPOAODKeHHEM Mo3ra). [Ipu 3ToMm ciienyeT OTMETHTbh, YTO
a3 W ONTHYECKHW HEpB MepenarT WHQPOPMAIMI0 CO CKOPOCTHIO, MPEBOCXOIAIICH CKOPOCTh
BBICOKOCKOPOCTHOTO KalenpHOro coenuHeHusi ¢ HWHtepHeToM. Takum o0pa3oMm, KOHTaKTHas
WHTEPHET-JIMH3a TPEACTaBIseT co00il, BO3MOXHO, Hanbonee 3(h(HEeKTUBHBIN U BHICOKOCKOPOCTHOM
JIOCTYH K MO3TY.

[Tepenatp u300pakeHUE B TNIa3 uepe3 KOHTAKTHYIO JIMH3Y HECKOIBKO CIIOXKHEE, YeM uepe3
WHTEpHET-0YKU. CBETOIMO/T MOXKET CTEHEPUPOBATh CBETOBYIO TOUKY, UJIH MUKCENIb, HO HEOOXOIUMO
00aBUTH elle MUKPOIHH3Y, KoTopas choKycupoBaia Obl 3Ty TOUKY HETIOCPEICTBEHHO Ha CETUaTKYy.
[TonyuuBieecs B utore n3o0pakeHue Oy/ieT Kak Obl BUCETh B BO3AyXE MEPe]] BAIUMH TJIa3aMH Ha
paccTossHUM HeMHoro Oonee momymerpa. B Oonee mpoaBHHYTOW cxeme, HaJl KOTOpOW ceifuac
paboraet [lapBu3, mpeamnonaraeTcs UCIOIB30BaTh MUKPOJIa3ephl, YTOOBI MO/IaTh HA CETYATKY Cpa3y
peskoe n3oOpaxenue. [Ipy momomu Toi ke TEXHOJOTHHM TPABIIEHUS, KOTOpas MCIONb3YeTCs MPU
MIPOM3BOJICTBE MHKPOIIPOIIECCOPOB JUIsI BBITPABIMBAHUSA KPOXOTHBIX TPAH3UCTOPOB, MOXKHO
BBITPaBUTh Ha KPEMHHMEBOM MOJJIOKKE M KPOXOTHBIE Ja3epbl MPUMEPHO TAKOIO K€ pa3Mepa —
caMble MUHUATIOPHBIE JIa3epbl B MUpPE. TE€XHOIOTHSI a MPUHITUIIE TTO3BOJISET W3TOTOBUTH JIa3ePhl C
nonepeyHsiM pasmepoM okono 100 aromoB. Kak M ¢ TpaH3uCTOpamMH, TEXHUYECKH MOXKHO
MMOMECTHUTH Ha TOJIJIOKKY pa3MEPOM C HOTOTh MIJIJTHOHBI JIa3€POB.

KoHTaKTHEIE HHTEPHET-THHIE! OVIVT Paclo3HABATE MTHIA THOIEH,
MOKA3EIEATE BaM DHorpadH9eckHe JaHHEIE HA HAX H NEDeEOIHTE
HX C/IOBa B BHAE CYDTHTpOE. TYPHCTH OVIYT DOIEIOBATECA TAKHMH
MHH3AMH, 9T00E BOOTHEC YEHAETE Pa3pyIIcHHEE TAMATHHEH
IPEBHOCTH. XyOOAHHEEH H APXHTEKTOPE OVIYT J0pPa0aThEaTE C HX
IOMOITEED CBOH BHPTYVANEHEIE TEOpeHHA. BoaMoEHOCTH
IONONHEHHOH PEATRHOCTH HEHCIEPIAeMEL

Pucyrnor Txcehhpu Vopda (Jeffrey L. Ward)



ABTOMOOWJIb 0€3 BoIUTEJIfA

B OmwxkaiiieM OymyiieM, BEpOSTHO, YEJIOBEK IOIYYUT BO3MOXKHOCTb, CHJAS 3a pYIEM,
CHoKOHO OpoauTh no CeTu U paccMaTpuBaTh CAMTHI IPU MOMOIIM KOHTAKTHON MHTEpPHET-TUH3bI
WM UHTEpHET-04KoB. Jlopora Ha paboTy mepecTaHeT ObITh TaKOH MYYHTEIbHON U HYIHOW, TOTOMY
YTO aBTOMOOWJIM HAaydarcsl YNpaBlsATh coOoi camu. Yxke ceromus mamuHa ¢ GPS-nmpuemnamkom,
MO3BOJISIIOIMM OIPENETUTH MOJIOKEHUE B IPOCTPAHCTBE C TOYHOCTBIO IO Mapbl METPOB, MOXKET
npoexarb 0e3 BOAMTENS COTHU KHJIOMETPOB. ATEHTCTBO MEpPCIEKTUBHBIX MCCIEI0BATEIbCKUX
npoektoB Muno6oponsl CIIIA (DARPA) cioncupoBano koHkypc noa HazBanuemM DARPA Grand
Challenge, B KOTOpOM Hay4YHBIM KOJUIEKTHBaM NpeUIarajoch NpeACTaBUTh aBTOMOOMIN 0e3
BOJUTENSI HA TOHKY 4yepe3 MyCThIHIO MoxaBe; 3a 1mobdeay monarajcsi Ipu3 — MUUIHOH J0JIJIapoB.
Taxk DARPA mnponomxaer Tpaauuuio (UHAHCUPOBAHMS PUCKOBAHHBIX, HO MEPCHEKTHUBHBIX
TEXHOJIOTUM.

(Kcraru, B uuncne uccinenoBarenbCckux MpoekToB [leHTarona MoxkHO Ha3BaTh U WHTepHeT,
NEPBOHAYAIILHOMN LIEJIbI0 KOTOPOTo ObUIO 00eCrieYeHne CBSA3H JJIsl YUYEHBIX M YMHOBHHKOB BO BpeMs
U Toclie sijepHoi BouHbI, u cucteMmy GPS, pazpaborannyro /isi HaBeeHNST MEKKOHTUHEHTAIBHBIX
paxeT. Ho mo3xe, mocie 3aBepiueHus XonoaHoi BoiHbl, 1 MHTepHeT, 1 GPS ObuTN paccekpedyeHsl u
CTaJIi OOLIETOCTYITHBIMH. )

[TepBriit koHKYpC B 2004 I. MOMYYHIICS CTPaHHBIM — HU OJIMH aBTOMOOMIIb 0€3 BOJUTENS HE
cMmor mpoexaTh 150 MHIb MO TMepeceuyeHHONW MECTHOCTH W Tepecedb (puHHIIHYI0 TuHU0. Bee
POOOTH3UPOBAHHBIE MAIIMHBI JTHOO CIOMAJIKCh, MO0 COMMUCH ¢ MyTH. OJHAKO yXe B CIeIyIOIeM
rofly MSATh MAaIllMH CyMENH BBIIIOJHUTH HOBOE 3aJaHue, Jaxe O0oJiee CIIOKHOE: UM HY)XHO OBLIO
npoexarb mo jgoporaM, rae Obuto 100 KpyThIX HOBOpPOTOB, TPU Y3KHMX TOHHENS M YYacTKH,
MIPOXOJISIIINE O KParo MPOIACTH.

HekoTopble KpUTHKH YTBEpKIAIOT, 4YTO pOOOTH3MPOBAaHHBIE AaBTOMOOWJIM Hayyarcs,
BO3MOYXKHO, €3/IUTh 10 MYCTbIHE, HO HUKOTZAa HE CMOT'YT HOPMaJbHO OPUEHTHUPOBATHCS B 3a0UTOM
mammHamu Meranonuce. [loatomy B 2007 . DARPA 00bsBuiIO emie 6onee aMOUIIMO3HBIM MPOEKT
— Urban Challenge, B KOTOpOM MammHbI-poOOTHI JOKHBI ObUTH MTpoexaTh 60 CIOKHBIX MHJIb IO
MMHUTHPOBAHHOMN TOPOJICKOI TEPpUTOPHUU HE OOJIBIIE YeM 3a IIeCTh YacOoB. MaIMHbI TOJHKHBI ObLITH
coOJrofaTh BCe MpaBHJia JOPOXKHOIO JIBWKEHHS, pa3be3karbCs B MyTHU C JAPYTUMH YYaCTHUKAMHU
KOHKYpCa M KOPPEKTHO Mpoe3Xkarh nepekpectku. lllecTs komaHa yCnemHo 3aBepIinil AUCTaHIHIO,
a TPpU JIy4dIlIue MOTYYHIN IPU3bl COOTBETCTBEHHO JIBa, OJIMH U MOJIMUJUIMOHA JIOJIApOB.

Ilens IlenTarona — cuenare TpeTh cyxomyTHbIX cui CHIA aBronomHbIME K 2015 . Brionne
BO3MOYKHO, YTO TaKM€ TEXHOJIOTUU CMAacyT MHOXKECTBO KM3HEH, Bellb M3BECTHO, YTO Yalle BCEro
aMEepUKaHCKHE COJJaThl THOHYT OT 3aJOKEHHBIX Ha Joporax MMH. B Oyaymem MHorue
TpaHcnopTHble cpenctBa apmuu CIIA OynyTt e3nuth BooOuie 6e3 Boauteneil. s oObIYHOTO ke
NOTPEeOUTENS Takasi TEXHOJIOTUsl OyJeT O3HauaTh, YTO JJISl yNpaBIEHUS aBTOMOOWJIEM IOCTATOYHO
Ha)XkKaTh KHOIIKY, a OCTAJIbHOE CHAENaeT poOOT; YEJOBEK «3a pYyIeM» CMOXKET paboTaTb, OTABIXATH,
paccMaTpuBaTh OKpYXarollue nei3axu, CMOTPEeTh KHHO WK 6poauts 1o MHTepHery.

Ha cpemkax OgHOM W3 HAyYHO-NOMYJSIPHBIX IpOrpamMM g KaHaua «J/luckaBepw» MHE U
caMOMY JIOBEJIOCh IOE3IUTh B TaKOH MamiMHe. DT0 ObUT 00TEeKaeMbli CHOPTUBHBIA aBTOMOOWIIb,
MOJIU(GUIUPOBAHHBIM U TMOJHOCTHIO POOOTH3MPOBAHHBIM HMHXXEHEpaMU U3 YHUBEpCHTETa IITara
Ceepnass Kaponmna. OH Obl1 cHaOXeH KOMIIBIOTEpaMH, I10 MOIIHOCTH B BOCEMb pa3
npeBocxonamuMu o0braHbIl PC, m ymen e3auTh COBEpIIEHHO aBTOHOMHO. Hamo ckasare, 4TO
BTHCHYTbCS BHYTPh 3TOM MAalIMHBI OKa3ajoCh HEMpPOCTO CIUIIKOM TaM Bce OBLJIO 3a0HUTO
o0opynoBanueM. Besnie — Ha cuJieHbsX, Ha NTaHEJIN yIPaBIeHUs], Ha IOy — FPOMO3JIMINCH KaKue-
TO CIIOKHBIE Ha BHJ IEKTPOHHBIE YCTpPOICTBa. B3sdBIIMCH 3a pyleBOE KOJECO, S 3aMETUI
PE3MHOBBINM HIHYP M HEOOJBIION MOTOPYMK, IMPU MOMOIIM KOTOPOTO KOMIIBIOTEP MOT, COOCTBEHHO,
[IOBOPAYMBAaTh PyJib U YIPaBIATh MAIMHOM.

51 moBepHyJN KIItOYW B 3aMKe, HaJaBWJI Ha a3 M BbIBEJ MAIIMHY Ha IIOCCE, a 3aTeM LIEIKHYII
nepeKyoyaresieM, J1aBas KOMaH/ly KOMIOBIOTEPY B3sATh ynpaBieHue Ha ceds. Ilocnme 3Toro s cHsa
PYKH C pyJeBOro Kojieca, W aBTOMOOWIb Moexall Janblie caM. S omnrymana yBEpeHHOCTh U



MIOJIHOCTBIO JIOBEPSI KOMIBIOTEPY, KOTOPBIA HENPEPHIBHO BHOCUJ KPOXOTHBIE IONPABKU U YyTh
JIOBOpayuBall pyib MpPU MOMOIIM MoTopuuka. I[loHadamy ObUIO HEMHOTO CTPaHHO BHUIETb, KaK
pyJIEBO€ KOJIECO M MeJallb ra3a ABUraroTcs camu no cebde. Kazanoce, 4to ynpasieHue B3sul Ha ce0s
MPU3PAYHBINA HEBUAUMBIN BOJUTEINb, KOTOPBIM HAXOAUTCS TIIE-TO PSIIOM, HO Yepe3 HEKOTOpOe BpeMst
s TpUBBIK. bojee Toro, 4yyTe Mo3xe s C YIOBOJIBCTBUEM pacciaaOWics M TOIBKO CMOTpEI, Kak
MallHa KaTUT BIIEPE]l CO CBEPXUYEIOBEUECKHMM MAacCTEpPCTBOM M TOYHOCTHIO. MHe ke 0CTaBajoCh
JMILb PaloBaThCsl JKU3HU U pacCMaTpUBaTh MEW3aKH 32 OKHOM.

Cepanie poboTu3upoBaHHOW MammuHel — cuctemMa GPS, mos3Bonsiomas omnpenenuTh
MIOJIOKEHHE B IPOCTPAHCTBE C TOYHOCTBIO A0 Mapbl MeTpoB. (CnenuanucTel yTBEPKAAOT, YTO
WHOIJIA OHA ONpEENSET MOJNIOKEHNE C TOYHOCTHIO JIO JeCATKOB caHTuMeTpoB'.) Cama mo cebe
cucreMa GPS — uyno coBpeMeHHOW TexHMkH. Kaxnplii n3 npumepHo 30 CIyTHUKOB CHCTEMBI,
HaXOJSAIIMXCS HAa OKOJO3EMHOM OpOMTE, BEAET MOCTOSIHHYIO pajuoliepesadyy ¢ HCIOJIb30BaHUEM
cobcTtBeHHOrO Kofa. GPS-npueMHHUKH B MalnHe MPUHUMAIOT 3TH CUTHAJIBL. Bee curHaibl HEMHOTO
MCKaXaroTCsl, MOCKOJbKY CITyTHUKH B ATOT MOMEHT HaxoJAATCS Ha Pa3HOM PACCTOSHHUU OT Bac U
JBUKYTCA OTHOCUTEIIBHO Bac B Pa3HbIX HaNpaBIEHUAX. OTO HCKAKEHHE HA3bIBACTCS
nomnriepoBckuM caBuroM. (K mpumepy, painoBoIHBI CXKMMAIOTCS, €CJIM CIYTHUK MPHUOIIKaeTCs K
BaM, M pacTATUBAIOTCA, eciau ypansercs.) [IpoaHanu3upoBaB HEOONBIIOE HCKAKEHUE YaCTOT
CHUTHAJIOB> OT TPEX WJIM YETHIPEX CIYTHUKOB, KOMIIBIOTED MAIIWHBI TOYHO OIpENESeT HaIly
MO3ULUIO.

Kpome Toro, B Gammnepe y MallMHbl YCTAHOBIIEH pajap, TaKk 4TO OHAa OyKBaJIbHO UYyBCTBYET
npenaTcTBus. B OynymieM mogoOHbIe CEHCOphl MPUOOPETYT TpOMaJHOE 3HAYCHHE U KaXKblif
aBTOMOOWJIb, TOYYBCTBOBAaB HEMHHYEMOE CTOJKHOBEHHE, AaBTOMAaTHYECKH IpuUMET Mephl. B
Hacroslee BpeMs B aBrokaractpodax B CIIA morubaer moutu 40 000 wenosek exeromno. He
UCKJIIOYEHO, 4YTO B OyaylleM BBIPaXEHHUS «IOPOKHO-TPAHCIIOPTHOE MPOUCHIECTBUE» U
«aBTOKaTacTpo(a» MpoCTO UCUE3HYT U3 SA3bIKA.

ABTOMOOUIIEHBIE TPOOKH, BO3MOXKHO, KOTZa-HUOYAb TOXKE yHIyT B mpoiwuioe. LleHTpanbHblit
KOMIIBIOTED CMOXET CIEAWTh 3a JBW)KEHHEM BCEX MAIIMH Ha JIOpOr€ M OJHOBPEMEHHO
MOJAEPKHUBATH CBSI3b CO BCEMHU POOOTH3HPOBaHHBIMU MamiMHaMu. OH 0e3 Tpyna 3aMeTHT NpoOKH U
3aTopbl Ha MapuipyTe. B skcriepumenTe, npoBeneHHOM K ceBepy oT Can-Jluero Ha ¢enepaibHOM
mocce N-15, B JOpOKHOE TOJOTHO OBLIM BCTPOEHBI CIICIHAIBHBIC JATYUKH, TTO3BOJISIBIIINE
LEHTPAJILHOMY TIpoOlLleccopy CIeauTh 3a cuTyauueil. B Oynymem B ciaydae 3artopa Ha Jgopore
KOMITbIOTEp OyIeT ImepexBaThbiBaThb y BOJUTENS YIpaBI€HHE aBTOMOOWIEM M 00ecredynBaTh
CBOOOJHOE JIBIXKEHHUE.

ABTOMOOMIIH OYy/yIIEr0o HAYYUTCS YyBCTBOBATh U JPYrHMe OMACHOCTHU. ThICSYM JIOAEeH THOHYT
U TIOJIY4aloT TPaBMbI, IOTOMY YTO BOJAMTENb YCHYIN 3a pYJieM; OCOOEHHO YacTO 3TO MPOHCXOIUT B
HOYHOE BpeMs WJU BO BpeMs JOJITOro MOHOTOHHOTrO nmyTu. Ho yxke cerogHsi MOXXKHO 3acCTaBUTh
KOMITBIOTEP CJIEAMTH 3a BAIIUMU IVIa3aMHU M PETMCTPUPOBATh PU3HAKY YTOMIIEHHSI U COHJINBOCTH, a
3aTeM I0/1aBaTh 3BYKOBOM CUTHaJ U OyIuTh BoauTens. Eciiu 3T0 HE MOMOXKET, KOMITbIOTEP BO3bMET
ynpaBieHue Ha ce0s. Kpome TOro, KOMIIBIOTEp MOXET paclo3HaTh HPUCYTCTBHE BHYTPH
aBTOMOOWJISI M30BITOYHOTO KOJMMYECTBA AaJIKOTOJISl; HE HCKIIOYEHO, YTO Takas Mepa IOMOXKET
CHU3UTh KOJIMUECTBO aBAPUH, CBSI3aHHBIX C aJIKOTOJIEM.

[lepexon Kk yMHBIM aBTOMOOWJISIM, KOHEYHO, MPOM30MIeT He MrHOBeHHO. CHavasla BOCHHBIE
BHEIPAT MX y cebsd M B Ipolecce OSKCIUIyaTalliM YCTPaHAT OWIMOKM M HEJOAETKH. 3aTeM
poOOTHU3MPOBaHHBIE MAIlIMHBI BBIUIYT HA PHIHOK M B MEPBYIO Ouepe/lb MOSIBATCS HA JUIMHHBIX U
CKYYHBIX MeperoHax QeaepaibHbIX Tpacc. 3aTeM OHHU IMOHEMHOTY MPOHUKHYT B NPUTOPOABI H

1 Ilpy Hanmu4uMu OOCTYNA K BOCHHBIM curHanam tumna P/Y. IIpy HMCrONB30BaHUM TOJNBKO I'Pa)KIAHCKOTO CUTHAaja
CpeqHeKBagpaTHYHas ONIMOKa cOCTaBIAeT Hopsaka 2, 5 M. — [pum. mep.

2 OCHOBOH OmpeJeneHnsl KOOpAWHAT IT0JIb30BaTelisl SBISETCS U3MEPEHHE HEe YaCTOTHBIX CIIBUIOB, a JIMIIb BPEMEHHU
MIPOXOXK/ICHNSI CHTHAJIOB OT HECKOJIBKHX CITYTHHKOB, HaXOISIIMXCS HA Pa3sHbIX (HO M3BECTHBIX B KaXKIbIi MOMEHT)
paccTosHUSX OT Hero. [ ompeneneHus] TpeX MPOCTPAHCTBEHHBIX KOOPAMHAT B NMPHHLHUIE JOCTAaTOYHO 00paborarh
CUTHAJIbl OT YETBIPEX CIYTHUKOB, XOTsl OOBIYHO NPHEMHHK «OEpeT B pacyeT» BCE MCIPABHBIC CIIYTHHUKH, KOTOPbIE OH
CIBIIUT B JaHHBIA MOMeHT. CymecTByeT Takke Ooiiee TOWHBIA (HO M Oojiee CIOXHBIA B peann3aliil) METOZ,
OCHOBaHHBIH Ha M3MepeHHuH (a3sl MpuHUMaeMoro curaana. — [Ipum. mep.



KpYIHBIE TOpOAa, HO B cllyyae HEOOXOAMMOCTH BOJHUTENb OyIeT HUMETh BO3MOXXHOCTb B3STb
ynpasieHue Ha cebs. [Ipoiiaer kakoe-To BpeMsi, U JTIOIU OyIyT YAUBIATHCS, KaK paHblle KWK 0e3
HUX.

3KpaHbl Ha Y€TbIPE€ CTCHLI

B OynymiemM KOMIBIOTEpHl HE TOJNBKO OOJieryar HaMm MOE3JIKH Ha pabOTy M COKpATAT YHUCIIO
aBapuil Ha JOporax; OHM TaK)Xe MOMOTYT HaM TMOJJIEPKUBATh CBSI3b C JPY3bSIMU U 3HAKOMBIMHU.
Celiuac HEKOTOpBIE KAIYIOTCS, YTO KOMIIBIOTEPHAs PEBOIIOLMS U30JIMpOBalla HacC ApyT OT JApyra u
JeTyMaHU3UpoBaJla 4ejoBedyeckne oTHomeHus. Ha camom nene Bce HaoOOpOT: KOMIBIOTEPHas
PEBOIONHMSA TTO3BOJIMIIA HAM 3KCIIOHEHIIMAIBHO PACIIMPUTh KPYT JIpy3eil U 3HaKoMbIX. B Oymyiem,
KOTJIa 4YEJOBEKYy CTaHeT OJUHOKO WJIM CKYyYHO, OH CMOXET IOMNPOCUTh HACTEHHBIH JKpaH
OpPraHu30BaTh JUIsl HETO MApPTUIO B OPUDK C APYTMMH OJUHOKHMMHU JIFOABMHU MO BceMy cBeTy. Eciu
MOHAIOOUTCS TOMOIIb B IUIAHUPOBAHUHU OTIIYCKA, OPTraHM3allMM ITYTEIIECTBHSI WM TIOUCKE
napTHepa JUlsl CBUJIaHus, €€ OKaXeT Bce TOT ke HacTeHHbIN MHTEpHET-2KpaH.

B Oynyuiem npu BKIIOUEHUH KOMIIbIOTEpA HA SKpaHe Oy[eT MOSIBIATHCS APYKEITIOOHOE JTUIO0
(BBI cMOXKeTe TOAOUPATh €ro 10 CBOEMY BKYCY M BpeMsl OT BPEMEHU MEHSTh). DTOr0 BUPTYaIbHOIO
YesloBeKa MOYKHO OyJIeT MOMPOCHUThH CIJIAaHUPOBATh JUIsl Bac OTHycK. OH (WM OHA, KOHEYHO), 3Has
3apaHee BallM NPUCTPACTHUS U MPEANOYTEHHS], TPOCKaHUPYeT VIHTEpHET U BBIIACT BaM BO3MO)KHBIE
BapHAaHTHI 110 HAWTYYLIUM LIEHaM.

Kpome Ttoro, uepe3 HacTeHHbIE 3KpaHbl MOXHO OyJeT yCTpauBaTh CEMEWHBIE BCTPEUH U
coOpanus. Bce ueTbipe cTeHBI Balleil TOCTMHON OyqyT 3aHATHI dKpaHAMU, U TIPU KEJTaHUHU BBI
CMOXKETE OKPY)KUTh ceOs JIMIIaMH POAHBIX, HAXOJAIIMXCS Jaleko oT Bac. MoeT ObITh, KTO-TO HE
CMOXeET MpHexXaTh Ha BaKHBIA CEMENHBIN Bedep — U TOTJa CeMbs cCOOepeTcsl Ha IKpaHax U OTMETHT
BCTpEUy, HAIIOJIOBUHY peajbHYI0, HAIIOJIOBUHY BUPTYaJIbHYI0. VM Ipu OMOIM KOHTAKTHBIX JIMH3
MOKHO OyZeT yBHAETh POJHBIX M OMM3KHUX Mepe] co0oil kak OyaTO HasBY, MIPUTOM YTO Ha CaMOM
Jiene OHM B OTOT MOMEHT OyayT HaXOAMThCS OT Bac 3a ThIcsuM KuiioMmeTpoB. (Hekoropsie
KOMMEHTATOpbl OTMedaroT, 4To [leHTaroH mepBoHa4dalbHO 3aAyMbIBall MIHTEpHET Kak «MYKCKOE»
YCTPOUCTBO MpucnocobiaeHue s 6opsObI ¢ BparoM B BoeHHoe Bpemst. Ho ceifuac MHTepHeT cTan B
OCHOBHOM <«OKEHCKHM», OH UCIIOJIb3yeTCsl KaK CPEACTBO COMMXKEHUS U OOIIEHUS C JIFObMH. )

TenexoHpepeHIN CMEHATCS TENENPUCYTCTBUEM — B BAIlIMX OYKAX MJIM KOHTAKTHBIX JIMH3aX
MOSIBUTCSI TIOJTHOE TPEXMEPHOE O03BYyYE€HHOE H300pakeHHE 4YeJNOBEKa, C KOTOPhIM BBl XOTUTE
noo6marecs. Ha coBemanum, k nmpumepy, Bce OyayT CHUAETh 3a CTOJIOM, IPU 3TOM HEKOTOpBIE W3
YY4aCTHUKOB OyIyT BHUIHBI TOJBKO B Ballled KOHTAKTHOM MHTEpHET-IHH3€. BBIHYB JHH3Y, BbI
YBUJIUTE, YTO MECTA 3TUX JIIOJIEH 3a CTOJIOM MyCThl. B TnH3e ke BBl Oynere BUJAETh BCEX YUACTHUKOB
Ha Mecrax. (Ha camom gene oTCyTCTBYIOLIME yYaCTHUKH OyIyT CHIETh 3a MOXOXHM CTOJIOM B
JpyroM MecTe, a CleluanbHas Kamepa OyleT MX CHHMaThb M IepeJaBaTh H300paKeHHEe depe3
WuTepHer.)

B ¢uneme «3Be3qHbIe BOMHBD) 3pUTENN ¢ U3YMJIEHUEM YBUJIENH, KaK B BO3/YyXE MOSBIISIOTCS
TpexMepHble H300pakeHust yoaei. Ho B OyayiieM KOMIbIOTEpHBIE TEXHOJOTHHU IO3BOJISIT HaM
BUJIETh MO0OHBIE U300paKEHUsI B KOHTAKTHBIX JIMH3aX, OYKaX MJIM Ha KOMIBIOTEPHBIX HACTEHHBIX
JKpaHax.

[Tonauany yenoBek, HaBepHOE, OyHAET MCIBITHIBATH HEJIOBKOCTh, Pa3roBapuBas C ITYCTOMH
koMHaToi. Ho BcrmoMHMM: elie npu MosiBIeHUU Teae(dOHOB HEKOTOPbIE KPUTUKOBAIIM HUX 3a TO, YTO
YeJIOBEK MPHU 3TOM JIOJDKEH Pa3roBapyBaTh ¢ HEOAYIIEBIEHHBIM NpeAMETOM. JItoau omacanuce, 4To
Telne(pOH TMOCTENEHHO IOJHOCThIO 3aMEHUT COOOM JMYHbIE KOHTaKThl Jrofed. B mpunnurme,
KPUTHUKH OBUIM TPaBbl, HO CETOJHS HAC HUCKOJIBKO HE CMYILAIOT Pa3roBOPBI C HEOAYIIEBICHHBIMU
npeaMeTaMu U JIaJeKUMHU TOJI0CaMH, MOTOMY 4TO TenedoH Ype3BhIYaiHO pacUIMpWi Hall Kpyr
KOHTAKTOB M 000TaTHJI HAILY KU3Hb.

Bama nuyHast )Ku3Hb TakK€ MOKET CHIIBHO U3MEHHUThCs. Eciy Bbl OMHOKH, Balll HHTEPHET-
9KpaH, 3Has Balld TNPOLUIbIE MPEANOYTEHHs, >JKelnaeMble (U3UUYECKHEe U  COLMAIbHbIC
XapaKTepUCTUKH MapTHepa, HaiAeT /it Bac B MIHTepHeTe MOAXOASIIYI0 KaHIUAATYPy. A MOCKOIbKY



J¥OAu HWHOrJa JIryr B CBOUX JIMYHBIX JAaHHBIX, O3SKpaH, B Ka4CCTBC I(OHOHHHTCHLHOﬁ
MpEeaAOCTOPOKHOCTH, aBTOMATHUYCCKH ITPOBEPUT UCTOPHUIO KAXKIOTO KaHAUAATa.

I'ubkas 31ekTpoHHasi Oymara

[lensl Ha TUIOCKHE TeNEdKpaHbl, kKoraa-To npespimanmue 10 000 momtapos, Bcero 3a AecsiTh
ner ynanu Oosiee yem B 50 pa3. B OyaymieMm Iutockue SKpaHbl Ha LENYIO CTEHY Takke OBICTpPO
ynaayT B leHe. HacTeHHble SKpaHbl Ha OCHOBE oOpranumdeckux cpetogumonoB OLED cranyt
TMOKUMH ¥ CBEpXTOHKMMHU. OpraHudeckue CBETOJHOAbI BO BCEM IIOXOXKM Ha OOBIYHBIE, HO
paboTaloT B HUX OPraHUYECKUE COCTaBbl, KOTOPhIE MOXKHO HM3rOTOBUTH B BHJE€ TOJIUMEpA, —
COOTBETCTBEHHO, OHM OyayT ruOkumMu. Kakaplii mukcens Ha TMOKOM SKpaHe OyIeT COeIMHEH C
TPaH3UCTOPOM, KOTOPBIN OyAET yHpaBisATh [IBETOM U HHTEHCUBHOCTHIO CBETOBOM TOUKH.

VYuensle u3 LleHTpa pa3paboTkum THOKMX JIHCIJIEEB NpU YHUBEPCUTETE IITara ApH30HA
pabotatot ¢ komnanued Hewlett-Packard tex CIIIA Hajg ycoBepHIeHCTBOBAaHHEM COOTBETCTBYIOLIMX
texHosorui. Ilocne 3Toro peIHOUHBIE MEXaHU3MBbI MOBIUSAIOT Ha TO, YTOOBI 1I€HA HAa HUX yIaja H
ruOKue SKpaHbl CTAU JTOCTYIHBI OOBIYHBIM MOTpeOUTENSIM. B KOHIIE KOHIIOB 3TOT MPOILIECC MOXKET
IIPUBECTH K TOMY, YTO LI€Ha THOKOTO HACTEHHOTO YKpaHa CPaBHAETCS C 1IeHOW 0ObIYHBIX 000eB. Tak
4TO B OyaylleM, OKJerBasi CTeHbl 000sIMH, Mbl OTHOBPEMEHHO 0€3 JOMOTHUTENbHBIX 3aTpaT Oyaem
NoJy4aTh M MOKHME HAacTEeHHbIE dKpaHbl. Korma pucyHok 000€B Ha CTEHaX HAJ0ECT, €r0 MOXKHO
OylAeT CMEHHTh OJHUM Ha)xarheM KHoOMkH. OTaenarb 3aHOBO JOM WJIM KBapTUpPy OyaeT Mpoiie
IIPOCTOTO.

TexHonorust riOKUX IKPAaHOB MPOU3BEIET PEBOIIOLUIO U B TOM, KaK Mbl B3aUMOJICHCTBYEM C
HAIlUMHU TIOPTaTUBHBIMU KoMmIbloTepamu. Ham He morpelyercss Tackath € cOOOM TshKeIEHHbIE
menronsl. [lopTaTuBHBIN KOMIBIOTEP, BO3MOXKHO, OyIeT NPEACTaBIATH €000 MHPOCTO JOCKYT
9KpaHa Ha OPraHUYECKUX CBETOIUOAAX, KOTOPBIA B JIIOOOW MOMEHT MOXHO OyleT CIOXHUTh U
cnpATath B OyMaxHUK. B MoOuibHOM TenedoHe mosBUTCS OONBIION SKpaH, KOTOPBIH MOXKHO OyIeT
BBITSIHYTh HapYyXy, Kak CBUTOK, ¥ TOJIb30BaThCs UM, BMECTO TOTO 4TOOBI, Hampsras 1ia3a, neyaraTb
Ha KPOIIIEYHOH KIIaBUATypE.

OTa TEXHOJIOTHS JI€1aeT BOBMOKHBIMHM M COBEPILEHHO MPO3PAYHBIE KOMIIBIOTEPHBIE IKPAHBI.
B HenanexoMm OynyiieM MOXHO HPEACTaBUTH CIEIYIONIYIO CIIEHY: YeJIOBEK CMOTPUT B OKHO, 3aTEM
B3MAXMBAET pyKaMH — M OKHO BHE3allHO IIpeBpallacTcsi B 3KpaH KommbloTepa. Mim Ha Hem
MOSIBIIIETCS. M300paxkeHue, Joboe, Kakoe 3axouerca. CkaxeM, BHJ 3a JPYTMM OKHOM,
HaXOJALIMMCS 3a ThICSYM KMJIOMETPOB OT 3TOTO.

CeromHsa MbI JIETKO OTHOCHUMCS K Oymare; MOXeM 3amMcarth 4YTO-TO Ha JIUCTE U He
3aJTyMBIBasICh BHIKHHYTh €T0 32 HEHaJOOHOCThIO. B Oynyiiem, BO3MOXKHO, MOSBITCS «OIHOPA30BbIe
KOMITBIOTEPBI», HUKAK OCOOCHHO He HAeHTH(UUUpyeMble. Ha TakoM KOMIbIOTEpE TOXKE MOXKHO
Oyzner 3amucarb 4TO-HHOYIb, a MOTOM, KOIJIa HaJOOHOCTh B HEM OTMAIET, MPOCTO BHIOPOCHUTH.
CerozHs 4eaoBEeK OpraHuzyeT pabouuii cTon u Melenb B KaOMHETEe BOKPYT KOMIIbIOTEPA; UMEHHO
KOMIIBIOTEP — CPEAO0TOUne BCAKOro oduca. B Oyayiem HACTONBHBIX KOMITBIOTEPOB, BEPOSITHO, HE
Oyzner, a ¢aiiasl MBI OyZIeM HOCUTBH ¢ coOO00i — ¢ MecTa Ha MECTO, U3 KOMHAThl B KOMHATy WJIU U3
opuca nmomoil. McuesHyr paspeiBBI B HHPOPMALUMU U HEOOXOAUMOCTH B IOCTOSIHHOM
CUHXpOHM3alMKU JaHHBIX. CerogHs B JI000M a’poONOpPTy MOXHO YBUIETh MAaCCaXKUPOB C
MOPTAaTUBHBIMU KOMIIbIOTEpAaMH B pykax. OKa3aBIINCh B TOCTUHUIIE, TAKON MyTELIECTBEHHUK Cpa3y
&Ke MojIKIItoyaeTcs K IHTepHeTy, a o BO3BpallleHuH I0MOW eMy MPUXOIUTCS Ieperpykath ¢ailyibl B
HACTOJIbHBIN KOMIbIOTEp. B Oymyiiem BaM He moTpeOyeTcst TackaThb KOMIBbIOTEp 3a cOOOM; Be3Je,
rae Obl Bbl HM OKa3aJHUCh, B JIIOOOM MOMEHT — Ja)Ke€ HAXOJSCh B MAalMHE WJIH IMOE3J€ — BbI
CMOXKETe MOAKIIOYNThCA K VHTepHeTy mpu moMomu creH, kaptuH u mebenu. (IlepBeiii mpumep
noJoOHOTO TMOAXO0/la — TaK Ha3blBaeMble «O0OJayHbIe» BBIYUCICHHUS, KOIJa IUIaTUTh Bam
MIPUXOUTCS HE 32 KOMIIBIOTEP, @ 32 KOMITBIOTEpPHOE BpeMsi, OAOOHO TOMY KakK IUIATST 3a BOJY WJIH
AEKTPUYECTRBO. )



BupTtyajibHble MUPBI

I{enb MOBCEMECTHOTO MCIOIB30BaHUSI KOMIIBIOTEPOB — CAEJIATh UX HEOTHEMJIEMOW YacCThIO
ATOTO MHpA, HATIOJHUTH OKPY)KAIOIYIO Cpeay MpOoLlecCOpaMH U YMHBIMU BellaMU. Y BUPTYaJIbHOM
peanbHOCTH OOpaTHast 1eJib — JaTh YeJIOBEKY BO3MOKHOCTh BOMTH B MHp KomIbioTepa. [lepBbimu,
eme B 1960-e rr, BUPTyadbHYI PEAIBHOCTh NMPUAYMAIA BOEHHBIE I TPEHUPOBKHU JIETYUKOB M
COJIJIaT C MCIIOJIb30BAaHUEM CUMYIATOPOB. IIWiIOTHI, cuis mepen 3KpaHOM KOMIIBIOTEPA U OpYAYs
JOKOMCTHKOM, MOIVIM OCBauBaTh MpH3eMJIeHHE Ha nanyOy aBuaHocna. B ciyuae simepHON BOIHBI
reHepasbl ¥ MOJTUTHYECKUE JIMACPHI, HAXOIAIINECS B Pa3HbIX MECTaX, MOIJIA ObI TAWHO BCTPETUTHCS
B KMOEPIPOCTPAHCTBE.

CerozHs, MOYTH Yepe3 MOJIBEKA SKCIIOHEHIIMAIBHOTO Pa3BUTHS KOMIIBIOTEPHBIX TEXHOJIOTH,
YeJIOBEK MOXET MOYTH I[0-HACTOALIEMY HUThb B BHUPTYaJIbHOM MHpe. TaM MOXXHO YHpPaBIsTh
aBaTapoil (IBMXKYIIUMCS U300pa)KeHHEM, MPEICTaBISIONIMM Bac B 3TOM MHpE); HO BCTpedaThcs C
JIpYTMMH aBaTapaMy U UCCIIE0OBATh BOOOpakaeMble MUPBI, MOXKHO Ja)K€ BIIOOUTHCS U KEHHUTHCS.
Kpome TOro, Mo>kHO MOKynaTh BHPTyajbHbIE BEIIM 332 BUPTyaJbHbIE JCHBI'M, KOTOpBIE, BOOOIIE
roBOps, MOXKHO NPEBPATUTh B HacTosmue. Ha oqHOM M3 caMbIX momyisipHbIX caiftoB, Second Life,
K 2009 1. 3aperucTpupoBaigoch 16 MiIH aOOHEHTOB. B TOM ke TOly HECKOJIBKO YEJIOBEK YMYAPHINCH
3apaboTarh Ha 3TOM caiite 6onee yem mo 1 muH nomnapoB. (Hago ckasaTh, 4TO MONydeHHBIN Ha
3TOM caiite noxo obnaraetrcst B CIIIA Hanoramu, mOCKOIbKY MPaBUTEILCTBO CHPABEAIMBO CUUTAET
€ro BIOJIHE PEaJIbHBIM. )

BupryanbHas peanbHOCTh — TJIAaBHBIM 3J€MEHT W OCHOBa Bujaeourp. B Oymymiem, c
JATbHEUITUM POCTOM KOMITBIOTEPHBIX MOIIHOCTEH, Bbl CMOXKETE MOCEIIATh HepealbHbIe MUPBI IPU
IIOMOIIIM HHTEPHET-OYKOB WM HACTEHHOTO JKpaHa. Tak, €clii Bbl 3aXOTUTE OTIPABHUTHCA 3a
MOKYIIKaMH WJIM MTOCETUTh KaKOE-TO 3K30THUYECKOE MECTO, BBl CMOXKETE CHavasla MpojeyiaTh TO KE B
BUPTYaJIbHOH pPeaJbHOCTH, OLIyIIas MpH 3ToM 3 dekT nmpucyrcTBus. Takum oOpa3oM, Bl CMOXKETE
nmpotuck 1o JlyHe, OTIOXHYTh Ha Mapce, IporyisaThCs O Mara3WHaM Ha JPYTOM KOHIE CBETa,
MOCETUTh JII00OW My3ell M pemmTh Ui cebsd, B Kakoe M3 ATHX MECT BBl XOTUTE IMONacTb B
PEAbHOCTH.

B Oyngymem uyenoBeK NOMYYUT BO3MOXKHOCTh B HEKOTOPOW CTENEHHM IOYYBCTBOBATH
KHOEpIIPOCTPAHCTBO W MOTPOraTh HaXOAsIIMEcs TaM MNpeAMEThl. Tak Ha3blBaeMasi «TaKTUJIbHAs
TEXHOJIOTHUS» TIO3BOJISIET YEJIOBEKY OIIYTUTh IPUCYTCTBUE CITE€HEPUPOBAHHBIX KOMIIBIOTEPOM
o0bekToB. Korma-to ee mpuaymanu ydeHble, KOTOPBIM MPUXOJWIOCH PadOTaTh C MarepuagaMu
BBICOKOM PaJMOAKTUBHOCTH MpPU MOMOIIM MAHHUIYISTOPOB, M BOCHHBIE, KOTOPBHIM HYXHO OBLIO,
YTOOBI JIETYMKHU BO BpEMSI TPEHUPOBKHU Ha CUMYJISITOPE OLIYIIAIN COMPOTUBICHHUE IITYypBajay.

YrtoObl CHIMUTHPOBATh YYBCTBO MPUKOCHOBEHUS, YUEHBIE CO3alIM YCTPOUCTBO Ha MpPYKUHAX
U pbluarax, KOTOpoe JOJKHO ObUIO B OTBET Ha JaBJIEHHE MaJbLIEB CO3/1aBaTb 00OpaTHOE JaBJICHHUE,
KaKk IIpU pPEaJbHOM NPUKOCHOBEHMH. K mpumepy, €cinM 4YenoBeK MPOBOAMT NaJbLiAMU I10
BUPTYQJIbHOMY CTOIY, 3TO YCTPOMCTBO MOXKET CHUMYJIHUPOBATH OUIYLIECHHUS OT CONMPUKOCHOBEHHUS C
TBEPJON JEpEeBSIHHON MOBEPXHOCTHIO. TakuM 00pa3oM, BBl MOITy4YaeTe BO3MOKHOCTH UyBCTBOBATh
IpeaIMeThl, BUIUMBIE B OYKaX BHUPTYaJIbHOW PEaJbHOCTH, OLIylasi COOCTBEHHOE MPUCYTCTBUE B
BUPTYaJIbHOM MHUPpE.

JUia  co3gaHus OIIYyIIEHUS TEKCTypbl MaTepHuaja HCIHONb3YeTcs ApPYroe YCTPOWCTBO,
MIOBEPXHOCTh KOTOPOTO YyCEsHA ThICSUYaMH KPOILISYHBIX YIPABISEMBIX MaJblAMH OyropKoOB.
ONHOBPEMEHHO C JBMKCHHMEM MaJblIeB KOMIIBIOTEpP IMOJICTPAUBAET BBICOTY OYrOpKOB TOA
XapaKTePUCTUKU COOTBETCTBYIOIEH MOBEPXHOCTH; MOXHO BBI3BaTh TaKUM 00pa3oM OIIyIEeHHE
MIPUKOCHOBEHUS K TBEPJOI MOBEPXHOCTH, OapXaTHCTON TKaHW WU TpyOoil HaxxaadyHOW Oymare. B
OynyIieM 3Ta TEXHOJIOTHUs MOyYUT Pa3BUTHE, U CIElMaIbHbIE TIEpUaTKH CMOTYT JaTh BaM ropasao
OoJiee TOHKHE ONIYIIEHHUS U CBIMUTUPOBATh MPUKOCHOBEHHE KO MHOKECTBY Pa3HbIX MOBEPXHOCTEH.

BeposiTHO, Takas TEXHOJOTHsS OYEHb HPUTOTUTCS NMPH OOYUYEHUH XHUPYpProB, IOTOMY 4TO
XUPYpr BO BpeMsl CIIOKHOW W TOHKOW oOIepaluy JODKEeH OILIyLIaTh MajbllaMH CONPOTHBIIEHUE
TKaHeil; a B pONM TNalMeHTa NpPU 3TOM MOXET BBICTYNAaTh TpPEXMEpPHOe rojorpaduyeckoe
n3zo0paxkenne. Kpome Toro, 3To emie oIuH Iar K CO3JaHMIO TOJ0/AEKa U3 «3BE3HOTO IyTH», e



YeJIOBeK MOTI OpOAWUTH IO BHUPTYaJbHOMY MPOCTPAHCTBY M TpPOTaThb BHUPTYyaJbHBIE IMPEIMETHI.
[lepenBurasicb Mo MycTOM KOMHAaTe, Bbl MOXETE€ BHUAETh B OUYKAaX WJIM KOHTAKTHBIX JIMH3aX
(danTacTHUecKue OOBEKTHI; KOTJa BBl MPOTATMBAETE K OOBEKTY pYyKY, M3 IOJIia MOJAHUMAeTCs
TaKTUJIBHOE YCTPOMCTBO U CUMYIIUPYET JIJIsl BaC MOBEPXHOCThH MPEIMETA.

S mosy4nn BO3MOXKHOCTb YBUJETh 3TH TEXHOJIOIMHM CBOMMM IVIa3aMH, KOTZA IPU MOATOTOBKE
nepemadn kaHana Science mocetwn monuron CAVE (cave automatic virtual environment) B
VYuusepcurere Poysna B Hero-/xepcu. S Bomien B mycTyr0O KOMHATy M OKa3ajics B OKPYKEHHUH
YeThIPEX CTEeH, 3aJMTBIX CBETOM HpOoeKkTOpoB. Ha CTeHBI mNpoeUupoBaIUCh TpPEXMEPHBIE
M300paKeHHs, CO3/IAI0IINE UIUTIO3HIO TIPUCYTCTBHS B MHOM MUpe. B oHON U3 1eéMOHCTPAaLlMOHHBIX
CIIEH MEHS OKPYKHJIU CO BCEX CTOPOH T'MTaHTCKUE KPOBOXKAIHbIE JUHO3ABPHI. [IBUTAst THKOHCTHKOM,
s MOT' TIPOKaTUThCS HA CIIMHE y)KacHOro Tyrannosaurus rex, a IpHy JKEJIaHWU JaXke 3aJIe3Th K HEMY B
nacTh. 3aTeM s MoObIBasl Ha AOEpIMHCKOM HCIIBITATEIbHOM IOJUTOHE B IITate MbopuieHn, rae
Apmus CIIIA coopyaunia caMyro NpOABUHYTYIO Ha CETOAHAIIHUI A€Hb BEpCHUIO rojoaeka. Ha mens
HaJeNy IIJIEM M PIOK3aK C JaTYMKaMH, KOTOpPble HEMPEPHIBHO COOOIIANN KOMIIBIOTEPY TOYHOE
MOJOKEHUE MOEro Tena. Sl MoXonus Mo BCEHANpaBJICHHOM Oeryieil TOpoXkKe — XUTPOYMHOMY
YCTPOICTBY, MO3BOJIAIOIIEMY UATH WM O€XaTh B JIIOOOM HalpaBiIeHHH, OCTAaBasCh MPH 3TOM Ha
mecte. HeoxxnmanHo 51 okasaincsi Ha mosie 005, BOKPYT 3aCBHCTENN IYJIH BPaKeCKUX CHaifmepos. S
Mor OexaTb B JIOOYI0 CTOPOHY, IpPSTAThCA B JIIOOOM IEpeyiake WIH TYMUKe, HECTHCH IO JII000i
yIIMIIe — M TPeXMepHbIe U300paXKeHUsI Ha SKpaHaX MEHSJIMCh COOTBETCTBEHHO. I MOTr Jaxke Jieub
HUYKOM Ha MO0JI, SKpaHbl KOPPEKTHO pearupoBay U Ha 3T0. MOXKHO MPEACTaBUTh, YTO B OyIyIIEM B
rOJIOZIEKE MOXKHO OyAeT UCTBITaTh 3(PPEKT MOTHOTO MOTPYKEHHUS — CPaXKaTbCsi ¢ MHOIUIAHETHBIMU
KOCMHUYECKHUMH KOpaOJisiMH, yOeraTb OT TOJIONHBIX YYJOBHIL WJIM Pa3BlIeKaTbCs HA HEOOMTaeMOM
OCTPOBE, HE IOKHJIasi COOCTBEHHOM YIOTHOM TOCTHHOM.

3npaBooxpaHeHue B OyiMzKaiiem Oyayuem

IIpouenypa Bu3HUTa K Bpady COBEPIICHHO U3MEHUTCS. Il pyTUHHOU NPOBEPKU JOCTATOYHO
OyleT MOrOBOPUTH C «IJOKTOPOM» — POOOTU3UPOBAHHON MPOrpaMMoOil, KOTOpas MOSBHUTCS IO
3aIpoCy Ha BallleM HACTEHHOM JKpaHe M KOTOpas CMOXKET JAMAarHOCTHPOBaTh 95 % OOBIYHBIX
3aboneBaHuil. MoxeT ObITh, Balll «JIOKTOP» U Oy[ET BBINIAAETh KaK YeJIOBEK, HO Ha CaMOM JIEJe 3TO
OyneT aHUMHMPOBAHHOE M300pa)keHUe, 3almpOrpaMMHUPOBAHHOE Ha PYTHMHHOE OOCIeOBaHHE H
CTaH/IapTHbBIE HECIOKHbBIE BOMpockl. Kpome Toro, B ero pacrnopsskeHUN OyAeT MoJIHas KapTa Ballux
reHOB. «JIOKTOp» TMOpeKOMEeHIyeT BaM KypC JIEUEHHUS] C y4eTOM BCEX TI'€HETHYeCKHUX (PakTopoB
pucka.

YrtoObl TUAarHOCTUPOBATH MPOOIIEMY, «TOKTOP» MOMPOCUT BAaC MPOBECTHU MO TETY HECIOKHBIM
IIYIIOM WM JaT4ukoM. B cBoe Bpemsi 3puTenu ObUIM IMOpPa)KeHbl, YBHUJIEB B OPHUTHHAIBHOM
Tenecepuane «3Be3HbIN MyTh» YCTPOUCTBO MO Ha3BaHUEM TPUKOPAEP, KOTOPOE MOIIO MTHOBEHHO
JMAarHOCTUPOBATh JIIOOYI0 OONIE3Hb M Jake 3alIiHYyTh BHYTpb Tesa. OQHAKO Ul TOrO, 4TOOBI
MO3HAKOMUTHCSI C ATUM (PYTypUCTHUECKUM YCTpoHCTBOM, He o0s3arenbHo knarb XXIII B.
Amnmapartsl JIsl MAarHUTHO-PE30HAHCHOM ToMorpaduu, KOTopble KOrAa-To 3aHUMAaJIU 1EeJble KOMHAThI
U BECWIM II0 HECKOJIBKO TOHH, YK€ YMEHBIIWIKWCH JO SIIMKAa Pa3MEepOM B HECKOJIBKO JECATKOB
CaHTHUMETpPOB, a KOrjga-HUOyIb CTAaHYT MAaJeHbKHUMH, KaK COTOBbI TenedoH. IlpoBeas Takum
YCTPOUCTBOM IO TeIy, MOKHO OyZleT yBUJIETh BHYTPEHHHUE OpraHbl. 3aTeM KOMIbIOTep 00padoTaeT
MOJTY4YEHHOE TPEXMEpPHOE M300pakeHHE W BBIAACT JIuarHo3. Takol 30HJ CMOXET pacHoO3HaTh
OIPOMHOE KOJIMYECTBO Oone3Hel, BKIouUas pak, 3aJ0jro J0 TOro, KaKk UX MPOSBICHUS CTAHYT
3aMeTHbl. B HeM OynyT mpucytcTtBoBarh, B 4acTHOCTH, JJHK-ununbel — kpemHHEBbIE MIACTUHKHU C
MWIIHOHAMH KPOXOTHBIX CEHCOPOB, HACTPOCHHBIX Ha y3HaBaHue ¢parmenToB JJHK, xapakTepHbix
JUTSL KOHKPETHBIX 00JIe3HeH.

He cekpert, 4To MHOTHE JIFOIU HEHABUIAT XOIUTH K Bpady. OnHaKo B OyayIeM 3a 370pOBbEM
yenoBeka OylyT HE3aMETHO M 0e3 BCAKHX CHEHMaJbHBIX MPOIENyp CIEIUTh OCOObIE NaT4MKH;
BO3MO)KHO, KOHTPOJIbHBIE 3aMepbl OyAyT HMPOBOAUTHCS MO HECKOJIBKO pa3 B JIeHb, a BBl He Oynere
Jaxe 3HaTh 00 »TOM. B Bam yHuTas, 3epkano B BaHHOM, onexnay OynyT BcTpoeHbl JIHK-uwmmsbl,



KOTOpBIE COOOIIAT, €ClIM B BalleM OpPraHU3Me MOSBSATCS KOJOHUHM XOTs Obl U3 HECKOJIBKUX COTEH
PAaKOBBIX KIICTOK. B BanHOli xOMHaTe W B OZICKIC 6y)1eT IIoMeuIaTbCsa 0O0MbIIIE BCEBO3MOKHBIX
JTATYMKOB, YEM CETOHS MOXKHO HalTH B 1a00paTOpUU COBPEMEHHOW OONBHHUIIBI MM YHHUBEPCHUTETA.
K npumepy, nocratouHo OyaeT moAyTh Ha 3epKajio, YTOOBI MPOBEPUTH HATUYHME MYTAllUU B I'EHE,
OTBEUAIOIIEM 3a MPOM3BOACTBO Oenka pS53, a 3TOT OEIOK OTBEYAeT 3a IOJIOBHHY CIIy4aeB BCEX
caMbIXx PacmpocTpaHEHHBIX BHJOB paka. OTO O3HAYaeT, YTO CIOBO «OIYXOJIb)» IIOCTEIICHHO
MCUE3HET U3 fA3bIKA.

CeronHs, onas B CEpbe3HYI0 aBTOMOOWIbHYIO aBapHIO Ha MyCTBIHHOW J10pOTre, JErKO MOXHO
NOruOHyTh OT MOTepH KpoBU. B OyaymieM Bama onexjaa ¥ aBTOMOOWIIb IPU MEPBBIX MPU3HAKAX
TpaBMbIl WM ILIOXOI0 CaMOYYBCTBUSA BOAUTECIIA CaMU IMOAHUMYT TPCBOT'Y, aBTOMATUYCCKH BBISOBYT
CKOpYIO TIIOMOIIlb, COOOIIAT KOOPAMHATHI MECTa aBapuM M IMepeAaayT BpadyaM BCIO Ballly
MEIMIIMHCKYIO HCTOPUI0 — W BCE 3TO, MOKa BBl OCTaeTech 0e3 co3HaHuda. B Oymymiem BooOrie
TpyaHo Oyner ymepeTb B oguHouecTBe. Opexkaa NpU TOMOLIM BCTPOEHHBIX B TKaHb YHIIOB
MOYYBCTBYET JIIOObIE HAPYLIECHUS CEPACYHOIO PUTMA, JBIXaHHUS U Ja’K€ MO3TOBOM JEATEIbHOCTH.
OpneBasich, 4enoBek OyaeT BhIXOAUTh B CeTb.

CeromHs y’ke MOXKHO TIOMECTHUTD B IIUTIONIO Pa3MEPOM CO CTaHJApTHYIO TaOJIETKy acIMpHHA
KOMIIBIOTEPHBIN 4MIl, CHAO)KEHHBIN TenekaMepoil u paauonepenaruyunkoMm. Ilocnme Toro xak BbI ee
MMPOMIOTUTE, «KYMHAasd MU0 3aCHUMET Balll IMUIICBOA U KUIIECYHUK, a 3aTEM NEPEAACT CUTHAII 110
panuo Ha pacroJIOKEHHBIN psoM npueMHUuK. (3HameHHThIH crorad Intel Inside oOperaer HOBOE
3Hauenue!) Takum oOpazomM Bpadyu MOTYT TOJIydYaTh CHUMKH KHIIEYHHWKA IMAIMeHTa Oe3 BCAKOU
KOJIOHOCKOIIMH (@ 3TOT METO]] BeChMa Hey100€H, MOCKOJIbKY MPEeTyCMaTpUBAET BBEICHHE B TOJCTYIO
KUIIKY JBYXMeTpoBoi TpyOku). [To00HBIE MUKpPOCKONIMYECKHE YCTPOMCTBA MOCTENIEHHO CHU3AT
HEOOXOIMMOCTh HCIIONB30BATh HOXK XUPYpra.

ITO Wb OJWH HNPHUMEP TOr0 BJIUAHHUA, KOTOPOC OKAXKCT KOMIIBIOTCpHAA PCEBOJIIOLMUA Ha
37I0pOBbE YEJIOBEKa M BCIO CUCTEMY 37jpaBooXpaHeHus. B rasax 3 u 4 MbI IOTOBOPUM O PEBOJIIOLIUU
B MEIUITHE TOPa30 MOApPoOHEe U OOCYINM TaKXKe TeHHYIO TePaInio, KIIOHUPOBAHUE U YBEITMUCHHE
MPOJIOJDKUTEIIBHOCTH KHU3HH.

Ku3Hb B cKka3zke

[TockonbKy KOMIBIOTEPHBIM MHTEIIEKT, KaK Mbl YK€ TOBOPWIIM, CUIIBHO MOACIIEBEET U HAMIET
mMpoyvaiiee MpUMEHEHHE, HEKOTOphIe (DYTYypHUCTHI CUMTAIOT, YTO OymyIliee deroBedecTBa Oyrmer
MOX0XKe Ha CKaszKy. Ecnmu demoBek oOpeTeT 00KECTBEHHOE MOTYIIECTBO, TO MHUpP, B KOTOPOM OH
JKUBET, CTAHET MOUCTUHE CKa304HbIM. MIHTEpHET, K IpUMEPY, MPEBPATUTCS B U3BECTHOE CKa304YHOE
3epkaiblie. Jlocratouno OymeT oOpaTuthbes kK Hemy: «CBET MOM, 3epKaiblie, CKaXH...», — U B HEM
MOSIBUTCS TPUBETIMBOE JIUIIO, OOECIIEYMBAIOIIEe HaM JOCTYIl KO BCEH HAKOIUIEHHOW Ha TUTAHETE
MyApocTH. Mbl OyieM BcTpauBaTh MPOIECCOPHI B UTPYIIKHU, JIe]asi UX pa3syMHbIMH, Kak [IMHOKKHO
—_— MapI/IOHeTKa, MeUYTaBIIIass CTaThb HACTOAIINM MAJIBYUKOM. HO)IO6HO HOKaXOHTaC, MbI 6y21€M
pasroBapuBaTh C BETPOM U JIEPEBBSIMHU, U OHU OynyT oTBeyaTh HaM. MBI MPHUBBIKHEM, YTO BEIU
pa3yMHBI ¥ YTO C HUIMH MOXKHO OOIIaThCS.

KommnbroTepsl pacrno3HatOT MHOTHE T'€Hbl, OTBETCTBEHHBIE 3a CTapE€HHUE, U MbI, BOZMOXHO,
Oynem BeyHO MonoabiMH, Kak [lutep II3H. MBI Hayunmcs 3amemyisiTb, a MOXET ObITb, U
MMOBOPAYMBATh BCHATH Mpolecc cTapeHus. PacimpenHas peanbHOCTh BHYIIUT HaAM WILTIO3UIO TOTO,
YTO KaXIbI U3 HAC, MOAO0HO 30MIyIIKe, MOKET MOeXaTh Ha (paHTACTUYECKHUd 0all B KOPOJIEBCKOM
KapeTe U TaHIeBaTh TaM C IpeKpacHbIM npuHIieM. (Ho B monHOYL OUKM paclIMpEeHHON pealbHOCTH
BBIKJIIOUATCSl, U Mbl BEpHEMCS B peasibHblii Mup.) KoMmmbioTepsl packporoT TalHBI T'€HOB,
KOHTPOJMPYIOLIUX HaIlle TEJO, U Mbl CMOXKEM NEpecTpauBaTh CBOE TEJO MO KEJIAHWUIO0, 3aMEHSTh
N3HOIIICHHBIC OpFaHBI U MCHSTH BHCIIHOCTH JAa>X€ HA TI'CHCTUYCCKOM ypOBHe, KaK '—IYJIOBI/IHIG B
CKa3Ke «AJICHbKUH I[IBETOYCK.

Hexoropsie QpyTypHCTBI onacaroTcs aKe, 4TO M3-3a BCEX ITHX Uy/ec JIFOAU MOTYT BEpHYTHCA
K CpPEIHEBEKOBOMY MHCTHIIM3MY, KOTJa BCE BEPWIM B HEBUAMMBIX TyXOB, OOUTAIOIIUX BCIOTY
BOKpPYT Hac.
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Konen 3akona Mypa

3amagumcsi, OHAKO, BOIIPOCOM: KaK JOJITO €Ie IPOMIUTCS KOMIBIOTEPHAsA peBomonusa’? Ecin
3aKOH Mypa mpoAepKUTCA €lle JIET MATHAECAT, TO KOMIIBIOTEPHI, CKOpEE BCEro, HaMHOIO
MIPEB30OKMIYT IO BO3MOXHOCTSM uejaoBedeckMd Mo3l. Ho k cepennHe Beka BO3HHUKHET Jpyras
nuHamuka. Kak ckaszan pxopmx Xappucos, «Bce npoxogut». U e aelictBue 3akoHa Mypa H0OIKHO

MNpEeKpaTuThCad, a C HUM — BHe‘-IaTJ'IHIOH_[I/Iﬁ POCT KOMIIBFOTCPHBIX MOHIHOCTefI, IMUTaBITHH
MOCJICAHUC TTOJIBCKA POCT MHpOBOfI 9KOHOMMUKH.
CeFOJIHSI HaM KaXCTCA CCTCCTBCHHBIM — M JaXX€ 3aKOHOMEPHBIM, — YTO BO3MOXHOCTHU

IIPOAYKTOB KOMIIBIOTEPHOM OTpaciy pacTyT MPaKTUYECKU Ha M1a3ax. IMEHHO M03TOMY MBI KasKIbIi
roJl IOKyIaeM HOBbI€ MOJIEJIH, 3Has, YTO OHM MOYTH B J[Ba pa3za MolHee npouuiorognux. Ho ecou
3akoH Mypa mnepecTaHeT AEHCTBOBaTb M KaXJ0€ CIIEAyIollee MOKOJICHHE KOMIIBIOTEPOB OyaeT
MIPUMEPHO TaKUM K€, KaK MpeAbIayIIee, TO 3a4eM MOKyNaTh HOBbIe KOMITBIOTEPHI?

W BooO11ie, mporeccopsl ceifuac BHEAPSIOTCS B caMble pa3Hble MPEAMEThl U IMpUOOpPHI, U Y
MHOTHUX JIIOI€H MpocTo He Oy/eT HeoOXOAMMOCTH B JoMallHeM kommbiotepe. IlocnencTBus s
HSKOHOMHUKHU B IIEJIOM MOTYT ObITh MoucTuHE KaracTpoduueckumu. [lepectanyt paboraTh Lienble
OTpaciy, MUJUIMOHBI JIIOAEH MOTYT MOTEpATh padOTy, B SKOHOMHUKE BO3HUKHET HEYIpaBIIIeMBbIil
Xaoc.

B npomoM ¢usuku He pa3 ykasplBald HAa HEM30EXKHBIM KOoHel 3akoHa Mypa, HO
IIPOMBIIUIEHHUKY TPAaJULMOHHO OTMAaxWBAJIUCh OT HAIIMX MPEIYNPEXACHUH U TOBOPWIH, YTO
y4eHble, KaK MaJbuuK U3 OacHM, Bce BpeMs KpuuaT «Bonk! Bonk!». Kpax 3akona Mypa Tak 4acrto
IIPEICKA3bIBAIN, TOBOPUJIM OHH, YTO MBI Y’)K€ HUUEMY HE BEPUM.

Ho teneps Bce nHaue.

JlBa rona Ha3zaja s BICTyIAJ Mepes coTpyrHukamMu Microsoft B mTa0-kBapTHpe KOMIIAHUU B
Cudtne, mrar Bamumurron. Tpu ThiCAYM JTydIIMX WH)XKEHEPOB KOMIIAHMM, COOpaBIIuecs B 3aje,
KJIaJH OT MEHsS OTKPOBEHMI O OynylieM KOMIBIOTEPOB U TEJIEKOMMYHHUKaIi. B 3Toi orpomHoi
aygUTOpUM s BHJET JIMLA MOJIOJABIX HWH)KEHEPOB-IHTY3MAaCTOB; MMEHHO OTH JIIOAM CO3IAr0T
porpamMMbl, paloTarolMe IOTOM B HAIIMX HACTOJBHBIX M MOPTATHBHBIX KOMIbIOTEepax. B
OTHOIIIEHWU 3akoHa Mypa s ckazaj HpsiMO: OTpaciid CJEAyeT TOTOBHTbCS K ATOMY Kpaxy. Jler
JIecsiTh HaszaJl MO CJIOBa, HaBepHOE, ObUIM ObI BCTpEUEHBI CMEXOM U HryTkamu. Ho Ha 3ToT pa3 4
BUJIEJ TIepe]] cOOOM b Cephe3HbIe JTUIA U COTNIACHBIE KUBKHU.

Kpax 3akona Mypa — Bonpoc m1o0alibHOTO 3Ha4€HHUs; Ha KOH 3/1€Ch CTaBATCS TPUILTUOHBI
nomutapoB. Ho Kak B TOYHOCTHM 3aKOHUMTCS JEWCTBHE 3TOTO 3aKOHA M YTO MMEHHO €r0 3aMEHWUT,
OIIpeNeNsAT 3aKoHbl NpUponbl. [lomydaeTcs, 4TO OYeHb CKOPO OTBETHI HAa YHUCTO (U3UUECKHE
BOIPOCHI MOTPSACYT OCHOBBI AKOHOMHYECKOM CTPYKTYphI KaluTaanu3ma.

YroObl pa3o0paThCsi B ATOM CHUTyallMd, BaXHO OCO3HATh, YTO BCEMHU HEBEPOSTHBIMU
CBEpPILEHUSMU KOMITbIOTEPHOM PEBOMIOIMN MbI 00S3aHbI HECKOJBKUM (U3WYECKUM MPUHIUIIAM.
Bo-mepBbIX, KOMIIBIOTEpHl CUYMTAIOT C TaKoil TMOpPa3UTENbHOM OBICTPOTON MOTOMY, YTO
AIIEKTPUYECKUE CUTHANBI JIBUXKYTCS MO MPOBOAAM CO CKOPOCTBIO, ONM3KOH K CKOPOCTH CBETa —
a0COIOTHOMY TIpesey AJs JIto0ol cCKopocTH Bo BeenenHoi. 3a cekyHay Jiyd cBETa CIIOCOOEH CEMb
pa3 ob6orayth 3emuro wiu jgonetetb 10 Jlynel. Kpome TOro, SMeKTpOHBI HECIIOKHO JBUTAThH,
MIOCKOJIKY OHM HE€ CIMILIKOM IPOYHO JAep)KaTcsi B aroMe (Mbl JIETKO CIBHTaeM HMX C MecTa,
pacuechbIBasi BOJIOCHI, MPOXO/Is MO KOBPY WJIM CTHpasi, — MMEHHO TaK HAKAIlJIMBAETCsl CTaTUYECKOe
anekTpudecTBo). CoyeTaHue He CIUILIKOM MPOYHBIX CBS3€H U MOTHHEHOCHON CKOPOCTHU MO3BOJISET
HaM CTPEMHUTENbHO TIOCHUIATh MO MPOBOJAM JJIEKTPUUYECKHE CHUTHAJIbI, YTO, COOCTBEHHO, M
MOPOJMIIO DJIEKTPUUECKYIO PEBOJIOLUIO IPOILIOTO BEKA.

Bo-BTOpbIX, KONMMuecTBO MH(OpPMAIUU, KOTOPYI0 MOXKHO TepenaTh MPH MOMOIIM Ja3epHOTO



Jy4a, IPaKTUYECKH HUYEM He orpaHudeHo. CBETOBBIE BOJHBI KOJEOMIOTCS BO MHOTO pa3 ObICTpee
3BYKOBBIX W MOTYT HECTH Ha cebe ropazmo Oombine mHpopmarmu, yeM 3ByK. (IIpemcraBwre, K
IIpUMEpY, UIMHHYIO HaTSHYTYIO BEPEBKY, 110 KOTOPOM C OAHOrO KOHIIA ITyCKarOT BOJIHBL. Yem
ObICTpee JABHUraeTcsi 3TOT KOHEl, TeM OoJibllle CHUTHAJIOB YyMellaerca Ha BepeBke. [loaTomy
KOJIMYECTBO HMH(OpMAIMK, KOTOPYIO MOXKHO IepenaTb MpU TMOMOIIM BOJHBI, TeM OOJbIle, YeM
OpIcTpee oHa Kosebnercs, T. €. Yem Oosblie ee 9acToTa.)

CBeT — 93TO BOJIHA, Y KOTOPOIl Ha OJHY ceKyHy npuxoautcs npumepHo 1014 muxios (1014
— 3TO eAWHUIA C YeThIpHAANAThI0 HyIsIMu). Jis mepemaun ogHoro 6urta nadopmarmu (1 wum 0)
TpeOyeTcss MHOTO IIMKJIOB. DTO 3HAYUT, YTO ONTHYECKOE BOJOKHO MOXKET HECTH Ha OJHOM yacTore
npumepHo 1011 6ut nndopmaruu. M 310 4rcio MOXKHO ellle YBETUYUTh, TOMECTHUB B OJIHO BOJIOKHO
HECKOJIBKO CUTHAJIOB Ha Pa3HBIX 4acTOTaX, a 3aTe€M CBS3aB ONTHYECKUE BOJOKHA B €UHBIN KaOeb.
Bce 310 03Hauaet, 4To, yBeIMUMBas YMCIIO KaHAJOB B Kaleye, a 3aTeM M 4ucio Kalenei, MOXXHO
nepenaBaTh HH(POPMALIMIO B TIOYTH HEOTPAHUYCHHBIX KOJIMYECTBAX.

B-TpeThux — W 3TO camoe IIaBHOE, — OCHOBOM KOMIIBIOTEPHON PEBOJIOLMU SIBISETCS
MUHUATIOpU3alisg TPAH3UCTOPOB. TpaH3UCTOP — H3TO KIIIOY, WIM YNPABISIOMMA DIIEMEHT,
KOHTPOJUPYIOUIHMH MOTOK 31eKTpudecTBa. Eciu cpaBHUTH 3JEKTPUUECKHM KOHTYP C BOJIOIPOBOIOM,
TO TPAH3UCTOP — 3TO KPaH, YNPABJISAIONINNA IOTOKOM BOJIbl. TOUHO TaK k€ KaK IIPOCTHIM IIOBOPOTOM
PYUKH KpaHa MOXKHO TEPEKPBITh CHJIbHBIN IOTOK BOJbI, HEOONBIION 3IEKTpUYECKUH TOK Ha
YIPaBISAIONIEM BXOJI€ TPAH3UCTOpAa MOXKET YNPaBIATh ropas3lo Oosnee CUIbHBIM TOKOM OCHOBHOM
LENU ¥ TaKUM 00pa3oM YCUIIMBATHCA.

Cepaue 3Toi pEBONIOLMM — KOMIIBIOTEPHBIM UHII, AJIEKTPOHHAs MMKPOCXEMa, IJE€ Ha
KPEMHUEBOM MOAJIOKKE Pa3MEPOM C HOTOTh MOTYT Pa3MECTUTHCS COTHU MUJUIMOHOB TPAaH3UCTOPOB.
BayTpu 1100010 COBpeMEHHOT0 KOMIBIOTEpPA €CTh MUKPOCXEMBI, TPAH3UCTOPHI HA KOTOPBIX MOXKHO
pasmIsAETh TOJIBKO B MUKPOCKOI. DTH HEBEPOSITHO KPOILIEUHbIE TPAH3UCTOPBI CO3/AAI0TCSI IPUMEPHO
TakK ke, KaKk pUCYHKHU Ha (pyTOonKax.

UYroObl HaneyaTaTh PUCYHOK Ha ThicgyaxX (yTOOJIOK, CHaYasla HE0OX0IMMO CO3/1aTh Ia0JI0H ¢
KOHTYPOM 3TOrO pUCYHKa. 3aTeM 3TOT HIa0JIOH HaKIaJbIBAlOT Ha (GyTOONKY M OpBI3raroT CBEpXYy
Kpackoii B Bujie crpest. Kpacka nonasaer Ha TKaHb TOJIBKO B T€X MECTaX, I7ie Ha m1abJIoHe UMEIOTCS
npopesu. 3aTeM I1a0JIoH yOUpaloT, U Ha (GyTOosIKe OcTaeTcs uieanbHas KOMUs pUCYHKA.

ToyHo Tak € TpU TMPOU3BOJACTBE MHMKPOCXEM CHauajga M3roTaBIMBaeTcs M1a0NoH,
COZIEp)KAIlMK  CIIOKHBIE KOHTYphl MHIJUIMOHOB TpaH3ucTtopoB. [llaGmon mnomemaercs Ha
MHOTOCJIOMHYIO CBETOYYBCTBUTEIbHYIO KPEMHHEBYIO IUIACTHHY. 3aTeM Ha IIa0JIOH U IUIACTUHY
HaMpaBIISIOT YIbTPaUOICTOBBIN JIyd; W3IYYeHHE NPOHMKAET CKBO3b IMPOpEe3d B INAOIOHE U
JENCTBYET Ha KPEMHUEBYIO IJIACTHHY.

ITociie 3TOro MOANOXKKY OIYCKalOT B KHUCIJIOTY, BBITPABIMBas KOHTYpPBl CXEM U CO3/aBas
XUTPbIII PUCYHOK MHJUIMOHOB TpPaH3UCTOPOB. IloCKONbKYy I1acTWHAa COCTOMT M3 MHOXKECTBa
MPOBOSIIUX U MOTYMPOBOAIINX CJIOEB, KUCIOTa MPOHUKAET Ha pa3HyIO IIIyOHMHY U BBITPABIUBAET
B Hell pasnuyHble (POPMBI; TAKUM 00pPa3oM MOYKHO CO37aBaTh HEBEPOSTHO CIIOXKHBIE AIIEKTPOHHBIE
CXEMBI.

3akoH Mypa Tak HEyCTaHHO OOecnedYMBaJl HaM DSKCIOHCHIIMAIBHBIA POCT MOIIHOCTH
KOMIIBIOTEPOB, B YaCTHOCTH, ITOTOMY, YTO MPOU3BOJUTEIN MUKPOCXEM, OTpabaThiBasi TEXHOJIOTHIO,
MOCTENIEHHO YMEHbIIAIHU JJIUHY BOJHBI Y®-H3IydeHHs, YTO IO3BOJSUIO MM BBITPABIMBAaTh Ha
KPEeMHHEBBIX IUIACTUHKaX Bce Oojee M Ooyee KpoOUIeYHbIE TpaH3UCTOpbl. JlauHy BoimHBI YO-
U3ITy4eHUsI MOXKHO JioBecTH 710 10 HM (HaHOMETp — 3TO OIHa MUJUIMAP/IHAS YaCcTh METPA), U CaMbIil
MaJICHbKUH TPaH3HCTOP, KOTOPHII MOXHO BBHITPABUTh Ha MOJJIOKKE TAaKUM CIIOCOOOM, OyIeT OKOJIO
TPU/LIATH aTOMOB B MOTIEPEUHUKE.

Ho sToT mpouecc He MOXET HpOIOKaThCs 10 OSCKOHEYHOCTH. B Kakoi-TO MOMEHT MbI
CTOJIKHEMCSI C TE€M, 4YTO BBITPAaBUTh TaKUM CIIOCOOOM TPaH3UCTOP pa3MepoM C OJUH aToM
¢bu3nvecky HEBO3MOXKHO. MOXHO JJa’ke MPUKUHYTh, KOTJa MPUOIM3UTEIbHO PyXHET 3akoH Mypa: B
TOT MOMEHT, KorJa JajibHedIIasi MUHHMATIOpU3alusi noTpedyeT AenaTh TPaH3UCTOPhI pa3MepoM C
OTAEJIBHBIN aToM.

Oxkomno 2020 r. uinm 4yTh NMO3ke 3aKOH Mypa MOCTENEHHO NEPECTAHET ACHCTBOBATh; €CIIU HE



OyzeT HaliJileHa HOBasi TEXHOJIOTHUS, CIIOCOOHAsI 3aMEHUTh HBIHEIIHIO U 00€CIEeYUTh AaTbHEeHIIHiA
nporpecc, KpeMHHEBON OIMHE TPO3UT MEIJIEHHOE MPEBPAILCEHHE B OUYEPEIHOM «PIKABBIM IMOSCH.
CormacHO 3akoHaM MpuUpoAbl co BpeMeHeM KpemHueBas »3pa 3aKOHUUTCS M HAYHETCS
[ToctkpemuneBas. TpaH3UCTOPBI CTaHYT TaKMMHU MaJ€HbKHMHM, YTO Ha CIIEHY BBIMIYT KBAaHTOBAs
TEOpHsI UM aToMHasi (GU3UKa — M JIEKTPOHBI HAYHYT YXOIUTh C IMPOBOJHUKOB U MPOCAYHBATHCS
Ky/la HE TIOJIO’KEHO.

K nmpumepy, nmpencraBbTe, YTO TONIMHA TOHYAWIIETO IMOJYIPOBOJHUKOBOIO CIIOS B BallleM
KOMITBIOTEpPE JOCTUTHET MSATH aTOMOB. OJTOT MOMEHT, MO 3aKOHaM MpPHUPOIBl B JI€I0 BCTYIHUT
KBaHTOBasi Teopus. [IpuHuMn HeompeneneHHocTH leifzeHOepra yTBEpXkIaeT, YTO HEBO3MOXKHO
TOYHO 3HaTh OJHOBPEMEHHO ITOJIO)KEHHE U CKOPOCTh YacTHUlbl. Ha mepBblii B3NS TaKOM MPUHLAIL
KaQXETCsl HETIOHATHBIM, HO Ha aTOMHOM YPOBHE IPOCTO HEBO3MO)KHO OIPENEIUTH, IJI€ B TOYHOCTH
HaxXOJMTCS JJIEKTPOH, a MOTOMY HUKAK HEJb3s FapaHTUPOBaTh, YTO OH HE BBIMJIET 3a MPEIENbl
YABTPATOHKOW IPOBOJIOKM WJIM CJIOS; OH HENPEMEHHO IIPOCOUUTCS OTTyAAa HApPYXKy MU BBI3OBET
KOPOTKO€ 3aMbIKaHUE.

Msl 06cynuM Bee 31O Gonee moapoOHO B MIaBe 4, KOrna pedb MOHAET 0 HAHOTEXHOJOTHUSX.
[Toka xe NpeAamnonoKuM, 4TO (U3UKU HALUIM TOAXOASIIYI0 3aMEeHY KPEMHHIO, HO MOIIHOCTh
KOMITBIOTEPOB B HOBBIX YCIIOBHUSIX PacTeT 3HAYUTEIbHO MEAJIEHHee, ueM panblie. CKopee Bcero,
AKCHOHEHUUATBHBIA POCT MPOJOIKUTCS, HO BpeMsl YABOCHHUS MOLTHOCTU COCTAaBUT He 18 Mecsiies,
a 10 KpaitHEN Mepe HECKOJIBKO JIET.

Eoren 3axona Mypa. 2nexTpoHHEIE MEEPOCKEME] H3TOTABIHEARTCE TEM
e MeTOIOM, 9T H PHCYHEH Ha PYTOOIKAX, TOABKS BMECTO EPACKH H3
IyIBBEPHIATOPA HA MAOI0H (oKyCHPYeTCE YIBTpadHOTeTOBEIH Ty,
BEIEHTAICIIEH H300paseHe Ha MEOTOCIOHEOH KpeMEREBOH IOMI0MHE.
JareM OpH DOMOIIH KHCIOTH H300pafeHHe BETPABIHEASTCA, CO3MaEaT
COTHH MEUIIHOHOE TpaHsEcTopoE. Ho cymecTeyer opefen MHHHATIOPH-
3AITHH, CEA3AHHEN ¢ KOHETHBIM PasMepoM JTOMOE. JHATHT, EOLIA-TO
Epemaneras qonmHa cTaHeT “PEABEIM IOACOM |

Pucynow [cebppu Vopaa iJeffiey L. Ward)



CMmenienue peajibHOCTENH

K cepenune Beka Bce MBI, CKOpee Bcero, OyJieM >KUTh B CTPAaHHOM MHpE, MPEICTaBIISIONIEM
co0o¥i cMelIeHrne HACTOSIICH U BUPTYyalIbHON peaabHOCTH. KOHTaKTHBIC JTMH3BI WM OYKU TTO3BOJIST
YeJIOBEKY BUJIETH Iiepesi coO00i He TONBKO peallbHbIi MUP, HO U HAJIOKEHHbIE Ha HEr0 BUPTyaJIbHbIE
nzoopaxenus. Ilo kpaitHeit mepe Tak cuutaer Cycymy Taum (Susumu Tachi) w3 samonckoro
VYuusepcurera Kelio nu mMHorue apyrue ydensle. Taun paspaOaTbiBaeT 0COObIE OUKH, CIIOCOOHBIE
cMmelaTth (paHTa3uio U peasbHOCTh. Ero mepmas menb caenars Tak, YTOObI BEIIM MOIIM HcYe3aTh U
MOSBIIATHCS NIPSIMO Ha [JIa3ax.

S no6riBan y npodeccopa Taun U yBHIe]T HEKOTOPBIE U3 €T0 3aMeyaTeIbHbIX HKCIIEPUMEHTOB
[I0 CMEIIEHUIO HACTOALIEH W BUPTyaJbHOM peanbHOCTH. OJHA W3 HECIOXKHBIX JEMOHCTpaLUi
MCYE3HOBEHHE OOBeKkTa (Mo KpalHed Mepe B Bammx oukax). CHavanma s HajaeNl CIeIHabHBIN
CBETJIO-KOPUYHEBBIN IUIAI, KOTOPBIM paclpasisuics BOKPYT MEHS MapycoM, CTOUJIO Pa3BECTU PYKH
B CTOpPOHBI. 3aT€M Ha IJIalll HaBeJIW BUACOKaMepy, a elle OAHY BHUIEOKaMepy MOCTaBUIM CHUMAaTh
BCE 32 MOE CITMHOM, T/Ie MO YJIHIIE CIIOKOMHO eXaiu aBToOychl M aBTOMOOMIN. MTHOBEHHEM TO3XKe
KOMITBIOTEP COBMECTHJI JBa H300pa)X€HHsI W CHPOEIMpOBaJ Ha MOM IUIall, Kak Ha JKpaH,
npoucxofsuiee no3aad MeHs. CTOMIO NOCMOTPETh CKBO3b CHELMAIBHYIO JIMH3Y, U MOE TEIO
ucye3aso, OCTaBysas JIMIIb M300pakeHUs] MaluH U aBToOycoB. Ilockonbky Mos ronoBa He Oblia
NPUKPBITA IJIAIIOM, BBIIVISJCIO BCE Tak, OyATO TrojioBa OJHA Mapuiia B BO3Ayxe Oe3 Tena, Kak y
I'appu IlorTepa B muiaiie-HeBUINMKE.

3arem mpodeccop Taum mokazan MHE COBEpLIEHHO ocoOble oukd. HaneB ux, s moiaydui
BO3MOXKHOCTh BHUJETH IMepea co0oi peanbHble OOBEKThI, HO MOT MpPH JKETaHUM 3aCTaBUTh HUX
MCUYE3HYTh. JTO HE HACTOSIIAs HEBUIMMOCTh, U pabOTaeT OHA TOJIBKO JJISl YETOBEKa B CIICIIUAIBHBIX
OYKax, KOTOpbIE HAKJIAJbIBAIOT J1Ba M300pakeHus. OAHAKO 3TO 4acTh aMOWIIMO3HOM MPOTpPaMMBbI
npodeccopa Taun, KOTOPYIO MHOT/IA Ha3bIBAIOT «JIOTIOJIHEHHON PealbHOCTHION.

K cepenune Beka Bce Mbl OyAeM KHTb B HACTOAIIEM, MOJHOCTHbIO (DYHKIHMOHUPYIOLIEM
KuOepMHpe, B KOTOPOM OOBEKTHI MHpa PEaJbHOTO CMEIIaHbl C KOMITBIOTEPHBIMU H300paXKEeHUSIMHU.
B cBs31 ¢ 3TUM pe3KO M3MEHSATCS, BEPOSTHO, IPECTaBICHNE YeJIoBeKa 0 paboueM MecTe, TOProBIs,
pasBieueHuss M o0pa3 KHu3HHU. JlOTMONHEHHas peaJbHOCTh MOBIUSAET W Ha pHIHOK. llepBhIM
KOMMEpUYECKHM TPWIOKEHHEM KaK pa3 M CTaHET BO3MOXKHOCTH JejlaTh peajbHble OObEKThHI
HEBUIMMBIMU HJTH, HA00OPOT, J1e€1aTh HEBUAMMOE BHUIUMBIM.

K npumepy, ecnu Bbl NMHJIOT WIM BOJIWUTEIb, BBl CMOXKETE BUIETh OJHOBPEMEHHO Ha 360°
BOKpYT ce0s; Majio TOTO, BbI OyJieTe BUIETh TO, YTO HAXOJUTCS Y BacC M0J] HOTaMH, TOCKOJIBKY OUKH
WIM JIMH3BI MO3BOJIAT B3MVISIIY MPOHUKATh CKBO3b CTEHBI caMojieTa WM aBTomMoOwis. Mcuesnyt
«CJETIbIe» 30HbBI, M3-3a KOTOPBIX IMPOMCXOAUT TaK MHOrO aBapuil m THOHYT moau. Bo Bpewms
BO3AYUIHOTO 0051 THJIOT Oy/IeT BUAETh BpaXKECKUE CaMOJIEThl, I7ie Obl OHM HU HAXOJIWJINCH, AakKe MO
co0O0H, Kak eciu Obl ero camoJjeT ObUI MOJIHOCTBIO Mpo3padeH. BoauTenu toxe OyayT BUIETH BCIO
00CTaHOBKY BOKPYT, MOCKOJIbKY KpPOIIEYHbIE KamMepbl MOJAAYT Ha MX KOHTAKTHBIE JIMH3bI IOJIHOE
aHOpaMHOE N300paKeHHe.

OTO MPUTOTUTCS U acTpOHABTaM, pabOTalOIIMM Ha HAapy>KHOM MOBEPXHOCTH KOCMHYECKOTO
KopalJisi; OHU CMOTYT BUJIETh CKBO3b CTEHBI, IIEPETOPOAKH U KOPIYC CBOEro Kopabdis. B kaxoii-to
MOMEHT Takasi TEXHOJOTHS MOXKET OKa3aTbCsi cHacuTenbHOW. Ecnmu Bl 3aHHMaeTech pEeMOHTOM
MO3€MHBIX KOMMYHUKAIUH, TPUOOpP MOKaKET BaM, KaK B TOYHOCTU COEIHHSIOTCS BCE 3TH MPOBOJA,
TPYOBI, KpaHbl U MEPEKITIOYaTeTN. ITO MOXKET OKa3aTbCs )KM3HEHHO BaXKHBIM B CIIyyae B3pbIBa rasza
WIA TIpopbIBa TPyOBI C TMApoOM, KOIJa CKpbITble B CTEHaX TPYObl HEOOXOIUMO OBICTPO
OTPEMOHTHPOBATH WJIN MEPEKITIOUUTD.

Ecin BBl TeoJsor, Bbl CMOXETE BUAECTH CKBO3b TOJIY 3€MJIM IOA3EMHBIE 3allachl BOIbI WM
HeTu. CHUMKU HUCCIIeAyeMOW TEPPUTOPUH B yAbTpaduOIETOBOM U MH(PAKPACHOM IUaNa3oHaXx,
ClIeJIaHHBIE CO CITYTHHKOB M CaMOJIETOB, KOMIIBIOTEP 00paboTaeT U MoJacT Ha Ballll JMH3bI BMECTE C
TPEXMEPHBIM aHAJINU30M IUIOIIAJKA M BCEro, YTO CKPBITO MOJ €€ MOBepXHOCThIO. IIpoxoas mo
0€3KN3HEHHOMY JIaHAIIA(TY, B JIMH3aX BbI Oy/leTe «BUIETh» 3aJI€KU [IEHHBIX MUHEPAJIOB.

Bbl cMmoxeTe HE TOJBKO Jenarh peajibHble OOBEKThl HEBUAMUMBIMHU, HO M HA00OpOT —



«IPOSIBIATHY U JI€71aTh BUAUMBIM HEBUIUMOE.

Ecnu BBl apXUTEKTOp, BBl CMOXKETE, HE BBIXOJIS U3 MYCTOI KOMHATBI, yBHJIEThY» Nepes] co0oit
TpexMepHOoe N300pakeHne MPOEKTUPYEMOTO 31aHusl. Bl cMOXkeTe «IIPONTHUCEY 10 €r0 BHYTPEHHUM
IIOMEIIECHNAM, U Balllk YEPTEXKU «OXKHUBYT». JlU3aliHep, MpoWas MO IMyCThIM KOMHATaM, CMOXKET
YBHUJIETh TOJIBKO €II€ 3alyMaHHbIE UHTEPbEPHI ¢ MEOENbI0, KOBpAaMH M YKPAILIEHUSMHU Ha cTeHax; To
KE CMOXKET ClleJlaTh M 3aKa3uMK IpoekTa. Takas 3KCKypCHs NOMOXKET, MPEKJIE 4YeM BOILIOIIATH
MPOEKT, BU3YaJU3UPOBATh €r0 U YOSIUTHCS, UTO OH MOJTHOCTHIO COOTBETCTBYET €T0 MOXKETAHUSM.

[TpocTo B3MaxHYB pyKaMu, AU3aiiHEp CMOXKET CO3/1aBaTh HOBbIE KOMHATHI, CTeHbI U Mebelnb. B
JIOTIOJTHEHHOM peanbHOCTH KaXKAbIH CTaHET BOJIIEOHMKOM; B3MAaXHH MaJOYKOM — M COTBOPH BCE
YTO TBOEH AYIIIE€ YTOIHO.

Jlono/ITHeHHAsl PeaIbHOCTh: PEBOJIIOLNS B TypU3Me, HCKYCCTBe, IIONMHIe U BOiiHe

Bbl BuauTe, 4TO AOMOJHEHHAs! pealbHOCTh MOTEHIIMAIBHO MOXKET OKa3aTh U Ha TOPTOBYIO, U
Ha MPOU3BOJICTBEHHYIO cepy orpoMHOe BiusgHue. [Ipy moMoIy JONOTHEHHON PeaTbHOCTH MOXKHO
00JIerYuTh BBIMOJIHEHWE M YIYYIIUTh pe3yiabTar OykBaibHO J000HM pabotel. K TOmMy ke 3Ta
TEXHOJIOTHsI HEBEPOATHBIM 00pa3oM 00OTaTUT HAIly KH3Hb, Pa3BICUEHHs U BOOOIIIE YEIOBEUECKOE
0011€ecTBO.

K mpumepy, B My3ee MOXKHO Oy/ieT epeXOAUTh OT IKCIIOHATA K HKCIIOHATY O] PYKOBOACTBOM
BUPTYaJILHOTO T'H/1a, KOTOPBIA MOAPOOHO paccKakeT BaM O CAMbBIX MHTEPECHBIX OOBEKTaxX; 3TOT XKe
«TUA» TpU TOMOLIM KOHTAKTHOM JIMH3BI JOINOJIHUT OKCIOHAaThl B BUTPHUHAX HMHTEPECHBIMU
BUJCOPOJIMKAMU W JPYTMMU MaTepuajiamMu. Bam MOKaXyT MOJHYIO PEKOHCTPYKIMIO 3MaHUMl U
NaMATHUKOB BO BCEM MX BEJMYMH, a 3a0[HO 1M03a0aBAT MCTOPUYECKMMHU aHEKI0TaMHu. PUMCKyro
UMIIEPUIO, K TPUMEPY, Bbl «YBUIUTE» HE B BHUJE CIOMAHHBIX KOJIOHH M 3apOCHIMX COPHSIKaMHU
pa3BaJIvH, a Kak OyITO BO3POXKICHHYIO; CMOXKETE MOOPOIUTH MO (POpyMY, YCIBIIINTE KOMMEHTApUU
CIEIUATTUCTOB, MOTYYUTE JIFOOYI0 HH(pOpMAITHTO.

VYyenble [IeKMHCKOTO TEXHOJIOIMUECKOTO WHCTUTYTAa YK€ JE€Jar0T IEPBbIE IIark B 3TOM
HanpaeiaeHud. OHU Bocco3faid B KubepmpocTpaHcTBe JjereHaapHblii FOanpmunioans — Cap
COBEPILIEHHON $CHOCTH, YHMUYTOKEHHBIH (PpaHKO-OpUTAaHCKUMH BOMckaMu BO Bpemsi BTopoii
onmyMHOU BoMHBI 1860 1. JIo HAmmMX gHEH OT 3TOTO 3HAMEHHUTOTO aHCAMOJISI OCTAIUCH OHU PYUHBI.
Ho ecnu BBl MOCMOTpUTE Ha Pa3BaMHBI CO CHEIMAILHON IIIATGOPMBI, BBl YBUAMTE Hepesa coO0oii
caJl BO BCEM €ro Benukoienuu. B Oyayiem Takue 3penuiia cTaHyT NPUBBIYHBIMU.

Emre 6onee npoBUHYTYIO CUCTEMY — IEIIYI0 SKCKYPCHIO 110 IIBeiapckomy ropoay basemto
— co3pgan uzobperarens Hukomac Hekke (Nikolas Neecke). Byl HaneBaeTe crnieruaibHbIe OYKU H
ryJasieTe Mo yJIo4YKaM JIPEBHEro ropojia; MpH 3TOM OJHOBPEMEHHO C pPealbHbIM H300paKEHUEM BBI
BUJIUTE TpEeXMepHble H300pakeH APEBHUX 3/JaHUM U Jaxe Joaed. TypucT BIOJIHE MOXKET
BOOOpa3uTh ceOsi MyTelIeCTBEHHUKOM BO BpeMeHU. KommbioTep caMm omnpeaenser Baiie
MECTOHAXO)K/IEHUE U TOKa3bIBACT BaM 4Yepe3 OYKM KApTHUHBI JIPEBHUX BpPEMEH, KaK OyATO BbI
nepeHeciuck B CpenHeBekoBbe. CerofHs Ui TOro, 4ToObl 3Ta cucTeMa paboTaina, BaM MpPUIETCS
HaJeTh Ooiblllne OYKM U HecTH Ha cebe Tskenbll prok3ak ¢ GPS-obopynoBanueM u
KOMIIbIOTEpaMH. 3aBTPa BCE 3TO CBOOOHO YMECTUTCSI B KOHTAKTHBIX JIMH3AX.

Ecnu B 4yxoil cTpaHe BaM J10BeE€TCA BOAUTH MAIlIMHY, TO B KOHTAKTHOM JIMH3€ BCE MPUOOPHI
Y HaJMCU Ha TaHEeNM YIpaBleHHs Bbl OyneTe BUJACTh HAa CBOEM, & HE HA MECTHOM SI3bIKE, TaK 4TO
BaM He MPHUAETCS OMycKaTh B3IV, YTOOBI YTO-TO YBUAETh. Bbl OynieTe BUAETh U JOPOKHbBIE 3HAKH,
M, €CIIM 3aXOTUTEe, ONHCAHUs ONu3Nek)amux OOBEKTOB, TAaKUX KaK TYpUCTHUYECKUE
JocTonpumMedareabHoCTU. [lepeBon JOPOKHBIX 3HAKOB U OOBSIBICHUN TaKKe HE COCTaBUT TPYa.

TypucT, MyTemecTBYIOMUN MEIIKOM, CMOXKET B JII0OOW MOMEHT Yy3HaThb HE TOJBKO CBOE
MOJIOKEHHE B YYXKOW CTpaHe, HO M Ha3BaHUS BCEX MECTHBIX PACTEHUN M J>KUBOTHBIX, CMOXET
B3NIAHYTh Ha KapTy W y3HaTb INPOTHO3 TMOroAbl. YBUJIUT OH M TPOIMHKH, CKPBITHIE
PacTUTENBHOCTBIO, U MECTA CTOSTHOK.

YenoBek, 3aHATHI NOUCKAMU MOAXOJSALIETO Wb, IPOXOAS WM Mpoe3Xkas B MalIUHE I10
yAUIE, YBUIUT OKPECT JIOMa U KBApTUPBI, BEICTABIIEHHBIE HA MPOJaXXy WM craroiuecs: BHaeM. Ero



JUH32a TTOKAKET CTOMMOCTD KBAPTUPHI HITU JI0Ma, HaJTM4ue ynoOCTB | T. TI.

BarsayB Ha HOUHOE HE0O, BBl YBUIUTE HE TOJIBKO 3BE3/IbI M CO3BE3/IMSI, HO ¥ TPAHUIIBI MEXKTY
HUMHU, KaK B TUTAHETApUH, ¥ Ha3BaHUS 3BE3]] — U Bce 3TO Ha (oHE HacTosero Heba. Bel yBuauTe,
IJI€ HaxomsITCs Ha HeOe TaJakTUKH, JaJICKUe 4YEepHBbIe JbIphl WU JIPyTMe HHTEPECHBIC
aCTPOHOMHUYECKHE OOBEKTHI, CMOXKETE CKauaTh JIEKIUU Ha 3aMHTEPECOBABIIIYIO TEMY.

JlonomHeHHasT peadbHOCTh HE TOJBKO JTACT BaM BO3MOXKHOCTH BUJETh CKBO3b HEIMPO3PAYHBIC
OOBEKTHI ¥ TIOCEIATh YK30THIECKUE MECTA; OHA MIPUJIET HA MMOMOIIb, €CITH BaM CPOYHO MOTpedyeTCst
Kakasi-TO CIeNUaIn3upOBaHHas HH(PopMaIusi.

K mpumepy, ecnu Bbl akTep, MY3bIKAHT WM €II€ KTO-TO, KOMY HPHUXOJUTCS 3ay4yMBATh
Ham3ycTh Ooiybiue 00beMbl WHGOpPMaMK B OyaymieMm Bbl OyaeTe BUACTh Tepen coOoi Bce
HEOOXOJMMBIN TEKCT, HOTBI, IIPOTPaMMy, XPOHOMETPaK CIEKTaKJsd U T. . BaM He moTpebyroTcs HU
tenecydiep, HU KAPTOYKHU-IITIAPTAIKH, HU OyMaKHbIE HOTBHI, HU CIICIIUAIBHBIE TOMETKU C
HarlOMUHAHUAMHU Bam BooOI1Ie HE mpuAeTCst OONbIe HUYETO 3ay4YnBaTh HAU3YCTh.

Bor eliie HECKOJIBKO MPUMEPOB.

*Eciiu BBI CTYIEHT W TIPOMYCTHIIM JICKIIMIO, BBl CMOXKETE CKa4aTh W MPOCMOTPETh JICKIIUU
BUPTYQJIbHBIX TPOGECCOPOB MO TOOOMY MpeaMeTy. TeXHOIOTUs TUCTAHIIMOHHOTO MPHUCYTCTBUS
clenaeT Tak, 4To o0pa3 peaabHOro mpod)eccopa MOSBUTCS IMEpel BaMU M OTBETHT Ha BCE Ballld
BONPOCHL. BBI Tak:ke CMOXKETE YBUIETh B CBOCH JIMH3E IEMOHCTPAIUIO PA3IMYHBIX SKCIIEPUMEHTOB,
BHIEO U T. II.

*Eciu BBI coimaT B IOJIE, CIENHANBHBIE OUYKH MM IIIEM oOecmedyaT Bac caMoOil HociaeaHer
nHpOopMaIeH, KapTaMHu, CXeMaMH PACIIOJIOKCHHSI YaCcTeH MPOTHBHUKA M HAIPABJICHUH BPaXKEeCKOTO
OTHSI, MOCTEIHUMHU TPUKA3aMH U WHCTPYKIMSIMU KOMaHAOBaHUS M T. . Bo BpeMs mepecTpenkw,
KOTJIa BOKPYT CBHUCTSAT ITYJH, BBl CMOXKETE BHUACTH IMO3WUIUU MPOTUBHUKA CKBO3b NMPEISATCTBUS U
netanu penbeda, TMOCKOIbKY OECHUIOTHBIE CaMOJIEThI-Pa3BEAUUKH CBEPXY pPacCMOTPSAT U
3apETHCTPUPYIOT HX.

*Ecnu BBl XUPYPT, 3aHATHI TOHKOH M CPOYHOU omeparueil, BBl CMOXKETE BHJIETh MAlUEHTa
HACKBO3b (ITpH TIOMOIIY TTopTaruBHOro MPT-anmapara u JaT4uKkoB, 3alyIIeHHBIX BHYTPh €T0 Tea).
Kpome Toro, Bel cMOXeTe B 1000 MOMEHT MPOCMOTPETh CIIPABOYHBIC MaTepHAIbl, METUITTHCKUE
3aIMCH ¥ BUJICO3AITUCH MPEABLTYIIIX OTIePaITHiA.

*rpas B BUIEOHUTPY, BBl CMOXKETE MPHU MOMOIIM CBOEH KOHTAKTHOW JIMH3BI TIOTPY3UTHCS B
KuOeprpocTpancTBO. Haxomsich B IMycTOH KOMHATe, BbI OyleTe BHJIETh HICAIBbHBIE TPEXMEPHBIC
M300paKeHUs BCEX CBOMX JPy3ed M MYyTENIeCTBOBATh MO KAKOW-TO HE3HAKOMOW MECTHOCTH,
TOTOBSICh K CXBAaTKe ¢ BOOOpakaeéMbIMU MHOTUIaHETssHaMH. Bel Oyzmere omrymarh ceOs Ha mose 60s
Yy)KOi IUJTAHETHI, TJIe BOKPYT Bac M BalllMX TOBAPHUIIEH MO OPYKUIO CBEPKAIOT OOEBBIE JTy4H
WHOTUIAHETHOTO OPYXKHSI.

*Ecnmu Bam 3axoyeTcs YTOYHUTH KAaKUE-TO CIOPTUBHBIE JaHHBIE WU CTATUCTHKY
BBICTYIUICHHH ONPEJCIICHHOTO CIIOPTCMEHa, WHQOpMAIMsd MTHOBEHHO TIOSBHUTCS Ha Bamiei
KOHTAKTHOM JIMH3E.

OTO O3HA4YaeT, 4YTO YEJOBEKy YK€ He OyIyT HYXHbl HU COTOBBIM Telne(OH, HU YaCHI,
KOMHATHbIE WM HapyuyHble, HU MP3-meep. Bce MKOHKM pa3iMyYHBIX TaJKETOB, KOTOPHIMU BBI
MIPEKIE TOIH30BAIMCEH, OTOOPA3SATCS Ha Balllel JIMH3E, U KOMITBIOTEpP 00ECIEUUT BaM JOCTYII K 3TUM
nmpubopam B Jr00oe Bpems. Takum o0Opa3oM MOXKHO OyneT 3BOHUTH MO Tele(oHY, MOCEmaTh
MY3bIKQJIbHBIE CAalTHI | T. 1. JIOMOJTHEHHAs peaTbHOCTh BO3bMET Ha ce0si PyHKIUU OOJbIIel YacTu
JIOMalTHEW TEXHUKHU.

Cpenu y4YeHBIX, pa3lBHUTAIONINX PAaMKU JOMOJIHEHHON peambHOCTH, MOXKHO Ha3BaTh [[3TTH
Maec (Pattie Maes) u3 menuamabopatopuun MIT. BMecto TOro 4ToOBI HCIONB30BaTH OCOOBIC
KOHTaKTHBIE JIMH3Bl WM OUYKH, OHA IJIAHHPYET MPOCIHUPOBATH SKPaH KOMITbIOTEpa HA OOBIYHBIE
00BeKThl OKpyXkaromero mupa. Ee mpoekt mox Ha3Banuem SixthSense («Illecroe uyBcTBOY)
MpeaycMaTpUBaeT HOIICHHE KPOXOTHOM Kamepbl M TMPOEKTOpa Ha Iee B BUAEC CBOEOOPA3HOTO
MeJalbOHa, CIIOCOOHOTO TMPOCIMPOBATh M300paKeHHWE KOMITBIOTEPHOTO OJKpaHa Ha JIFOOOMH



MOAXOAALINH MpeIMeT, K IpUMepy Ha CTOJ MK cTeHy. Haxarre BooOpaXkaeMbIX KJIABHUII ITO3BOJIHUT
aKTUBUPOBATh KOMIIBIOTEP, B TOYHOCTU KaK €CJIM Obl BBl MeYaTald Ha HacTosIed KiaBuatype. A
MIOCKOJIBKY 9KpaH KOMIIBIOTEPa MOXKHO CHpPOEIMPOBaTH Ha JIHOOYI0 POBHYIO U TBEPAYIO
MOBEPXHOCTh, OJTHOBPEMEHHO B TaKW€ SKpaHbl MOXKHO OyleT MPEeBPAaTUTh COTHU CaMBIX Pa3HBIX
IIPEIMETOB.

Kpome ToOro, denoBek, MOJB3YIOMIMICS AITOM CHUCTEMOW, HaJeBaeT Ha MaJbIbl OCOObIE
IUTACTHKOBBIE HANEpCTKU. J[BMKEHUS MajblieB CTAHOBATCS KOMAHIAMHM, PE3y/IbTaT BbIMOJHEHHS
KOTOpBIX TOSABISETCS Ha HMMIIPOBU3MPOBAHHOM 3KpaHe. K mpumepy, Bbl cMOXeTe pHCcOBaTh Ha
9KpaHe JBWKEHHSIMM MajblIeB; CMOXKETE IOJIb30BATHCS MaJbLIAMH BMECTO MBIIIKH M YIPABIATH
JBUKEHHEM Kypcopa. A CTOUT CIOXKHTbH Majblbl 00EUX PYK «JIOMHKOMY», aKTUBUpPYeTCs LudpoBast
KaMmepa, U Bbl CMOXETE 3aCHSTh BCE UTO 3aXOTHUTE.

OTO O3Ha4aeT Takke, YTO BO BpeMs IOXOJa IO Mara3pHaM Ball KOMIIbIOTEp OyneT
CKaHMPOBATh MPOAYKTHI, CYHUTHIBATH MH()OPMAIIHIO C YITAKOBKH U BbI1aBaTh BaM €€ B yI0OHOM BHJIE:
ATO MOXKET OBbITh MOJHBINA COCTAaB MPOAYKTA, KAJIOPUUHOCTH (T. €. BCE, YTO HAIMCAHO Ha YIAKOBKE
Ja)ke caMbIM MEJKUM IIpU(TOM), a TakXKe OT3BIBbI JPYIUX MoTpedutreneid. A TMOCKOIbKY
COOTBETCTBYIOLINE MUKPOCXEMbI OyAYT CTOUTH JIEIIEBIIE, YeM HAKIEHKU CO IITPUXKOIAMU, KaXkIbIi
KOMMEPUECKHI TMPOIYKT OyneT CHaOkeH COOCTBEHHOW pa3syMHOW OHMPKOM, KOTOPYIO CMOXET 0e3
Tpy/Zla IPOYECTh Balll KOMIIbIOTEP.

Eme onHUM NPHIOKEHUEM JOINOJHEHHONW PEAJbHOCTU MOXKET CTaTh PEHTTEHOBCKOE 3pPEHUE,
O4YEHb IIOXOXEe Ha TO, KOTOpbIM o6Onaman CymepMeH B KOMHKCax. Y4YeHblE MPEANoaratoT
UCTIOJIb30BaTh 3/1€Ch MPOLECC, U3BECTHBIN Kak OOpaTHOE paccesHhe PEeHTreHOBCKUX Jydell. Ecimu
MOJTYYHUTCS, TO TPH TOMOIIM OYKOB WIJIM KOHTAKTHBIX JIMH3, YYBCTBUTEIBHBIX K PEHTTC€HOBCKOMY
U3IY4YEeHUIO, BBI, IMONOOHO TepOsSM KOMHMKCOB, CMOXET€ BHUJAETh CKBO3b CTEHBI M Jpyrue
Hemnpo3pauHble 00bekThl. Kaxnaplii peOeHOK, BIEpBbIE IMO3HAKOMUBIIUCH € KOMHMKCAMH TIPO
CymnepMeHa, MeUTaeT cTaTh «ObICTpEe BBHIMYUICHHOW MyIU U CUJIbHEE JIOKOMOTHUBaY. ThicsSuM eTeit
KyTalOTCSl B IUIAllld, MPBITAlOT C MOJOKOHHHUKOB, MBITasICh B3J€T€Th, M MPUIMCHIBAIOT cebe
BO3MOXKHOCTb BHUJIETb CKBO3b CTEHBl. TeM HE MEHee pPEHITEHOBCKOE 3pEHHE — HE IUIOJ
BOOOpPaKE€HUSsI, OHO BIOJIHE MOXKET CTaTh PEaIbHOCTHIO.

KoHeuHO, uCHONb30BaHHE OOBIYHBIX PEHTTEHOBCKHUX JIyued BBI3BaJIO OBl MHOXECTBO
npobnemM. Bo-mepBbiX, 4TOOBI MOMYyYUTh H300pakeHHWEe, BaM HAJ0 IMOMECTUTh I03aau OObEKTa
CIELUAIBbHYIO TUICHKY, OOJYYHTh €0, a 3aTeM 3Ty IUIEHKY NposBUTh. OHAKO 00paTHOE paccesiHue
MO3BOJIIET PEIIUTh 3Ty MpobieMy. PeHTreHoBckue Jydyd HCIYCKAIOTCS CHEHUaTbHBIM CIa0bIM
UCTOYHUKOM U HAINlOJMHSIOT BCIO KOMHATy; OHH OTPaXaroTcs OT CTeH M IPOHU3BIBAIOT
MHTEpECYIOIIe Bac OOBEKThI C OOpaTHOW CTOPOHBI. Bamy O4YkM BOCHPHUHUMAIOT UMEHHO 3TH
OTpa)KeHHBIE JY4M, MPOIIEIIINE CKBO3b 00BEKT. VM300paskeHHe B HHUX IO KadyeCTBY MOXET ObITH
HUYYTh HE XyXe, YeM MOAO0OHbIC PICYHKH B KOMHKCaX. (A yBEIWYCHHE YYBCTBHTEIBHOCTH OYKOB
IIOMOXXET  CHU3UTh  HMHTEHCUBHOCTb  PEHTTEHOBCKOTO  M3IYyY€HUS U, COOTBETCTBEHHO,
MUHHMH3HPOBATH PUCK IS 37I0POBBSI.)

YHuBepcaJjibHble epeBOTYHKH

B ¢unbmax «3Be3nHbIN MyTh» U «3BE3HbIE BOWHBDY, KaK, BIIPOYEM, MPAKTUYECKU BO BCEX
Hay4HO-(DAHTACTUYECKUX (DUIbMAX, BCE WMHOIUIAHETSHE MPEKPACHO TOBOPAT Mo-aHmiuiicku'. B
J000M TakoM (QuMiIbMe CYHIECTBYET IITyKa MOJ Ha3BaHHUEM «YHHUBEPCAIbHBIH MEPEBOTUHKY,
MO3BOJISIONIAS 3€MJITHAM MTHOBEHHO HAWTH OOIIMH S3bIK C JIIOOOH MHOIUIAHETHOM LIMBUIIM3ALUEH U
n30aBJISIONIAst OT HEOOXOIUMOCTH OOBSACHATHCS C MHOIUIAHETSHAMU TPU TTOMOIIU KECTOB.

Kornma-to cuurtanoch, 4TO yHHUBEpCAIbHBIA INEPEBOAUYMK — COBEPLIEHHO HEPEAIUCTUYHAS
byTypucTiHueckasi uaes, HO MepBble BapHAHTHI MOAOOHBIX MPUOOPOB YK€ CO3AaHbl. JTO O3HAYAET,
4TO B OyAyIleM, €CIIM Bbl OKKETECh B UY)KOW CTpaHE U 3arOBOPUTE TaM C MECTHBIMU XKHUTEJISIMHU, B
BalllMX KOHTAKTHBIX JINH3aX MOSIBSTCS CYOTUTPHI, KaK €CiIu Obl BBl CMOTPENIHM UHOCTPAHHBIN (QUIbM.
BbI Takke CMOXETE NONPOCUTH KOMITBIOTEP 03BYYMTh IIEPEBOJ U MIOJATh €r0 HENOCPEACTBEHHO BaM

1 Vnm Ha pyroM 3€MHOM SI3BIKE, B 3aBUCHMOCTH OT TOTO, TA€ CHAT (hmnbM. — [Ipum. mep.



B yid. /[Ba yenmoBeka cMOryT OeceoBaTh MEXIY COOOM, mpuiyeM KakJblii U3 HUX OyJeT TOBOPHUTH
Ha CBOEM SI3bIKE, a CJIOBa COOECETHNKA CIBIIIATh B KOMIIBIOTEPHOM TIepeBoie (eciu y 00oux Oymer
BKJIIOUEH YHHMBEpCaIbHBIA mnepeBouuk). [lepeBon, koHeUHO, He OyaeT WieanbHbIM (HUKyAa He
JIEHYTCs MpOOJeMbl ¢ TIEPEBOIOM HUIUOM, CIIEHra U OOpa3HBbIX BBIPAXKEHUM), HO JJIsl TOHUMAaHUS
CMBICJIa CKa3aHHOTO €ro Oy/IeT BIIOJIHE JJOCTATOYHO.

K pemenuto npoGrieMbl YHUBEPCAIBHOTO MEpPEeBOJa CYIIECTBYET HECKOJIBKO IMOAX0/10B. Bo-
NEePBbIX, HEOOXOUMO CO3/1aTh YCTPOICTBO, KOTOpOE MOIVIO OBl MPeoOpa3oBhIBaTh YCTHYIO PEYb B
NMCbMEHHBINA TEKCT. B cepennne 1990-X IT. Ha pbIHKE MOSBWINCH NEPBBIE CUCTEMBI PACTIO3HABAHUS
peun, criocobnbie moHuMath 10 40 000 cioB ¢ 95 Y%-Holt TouHoCTHIO. ECiin yuecTb, 4To B 0OBIYHOM
OBITOBOM peun ucrnoiyb3yercs Bcero jumib oT 500 g0 1000 ciioB, MOKHO MOHSATH, YTO TH CUCTEMBI
JUIS CBOETO BpeMeHM Obuin Ooniee yem ajgekBaTHbIMU. [lociie Toro kak 3amuch € roioca rorosa,
Ka)XI0€ CJIOBO CJIEIyeT NMEePEBECTH Ha HYKHBIN SI3bIK IIPU MOMOIIM KOMITBIOTEPHOTO CJI0Baps. 3aTeM
IPUXOTUT Yepell CaMOTO CJIOKHOTO: BCTABUTH CJIOBA B KOHTEKCT, IPH HEOOXOIUMOCTH J00aBUThH
CJICHT, Pa3rOBOpHBIE BBIpAXKEHHUS U T. . Bce 310 TpebyeT oyeHb TOUHOTO MOHMUMAHHUS S3BIKOBBIX
HI0aHCOB. KOMIIBIOTEPHBIN NEPEBON MO ATOM TEXHOJOTMM — Liedas Hayka, u3BecTHas kak CAT
(computer assisted translation).

Jpyroii cnoco0 npeanoxunu yuenole Yausepcutera Kapaeru-Meimnon B [TurrcOypre. ¥V HUX
y)K€ €CTh MPOTOTHUII, CTIOCOOHBIN MEPEBOAUTh C KUTAWCKOTO HA aHTIIMMCKUMN, a C aHIJIMHCKOTO Ha
VCIIAHCKUHM WJIM HEMELKHUH. DJIEKTPO/bI, 3aKPEIUICHHBIE HA II€€ U JIUIE TOBOPSILETO, YJIaBIUBAIOT
COKpAIIEHHsI pEYEBbIX MBIIII U paciin(pOBBIBAIOT [0 HUM MIPOU3HECEHHBIE CIIOBA. 37€Ch HE HYKEH
MHUKpO(GOH W BOOOIIEe HHMKaKas ayAMOTEXHMKA, a CJIOBa MOXHO MPOTOBapHUBaTh Jake O€33BYUHO.
3areM KOMIIBIOTEp MEPEBOAMT CJIOBA, a CHHTE3aTOp peYd MPOM3HOCUT MX BCIyX. B mpocThix
pasroBopax, rae ucnonb3yercss 100-200 cinoB, yueHbIM ynanoch 1ocThub 80 %-HOW TOYHOCTH.

«Wnes cocTouT B TOM, YTO Bl MOXKETE€ O€33BYYHO apTUKYJIMPOBATh CJIOBA HAa aHIIMKMCKOM, a
3ByYaTh OHM OyAyT Ha KUTACKOM WJIM ApPYroMm s3bike», — roBopuT Taus Lynsir (Tanja Schultz),
Y4aCTHUK HccleoBaHuil. B OyayiiieM KOMIbIOTep, BO3MOXHO, HAYUUTCSl YUTATh M0 Ty0aM, Tak 4To
U DJIEKTPO/bl He OyayT HYKHBI. VI MOXHO cebe mpencTaBUTh, B MPUHIIMIE, OXKHUBICHHYIO Oecemny
JIBYX JIIOICH, TOBOPSAIINX HA Pa3HbIX A3BIKAX.

B Oynymiem si3pIkoBbIe Oapbephbl, TaK JOJATO M TParduyHO HE MO3BOJISABIINE MPEACTABUTENSM
pasHBIX KyIBTYp IOHATH JAPYr Jpyra', BO3MOXKHO, TaayT, W MOCIOCOOCTBYIOT 3TOMY
YHUBEPCAIBHBIN IEPEBOAYNK U HHTEPHET-0UKH (MU JINH3HI).

Wtak, nonoiHeHHas peallbHOCTh OTKPBIBAET MEepel HAMU COBEPILIEHHO HOBBIM MU, HO B 3TOM
MHUpE CYLIECTBYIOT CBOM orpaHuyeHus. [IpoOrembl He CBSI3aHBI ¢ TEXHUKOH, @ BO3MOXXHOCTH

paciIMpeHHONH pPeallbHOCTH HE OTrPaHUYEHbl IMPOIYCKHON CIOCOOHOCTHIO KaHajla — BeAb IO
OIITHUKO-BOJIOKOHHOMY Ka0eJr0 MOJKHO MEPEAaTh CKOJIBKO YTOHO HH(POPMAIIUH.
HacTosimuii kaMeHb NpPEeTKHOBEHUS 3/1ech — MporpamMmmHoe obecreuenue. Co3maBarh €ro

MOKHO TOJBKO CTapbIM JTOOPBIM CIIOCOOOM — BPYYHYIO. BCe KOJbI, CTPOUKY 3a CTPOUKOM, JTOJIKEH
OyZeT HamucaTh YeNOBEK KapaHJalmioM Ha OyMare WiM B KpailHeM ciiydae Ha TOPTaTHBHOM
KOMITBIOTEPE; TOIBKO TaK MOXKHO OyIeT MpOoOYAWTh K KU3HU OTH BOOOpaKaeMble MHUPBL. TeXHUKY
MOXKHO MPOU3BOAUTH B JIFOOBIX KOJTUYECTBAX, Ja U BEIYUCIUTEILHBIE MOIITHOCTH YBEIMUNBATH TOXKE
(mobGapmnsientb HOBBIE YHITBI — U TOTOBO!), 2 BOT MacCOBOE MPOU3BOICTBO MO3TOB HEBO3MOXKHO. DTO
03HAYaeT, YTO MyTh YEJIOBEUECTBA K MOJHOMACIITAOHOHN JOTMOTHEHHOW pealbHOCTH Oy/IeT HEeJIETKUM
U 3aiMET HECKOJIbKO JICCATUIICTHI.

T'onorpamMmMebl M TpexmMepHbIe 00pa3bl

K cepenune Beka Mbl, BEpOSITHO, YBUJUM €II€ OAHO TEXHUYECKOE HOBIIECTBO — HACTOSAILIEE
TpeXMepHOe KUHO W TeneBuaeHue. Korga-to maBHo, B 1950-X IT, mpu NpOCMOTPE TPEXMEPHOTO
¢bunbMa BBl JODKHBI OBUTH HAJETh HEYKIIOKHE OUYKH C PA3HOIIBETHBIMU CTEKIAMH — KPACHBIM U
cMHHUM. [[e710 B TOM, UTO YEIOBEUYECKHUE T71a3a, MPaBblid U JIEBBIM, BUAAT 4yTh-4yTh MO-pazHoMy. Ha

1 Ho Hukyna He [AeHETCsl pa3HUIAa B BOCHPUSATHH MHUpA U B )KU3HEHHOM OIIBITE, 3aCTaBIIAIONIAs JIIONEH pearupoBarhb
M0-pa3HOMY Ha OJIHY M Ty K€ CHTYaIlHIO, CTaBIIYIO IIOHATHON UM M3 pazroBopa. — [IpuM. mep.



9KpaH MpOeHUpyeTcsl cpa3y JBa H300pakeHUs, OIHO CHMHee W OJHO KpacHoe. CTekia ciyxar
¢bunbTpamMu, U B pe3ylbTaTe B JIEBBIM M MpPaBbIi IN1a3 MOCTYNAEeT HEMHOXKKO Pa3HOE M300paKeHHE;
MO3I' CMEILIMBAET X, U BO3HHKAET WILII03Us o0beMa. Bocrpusarue riryOuHbI M300paXKeHus, TaKUM
o0pa3oM, c03/1aBajloCh MCKycCcTBeHHO. (YeM nanbliie Apyr OT Apyra pacrlolOXKeHbl Iaza, TeM
Jydiie BOCIPUHUMAETCS TIIyOuHa n3o0pakeHus. IMEHHO MO3TOMY y HEKOTOPBIX >KMBOTHBIX IV1a3a
HAXOJATCS Ha KOHIIE THOKUX CTEOENbKOB: TaK 00beM BOCIIPUHHUMAETCS JIy4Ille BCEro.)

OnpenenenHslii nporpecc odecneunBaroT 3D-04kKu M3 MOISPU30BAHHOTO CTEKNIA, Onarojaps
KOTOPBIM JIEBBIM M MpaBblii IV1a3 MOJIYYarOT JIBa Pa3HbIX MOJSPU30BAHHBIX M300paxkeHus. Takum
crocoOOM MOXKHO CO3/1aBaTh IOJIHOLIBETHBIE, @ HE KPAacHO-CHHUE, 00beMHbIe n300pakeHus. CBer
— 3TO BOJIHA, U KOjeOaHUS B HEM MOTYT MPOUCXOIUTHh B Pa3HBIX IIIOCKOCTAX — K MpPHUMEpY, B
BEPTUKAJIBHOM W Topu3oHTanbHOU. Ilonspu3oBaHHas JMH3a MNPOMYCKAaeT TOJBKO CBETOBBIE
KoJIeOaHUs ONpEeIEHHON HalpaBlIEHHOCTH. Tak 4TO €clii CTeKJa BallliX OYKOB IOJISPU30BaHbI B
pasHBIX HaNpaBJICHUAX, BBl MOXeTe co3aarh 3(ddekr TpexmepHOCTH H300paxkeHus. B Oonee
CIIO)KHOM BapUaHTE TPEXMEPHOCTH MOXHO MOJAaBaTh pa3Hble M300pa)KeHUsI MPSMO HAa KOHTAKTHBIE
JIMH3BL.

TpexMepHOe TeneBUACHHUE, KOTOPOE TAaK)KE HYKHO CMOTPETh B OYKaX, YK€ MOSBUJIIOCH Ha
pbiHKe. O4YeHb CKOpO, OJJHAKO, HEOOXOAWMOCTh B OYKaX MCYE3HET, MX CMEHSAT IBOSKOBBIMYKJIbIE
nuH3bL. Teneskpan OyfeT CrennaibHO U3TOTaBIMBATHCS TAKUM 00pa30M, 4TOOBI BBIJIaBaTh VIS IJ1a3
JIBa pa3lIMYHbIX W300pakeHHs 4yTh-uyTh MOA pa3HbIMH yriiamu. Kaxaplii mia3 3putens Oyner
BUJETh CBOE M300pa)keHHE, a BMECTE€ OHM CO3[alyT WJUIIO3UI0 TPEXMEPHOCTH. Y ITOM CHCTEMBI
€CTb CBOM HEIOCTAaTKH: T0JI0BA JIOJDKHA OBITh MPABMJIBHO PACIIONIOXKEHA; KaKIBIH IV1a3 JOJKEeH
HAaXOOUThCS B IMpeJHa3HAYeHHOM uMeHHO g Hero Touke. (IIpuHumn nedcTBUS Takoro
TEJEBUICHNS OCHOBAaH HAa XOpOILIO H3BECTHOW oONTHYECKOW wWmto3uu. WHorma BeTpeuarorcs
peKIaMHbIe IIUTHI, H300pakeHNs HA KOTOPBIX BOIIIEOHBIM 00pa3oM MEHSIOTCS, 0 Mepe TOro Kak
MBI JBMKEMCS BIOJb HUX. Jlemaercs 3To Tak. JIBa n300paskeHHs pacKIaJbIBAlOTCS HA MHOKECTBO
TOHKHUX TOJOCOK, KOTOPbIE 3aTe€M KJIaAyTCs BIEPEMENIKY, COCTaBJsAsl KOMIIO3UTHOE M300pakeHue.
3ateM 3TO M300pa)kKeHHUE HAKPBIBAETCS CBOEOOpPA3HOW JIMH30M — CTEKISHHBIM JIMCTOM C
MHOYKECTBOM BEpPTUKAJIbHBIX Ia30B, NPUYEM KaXAbld [a3 pa3MellaeTcss TOYHO HaJd JABYMS
nojockamu. [1a3sl umMeroT Takyro ¢opmy, 4TOOBI O] OAHUM YIJIOM BUAHA ObLIa OJHA MOJOCKA, a
non Jpyrum — gpyras. I[lostomy, mpoxons MHUMO TakoW KapTHUHBI, Mbl BHJIHUM, KakK OJHO
n300pakeHHe BHE3aIHO IpeBpallaeTcss B JApyroe, a 3areM oOpaTHO. TpexmepHoe TelleBUACHUE
3aMEHUT HEMOJBIKHBIE H300pakKeHHs B 3TOW cucreMe IBMWXKyumuMHcs, U 3D-addexr Oyner
JIOCTUTAThCsI 0e3 MPUMEHEHUS CIIeUAIbHBIX OYKOB. )

Ho camblii mpoABHHYTHIM BapuaHT TPEXMEPHOTOo HM300pa’keHUs — 3TO ronorpamma. bes
BCSIKUX OYKOB YE€JOBEK BUJIUT TOYHBIN BOJHOBOM (PPOHT TPEXMEPHOTO M300paxKeHUs, KaK eCiu Obl
M300paXeHHbI OOBEKT B PEAJbHOCTH HAXOAWiIcA Iepen BaMmH. [0J0rpaMMbl H3BECTHBI YyikKe
HECKOJIBKO JIECATUIICTUI (MX MOXKHO YBHUJIETh HA BBICTABKaX, OTKPHITKAX M KPEIUTHBIX KapTOUKax) U
HEPEJIKO MENbKAIOT B (paHTacTUUYeCKUX (uiabMax. B «3Be3qHbIX BOMHAX)» 3aBA3KOM CIOKETa CIYXKHUT
rojorpaU4ecKiii MpU3bIB O MOMOIIM, MOCIaHHBIA NpuHLeccor Jleelt unenam IloBcTaHueckoro
anbsiHCA.

[TpoGnema B TOM, 4TO TOJIOTPAMMYy OYEHb TPYAHO U3TOTOBHTb.

[Tpu cozgaHuM rosorpaMMsbl Jla3epHbIN JIyd paciuerisiercss Ha aBa. OJIMH JIy4 HampasiseTcs
Ha OOBEKT, M300pa’keHHE KOTOPOTO BbI XOTUTE IOJNYYUTh, 3aT€M OTpa)KkaeTcsl M IMOmajaeT Ha
CIelIMaIbHBIN 3KpaH. BTopoi iyd HampaBisieTcsl HEMOCPEACTBEHHO Ha 3KpaH. CMEIIeHHE JIBYX
TUX Jy4ed CcO34aeT Ha DOKpaHe CIOXHYI0 HHTEp()EpPEHIMOHHYIO KapTHUHY, COJEpKAIlylo
«3aCTBIBIIIEE» TpEXMEpHOE u300pakeHHe OO0BEKTa; OJTO H300paKeHUE 3aKpervisieTcs Ha
CHELMAJIBHOM IUIEHKE, MOKPBIBAIOIIEW JKpaH. 3aTeM, €CJIIM CKBO3b 3KpaH MPOMYCTUTh IPYyroi
Ja3epHbIH JIy4, B IPOCTPAHCTBE MOSIBUTCS HACTOSIIIEE TPEXMEPHOE U300pakeHNe 0OBEKTa.

[onorpaduyeckoe TeneBuIeHIE — J0BOJIBHO CBO€OOpa3Has Bellb. Bo-nepBhIX, H300paxeHue
BCE PaBHO JOJDKHO NMPOEUMPOBAThCS Ha 3KkpaH. Cuasl mepes SKpaHoM, Bbl OyJieTe BHJETh TOYHOE
TpexMepHOoe M300pakeHHe OObEKTa; MPH 3TOM BbI, ECTECTBEHHO, HE CMOXETE MPOTSIHYTh PYKYy H
MIPUKOCHYTHCS K HEMY. TpexmepHoe U300pakeHNe OCTaHEeTCs JIMIIb WILTIO3HEH.



OTO 03HAyaeT, YTo Hpu MpocMoTpe (PyTOOIHHOrO Marya o rojorpapuueckoMy TeIeBH30PY
JBUKEHHE 3PUTENS TMEepell SKPAaHOM BbI3BIBAET COOTBETCTBYIOLEE M3MEHEHHEe H300paxeHus. Bol
MoxeTe HaOllloaTh 3a MaT4eM €1Ba JIU HE C CepPeIUHBbI OIS, UTPOKU OyayT Oerarb mpsiMo mepen
BaMu. Ho moTsHYBIINCH 32 MAYOM, BBl YIIPETECh PyKaMU B IKpaH.

OnHaKo HaCTOSIIYI0O TEXHMYECKYI0 MpoOiieMy, M3-3a KOTOPOH y Hac OO0 CHUX TOp HET
royiorpadM4ecKoro TEJIEBUICHUS, TPEACTaBIAET XpaHeHue uHpopmanuu. Hacrosiee TpexmepHoe
n300paKeHUE COJEPKHUT TPOMATHOE KOJIMUYECTBO HH(OpPMALMU, BO MHOTO pa3 Oousblie, 4yem
o0bruHOEe nByMepHOe. Kommbprorep HempephlBHO 00padaThIBaeT AByMEpHbIE H300pa)keHUs; OHU
pa3OUThl Ha KPOXOTHbIE TOYKM — IHUKCENH, U H300paKEHHEM KaKJOro IHKCENs YIpaBiseT
KpPOXOTHBIN TpaH3ucTop. Ho B TpeXMEpHOM KHMHO KaJIpbl TOJKHBI CMEHATHCS ¢ yacToTou 30 mTyK B
cexyHay'. HecloxkHbIH pacyeT MOKa3bIBAET, YTO KOJMYECTBO HH(POPMALUH, HEOOXOMUMOM Jis
TeHepaly JIBIKYIIUXCS TPEXMEPHBIX H300paKeHUH, HAMHOTO TPEBOCXOAUT BO3MOXKHOCTHU
cerogusauHero HTepHera.

K cepeaune Beka 3ta nmpoOiiema, BO3MOXKHO, Oy[eT pelleHa, Be/lb IMIUPHUHA UHTEPHET-KaHalla
pacTeT SKCIOHEHLNAIBHO.

Ho Ha 4To0 Oyner moxox TpexMepHbIi TeaeBu3op?

OnvH W3 BapMaHTOB — 3TO 3KpaH B (oOpMe LWIMHIpPA WIM KyINojda, BHYTPH KOTOPOTO
pasmemaerca 3putenb. Ha skpaH mpoeuupyercs rosnorpaduueckoe H300paxeHHe, U 3pUTEIb
OKa3bIBaeTCs B OKPYXEHUU 00bEMHBIX (PUTYDP, OU4EHb MOXOXKHUX Ha peasbHbIE.

Hanekoe Gyayuiee
(2070-2100 rr.)

IlepBencTBO AyXa HaJA MaTepuel

K KOHILy 3TOro cToseTHsi Mbl HAy4YUMCS YIPABIATh KOMIIBIOTEPAMH IPU TOMOLIN MBICIEHHBIX
KOMaHJ. Y Hac, Kak y IpedecKux OoroB, OyqyT HCHOJHSTHCS Jla)Ke HEBbICKa3aHHBIEC KEJaHUS.
OCHOBBI 3TOM TEXHOJIOTMH YXE 3aJI0KEHBI, HO €€ JI0BOJKAa M COBEPLIEHCTBOBAHWE MOTYT 3aHATH
ellle He OJHO JEeCATUIIETHE. DTa PEBONIIOIMS COCTOMT U3 JIByX yacTeil. Bo-mepBbix, MO3r H0IKeH
HAyYUTHCS YIPABIATh 00bEKTaMU BHEIIHETO0 MUPA, U, BO-BTOPBIX, KOMIIBIOTEP JOJIKEH HAyUUTHCS
yTaJbIBaTh (M BBIIOJIHSATH) JKEJIaHUS X03SMHA.

[lepBoe cephe3HOE MOCTIKEHHE B ITOWM 00macT oTHOCUTCS K 1998 1, korma ydeHble
VYHuBepcutera OMOpPH U HEMEUKOro YHuBepcuTera TIOOMHIeHa MOMECTHIIM KpOILEYHbIN
CTEKJISIHHBIN DJIEKTPOJ HEMOCPEICTBEHHO B MO3I Napali30BaHHOIO IOCJIE MHCYAbTa 56-IETHETO
MYKYMHBI. DJEKTpoa ObUI COEAMHEH C KOMIIBIOTEPOM, KOTOPBIN aHaJIM3UpOBal MOJTy4aeMble OT
MoO3ra CUrHaibl. MyxXuuHa BHJIIEN H300pakeHHE Kypcopa Ha 3KpaHe KOMIbIOTEpa M, MCHOJb3YS
HCKYCCTBEHHO CO3JaHHYIO OHOJOTMYECKYI0 OOpaTHYIO CBSI3b, HAayudWJICS MBICIIEHHO YHPAaBIATh
JBIDKEHHEM Kypcopa. Tak BrHepBble OBbLT OCYIIECTBICH HEMOCPEICTBEHHBIH KOHTAKT MEXIY
YeJI0BEUECKHM MO3TOM U KOMIIBIOTEPOM.

CaMyr0 TpOIBMHYTYIO BEpPCHUIO JTOHM TEXHOJOTHH CO31al B YHuUBepcurere bpayHa
Heripoouonor Jlxon Jlonoxpto (John Donoghue). O pa3paboran yCTpOWCTBO IOJA Ha3BaHHUEM
BrainGate, mpu3BaHHOE IOMOYB JIIOASM, IOCTPAZABIIUM OT MO3TOBBIX TpPaBM, OOLIATHCSA C
OKpYyXaromuM MupoM. PaGora npoussena HacTOSIIYIO CeHcalulo, a ee aBTop B 2006 1. qaxke momnain
Ha 00JI0KKY >kypHana Nature.

JloHOXbIO paccka3ail MHE, YTO MEUTaeT MPHU IMOMOIIU CBOEro Mpubopa MoCTaBUTh BCIO MOLIb
MH(POPMALIMOHHONW PEBOJIIOLUHN Ha CIYXOy JIOASM, MOCTPaJaBIIUM OT MO3TOBOH TpPaBMBI, U TeM
CaMbIM TOJIHOCTBIO MEPECMOTPETh OTHOIIEHHWE K HUM. DTOT MPHOOp yKe M3MEHWI K JIydlleMy
JKU3Hb €r0 NAalMEeHTOB, M J(OHOXbIO C TMOJHBIM OCHOBAaHUEM HAJAEETCA, YTO €My YyAacTCs elle
VAYYIIUTh CBOI TEXHOJOTHIO. Y HEro €CTh M JIMYHBIM MHTEpec K 3TUM HCCIEAOBaHUSAM — B
JIETCTBE U3-3a OOJIE3HM OH ObUI HEKOTOPOE BpeMsl MPUKOBAH K MHBAJIHIHOMY KpEClIy U MOTOMY

1 B mpunsitom B Poccnu cranmapre — 25 kagpos B cekyHIy. — [Ipum. mep.



3HAET, YTO TaKOe OECIIOMOIIHOCTb.

Cpenu ero nalueHTOB — KE€PTBBI MHCYIIBTA, JIFOJH, KOTOPbIE MOJTHOCTHIO apaTu30BaHbl U HE
MOTYT oOOIarbcs ¢ OJNM3KMMM, HO Y€l MO3r MO-TIPeKHEMY AaKTHBEH. JIOHOXbIO moMelaer
KPOXOTHBIH YU pa3MepoM 4 MM Ha THOBEPXHOCTh MO3ra IalMeHTa B 30HE, OTBEYaoIled 3a
JBUTATENbHYIO (PYHKIMIO. UHIT MOJKIIOYAIOT K KOMIIBIOTEPY, KOTOPbI MPUHUMAET C HETO CUTHAJIBI,
00pabaThIBaeT UX U MepeaaeT Mo OeCIPOBOIHON CBS3H HA JITITOIL.

[Tonagany nanyeHT HE MOXKET YIPaBIIATh MOJIOKEHUEM Kypcopa, HO BUAMT, IJI€ OH HaXOAUTCS
U Kyga ABwxerca. MetogoMm mpo0 M OmMOOK MAaIlMeHT YYMTCS KOHTPOJIMPOBAaTh Kypcop M, Kak
NPaBUJIO, yXKE Yepe3 HECKOJIIbKO YacOB MOXKET MOJIBECTH €ro K JroboMmy MecTy Ha skpane. Ilocie
HEKOTOPOM MPAKTUKU MAalHUEHT MOJy4yaeT BO3MOXHOCTH II0JIb30BAaThCS AJIEKTPOHHON MOYTOM
(uuTaTh W MUCaTh MUChMA), & TAKXKE UTPAaTh B BUACOUTPHI. B mpuHIMIIe, Tapanu30BaHHbIN YeI0BeK
MOJTy4aeT BO3MOXKHOCTD BBIMOJIHATD JHOObIE 1EWCTBUS, KOTOPHIMH MOKET YIPABIISATH KOMIIBIOTED.

Brauane y /IoHOXbI0 ObUIO YeTHIpE MAIMEHTA: ABOE C TPAaBMOW MO3BOHOYHMKA, OJMH IOCIE
MHCYJIbTAa M elle OJUH C OOKOBBIM aMHOTPO(GUYECKUM CKJIepo3oM. OIUH M3 HHX, MOITHOCTBHIO
[apajJu30BaHHBI HUKE LIEM MOJIOIOM YEIOBEK CyMENl OCBOMUTBH YNPABICHHE KypCOpPOM BCETO 3a
neHb. Ceiluac OH MOXET yNpaBisATh TEIEBHU30pOM, MEpeMeniarh Kypcop Ha 3KpaHe KOMIIbIOTepa,
UrpaTb B BHUJACOMIPY M UYMUTaTh JJIEKTPOHHYIO moury. Kpome TOro, manueHTbl B COCTOSHUU
YIPaBJIsATh MOTOPU30BAaHHBIM KPECIOM U, COOTBETCTBEHHO, IEPEABUTATHCSI.

Ecin roBOpuUTh O CTONb KpPaTKOM BPEMEHHOM IPOMEXYTKE, TO IEPEMEHBI, KOTOpBIE
MIPOU30IUIN C 3TUMHU JIObMHU, HEJNlb3sl Ha3BaThb MHadye Kak BoimeOHbIMU. Eine Buepa oHM ObLIH
OecciIoBECHBIMU TJICHHUKaMU COOCTBEHHOTO Teja, a CerofiHs yxe IyistoT no Cetn u 6ecenyroT ¢
JIIOIbMU IO BCEMY MUDY.

(MHe [noBesnoCh OIHAXAbl IPUCYTCTBOBAaTh B HBIO-MOPKCKOM JIMHKOJIBH-LEHTpE Ha
MIPa3IHUYHOM MIPHEME B YECTh BEMKOro kocmosora CtuBeHa XokuHra. OueHb TSKeNI0 BUAETh, KaK
CTpajaeT 3TOT 4ejaoBeK. OH HE MOXKET JBUraTb HUYEM, KPOME HECKOJIBKMX JIMLEBBIX MYCKYIOB H
BEK, U MEJCeCTpaM MPUXOIUTCS HE TOJIBKO BOAMUTH IO 3ajly €ro Kpecio, HO U MOJAEpPKHUBATh €ro
TOJIOBY, KOTOPYIO MBILIIIBI YK€ HE Jieprkart. M3noxeHne qaxe caMbIX MPOCTHIX MBICJIEH ITPHU MTOMOIIU
TOJIOCOBOTO CHHTe3aTopa TpeOyeT oT XOKHMHTa YacoB M JIaXe THEH MyUUTEIbHBIX YCHIUd. S cpasy
BCIIOMHMJI O mnpubope JloHOXbIO M Toayman, 4To XOKHMHIY, HaBEpHOE, €Ile He TMO03/IHO
BOCIIOJIb30BAaThCsl MpeumyliecTBaMu TexHonoruu BrainGate. M Tyt e Ko MHe MojoIIen
no3znopoBarbcsi caM J[koH JlOHOXbIO, TOXE MPUCYTCTBOBABIIMK B 3aje. Tak 4YTo, BO3MOXHO,
BrainGate Obu1 051 17151 XOKMHTa HAWITYYIIUM BapHAHTOM. )

Jpyras rpynna y4deHbIX W3 YHuBepcuTera [[pioka go0Miach aHaJOTMYHBIX pPE3ylIbTaToB B
onbiTax ¢ o0e3bsiHamu. Murens Huxonenuc (Miguel A. L. Nikolelis) u ero rpymnmna BXUBWIH YHUII B
MO3TI 00€3bsiHBI U MOJIKIIOUMIN €ro K MEXaHMYeCKON pyke — MaHunynsatopy. [lonasany o0Ge3psiHa
OecrnopsI0uHO pa3MaxHWBaeT PyKOW, HE TTIOHUMAs, Kak €10 yrpasisaTh. Ho 3arem, mocie HEKOTOpOn
MPAaKTUKH, OHA TIOCTENIEHHO OCBAaWBAET YIPABICHUE U HAUMHACT MEAJICHHO JABUIaTh MAaHUITYISTOD B
HY>KHOM HaIlpaBJIEHUU — K MIPUMEpY, YTOObI B3sITh OaHaH. O0e3bsiHAa IBUTAaeT MEXaHUUECKON pyKOil
MHCTUHKTUBHO, HE Jymas, Kak cBoeil coOcTBeHHOH. «Hekoropele (u3nonsoruueckue MpU3HAKU
YKa3bIBaIOT Ha TO, YTO BO BpeMs 3KCIIEpUMEHTa 00e3bsHa OILIylIaeT ceOs CBA3aHHON Ooublie C
po6OTOM, YeM ¢ COOCTBEHHBIM TeJIOM», — roBopuT Hukomenuc.

OTO oO3HayaeT Takke, YTO KOTAAa-HUOYyIb MBI CMOXKEM YIPABISATH CAaMbIMU pa3HBIMHU
MalIMHAMH{ [IPY IOMOIIY MBICJIIEHHBIX KOMaH[. He ucKiIroueHo, 4To napajin30BaHHBIE JIIOAA CMOTYT
TakUM 00pa3oM YINpaBiIsATh MEXaHWYECKMMM HoramMu M pykamu. [IpencraBbre, K NpuMepy, 4TO
YYEHBIM YJACTCSl NOJCOECIUHUTh MEXAaHMYECKHE PYKM M HOTH K TOJOBHOMY MO3TY HalpsMYIO,
MUHYS CIIMHHOM MO3T; MallMeHT CHOBA CMOXET XOAWUTh. BO3MO)kHO, 3T0 OynyT mepBble LIaru K
MBICJIEHHOMY YIIPABJIEHUIO MUPOM.

Yrenue MbIcael

Ecaun npu MnomMomu MBbICIICHHBIX YCI/IHI/II>'I MOXHO YHPaBJIATH KOMIBIOTCPOM  HJIN
MaHHUITYJIATOPOM, TO CMOXKET JIU KOF)Ia-HI/I6y,III) KOMITBIOTCP YUTATh MBICIN YC€JIOBCKa 0e3 BIKHUBJICHHS



B MO3T 3JIEKTPOAOB?

Eme B 18751 yueHble BBICHWIM, YTO B OCHOBE pabOThl MO3ra HEXHUT IPOXOXKIACHHE
AIIEKTPUYECKOTO TOKA M0 HEHPOHAM MO3Tra; NMPH 3TOM BO3HHUKAIOT cl1a0ble 2JEKTPUUECKUE CUTHAIBI,
KOTOpbIE MOXKHO Ja)kK€ HM3MEpUTh, €CIU Pa3MECTUTh BOKPYT TOJOBBI HMCIBITYEMOTO HECKOJIBKO
an1eKTpoaoB. IIpoaHanu3upoBaB CUTHAIBI C 3JIEKTPOAOB, MOXKHO 3alUCaTh H3JIy4aeMble MO3IOM
AIIEKTPOMArHUTHBIE BOJHBI. DTOT MPOILIECC HOCUT Ha3BaHHe 3ekTposHuedanorpapuu (29I u
MIO3BOJISIET PETUCTPUPOBATH CEPHE3HBIE N3MEHEHUSI MO3TOBOM AEATEIbHOCTH: MOXKHO IOHSATH, KOraa
YeJIOBEK CIHT, 3aMETUTh W3MEHEHHUS B €r0 HAaCTPOEHMHM — BO30YyXJAEeHHE, THEB M T. Il. Pe3ynmprar
o6pabotku D3I 1 Bpay, U MallMeHT MOTYT BUJIETh Ha 3KpaHe KOMITbloTepa. Uepe3 HEKOoTopoe BpeMs
MAIUEHT MOHUMAET, YTO MOXKET CHJION MBICTU U3MEHSATh KapTUHKY Ha 3kpane. Hunbsc bupbaymep
(Neils Birbaumer) u3 YauBepcuteta TroOMHreHa yxe pa3padorai METOAUKY, IPU MOMOIIH KOTOPOU
00yyaeT 4aCTUYHO Mapaju30BaHHbBIX JIIOAEH HAOMpaTh Ha KOMIBIOTEPE TAaKUM CIIOCOOOM MPOCTHIE
IIPEIOKEHUS.

Jlaxxe mpOU3BOAUTENIM WIPYIIEK CIEHIaT BOCIOJIb30BaThCS HapaOOTKaMH Y4Y€HBIX B 3TOM
obnactu. Tak, y)xe HeCKOJIbKO KOMIaHuH, B TOM uncie NeuroSky, BBITYCTHIM Ha PHIHOK TOJIOBHYIO
MIOBSI3KY CO BCTPOEHHBIM B HEE JJIEKTPOAOM IO Tuny anmaparoB OJI. Ecim Bbl HajgeHeTe 3Ty
MOBSA3KY Ha TOJIOBY U OIpENeJeHHbIM 00pa3oM COCpPEIOTOYUTECh, BBl CMOXKETE aKTHMBHPOBAThH
puOOp U C €ro MOMOUIbI0 YIPABIATh KakoH-HUOYb Urpymikoi. K mpuMepy, MOXKHO CHIION MBICIIH
MIOJHUMATH [IACTMACCOBBIN IIAPUK IS MUHT-IIOHTa B IPO3pauyHOM LIMJIMHJIPE.

[IpeumymecTBo anmapara 391" B TOM, 4TO OH MOXET OBICTPO, 0O€3 CIOKHOTO U JOPOTOro
00OpYI0BaHUS PACIO3HABATH PA3IMUYHBIE YAaCTOTHI, M3IydaeMble MO3roM. Ho ecTh u cepbe3HblIit
HenocTarok: DOI° He MOXKET JIOKAIM30BbIBATh CUTHAJIBI, T. €. ONPEACNSATh, B KAKOW MMEHHO 30HE
MO3ra OHU BO3HHMKAIOT.

OyHKIIMOHAIBHAS ~MarHUTHO-pe3oHaHcHass Tomorpadus (DOMPT) — ropasmo Oonee
qyBCcTBUTENBbHBIA MeTOoA. IlpunHnuner [eiictBus I3 u ®MPT npuHIMnuanbHO pas3iavuyHBIL.
OnexkTposHuedanorpad — O5TO NACCUBHOE YCTPOWCTBO, KOTOPOE JIUIIb BOCHPHUHHUMAET
ANIEKTPUYECKUE CHUTHAJIBI MO3ra, W ONPEINEIUTh 1O HUM TOYHOE MECTOIIOJOKEHHE HCTOYHMKA
3arpyaHutenbHO. Anmapar OPMPT akTuBeH — OH HCHONB3YET «3X0» OT H3IIYYaeMbIX WM
pPalMoBOJIH, YTOOB! 3aIITHYTh BHYTPb JKUBOW TKaHU. DTO TO3BOJIIET TOYHO OMNPEAEIHTH MECTO,
OTKYJla UCXOJST pa3IMyHble CUTHAJBI, U MOJYYUTh OYEHb HANIAIHOE TPEXMEpPHOE H300pa’keHue
TKaHEl MO3ra, B TOM YHCJIE €70 BHYTPEHHUX Y4aCTKOB.

Anmapatr ®MPT — noporoe ymoBoIbCTBHE, ISl €10 paboThl TpeOyeTcs 1emnas 1abopaTtopus,
MOJTHAsA JOMOJIHUTEIBHOTO 00OpYIOBAHUS, HO PE3ylbTaT TOro CTOUT. MBI MojyyaeM MOApOOHYIO
nHbOpMaIMIO O TOM, Kak paboraer aymarouiuii Mo3r. Tomorpadus MO3BOJSET YUEHBIM BBISIBUTH
IPUCYTCTBUE KUCIOPOAA B FeMOINIOOMHE, a TIOCKOJIBKY KHUCIOPOJ B T€MOIIOOMHE — 3TO SHEPTHs,
HeoOXxofumasi KJeTKe JUIsi paboThl, YBUAETh BOOUHIO TOK KHUCIOpOJA O3HA4YaeT MPOCIEAUTHh 3a
TEYEHHUEM MBICIIEH B UEIIOBEYECKOM MO3TE.

[lcuxuarp u3 Yuusepcutera Kamudopuuu B Jloc-Anmxenece [Ixomya ®puaman (Joshua
Freedman) rosopur: «MpbI ceiidac kak actponomsl B XVI B. nocie usobperenus teneckona'. Ha
MPOTSHKEHUU THICSY JIET OY€Hb YMHBIE JIIOIU MBITATUCh pa3o0parbcs B TOM, UYTO MPOUCXOAUT B
HeOecax, HO CMOTpPEIH TOJbKO HEBOOPY)KEHHBIM TJIa30M, a 00 OCTaJbHOM MOIVIM JIMIIb
JOTabIBaThCsl.  3aTeéM  BIPYI TOSBISIETCS HOBas TEXHOJIOTHsS, KOTOpas TIIO3BOJIIET UM
HENOCPEACTBEHHO Pa3NIsAETh BCE, YTO TaM €CTHY.

OyHKIMOHANIbHAS MarHUTHO-PE30HAHCHAs ToMmorpadus TO3BOJSET BUIETh JBUIKECHUE
MBICJIEH B JKUBOM Mo3sre ¢ paspemieHueM 0, 1 M, T. e. MeHble OyJaBOYHOM TOJIOBKH; B TaKylO
TOYKY YKJIaJbIBa€TCs, IOXKaJyl, HECKOJIbKO ThicAd HeillpoHoB. Takum o6pasom, Tomorpad c
MOPa3UTEIbHON TOUHOCTBIO BBIIAET TPEXMEPHYIO KApTHHY MOTOKOB SHEPTUU B pabOTAIOIIEM MO3Te.
Co BpemeHeM, BO3MOXKHO, nosiBATcA anmnapatel ®MPT, ciocoGHbIe pa3misaeTh OTeIbHbIN HEHPOH,
a 3HaYMT, paciin(ppoBaTh HEHPOHHBIE CXEMBI, COOTBETCTBYIOIIUE KOHKPETHBIM MBICIISIM.

Henasno Kengpuk Keit (Kendrick Kay) u ero xomnern u3 Yauepcurera Kamudopuuu B
bepxnu coepimian HacTosmui mpopbiB. OHU KcclienoBasid (HYHKIIMOHATIBHYIO TOMOTPaMMy MO3Ta

1 ITepBbie Teneckonbl ObTH TTOCTpoeHBI B Havase X VII B. — [Ipum. mep.



Jrofiel B TO BpeMsl, KaK OHU CMOTpENH Ha M300paKeHUs Pa3IUYHBIX OOBEKTOB: €lbl, KHBOTHBIX,
Jo7IeH, OOBIYHBIX MPEIMETOB pa3HbIX IBETOB. Keill M ero komiern co3gainu KOMITBIOTEPHYIO
MpOrpaMMy, KOTOpasi THITANACh COOTHECTH OOBEKTHI, HAa KOTOPBIE CMOTPENH HWCIBITYyeMble, C
COOTBETCTBYIOLIUMHU PUCYHKaMU TOMOTpamMbl. UeM Ooibliie pa3iuyHbIX 00BEKTOB pasMIsibIBaIN
UCTIBITYEMBbIE, TEM JIYYIlIe yIaBaloCh MPOTrpaMMe UASHTUPHUITUPOBATH UX 0 TOMOTPAMME.

3areM HcCcleloBaTeNd TOKa3blBaJl MCIBITYEMbIM H300pakK€HHE COBEPIIEHHO HOBOTO
00BeKTa; MHTEPECHO, YTO BO MHOTHX CIydasx MporpaMma CMOINIa KOPPEKTHO COOTHECTH ITOT
00wvekT ¢ cootBercTByromieil kaptuHo OMPT. TlonyunB 120 m300pakeHUN HOBBIX OOBEKTOB,
KOoMIIbloTepHas nporpamma B 90 % ciydaeB KOppeKTHO cooTHecaa ux ¢ Tomorpammamu. M3 1000
HOBBIX M300paskeHul mporpamma ycnemHo ono3Hana 80 %.

Keit ToBOpUT, 4TO «BO3MOXXHO BBIOpaTh M3 OONBIIOTO HabOpa COBEPIICHHO HE3HAKOMBIX
€CTECTBCHHBIX H300paKeHW TO, HA KOTOPOE B JAHHBIK MOMEHT CMOTPHUT HCIBITyeMbId... He
UCKITIOYEHO, YTO CKOPO MOXKHO OYyZIET PEKOHCTPYHPOBATh KapTUHY MEpe]] I1a3aMHi UCIBITYeMOTO 0
OJTHUM TOJIBKO JIaHHBIM O padoTe ero Mo3ray.

Lenp 3TUX HCCIENOBAaHUN — CO3/1aTh «CIOBAaph MBICIEH» M MOCTaBUTh B COOTBETCTBUE
KaKJI0My 00bekTy KoHKpeTHbIH @MPT-nartepn. Torma mo marrepHy MOXHO OyleT OnmpeneauTh, O
YeM ueJoBeK AyMaeT. He HCKIIOUEHO, YTO CO BPEMEHEM KOMIBIOTEpP HAyYUTCA MOJIy4aTh OT
MBICJISIIIIETO MO3Ta U pactiudpoBbiBath Thicsyn PMPT-narTepHOB, momydas TpencTaBIeHHUE O
IIOTOKE CO3HAHUs JAHHOT'O YEJIOBEKa.

Urenne Melcneli mpu noMonru 331 B oymymem

3IIEKTPOIEI H BOOOINE anmapaTypy HaBepHAKa
MOMKHO OyIeT MHHHATIOPH3HpOBaTh. MEI cMoKeM He

TOIBRED YHTATE MBICIIH, HO H OTIABATEh MBICIICHHEBIC

ROMAaHITbBI KOMITEHOTCPDAM.
Pomo Jonuena Muxatinecry (Daniel Mihailescu), AFP
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Urenne meicneii npu noMmonta OMPT.
Pomo Muzenn Amvsapeca (Miguel Alvarez), AFR

CdororpadupoBars MmeuTy

[IpoGiiema 3Toi TEXHOJIOTUH, OTHAKO, 3aKIIOYAETCA B TOM, YTO, JaK€ €CIIM Bbl CMOXKETE C €€
MIOMOIIBIO OIPENENINTh, YTO YEJIOBEK JyMaeT 0 cobake, 00pa3 KOHKPETHOH cOOakH, 0 KOTOpOH OH
JlyMaeT, Bbl TOJYyYUTb HE CMOXeTe. B HacTosiiee Bpemsi BO3HMKIO HOBOE HallpaBlIEHUE
UCCIIeIOBaHUN, KOTOpOe B cly4yae Yyclexa MO3BOJIMT PEKOHCTPYHpPOBAaTh HM300pa)keHue
MbIciieoOpa3oB. [lpencraBnsere — BuaeodmiIbM dYenoBedeckux Meicneit! Ecnmu Tak moiiner, B
OynyIeM MOXKHO OyAeT c/1eaTh BIOJIHE MAaTEpUAIbHYIO BUI€03aIIUCh MEUTHI.

C He3amaMsTHBIX BPEMEH YEJIOBeKa YIUBISLIM M MPUTATHBAIN CHBl — 3(eMepHbIe 00pasbl,
KOTOpbIE€ WHOIZA TAaK TPYAHO BCIIOMHUTh WM IOHATH. [ONIMBYN AAaBHO NpUAyMana MAallMHBI,
CHOCOOHBIE MOCHUIATh CHOBHJICHHS B MO3T YEJIOBEKa WMJIHM JIa)Ke 3alHChIBATh T€, YTO BO3HUKAIOT
€CTECTBEHHO, Kak B ¢mibMe «BcnomHuTh Beey. Bee 310, oHako, uncTas BeiiyMka. TouHee, ObLIO
TAKOBOW /10 HEJTABHETO BPEMEHHU.

VYyeHple JNOOWINCH 3aMeuUaTeNbHOTO Hporpecca B PpELICHWH 3aJadd, KOTopas Mpexse
CUMTaJIaCh HEpeuIaeMoii: cororpadupoBaTh BOCIOMUHAHNUE U, MOXKET ObITh, COH. IlepBbie maru B
3TOM HaIPaBJICHUU caenanu yueHsle Jlaboparopun BerunciIuTebHOM HeBponoruu B Kuoto. B xozne
HKCIEPHUMEHTA OHU MOKAa3bIBAJIM UCIBITYEMbIM TOYEUHBIM HCTOYHHMK CBETA B ONPEJEICHHOM MECTE,
a 3areM MO (YHKIMOHAIBHOM TOMOrpaMMe ONpEeAEsUId, IJleé B MO3TY OTKJIaJbIBaeTCs 3Ta
uHpopMalus. 3aTeM UCTOYHUK CABHUTAIM M ONPENENsIN, Ky/aa Jierta HHpopMaius 006 7ToM HOBOM
n3o0pakeHuu. [TocreneHHO Bo3HMKAIA KapTa ¢ yKa3aHHMEM TOYHOT'O MeCTa XpaHeHHsI MH(pOopMaIu
0 HECKOJIBKHX JE€CSTKaX CBETOBBIX ToueK. [y Hauana yuensle B3suin Marpuiy 10x10 touek.

[Tocne 3TOrO0 MCHBITYEMOMY MOKa3aldd M300pa)K€HHEe MPOCTOro OOBEKTa, COCTaBIEHHOIO U3
TUX TOYEK, K MNpuMepy MoAKoBbl. KommbroTep npoaHanu3upoBall, Kak Jieria B MO3Ty 3Ta
uHpopMalus. BeISICHUIOCH, YTO BO3HUKIIMM B MO3Ty HAaTrTepH MOJHOCTBIO COOTBETCTBYET CyMMe
TOYEK, COCTABIISAIOLIUX [TOJIKOBY.

TakuM 00pa3oM, ydeHble NOJIYYMIM BO3MOXKHOCTBH ONpENeNsTh, YTO «BUAMT» MO3L [lo
TOMOTPaMMe KOMIIBIOTEpP MOXKET BOCCTAaHOBUTH JIFOOOW CBETOBOW MATTEPH B IpeaesiaX MaTpHUIlbI
10x10.

B Oynymem ydeHble pacCUMTHIBAIOT YBEJIMYUTHh KOJIMYECTBO NMHUKceNeld B Marpuie. boiee
TOTO, OHU YTBEPIKAAIOT, YTO TOT MPOLECC YHUBEPCAIEH, T. €. YTO BU3YAJbHYIO MBICIb WIN JaXe
CHOBHJIEHUE MOXHO, 10 HJI€€, OJJHO3HAYHO BOCCTAHOBUTH Npu nomoiu annapata ®MPT. Ecnu ato



JEHCTBUTENHHO TaK, TO KOTIa-HUOYAbh YUYEHbIE CMOTYT — BIIEPBbIE B UCTOPHH — 3aMUCcaTh 00pasbl,
KOTOpI)IC MBI BUIUM BO CHE.

KoneuHo, MbICTICHHBIE BU3YyallbHBIE 00pa3bl, U TeM OoJiee CHOBUICHUS, HUKOTNIA HE OBIBAIOT
KPUCTAJIBHO YETKUMH, W OIpPEJCICHHAas HEPE3KOCTh HM300pKEHUS BCErJla OCTaHETCs, HO
3aMedareieH caM (PaKT: MbI CMOXEM YBHUAETh O0Opa3bl, KOTOPHIMU MBICIUM, U JaXKe 3arisHyTh
TyOOKO B MOICO3HAHUE.

DTUYHO JHU YTEeHHEe MBICJIen?

3mech BO3HUKAET cepbe3Has mpoOinema. UTo mpow3oiiier, ecid Mbl Haydummcsi 0e3 Tpyna
yutaTh udykue Mmbicnu? HoOenesckuit maypear JIpBua bantumop (David Baltimore), OwiBImii
npe3uaeHT KanupopHuiCKoro TeXHOJIOTHYECKOT0 HHCTUTYTA, OYeHb 00ECIIOKOEH 3TUM BOIIPOCOM.
On numer: «MokeM JIn MBI BTOprarbCsi B 4yxkue Mbicau?.. Sl He aymaro, 4TO 3TO 4YHCTas
(daHTacTHKa, HO YTEHHUE MBICIIEH MTPEBPATUT 3TOT MUP B YEPTOBCKU HEyloTHOE MecTo. [Ipencraspre,
Kak OyIyT BBIVISIETh YXaXXHBAHUS, €CIIM MBICIM MEPEeCTaHyT ObITh TalHOW, HJIM BO 4YTO
MIPEBPATSTCS JI€JIOBbIE TIEPETOBOPHI.

B OonpmmHCTBE ciydaeB, paccyxaaerT banTuMmop, uyTeHHE MBICIEH 3acCTaBUT KOE-KOro
CMYTHUTBCS, HO HE MPUBEAET K KaracTpopuueckum nocneactBusiM. OH numeT: «[0BopAT, uTo eciu
OCTAaHOBMTB JICKIHIO KaKOro-HUOYy/Ib Mpodeccopa Ha MOITYCIIOBE... TO OKAXETCS, YTO 3HAYUTEIIbHAS
JIOJISA [CTYIEHTOB]| MOTPY)KEHA B SPOTUUECKUE (haHTAZHI.

Ho moxeT ObITh, YTeHHE MBICICH M HE BBI3OBET TAKHX CEPbE3HBIX NMPOOJEM, BeIb HaIld
MBICIIM 3a4acTyl0 OueHb ciabo odopmiieHbl. He uckimodueHo, yTo Korga-HUOYIb MBI HaydHMCS
¢dororpacdupoBaTh MEUTHl U CHOBHUJCHMS, HO KAaue€CTBO KapTHHOK, CKOpPEE BCEro, HAC pa3odapyer.
MHoro ner Hazaj s uyuTaid (GaHTaCTUYECKHUN pacckas, Ilie HEKMH AyX cKa3al YesoBeKYy, YTO TOT
MOXET MOJY4YHUTh BCE, YTO CyMeeT B0OoOpa3uTh. UeroBeK Hayal BOOOpakaTh BCEBO3MOXKHBIE
MpPEeIMEThl POCKOIIM — JMMY3HHbBI, MIIJIHOHBI JI0JIIapOB HAJIWYHBIMU, CTapUHHBIN 3amok. JIyx,
BEpHBII CBOEMY CJIOBY, MaTepuaian3oBall Bce 3T0. Ho, BHUMaTEIbHO NMPUCMOTPEBLINCH, YEIOBEK
ObLT MOTPSICEH: Y TUMY3HHA HE OKa3aJIOCh HU JBEPHBIX py4YeK, HU JBUTATENs, JIMIA HA JOJIaPOBbIX
KYyIMIOpax pacIuIbUIUCh, a 3aMOK OblT a0CcomoTHO MycT. B cnemike oH 3a0bl1 0 TOM, YTO 00pa3bl
BElIEH CyIIeCTBYIOT B HallleM BOOOPaKEHUH JIMILb B CAMBIX OOIIMX YepTax.

Bonee Toro, MpIciu Bps/ M yAACTCS YMTATh HA pacCTOSHUU. Bce MeTosbl, ompoOOBaHHBIE Ha
JaHHbIA MOMEHT (B ToM yuciie D3I, ®MPT u HanokeHue MeKTPOJ0B HEMOCPEACTBEHHO HA MO3T),
TpeOYIOT TECHOTO KOHTaKTa ¢ 0ObEKTOM.

U Bce ke Korma-HuOyAb, BIIOJIHE BO3MOXKHO, OYIyT TPHUHATHI 3aKOHBI, CTpPOTO
OTpaHUYMBAIONINE HEABTOPU30BAaHHOE YTEHUE MbICIEH. A MOXeT ObITh, MOSBATCS MHPUOOPSI,
CHOCOOHBIE HAIllM MBICIH 3allUTUTh — 3aTyIINTh, 3a0J0KHPOBaTh WIH 3aIU(POBAaTh UCXOISIINE
13 MO3ra IEKTPUYECKNAE CUTHAJIBL.

Jlo HacTodiiero 4reHus MBICIEH elle O4eHb naneko. Ho B camom KpailHeM ciydae aaxe
o0bryHbIii @MPT-anmapar MoOXeT BBICTYOUTH B POJIM MPUMHUTHUBHOTO JAeTeKkTopa JUKU. JIokb
«3aXKHUraeT» B MO3ry OOJbllle LIEHTPOB aKTUBHOCTH, 4YeM Mpasia. JIOXKp Mpeanosnaraer, 4To BbI
3HaeTe MpaBly, HO JIyMaeTe O JDKU M MBITaeTeCh yAEp)KaTb B TOJIOBE BCE €€ OECKOHEUHbIE
CIIEJICTBHSI; SHEPTUM HA 3TO TPATUTCS 3HAYUTENILHO OOJIbIIe, YeM Ha TO, YTOOBI CKa3aTh IpPaB.y.
Anmnapar ®MPT, no wunee, nomkeH 06e3 Tpyaa 3aceub JONMOJHUTEIBHBIH pacxol sHepruu. B
HaCTOsIIIlee BpPEeMsl YUeHO€ COOOLIECTBO HE CHEIIUT BBINYCKATh B MHUP JETEKTOPHI JKM Ha Oasze
OMPT u ocoGeHHO omnacaeTcs MCIOIb30BaHUS UX B cyle. TeXHOMOTHs ellle CIMIIKOM HOBA, YTOOBI
rapaHTUPOBaTh JIOCTOBEPHOCTh pe3yabTaroB. CTOPOHHUKM METOJa TOBOPSAT, YTO HEOOXOAMMBI
JalbHEHIINe MCCIeJOBaHUS M TOBBIIIEHHE TOYHOCTH MeTona. OnHako TOT (akt, 4ro 3Ta
TEXHOJIOTHSI TIPHUIILJIA U OCTAHETCS] C HAMHU, HE BBI3bIBA€T COMHEHHUIA.

/IBe KOMMepyecKkHe KOMIIAHMM YK€ MpelaraloT AETEKTOpbl JIKM, OCHOBAHHBIE Ha
texHonoruu ®MPT, u obemaror HagexkHOCTH cBblie 90 %. [laHHbIE, MOMTyYeHHBIE IPU TOMOILIU
TaKOro JETEKTOpa, yke (UTypHpOBaIM Ha OJHOM CylneOHOM mporecce B MHauM, a B HacTosIee
BpeMms B cynax CIIIA ciymaercs emie HeCKOIbKO TaKuX JIed.



OO0b1uHbIe TOTUrpadbl HE U3MEPSIIOT JI0XKb; OHU BCETO JIUIIL (PUKCUPYIOT MIPU3HAKH HEPBHOTO
HamnpsOKEHUs, TaKUe KaK YCHJIEHHOE IOTOOTIEeNeHHE (M3MepsieMOe IO MPOBOJUMOCTH KOXKH) U
ycKopeHHoe cepaieduenne. TomorpaMMa Mo3ra 3a)UKCUpYeT YyCUJICHHE MO3TOBOM aKTUBHOCTH, HO
CBSI3b MEXY ATOW aKTUBHOCTBIO U JIOXKBIO €Ile TPUAETCS JOKA3bIBaTh B CYJIE.

Ha omnpenenenue touHocTH M npenenoB npuMeHUMocTd PMPT-geTekropoB Moryr
noTpedoBaThCs TOAbl TIIATENBHBIX 3KCIepuMeHTOB. A moka ®oHj MakapTypa BbLAETWI IPaHT B
10 muiH nonmnapoB Ha npoekT «IIpaBo M HEBPOIOTHSD), KOTOPBIM AOJKEH ONPEAEINTh, KAK pa3BUTHE
HEBPOJIOTMYECKUX HAayK MOBIUSAET HA 3aKOHONPUMEHHUTENIBHYIO ITPAKTHKY.

Most Tomorpamma

MHe onHax bl 10BENOCH MoBEprHyThCs npouenype ®PMPT-ckanuposanus. [Ipu nmoaroroske
JOKyMeHTajibHoro ¢unbMa juist kanana BBC/Discovery Channel s crienuanbHO A7 9TOTO JieTan B
VYuusepcuret Jlptoka. Tam MeHS yIOXXUIU Ha CHEUANBbHYIO KYIIETKY, KOTOPYIO 3aT€M 3aJIBUHYIH B
TMTaHTCKUHA MeTaNTM4ecKuid nuiauHap. Brumounscs orpomubiii Momsbiii maraut (B8 20 000 pas
Oosiee MOIIHBIN, YeM MarHUTHOE Moje 3eMJIHM), U aTOMbl MOEr0 MO3Ta BBICTPOWINUCH 10 CHIIOBBIM
JMHUASM MarHUTHOTO IOJIsl, TIOAOOHO BpAalaOIIMMCS BOMYKAM, BCE OCHU KOTOPBIX YKa3bIBAlOT B
OJTHOM HAampaBiIeHUH. 3aTeM B MO3T OblI HalpaBieH paJHMOUMIYIbC, KOTOPBIM MepeBepHy sapa
HEKOTOPbIX aToMOB BHHU3. IlepeBopaumBasich 0OpaTHO, B HOpPMajJbHOE MOJOKEHHE, 3TH sjapa
UCIYCTUJIN KPOXOTHBIM UMITYJIbC, MITU «3X0», MpUHATHIN annapatom ®MPT. Kommnerorep o6paboran
MH(POPMALIUIO O IPUHATHIX AX0-UMITYJIbCAX U COOpa U3 HUX TPEXMEPHYIO KapTy MOETO MO3ra.

Becw mporiecc mpoxoauT coBepiiieHHO 0€300JIe3HEHHO W HE MPUYHMHIET HUKAKOTO Bpena. B
MPT-annaparax HCHOJIB3YyEeTCS HEMOHU3HMPYIOIIEE H3JIyYE€HHE; OHO HE pas3pyllaeT aToOMOB W,
COOTBETCTBEHHO, HE HAaHOCHUT Bpena kieTkaM. [laxke HaxXoasChb B MarHUTHOM II0JIE, B THICSYM pa3
IIPEBOCXOMAIIEM II0 MOIIHOCTM MarHUTHOE TOJ€ 3€MJH, S HE YyBCTBOBAJl B CBOEM Te€J€ HU
MaJeHIINX U3MEHEHU .

Llenbio 3TOM Mponenypsl OBLIO OMPEAETUTh B TOYHOCTH, T7I€ B MOEM MO3Ty BO3HUKAIOT T€ WU
WHBIE MBICTH. B 4acTHOCTH, B MO3T'y €CTh KPOXOTHBIE OMOJIOIMUYECKHE «4achl» — MEX]Y IVla3aMu,
110331 TIEPEHOCHIIBI, IJI€ MO3T OTCUUTBIBAET CEKYH/bI U MUHYTHI. [loBpexxaeHne 3Toil yacTu Mo3ra
BbI3bIBA€T HAPYIICHUE YyBCTBA BPEMEHH.

Korna s Haxonmuics BHYTpHW ammapara, MEHsl MONpOCHIM nocuuTarh BpeMmsd. [lozxe, korma
MPT-cHUMKHN OBLTM TIPOSBIEHBI, SI CHO YBUEN SIPKYIO TOUKY MO03a/{ MEPEHOCHIbI — TaM Iles
MojcYeT CEeKyHJ. Sl TOHsUI, YTO CTall CBHJETENEM 3apOXJIEHHUS COBEpIIEHHO HOBOH o00nacTu
Ouonoruy; 5Ta HayKa MOXKET OIpPENeNNUTh, KaKhMe B TOYHOCTH OOJAaCTH MO3ra CBS3aHbl C
OIIpENEIEHHBIMU MBICIISIMH, @ 3TO YK€ peabHbIi I1ar Ha yTH K HACTOSILEMY UYTEHUIO MBICIIEH.

Tpuxopaepsl 1 MOPTATHBHBIE CKAHEPHI MO3ra

B Oynymem MPT-ammapatbl, BEpOSTHO, MEPECTAHYT OBITh YYIOBUIIHBIMH YCTPOWCTBAMH,
KOTOpPBhIE MBI CETOJIHSI BUAMM B OONIbHHUIIAX, — OHU YK€ HE OyIyT BECUTHh IO HECKOIBKO TOHH H
3anumarh llempie komHathl. He wuckmiodeHo, uro korma-HuOynb Oymer co3man MPT-ammapar
pa3MepoM C COTOBBIH TeJIe(OH, a MOXKET ObITh, U C MEJIKYIO MOHETKY.

B 1993 r. bepuxapa batomux (Bernhard Bliimich) u ero xomiern n3 MHCTUTYTA TOTMMEPHBIX
uccnenoBanuii O6mecrBa Maxkca [lnanka B Hemerikom MaifHile BBIIBUHYIM HOBYIO HJICIO, KOTOpast
MOXKET OKa3aThbCs OUYCHb IOJIE3HOM B co3maHuu noptaruBHbIXx MPT-anmmaparoB. OHu m3o0penu
NPUHIUINHMAIBGHO HOBBIA ammapar, monyuuBimid HazBanue MOUSE (mobile universal surface
explorer)'. B HacTosIee BpeMs 3TO SIIMK BLICOTOM 0Koo 30 cM, HO Korma-aubyns MPT-anmapars
pa3MepoM ¢ KoeiHyIo YalliKy, OCHOBAHHBIE HAa 3TOM MPHUHITUIIE, BOSMOXKHO, OYIyT NPOIaBaThCs B
OOBIYHBIX yHHMBEpMarax. 9TO MOXET IMPOU3BECTH B MEIUIIMHE HACTOAIIYIO PEBOJIOLUI0O — BEIb
KaXXIBIH CMOXET CIOKOMHO chenarh cebe MPT-ckan goma. BiaroMux cuMTaer, 4YTO HEOAIEKO TO
BpeMs, Koraa y Kaxkjaoro denoBeka Oynet nmuunabii MOUSE u, nmpoBenst uM 1o Koke, OH B JI000H

1 Ha3BaHue 0OBITPHIBACT aHTIIMIICKOE CIIOBO MOUSE — MBIIIh. — [Ipum. mep.



MOMEHT CMOXET 3anNIsIHyTh BHYTPb CBOEro OpraHum3Ma. KoMIblOTepsl ITPOaHAIU3UPYIOT
MIOJIYYEHHYI0 KapTUHY M TMOCTaBAT AUarto3. «Bo3MOXHO, YTO-TO IOXOXEE Ha TPUKOPAEPHI M3
»3BE3HOIO MYTU IOSBUTCS y’KE COBCEM CKOPO», — 3aKJIHOYAET OH.

(ITpuHIMI MarHUTHO-PE30HAHCHON TOMOTpaduu CXOXK C MPUHIMIIOM AeicTBus Komnaca. Kak
W3BECTHO, CTpEJIKa KOMIIaca YCTAaHABIMBAE€TCS BAONb JIMHUKA MarHuTHoro noissd. Korma Tteno
nomenraroT B ammapatr MPT, sipa atomMoB, Momgo0HO CTpelKamM KpPOXOTHBIX KOMITACOB, TOXKE
BBICTPanBAIOTCS BJOJb JIMHUN MarHUTHOTO MOJsl. B Temo HampaBisroT paguouMITYNbC, KOTOPBIN
3aCTaBIISIET aTOMBI [IEPEBOPAYMBATHCS. 3aTEM MTEPEBEPHYBIIMECS ATOMbI HAYMHAKOT BO3BPAaThCs B
NepPBOHAYAIILHOE TIOJIOKEHHE, UCITyCKast BTOPUYHBIN paMOMMITYIbC — TaK HAa3bIBAEMOE «IXO0).)

KnroueBas ocobennocts MPT-anmapara bmiomMuxa — HeOIHOpOJHOE MarHUTHOE IIOJIE.
Pasmepsl o6pryHOr0 MPT-anmapara onpenensitorcss B OCHOBHOM TeM (akTOM, YTO TEJIO YeJIOBEKa B
HEM HEOOXOAMMO MOMECTUThH B aOCOJIIOTHO OAHOPOAHOE MAarHWTHOE moisie. YeM oJHOpojHee Molie,
TeM Oojee JEeTalbHBIM IOJNyYaeTcsl M300pakeHHe; Ha CETOAHALIHMNA JEeHb pa3pelleHHe TaKOro
anmapara JOXOTUT 10 AECATHIX Jojied MumuMmeTrpa. UToObl MONTYYUTH OJHOPOJHOE MarHUTHOE
nosie, (pU3MKK B3sUIM JIBE OOJbIINE 3IEKTPUUECKHUE KaTYIIKH THaMeTpoM OKosio 60 ¢M M OCTaBUIN
JIpyr Hax ApyroMm. Takas KOHCTPYKIHWs, M3BECTHAs Kak KaTryllka [elbMrosblia, CO3laeT MEexXAy
JBYMsI OOMOTKaMHU OJIHOPOJHOE MarHUTHoOe moje. Teno yenoBeka MOMEIIAIOT B IOJIE€ BJOIb OCH
ATUX JIBYX MOLIHBIX JIEKTPOMAarHuTOB.

Ecnu marautHoe mone B MPT-ammapare OyneT HEOTHOPOAHBIM, M300pakeHUE MOIYUHUTCS
HMCKaKeHHBIM U Hepe3kuMm. Cozmarenu MPT-anmmaparoB cpakaroTcsi ¢ poOIeMoi OTHOPOTHOCTH
I0JIs Y7K€ HECKOJIBKO JIECSTKOB JIET.

bratoMux npeiokua OCTPOYMHBIM CHOCOO KOMIIEHCHPOBaTh HCKaXXEHHsI — IOChUIaTh B
HCCIIelyeMbIi 0ObEKT MHOXXECTBEHHBIE PaJIMOMMITYJIbCHI U 3aTeM 00pabaThiBaTh MOIYYEHHOE 3XO
IpU TMOMOIIM KOMIIBIOTEPOB, KOTOpPbIE OUMIIAIOT H300paK€HHE U KOMIIEHCHUPYIOT HCKa)KeHUS,
BO3HMKIINE U3-32 HEOAHOPOJHOCTH MarHUTHOIO ITOJIA.

Ceronnsa B mnopratuBHoM MPT-anmapare bmomuxa MOUSE ucnonbsiyercst HeOonbIIoN
MOJIKOBOOOpa3HBIf MarHUT, B KOTOPOM TOJIIOCA PACHOAraloTCsl Ha KOHIAX MOJKOBBI. DTOT MAarHUT
KJIAJIeTCd Ha TENO MalMeHTa; MepeABuras €ro, Bpad MOXKET 3alVIiHyTh BHYTPh OpraHHM3Ma Ha
HECKOJIBKO JI0MMOB. B orTianume ot oObruHbix MPT-anmaparoB, KoTopble MOTPEOISAIOT OOJBIIOE
KOJIMYECTBO JHEPIrUM M HYXKJAKOTCA B CHEUUAJIBHOM JJIEKTPOIMTAHWM, IMOPTATHBHBIA amnmapar
MOUSE tpebyet He 60JblIe MOIIHOCTH, YeM OObIYHAs dJIEKTPUUECKas JTaMIIOUKa.

B mepBbIx skcniepuMeHTax biaroMux HCHBITBIBAa CBOM ammapar Ha aBTOMOOMJIBHBIX IIHMHAX,
IUIOTHBIX U B TO K€ BpPEeMsl NOJATIMBBIX, KaK TKaHU dYelloBeueckoro Tena. Kcratu roeops, 310
MOJICKA3aJI0 €My BO3MOKHOCTh KOMMEPYECKOr0 NMPUMEHEHHs MpUOopa s OBICTPOrO BBISABICHUS
JNe(PEKTOB CTPYKTYpPbl B Pa3IUYHBIX MPOMBINUIEHHBIX H31enuax. Tpaguunonneie MPT-ammaparst
HEBO3MOXKHO HCIIONIb30BaTh JUIsl MCCIEI0BaHUS OOBEKTOB, COAEpXKAIIUX MeTallJl, TaKhuX Kak
apmupoBaHHble WKHBL. [lopratuBHbeiii MPT-anmapar He MMeeT TakuX OrpaHUYEHUH, IIOTOMY 4YTO
UCIIOJIb3YET TOJIBKO clladble MarHUTHbIE MoJisl. (MarautHoe none TpaguimonHoro MPT-anmnapara B
20 000 pa3 molrHEE MarHUTHOTO oM 3eMiu. VI3BECTHBI Cilydan, KOTAa MEACECTPhI UM TEXHUKH,
o0cyXHUBaIOLIe anmnapar, Mojydyajd Cepbe3HbIe TPaBMbl OT METAIIMUYECKUX MPEIMETOB, KOTOPbIE
IpY BKITIOUEHHH amIapara BHE3amHo B3j1eTatoT B Bo3AyX. Y MOUSE takux npo06iem HeT.)

Armnmapar Takoro THIIA HE TOJbKO HJAEalieH JIi HCCIeOBaHUs OOBEKTOB, COAEpKAIIUX
(beppoMarHeTUky, HO U MO3BOJISIET AHAJIM3UPOBATh KPYMHbIE 00BEKTHI, KOTOPhIE POCTO HE BOMIYT
B TpaauuuoHHbli MPT-ammapar unm koTopble HEBO3MOXKHO CABHHYTH ¢ Mmecta. K mpumepy, B
2006 . mpu momomu anmapara MOUSE Obuto ycnemHo NpOBEIEHO HCCIEIOBAHUE IPEBHETO
YeJioBeKa ITIIM, 3aMOPOXKEHHBIN TPyH KOTOPOTo OBLIT CiIydaiiHO oOHapyxeH B Ajbmax B 1991 1.
[TpoBoast mMOAKOBOOOpa3HBIM MAarHUTOM HaJ TeloM OTHH, Yy4YeHble CMOIIIM BHUMATEIBHO
PaccMOTPETH pa3HbIE CIOH €T0 3aMOPOKEHHOT'O TeJA.

B Oynymem MOUSE, BeposiTHO, cTaHeT erie mMuHHaTiopHee, a MPT-ckanupoBanue mo3ra
MOKHO OyZeT MPOBOAUTH ammapaToM pa3MepoM C cOTOBbIN TenedoH. He uckiroueHo, yTo yTeHue
MBICJIEH TPU 3TOM TOXKE IMEpecTaHeT ObITh MpoOaeMoil. A MOXeT ObITh, yaoOHee OyneT crenaTb
npulop, MOXOXKHM Ha coBpeMeHHbI OOl -ammapaT, TJe MNaNUeHTy HaJeBalOT Ha TOJOBY



IJIACTUKOBYIO HIAITIOYKY C MHOKCCTBOM JJICKTPOAOB, 3aKPCIINICHHBIX B HY>KHBIX MCCTaX.
TejleKHHe3 U 005KeCTBEHHOE MOrymecrso

KoHeuHBIM IyHKTOM OMNMCBHIBAEMOTO IpOIEcca JOMKHO CTaTh OBJAJICHUE TEJICKUHE30M —
«00XKECTBEHHOW» CIIOCOOHOCTBIO MEPEIBUraTh 0OBEKThI CUIION MBICIH.

B ¢unbme «3Be3aHble BOHHB), K HpUMEpY, HNPUCYTCTBYET CHJIa — 3arajo4yHoe IIoJie,
NPOHU3BIBAIONIEE TANaKTUKy ¥ TIOMOTarollee aKTUBU3UPOBAaTh MEHTAIBHBIE BO3MOXKHOCTH
phlliapeii-jokenaes; Cuia Mo3BOJIsIeT UM MBICJICHHO YIIPaBIsATh CAMBIMU pa3HbIMU oObekTamu. [lpu
noMomy CHJIBI MOXXHO TIOMHUMATh B BO3AyX CBETOBBIE MEUH, JIy4EBBIE PYXKbS, NaXe IeJble
KOCMUYECKHe Kopabiu; MaJio TOTO, MOJKHO YNPaBIISATh AEHCTBUSMHU APYTHX JIIOACH.

Ho wHam He mpuumercs JieTeTh B JANEKYIO-JAJEKyl0 TallakTUKY, 4YTOObI OBJaJETh
aHAJIOTHYHBIMU BO3MOXKHOCTAMH. K 2100 r. Ka/aplii 4eoBeK CMOXET, BOWIS B KOMHATy, OTAaTh
MBICJICHHYIO KOMaHAYy KOMIIBIOTEPY; MPU MOMOIIM TaKMX KOMaHI MOXXHO OyIeT JenaTh MHOTOE:
NepEeIBUraTh TSHKEITYI0O MeOellb, IPUBOAUTH B MOPAIOK pabouuii CTOM, YTO-TO PEMOHTUPOBATH U T. II.
[TonoOHbIE BO3MOKHOCTH OIPENEICHHO NPUTOASTCS pabodyuM, MOXKApHBIM, acTPOHaBTaM U
coljaraM — BCEM T€M, KOMY MPHUXOAMTCS YIPABIATHCS CO CIOKHON TEXHUKOW M MPOJEINbIBATH
onepanuu, TpeOyromue Oombie ABYyX pyK. CHOCOOHOCTH K MBICICHHOMY YIPABICHHIO MOTYT
TaK)Ke Cephbe3HO M3MEHUTh CIOCO0 Hamero oomeHus ¢ MupoMm. E3quTh Ha MOTOLMKIE, BOIUTH
MallMHy, Urpatb B roibd, OeiicOon uimu apyrue CIOXKHBIE UIPbl MOXHO OY/eT HCKIIOYUTEIHHO
CUJION MBICIIH.

JlBuratb OOBEKTHI CHJIOH MBICTM MOXXHO OylIeT TpH TOMOIIM TaK Ha3bIBAEMBIX
CBEpPXIPOBOJIHUKOB, O KOTOPHIX MBI MOrOBOpHM MozapoOHee B miaBe 4. K KOHIy 3TOro cToseTHs
¢bu3nKaM, BO3MOXHO, YJACTCSl CO37aTh CBEPXIIPOBOJHUKH, COXPAHSIOLIME CBOM CBOMCTBA IPHU
KOMHATHOW TeMIepaTrype; €Cid TMOJYYUTCS, B PACIOPSIKEHUH YUYEHBIX OKaXYTCS MOIIHEHIINe
MarHUTHBIE TIOJIS, JUTS YIPABICHHUS KOTOPBIMH HYXXHO COBCeM HeMHoro 3Hepruu. Ecmm XX B. Obu1
BEKOM 3JIEKTPHYECTBA, B OyAyIlleM Hac, BEPOSITHO, OXKHJIAET BEK MarHeTH3Ma.

B Hacrosiiiee Bpemsi co3/1aBaTh W MOAIEPIKUBATH MOIIIHBIE MAaTHUTHBIE TIOJISI OY4SHB JOPOTO, HO
B OyaylieM OHH, BO3MOXKHO, CTaHYT MOYTH OECIUIaTHBIMU. DTO MO3BOJUT HaM PE3KO YMEHBIIUThH
TpEHHE BO BCEX MEXaHU3Max, MpeoOpa3oBaTh TPAHCIOPT U UCKIIOYUTH TOTEPH DIEKTPUUECTBA MPU
nepenade Ha Oonpinne pacctosHus. KpoMe Toro, oBnajeHne MarHUTHBIMHM CHJIAMU MO3BOJIHMT HaM
JIBUTATh TIPEIMETHl CHIION MbIciU. [IpeaMeTsi, coiepkamiie KpPOXOTHBIE CBEPXMATrHHUTBI, MOYHO
OyzeT IBUTaTh MPAKTHYECKU KaK YTOJIHO.

B Ommkaitmem OyaymieM Mbl TPUBBIKHEM K TOMY, YTO B KaKIOW BEIIM TPUCYTCTBYET
KPOXOTHBIA 4YHII, KOTOpPBIA JellaeT 3Ty Bellb «yMHOW». B Oosee ormaneHHOM Oynymiem Ham,
BEPOSITHO, IPUIETCS TPUBBIKHYTh K TOMY, YTO B KaXX/IOM BEIIM €CTh KPOXOTHBIH CBEPXITPOBOJIHHK,
TeHepUPYIOIIMKA MPU HEOOXOAMMOCTH JOCTATOYHO MAarHUTHOW SHEpPruu, 4ToOBbl BEUIb 3Ta MOIJa
CaMOCTOSITENIbHO TIepeJBUTaThCA B Ipeenax KoMHaTel. IlpencraBuMm, K npumepy, CTOJ CO
CBEpPXIPOBOTHUKOM BHYTpPH. B OOBIUHBIX YCIIOBHSX B 3TOM CBEPXIIPOBOJHHUKE HET NMEKTPUUECKUX
TokoB. Ho ecnmm m00aBUTH Cla0BIi ANEKTPUUYECKUNA TOK, CBEPXIPOBOAHHK CO37aCT MOIIHOE
MarHuTHOE ToJe, CHOCOOHOE CABMHYTh CTOJI C MecTa. YenoBeKy JOCTaro4yHO OyneT OTAaTh
MBICJICHHYIO KOMaH/Iy ¥ aKTUBUPOBATh CBEPXMAaTrHHUT.



BoamoxHO, CBEpXIPOBOIHHKHN IPH KOMHATHOH TEMIIEPATYPE
KOTIa-HHOYOE 0DecnedaT Hac NeTAIITHMEH MalTHHAME H
noe3gaMH. le H ApyrHe OVIYT NApHTE HIH HaJ PeIbCaMH,
HIIH HAJ{ CBEPXIIPOBOAAIIHAM JOPOMKHEIM MOKPEITHEM 0e3
BCAKOTO TPEHHA.

Pucynor Ixcepgpu YVopda (Jeffrey L. Ward)

B ¢umsmax «Jlromm Hke», k mnpumepy, MyTaHTaMHU-3JI0J€sIMH pPyKOBOAMT Maruero,
CHIOCOOHBINM yNPaBIATh JBWKCHHEM TPOMAIHBIX OOBEKTOB MpPHU IMOMOIIM BO3ACHCTBUS Ha HX
MarHuTHbIE CBOWCTBa. B oHOM M3 clieH (uiibMa OH CHIJION MBICIIN MEpPEeJBUTaeT ¢ MECTa Ha MECTO
MocT 3onotele Bopora. Ho u ero Bo3moxxHoctu orpanunyensl. K npumepy, eMy TpynHO JBUraTh
IUIACTUK Wi Oymary, He oOnajaroliyde MarHUTHbIMM cBoiicTBamu. (B ¢unane mepsoro ¢uiabma
Marsero caxxaroT B KaMepy, CICITaHHYI0 OJTHOCTHIO U3 IJIACTHKA. )

B Oynymem pgaxe HeMarHUTHblE NpeAMEThl, BO3MOXHO, OyayT coiepxkarb B cebe
CBEpPXIIPOBOJIHMKHU, COXPAHSIOLIME CBOMCTBA IpM KOMHATHOM Temmeparype. Torma QoCTaTod4HO
OyleT BKJIIOYUTh BHYTPU OObEKTa clabblii TOK, YTOOBI OH MPUOOPEN MarHUTHBIE CBOMCTBA M CTall
MOZBEPKEH JIEHCTBHIO BHEIIHEr0 MAarHUTHOTO IIOJIsi, KOTOPOE UYeNOBEK OyIeT MBICICHHO
KOHTPOJIUPOBATh.

Kpome TOro, MbI mMOIyYuM BO3MOXXKHOCTH MAaHHITYJIHpPOBATH pPOOOTaMH W aBaTapaMu
MOCPEJICTBOM MbICIIEH. DTO 3HAUUT, YTO 4esoBeK, Kak B (uibMax «CypporaTte» M «ABarapy,
CMOYKET HE TOJIBKO MBICIIEHHO YNPABIATh ABUKEHUEM MCKYCCTBEHHOTO TeJla, HO Ja)KE YyBCTBOBATb
0ok M TPUKOCHOBEHUs. BraneHue BTOpbIM TeloM, OOJNAJAIOIIUM  CBEPXUEIOBEYECKUMHU
BO3MO)KHOCTSIMH, MOXKET OKAa3aThCsl MOJE3HBIM JUII PEMOHTHBIX PabOT B OTKPBITOM KOCMOCE WIIH



criaceHusl Jofeil B upe3BblUailHbIX cuTyanusx. Korma-HuOyab, BO3MOXKHO, HAllld acCTPOHABTHI
CMOTYT, HaxojAsch Ha 3emJje, YIpaBIATh CBEPXUETOBEUECKHUMH POOOTH3MPOBAHHBIMHM TEJIaMH,
paGotatonmu Ha JlyHe. O6 3TOM peub MOHAET B ClenyoIeH Iase.

Opnako cieyeT OTMETHTb, YTO OOJa/JlaHue TEeJIEKMHETUYECKHMHU BO3MOXKHOCTSIMH HECET B
cebe ompeneneHHbl puck. Kak s yxe ymomuHan, B ¢uiabMme «3ampeTHasl IJIaHETa» JpeBHEH
IMBWIN3alMM, OOOTHAaBIIEH Hally Ha MUJUIMOHBI JIET, YAAeTCsl HCIOJHUTh BEKOBYIO MEUTy U
o0pecTu CrocOOHOCTh YNPaBIATh BCEM BOKPYT NPH IOMOIIM MBICIEHHOro ycuius. B kadectse
MIPOCTOr0 MpUMEpPA TAKOM TEXHOJOTMU B (QuiibMe (UrypupyeT MalllhHa, KOoTopas IpeBpalaeT
MBICIM B TpeXMepHble Hu300pakeHHs. Bbl HajmeBaeTe Ha TOJIOBY CIELHAIBHOE YCTPOMCTBO,
BOOOpa)kaeTe 4TO YroJHO, U BHYTPU MAIIMHBI BO3HUKAET TpexMepHoe u3oOpakeHue. KoneuHo,
sputensiM 1950-x rr. mogoOHOE YCTPOMCTBO MPENCTaBISAIOCh HEBEPOSATHO NMPOABHHYTHIM, MOYTH
BOJIIIEOHBIM, HO Ha CaMOM JeJieé YTO-TO MOJOOHOE BIIOJHE MOXKET IMOSBUTHCS Ha 3emie depes
HECKOJIBKO JIecsATKOB JieT. Kpome Toro, B ¢pmibMe (GUrypupoBajio yCTPOHCTBO, KOTOpPOE MOMOTallo
MOJHUMATh TSXKeJble OObEKThl MPU MOMOIIM dHepruu Meiciu. Ho HaMm, kak BBl yKe 3HaeTe, He
OpUaeTcs MWIUIMOHBI JIET JKJIaTh CO3JaHHs IMOJOOHONW TEXHOJOTMHM — WIPYIIKH, B KOTOPBIX
peann30BaHO YTO-TO MOXOXKEE, YK€ CYIIECTBYIOT. Bbl HajieBaeTe Ha rojoBYy AJIEKTPO/b! (IIPUMEPHO
Takhe JKe, KaKue HYXKHBl [UIS CHSATHS OJEKTPOdHIe(parorpaMMbl), HIpyIIKa YIIaBIHBAET
AIIEKTPUYECKUE MMITYJbChl BAaIIeT0 MO3Ta U MO MBICICHHON KOMaHJe MOJAHUMAET OObEKT, XOTA U
KPOLIEYHBbI, — B TOYHOCTU Kak B KMHO. B OyaymieM BO MHOTME WUIpbl MOXXHO OyaeT Hrparh
MbIcieHHO. Wrpoku, BO3MOXKHO, OyayT HajeBaTh CHEIUalIbHble NPUOOPHl M JIBUraTb MY
MBICJIEHHBIM YCWJIMEM; KOMaH/Ja, UIPOKH KOTOPOH CMOTYT JIYy4YIll€ COCPENOTOUYUTHCS U TOUYHEE
JIBUTATh MY, BHIUTPAET.

OnHako KyidbMHUHAIMS (QuibMa «3ampeTHas IUIaHETa» 3acTaBUT 3aaymarbcd. Hecmorps Ha
MIPOABUHYTHIE TEXHOJOTMH, WHOIUIAHETSHE MOTHOIM, MOTOMY YTO HE 3aMETHJIM H3bsSHA B CBOUX
I1aHax. VX MoOIIHBIE YCTpONCTBAa HAyYWJIMCh YUTarb HE TOJIBKO OCO3HAHHBIE MBICIH, HO M
MoJICO3HaTeNbHbIE JkelaHus. Ha cBeT BBINON3NM OpEeBHHE, AUKHUE, JaBHO MOJABJICHHBIE MBICIU U
JKEJIaHUSI JKECTOKOIO 3BOJIIOIMOHHOIO IPOILIOro, @ MAIlWHBI BOIUIOTUIM B PEAJIBHOCTh BCE 3THU
MOJICO3HATENbHbIE KOIIMapbl. Morydas IUBWIM3aIMs HOrHOIa OT «pPyK» TOH caMO TEXHHKH,
KOTOpast, IO Ujee, T0HKHA OblIa MOJIHOCTBIO OCBOOOAMTH UX OT PyYHOTO TPY/a.

[IpaBma, myis HAC 9Ta OMACHOCTH TOKA €II€ OYCHH JajeKa. YCTPOWCTBAa MOJOOHOTO pa3maxa
HaBepHsKa He nosBsATcs panbile XXII B. OpgHako cymecTBYIOT U 6ojiee aKkTyallbHbIe MTOBOABI JJIs
tpeBoru. K 2100 r. yenoBek OyaeT )kKUTh B MUPE, HACETIEHHOM 4eJI0OBEKOIo00HbIMH poboTamu. Uto
MIPOM30UIET, €CIIM POOOTHI CTAaHYT YMHEE CBOMX CO3/aTeei?

2. byayuiee NCKycCTBEHHOro UHTENNeKTa
MawuHbl Ha noagbLeme

Hacnedyrom nu pobomwr 3emmio? /la, no smu pobomut 6yoym nawiumu
oembmu.
Mapsun MuHckH

Muduueckue Ooru, oOnagaBIIME€ CBEPXbECTECTBEHHBIM MOTYIIECTBOM, YMEIHU OXKUBISTH
HexxuBoe. Bo Bropoil maBe KHUTHM bbITHs cKa3aHO, 4T0 bor cOTBOpMII YeaoBeKa U3 Mpaxa 36MHOIO,
a 3aTeM «BIYHY]1 B JIMLE €ro JbIXaHWE >KM3HM, U CTal 4YeJIOBEK IylIer XHBOK». ComiacHo
rpeueckoi U puMckoil Mudgonoruu, 6oruns Benepa Morna oxuBiATh cTaryd. CHKaaMBIIUCH HaJ
ckynbnTopoM [lurmanuonom, Oe3Hane)HO BIIOOMBIIMMCS B COOCTBEHHOE TBOpeHHe, Benepa
UCIIOJIHWIIA €0 3aBETHOE JKEJIAHUE M NPEBPATHIIA CTAaTyl0 B KpacuBYIO JkeHIUMHY, ['amarero. bor
BynkaH, O0KeCTBEHHBIH Ky3HEl, MOI' CO3/1aTh M OXKHUBHUTH LEIYI0 apMUI0O MEXaHUYECKUX CIYT,
C/I€TIaHHBIX U3 MeTaJlIa.

Yenosek ceroans nopobeH Bynkany. B cBoux nabopaTopusix OH co3/1aeT MallHbBI U BBIXaeT



JKU3Hb HE B TIpax 3€MHOM, HO B cTajib 1 kpeMHui. Ho kakoB Oynet pesynsrar? K yemy 310 mpuBeneT
— K OCBOOOXJICHUIO PO/ia YEIIOBEYECKOTO WIIM K ero mopabomieHnto? Ecim mouuTars 3aroioBKd
CETOIHSIITHIX HOBOCTEH, MOXET TMOKa3aThCsl, YTO OTBET HA ATOT BOMPOC YK€ U3BECTECH: B CAMOM
Ommxaiem OyayIeM Co3aHue PyK YeIOBEUECKHUX OOTOHUT CBOETO TBOPIIA BO BCEX OTHOIICHHSIX.

KoHeL poaa yenoseuyeckoro?

Opun 3aronoBok u3 The New York Times, B cyniHocTH, BhIpaskaeT Bce: «YUeHbIe onacaroTcs,
YTO MAaIIMHBI MOTYT CTaThb YMHee 4eloBeka». MupoBble JHAEpbl B 00JaCTH HCKYCCTBEHHOIO
untemnekra (M) cobpanuce B 2009 . B Kanudopuun Ha Asumnomapckoil KoHpepeHIHMH s
Cepbe3HOro OO0CYXJIEHHsI MepCIeKTHB. Peub 11a 0 TOM, YTO MPOU30MIET, KOTJja MAIIUHBl HaKOHEIl
npeB30inyT yenoseka. Kak OyqTo B clieHe U3 TOJUTMBYICKOTO KMHO, JAENerarsl 3aaBaliu ApYyT Ipyry
pasHble HHTEpECHBIE BOIPOCHI, HapuMep Takue: «4YTo, ecian pobOT CTaHET TaKuM e YMHBIM, KaKk
Ballla cynpyra?»

B kauyecTtBe yOeqMTENHHOTO CBUAETENILCTBA HACTYIMAIOLIEH POOOTOTEXHUYECKON PEBONIIOLUU
0OBIYHO BCTIOMHHAIOT OECIMIIOTHBIN poOoTH3upoBaHHbIN camoineT Predator, koTopslii B HacTosIIEe
BpeMs C OecrolajHoi TOYHOCThIO OoMOapaupyeT TeppopucToB B Adranucrane u Ilakucrane;
aBTOMOOWIIM, yMEIOIIKe e30uTh camu 1o cede; u ASIMO, camoro coBepiIeHHOTO B MUpe po0oTa,
CIOCOOHOTO XOAMTH, OeTaTh, MOAHUMATHCS 10 JIECTHUIIE, TAHIIEBATh U JIaXe MoAaBaTh Kode.

Opraamzatop koHbepeniuu Opuk [opBuir (Eric Horvitz) m3 Microsoft ckazan, ormeuas
napsuiee Ha KoH(epeHUIMH Bo3OyxaeHue: «TexHapu pa3BOpauMBarOT Iepel HaMU MOYTH
pETUTHO3HbIE KapTHUHBI, U B YeM-TO MX WJIEW CO3BYYHHI Hiee BosHecenms». (BosHecenme — 310
Korja rnpu Bropom mpuiecTBUM UCTUHHO BEpYIOIIME paBeIHUKN BO3HeCyTcs Ha HeOeca. Kputuku
OKpPECTHJIM  HACTpO€HHe, IapuBliee Ha  A3WIOMapckol  KOH(pEpeHLHH, «BO3HECEHUEM
SHAIETOJIOBBIX». )

Beimenmmue TeM ke JIETOM Ha OKpaHbl (HIBMBI, TIOXOXE, TOJBKO YCHIWIA 3Ty
arnoKalIUNTHUeCKylo KapTuHy. B ¢unbme «Tepmunarop: Jla mpuaer cnacutenb» pa3HOLIEPCTHAS
rpyImna JIOAeH cpakaeTcsi C THTAaHTCKIMU MEXaHWYeCKMMH MOHCTpPaMH, 3aXBaTUBIINMHU 3emitio. B
¢mibme «Tpanchopmeps: MecTh naammx» QpyTypucTuueckrue poOOThl U3 KOCMOCA JIENatoT JHoeH
MenrkaMu, a 3eMJII0 — T0JIeM OWTBBI B OJHOM M3 CBOMX MEX3Be3MHBIX BOiH. B «Cypporaraxy»
JOMU TIPENNOYUTAIOT JKUTh B POJIM COBEPIICHHBIX, MOJOJBIX M TNPEKPACHBIX CBEPXUEIOBEKOB-
pPOOOTOB, BMECTO TOTO YTOOBI CMOTPETH B JIMIIO PEATBHOCTH W JKUTh CAMOCTOSITENIFHO, B CBOMX
CTapEeIOIINX TeJIax.

Cynst 1Mo HOBOCTHBIM 3aroJioBKaM W auIiaM KHHOTEAaTPOB, KOHEI[ YellOBeYecTBa HE 3a
ropamu. MH-skcnepTsl Beepbe3 3aAyMbIBAIOTCS: HE MPUIETCA JM HaM KOIa-HUOyIb IUsAcaTh 3a
PEIIETKO# 300TapKa U JIOBUTh OPEIIKH, OPOIICHHBIC HAIIMMU CO3MaHuIMU-poboTamu? Wim, Moxer
ObITh, MBI CTAHEM JIOMAIITHUMU JIFOOMMIIAMU COOCTBEHHBIX CO3/1aHUI?

Opnaxo npu O6nuKaiilieM pacCMOTPEHUH OKa3bIBAETCA, YTO Ha CAMOM JIeJie BCE JAaJIeKO He Tak
cepbe3Ho. KoHeuHO, mocnenHee AecATWIETHE CTajlo BPEMEHEM HACTOSIIMX INPOPBIBOB, HO BCE
CIIeZlyeT paccMaTpuBaTh B MEPCIEKTUBE.

Predator, OecnuoTHbI camoneT AMUHON 27 (yToB, yMeeT OOCTpeIuBaTh TEPPOPHUCTOB C
Hebec cMepTelbHBIMU paKkeTaMH, HO YIPaBIsSeT UM YEJIOBEK C JKOWCTUKOM. YUenoBek — ckopee
BCEro, 3TO IOHBIH BETepaH KOMITBIOTEPHBIX UI'P — CHAUT B YIOOHOM Kpeciie Ieper MOHUTOPOM U
BbIOMpaeT uenu. CTpenser 4yeloBeK, a He OeCNMIOTHHUK. ABTOMOOWIM, CHOCOOHBIE €3AUTh 0e3
BOJIUTENS,, HE NPUHUMAIOT HE3aBHUCHMBIX pEIIEHHUH, KOIa OCMaTpuBalOT OKPECTHOCTH U
ITOBOPAYMBAIOT PYJIEBOE KOJecO, OHM cuenyroT nuHusasM GPS-kxaprTel, 3apaHee 3arpykxeHHOH B
namsiaTh. Tak YTO MOKAa OIacarbCsi HEUYero: KOIIMap IOJTHOCTbIO ABTOHOMHBIX, O0JaaroInx
CO3HaHMEM U YOUICTBEHHO OMACHBIX POOOTOB, — JI€JI0 BEChMa OTAAJIEHHOTO OyAyIIero.

HeynuBuTenbHO TOATOMY, YTO OOJBUIMHCTBO YYEHBIX, 3aHUMAIOIIUXCS pPEaTbHBIMHU
UCCIIEIOBAHUAMHU B OOJIaCTH HUCKYCCTBEHHOTO MHTEJUIEKTa, BBICKA3bIBAINCh Tropasfo Oomee
CIEP’)KaHHO U OCTOPOXKHO, XOTA CpEICTBa MAacCOBOM HWH(OPMALUHU, KOHEYHO, MOAXBATUIM H
pa3Heciu camble CEeHCAIIMOHHBIE TIpe/icka3anusi. Ha Bompoc o ToM, Korjja Bce-TaKu MalluHbI CTaHYT



TaKMMH K€ YMHBIMH, KaK MbI, OTBEThI YUCHBIX OBbLIH YIUBUTEIBHO Pa3HOOOPA3HbI  BAPUPOBAJIHCH
ot 20 mo 1000 ner.

Boobmie, crnemyer pasznuuath ABa Tuma po6otoB. [lepBwiii JIMCTaHIIMOHHO yMpaBiseTCs
YEJIOBEKOM WM JEHCTBYET MO 3apaHee HAlMCAaHHOW IMporpaMMe, BBIONHSS KECTKHE WHCTPYKIIHU.
Takue poOOTHI YK€ CYIIECTBYIOT; UM M TOCBSIICHBI, KaK MPaBWIIO, 3aroJOBKM HOBOCTe. OHU
MEJUICHHO MPOHWKAIOT B HAIIM JIOMa, a TakXe Ha moyst cpakeHuid. Ho Ge3 uenmoBeka, KOTOPHIHA
OpUHUMAN Obl 32 HUX PEIIEHUs, OHU MPEACTABISAIOT COOON BCEro JIMINb MEXaHU3MBI, OoJee WIH
MEHEEe CJIOKHBIE. DTUX POOOTOB HE HA/NO MyTaTh ¢ PoOOTaMU BTOPOTO THIMA — TO-HACTOSIIIEMY
ABTOHOMHBIMH, CTIOCOOHBIMU AyMaTh CaMOCTOSTEIBHO U JIEHCTBOBATH 03 MOMOIIM CO CTOPOHBI
moniedt. TlonbITKM cO3/1aHMs TaKUX aBTOHOMHBIX POOOTOB 3a MOCIJIEAHHE MOJBEKAa HE yBEHYAJIUCh
YCIEXOM.

Paznmensie THOR pobotos: LAGR (sRepxy). SRAIR (suHIY
cnesa) B ASIMO (BEE3Y cnpaea). HecMoTps Ha rpoMaTHELH
POCT KOMOBIOTEPHEIX MONTHOCTEH, IO HHTEMNEKTY 3TH poDOTEL
YCTYIAKOT TapaKaHy.

domo ssspxy: ¢ paspewenun npogeccopa Huna JeFoma (Tann LeCun)
Somo sHUEY cresa; ¢ paspeuienus npopeccopa Auymoua Cancena
{Ashutosh Saxena)

Somo smuzy cnpasa: asmop Jxcelicon Kenomn (Jason KEempin), Wirelmage

Po6oT ASIMO

UccnenoBarenn MW dacto HaszpBatoT pobora mo mmeHu ASIMO (Advanced Step in
Innovative Mobility) simoncko#t ¢pupmbl Honda B kauecTBe mprMepa peBOTIOIMOHHBIX JOCTHKEHUN
poboToTexHUKU. ITOT pobOoT BbicoTol 130 cM BecHT 53 KT ¥ HAaOMUWHAET MalbIMKa B IUIEME C
3aTEMHCHHBIM CTEKJIIOM M C pIOK3akoM 3a IuiedamMu. BosmoxkHoctn ASIMO neicTBUTENBHO
BIICUATIISIOT: OH MOXET PEaTUCTHYHO XOAUTh, OeTaTh, MOAHUMATLCS IO JIECTHUIIE M Pa3rOBApUBATh.



OH MOXeT OpOJUTh 10 KOMHATaM, COOMpaTh YaIllKU U MOJHOCHI, OT3bIBATHCS HA MPOCThIE KOMaH bl
U JJaXke y3HaBaTh HeKoTopble julla. OH BiajeeT OOMIMUPHBIM CIOBAPEM U TOBOPUT HA HECKOIBKHUX
s3pikax. ASIMO — pe3ynbTar JBajuard JIET MHTEHCHBHBIX MCCIEIOBAaHMM JECATKOB YYEHBIX
¢bupmbl Honda u, 6e3yciioBHO, 4y/10 UHKEHEPHOM MBICIIH.

MHe nBaX /bl BbINANa 4ecTh JIUYHO nmoodmarses ¢ ASIMO Ha koH(epeHIHsAX Kak BeoyIIeMy
HayyHOU mepenaun kanama BBC/ Discovery. Korma s moxxkuman emy pyky, poOOT OT3bIBajCs Ha
II0YKaTHE COBEPILICHHO MO-uenoBedecku. Koraa s momaxan eMy Ha IPOIIAHME, OH TOXKE IoMaxai
MHE B OTBET. A KOrja sl OMpocui ero npuHecTd MHe coky, ASIMO mnoBepHyscs U HarpaBUiICs K
CTOMKE C HalmMTKaMH, NMPUYEM JBIKEHHS €ro ObUTM HACTOJBKO YEIOBEUECKHMH, YTO BO3HHUKAIIO
*KyTkoBatoe omrymienre. B camom gene, ASIMO HacToibKkO MOXOXK Ha 4YEJIOBEKAa BHEIIHE, YTO BO
BpeMs pa3roBopa ¢ HUM S MOICO3HATENIBHO OXKUJAJl, YTO BOT ceyac poOOT CHUMET IJIEM U BHYTPH
OKa)KeTCsl HACTOSIIMM KUBOM MaJpuMILIKa. J[OJKeH MPU3HATHCS, TAHILYET OH JIy4Ille MEHS.

Ha mnepBeiii B3misa kaxkercs, yto ASIMO ymeH, cnocobeH pearnpoBaThb Ha KOMaHJbI
YesoBeKa, MOXKET MOJJIEPKUBATh Pa3roBOp M XOIUTh 1Mo koMHare. Ha camom niene Bce HEMHOTO He
tak. Korma s obmancs ¢ ASIMO mnepex Tenexkamepoi, Kakaoe IBHKEHHE, KKIYI0 MEJIOoYb
MPUXOAWJIOCH TIIATENBHO IUIaHUPOBaTh. YTOOBI 3amucaTb NPOCTOW MSITUMHUHYTHBIA CIOXKET C
pobOTOM, HaMm MOTPEOOBAIOCH OKOJIO Tpex uacoB. M mocie KakaoW CIEHbl Lienas KoMaHIa
IIPOrPaMMHUCTOB TMPUHUMAIach O€IIeHO CTyyaTh Ha CBOUX JIANTONAX, MEHSAsS 4YTO-TO B €ro
nporpamme. [la, ASIMO mMoxeT pa3roBapuBaTh ¢ BAMU Ha HECKOJIBKUX SI3bIKAaX, HO Ha CAMOM JIeJie
BCE 3TO 3apaHee 3allMCaHHbIE KYCOUKHM 3ByKo3amucu. PoOOT mpocto cienyer mporpaMme M
MIOBTOPSIET, KaK IOIyrad, TO, YTO IMOJATOTOBIEHO YEJIOBEKOM. XOTSA C KaXKJIbIM TOJOM IOBEJIECHHUE
ASIMO crtaHoBUTCS Bce 00JIee CIIOKHBIM, pOOOT MOKa COBEPIIEHHO HE CITOCOOCH CaMOCTOSTEIHHO
MBICTUTh. Kaxmoe ero crnoBo, KaXIblii JKECT, KaKIbld IIar JODKHBI OBITh TIIATEIbHO
OTpENEeTUPOBAHbI U 3aIPOIPAMMHUPOBAHBL.

ITociie cpeMOK y MEHsS COCTOSJICS JOCTaTOYHO OTKPOBEHHBIM pa3roBOp € OJHUM U3
m3oopetareneit ASIMO, u oH npu3HaI, 4TO pOOOT, HECMOTPSI HA TTOPA3UTEIIHHO YEIOBEKOOI00HBIC
JBYDKEHUS] U JICUCTBHs, 00JIaaeT pa3yMOM B JIy4IlIeM Cllyyae HAacCeKOMOro. Bombllyro yacTh ero
JBIKEHUM HEOOXOAMMO TIIATEIbHO MpOrpaMMupoBaTh 3apaHee. OH yMeeT XOIUTh IMOYTH IIO-
YeJIOBEYECKH, HO €ro MapIIpyT HEOoOXOIMMO TIIATEIbHO IJIAHUPOBaTh, HHaue poOOT OyneT
HaTBIKaThCsl Ha MeOeNb U Jpyrue MpeiIMeThl — BeIb OH HE MOXKET MO-HACTOSIIEMY paclio3HaBaTh
OOBEKTHI.

Tak 4TO nake OOBIYHBIA TapakaH BO MHOTOM IPEBOCXOAMUT Hamiero po6ora. OH ymeeT
pacro3HaBaTh OOBEKTHI, OTHOATh MPEMATCTBHS, MCKAaTh MUILY U MapTHEPOB, M30eraTth XUIIHUKOB,
IUTAHUPOBATh CIIOKHBIE IMYTU OTXOZa, NPATAThCS B TEHSAX M HcCYe3aTh B TPEIIMHAX — M BCE B
TE€YEHHUE HECKOJIbKUX CEKYH/I.

Uccnenosarens U Tomac [un (Thomas Dean) u3 Yuuepcutera bpayHa mpusHas, yTo
HEYKJIIO)KHE POOOTHI, KOTOPBIX OH CTPOMUT, HAXOMATCS ceifdac «pOBHO Ha TOM CTaJuH, 4TO MOTYT
IIPOMTH O 3aJly U HE CHECTH IO ITYTH MOJIOBUHY IUTYKATYpPKU CO CTEH.

[To3ke MBI YBUIMM, YTO CaMble MOIIIHbIE HAIIM KOMIIBIOTEPHI €Ba-€Ba MOT'YT UMUTHPOBATh
paboTy HEMpPOHOB MBIIIM, U TO JIMIIL HAa HECKOJIbKO cekyH[. [loTpebyeTcss HeMano aecsTUiIeTHil
TSDKKOM paboThI, MPek/ie YeM pOOOTHI MO0 MHTEUIEKTY CPABHSIOTCS C MBIIIBIO, KPOJIUKOM, COOaKoM
WJIM KOILIKOM U JIMILB 3aTeM C 00€3bsHOM.

Uctopusa U

Kputrku nHOra ykasslBaroT Ha MHTEPECHYIO 3aKOHOMEPHOCTB: Kaxk/iple 30 JIeT CeruaniucTsl
[0 UCKYCCTBEHHOMY MHTEJUIEKTY 3asBJISIOT, YTO CBEpXpa3yMHbIe POOOTHI BOT-BOT OYIyT CO3JaHBI.
3areM, KOrAa IeUCTBUTEIBHOCTh OCTAHABIMBAET UX MOPHIB, HACTYIIAET PEAKIIUS.

B 1950-x, xorma mnocie okoH4aHHs BTopoil MHpOBON BONHBI MOSBWINCH DIIEKTPOHHBIE
KOMITBIOTEPHI, YUEHbIE MOpaKalld MYOJUKY HEBEPOATHBIMH, UYAECHBIMH JOCTHXKEHUSMH YMHBIX
MallliH: aBTOMAaThl Opajii U MepeKIaAbBaau KyOUKH, UTPAU B MIALIKK U Ja)Ke pellaiy 3a/1auky 110
anredpe. Kazanoce, emie 4yTb-4yTh — M MOSIBSTCS MO-HACTOSIIEMY pasyMHble MamnHbl. [TyOnuka



nopaxaiacb. Bckope B JKypHajaX IOSBWINCH CTaTbM, B KOTOPBIX aBTOPBI C IPHUIBIXaHUEM
paccka3plBaJId O HEJAJEKMX BPEMEHax, Korja B KaXJ0oH KyXHE MOSBUTCA MO poOOTY; MalIuHbBI
OynyT roToBUTH 00e1 1 youpatses B f1ome. B 1965 . muonep UM I'epbept Caiimon (Herbert Simon)
3asBII: «Yepes nBaauarh JeT MallMHBI CMOTYT JelaTh JI0O0YyI0 padoTy, KOTOPYIO MOXET JelaTh
gyenoBek». Ho 3aTtem nelcTBUTENBHOCTh BCTyNWiaa B CBOM IpaBa. lllaxmaTHblE KOMIBIOTEPHI
MIPOUTPBIBAI TpOoCcCMENcTepaM, /1a U yMEIH OHHM TOJbKO WUIpaTh B IIAXMaThl, HUYEro OOJIbLIE.
Boob6ie, nepBbie poOOTHl HAIOMUHAIN LIUPKOBBIX MOHH, KK U3 KOTOPHIX YMEET BBIMOIHATH
BCET0 OJIMH HECIIOKHBINA TPIOK, YEM U 3aHUMAETCs Ha Ka’KJJOM IIPECTaBICHUN.

Ha camom nene B 1950-x rT. B 001aCTH HCKYCCTBEHHOT'O MHTEIUIEKTa ObUIO CAETaHO HEMAJo
HACTOSIIIMX MPOPBIBOB, HO BOKPYI pOOOTOB Oblla MOAHATA Takas IIyMHXa, a MX HEPCHEKTUBbI
OKa3aJIUCh TaK Pa3LyThl, YTO BCKOPE HACTYIHIIA HEU30eKHAS peaKLusl.

B 1974 r. nox rpomkuii xop kputuku npasutenbeTBa CLIA n BennkoOputanuu npexkparuiu
(uHAHCUpPOBaHMUE ATUX Pa3pabOTOK.

Havanace nepsas «3uma» UUA.

Ceronns uccnenosarens MU Ilon AbGpaxamc (Paul Abrahams) kagaer ronoBoii, BcmoMuHas
nesasiimue 1950-e, xorma o Obinm ctymeHtoM MIT m Bce — pemmuTenbHO Bce! — Kazaioch
BO3MOXKHBIM. OH BCIIOMUHAET: «DTO KaK €CIM Obl IpyMIa JIoAel Npeaokuiia MOCTPOUTh OalIHIO
1o Jlynsl. KaxapIil ros1 5TH 101U MOKa3bIBaJIM Obl C TOPAOCTHIO, HACKOJIBKO UX OAllHs CTajla BbIIIE
10 CPABHEHUIO C MPOILIBIM rofioM. BOT Tosbko 110 JIyHBI 0cTaBanock Obl Bce TaKXkKe AAJIEKOM.

B 1980-x mHTepec u 3HTy3mMasm no otHomeHuro Kk MM BcobixHynum BHOBb. Ha 3toT pas
IleHTaroH BIOXXHUJ MUJUIMOHBI JOJJIAPOB B TAKHUE MTPOEKTHI, KAK YMHBIN BE3/1€X0/1, KOTOPBII JOJIKEH
ObUT €31UTh B ThUIy NPOTHBHHMKA, INPOBOAMTH pA3BEIKy, ClacaTb aMEpPUKAHCKUX COJAaT U
BO3BPALIAThCS K CBOUM — U BCE 3TO caM Io cebe.

A AMIOHCKOE MPaBUTENBCTBO JaXKe MOAIEPKaI0 aMOUIIMO3HBIN MPOEKT CO3JaHUsI KOMIIBIOTEPA
IATOTO  TIOKOJIEHWS, WHULUUPOBAHHBIM  MUHHUCTEPCTBOM  MEXIYHAPOJHOW TOPIOBIM U
MPOMBIIUIEHHOCTH. Llenbio mpoekra ObLIO, TOMHMO BCEro IMPOYEro, CO3AaHHE KOMIIBIOTEPHOM
CHCTEMBI, CIOCOOHOM 00IIaThCs Ha pa3rOBOPHOM SI3bIKE, PACCYXAATh U JIaXKe MPEayraIblBaTh HALIH
JKeJIaHus — U Bce K Hayany 1990-x.

K coxanenuto, eIMHCTBEHHOE, YTO CyMEJl CIENaTh YMHBIN BE3JIE€X0J, — ATO MOTEPATHCI. A
MIPOEKT KOMIbIOTEpA MATOTO IMOKOJEHMsS MOCe TPOMKON HIYMUXU ObUT MOTUXOHBKY 3aKphIT 0€3
BCSAKUX 00bsicHeHu#. Kak u mpexnae, putoprka HaMHOTO OOOTrHaja JielcTBUTENbHOCTh. Ha camom
nene u B 1980-x B o6mactu MU Obiin peanbHbIe JOCTHXKEHHSI, HO, TIOCKOJIBKY OXKUJAHHUS OOIIeCTBa
HaMHOTO TPEBOCXOAWJIN pPEAJIbHbIE BO3MOXXHOCTH HAyKHM, BCKOpPE BHOBb HACTYNMJIA DPEAKIUS.
Hauanace Bropas «3uma» WU, xorma pydeiiku ¢QuUHaHCUPOBAaHUS BHOBb IIEPECOXJIH, a
pa3zouapoBaHHbIE CIELMAIUCTBI BO MHOXECTBE yXOAWIN U3 oTpaciau. Crajao O4eBHIHO, YTO HJEe
HCKYCCTBEHHOT'O MHTEJUIEKTA YETr0-TO HEJOCTAET.

B 1992 r. cneumamuctel mo MU co cMmemaHHBIMH YyBCTBAaMH OTMETHIIM OCOOYIO JIaTy,
cBsizaHHyl0 ¢ ¢uibMoM «2001 rox: kocMHueckas OfMCCes», INle CBUXHYBIIMMNCS KOMITBIOTEP IO
umenn HAL 9000 youBaeT yuaCTHUKOB MEXIUIaHETHOH skcnienuuuu. B punbsme, casitom B 1968 1,
rOBOPUJIOCH, UTO K 1992 1. mosiBATCS poOOTHI, CITIOCOOHBIE CBOOOIHO Oece0BaTh C YETOBEKOM MOYTH
Ha J100YI0 TeMy, a TaKXKe YIPaBIATh KOCMUUECKUM KOopabieM. YBbI, B p€aIbHOCTH OBIJIO SCHO, YTO
HAIIM camble MPOJBUHYTHIE POOOTHI CIIOCOOHBI COCTI3aThCsl B PA3yMHOCTH Pa3Be UTO C TapaKaHOM,
1 TO 6€3yCIEINIHO.

B 1997 r. komnbtotep Deep Blue ot IBM coBepiini uctopuueckuii mpopsiB — OH YBEPEHHO
noOmi yemnuoHa mupa no maxmatam [appu Kacmaposa. Deep Blue mpencrasisin co0oii uyno
WHXXEHEPHOW MbICAM W mpousBoaun 11 mupn omepaumii B cexkyHay. Ho BmecTo TOro, 4roObl
OTKPBITh BCE IUIIO3bI, MPUAATH HOBOE YCKOPEHHE HCCIEIOBAHUSM B OOJNIACTH HCKYCCTBEHHOIO
MHTEJIJIEKTa W HadaTh HOBYIO 3pY, ITOT KOMIIBIOTEp CJeJal MpsSMO HPOTHBOIONIOXKHOE. Ero
JOCTHKEHUE JIMILb ITOAYEPKHYIIO IPUMUTUBHOCTE coBpeMeHHbIX M -uccnenosanmii. I1o 3npaBomy
Pa3MBITIUICHHIO MOXKHO OBLIO cenaTh o4eBUAHBIN BeIBOA: Deep Blue He cocoben mpicouth. [la,
3TOT poOOT BENUKOJIENIEH B IIaXMaTax, HO TecT Ha ko3(duuueHT uHTemIeKkTa npuHec 661 emy 0
6amnoB. Ilocne uctopuueckoil mobensl ¢ mpeccoit obmiancs Tonbko npourpasmuii Kacnapos —



Benb Deep Blue He ymeer pasroBapuBarb. MeIeHHO M HEOXOTHO y4Y€HbIE Hauald OCO3HABATh
HENPUATHBIN (aKT: BBIUMCIUTEIbHBIE MOIIHOCTH — 3TO eme He pasyM. Cneuumanucr no MU
Puuapn Xexnep (Richard Heckler) rooput: «Ceroans MoKHO KynuTh 3a 49 10/11apoB [IaXMaTHYIO
poTpaMMy, KOTOpasi BBIMTPAeT y JIFOOOTO TrpoccMmeiicTepa, HO HUKOMY JK€ HE TPHAET B TOJIOBY
CUUTATh €€ Pa3yMHO.

Ho mo 3akoHy Mypa KaxIbie MmoaTopa rofia MOSBISIETCS HOBOE ITOKOJICHUE KOMITBIOTEPOB, H
paHoO WM TO37HO HBIHEIIHUH meccumusM 3alynercs. [Ipuner HOBOe MOKOJIIEHHE SHTY3UACTOB U
BO3POIUT IPEMITIOIIME B ATOH 00JACTH ONTHMH3M W DHEPTHIO. 3a TPHUIUAThH JIET, MPOIIEIINAEe C
Hayana npensiaymeid MN-«3umMel», mporpecc B KOMIBIOTEPHOM 00J1aCTH ObUT JOCTATOUHBIM, YTOOBI
cIeyromiee MOKOJIEHHE HCCeoBaTeneld BHOBb HAa4dajo AEIaTh ONTHMHCTUYECKHE IPOTHO3BI Ha
Oynymiee. HakoHer] mpuIUIo BpeMsi HACTOSALIETO HCKYCCTBEHHOTO WHTEIUIEKTa, TOBOPAT €ro
cTopoHHHKH. Ha 3TOT pa3 Bce Oyner mo-HacrosmieMy. TpeThs MONbITKa MpUHOCHT yrnady. Ho ecnm
OHU TIPaBBbl, TO HE IPUXOJUT JIHU YEJIOBEUECTBY KOHEI?

fBnsieTca nyn Mo3r uMppoBLIM KOMMNBLIOTEPOM ?

Tenepp MaTeMaTMKH IOHUMAIOT, YTO IATBHAECAT JIET Ha3zaJ CAENadd NPUHLUINNAIBHYIO
OIIMOKY: pEeNIMIM, YTO MO3I BO BCEM M0A00eH OoibiiomMy LuppoBoMy KommbioTepy. CeromHs
COBEpPILEHHO OYEBUIHO, YTO ATO HE Tak. B Mo3ry HeT HuU mpoueccopa Pentium, HM onepamoHHON
cucteMbl Windows, HU NpOrpaMM-TNIPWIOKEHUH — BOOOIIE HET HUKAKUX IMporpamMM H
MOANPOrpaMM, CTOJb XapaKTEpPHBIX JJIsl COBpPEMEHHOTro Lu(poBoro koMmeiotepa. Ha camom nene
apXUTEeKTypa LHU(POBOro KOMIBIOTEPA COBEPUICHHO HE MOX0XKa Ha apXUTEKTYpy MO3ra; MO3r —
camMoo0yyarolasicst MaluHa, HAOOp HEHPOHOB, CBA3H MEX]Ty KOTOPHIMU OOHOBIISIIOTCS BCSIKUIL pa3 C
nosyuyeHueM HoBoro 3a1aHus. (A PC yuyuThbcs He yMeeT, U Balll KOMIIbIOTEP CETOAHS CTOJb )K€ TYTI,
Kak ObLI BUEpa.)

Hcxonst M3 ckazaHHOTO, CYIIECTBYET JIBa MOAXOAA K MOAEIMPOBAHUIO Mo3ra. IlepBbiil n3 HUX
— TPaJUIMOHHBIN MOJXOJ «CBEPXY BHU3» — COCTOUT B TOM, YTOOBI pacCMaTpuBaTh POOOTOB Kak
nupoBble KOMIIBIOTEPHl W € CaMOT0 Hayalla MbITaTbCsi 3alporpaMMHpOBaTh BCE IpaBUIa,
MO3BOJISIIONIME HaM OBITh pasyMHBIMH. A 11000 11M(ppoBOI KOMIBIOTEP MOXKET OBITH CBEJEH K TaK
HazbiBaeMOW «mamuHe ThIOpHHra» — TUIOTETHYECKOMY YCTPOMCTBY, MPEIIOKEHHOMY BEIHKUM
OpUTaHCKUM MaTeMaTukoM AnaHoMm TeropuHrom. MammHa ThlopMHTa COCTOUT M3 TPEX OCHOBHBIX
JIEMEHTOB: BXOAa, lLleHTpasbHOro mnpouneccopa, KOTOPBIA «IEPEBAPUBAECT» MOCTYIAOIIYIO
uHpOpMaIIo, U BbIXoJa. Bee 6e3 uckitoueHus HUQpoBble KOMITBIOTEPHI MOCTPOEHBI Ha 0a3e 3Toi
npoctoit mozenu. Llenb Takoro mogaxona — uzroroButh CD-ROM, Ha k0TOpOM ObLTH OBI 3amMCaHbI
B (hopMaJIM30BaHHOM BHJIE BCE MpaBMiia pa3yMHOCTH. CTOUT BCTaBUTh TAaKOW JAUCK B IUCKOBOJ — U
KOMITBIOTEp BHE3AITHO OXKUBAET U CTAHOBUTCS pazyMHbIM. [lo cytu nena, Takoit muduueckuii CD-
ROM conepxkan Obl Bce ImporpaMMHOe oOecreueHHe, HeoOXOAMMOe JUIsl CO3MaHHs TyMaroIIux
MaIIHH.

OpHako B HaIlIeM MO3TY HET HU MPOrpaMMHPOBAHUs, HU MIPOrpaMMHOT0 obecrnedeHus. Mosr
Oobllle TIOXOXK Ha «HEHPOHHYIO CETh» — CIIOKHYIO CHCTEMY HEHpOHOB, KOTOpBIE MOCTOSIHHO
YCTaHABJIMBAIOT MEXAY COO0I HOBBIE CBSI3H.

HeliponHble ceTu MomguuHSIOTCS MpaBuily Xe00a: BCAKHMI pa3, Korjga NMPUHUMAETCsl BEPHOE
pEILlIeHne, COOTBETCTBYIOIIME HEHPOHHBIE CBSA3HM YKPEIUIAIOTCI — BCAKMM pa3, Korga HEWpPOHBI
YCIEUIHO BBITIOJIHSIOT 33JJaHUE, ONPEACICHHBIC IEKTPUUECKUE CBA3U MEXAY HUMH YCUIIMBAIOTCS.
(ITpaBuno Xe60a MOXKHO BBIPa3UTh OTBETOM Ha M3BECTHBIM BOIPOC: KaK MY3BIKAHTY MOMNAcTh B
Kapnerun-xomn? OTBET Ha HETO TOKE U3BECTEH: MPAKTHUKA, TPAKTHKA U €Ill€ pa3 MpakTuka. B cmydae
HEHPOHHOI CeTH MpakTHKa — MyTh K coBepiieHCTBY. [IpaBuno Xe66a oOBsICHIET Takxke, IoueMy

TaK TPYIHO HU30aBIATHCS OT IYPHBIX NPUBBIYEK — BEIb HEMPOHHBIE CBSI3U, 3a/1€ICTBOBaHHbBIE B
HUX, BECbMa yTONTaHBbI.)
HeliponHsie cetu mocTpoeHbl Ha 0a3ze Opyroro mojaxona — «CHU3Y BBepx». BmecTto Toro

YTOOBI MOJIYYHUTh BCC IIpaBHJIa PA3yMHOCTH T'OTOBBIMHU, Ha 6J'IIO,Z[€‘{KC C T OHY60ﬁ KaCMOqKOﬁ,
HeﬁpOHHBIe CCTH OCBAMBAIOT UX CaMOCTOATCIBbHO, TaK MJIAACHEI] ITOCTUIAcCT OKPY)KaIOHIHfI MUp,



HATBIKAsCh HA BCE MOAPSA U 00ydyasich Ha COOCTBEHHOM ormbiTe. HellpoHHBIE CeTH, BMECTO TOTO
YTOOBI TIOJIB30BAaTHCS TOTOBBIMH MPOTPAaMMaMU, y4aTCs CTapblM IPOBEPEHHBIM METOIOM Tpo0 U
OLIHOOK.

HetipoHHsie ceTr MOCTPOCHBI COBEPIICHHO WHAYe, YeM Iu(poBbie KoMIbIOTephl. Ecu yopars
U3 IEHTPAIBHOTO Tpoleccopa UPPOBOrO KOMIBIOTEPA OJMH-€AMHCTBEHHBIM TPAH3UCTOP,
KOMIIBIOTEp TiepecTaHeT paborarb. OIHAKO €CIU YAaduTh U3 YEIOBEYECKOTO MO3ra MPUITMYHBIN
KYCOK, MO3T Bce ke OyneT (hyHKIIMOHHMPOBATh; (DYHKIMU yTPAue€HHBIX YacTei BO3BMYT Ha ceOs
ocrtaBmuecs. Kpome TOro, MOXXHO TOYHO CKa3aTh, IJi€ B IU(DPOBOM KOMITBIOTEPE MPOUCXOIUT
«MBICTUTENBHBIA TPOIECC»: B LEHTpadbHOM mnpoueccope. OJHAKO pe3ylbTaThl CKaHUPOBAHMS
YEeJI0BEYECKOTO MO3ra SICHO MOKa3bIBAOT, YTO MPOLECC MBIIUICHHUS PACIPENCNICH MO 3HAYUTEIbHOMN
gacTu oObeMa Mo3ra. PaznmudHble 30HBI BKJIIOUAIOTCS B CTPOTOM MOCIEAOBAaTENILHOCTH, Kak OynTo
MBICJTH HaJI0 OTOMBaTh, MOJJOOHO MIapUKaM B TUHT-TIOHTE.

[{udpoBoii KOMIBIOTEP CHOCOOEH MPOU3BOANTH BBHIYHCIEHHUS CO CKOPOCTHIO, OMU3KOM K
CKOpocTH cBeTa. YenoBedueckuil MO3r MO CpPaBHEHHIO C HUM pabOTaeT HEBEPOATHO MEIJIEHHO.
HepBHBIE UMIYNBCHI ABHKYTCS CO CKOPOCTBIO Bcero nuib okoio 100 m/c. Ho mo3r Gonee uem
KOMIIEHCUPYET A3TOT HEIOCTATOK, MOCKOJbKY OrPOMHOE YHCJIO MPOIECCOB B HEM MPOUCXOAAT
napajyienbHO. JTO 03HAYAeT, 4TO B HEM OJHOBpeMeHHO paboraeT 100 mMiupa HEMPOHOB, KaXKIbINA U3
KOTOPBIX MPOM3BOJUT KPOXOTHYIO YACTh «BBIYMCIIEHUS», U KaXIbl HEUPOH MPU 3TOM CBSI3aH C
10 000 npyrux HeilpoHOB. M 3TOT CBEepXMENJEHHBIN MapajuleNibHbIA MPOLECCOp JIETKO OCTaBUT
103aJIi CBEPXOBICTPOTO OAMHOYKY. (34€Ch MOKHO BCIIOMHHTH CTapylo 3arajKy: €CiId OJIHa KOIIKa
MOXET ChECTh OJHY MBIIIb 32 OJAHY MHUHYTY, TO 32 KaKO€ BPEMS MUJUIMOH KOLIEK CMOXKET ChECTh
MUJUTHOH MbITei? OTBET: 32 OTHY MUHYTY.)

Hy u mommumo Bcero mpodero, Mo3r — He udpoBoe YCTpPOWUCTBO. TpaH3UCTOpPBI — 3TO
BOPOTa, KOTOPHIE MOTYT OBITh JTUOO OTKPBITHI, JINOO 3aKPBITHI, YTO COOTBETCTBYET CIMHHMIIC WIIN
Hymo. HelipoHsl Toke mpeacTapnsitoT coboit nudpossie ycTpoicTBa (HeiipoH mrO0 cpabaThIBaeT,
au00 HET), HO OHM MOTYT OBITh M AHAJOTOBBIMH, T. €. TEpeaaBaTh KaK IUCKPETHBIC, TaK H
HENPEPBIBHBIE CUTHAJIBI.

ABe npobnembl ¢ po6oTamu

YuuTeiBasi O4EBUIHBIE OIPAHUYEHUS] KOMIIBIOTEPOB I10 CPABHEHHUIO C YEJIOBEYECKUM MO3IOM,
HECJIO)KHO IIOHATH, IMOYEMY HaM A0 CHUX IIOp HE yAacTCd HAYYUTb KOMIIBKOTCPBI PEIIATH [IBC
KJIIOUEBBIE 3a/1a4, KOTOPbIE YeJIOBEUYECKUH MO3T BBINOJIHIET aBTOMAaTHYEeCKH, 0€3 BCSIKOTO Tpyra.
OTu 3a71a4M — paclo3HaBaHWe 00pa30B U ClIEI0BaHUE 3IPAaBOMY CMBICITY — YK€ Oosiee MoyBeKa
HE Jal0TCs ydyeHbIM. VIMEHHO MO3TOMY B OCHOBHOM Yy HAac J0 CHX IOpP HET POOOTOB-TOPHUYHBIX,
POOOTOB-IBOPEIIKHX U POOOTOB-CEKpETAPEH.

[TepBast U3 Ha3BaHHBIX 3ajjad4 — 3ajJada pacro3HaBaHHUs o0pa3oB. POOOTHI BHUISAT HAMHOIO
Jydyme 4Ye€JI0B€Ka, HO HE IIOHUMAKOT, YTO BHIAT. BXO)ISI B KOMHAary, pO6OT pacKiIagblBacT €€
n300pakeHNe Ha MHOXKECTBO LBETHBIX TOYEK, a 3areM, oOpalaTbiBas TOYKH, IMOJIy4aeT Habop
JUHUM, OKPYKHOCTEH, KBaJpaToB U MPSAMOYrojibHUKOB. [locie 3Toro poOOT MbITae€TCs COOTHECTH
MOJTYYECHHYIO MEIIAHUHY JeTajel Mo oyepean ¢ KaKAbIM U3 0OBEKTOB, XPAHSIIIUXCS B €T0 MaMSTH,
— qp63BLIqaﬁHO HyOHasA 3aaa4a JaXe IJIA KOMITbIOTEpa. ITocne MHOTMX YacOB BBEIYHCIICHHH My,
MOXeT OBITh, yAAcTCS COOTHECTH JMHUM Ha KAapTUHKE CO CTYJIbSIMH, CTOJIAMH U JIIOJIbMH,
Haxoas1nIuMHuCss B KOMHATeE. B ornmmume ot p06OTOB, MBI, BXOJd B KOMHATy, 3a OO CCKYH/bI
CXBATBIBAEM B3IVISZIOM CTYJIbsl, IMCbMEHHBIE CTOJBI U JIIOEH. B camoM fene, 4yenoBeyeckuit Mo3r —
3TO MO CYTH MAaIIMHA Ui paclio3HaBaHus 00pa3oB.

Kpome toro, y poG0TOB HET 3/1paBoro cMbiciia. POGOTHI MOTYT CIIBIIIATE HAMHOTO JIy4YIlle, YeM
JIXOAM, HO OHM HE IMIOHUMAIOT, YTO CIbIIIAT. PaccMOTpHUM, K IPUMEDY, CIEAYIOIIHNE YTBEPKIACHUS.

oJleTn M00AT CITATOCTH, HO HE JTI00AT HaKa3aHUs.
*3a BepeBKY MOXKHO TSHYTh, HO HEIIb3sI TOJIKATh.
°Han1<0171 MOJXHO TOJIKaTb, HO HCJIb3s THHYTI).



’KuBoTHEIC HE YMCIOT TOBOPUTH U HC IOHUMAKOT MO-aHITIMHCKH.
Ot BpalICHUA y 4YCJIOBCKA MOXET 3aKPYKUTHCA I'OJIOBA.

Jns Hac kaxaoe U3 ATHX YTBEPXKACHUH OYEBUAHO U MPOUCTEKAET U3 OOBIYHOIO 3pPaBOro
cMbIcnia. Y poboToB Bece He Tak. He cymiecTByeT HM OZHOTO MOJIOKEHUS JIOTUKU, HU OJHOM CTPOKHU
MIPOrPaMMHOTO KOZ[a, B KOTOPBIX ObI YyTBEPKAAIOCh, YTO OEUEBKOM HUYETO HENb3sl TONKHYTh. Camu
MBI yOEIMINCh B UCTUHHOCTH 3THUX M MHOTHX JAPYIHX «OUEBUIHBIX)» YTBEpP:KIEHHH Ha OIbITE, UX
HUKTO HE BKJIaJbIBaJ B TOTOBOM BHUJE HaM B NaMSTh.

[Ipu mnomxone «cBepxy BHH3» OCHOBHAas mpoOieMa 3akilo4aeTcss B TOM, 4YTO IS
MIPOrPaMMHUPOBAaHUs YEJIOBEYECKOTO 37PaBOr0 CMbICIA, HEOOXOAMMOIO JUIsi MMHTALMU HAllero
MBILUIEHHS, TOTPeOOBaIOCh OBl CIMIIIKOM MHOTO CTPOK Koja. K mpumMepy, Ha onucaHue NpUHIIMIIOB
3IpaBOrO CMbICTIa B 00beMe, AOCTYIIHOM HIECTHJIETHEMY peOEHKY, yIUIM Obl COTHH MHJUIMOHOB
ctpok. I'anc Mopaex (Hans Moravec), ObIBIIMI HadadbHUK Ja0OpaTOpUU HCKYCCTBEHHOTO
nHTeiekTa B YHuBepcurere Kapuerm-Mennon, kxanyercs: «/lo cero mus mporpammsl UM He
CIOCOOHBI MPOAEMOHCTPUPOBATh HHU KPYMHIBI 3ApaBoro cmeicina. K mpumepy, MeauuuHCKas
JMarHOCTUYECKasi TMporpaMMa CHOCOOHa MpoIucaTb aHTUOMOTHK, €CIU MNPEeAJIOKUTh e s
WCCIIEJIOBAHNS CIIOMaHHBIM Bejocunen. J[eao B TOM, 4TO y HEEe HET HU MOJEIU YEJIOBEKa, HH
Moiesu 0OJIE3HU, HU MOJIENH BEIOCUIIEay.

TeM He MeHee HEKOTOPBIE YUYEHBIE YIPSMO BEPAT, YTO EJUHCTBEHHOE IPEMNSATCTBHE K
OBJIAJICHUIO 3PAaBbIM CMBICIIOM — HEIOCTAaTOK BBHIYMCIUTENbHBIX MOIIHOCTEH. OHU CUMTAIOT, YTO
MacIITaOHBI HAIlMOHAIBHBIM MPOEKT HamogoOue MaHXITTeHCKOro (B paMKax KOTOporo Obuia
co3/laHa aToMHast 00M0a) HaBepHsIKa CMOT ObI IMPEOAOJIETh BCE MPEMSATCTBHUS U PELIUTH ISl pOOOTOB
npobieMy 3apaBoro cMmbicia. B 1984 . 6puta 3anymen npoekt noa HazBanuem CYC, npu3BaHHbII
CO3JaTh «3HUUKJIONENNI0 MBICIN» Uil poOoToB. OgHAKO 3a MPOLIEAIINE C TEX MOpP HECKOIbKO
JNECATUJICTUH BCE YCWIMS YYAaCTHHKOB IPOEKTAa HE YBEHUYAIHCh CKOJbKO-HUOYIb CEPbE3HBIM
YCIIEXOM.

Lens mpoekta CYC 6bu1a npocta: ocBouTh « 100 MITH Belieit — NpUMEpPHO CTOIBKO, CKOJIBKO
3HAET O MHUpe cpeaHuil yenoBek, — K 2007 r». DTOT CpOK, KaK U HECKOJBKO MPEIbITYIINX, IPULIET
U TpoIlIed, a yCmex Tak M He Obul JOCTUrHYT. B Xome pabGorbl Obuin JIOCTUTHYTBI MHOTHE
dbopmanbHbIe pyOeXKH U3 TeX, 9T0 HaMmedanu it ceost nmkeHepsl CYC, HO yUEeHBIM | IO CeH JIeHb
HE yAaJIOCh HU Ta 1Iar NpUOIM3UTHCS K OBJIAIEHUIO OCHOBAMU pazyMa.

YenoBek NpoOTUB MaLUUHbI

OpHaXJpl MHE JIOBEJIOCh IIOMEPHUTHCS MBICISIMH C POOOTOM — TMPHUHATH YydacTue B
WHTEJUICKTYaJIbHOM cocTs3anuu ¢ mamuHoi Tomazo [Tomko (Tomaso Poggio) 3z MIT. PoGoTs! He
CocOOHBI PACMoO3HaBaTh IMPOCThIE O0pa3bl, Kak 3TO jaenaeM Mbl, HO Ilomko cymen co3marh
KOMITBIOTEPHYIO TPOrpaMMy, KOTOpasi MOXET MOTAraTbCsi MO CKOPOCTU C YEJIOBEKOM B OJHOMN
JOCTaTOuHO crnenuduyeckoil o6i1acTU: B «MTHOBEHHOM paclio3HaBaHum». Peub wuger o0
YHUKaJIbHOM CIOCOOHOCTH YE€JIOBEKa MTHOBEHHO, Ja)keé HE CO3HaBas TOTO, Yy3HaTb OOBEKT.
(MrHoBeHHOE paclo3HaBaHUE WIPAJO BAXXHYIO POJIb B JIBOJIOLMHU YEIOBEKa — BEIb Yy HAaIUX
MIPEeIKOB Oblja JUIIb A0S CEKYHAbl Ha TO, YTOObI OOHAPYKUTh MPUTAUBILErOCA B KycTax TUTPa, a
0co3HaTh ¥ 00ayMaTh 3TOT (pakT MOXkHO ObUTO U MOoTOM.) IlepBoe Bpemst pobot Ilomxo cTabuiabHO
HabupasI B 0COOOM BH3yaJIbHOM TE€CTE OOJIbIIIe 0aIOB, YEM YEIIOBEK-YIaCTHHK.

CocTa3zanue MeXJ1y MHOW M MallMHOW BBIIVISIIEIO OYEHb MpocTo. S cagwiics B Kpecio U
HEKOTOpOE BpeMsl BIVISAbIBAJICS B OOBIUHBIM KOMIBIOTEPHBIN 3KpaH. 3aTeéM Ha SKpaHe Ha JOJII0
CeKYH/Ibl MeJIbKajla KapTUHKa, a 51 JOJDKEeH ObLT KaK MOXKHO ObICTpee Ha)KaTb OJIHY U3 JIBYX KHOIIOK
— TMI0Ka3aTh, BHXKY S Ha KapTUHKE Kakoe-HUOyAb >KMBOTHOE WIM HeT. PemieHue HyXHO OBLIO
NPUHUMATh KaK MOKHO OBICTpee — He JOKUIasCh BOCIPUATUS KapTUHKU co3HaHueM. KommbroTep
JTOJIKEH OBLI MPUHSATH MO TOU e KapTHUHKE aHAaJOTUYHOE PElLICHHE.

CTpIIHO NPU3HATHCA, HO MOCJIE MHOXKECTBA TECTOB PE3Y/bTAThl MAIIMHBI U MOU OKa3aJIUCh
pUMEpHO OAMHaKoBbIMH. Ho MHOrAa mammHa paboTana 3HAUUTENbHO JIy4dlle U OCTaBiIsIa MEHS



nanexo nosamu. S mpourpan kommbiorepy. (ETMHCTBEHHBIM yTelleHHeM ObLIO TO, YTO, KaK MHE
CKazajii, KOMIIBIOTEP JaeT MpaBWIbHBIA OTBET B 82 % ciyyaeB, a 4YeJOBEK B CpeHEM JIUIIb B
80 %.)

Knrou k ycmexy mporpammsbl [lojxo B TOM, 4TO B HEMl HMCHOJIB30BaHbl YPOKH MarTepHu-
npupoapl. MHOrME ydeHblE TOJIIBKO CE€Wyac HAYMHAIOT IMOHMMATb HMCTHUHHOCTb YTBEP)KIEHUS
«Komneco yxe nzobpereHo, nouemy Obl He CKONUpoBaTh ero?». [IpuBenem npumep.

OOBIYHO POOOT, IS HA KAPTUHKY, IBITACTCSA PA3IOKUTh €€ Ha SJIEMEHTHI U MPEICTAaBUThH KaK
COBOKYIHOCTb JIMHHUM, KPYyTroB, KBaJApaTOB U JPYTUX TeoMeTpuueckux Gopm. A BoT pobot Ilomko
JIENCTBYET MHAYE.

UYenoBek, MO HAa KapTUHKY, CHayaja BOCIPUHUMAET KOHTYpPbl OOBEKTOB, 3aTeM JeTailu
BHYTPH KaXJ0Tro OOBEKTa, 3aTeM OTTEHKH BHYTpH JeTained W T. A. TakuMm oOpa3om, Mbl Kak Obl
paciieruisieM H300pakeHHE Ha MHOXecTBO cioeB. KommbioTep, o0paboraB oauH  CioOH
n300pakeHns, 0ObEAMHSET ero CO CIEAYIOUIMM U BKIIIOUAeT B 0OLIYyI0 KapTuHy. Tak, Imiar 3a marom,
CJIOW 3a CJIOEM, OH UMHUTHUPYET HMepapXUUYeCKyro o0pabOTKy H300paKeHUS, KOTOPYIO HCIOJIb3YET
Hai Mo3r. (ITporpamme [lomko HETOCTYNHBI HEBEPOSATHBIE BOBMOKHOCTH PACIO3HABAaHUsI 00pa3oB,
KOTOpbIE MBI C BaMU BOCHPHUHHMMAaeM KaK HEYTO caMo co0oi pasymerolieecs, — TpeXMepHas
BU3YyaJIU3allMs, PaclO3HABAHUE THICSIY OOBEKTOB IOJ] CAMBIMHM Pa3HbIMU YIVIAMU U T. JI., — HO BCE
K€ HeJb3s HEe MPU3HATH, UTO 3TO CEPhE3HOE TOCTHKEHUE. )

[To3xe MHE nOBenoCh YBUAETh B JEHCTBMM 00a monaxona Kk coznanuto MU. CHawana s
noObiBasl B LleHTpe nckyccTtBeHHOro mMHTE/UIekTa CTIH(OPACKOrO YHUBEPCUTETAa UM BCTPETHIICA C
podorom STAIR (Stanford artificial intelligence robot), co3manHeiM Ha 0a3e TpaJUIIMOHHOTO
noaxona. STAIR — po6ot poctom okosio 120 cM ¢ OrpoMHOI MeXaHWYeCKOW pyKOH Ha MIapHUpax.
DToii pykoit poOoT MOxkeT OpaTh co crona npenMersl. Kpome Toro, STAIR MoOuneH u MOXeT
CaMOCTOSITENIHO TepeBUrarbcst 1o oducy uiam >kwiumly. Y Hero ecth 3D-kamepa, koTopas
¢dokycupyercss Ha 00BEKTEe M TOAAET B KOMIIBIOTEP €ro TpeXMepHOe M300pa’KeHHe, MpHU MOMOIIH
KOTOPOTO MEXaHHUYeCKasl pyka MOXKET MpaBUJIbHO 3aXBaTUTh 00bEKT. BooOuie, poOOThl HaydHUIUCh
Oparb 00BbeKTHI emie B 1960-X T, 1 Bckope Takue poOOThI MOSBUIMCH HA aBTOMOOMIIBHBIX 3aBOJIaX
Herpoiira.

Ho Buemnuocte oOmanuumBa. STAIR cmocobGen Ha Oonbliee. B Hero, B OTIMYHME OT
JETPOUTCKUX pOOOTOB, HE 3aJIOKEH kKecTKuil cueHapuil. OH geiicTByer cam mo cede. Ecau Bbl, k
npUMepy, TONpOCUTEe poOOTa B3ATH alelbCUH, TO OH MPOAHAIU3UPYET JIeKallHe Ha CTOJe
MpeIMeThl, CPAaBHUT UX C ThICAYaMH HM300pa’KeHUI, 3apaHee 3aJ0KEHHBIX B €ro MaMsTh, y3HAeT
arnejJbCUH M IMOJHUMET €ero CO CTojla cBOoeill MexaHmueckod pykoil. Kpome Toro, oH crnocobex
uAeHTU(GUIMPOBaTh TpeaMeT Oojiee TOYHO, €ClIM BO3bMET B pPyKy M OyIeT MOBOpauMBaTh U
paccMmarpuBarh CO BCEX CTOPOH.

UYroOb1 npoBeputh Bo3MokHOCTH STAIR, s mepememian mpenMeTsl Ha CTOJE U MOCMOTpET,
Kak poboT Oyner neiictBoBath. STAIR KOppeKTHO MNpoaHAIM3UPOBAT HOBOE PACHOIOKEHHE
MIPEIMETOB, MPOTAHYJ PYKY M B3sUl TO, 4TO s mompocui. Co3naTenu 3Toro podoTa CTaBAT Mepej
coOOH IieNlb HAay4YuTh €ro CBOOOAHO NepeABHUraTthCsi B JoMe WM oduce, OpaThb pas3IUuHBIC
MpeaIMeThl, B3aUMOJEHCTBOBATh C Ppa3IWYHBIMU OOBEKTAMM W HUHCTPYMEHTAMH U JaxKe
pasroBapuBarh C JIIOJbMH Ha YIPOIIEHHOM s3blke. Ecinm 310 ynmactes, poboT OymeT crnocobeH
BBITIOJHATH MPAKTHYECKH BCe (YHKIMU, KOTOPbIE BBIMOIHSAET B OpUCe MaJIbYMK Ha MOOEryIIKax.
STAIR — obpaser nmoxxoja «CBepXy BHU3»: BCE €ro NEHCTBUS 3alpOrpaMMHUpPOBaHbI OT Hayaua u
1o koHna. (Xors STAIR moxer pacro3HaBaTh MpeIMEThl MOJ Pa3HBIMU YITIAMH, HO KOJIMYECTBO
NPEIMETOB, KOTOpbIe OH BOOOIIE CIOCOOEH pacro3Harh, Moka orpaHuyeHo. OKaxHuch Tako poOooT
Ha YIIULE B OKPY)KEHUU CIIy4allHbIX 00BbEKTOB, OH Oy[IeT MTHOBEHHO Napajn30BaH.)

TTo3ke y MeHs MOSBHIACH BO3MOXHOCTH Tocetuth Hpro-Mopkckuil yruBepcurert, rae Sun
JIeKyn (Yann LeCun) skciepuMEHTHPYET C COBEPIIIEHHO IPYTUM co3nanueM. Ero po6oT HOCHT uMms
LAGR (Learning applied to ground robots — oOyueHue B MPUIOKEHHH K Ha3eMHBIM poOOTaM) U
IpeJCcTaBisieT co0oi oOpasel] MoJaxo[a «CHU3Y BBEPX»: €My MHPUXOIUTCS YUUTHCS BCEMY C HYIS,
HaTblKasicb Ha camble pas3Hble npeamerbl. LAGR — poGoT pa3mepoM ¢ MaJeHbKHHA TOIb}-
MOOUJIBYMK, OOOpYIOBaHHBIK JBYMS LBETHBIMH CTE€pPEOKaMepaMH; OH IOCTOSHHO CKaHHUPYET



JaHamadT ¥ pacrno3HaeT BCTpevaromuecs npeaMeTsl. [locie 3Toro oH HauWHAeT ABUraTbCs Cpeiu
ATHX NPEIMETOB, CTapaTebHO UX 00BbEe3kKask M y3HaBas 4TO-TO HOBOE C KaXJbIM mpoe3noM. Pobot
obopynoBan GPS-npuemMHMKOM U uMeeT JABa HH(paKpacHBIX JaTyMKa, CIIOCOOHBIE 3aceKaTb
npeaMeTsl Ha ero myTH. OH COIEpKUT TpU MOIIHBIX Ipoueccopa Pentium u moacoeauHeH K
rurabutHoit cetn Ethernet. Mb1 ¢ po6OTOM OTHpaBUIUCH TYNATh MO ONMU3NEkKAlIEMy MapKy, IIe
LAGR yuuscs o0be3:xaTh BOZHUKAIOLIUE HAa €r0 MyTH noMexu. Kaxx el pa3, mpoxos MapuipyT, OH
nproOpeTas HOBYIO CHOPOBKY U YUHJICS JIy4llle 00XOAUTh MPENSITCTBUS.

Mexny LAGR u STAIR ectp odeHb BaxkHOE paznuume, cocrtosimee B ToM, uyto LAGR
ClenuanbHO pa3paboraH Uit camooOydeHusi. Kaxknelii pa3, HaTajgkuBasCh Ha KakKoe-TO
MPEMSITCTBHE, OH 00BE3KAeT BOKPYT 3TOro 00bEeKTa M YUUTCSI Y3HaBaTh U MHUHOBaTh €ro, YTOOBI B
creayromuii pa3 He HaroiakHyThes. Ecmu B mamstu STAIR Xxpasarcs wu300paskeHHs! ThICSY
npeameToB, To B naMatu LAGR Her mpakTuyecku HUKaKUX HU300pa’KeHHil; BMECTO 3TOro poboT
co3/laeT Kak Obl MBICICHHYIO KapTy BCEX BCTPEUEHHBIX MNPEMSATCTBUH M Ha KaXJOM IPOXOe
OOHOBIIIET W yTouHseT ee. B ommmune oOT aBTOMOOWIA-POOOTA, KOTOPBIK  KECTKO
3alpOrpaMMUPOBAH U ABWXKETCS MO MAapLIPYTy, 3apaHee MPOJIOKEHHOMY JUIsl HETO IPHU IOMOIIU
cuctembl GPS, LAGR nBuxeTcsi COBEpIIIEHHO CaMOCTOSITENbHO, 0€3 BCSIKUX YKa3aHHUIl CO CTOPOHBI
yejoBeka. Bbl roBopuTe emy, Kyna JBUraThbcs, U OH IyckaeTcs B myTb. Co BpeMeHeM MOI00HBIX
po60TOB MOXKHO OyneT 0OHapyXUTh Ha Mapce, Ha 1ToJie 005 U B HAITUX JKHJIUIIAX.

OHTy3ua3M M JHEPrus 3TUX MCCIENOBAaTeNeil NMPOU3BENIM HAa MEHS CUIBHOE BIICYATIICHUE.
Camu oHH TIIyOOKO YOEXJEHBI, UYTO 3aKJIaJbIBalOT OCHOBBI MCKYCCTBEHHOIO HHTEJUIEKTa U YTO
KOTJ[a-HUOY/Ib pe3yJabTaThl UX PaOOTHl BBI30OBYT B 0O0IIEeCTBE INIOOANbHbIE HW3MEHEHMS, KOTOpbIE
YEJIOBEYECTBO CETOJHSA TOJBKO HAa4YMHAET OCO3HaBaTb. HO B3MIsA €O CTOPOHBI IMO3BOJIWI MHE
YBHUJIETh, KaK JTAJIEKO MM elle 70 ycrexa. [laxke TapakaHbl CIOCOOHBI pacro3HaBaTh MPEIMETHI U
YUUTbCA OOXOAUTH UX. MBI k€ MOKa HaXOAMMCS Ha TOM CTaauH, KOrja Jake camble IPUMUTUBHBIE
U3 CO3JaHMN Marepu-IpUpPOJIbl COCOOHBI MOOETUTh B COCTA3aHUU C HAIIUMH CaMbIMH YMHBIMHU
poboTamu.

Bnwxanwee Gyayuiee
(c HacTosiLwero momeHTa Ao 2030 r.)

SKCHepTHLIe CHUCTEMBI

CeroHst BO MHOTHUX JIOMax Y)K€ MOSIBUJIUCH MPOCTbIE pOOOTHI, TpeJHA3HAYECHHBIE I YUCTKH
KOBpOB. CylIlIEeCTBYIOT Takke pPOOOTHI-OXPAaHHHUKH, MATPYIUPYIOIIME 3AaHUS 1O HOYaM, poOOTHI-
HKCKYPCOBOJIBI 1 poOoThI-paboune. B 2006 1. 66u10 IPUMEPHO MOACYUTAHO, YTO B MUPE CYIIECTBYET
950 000 mpoMBIIIIEHHBIX pOOOTOB, a B nAomax M oducax padortaet 3 540 000 obOcmyKUBArOIITNX
pobotoB. B Ommxaiimme pecaTwieTHss poOOTOTEXHHMKAa OyJeT pa3BUBAaTbC B HECKOJIBKHUX
HaIlpaBJICHUAX, BO3MOXHO HCOXHWIAAHHBIX, HO HOBEIC pO6OTI)I HE 6YHYT IIOXOXXM Ha TEX, 4YTO
3HAKOMBI HaM I10 HAay4HOH (paHTacTHKe.

Cample OonbllMEe YCIEXH, CKOpee BCero, OyayT JOCTUTHYTHI B OOJIaCTH TaK Ha3bIBa€MBIX
HKCIIEPTHBIX CHUCTEM — KOMIBIOTEPHBIX IMPOrpamMM, 3aKJIIOYAIONMX B ce0e MYAPOCTb U OIMBIT
yenoBedyecTBa. Kak yke roBOpWiioCh B MPEABIAYLIEH IJIaBe, OIHAXKIBI MbI, BEPOATHO, MOJIYYUM
BO3MO)XHOCTh TOTOBOPUTH C VIHTEpHETOM Ha HACTEHHOM 3KpaHe M YBHUJETh J0OpOXKeIaTelbHOe
JIUIIO ¥ TIOTYYUTh COBET OT POOOIOKTOPA U POOOIOPHCTA.

Ora o00nacTh Ha3bIBAETCSl HIBPUCTUKOM M CBOJAUTCA K CIEIOBAaHMIO HEKOEH cHucreme
dopmanbHbIX npaBuwi. K mpumepy, IuiaHupys TYpUCTUYECKYIO MOE3/IKY, Bbl 0OpaTUTECh K JIMILY Ha
HAaCTEHHOM MHTEPHET-9KpaHe M COOOLIUTEe BCIO HEOOXOAMMYIO HHGOpPMALUIO: JIUTEIHHOCTh
MMOC3AKH, IYHKT HAa3HA4YCHUsA, OTCIIH, HCHOBOﬁ JAuarra3oH. HpI/I 9TOM DOKCIIEpTHAA CUCTEMA IO OIBITY
NPOILIBIX MOE310K OyAeT 3apaHee 3HaTh BAIllM OCHOBHBIE NMPEINOYTEHUS; OHA CBSHKETCS C OTEISIMH,
ABHAKOMIAHUAMHU U T. . U NPEUIOKUAT BaM Hawilydluue yciaoBua. Ho mpu pasroBope ¢ HeW Bam
NpUaeTcs TMOJb30BaThCsl HE CBOOOAHON pa3roBOPHOM pedblo, a JIOBOJBHO (POpMabHBIM
CTUJIN30BAHHBIM A3BbIKOM, ITOHATHBIM KOMIIBIOTEDY. Takast cucrteMa CMOXKET 6BICTpO BBIIIOJHATH



MHOKECTBO MOJIe3HBIX 3aja4. Bel Oyznere mpocTo oTnaBaTh MPUKA3bl, OHA caMma 3ape3epBUPYET JUIS
BaC CTOJMK B pecTOpaHe, Haijer OmmKalline Mara3uHbl, 3aKaXeT NPOAYKTbI, 3a0pOHUPYET
aBUAOWJIET M T. II.

HNmenHo Onaronmapsi ycmexaM 3BPUCTUKHM B IOCJIETHHUE JECATUIETHS y HAC CErojiHi eCTh
IIPOCTHIE TOMCKOBBIE CHCTEMBI, KOTOPBIMU TaK yAOOHO Moib30Batbes. Ho 3T0 10BOIBHO TpyOble
cucteMbl. Kaxxmomy nosiab30BaTeNio O4EBUIHO, UTO OH UMEET JIEN0 HE C YEJIIOBEKOM, a C MAIIMHOMU. B
Oynyiiem, OJHaKO, pOOOTHl CTaHYT HACTOJIBKO M3OUIPEHHBIMH, YTO OyAyT BeCTH ceOsi MOYTH IIOo-
YeJI0BEUECKH U CBOOOIHO paboTaTh C HIOAHCAMU U CIIOKHBIMU 3alIPOCAMH.

MokeT ObITh, cCaMble IPAKTUYHBIE MTPUIIOKEHUS OyAyT CO3aHbl B 00JACTH 3PaBOOXPAHEHUSI.
K nmpumepy, eciu cerogHsi Bbl HOYYBCTByeTe ceOs TJIOX0, BaM MPUJIETCS HE OJUH 4ac MPOCHUIETh B
NPUEMHON CITYyObl SKCTPEHHON MOMOIIM, MpeXJe YeM yaacTcs MomacTb K Bpady. B Hemamexom
OyaymieMm B MOJOOHON CHUTyallud BbI, BEPOSTHO, CMOXETE€ MPOCTO MOJONTH K HACTEHHOMY
MHTEPHET-3KpaHy U MOTOBOPUTH C pOOOJOKTOPOM, OJHUM Ha)KaTHEM KHOIKHU IMOMEHSATH JIUIO0 — U
Jla)ke JTMYHOCTh — coOeceHUKa Ha HKpaHe. DTO CUMIATUYHOE JIUI0, KOTOpOE MO 3amnpocy Oyner
BCSKUI pa3 MOSABIATHCA Ha BallleM dKpaHe, 337acT BaM psiji HECIOXKHBIX BompocoB («Kak Bbl ceOs
gyBcTBYeTe?», «I1e 6omut?», «Kormaa Havanucek 60mu?y», «Kak 4acTo OHM BOSHHKAIOT?»).

Kaxip1ii pa3, oTBevasi Ha BOIPOC, Bbl Oy/ieTe BRIOMPATh OAMH U3 MPEACTABICHHBIX Ha YKpaHe
BapHaHTOB. BaM He mpujercs medyarath OTBET Ha KJIaBHAType, JOCTATOYHO OyleT MPOU3HECTH €ro
BCIIyX.

Kaxxp1it 13 Balnx OTBETOB, B CBOIO O4€pe/lb, OyAET BbI3bIBATH OUEPEIHYIO I'PYIIITY BOIPOCOB.
[Tocne BOMPOCOB M OTBETOB POOOJOKTOp, OMUPAACh Ha OIBIT JIYYIIUX Bpaded MUpa, CMOXKET
MOCTaBUTh BaM AuarHo3. [loMumo Bammx OTBETOB, poOOJOKTOp OyneT aHAIM3UpPOBATh JaHHBIE U3
Ballleil BAHHOM, C Balllei OAeX bl U MeOeH, KOTOpble HENPEPhIBHO KOHTPOJIUPYIOT Ballle 310pPOBbE
yepe3 yunbl — JIHK-ananuzatopsl. M1 He UCKiIIOU€HO, YTO OH MOIPOCHUT Bac MPOBEPUTH CeOS MpH
MIOMOIIM MTOPTAaTUBHOTO MAarHUTHO-PE30HAHCHOTO ToMmorpada, JaHHbIE C KOTOPOro OyayT 3arem
oOpabotansl cynepkoMmibiorepoM. (IIpuMuTHBHBIE BEepCUM MOAOOHBIX IBPUCTUYECKUX MPOTpamMm
YK€ CYHIECTBYIOT — K mpumepy, WebMD, — HO UM He XBaraeT HIOAHCOB M IOJHON MOIIH
ABPUCTUYECKUX AITOPUTMOB.)

Takum 00pazoM, MOXKHO OyZIeT UCKITIOYUTH OOJBIIYIO YacTh BU3UTOB K Bpady U 3HAYUTEIHHO
ocllabuTh Harpy3ky Ha cHucTeMy 3iapaBooxpaHeHusl. Ecnum mnpoOnema okakeTcsi cepbe3HOH,
POOOTOKTOP MOPEKOMEHAYET BaM IoexaTh B OONBHUILY, I7I€ BpauM-IIOH CMOTYT OOECIeUUTh BaM
MHTEHCUBHOE JieueHue 1 yxoa. Ho naxe tam Bbl cTonkHeTech ¢ mporpammamu MU B Buae poboToB-
cuenok, noxoxkux Ha ASIMO. Otu poOoThI-cuenku He OyIyT B IOJIHOM CMBICIIE Pa3yMHBIMH, HO
CMOTYT TMEpeIBUTraTbCsd U3 OJHOM OOJPHUYHOM mTaiaThl B JAPYrylo, pasgaBaTh MalUeHTaM
Ha3HAYCHHbIE JIeKapCcTBa M OOecleuyuBaTh JAPYrue UX MOTpeOHOCTH. MoxkeT ObITh, OHM OyIyT
JBUTAThCS MO MPOJIOKEHHBIM B MOy pelbcaM, MOXKET ObITh, He3aBUCUMO, Kak ASIMO.

EnuHCTBEHHBINH Ha JaHHBIH MOMEHT CYIIECTBYIOLIUM poOOT-cuaenka — MOOWIBHBIA poOOT
RP-6, koTOpOro HAYMHAIOT KUCIIOJIH30BATh B HEKOTOPHIX OOJIBHUIIAX, TAKUX KaK MEAUIIMHCKUAN IIEHTP
Vuusepcurera Kamupopuun B Jloc-Anmxenece. B ocHOBe cBoeil 3TO TeneskpaH MOOHIBLHOTO
KOMIIBIOTEPA, KOTOPBIN NEepenBUraeTcs Ha poinukax. Ha Teneskpane Bbl BUIUTE JUIO HACTOSLIETO
Bpaya, KOTOPBIil B 3TO BpeMsl MOXKET HaXOAUTHCS Ha PACCTOSHUM MHOTHX MHJIb OT O0bHUIIBL. PoOOT
000pyI0BaH BUACOKaMEpO, KOTOpas MO3BOJISET Bpady BUAETh TO, HA YTO OH CMOTpUT. EcTh Takke
MHUKpO(GOH, YTOOBI Bpad MOI pPa3roBapuBaTh C MAIMEHTOM. Bpad MoxkeT ympaBiiTe poOOTOM
JUCTAHIIMOHHO MPHU MOMOIIM JKONCTHKA, MOXKET 00IAaThCsl C MallMeHTaMu, HaOIo1aTh 3a IPUEMOM
JnekapcTB U T. 1. M3BectHo, uto B rog B CIIIA B oTaeneHuss MHTEHCUBHOW TepalnuM IMOCTYNAET
5 MJIH MalMeHTOB, HO Ha HUX Ipuxoautcsa Bcero 6000 Bpadeid, JOCTaTOYHO KBaTU(PHUIIMPOBAHHBIX,
4yTOOBI JIUUTh KpUTHUYECKH OONbHBIX. [loaToMy poboThbl, momoOHble RP-6, Mo OBl CMATYUTH
KPH3HUC CUCTEMBI SKCTPEHHOM MOMOIIH, I7I€ Ha OJHOTO Bpada IPUXOJUTCS MHOXKECTBO ITAIIMEHTOB.
B Oynymem Takue poOOTHI, BOBMOXKHO, CTaHYT Oojiee aBTOHOMHBIMH, HaydaTCsl CaMOCTOSTENIbHO
OpPUEHTUPOBATHCS B 31aHUU OOJBHUIIBI U 00IATHCS C MAIUEHTaMH.

SnoHust — OMH U3 OECCIIOPHBIX JUAEPOB B ATOM 00NACTH TEXHUKU. DTa CTpaHA TPATUT Ha
poOOTOB HEMaJble CPEACTBA, CTPEMACH CMSTUYUThH TPSAYIIUNA KPU3UC CUCTEMBI 3PaBOOXPAHEHUS.



[Toxkanryl, HE CTOUT YAMBIIATBCSA TOMY, YTO MMEHHO SIIIOHUSA CTajga OJHOM U3 BEAYIIHUX CTpPaH B
obmactu pobotoTrexHUkH. [IpuuuH TOMy HeckoiabKo. Bo-mepBhIX, B CHHTOM3ME CUMTAETCS, UYTO y
HEONYLICBICHHBIX IPEAMETOB TOXKE €CTh CBOS JYyXOBHas CYHIHOCTb. Jlake y MEXaHUYECKHUX
ycTtpoiictB. Ha 3amane getw uHOrga muiadyT M KpUYaT OT yKaca HpuU BHUAe poOOTOB, YTO
HEYIMBHUTEIBHO MOCIE MPOCMOTPAa MHOTOUYHUCIICHHBIX (PMIBMOB O OeIIeHbIX MamnHax-youinax. Ho
JUTSL SITOHCKUX JAeTel poOOThl — 3TO POJICTBEHHBIE TYIIHU, UTPUBBIE U BCErJa TOTOBbIE MOMOYb. B
AMOHCKUX YHHMBEpPMarax IOKymareield HepeaKo BCTpedaeT poOoT-peneniuoHucT. Booobmie, 30 %
BCEX KOMMEpYECKUX poOOTOB MHpa pabOTa0T UMEHHO B SMOHUU.

Bo-Bropbix, SINOHUM B JaHHBIH MOMEHT yrpokaeT aemorpaduueckuil xommap. Hacenenue
ATOM CTpaHbl CTapeeT ObICTpee BCeX B MHUpE. YPOBEHb POXKAAEMOCTH yIall 10 HEBEPOSTHON LUDPHI
— Bcero 1, 2 pebeHka Ha ceMblo, a MMMUTpalMM B SINOHMM mpakTHuecku HeT. Hekoropsie
nemMorpadsl TOBOPSIT, UTO MBI ceifuac HaONogaeM KpyLIeHHE T0€3/10B B 3aME/UIEHHOM TeMIIe: OJUH
nemorpaduueckuii moesJ (craperolee HaceJIeHrue U MaJleHHe YPOBHs POXkKAaeMOCTH) B OmmKaiiiue
ro/ibl CTOJIKHETCS C JIPYrMM (HU3KHM ypoBeHb MMmHrpaunuu). Haunbonee octpo Bce 3T SBICHUS
OynyT mpoTekarb B 007acTH 3ApaBOOXpaHeHUs M MeauuuHbl, rae ASIMO-monoOHble POOOTHI-
CUJIETIKA MOTYT OKa3aTbCs OUY€Hb MOJE3HbIMH. Takue poOOThl HeaTbHO MOIXOIAT Al OOIBHUUHBIX
3aj]a4y, TaKUX KakK JIOCTaBKa MEIMKAaMEHTOB M MPHUOOPOB, pas3jaya JEKapCTB U KPYIJIOCYTOYHOE
HaOJIFONEHNE 3a [al[EHTaMU.

CepeauvHa Beka
(2030-2070 rr.)

MonayiabHble po0OTHI

K cepennne Beka B HalleM Mupe OyJeT MOJTHO poOOTOB, MPUYEM Mbl, BOBMOXKHO, HE Oy/IeM X
Jake 3aMedartb. J[eno B ToM, 4T0 OONBIIMHCTBO pOOOTOB, BEPOSATHO, HE Oy/IET MOXOXKEe Ha YeloBeKa
BHemtHe. OHU OyAyT CKpBITBI M3 BUAY, 3aMacKUpOBaHbl IO/ 3MeH, HACEKOMBIX M IayKOB,
BBIMOJIHSIONINX HETIPUATHBIE, HO OYeHb BaXKHBIE 33a4l. ITO OyAyT MOAYIbHbBIE pOOOTHI, CIOCOOHBI
MEHSATh GOpMY B 3aBUCUMOCTHU OT 3aJJaHUSI.

MHe 10Ben0Ch BCTPETUTHCS C OHUM M3 TTHOHEPOB B 3TOM obnactu. Bavimunp [1I>ap (Weimin
Shen) u3 YuuBepcurera FHOxuoit Kamndopuun HamepeBaeTcsi co3maBaTh HEOONbIINE KyOUUeCKue
MOy, KOTOpbIE MOMKHO 3aMEHSATh CTOJIb e JIeTKOo, Kak KyOuku Lego, M coenuHATH
MIPOU3BOJIBHBIM 00pa3oM. OH Ha3bIBAET CBOU CO3AAHUS MOJIUMOP(PHBIMU POOOTAMU, TOCKOJIBKY OHH
CocOOHBI M3MEHATh GopMmy, reomerpuio W ¢yHKuH. OKazaBmIMCh B €ro Jjabopatopuu,
MIHOBEHHO YBHJEN Pa3HHUIy MEXAY €ro MOoAXoAOM K poOoToTexHHuke U moaxoaoMm CraHdopna u
MIT. Ha nepBblif B3sin 06e 3TH J1abopaTopuy HalOMUHAIU UTPOBYIO KOMHATy. Bciony, kyna HU
MIOCMOTPH, MOXXHO OBUIO YBHUJETh BCEBO3MOXKHBIE POOOTHU3UPOBAHHBIE «UTPYLIKW» C YUIAMHU
BHYTPH M HEKOTOpPOM jonell uHTewiekTa. Paboume cTosnbl OBUTM 3aBajieHbl CaMOJIETaMH,
BEpTOJIETaMH, BE3/I€X0/laMU U HACEKOMOBHMJHBIMH POOOTaMH C IMpOILIECCOPaMH BHYTPH, U BCE ITO
ObUIO CITIOCOOHO CaMOCTOATENBHO JBUTaThes. Kaxaplii poGoT B 3THX nabopaTopusx — 3TO
HE3aBHUCHMas CAMOJOCTATOYHAS €IMHUIIA.

Ho, Bxozs B maboparoputo Yausepcureta FOxnoit KanudopHuu, BUIUIIE HEYTO COBEPIICHHO
uHoe. Bcrony cTodT kopoOKku ¢ KyOMKaMu pa3MepoM OKOJO 5 CM, KOTOPbIE MOXKHO COETUHSTh WU
pas3nensaTh U U3 KOTOPBIX MOXKHO COOMpaTh pa3lWYHbIe «CYLIECTBa», HAITOMUHAIOIINE KUBOTHBIX.
MosxHo coOpaTh 3Me€r0, CIOCOOHYIO MPOMOJI3TH TO MPOBEACHHOW JHMHHH. M KombIlo, KOoTopoe
Oyzet karatbcs HarojnoOue oopyda. 3aTeM MOXHO M30THYTh LIENOYKY KyOMKOB MJIM COSIMHHUTH UX
Mexay co0ol mpu HOMOIIM Y-OOpa3HBIX «CYyCTaBOB» — U IOJNy4YaTCsl COBEPUICHHO HOBBIE
YCTpPOWCTBa, HAINOMMHAIONIME OCHMUHOTOB, IAaykoB, co0ak wiM Komiek. IIpencraBere cebe
pasymubIil Habop Lego, e kaxkapiii KyOuK o0nagaeT MHTEIJIEKTOM, a BCE BMECTE€ OHU CITOCOOHBI
OpPraHu30BaThCs B JI00YI0 KOHOUTYPALIUIO, KAKYIO TOJIBKO MOYKHO BOOOPa3UTh.

OTO CBOMCTBO MOIIIO OBl OKa3aTbCs TIOJIE3HBIM JUIsl NMPOHUKHOBEHUS dYepe3 Mperpajbl.



[TpencraBbTe cede nmaykooOpa3HOro poboTa, KOTOPbI Mpodupaercs Mo KaHAIW3aLMOHHOM crcTeMe
U BCTpEYaeT Ha MYyTU CTEHKY. IlepBbIM /1€JIOM OH OCMaTpUBaeT €€ U HaXOAMUT XOTsS Obl HEOOIbIIOE
OTBEpPCTHE; 3aTe€M OH pa30Oupaer ceds Ha Moxynu. Kax el 670K B OTIEIBHOCTH MPOTHCKUBAJICS OBl
Yepe3 OTBEPCTHE, a C IPYToi CTOPOHBI BCE OHU BHOBb COOMpaCh Obl BMecTe. MoaylnbpHOTO poOoTa
MOYTH HEBO3MOXXHO OYJEeT OCTAaHOBUTH, BEAb OH CMOXKET MNPEOoJ0JeBaTh TAaKUM 00pa3oM IOYTH
J00BIE IPETISTCTBHSL.

OueHp MOXET OBbITh, UTO 0€3 MOIYIBHBIX POOOTOB HaM yXe CKOpO He yaacTcs MoJIep KUBaTh
B paboyeM COCTOSIHUU pa3pyliaroniiecs o0bekTsl HHPpacTpykTypsl. K npumepy, B 2007 . pyxHyn
MocT uepe3 Muccucunu B MunHeanonuce; noruonu 13 u nocrpananu 145 yenosek. Ipuunnoii
KaTacTpodbl, Cyas MO BCEMY, OBbLIM BO3pacT MOCTa, MEperpy3kd M H3HauajbHble HEJOCTATKH
npoekTa. MOXHO NPEANoNIoKUTh, YTO HAC KAYT COTHH MOJOOHBIX MHIIUACHTOB 110 BCEil CTpaHe, HO
HENPEePHIBHO HAOIIONATh 3@ KaXKIbIM CTapblM MOCTOM IOIPOCTY CIUIIKOM Joporo. IMeHHo 371ech
MOTYT MPHUIOANUTHCS MOAYAbHBIE POOOTHI; OHM OYyIyT MOJYa W HE3aMETHO MPOBEPATH MOCTHI,
JIOpOTH, TOHHENIH, TPYObl U AJIEKTPOCTAHIIMU U MPU HEOOXOAMMOCTH Jake peMOHTHpoBaTh ux. (K
IIPUMEPY, MOCTBI, BEAYIIME B HWKHIOK 4acTb MaHX3TTEHA, CWJIBHO MOCTPAJaId OT KOPPO3UU U
HeOpexXeHMsI; UX He pEMOHTHUPOBAJIU MHOTO JieT. OnuH pabounii 06Hapy ui OyTHUIKY H3-1I0J] KOKa-
koibl 1950-X IT, OCTaBIEHHYIO IOCIE NMOCIEAHEW MOKpAacKu KOHCTpYKIMH. bonee Toro, ogHa u3
CEKIIMI cTaperomero MaHX3TTeHCKOTO MOCTa HEAABHO MPUILIA B aBAPUITHOE COCTOSIHUE U €]1Ba HE
00BaJINIIACK, TAK YTO MOCT MPHUIILIOCH 3aKPBITh HA PEMOHT. )

PoOoThI-xupypru u podoThsI-nioBapa

PoGoTbel MOTYT OBITH HE TOJBKO MOBapaMH M My3bIKaHTaMH, HO M Xupypramu. K npumepy,
OJTHO M3 BaXKHBIX TpeOOBaHUI B XUPYPTrUU — JIOBKOCTh U TOUHOCTH YEJIOBEUECKOU pyKu. XUpPypry,
KaK U MPOCThIe CMEPTHBIE, YCTAIOT B X0JIe MHOTOYACOBBIX ornepanui, 3(pGpekTuBHOCTb UX JAEHCTBHIMA
nagaer. ¥ HUX HAYMHAIOT JIpOXKaTh Naiblbl. He uckiIoueHo, 4yTo 3TH mpoOieMbl ynacTcs peluTh
IIPY IOMOIIM POOOTOB.

Tak, mpy TpaguIMOHHON XUPYPTHYECKON ONepanuy KOPOHAPHOTO HIYHTHPOBAHUS JIENIAETCA
paspe3 MHON okoso 30 ¢cM B cepeAuHe TPy, 4TO, €CTECTBEHHO, MOXKHO JAENaTrbh TOJIBKO IO
o0uM  Hapko3oM. BckpbiTHe TpymHON KIETKHM YBEJIWYUBACT BEPOSTHOCTh MH(DEKIUH U
MPOJIOJDKUTENIBHOCTD MOCIEONEPAlMOHHOTO Ieproia, MOPOXKIAET CUIIbHBIE 00 U AUCKOM(OPT B
IIPOLIECCE 3aKUBIICHUS M K TOMY K€ OCTaBIIIET YPOUIUBBIN mpamM. Ho Bce 3TH HeraTUBHBIE SIBICHUS
MOXHO CHJIbHO YMEHBIIUTh MPU TOMOIIH POOOTHU3UPOBAHHON XUPYPIUUECKO CUCTEMBI, H3BECTHOM
Kak 1a Bunun. PoOot na BuHun umeeT yeTbipe MEXaHU3UPOBAaHHbIE PYKU — IPU MOMOIIU OJHOU
OH MaHUIYJIUPYET BHJAECOKAMEPOH, OCTAaJbHbIE TpPU MpPEIHA3HAYEHbl I  TOYHEMIINX
XUpPYpPru4yeckux onepanuid. Bmecto ummHHOrO paspe3a rpyau poOOT [eNaeT JIUMIIb HECKOIbKO
KPOXOTHBIX pa3pe3ukoB Ha OOKy. B Hacrosiiee Bpems 3Ty cuctemy ucnoib3ytoT 800 GonbHHUIL B
EBporne, Cesepnoit u HOxHolt Amepuke; Tonbko B 2006 1. ¢ ee nmomouibio Ob11o mposeaeHo 48 000
onepauuii. Majuo Toro, onepanuo MOXXHO IPOBOAUTH yAaldeHHO depe3 MHTepHeT, Tak 4To XUpypr
MHPOBOTO KJIaCCa MOXKET, HE BbIE3Kasi U3 KPYITHOIO TOpoJa, MPOOIEPUPOBATh NAIMEHTA B TAJIEKON
JIEPEBHE Ha JAPYTOM MaTepUKe.

B OGynyiem Gosee mpoABHUHYThIE BEPCUH MOAOOHBIX CHCTEM HaydaTcsl MPOBOJUTH ONEPALUU
Ha MUKPOCKOIIMYECKUX KPOBEHOCHBIX COCYJaX, HEPBHBIX BOJIOKHAX U JIPYIMX TKaHIX MPHU ITOMOLIA
MHUKPOCKOITMYECKUX CKaJIbIleJIed, NMHWHIETOB W MIVI, YTO CETrOJHsS HEBO3MOXHO. bonee Ttoro, B
OynyIiemM XUpypr, BEposTHO, IPAKTHUECKU HE OyneT JienaTh pa3pe3oB Ha Koke manueHta. Hopmoii
CTaHeT HEeMHBA3UBHAs XUPYPTrUsl.

OHAOCKOIBI (ATMHHBIE TPYOKH, BBOIUMBIE B TEJO, IPU MOMOIIM KOTOPHIX MOKHO OCBEIIATh
TEJO M3HYTPU M pe3aTh TKaHW) CTaHYT TOHbIIE OOBIYHON HUTH. BOJBIIyI0 4acTh MeXaHWYeCKOH
palboThl OynyT OCYHIECTBISATH MHUKPOMAIIMHBI Pa3MEPOM C TOYKY B KOHIIE 3TOTO MPEAJIOKEHUS.
(BcnoMHuM, Kak B OJHOM M3 3IHU30/I0B OPUTHMHAIBHOTO «3BE3MHOTO MyTHU» JOKTOp Makkoil ¢
OTBpAILIEHUEM TOBOPHJI O TOM, 4TO B XX B. BpadaM IPUXOAUIIOCH BCKPBIBATH KOYKHBIE ITOKPOBBHI.)
Henanek nens, Korna Bce 3TO CTAHET PEAIIBHOCTBIO.



CtyneHTbl-MeMKM B OyayiieM OyIyT YYHMTbCS BCKpBIBaTh TPEXMEpHBIE BUPTYyaJbHbBIE
M300paKeHHs YEJIOBEUECKOro Teia, MpUYeM KakJI0e NBHKEHHE PYKH OyJeT BOCIPOU3BOIUTHCS
poOOTOM B coceiHell KOMHaTe.

SINOHIBI, TOMUMO BCEro MPOYEro, IAOCTUIVIM HEMalbIX YCIIEXOB B pa3paboTke poOOTOB,
crocoOHBIX o0ImaThes ¢ yenoBekoM. B Haroe ectb poOoT-moBap; OH MOXKET 32 HECKOJIBKO MHHYT
IIPUTOTOBUTH BaM CTaHJAAPTHBIN o00en M3 MEHI0 3aBeleHUi ObIcTporo nuTaHus. Bel mpocto
BbIOMpaeTe B MEHIO 0110713, ¥ poOOT-TI0Bap TYT K€, B BallleM MPUCYTCTBUU, TOTOBUT UX. DTOT POOOT,
MOCTPOEHHBIH KoMIaHuel Aisel (ee OCHOBHas MPOAYKIMS — MPOMBIIIJIEHHbIE pOOOTHI), CIOCOOEH
IPUTOTOBUTH MOPLUIO Jammu 3a 1 Munyty 40 ceKyHI M OOCIYXUTh 3a JieHb 10 80 KIMEHTOB.
Braemne po6GoTr-moBap oOdYeHh TMOXOXK Ha poOOTOB, KOoTOphlie pabortator B JlerpoiiTe Ha
aBTOMOOMJIBHBIX COOPOYHBIX JIMHUSX. Y HEro ecTh JABe OOJbIINE MEXaHWYEeCKHEe PYKH, BCe
JBUKEHHSI KOTOPBIX TOYHO 3amporpammupoBanbl. Ho BMecTo TOoro, 4toObl 3akpyuuBaTh railku u
CBapuBaTh METaJUl Ha 3aBOJE, €r0 MEXaHWYEeCKHe Majblbl OepyT B OMNPEAETICHHOM IOPSIKe
UHTPEMEHThl M3 CIEeUUaJIbHBIX MHCOYEK (TapHUp, MSCO, MyKa, COYChl, CHEIUH H T. IL.).
MexaHn4yeckie pyKd CMEIIMBAIOT BCE B HYXKHBIX MPOMOPLUAX, a 3aTeM COOMpPAIOT TOTOBBIH
COHJIBMY, cajiar uiu cym. [ToBap ¢pupmbl Aisel BBINIAIUT Kak poOOT U HAIOMUHAET JBE TMTaHTCKUE
pPYKH, TOopyalue U3 KyXOHHOH croiiku. Ho mmanupyetcs, 4ro ciemyroue Moaenu OyayT Ooinee
YEeJIOBEKOOAOOHBIMHU.

®upma Toyota, Toxxe B SnoHuu, co3nana podoTa, KOTOPhI yMEET UTpaTh Ha CKPUIIKE MMOYTH
TaK e XOpoIo, Kak 0o mpodeccruonan. Itotr podbor HamomuHaeT ASIMO, HO BemeT cebs
MHa4e: OH crocoOeH OpaThb CKPHUIIKY, PACKauMBaThbCs B TaKT MY3bIKE, a 3aT€M TOYHO U AKKypaTHO
UrpaTh CJIOXHBIE CKPUIHMYHBIE MbECHl. 3BYK IOJY4aeTCs MOPA3UTEIbHO PEATMCTUYHBIM; KpoMe
TOr0o, poOOT, KaK 000 TalaHTIMBBIA MY3bIKAHT, CKIOHEH K BEJIMYECTBEHHBIM >KECTaM. XOTs
YpOBEHb HCIIOJHUTEIBCKOIO MacTepcTBa poOOTa-CKpUIlaya MOKa HE JOTATHBAET J0 KOHIEPTHOTO,
OH BCE JK€ JIOCTATOYHO XOPOIll, YTOOBI pa3Biieub ayiuTopHio. KoHeuHo, elle B MOo3arpoIioM BeKe
CYIIECTBOBAJIM MEXaHMYECKHE IHAaHWHO, KOTOpblE HUCHONMHSUIM (OpTEeNUaHHbIE MENIOUH,
3amMcaHHble Ha OOJbIIOM BparatouieMcs aucke. Po6or ¢upmsr Toyota 3anporpaMMupoBaH, Kak U
3TH MeXaHuueckue ycTpoicTBa. Ho pasHuia B Tom, 4To poOOT CleluanbHO pa3paboTaH TaKUM
o0pa3oM, 4TOOBl KaK MOXKHO peaJHCTUYHEeEe HMMUTHPOBATh BCE JBIKEHUS M TO3bl CKpUIada-
YesoBeKa.

N eme o my3bike. B smonckom VYHuBepcurere Bacsma ydensle paspaboranu poOora-
¢unelitucta. B ero rpynu ecth crnenuuaibHble MOJOCTH, Ky/la, KaKk B JIETKHE, 3aKaYMBAETCS BO3IYX;
3aTeM 3TOT BO3AYX CTPYHKOH BBIXOAUT HApyXKy M M3BJIEKAET 3BYKH M3 HACTOSLICH (uedTh. DTOT
po0oT crocobeH WrpaTh JOBOJIBHO CIOXKHBIE Menoauu, Takue kKak «[lomer mmens». Cnemyer
MOAYEPKHYTH, YTO POOOTHI-MY3bIKAHTHI HE MOTYT COYMHSITH HOBYIO MY3BIKY, HO B UCIIOJIHUTEIILCTBE
OHM BIIOJIHE CITIOCOOHBI CTaTh YEJIOBEKY COMEPHUKAMH.

PoGoT-noBap ¥ poOOT-My3BIKaHT TIIATENBHO 3arporpamMmupoBaHbl. OHM He aBTOHOMHBI. B
CPaBHEHHUHU CO CTapbIMH MEXaHMYECKMMM NMUAHMHO COBPEMEHHbIE POOOTHI, KOHEUHO, HEBEPOSTHO
CIIOXHBI, HO, €CJIM pa300paTbcs, NEHCTBYIOT OHM Ha TeX ke mpuHiunax. Jlo Hactosmmx poOOTOB-
TOPHUYHBIX M pOOOTOB-ABOPELKMX IIOKa elle O4YeHb Jajneko. He HCKIo4eHo, OJHaKo, YTO
«IIOTOMKHM» ONMCAaHHBIX POOOTOB — TOBapa, CKpumaya u ¢uedTnucra — Koraa-HUuOyab MPOYHO
BOIAYT B Hally >XM3Hb M OyIyT HUCHONHATh B HEH (YHKIMHM, KOTOpbIE MPEXKIE CUUTAIHUCH
UCKJIIOYUTEIBHO YEJIOBEUECKUMH.

BMOHHOHaJIbHBIe pOﬁOTLI

BrionHe BO3MOXHO, UTO K CEpEANHE CTOJETHSI HACTYIHUT dPa YMOLIMOHAIBLHBIX POOOTOB.

B mpormioM mucarenu Hepeako (GaHTa3HpOBaIN O POOOTaX, KOTOPHIE MEUTAIOT CTaTh JIIOIBMHU
u obpectu smorun. B «[InHOKKHMO» NepeBsiHHAs MapUOHETKA XOTela CTaTh HACTOSIINM MaJBIMKOM.
B «Bommebnuke M3ympymHoro ropoma» XKemesusiii J[poBocek Medtanm oOpectu cepaie. A B
cepuane «3Be3aHBIA MyTh: HoBoe moxonenue» anmapouna [leiiTa mplTancs OBIAAETh SMOIMSIMH,
pacckas3biBasi aHEKIOTHI M BEIYHCIISS], YTO B HUX 3aCTaBIISET JIOJeH cMesaThbest. BooOrme roBopsi, oiHa



U3 PaclpOCTPAHEHHBIX TE€M HayyHOW (haHTACTUKU — YTBEP)KICHUE, YTO, XOTS POOOTHI OymyT
CTaHOBUTHCA BCE yMHEE, CYTh AIMOLUHN Bceraa OyaeT yckoib3aTh OT HHMX. Korma-HuOyap poOOTHI
CTaHyT yMHEE Hac, TOBOPAT HEKOTOpBIE MHcaTeNn-PaHTaCThl, HO OHM HUKOT/Ia HE HAay4aTcs IJIaKaTh.

Ha camoMm nene 31O yTBepKIeHHE, CKOpee BCEro, HEBEpPHO. CEroiHsl y4eHble ykKe JaleKo
NPOJIBUHYIIUCH B TIOHUMAaHUU UCTHUHHOW MPHUPOIBI dSMOoLUH. Bo-mepBhIX, SMOLUHN COOOLIAIOT HaM,
4TO JUId Hac MoJe3Ho, a 4To BpenHo. [logaBinsroniee GOIBIIMHCTBO Belleil B Mupe 100 BpenHo,
1100 MpaKTHUYECKH OecIoe3Ho Ui YeaoBeKa. Eciau HaM 4To-TO «HPaBUTCA», 3HAYUT, 3TO YTO-TO
MPUHAIECKUAT K TOM KPOXOTHOM N10JI€ BEUIEH M SIBJICHUM OKPYKAIOIIEero Mupa, KOTOpble ISl HAc
OnaronpusTHbL. COOTBETCTBYIOIIAS SMOIUS YUUT HAC Y3HABATh TAKHUE BEIIIH.

BooOrie roBopsi, Bce Halllu SMOIUH (HEHaBUCTh, PEBHOCTD, CTPaXx, JIIOOOBH U T. I1.) OSABUIIUCH
MWIUIHOHBI JIET Ha3aJ B pe3ylbTare 3BOJIIOLMHU W NMPHU3BaHbI OBLIM 3aLIUTUTh HAIIUX MPEIKOB OT
OMacHOCTeN BpakaeOHOTO MUpa U MOMOYb B BOCIPOU3BOJICTBE. Bce OHM MOMOTraroT 4eJoBeKy Kak
MOKHO IIUPE PaCIPOCTPAHUTH CBOU I'€HBI B CIEAYIOIIEM IIOKOJICHHH.

[IpyHnunuaneHass  BaXHOCTb  AMOLMM B JBOJIOLMHM  YEJIOBEKAa  MOATBEPKIAETCA
COBpeMEHHBIMU HccienoBanusiMu. HeBponor Antronno [lamacuo (Antonio Damasio) u3
VYuusepcurera IOxHoi Kanudopuun 3aHumMaeTcss U3ydeHHEM JIOAEH, MOCTPaJaBIIUX OT TPaBMbI
win OoNe3HW Mo3ra. Y HEKOTOPBIX €ro MalMeHTOB HapylleHa CBA3b MEXIY pPalMOHAJIbHOM,
MBICIIUTENILHON YacThIO0 TOJIOBHOTO MO3ra (KOpOoi) M 3MOIMOHAJIBHBIM LEHTPOM (MHHJIAJIEBUIHBIM
TEJIOM), PACHOJOKEHHBIM TIIIYOOKO, B IEHTPAJIbHOW 4YacTW MO3ra. OTH JIIOAM COBEPLICHHO
HOPMAJIBHBI, 332 UCKIIFOYEHUEM TOTO, YTO OHU HE MCHBITHIBAIOT HUKAKUX SMOLUN.

Opnna mpobrnema, CBA3aHHAs C 3THM, OYEBUJHA: TaKHUe JIIOIM HE CIOCOOHBI C/eiaTh BHIOOD.
Kynute uTO-HHMOYAb — cepbe3Hass mpoOiieMa JUIsi HUX, HOTOMY 4YTO BCE€ BEIIU KaKyTCs
OJJMHAKOBBIMM, HE Ba)KHO, AOPOTHME€ OHM WM JEIIEBbIE, KpUYalllue WM U3bICKaHHblE. HazHaunuTh
BCTpeUy MOYTH HEBO3MOXKHO, BE/Ib BCE AAaThl B OyaylleM Juls TakuXx JiroAed oauHakoBel. [loxoxe,
OHH «3HAIOT, HO HE YyBCTBYIOT», TOBOpUT J[amacuo.

WMHbIMU CIIOBaMH, SMOLIMM UTPAKOT OIPOMHYIO pOJIb; B YACTHOCTH, IMEHHO OHM CO3AI0T IS
HacC IIKaJly [IEHHOCTEHN, ONMPAsICh Ha KOTOPYIO Mbl MOKET PELINTh, YTO BaXHO, YTO HET, YTO AOPOTO,
4YTO KpacuBO, UTO IIeHHO. be3 smoumii Bce BOKpyr OyneT MMeTh JUIsl HaC PaBHYIO LIEHHOCTh, a
HEOOXOJIMMOCTh YTO-TO pEIIaTh — a pellaTb HaM IMPHUXOAUTCS MOCTOSHHO — OyleT BbI3bIBAThH
CTynop. YdeHble ceyac HaYMHAIOT MMOHMMATh, YTO SMOIMHM — 3TO HE POCKOIIb, a HEOOXOIUMOe
YCJIOBHE pa3yMa.

K npumepy, ecnu Bbl BCIIOMHHUTE «3BE3AHBIA IyThb» U €Hle pa3 mocMoTpure, kak CHok u
Jeiita BBIMOMHAIOT cBOIO paboTy OyaTo Obl O€3 BCAKMX 3MOLMH, BBl cpa3dy MOWMETE, HACKOJIBKO
HEJOCTOBEPHO BCe ATO CHATO. Crok M JlelTa MOCTOSIHHO MPOSIBISIIOT YMOLIMM — UM BEJlb BCE BPEMSI
MPUXOTUTCS YTO-TO OLIEHMBATh M pemath. Tak, OHU PEIIMIM, YTO BaXXHO CTaTh O(UIEPOM, YTO
BBITIOJHSATH OIpeeTeHHbIe O00f3aHHOCTU IMpOCTO HeoOxoaumo, uTto Denepaiuss mnpecieayeT
01aroposiHyI0 11eJb, YTO YeloBedYecKast *KHU3Hb OECIIeHHA U T. I. Tak 4TO yTBEP)KIACHHUE O TOM, YTO
MOJKET CYILIECTBOBATh O(UIEP, HE UCTIBITHIBAIOMINN HUKAKUX MOLMI, BCETO JIMILb UILTIO3HSL.

Kpome TOro, sMOLMOHAIBHOCTH POOOTOB MOXKET CTaTh BONPOCOM JKM3HM M cMmepTH. He
HCKITFOYEHO, YTO B OyIyIIeM yYeHbIe CO3aayT poOOTOB-criacareieii — poOOTOB, KOTOPHIX OyayT
IIOCBIJIaTh B OTOHb, B PAlOHBI 3€MJIETPSICEHUH, B3pbIBOB U T. II. MIM npuaeTcs Npou3BOIUTh THICSUN
OIICHOK U NMPUHUMATh THICSYU BCEBO3MOXKHBIX PEILIEHUI O TOM, KOTO U 4TO cracarh, KaKUM 00pazom
U B KakoM mopsjke. M3ydas napsuuii BOKpyr HUX Xaoc, OHU JIOJDKHBI OYyT OLIEHHBATh CTOSIIHNE
nepes HUMHU 3a7a4¥ ¥ ONIPEAEIISITh IPUOPUTETBHI.

OMOIMH ChITpaI NPUHIUIHAIBHYIO POJIb U B IBOJIOLMHU YEJIOBEYECKOro Mo3ra. Ecin Bbl
paccMoTpHTe 00IIMe aHaATOMUYECKUE YePThl MO3ra, TO 3aMETUTE, YTO UX MOXKHO O0BETMHUTH B TPU
OoJbIIIMe KaTeropUu.

Bo-niepBbIX, 3TO «PENTWIBHBII» MO3L, PACIOIOKEHHBIM BO3JIE OCHOBAHMS 4epena H
COOTBETCTBYIOIIMKA MOYTH BCEMYy 00BbEMY Mo3ra penTHiIui. DTa 4yacTb MO3ra KOHTPOJIHPYET
npocTelre XKU3HEHHbIE (PYHKIINH, TaKHe KaK PaBHOBECHE, arpeccHsi, TEpPUTOPHATBHOCTh, TOUCK
nuiy ¥ T. 1. (MHorna npu B3misiie Ha 3M€e10, KOTopasi, B CBOIO O4Yepe/lb, CMOTPUT Ha Bac, BOSHUKAET
’KYTKOBATO€ OIIYIIEHUE. X04eTCs y3HaTh, O 4YEM JTyMaeT 3Mes. Ecin Teopusi, 0 KOTOPOU UAET peyb,



BEpHa, 3Mesl BOOOIIe HU O YeM OCOOEHHO HE JyMaeT, OHa MPOCTO OLIEHUBAET BAC C KYJIWHAPHOM
TOYKHU 3PEHUSL.)

Ecnu B3misHYTh Ha Oosiee BBICOKOPA3BUTHIE OPraHU3MBI, YBUJIHUM, 4YTO Y HHUX MO3T
YBEJIMYWIICS M paclpoCTpaHMIICA BIEpE, K nepeaHeit yactu yepena. Ha 3ToM ypoBHE MbI HaX0 UM
«00e3bSIHUI» MO3T, WIH JTUMOMUYECKYIO CUCTEMY, PACIOJIOKEHHYIO B IIEHTpE HaIllero Mos3ra. Jta
CHUCTEMa BKJIIOYACT MUHAAJICBUAHOE TeJIO, 3aHsATOoe o0paboTkoil »momwmii. OcoOeHHO pa3BUTa
TUMOUYEcKas CUCTeMa Y KHBOTHBIX, XKHUBYIIUX TpynmnaMu. OOIIECTBEHHBIM >KUBOTHBIM, KOTOPBIE
OXOTSTCSI CTassMM, JJIsi TIOHHMaHUsl 3aKOHOB CTau HY)KEH BeCbMa Pa3BUTHIA MHTEIUIEKT. [ Hux
BBDKMBaHHE B IPHUPOAE 3aBUCHUT OT YCIEHIHOTO COTPYAHHYECTBa C JAPYIMMHU OCOOsSMH, HO,
MIOCKOJIbKY TOBOPUTH OHM HE YMEIOT, Ilepe/laBaTh CBOE SMOIMOHAIBHOE COCTOSIHUE UM MPUXOAUTCS
IIPY ITIOMOUIX SA3bIKA TEJNA.

Haxkoner, y yenoBeka uMeeTcsl MEpeHssl YaCTh MO3ra M BHEIIHAS €ro 4acTh — Kopa, CJIOM,
KOTOPBIM JI€7aeT YeJIOBEKa YEJIOBEKOM M YINIPaBISIET pallMOHAIbHBIM MbllieHueM. Ecnu y apyrux
KUBOTHBIX JOMUHUPYIOT MHCTUHKT U T'€HETHKA, TO YEJIOBEK MOXKET Pa3MBIIUIATH U PAacCyXIaTbh
JIOTHYECKH, U ATY BO3MOKHOCTh 00€CIIEUHBAET €My KOpa rOJIOBHOTO MO3Ta.

Ecnu Takas 3BONIOIMOHHAS MOCIEI0BATEIbHOCTh BEPHA, ATO O3HAYAET, YTO AMOLIUHU JIOJIKHBI
Oy/lyT CHITpaTh PEIIAOIIYIO POJb'B CO3JaHUH aBTOHOMHBIX POOOTOB. VIIPABJIAIONINE IIEHTPHI BCEX
CO3JIaHHBIX JI0 CHX MOpP pOOOTOB UMUTHUPYIOT JIUIIb PENTUIBHBIA MO3T. DTH POOOTHI MOTYT XOJUTh,
OCMaTpUBATbCA BOKPYI, MOAHMMATh NPEAMEThl — M NOYTH HHUYero Oombiie. OOLIECTBEHHBIE
KUBOTHBIE, C JIPYroil CTOPOHBI, 00J1a1at0T Ooyiee pa3BUTHIM MHTEUIEKTOM, YEM TE, 4TO O0JadaroT
TOJIBKO PENTWIBHBIM MoO3roM. /[t coumanu3anuu M OBIAJCHMS 3aKOHAMH CTal JKUBOTHOMY
HeoOX0MMbI SMOIIMH. BBIBOJ OUeBH/IEH: YUEHBIM €llle NMPEACTOUT IPONUTH OOJBIION MyTh, IPEKIE
YeM OHU CMOT'YT XOTb KaK-TO CMOJIEJIMPOBATh TUMONYECKYIO CUCTEMY U KOPY FOJIOBHOTO MO3Ta.

Cuntus bpuzens (Cynthia Breazeal) us MIT co3nana po6oTa crienanbHO AJisl peleHus: Ton
npo6iemsl. JIuom 10T poboT no umenu KISMET 6osbliie Bcero HamoMuHaeT, HOXKalyi, JTyKaBoro
anbda. Ha mepBblit B3MISAJ OH Jake Ka)KeTCsl >KUBBIM; B OTBET HAa BallM JIEHCTBUS €ro JIMIO
IIPUXOAMT B ABM)KEHUE U MEpeNacT pasziandHble sMoluu. Mensis Beipaxenue nuna, KISMET moxer
M300pa3uTh MIUPOKUN CIEKTP AMOIMA. Mayo TOro, >KCHIIUHBI MPU OOIICHHH C 3TUM POOOTOM,
MIOXOXKHUM Ha peOeHKa, 4yacTo MEePeXOIsT Ha «JIETCKHH S3bIK», KOTOPBIM IOJIB3YIOTCS MaTepu IMpH
oOuieHnu ¢ mManeHbkumu aetbMu. Ho, xots pobotsl Bpoge KISMET a pa3pabotansl cnenuaibHO
JUI. IMUTAIIUN SMOLMH, YUeHble HE MUTAIOT WUTIO3UI: pasymMeeTcs, Ha CaMOM JeJie 3TOT poOOT He
UCIBITBIBAET HHUKAKuMX OSMouuil. B onpeneneHHOM cMbIcie OH TMOXOK Ha MarHuTodow,
3allpOrpaMMUPOBAHHBIN HAa BOCIPOU3BEIECHUE HE 3BYKOB, a JBWKEHHMM JIMIEBBIX MYCKYIIOB,
COOTBETCTBYIOIIMX Pa3IMYHBIM 3MOIUAM YesoBeka. OH He moHumaet, 4to aenaet. Ho KISMET —
BCE K€ MPOPHIB B pOOOTOTEXHUKE; OKA3bIBAETCS, /Ul CO3JaHUs poOOTa, CIIOCOOHOTO MMUTHPOBAThH
YeJI0OBEUECKHEe IMOLMU TaK, YTO 4YeJIOBEK Ha HUX OT30BETCS, HE HYXHBI OCOOCHHO CIOXKHbBIE
IIPOrPaMMBI.

Takue sMolMOHaANbHBIE POOOTHI 00s3aTENbHO HAWAYT MyTh B Hamu jaoma. OHU BpsAn Ju
CTaHyT HALIMMHU JJOBEPEHHBIMU JIUIIAMHU, CEKPETAPSIMUA UM TOPHUYHBIMHU, HO CMOT'YT B3SITh Ha ce0s
MPOLEAYPBI, KOTOPBIE MOJTYMHSIIOTCS CTPOrMM MpaBUiIaM M KOTOPbIE MOKHO 3alpOrpaMMHUpPOBaTh Ha
OCHOBe 3BpUCTUKU. K cepennHe Beka OHM, BO3MOXHO, JIOPACTyT MHTEJUIEKTYaJbHO JI0 YpPOBHS
cobaku wnu Kowku. I[logoGHO noMamHMM JTHOOMMIIAM, 3TH POOOTHI OYIyT IEMOHCTPUPOBATH
MPUBSA3aHHOCTD K XO3SIMHY, TaK YTOOBI UEJIOBEKY HeNerko ObLIO MX BbIOpachiBaTh. Bbl HE cMoxeTe
pasroBapuBaTh C HHMMHM OOBIYHBIM  SI3BIKOM, HO OHM OylyT TOHUMarh 3apaHee
3aIporpaMMUPOBAaHHBIE KOMAH/Ibl — MOXKET OBbITh, COTHU KOMaHA. Eciu e Bbl MOMPOCUTE TaKOTOo
poboTta caenaTh YTO-TO HE 3aJIOKEHHOE 3apaHee B MamsTh (K mpumepy, ckaxere: «Mau 3amyctu
BO3/IYIIHOTO 3Mes»), OH OTBETUT IMPOCTO CKOH(Y>KEHHBIM, HemoHMMaromuMm B3msaoM. (Ecim k
cepequHe BeKa pPOOOThI-COOAKM W PpOOOTHI-KOIIKM CMOTYT BECTH cebs W pearupoBaTh Ha
OKpY’Karolllee B TOYHOCTH KaK HACTOSIILUE XUBOTHBIE, BOBHUKHET BOIPOC: JEHCTBUTEIBHO JIU ITH

1 Peur mper o Tak Ha3plBaeMOW TEOPUM TPHUEIMHOTO MO3Ta, BBICKa3aHHOW BIepBBIE B cepeauHe XX B. OnmHako
CJIelyeT 3aMETUTh, YTO IO COBPEMEHHBIM MPEICTABICHUSIM OHa IPHIOXKHMA CKOpee K (PyHKIMOHAIBHOW, a HE K
aHAaTOMHMYECKOH cTpyKType Mo3ra. — [Ipum. nep.



JKUBOTHBIE-POOOTHI UCTIBITHIBAIOT YMOIIUY U YMHEE JI1 OHU OOBIYHBIX KOIIIEK U co0aK?)

dupma Sony ToXKe IKCIIEPUMEHTHpPOBAIA C SMOIMOHAIBHBIME poOoTamu. OHa paszpaboraina
pobora-cobaky AIBO. Dro mepBas Wrpyiika, CHOCOOHas pPEAIUCTUYHO, XOTS M JOBOJBHO
MPUMHUTHUBHO, U300pakaTh dMOIIMOHAIBHBIM OTKIMK Ha JEUCTBUS Xo3siuHA. K mpumepy, eciu Bbl
npunackaere AIBO u normaaute ero mo CnvHe, OH cpa3y € HauHET JIOBOJIbHO BOpYaTh, U3JaBas
ycrnokanBarotue 3Byku. AIBO MokeT X0IUTh, HCTIOTHATH TOJIOCOBBIE KOMAH/IBI U TaK€ B KAKOW-TO
CTETICHH YYUThCS BOCIPHUHUMATH HOBOe. HO 3TOT poOOT HE MOXKET HAyYUTHCS HOBBIM AMOLUSIM U
sMoroHanbHbpIM  peaknusM. ([Iporpamma Obita mpekpamena B 20051 mo  (uHAHCOBBIM
COOOpaXeHUsIM, HO y Hee JI0 CUX TOp €CTh IMOCIEIOBATENN; OHU COBEPIICHCTBYIOT MPOrPAMMHOE
obecrnieuenue podora u «ydar» AIBO ucnonuate HoBbIEe TproKU.) He uckitoueno, yto B Oymyuiem
POOOTHI-TIOOUMIIBI, CHOCOOHBIE TOACPKUBATH HIMOLMOHAIBHYIO CBSI3b C JETbMH, CTaHYT
OOBIYHBIMH.

Tem He MeHee, XOTd HAaOOp HSMONIMKA Yy Takux pPOOOTOB OyAeT BHYIIUTEIBHBIM M OHHU
JIEUCTBUTEIIBHO CMOTYT TIOJJIEPKUBATh C PEOCHKOM JUIMTEIBHYIO SMOITMOHAIBHYIO CBS3b,
HACTOSIIIMX YMOIUN OHU UCTIBITHIBATH HE OYyIyT.

HNHkeHepHBbI aHAJIU3 MO3ra

K cepenune cToneTust Mbl, BEpOSITHO, CMOXXEM JTOCTUTHYTh OYEpPEIHOTO BaXKHOTO pyOexa B
ucropun  MHM: 1poBeCTM «HMHKEHEPHBIM aHAIMU3», T.€. IPOAHAIM3UPOBATE CTPYKTYpY
YeJI0BEUYECKOT0 MO3Ta M CO3/1aTh €r0 MOJIHOLIEHHYIO MOJIENb. YUEeHbIE, pa304apOBaHHbIE HEyJayaMu
B CO3JJaHMM «HACTOSIIETO» PoOOTa M3 KPEMHHUS U CTajlH, NMPOOYIOT MPOTUBOMOIOKHBINA MOIAXO:
«pa3duparoT» MO3T, HEMPOH 3a HEWPOHOM, — TOYHO TaK ke, KaK MEeXaHWK MOr Obl pa30upath
JIBUTaTeIb aBTOMOOWJISI, BUHTUK 3a BUHTUKOM, — a 3aT€M HAuMHAIOT UMHUTHPOBATH PabOTy ATHX
HEHPOHOB Ha TPOMAJHOM KOMIIbIOTEpE. DTU yU€HbIE MBITAIOTCS MOJEIUPOBaTh paboTy HEMPOHOB Y
KUBOTHBIX, HAUWHAasi C MbIIIEH U KOIIEK M MOCTENEHHO IMOJHUMAsCh BBEPX IO 3BOIIOIMOHHOMN
JIeCTHHUIIE. Y HUX BIIOJIHE ONpEETICHHAs LeNb U 3ajja4a, KOTOPYIO, BEPOSITHO, MOXKHO OyIeT peluTh
K cepe/liHe BeKa.

@pen Xonryn (Fred Hapgood) u3 MTHU numet: «Ecan Mbl BBIICHUM, Kak paboTaeT MO3r —
KaK B TOYHOCTH OH pabOTaeT, Ha TOM K€ YpOBHE, KaK Mbl IOHUMaeM paboTy MOTOpa, — IOYTH BCE
YU4EOHUKH MIPUJETCS NePEnucarTh.

[lepBbIM I1I1aroM B HHKEHEPHOM aHANM3€, WU «PEBEPCHBHOM IPOEKTUPOBAHHUN», MO3ra
JIOJDKHO OBUIO CcTaTh MOHMMaHME ero oO0Iel cTpykTypbl. Ho naxke pemieHue 3Toil mpocToi 3a1auu
MPEICTaBIsI0 coOoi monruii OosesHeHHbINM mporecc. Eciau paccmarpuBarh HCTOPUYECKH, TO
OT/IeJIbHbIE YacTU MO3Tra BpayM U y4eHble OOHApYXHBAJIU BO BpeMs BCKPBHITUH, HE UMesl IPU 3TOM
HUKaKOIO IMPEJCTAaBICHUS O BBHIMONHSIEMbIX MMHU (yHKIusAX. CuTyanuss Havajga IOCTENEHHO
MEHSTbCS, KOTJa YYEHBbIE CTalM MCCIENOoBaTh JIIOJEH C TpaBMaMHM MO3ra W OOHApYKWJIH, 4YTO
MOBPEXKACHUE PA3JIMYHBIX YYaCTKOB MO3Ta COOTBETCTBOBAJO pa3MYHBIM H3MEHEHHUSM B
noBefieHUd. JKepTBbI WHCYIbTa M JIIOAM, TE€pPEHECHIMe TpaBMy MM 3a00J€BaHUE MO3Ta,
JIEMOHCTPUPOBAIM BIOJHE KOHKpPETHbIE M3MEHEHHS B TOBEICHHUH, KOTOPbIE 3aT€M MOXKHO ObLIO
COOTHECTH C NOBPEXACHUEM KOHKPETHBIX 4acTel MO3ra.

Camblli HaDISAHBIA Ciydaldl Takoro poga mnpousomienn B 1848 . B BepmoHTe, korma
METAJUIMYECKUI CTep)KeHb JIMHON Oonee MeTpa MpoOMII HACKBO3b Yepen >KEIEe3HOIOPOKHOIO
necsatHuka o umenn duneac [eitx (Phineas Gage). [IpuunHoii 3T0i HcTopruyeckol TpaBMbI CTajl
clyyaiiHbIil B3pbIB AuHamuTa. CTepKEeHb BOILIEN JAECITHUKY B HIKHIOIO YacTh JHIA COOKY,
pa3apoOus YenocTh, MPOIIEN] CKBO3b MO3I W BBIIIEN 4epe3 Makyliky. Kak HHM YyIUBHUTEIBHO,
YeJIOBEK BBDKMJI TOCJE CTPAIIHOM TpaBMBbI, XOTS OJHA WIM 00€ JOOHbBIE JOJM €ro Mo3ra ObuIM
paspyuiensl. Bpay, neunBmmii ['eiika, moHayany HE MOT TTOBEPUTh, YTO YEIIOBEK MOXKET BBIHECTHU
TAaKO€ W OCTaThCsl B KMBBIX. Heckonbko HeNenb paHEHBIH MpPOBEN B IMOJNyOeCCO3HATETLHOM
COCTOSIHMH, HO 3aT€M 4yJeCHbIM oOpa3oM omnpasuiics. [Tociie Toro HecuacTHOTO ciaydasi OH MPOXKUIT
ele JBeHaIarh JIeT — €3/MJI 10 cTpaHe, paboTai Bpems oT BpeMeHH — u ymep B 1860 r. Bpauu
COXpPaHWJIM €r0 Yeper U CTEeP>KEeHb, KOTOPHIM ObLIa HaHECeHa TpaBMa, U 3a MPOILEAIINEe TOIbl TO U



Jpyroe He OAMH pa3 IMOJBEPrajoch THIATEJIbHENIIEMY H3yueHUI0. COBpEMEHHBIE TEXHOJOTUH, B
YACTHOCTH MCIIOJIb30BaHHWE KOMIBIOTEPHON TOoMorpaduu, MO3BOJIMIN BOCCTAHOBUTH BCE JI€TaIU
ATOTO HEOOBIYAWHOTO CITyyasi.

Hano ckazarp, 4To 3TO cOOBITHE HaBCerJa M3MEHWIO MPEACTaBIEHHUS YUYEHBIX O Mpobieme
B3aMMOOTHOIIEHNU CO3HAHUSA U Tena. PaHee cuMTanocs, 1ake B HAyYHbIX Kpyrax, 4To AyIla U TEJO
— 9TO JIB€ COBEPIICHHO HE3aBUCUMBIEC CYIIHOCTH. YUEHbIE CO 3HAHUEM Jieja MUCATU O HeKoen
(OKU3HEHHOM cHiie», KoTopasi OAYIIEBIsIET TeJIO U HUKAK He 3aBUCUT OT Mo3ra. Ho oTueTs! 06 3TOM
MIPOUCIIECTBUH, KOTOPbIE Pa30ILIUCh OYEHb IIUPOKO, ICHO YKa3bIBAJIM Ha TO, YTO JIUYHOCTH [ elka
[IOCJIE TOTO HECYACTHOIO cllydas 3aMETHO M3MEHWJIach. [OBOpMIIOCH, 4YTO CHUMIATUYHBIH,
OOLTUTENBHBIN 1 paOOTAIIMIA YeTOBEK MOCIEe TPABMbI IPEBPATHIICS B PA3IPaKUTEIBHOTO IpyOusHa.
ITocne 3TorO Cilyyasl y4eHbIM CTajl0 OKOHYATEIbHO SICHO, YTO Pa3IMYHbIE YUYACTKH MO3ra OTBEYAIOT
3a pa3JIMyYHbIe aCMEeKThl MOBEICHNUS, a IOTOMY TEJIO U AYIIa Hepa3AeIuMbl.

Crnenyrommii npopeIB B Jiene U3ydeHus: Mo3ra npousouien B 1930-e rr, Korna HEBPOJIOTH U
Helpoxupypry, B yactHoctu Yaitnaep Ilendpunn (Wilder Penfield), 3ameTtunu, yto snexrpuueckoe
BO3ICMCTBHE Ha PA3IUYHBIE YYaCTKM MO3ra BBI3BIBAET CTUMYISILIMIO ONPEICIICHHBIX YacTed Tena
MAIUEeHTa; 3KCIIEPUMEHTHI MPOBOJIMINCH BO BpPEMS OIEpalfii Ha OTKPHITOM MO3re MalUeHTOB,
cTpajaroumx snwiencuei. IIpukocHOoBeHHEe a51eKTpoja K TOW MM MHOM 4acTH KOpBI TOJIOBHOIO
MO3ra MOIJIO BBI3BaTh JABM)KEHHWE PYKH WIM HOTM mnanueHta. Omnupasch Ha OIMBIT MHOXECTBa
onepauui, [lenduna cocTaBuia NpUMEpHYI0 CXeMy KOpbI TOJIOBHOTO MO3ra, IJIe yKa3ajl, Kakue ee
YacTHU KOHTPOJIUPYIOT KaKhe YacTH Teja. Tenepb KaXAbli MOXKET HAPUCOBAThH YEJIOBEUECKHUIM MO3T 1
MoJANMCaTh Ha KapTUHKE, I71€ HAaXOMATCS LIEHTPBI YIPABICHUS Pa3IMYHBIMU OpraHamMH. JTa cxema
HAIllOMUHAET «TOMYHKYIIyca» — 4YeJIOBeYKa, YACTH Tejla KOTOPOTO MPONOPIHOHAIBHBI 30HAM MO3Ta,
B KOTOPBIX OHHU MPEICTABIEHBI; TIO3TOMY Y HEro rpoMajJiHble Masblbl HA pyKaX, I'yObl U SI3bIK, HO
KPOXOTHOE TEJbIIE.

Eme mo3ke MarHUTHO-pE30HAHCHBIE METOJbl MCCIEAOBAaHUS IO3BOJIMIM IOJYyYUTh BECbMa
nH(bOpMaTUBHbBIE U300paKeHUST (PYHKIIMOHUPYIOIIEr0 MO3ra, HO J1ake 3TH METO/bI HE B COCTOSTHUU
OTCJIEINTh KOHKPETHBIE HEHPOHHBIE IIyTH MBICIIH, B IPOXOKIEHUN KOTOPOM 3aJ€HCTBYETCS, MOXKET
ObITh, BCETO HECKOJIKO ThicAY HelpoHoB. Ho yxe coBceM HemaBHO MosBUJIach HOBas 00nacTh
HayKH — OITOT€HETHKA, COCTUHMBIIAS B ce0e BO3MOKHOCTU ONTHUKU M T€HETHKH W TO3BOJIMBIIAS
BCE K€ NPOCIEIUTh KOHKPETHbIE HEUPOHHBIE MYTH y >KUBOTHBIX. MOXXHO MPHUBECTH IO 3TOMY
MOBOAY CJENYyIOIIYI0 aHajoruto. IIpencraBpTe, yTO BBl XOTUTE COCTaBUTh KapTy Aopor. B stom
cllydae pe3yJbTaTbl MarHUTHO-PE30HAHCHBIX HCCIEIOBAaHUM MOXHO CpPaBHUTb C TPUOOPOM,
CIOCOOHBIM YBHJIETh aBTOMAarucTpajid U KpyIHbIE TPAHCIOPTHbIE MOTOKU Ha HUX. ONTOreHeTHKa,
BO3MOYKHO, CMOXKET pPa3JIMYUTh OT/AEIbHbIE MECTHBbIE JOPOTH U Jaxke TponuHkH. He wuckiroueHo
Jla)ke, 4YTO OHA JacT YYEHBIM BO3MOXHOCTb YIPAaBIATh IIOBEJEHUEM JKUBOTHBIX IIYyTEM
CTUMYJIMPOBAaHUS KOHKPETHBIX HEHPOHHBIX MapIIPYTOB.

OTHU UCCIIE0OBAaHUs CTAJIM NIPUYNHON HECKOJIBKMX I'poMKHUX JKypHamucTckux ceHcauuid. Tak,
KpYyNHbIII HOBOCTHOM cailT DrudgeReport momecTun y cebsi Kpuyamuii 3arojioBok: «Yd4eHble
CO37IAl0T JAMCTAHIIMOHHO yrpaBisgeMblx Myx!» CpencrBa maccoBodl HMHGOpMALUU TMOPOJMIN B
OOLIECTBEHHOM CO3HAHHMU 00pa3 TaKUX MYyX, CIIOCOOHBIX BBIMOJHUTH 3a [I€HTaroH BCIO IPS3HYIO
paboty. B tenemoy Tonight Show [Ixeit Jleno (Jay Leno) roBopun naxe o0 ympaBisieMOl MyXe,
KOTOpasi Morvia Obl 110 KOMaHJIe 3aJIeTeTh B poT npe3uaeHty Jxopmaxy bymy-mnaamemy. Koneuno,
IIYTHUKHA BJIOBOJIb TIOBECENWINCH, NPEACTaBIsAd, Kak IIeHTaroH ogHWM HakaTueM KHOIIKH
OTIIpaBJIIET HA 33JaHME LIeJble Ty4YHd BCEBO3MOXKHBIX HACEKOMBIX, HO HAa CaMOM Jiejie TOKa Bce
0OCTOHT ropasao CKpOMHEE.

Mo3r miI0A0BOM  MYWIKU-Apo30¢puiIbl  HacuuThiBaeT mnpumepHo 150 000 HelpoHOB.
OnToreHeTHYeCKUe METOIbl IMO3BOJISIOT YYEHBIM BBI3BaTh CBEUEHHE OIIPENEICHHBIX HEHPOHOB
Mo3ra Jpo30pMiIbl — Te€X, YTO COOTBETCTBYIOT OIPE/EICHHBIM IOBEACHUECKUM IIa0lIoHaM.
BrrsicHMIIOCh, K IPUMEPY, UYTO aKTUBALUs JABYX KOHKPETHBIX HEHPOHOB JIa€T MYyXE CUTHAJ YJIETaTh
KaK MOXHO cKopee. MyXxa aBTOMaTHYECKH BBIIPSIMIISET HOXKH, PAcHpaBisieT KPBUIBIIIKH U
B3NieTaeT. MeTrogaMy reHHOM MH)KEHEPUH YUEeHbIe CyMeNd MOJTY4YUTh MOPOAY Jp030(ui, Y KOTOPBIX
napa «TpeBOXKHBIX» HEHPOHOB cpabaThIBaeT BCAKHUI pa3 MpU BKIIOUEHUH j1a3epa. CTOUT HaNpaBUTh



Ha 3TUX MYX JIA3€pHBIN J1y4, KaK OHU TYT K€ NOJHUMAIOTCS B BO31yX.

Omnpenenenre CTPyKTypbl MO3ra — 3ajia4a OrPOMHOM Ba)KHOCTH. B pesynbrare Mbl cMOkeM
HE TOJIKO TOTHUXOHbKY CTHMYJIMPOBATh YaCTH KOHKPETHBIX HEMPOHHBIX MyTeH, MOOMIpSAsS TeM
CaMbIM OITpE/IeICHHbIE TIOBEIEHUECKHE MIa0I0OHBI, HO M UCTOIb30BaTh 3Ty MH(POPMALIHIO B TOMOIIb
JKepTBaM MHCYJBTOB U MAllMEHTaM ¢ 3a00JIEBaHUSMH WM TPaBMaMH MO3Ta.

I'epo Muszen6ék (Gero Miesenbock) m3 Oxchopackoro yHHBEpPCHTETa W €r0 KOJIJIETH
HAyYWINCh MJIEHTU(PUIUPOBATh TaKUM 00pa3oM HEWPOHHBIE MEXaHU3MBI KMBOTHBIX. OHH MOTYT
UCCIIEJIOBaTh HE TOJIKO TPEBOXKHBIA peduiekc apo3odui, HO U, CKaxeM, pediexcsl,
3aJIeICTBOBAHHBIE B BOCIIPUATHH 3anaxoB. OHU U3y4alH, K IPUMEDPY, ITyTH, YIIPABISIOLINE TIOMCKOM
MUY Yy KPYIVIBIX Y€PBEH, N3ydall HEMPOHBI, YHACTBYIOIINE B IPUHATHH PEIIEHUHN Yy MBILIEH.

OHM BBIICHWIM, B YacCTHOCTH, YTO €CIM (PPYKTOBOM MYIIKE I 3allycka MEXaHu3Ma
pedIIeKTOPHOTO TMOBEACHMSI JOCTAaTOYHO AKTHUBALIMKM BCEro JIByX HEHPOHOB, TO Yy MBIUIM TPU
IIPUHATHU pellIeHus 3afeicTByeTcs yxe nmoutd 300 HepoHOB.

OCHOBHOM HHCTPYMEHT ONTOI€HETUKOB — TE€HbI, KOHTPOJUPYIOUIHME MPOU3BOJICTBO
OIIPENIETIEHHBIX KPACUTENIEH U CBETOUYBCTBUTENIBHBIX MoJiekyd. K mpumepy, y Meny3 uMmeercs reH,
OTBEUAIONINKA 3a MPOU3BOICTBO 3eJeHOTO (hryopecieHTHoro 6enka. Kpome Toro, M3BECTEH IeIIbIiA
PSA MOJIEKYI, TAKMX KaK POAOIICHH, KOTOpBIE NMPU BO3JEHCTBUM CBETA HAUMHAIOT IIPOIYCKATh HOHBI
yepe3 KJIeToyHble MeMOpaHbl. Takum oOpa3oM, BO3/AEWCTBHE CBETa Ha 3THU OPTaHU3MbI MOXKET
3allyCKaTb  OINpPEIEJICHHbIE  XMMHUYECKHE  peakuuu. BoopyXuBHIIMCH  KpacUTEIsIMH U
CBETOUYBCTBUTEJIbHBIMU BEILIECTBAMH, YUEHBIE BIIEPBBIE CMOIVIM BBIAECIUTh HEWPOHHBIE KOHTYPHI,
OTBEYAIOIINE 32 ONPEACIECHHBIE CXEMBI ITOBEICHUS.

Tak 4TO MycTh IOMOPHCTHI MOKAa CMEIOTCS HaJ yYEHBIMH, KOTOpble OyaTO OBl NBITAIOTCA
co3fiaTh MyX-(paHKEHIUTEHHOB W YNPaBIATh MX MOBEICHHUEM IIOCPEICTBOM Ha)XaTUs KHOIKH.
PeanbHOCTH OJHOBPEMEHHO M CKPOMHEE, U MHTEpPECHEe: yYEHBIM BIIEPBbIE B HCTOPUM YAAIOCh
BBIIEJIUTH B MO3T'y HEPBHBIE ITyTH, OTBEYAIOIINE 32 KOHKPETHOE MOBEICHHUE.

MopeaupoBaHue Mo3ra

OnToreHeTnKa — BCETO JIMIIB MEPBBIM CKpOMHBIN mar. CiaenyromyM I1aroM AO0JKHO CTaTb
MOJIEIMPOBAHME MO3ra IIEJIMKOM IpPU TIOMOIIM HOBEHIINX TEXHOJOTUYECKUX JIOCTHIKEHUH.
CymectByeT Mo KpaifHel Mepe 1Ba crmocoba pemieHus 3TOM KOIOCCANbHON Mo MacmTaly u
3HaYMMOCTH 3aJ[a4¥, U JII0OOM M3 HUX MOTpeOyeT He OAHOrO JecsTKa JIET MHTEHCHUBHOTO TpY.a.
ITepBbIii crmoco0 COCTOMT B TNPUMEHEHHHM CYNEPKOMIBIOTEPOB Ui HMHUTAIMU IOBEICHHS
MUJTMAPJIOB HEHPOHOB, KaXIbIil M3 KOTOPBIX COEIMHEH C ThICSYaMU JIPYTMX HEPBHBIX KIIETOK.
BTtopoil myTh — ONpenenuTh ONBITHBIM IIyTEM MECTOHAXO0XKIEHNE KaX/10r0 HEUPOHA B MO3TY.

Kirou k mepBoMy MOAXOAY — MOEIMPOBAHUIO MO3ra — IPOCT: BCE €0 B «Ipy0oii»
KOMIIBIOTEpHON cumie. YeMm MolIHee CTaHyT KOMIBIOTEPHI, TeM Jyumie. He wuckiroueHo, 4ro
TUTaHTCKYIO 3aJady JIeHCTBUTENIHO YJACTCS PELIUTh MPU MOMOIIM TpyOOH CHIIBI M JTaleKuX OT
JIETAaHTHOCTU TEOpUH. B NaHHBII MOMEHT COBEpIIEHHE 3TOTO0 IOUCTUHE TIEpKyJIecoBa IOJIBHMIra
BO3JI0KEHO Ha KOMITbIoTep mojl HazBaHueM Blue Gene, pa3paborannsiii pupmoit IBM, — oaun u3
CaMBbIX MOLIHBIX KOMIIBIOTEPOB Ha 3EMIIE.

S umen BO3MOXKHOCTH YBHUAETb O3TOT UYIOBMIIHBIM KOMIIBIOTEp BO BpeMs BH3UTa B
JluBepMOpCKYI0 HalMOHAJIBHYIO Jaboparopuio B Kamudopuuu, rae pazpabarbiBaoT BOAOPOAHBIE
6oeronoBku 1t [lentarona. 3To BakHEHIIas U3 aMEPUKAHCKUX CEKPETHBIX BOEHHBIX JIabopaTopHii
— OOMmIMpPHBIA KoMIIIeKe TIomaabio 320 ra B IEHTPEe OrPOMHOIO MAacCCHBA CENbCKOX03SIHCTBEHHBIX
3eMeltb; OrKET Taboparopun, rae padoraet 6800 yenmoBek, cocTaBiseT 1, 2 MIpA T0JUIapOB B TOJ.
OT0 cepaie Komiiekca siiepHbix BoopyxkeHuil CHIA. UTtoObl momacts BHYTpb, MHE NPHUIILIOCH
MIPOUTH Yepe3 MHOTOCIOWHYIO CHUCTEMY OXpaHbl — Bellb 3TO OJIHA U3 CEPbE3HEMIINX BOEHHBIX
naboparopuii B Mupe.

B KkoHIle KOHIIOB, MOCJE MPOXOXKACHHSI HECKOJIBKUX OJOKIIOCTOB, MEHS JONYCTUJIN B 3[IaHUE,
rae pacronaraetcst komieiotep Blue Gene ¢upmer IBM, criocoOHBII TPONM3BOIUTE BHIYUCICHUS C
yMOIIOMpauuTenbHON ckopocThio 500 TpuiuiMoHOB onepanuii B cekyHay. Blue Gene npeacrasinser



co00if BBIIAIOIIEECs 3penuire. ITOT MOHCTP 3aHUMAeT miomaas okono 1000 KB. M U COCTOUT U3
MHOYKECTBA YEPHBIX KaK CMOJIb CTAJbHBIX MIKAQOB OKOJIO 2, 5 M BeIcOTOM U 4, 5 M anuHoi. [lxads
BBICTPOEHBI OECKOHEUHBIMHU PsiIaMU U 00Pa3yrOT HACTOSIIUI TaOUPHHT.

Kcratu roBops, mporyika cpey 3TUX YepHbIX MIKadOB MPOU3BOIUT CTPAHHOE BIIEUATIICHUE.
Ecnu B roanuByacKkuxX HaydHO-(DaHTACTUYECKUX (MIIBMaxX y KOMITBIOTEPOB HEMPEMEHHO MUTAIOT
KaKHe-TO JIaMIOYKH, KPYTATCA IMCKHU, TPEIIaT U CBEPKAIOT 3JIEKTPUUYECKHUE DPa3pslibl, TO 31ECh
COBEpLICHHO THUXO, JIMIIb KOE-IJI€ U3PE/IKa BCIBIXMBAIOT KPOXOTHBIE OTOHBKU. BBl MOHMMaeTe, uTo
KOMITBIOTEP BOKPYI' Bac MPOU3BOAUT TPUUIMOHBI CIOKHEHIIMX BBIYUCICHHM, HO HHUYEro He
CIIBILLIUTE U HE BUAMTE BO BPeMs €ro padoThI.

Mensi ocobenHo 3amHTepecoBan ToT (akt, uro Blue Gene, momMuMo Bcero mpouero,
3aHUMAETCS MOJIEIMPOBAHUEM MBICIMTEIBHBIX MPOLECCOB B MO3TY MBIIIM. MO3r 3TOro 3BepbKa
COZEPHUT BCETO JIMIIL OKOJIO JIByX MHJIJIMOHOB HEPBHBIX KJIETOK (cpaBHMTE co 100 Mummnapnamu
HEHpOHOB Hamero mosra). OJHAaKO CMOJEIHMPOBATH MBICIUTENBHBIE MPOLIECCH] B MO3TY MBIIIU
TpYIHEE, YeM Ka)XeTcsl, TOTOMY YTO Ka)KJblii HEHPOH CBSI3aH CO MHOXKECTBOM JIPYTHX HEHMpPOHOB U
BMECTE OHM OOpPa3ylOT T'yCTYI0 HeHpoHHYI0 ceThb. Ho s rymsin Mexay OeCKOHEUHBIMH psiiaMHu
KOHcoJIeH, U3 KoTopbix coctouT Blue Gene, u ¢ u3ymiaeHrueM aymai O TOM, YTO BCEil HEBEPOSATHOM
BBIUMCIIUTEIFHOW MOIIM 3TOT0 YHHMKAJIbHOTO KOMIIBIOTEpAa XBaTaeT TOJNBKO Ha TO, YTOOBI
CMOJIENIMPOBaTh pabOTy MO3ra MbIIIHM, — W TO JIHIIb B TEUEHHWE HECKOJIBKUX CEKyHI. (JTo He
o3HaydaeT, uto Blue Gene ciocobGeH cMoienupoBaTh NOBEACHNE MBIIIN. B 3TOM miiaHe yueHble oka
no0pajiuch TOJMBKO 1O TapakaHa, M TO efBa-enBa. Korma Mbl TOBOpUM O MOJEIHMPOBAHUU
MBICIUTENBHBIX MPOLIECCOB B MO3TY KHUBOTHOTO, MBI I10Ipa3yMEBAaEM, UTO KOMIIBIOTEP MOAEIUPYET
cpabarbIBaHNE HEUPOHOB MO3T'a, @ HE MMOBEICHNE MBIIIIH. )

Ha camoMm niene MoaenupoBaHUEM MO3Ta MBIIIM 3aHUMAETCS Cpa3y HECKOJIBKO IPYII yUEHBIX.
B yacTtHOCTH, Takas MOMBITKA OCYIIECTBIISIETCA B MIBeWlapckoil denepanbHON MOJIUTEXHUYECKOM
mkosne Jlo3anHel; 3T0 amOuIMo3Hbli npoekT 'enpu Mapkpama (Henry Markram) Blue Brain.
[Ipoext craproBas B 2005 1., KOrJa MCCAEAOBATENSAM YAAJIOCh TOMYYUTh HEOOJBIIONW BapuUaHT
kommptoTepa Blue Gene Bcero ¢ 16 000 mporieccopoB; TeM HE MEHEe B TEUCHHE roja KOMaH[E
Mapkpama yganoch co3aarb MOZENb HEOKOPTUKAJIbHOM KOJOHKH MO3Ta KpBICBI — YacTH TakK
Ha3bIBa€MOW HOBOH KOphl (Heokoprekca), coxepskameil 10 000 neiiponoB u 100 muiH cBsizet. Ota
paboTa cTajma BaXHOM BEXOW, TIIOCKOJNBKY JOKa3blBaja MPUHIIUIIUAIBEHYI0 BO3MOXKHOCTH
KOMIUIEKCHOTO aHallu3a CTPYKTYpbl BaKHOW COCTaBHOM YacTH Mo3ra, HeWpoH 3a HelpoHom. (B
MO3TY MBIIIM MWIIHOHBI TaKUX KOJIOHOK, 3TOT CTPYKTYPHBIN 3JIEMEHT MOBTOPEH MHOTOKPAaTHO.
Taxkum 00pa3oM, MOJEIb 1aXe OJJHOM KOJIOHKH ITOMOTAET MOHATh, KaK pab0oTaeT MO3T B IIEJIOM. )

B 2009 . Mapkpam onTtuMucTHYHO 3asBHI: «lloCTpouTh MOIENs 4YETOBEYECKOrO MO3ra
BIIOJIHE BO3MOJKHO, U MBI B COCTOSIHUM CHAE€NaTh 3TO JET 3a JAecATb. Ecaum Mbl caenmaem Bce
MIPaBWJIBHO, OHA OYyJIeT TOBOPUTH, 00JIaJaTh UHTEJUIEKTOM U BECTH C€0sl COBEPIIEHHO KaK YEIOBEK».
OnmHako mpH 3TOM OH MPENyNpexIaeT, 4YTo Uil CO3/[aHUS TakoM MoJenu mnorpedyercs
cynepkomnbiotep, B 20 000 pa3 Ooniee MOIIHBIH, YEM COBPEMEHHBIE CYNEpPKOMIIBIOTEPHI, U C
namsTeio, B 500 pa3 mpeBocxozsuieii no oobemMy HelHeIHUH HTepHeT.

Tak 4To e MelIaeT Y4eHbIM JI0CTHYb 3TOW KojoccalibHOU nenu? st Mapkpama Bce mpocTo:
HET JICHET.

Emy kaxercs, 4To, MOCKOJIbKY Oa30Bble Hay4HbIE€ NMPUHIUIBI MOAEIUPOBAHUS MO3ra YXe
SCHBI, JUISl yCII€Xa HY)KHO IPOCTO BJIOXHTH B MIPOEKT JOCTATOYHO AcHEr. OH roBoput: «Peub maet
HE 0 rojiax, a o Jojuiapax... Bompoc B Tom, xo4eT i1 3Toro obmectBo. Ecnu Mozens Hy)XHa uepes
JIECATH JIET, OHU IOJIydaT €€ uepe3 IecATb JIET. Ecau oHa Hy)KHa uyepe3 ThICAUYy JIET, Mbl MOXKEM
MOJIOMKIATHY.

Onnako 3TOM mpoOnmemMol, moMuMO Mapkpama, 3aHUMAeTcsl elle OfHa TpyMNa YYEHBIX,
KOTOpPOH yaanoch TMOJNYYUTh B CBOE PACIOPSDKEHUE BENIMYAMIINE KOMIIBIOTEPHBbIE MOIIHOCTH B
ucTopuu. OTa rpymnma pabotaer ¢ Hambonee mponBuHyToi Bepcueit Blue Gene, momyuuBieit
Ha3zBanue Dawn; oHa Taxxe Haxomutcsi B JluBepmope. Dawn — TmOMCTHHE BIEYATISAIONICE
3penuie; B HeM 147 456 npoueccopos u 150 000 ruraGaiit namatu. On npumepHo B 100 000 pa3
MOIIlHEE Balller0 HACTOJIBHOTO KommbioTepa. Ha cueTy aSToi rpymibl, KOTOPYIO BO3IVIABISET



Hxapmennpa Monxa (Dharmendra Modha), y>xe nMmeercst HECKOIBKO cepbe3HbIX ycnexoB. B 2006 r.
oHa Obuta B coctosiHuu cmojaenuposats 40 % wpimmHoro mosra, a B 2007-m — yxke 100 %
KPBICUHOTO (B MO3Te KPbICHI OKOJIO 55 MJIH HEHPOHOB, UTO TOpa3fo OoJbIlIe, YeM Y MBIIIN).

B 2009 r. rpynna npeojosena emie oJuH pyOex U MpeB3oliljia IpeXHUuil MupoBoil pexopa. Eif
yAaI0Ch cMOAETHPoBaTh 1 % KOpBI TOJJOBHOTO MO3Tra 4esloBeKa, WK MPUOIU3UTENBHO BECh 00beM
KOPBI TOJIOBHOTO MO3ra KOIKHA, — 1, 6 MiIpa HEHPOHOB U 9 TpiH cBsi3eid. OJTHAKO MOJIETIUPOBAHUE
IIJI0O MEAJICHHO, CKOPOCTh paboTel Monenu mnpumepHo B 600 pa3 ycrymanma CKOpOCTH palboThI
peansHoro Mo3ra. (Ecimm Momenb oxBarkiBaia TONBKO | Mulpa HEMpPOHOB, OHa paboTaja HAMHOTO
ObIcTpee, Bcero B 83 pasza MeAsieHHEe, Y4EM MO3T.)

«39TO MOXKHO CPaBHUTH C TellecKoroM XaO0ia /s CO3HaHUS WIN C JUHEHHBIM YCKOpUTEIEM
JUI MO3ra, — TOpA0 ToBOpUT Mojxa, uMmess B BUAY HAy4HBIH MacIiTad 3TOrO JOCTHUIKEHUS.
[Tockonpky ™mo3r comepxkut 100 Mapa HEHMPOHOB, MOJETUPOBAHUE @K€ OJHOTO0 MHJLIMAPJA
MIO3BOJISIET YBUJETh CBET B KOHLIE TYHHEJNIS. YUEHbIE YBEPEHBI, YTO MOJIHASL MOJENb YEIOBEUYECKOTO
MO3ra yke He 3a ropaMu. — DTO He IMPOCTO BO3MOXKHO, 3T0 Henz0exHo. Tak Oymet!»

OpHako MOJENMPOBAHHUE YEJIOBEUYECKOTO MO3ra LENMKOM JI0 CHX IOp IpPENCTaBIsET
cepbe3HbIe MPOoOJIEMbl, 0COOEHHO B IUIaHE dHEPTUu U oTBoAa Temia. Kommnbiotep Dawn norpebisier
1 MBT 3Hepruu u BBIJENSET CTOJBKO TEIJIa, YTO TOJBKO HAa €ro oxJaxjaeHue paboraer 6675 T
KOHJIMITMOHUPYIOIIEro o0OpyAOBaHuUs, BbIpabaThIBaroLIero 76 Thic. M3 OXJIaXXJIEHHOTO BO3AyXa B
MUHYTY. /11 MOJIENMpOBaHMsI YEIOBEYECKOTO MO3ra IEJIMKOM BCE ATH YHCIIAa IPUIETCS YMHOXUTh
emte Ha 1000.

3anaya BOUCTUHY MOHYMEHTAJIbHAS. DHepronoTrpediaeHue TUIIOTETHYECKOTO
cynepkomnbloTepa coctaBuwio Obl 1 I'BT, 4TO COOTBETCTBYEeT THIIOBOM MOIIHOCTH OJHOTO
HHEepro0JIoKka aTOMHOM CTAHIMHU. DTON 3HEpruei MoXKHO ObLTO OBl OCBETUTH U OOOTPETh KPYIHBIH
ropoa! JIns oxJjaxkJIeHusi 3TOro CyNepKOMIIbIOTEpa MOTPeOOBajIoCh Obl OTBECTH LENIYI0 PEKY M
IPOMYCTHUTH €€ BOJIbI Yepe3 KOMIBIOTEp. A caM KOMIIBIOTEp 3aHsUT Obl HE OJIMH TOPOJICKOM KBapTall.

[TopasuTensHO, HO YemoBeUeCKUU MO3T motpednser Bcero 20 BT Beigensemoe um Terio
IIOYTH HE3aMETHO, M BCE M€ MO3I C JIETKOCTBIO OCTaBJIAET II03aJM COBEpPLICHHEWIINE
CYNepKOMIIbIOTEPLl. bojee Toro, uenoBedeckuil MO3r — caMoO€ CIOKHOE TBOPEHHE MarepH-
npupoAbl B 3To yactu ['amakTuku. Y Hac HET A0 CUX MOpP HUKAKUX JIAHHBIX O MPHUCYTCTBHH B
ConueuHoll cucteme Apyrux (opM pasyMHOM >KM3HM, a 3HAUUT, 0 Onrkaiiiero oObekTa,
CPaBHMMOI'O IO CJIOXXHOCTU C COJEPKMMBIM BallIEro uyepena, oT 3emiu He MeHee 40 TpiaH KM
(paccrostHue A0 OV KaWIIel 3Be3/b1), @ CKOpEe Topas3ao OObIIIE.

He wckmioueHo, 4YTO HaM JEHCTBUTENIBHO YIAlOCh ObI TPOBECTH PEBEPCHBHOE
MIPOEKTUPOBAHNE MO3Ta 3a JAECSTh JIET, HO JIUILb MPU YCIOBUU HEOTPAaHMUEHHOTO (PMHAHCHUPOBAHUS
U HallMOHAJIBLHOM YIapHOM mporpamMmbl — 4TO-HUOYNb Bpoae MaHX3TTeHCKoro npoekra. OgHaxo,
YYUTBIBasi OOIIUI IKOHOMUYECKHUI KIMMAT, B OnmKaiiiee BpeMsl TaKUX BIOKEHUN BPSJ JTU CTOUT
oxunare. OtmernM, uyto mnpasBuTenscTBo CIIIA B mocineaHue roasl MOAAECPKHUBAIO HECKOIBKO
CEPbE3HBIX MPUOPUTETHBIX MPOEKTOB, TaKUX Kak «[€HOM denoBeKa», KOTOpBIM 00OIIeNcs MOYTH B
TP MWILIHApJa AOJIApPOB, HO JIMIIL TOTOMY, YTO OHH OOeIIald OuYeBHUIHBIC Hay4YHBIE U
MEIMIIMHCKHE BBITOABI. BBITOIBI MpoeKkTa MOJEIMPOBAHMS MO3Ta HE CTOJb OYEBMJIHBI, ITOATOMY
BPEMEHHU Ha Hero yujer ropaszno Oonblie. bojee peanucTuuHo, HABEPHOE, MPEATIONOKHUTD, YTO MBI
OyaeM JBHUraThbCsl K LEIM MaJeHbKMMHU IIaXKaMH U J0 HCTOPUYECKOIO MOMEHTA, KOrja IoJHast
MoJienb Oy/IeT HaKOHEI] CO3/1aHa, MPOMIET ellle He OJJUH JECSTOK JIeT.

Tak 4TO KOMIIBIOTEPHOE MOJAETUPOBAHUE MO3Ta MPOTAHETCS, BEPOATHO, /10 CEpeauHbI Beka. 1
Jla’ke MOCIIe 3aBepILEHHs IPOEKTa MOHA00UTCS eI1e HECKOJIBKO JIECSATKOB JIET, YTOObI pa3odparbes
B ropax Mnojiy4eHHOM MH(OpPMalLlU U COOTHECTH €€ C PealIbHbIM 4eJI0BEYECKUM MO3roM. Majso Toro
YTO MBI YTOHEM B JIaHHBIX, Y HacC K TOMY k€ He OyleT CpelCTB, KOTOPbIE MO3BOJIMIN Obl HAIEKHO
OT(UIBTPOBATH UIYM U OTAEIUTH MOJIE3HYI0 MH(POPMALIHIO OT CITy4aitHOM.

Pa30opka mo3ra

Ho xaxk xe BTOpOI7I moaxoa, O KOTOpOoM 1ia p€db, — OIMPEACITICHUC TOYHOT'O MCCTOITIOJIOXKCHU A



Ka)XJI0T0 HelipoHa?

OTOT MOAXOJ TAaKXKE CTABUT IeEpe] YUEHBIMHU 3aJady, JocTolHylo [epakiia, U ckopee BCero
O3HaYaeT JECATUIEeTUs TIIATeNbHBIX UccienoBaHnil. BMecto cynepkommbiorepoB Bpoze Blue Gene
y4eHble, BbIOpaBIIME TaKoOM IOAXOJ, IMOJIb3YIOTCS METOJIOM IOCieA0BaTeNIbHOro aHanuza. Jlms
Hayajga OHM MPEnapupyroT MO3T ApOo30HIIbI, pa3pe3as ero Ha TOHYAWIINe JIOMTUKH TONIIHHON He
6onee 50 HM (okomo 150 aromoB). IlomydaroTcs MWUIMOHBI JIOMTHUKOB, KaXKIbIH W3 KOTOPBIX
¢dororpadupyercs Npu TMOMOIIM CKaHUPYIOLIETO HJIEKTPOHHOTO MHKPOCKOIA, CKOPOCTh H
paspeleHne KOToporo MpuONMKaTCa K MIJITHApAY TOYEK B CEKYHAY. DNEKTPOHHBIH MUKPOCKOI
BBIJIACT Ha-Topa HEBEPOSTHOE KOJIWYECTBO JaHHBIX — oKoso 1000 TpiaH OaifT; 3TOro AOCTaTO4HO,
YTOOBI HAIOJHUTh HOCUTEISIMU MH(pOpPMAIMK LETyl0 KOMHaTy. M Bce 3T0 — i onmucaHus Mo3ra
OIHOM-eAMHCTBEHHON TMIofoBOM Mymiku! 3areM MNpUXOAUT uepen oO0pabOTKM JaHHBIX U
TUIATEIbHOTO, CKPYMYJIE3HOIO BOCCTAHOBJIEHMSI TPEXMEPHBIX CBA3EH KaXKIOro HeilpoHa; Ha 3TO
YXOTUT OKOJO TSATH JET. A A MOoJdy4deHHs Oojiee TOUHOW KapTHHBI MYIIMHOTO MO3Ta MPUIETCS
paszzenaTb U UCCIIE0BATh MO3T HE OJJHOTO JIECSITKa 0COOEH.

Jlxeppu Pyoun (Gerry Rubin) m3 Menunumuckoro unctutyta loBapma Xbro3a, OIuH U3
JUAEPOB B ATOM OONACTH HCCIEIOBAHMN, CUYUTAET, YTO Ha COCTaBJIE€HHE IOJIHOW, TOYHOH U
noApoOHON KapThl Mo3ra Apo3opuisl yiaer 20 net. «5 Obl ckaszai, 4To, KOrjia 3Ta 3ajaada Oyaer
pelieHa, Mbl IPOiIeM MATYIO YacTh MIyTH K MOHMMAHUIO YEJIOBEYECKOTO MO3Tay, — 3aKII0YaeT OH.
PyOuH nmoHuMaeT BCiO MacIITaOHOCTb M CIIOXHOCTh CTOSIIIEH Iepe] HUM 3ajadu. YermoBedecKHid
MO3T UMEET B MWUIMOH pa3 OojbIlle HEHPOHOB, YeM MO3T Japo3odwibl. M eciam Ha perucTparuio
KaXXJ0ro HeHpoHa MYIIMHOro Mosra yuaer 20 JieT, TO Ha YCTaHOBJIEHHUE IOJIHONW HEHPOHHOU
aApXUTEKTYpbl YEJIOBEYECKOI0 MO3ra HaBepHsAKa MOHAJO0UTCS €Ile He OAHO U HE JIBa JI€CATUIICTHS.
CTOUTH 3TOT MPOEKT TOXKE OYJIET POMAHBIX JCHET.

Wtak, MBI BUAMM, YTO BCE YYAaCTHUKHM IIpolecca HH)KEHEPHOTO aHajlu3a Mo3ra IoKa
HaXOJATCS B CJI0XKHOM MON0KEHUU. OHU BUIAT U SICHO PA3JIMYalOT LIEJb, IPEICTABIAIOT, KAK MOXXHO
€e JIOCTHYb, HO OTCYTCTBHE JEHET He IO03BOJSIET UM paboTarh B MOJIHYIO CHIy. MOXHO ¢
JIOCTATOYHOM J0JIel YBEPEHHOCTH MPEATONIOKHUTD, YTO IJie-HUOYIb K CEpeAMHE BeKa Y HAC MOSABATCS
JIOCTaTOYHO MOIIIHbIE KOMIIBIOTEPHI, HA KOTOPBIX MOXKHO OYJIET CMOAENUPOBATh YE€JIOBEUECKUN MO3T,
a Takke rpyOble MPUOTU3UTENbHBIE KapThl HEUPOHHON apXHTEKTypbl Mo3ra. OIHAKO Ha TOIHOE
MOHMMAaHKE MEXaHW3Ma MBIIUICHHS WK Ha CO3[JaHhe MalllWHbI, CHOCOOHON TyOnnpoBaTh GyHKIIUU
YeJI0BEUECKOr0 MO3ra, He IPUXOAUTCS PaCCUUTBIBATh paHbllle caMoro koHa XXI B.

[Tpusenem npumep. [lonydnB kapTy TOYHOTO PACHONOKEHHS KaKJJOTO T€Ha B TEJIE€ MYypaBbs,
BbI HE Y3HaeTe, KaKk CTPOUTCS MypaBeHHHUK. TOUHO Tak ke caM 1o ceOe (akT, 4To yyeHble Tenepb
3HatoT Bce 25 000 reHoB, KOTOPBIE COCTABISIOT T€HOM YEJIOBEKa, HE 03HAYAET, UTO OHU MOHSIIN, KaK
paGotaer uenoBeueckoe Teno. BoobOmie, npoekT «[eHOM uyenoBeka» HAIOMHUHAET TOJIKOBBIN
CJIOBapb, B KOTOPOM HET orpeneieHust cioB. Kax/plil TeH B Tele yenoBeka 4eTko paciudpoBaH U
pacnucad mo OyKBaM, HO YTO KaXKIbIi M3 HUX JENaeT, MO-NPEKHEMY B 3HAYUTEIHHOW CTENeHU
ocTaeTcsl 3aragkoid. B KaxJIoM TreHe 3akoIupoBaHa CTPYKTypa ONpeAeNeHHOro Oenka, HO
HEU3BECTHO, KaK OOJIBIIMHCTBO 3TUX OEJIKOB ()YHKIIMOHUPYET B OpraHU3MeE.

Eme B 1986 . yueHble CMOIIM COCTaBHUTH IOJIHYIO KapTy PACIOIOKEHUS BCEX HEHPOHOB B
HEpBHOM cucteMe KpoxoTHoro uepBsiuka C. elegans. IlepBoHayambHO 3TO JOCTHKEHHE OBLIO
OOBSIBIIEHO NPOPHIBOM M KIIOYOM K pACKPBITUIO 3arafkd Mo3ra. OJHako 3HaHHE TOYHOTO
pacnionockenust 302 HepBHbIX KieTok U 6000 XMMHMYECKMX CHHAIICOB Ja)Xke ceidac, cmycTtd
HECKOJIBKO JIECATUIIETUH, HE JAeT YUEHBIM HHUEro HOBOTO JIJIsl TOHUMaHUS (U3NOJIOTUN YEPBS.

ToyHO Tak e Jake IOCJI€ CO3JaHus IOJIHOM M TOYHOW MOZENIN YEJIOBEYECKOTO MO3ra
NpOHAET HE OAMH JECSATOK JIeT, NpeXkIe 4YeM Mbl CMOXEM IOHATh, Kak paboTaloT u
B3aUMOJICHCTBYIOT MeXAy co0oil Bce ero yacTu. Ecim ymacTcsi Bce ke 3aBEpIUIMTh PEBEPCHUBHOE
MIPOEKTUPOBAHUE W TOJHYIO pacHIMPpPOBKY CTPYKTYpbl MO3ra K KOHIly CTOJIETHs, 3TO OyaeT
O3Ha4aTh, YTO CJEJaH IPOMAJHBIN IIAr K CO3JaHHI0 YEJIOBEKOMOAO0OHBIX poboroB. YUTo TOTNA
MOMEIIAET UM 3aXBaTUTh BIACTH?



OTtpaneHHoe Gyayuiee
(2070-2100 rr.)

Korapa MammHbI 00peTyT CO3HAHUE

B ¢uibmax mpo Tepmunaropa pacckasbiBaeTcsi 0 ToM, Kak IleHTaron moctpoun u ¢
rOpAOCThIO 3aMyCTHII B JieficTBUe Skynet — rpomMaHyto CBEpPX3alIUIEHHYI0 KOMIIBIOTEPHYIO CETh,
MpeHa3HauYeHHYI0 JUIsl yrpaBieHus sigaepHbiM apceHanoM CIIA. Dta ceTs Oe3ynpedyHo UCIONHsIA
CBOM OOS3aHHOCTH J0 TeX MOp, MOoKa OAHaX/bl, B 1995 ., HEOXKHUJAaHHO HE MPOMU3OILIO YTO-TO
oueHb crpaHHoe. CymnepkomnbioTep Skynet oco3nan ceOs. Jlronu, paboTaBiive C CeTbio, C
M3yMJICHHEM TMOHSJIM, YTO X JETHIIE BHE3AITHO 00peso pa3yM, U MONBITAIUCH BHIKIIOYUTH €T0, HO
omno3manu. 3amuimias ceds, Skynet penmwi, 9To eAMHCTBEHHBIN CIOCO0 00eCIeYnuTh COOCTBEHHYIO
0€301acHOCTh — 3TO YHHUTOXXHUTh YEJIOBEUECTBO. J[JIsl 3TOr0 OH Hayasi pa3pyIlIUTENbHYIO SACPHYIO
BOitHY. Bekope Tpu Munmuap/a Jrofiel cropeiu B IIaMeHH OecCYeTHBIX SAEpHBIX B3pbIBOB. [locie
sToro Skynet BBIMyCTHI B MHUp JIESTHOHBI pOOOTOB-YOWHI], IE€JbI0 KOTOPBIX OBUIO YHHUTOXKEHHUE
octaBmuxcs. CoBpeMeHHas [IUBIIIN3ALMS PYyXHYJIa, OCTaBUB MOCIe ceOsl JIUIIb KPOLIEUHBIE KaIKUE
Iaiku OaHIUTOB U OyHTapei.

A B Tpuioruun «Marpuua» JOAM TOKa3aHbl HACTONBKO MPUMHUTHBHBIMHU, UYTO JaXke HeE
MIOHMMAIOT: MAIIMHBI YK€ 3aXBaTWIM MuUp. Jltony 3aHMMaroTCs MOBCEAHEBHBIMU J€JIaMH, AYMAIOT,
YTO BCE€ HOPMaJIbHO, U HE 3aMEYAIOT, UTO Ha CAMOM JleJie )KUBYT B KOKOHaX. MIX Mup — Bcero Juiib
MOJIENTb  BUPTYaJbHOM pealbHOCTH, KOTOPOM YIPaBISAIOT X03si€Ba-poOoThl. YenmoBeueckoe
«CYyILIECTBOBAaHUE» — BCEro JIMIIb KOMIIbIOTEpHAs MporpamMma, BbINOJHsAEMas OOJbIINM
KOMITBIOTEPOM; JAaHHBIE C HEE IMOCTYNAIOT HEMOCPEICTBEHHO B MO3I JIIOJEH, KXUBYLUIMX B 3THUX
KOoKOHaX. EqMHCTBEHHAas MpUYMHA, 0 KOTOPOM MalIuHBI BOOOIIE TEPHAT MPUCYTCTBUE JIONEH, —
TOT (paKT, YTO UX MOXKHO MCIOJIb30BaTh KaK MCTOUHUKH MUTAHUS.

Koneuno, 3anaua TouiByna — Hamyrarh ayAUTOpHIO 10 monycMepTd. Ho CrokeThl 3THX u
Ipyrux (UIBMOB MOJHMMAIOT 3aKOHHBIM HAyYHBIH BOMPOC: YTO MPOM3OWUIET, Korna poOOThI
HaKoHell cTaHyT yMHee Hac? UTo mpousoiier, korga poOOThl NPOCHYTCS UM OCO3HAIOT ceOdsi?
VYdeHble aKTMBHO OOCYXIalOT BOIPOC, YTO OyJeT — MpHYEM HE €Clid, a KOIJa MPOU30HAET 3TO
3HaMEHaTeJIbHOE COOBITHE.

HekoTopble SKCHepTHl YTBEPXKAAIOT, YTO HAIIM CO3JAaHHUS-POOOTHI OylyT IOCTENEHHO
MOJHUMATHCS 10 IBOIIOIMOHHOMY ApeBy. CerofHs OHM CPaBHUMBI IO UHTEJUIEKTY ¢ TapakaHamu. B
OynylieM OHM BBIPACTYT M CpaBHSIOTCS C MBIIIAMH, KpPOJMKaMM, cOOAaKaMH U KOILIKaMH,
o0e3bsiHaMHM, a 3aTeM CTaHYyT CONEepHUYaTh ¢ yenoBekoM. Ha MenneHHOe mpeososieHne 3Toro myTu
MOTYT YWTHU J€CSATUIIETUS, HO YU€HBIE BEPAT, YTO 3TO BCETO JIMIIL BONPOC BPEMEHU U KOTa-HUOYAb
MalTuHBI 00513aTEIHHO MPEB30UTYT HAC PA3yMOM.

Hccnenosarenn MU pacxonarcss B BOIIPOCE O TOM, KOIJa 3TO MOXET Ipon3ouTH. Hekoropeie
TOBOPAT, YTO HE TO3KE YeM depe3 JABaauaTh JEeT poOOThl MPUOIM3ATCA MO Pa3yMHOCTH K
YeJI0BEUECKOMY MO3ly, a 3aTéM OCTaBsT CBOMX co3jarenei paneko nozaau. B 1993 . Bepnop
Bunmx (Vernor Vinge) ckazan: «He mpoilaeT u TpuauaTH JIET, KaK y HAac MOSBUTCA TEXHHUYECKAs
BO3MOXKHOCTb CO37]aTh CBEpPXYEJIOBEUECKMH pa3yM. Bckope 1ocie 3Toro nspa 4YeloBeka
3aKOHUMTCA... S| Oyay yauBIEH, eciau 3T0 coOblTHe Mpousoiaer panbiie 2005-ro uam mo3xke
2030 r».

C npyroii ctoponsl, [lyrmac Xodmranrep (Douglas Hofstadter), aBrop kauru «I'€nens, Dep,
bax», roBoput: «S Oyay OudeHb YAMBIEH, €CIM YTO-HHOYIb XOTA Obl OTIAJCHHO IOXOXKEee
npousoiier B ommxkaiimue 100-200 net».

Korna s pasroBapuBan ¢ MapBuHom Muncku u3z MIT — onHON M3 OCHOBOIOJATrarOIIUX
¢buryp B UCTOpPUU UCKYCCTBEHHOTO MHTEJUIEKTA, OH 3aMETHJI, YTO HE HAa3HAYAE€T CPOKOB JJISl ITOTO
COOBITHSI U HE MOXKET CKa3aTh, KOIZla MMEHHO OHO mpou3oineT. OH yBepeH, YTO TakoW JIeHb
HACTYITUT, HO KaTeropuYeCKU OTKa3bIBAETCS BBICTYINATh B POJIM MPOPOKA U MPEACKa3bIBaTh TOUHYIO
narty. (BosmoxHo, Oymyun matpom MW — obnactu Haykd, B CO31aHUM KOTOPOW OH y4acTBOBAJI
MPAKTHUYECKH C HyNs, MUHCKU BHUJEN CJIMIIKOM MHOTO HECOBIBIIMXCS IPOrHO30B, MOPOJUBIINX K



TOMY e 00paTHYIO PeaKIMIo.)

Hemanyro wacte mnpobnembl ¢ JaTaMM W CIEHApUSMHU COCTaBisieT TOT (HakT, dUTO
OOIIENPUHATOTO MPEACTABICHUS O TOM, YTO TaKOE€ CO3HAHHE, MPOCTO HE CyliecTByeT. Punocods! u
MaTeMaTUKu ObIOTCS HaJ ATHM BOIPOCOM HE OJIHO CTOJETHE, a BO3 U HbIHE TaM. MBICIUTENh
XVII B. I'otpun Jleibuui, nzodperarenab HHTEIPAJIbHOTO MCUUCIICHUS, OHAX /bl HanHucal: «Jlaxe
eci Obl MOXKHO OBLJIO YBEJIMYUTH MO3T JI0 pa3MepOB BETPSHON MEJbHHULIBI U MOOPOAUTH BHYTPH,
HUKaKOTO CO3HaHMs MbI Obl TaM He Hanuimy». dunocod IrBun YanMepc cocTaBuil CIUCOK U3 MOYTH
20 000 HayuHbIX pabOT, HAMMCAHHBIX HA 3Ty TeMY, U HE OOHapYXWJ y aBTOPOB Kakoro Obl TO HU
ObUIO €MHOTO MHEHHUS.

Hurne B Hayke CTOIB TpOMaJHbIE YCHIMS MHOMKECTBA JIFOAECH HE AAJIH CTOJIb HUYTOKHOIO
pe3ynbrara.

CnoBO CO3HaHWE, K COKAJEHUI0, OTHOCUTCA K TEM T'POMKHM M KPacHUBBIM CIIOBaM, KOTOPBIE
JUI pa3HBIX JIOJied O3HaualoT pa3Hoe. Kak HU medanbHO, OOIICTIPUHSATOrO OMPENETIeHUs ITOro
MOHSITUS HE CYLIECTBYET.

JInyHO s Mymaro, YTO HECHOCOOHOCTh YETKO OINpPENENIUTh CO3HAHUE, a TaKKe U3MEPUTH €ro
KOJIMYECTBEHHO — 3TO OJIHA U3 CEPbE3HBIX MPOOIEM HayKH, 3aHATONW CO3laHHMEM HCKYCCTBEHHOI'O
MHTEIJIEKTA.

Ho ecnu Ob1 MHEe mpenioXuin monpodoBaTh caMOMY, S Hadaj Obl C TOro, 4TO CO3HAHHE
BKJIIOUAET B ce0s MO KpaifHel Mepe TpH OCHOBHBIX KOMIIOHEHTA!

1) BocmipusiTHE U pacrio3HaBaHUE OKPYXKAIOIIET0 MUPA;

2) caMmoaHanus3;

3) mnanupoBaHue OyayIIero, HIOCTAaHOBKY IIeJIei U COCTaBJICHUE TIAHOB, T. €. MOJCIIMPOBaHHE
OyZmyIiero u BBIOOP CTpaTeTny.

[Tpu TakoM moaxojie MOXKHO CKa3aTb, YTO Jake MPOCTbIe MEXaHU3MbI M HACEKOMbIE 001a/1al0T
Kakoii-To ¢opmoii coszHaHus, KoTopyro MOXHO OILEHUTh 4YHCIEHHO mo Immkaie oT 1 mo 10.
CymiecTByeT 1e510€ MPOCTPAHCTBO CO3HAHHUS, KOTOPOE MOXKHO IPEICTaBUTh B KOJIMYECTBEHHOM
dbopme. MoOTOK HE COCOOEH BOCIIPUHUMATH OKPYXKAIOIIMA MHpP, TaK YTO €0 CO3HAHUE MOXKHO
oneHuTh Kak 0 mo mpuHATOM Hamu mikane. OAHAKO TepMOCTaT, K MIpPUMEpPY, YXKe CIOoCcoOeH
BOCIIPMHUMATh M OLIEHHUBATH OKPYXAIOLIYIO ACUCTBUTENBHOCTh. CyTh TEPMOCTAaTa B TOM, YTO OH
YyBCTBYET TEMIIEPATYpy OKPYKAOUIEH Cpelbl U JCHCTBYET B COOTBETCTBUM C HEH, MPU 3TOM
M3MEHSS €€; CO3HaHWE TepMocTaTa MOXKHO OIEHUTh ypoBHeM 1. CremoBaTenbHO, THOOBIE
MEXaHU3Mbl C OOpaTHOW CBS3BI0 O00JAMAIOT TPUMHUTHBHON ¢GopMol co3HaHusA. YepBu TOXe
CHOCOOHBI BOCTIPUHUMATH OKpYyXaromuid mup. OHU 4yBCTBYIOT NMPUCYTCTBHE MUIIH, TapTHEpa, a
TaKXe OMAaCHOCTH U JCHCTBYIOT B COOTBETCTBHH C TOJyYE€HHON HH(poOpMaluen, HO OOibIIe He
MOTYT TOYTH HH4Yero. Hacekomble BOCHPUHHMMAIOT MHUpP HECKOJIbKHMHM OpraHamMu 4YyBCTB (K
IIpUMeEpY, 3pEHUE, CIyX, HIOX, JaTYUK JIaBJI€HUS U T. I.) U JOCTOMHBI Oojiee BBHICOKOM 4MCICHHOU
OLICHKH; UX CO3HAHUE CJIeIyeT OLIEHUTh, BOBMOXXHO, B 2 WX 3.

Bricmieli ¢popmoii BocipuaTHs A€WCTBUTENBHOCTHU JIOJIKHA OBITh CIIOCOOHOCTh Pacro3HaBaTh
¥ TIOHUMaTh OOBEKTHI OKPYKAIOIIET0 MUpa. UeloBeK B COCTOSHUU MTHOBEHHO OIIEHUTHh OOCTaHOBKY
Y JICMCTBOBATh B COOTBETCTBUM C HEMl — a 3HAYUT, €r0 CO3HAHUE JIOCTOMHO BBICOKOW OILIEHKH IO
Hamei mkane. OJHAKO MMEHHO 3/ech pPOOOTHI HE B COCTOSHHUHM COCTaBUTh HaM CEPhE3HYIO
KOHKypeHnuio. Pacro3HaBanue 00pa3oB, Kak Mbl YK€ BHICIH, — OJIWH W3 TPHHIIUIHATBHBIX
pyOexkeli Ha TyTH K HMCKYCCTBEHHOMY HHTEIEKTY W OJHOBPEMEHHO OJHO W3 CEpPhE3HEUIINX
npensaTcTBUid. POOOTHI CrTOCOOHBI BOCIIPUHUMATH OKPYXAIONMUKA MHUP TOpa3fo Jydile JIOAeH, HO
OHM HE TOHUMAIOT M HE Yy3HAIOT TO, YTO BUAAT. M3-3a HECMOCOOHOCTH pacro3HaBaTh 0Opa3bl
poOOTHI Ha IIKaJd€ CO3HAHHWS OKAa3bIBAIOTCS HA CaMbIX HIDKHUX CTYIEHBKaX, TAC-TO PSJIOM C
HaCEKOMBIMH.

Crnenyrommii, 60jiee BBICOKHI YPOBEHb CO3HAHHS CBS3aH C caMoaHanu3oM. Ecim moctaBuTh
3epKajo MOYTH Tepes JIOOBIM >KHBOTHBIM MYKCKOTO TIOJIa, PEakiusi OyldeT HEeMEIJICHHON |
JIOBOJIBHO PE3KOM: camIlbl MPOSIBISIIOT OTKPOBEHHYIO arpeCCUBHOCTh, MHOTZA JAX€ HAMaJarT Ha



3epkasio. M3o00paskeHHe 3acTaBiseT KMBOTHOE-caMIla 3alllMIIaTh CBOIO TeppuUTOpHio. MHorue
KUBOTHBIC HE CO3HAIOT Ce0sl — ¥, COOTBETCTBEHHO, HE y3HAIOT cebOs B 3epkase. OqHaKo 00e3bsHbI,
CIIOHBI, 1eTb(UHBI U HEKOTOPBIE MTHUIIBI OBICTPO MOHUMAIOT, YTO OTPAXKEHHE B 3€pKaje — ITO OHU
caMu, W TpeKpamaroT 0ecCMbICIEHHbIE aTakh. YemoBek ONM30K K BEpXHEW TUTAHKE ATOM IKAaJIbI,
MOCKOJIBKY 0071a/1aeT BBICOKOPA3BUTHIM CaMOCO3HAHUEM U MPEKPACHO MOHUMAET, KEM OH SIBIISIETCS
[0 OTHOILIEHHUIO K JIPYI'MM >KMBOTHBIM, JPYTMM JIIOJSM W MHpY B LeioM. Majo TOro, 4eioBeK
HACTOJIBKO OCO3HAeT ceds, YTO CrIocoOeH BECTHM BHYTPEHHHUM JHaior ¢ caMUM cOOOi, a 3HAuuT,
MBICJIEHHO OIIEHUBATh CUTYAIHIO.

HakoHen, >HMBOTHBIX MOXXHO OIIEHUTh IO HX CIIOCOOHOCTH IUIAaHUPOBATh Oyayluee.
HacexoMble, HaCKOJIBKO HaM M3BECTHO, HE CTABST Mepes co00M CIOKHBIX Leneid. HanpoTus, oHu 1o
OoJpIIel YacTH pearupyloT Ha OKPYXAroIlyl0 OOCTaHOBKY HEMOCPEICTBEHHO, IIar 3a IIaroM, H
MOJIAraloTCsl LIEJTMKOM Ha MHCTUHKTBI U CUIOMUHYTHBIE BHEILIHUE Pa3IpasKUTEINH.

B 3TOM cMbICiie XUIIHUKU N0 YPOBHIO CO3HAHUS CTOSIT BBIIIE, YEM MX >KEPTBbL. XHIIHUKAM
MIPUXOAMUTCS KOE-4TO IUIAHUPOBATH 3apaHee: MOJbICKUBATh MECTO JUIsl JIOrOBa, IUIAHUPOBATH 3acany,
BBICJICXKUBATh, MPENYraablBaTh ASHCTBHs N00bIYH. [loObIue ke, Kak MpaBHUIIO, JOCTATOYHO MPOCTO
y0erarb, ¥ MOOBICTPEE, TAK YTO €€ CO3HAHUE CIIEAYET OLEHUBATh HUXKE.

Jlanee, mpuMathl crOCOOHBI UMIPOBU3UPOBATh, COCTABIISS IJIaHBI HA ONMKaiiiiee Oymylee.
Ecnm mokasats uenoBekooOpa3Hoil 00e3bsiHe OaHaH, KOTOPBIM HAXOAUTCS PSIOM, HO BHE MPEICIIOB
JOCATAaeMOCTH, OHa MOXET H300pecTH KakoW-HHOyIb crmocod pocTate OaHaH; K TMpUMeEpY,
BOCIOJNIb30BaThesl majkoi. Tak 4yro, mMes mnepen coOOMl KOHKPETHYIO Leib (IOCTaTh MHUMLY),
MPUMATHI TUTAHUPYIOT ONnKaiiiiee Oyayiiee Tak, YTO0bl JOCTUYD ITOU LENH.

OpHako B LIEJIOM JKUBOTHBIE HE 001a/1al0T Pa3BUTHIM UyBCTBOM OTIAJIEHHOTO MPOILIOTO WU
Oymymero. Od4eBUAHO, B JKUBOTHOM llapcTBe He ObIBaeT 3aBTpamrHero nHsA. HeT HHMKakux
CBUJETEIBCTB TOTO, YTO >KMBOTHBIE MOTYT IUIAHUPOBaTh OyAyllee Ha HECKOJIbKO aHeW Brepen. (B
MpPEeAJIBEpUU 3UMbl MHOTHE >KMBOTHBIE 3aI1acaloT MHIY, HO TAaKOE€ MOBEICHHUE 3alpOrpaMMHUPOBAHO
TeHETUYECKU: TEHbl 3aCTaBSIIOT HMX pearupoBaTh Ha CHIDKEHHE TeMIIepaTypbl YCUJIEHHBIMU
MTOMCKAMH €/TbI.)

3aro 4yenoBeK 00JaZjaeT MPEKPaCHO Pa3BUTHIM YYBCTBOM OYIYyILEro U MOCTOSIHHO COCTaBJISIET
ruaHbl. B ronoBe KaXkaplil M3 HAC HEMPEPHIBHO MOJAEIUPYET OyAyIlyl0 peaqbHOCTh. MBI CIIOCOOHBI
COCTAaBJIATh IUIAHBI, KOTOPbIE MPOCTUPAIOTCS JAaJeKO 3a MpeAebl Halleil COOCTBEHHOM KHU3HU.
Bonee Toro, Mpl OllEHMBaeM JAPYIHX JIOJEH MO WX CIOCOOHOCTH BEPHO MpEAyraaarb pa3BUTHE
CUTyallud U c(OpPMYIHMPOBaTh KOHKPETHYIO CTpPATEeTHIO IOBEACHUS Ha AITOT clydaid. YMeHHe
npezckas3arh Oyaylee, B3BECUTh BO3MOXKHBIE MOCIEACTBUS U C(HOPMYIIMPOBATh KOHKPETHBIE IIEITH C
Y4ETOM BCEX OOCTOSITENbCTB — BaXKHAasl YaCTh CIIOCOOHOCTH K JIMJIEPCTBRY.

WubiMu croBaMu, 3Ta (opMa CO3HaHMSA BKIIOYaeT B ceOs mpeaBHIeHHE Oymyllero, T. €.
CO3/laHMe MHOTOUHMCIIEHHBIX MOJIENIeH, aNMpOKCUMHUpPYIOIUX Oyaymme coobitus. s sTtoro
HE0OXOJMMO BENIMKOJIENTHOE BIIaJICHHE MPUHIIUIIAMH 3[IPaBOTO CMBICIIA M 3aKOHAMU MPUPOABI. BbI
JIOJKHBI TIOCTOSIHHO 3aJ1aBaTh cebe Bompoc: «Uto Oyaer, ecnu?..» He BaxkHO, 4TO BBl IUTAHUpYETE
cienarb — OrpaOuTh 0aHK WM U30PAThCS B MPE3UICHTHI; YTOOBI CINIAHUPOBATh 33 lyMaHHOE, BaM
BCE€ PABHO MPUJIETCS CTPOUTH B I0JI0OBE MHOTOYMCIIEHHBIE MOJIEH BO3MOXKHOTO OYyIIEro.

Bce nanHble yKa3bpIBalOT Ha TO, UYTO Ha 3€MJI€ 3TUM MCKYCCTBOM OBJAJENl MOKAa TOJBKO
YeOBEK.

B »ToM MOXHO yOeauThbcs, B UYaCTHOCTH, TpPU aHAIM3€ MCUXOJOTHYECKUX Mpodumei.
CriemanucTbl 4acTo CpPaBHUBAIOT IMCUXOJOTHYECKHE MPO(UIN B3POCIBIX C UX Ke MpoduiIsmHu,
MOMyYEeHHBIMH, KOTJa OHM ObUIM JEeThMHU. 3aTeM 3aJaeTcs BOMPOC: KaKOe KauecTBO B Mpoduie
pebeHKa MOTIIO yKa3aTh Ha OyIyIIHA YCIIENTHBIN Opak, YCIENTHY0 Kapbepy, oorarctBo u T. 1.7 Eciamn
UCKITIOYUTh W3 KApTUHBI COIIMOPKOHOMHUYECKHE (HaKTOPhI, OOHAPYKUBAETCS, UYTO HEPEIKO B
npoduiae ogHa XapaKTEpPUCTUKA BBIACNISETCS CpPEAM OCTAIbHBIX: CIIOCOOHOCTH OTKJIAJbIBATh
ynoBoibcTBHE. COINIacCHO MHOTOJNIETHUM HccienoBanusiM Yonrepa Mumens (Walter Mischel) u3
Komym6uiickoro yHuUBEepcUTETa M MHOTUX JPYTHUX YUYEHBIX, JIETH, CIIOCOOHBIE BO3/AEPKATHCSA OT
HEMEIJIEHHOTO IOJyYEHUs YIOBOJIBCTBUSA (K IMIPUMEPY, HE CHECTh Cpa3y K€ NOIYYEHHYIO MaJOUYKy
MACTUJIBI) U JIOKJIAThCS OOCIIaHHOW OoJiee BBICOKOW Harpajbl (CKakeM, JIBYX MAJIOYEK MACTHIIBI



BMECTO OJHOM), TO3KEe CTAOMIBLHO T0OMBAIOTCS OOJiee BHICOKMX PE3yJAbTaTOB €/1Ba JIU HE BO BCEX
MBICIUIMBIX 00JaCTsIX KU3HH: B yueOe, B JIIOOBU U B Kapbepe.

Crnenyet 3aMETHTb, YTO CIIOCOOHOCThH OTJIIOKUTH YOBOJIBCTBHE YKa3bIBaeT HA 0oJiee BHICOKUM
YPOBEHb CaMOaHajdW3a W CO3HAaHWA. TakWe JACTH yMEIT MOJEIUPOBaTh Oymylee W CIIOCOOHBI
MOHSTh, YTO 3TO Oymaymiee oOemaer Oonbiie. [[ist Toro 4To0bl BUAETH BO3MOXKHBIC MOCIEIACTBHS
COOCTBEHHBIX JIeUCTBUH, TpeOyeTcs 0oJiee BBICOKUN YPOBEHb CO3HAHUS.

Takum oOpasoMm, wuccrnengoBatenu WM  OOMWKHBI CTpPEeMUTBCS K CO3JaHHIO poOOTa,
00naaronero BCEMU TpPeMs PACCMOTPEHHBIMH KadecTBamH. IlepBoe TPyTHOIOCTHXKHMO,
MOCKOJIBKY pOOOTHI MOTYT BOCTIPUHUMATH OKPYKAIOIIN MUpP, HO HE CITIOCOOHBI pa300paThcsi B HEM.
Camoananu3 — Oosiee mpocTasi eib. A BOT JUIsl TUIAHUPOBAHUS OyAylIero HEOOXOAUM 3ApaBbIi
CMBIC]I, UHTYUTUBHOE IOHUMAHHE, YTO BO3MOXXHO M YTO HEBO3MOXKHO, a TaKXE€ KOHKPETHBIE
CTpaTeruy JOCTHKEHUSI KOHKPETHBIX IIeJIeH.

Mpbl BUIUM, YTO 37paBbIi CMBICT — HEOOXOoauMas TPEANOCHUIKA JJIsi BBICIIETO YpPOBHS
co3HaHusa. YToObl poOOT MOT MOJIEIMPOBATH PEATLHOCTh M MPEAYTrablBaTh Oymylee, OH TOJKEH
CHauaja OCBOMTh MWJUIMOHBI 3aKOHOMEPHOCTEH OKpPYXKAIOUIEro MHpa, COCTAaBISIONIME Tak
Ha3bIBAEMBbIN JKUTEHUCKUI 371paBblii cMbICI. HO 0HOTO 3TOr0 HEIOCTaTOuHO. 3ApaBblil CMBICT — 3TO
BCETO JIMIIb «IPABUJIA UTPHI», 2 BOBCE HE 3aKOHBI CTPATETUU U TUIAHUPOBAHUSI.

MBI MoAy4dnsId IIKany, MO0 KOTOPOH MOXHO OLEHHTh BCEX CYIIECTBYIOIIMX HAa HACTOSALIWN
MOMEHT POOOTOB.

SAcnHo, uto Deep Blue, mammHa-1maxmaTucTt, OKaXeTCsi Ha ATOW IIKajle oueHb HHU3Ko. OHa,
KOHEYHO, MOXKET BBIUTPaTh y UYEMIIMOHA MHpa MO IaxmaraM — U Toibko. OHa cmocoOHa
MOJIETTUPOBATh PEATHHOCTh, HO JIUITb B paMKaxX MIAXMAaTHBIX MpaBuil. MonenupoBaTh Kakyr ObI TO
HU OBUIO WHYI pPEaTbHOCTh OHA HE B COCTOSHHH. 10 K€ MOXXHO CKa3arb O OOJBIIMHCTBE
KPYIMHEHTIINX KOMITBIOTEPOB MUpa. OHHM BEIUKOJICTTHO MOJIETUPYIOT OUH U3 ACTIEKTOB PeajbHOCTH
— K MpUMepy, aTOMHBIN B3pbIB, OOTEKAaHUE BO3AYXOM JIETATEIBHOTO ammapara Wik MOTOay. JTH
KOMIIBIOTEPHI TIPOCUYUTHIBAIOT CIIOKHEUINTNE MOJENH TOpa3ao Jiydie denoBeka. Ho mpu sToM oHH
OYEHb OJTHOMEPHBI, @ IOTOMY HE UMEIOT IIAHCOB HA BEDKMBAHUE B PEaIbHOM MHUpE.

Ceromust uccnenoBarenu MU He mnpencTaBisioT, KaKk MOXHO BOCIPOHM3BECTH B poOOTe
MPOIIECCHI MBIIUICHUS. BONBITMHCTBO YUEHBIX MPOCTO MOJIHUMAET PYKH U TOBOPUT, YTO KaK-HUOYIh
IrpOMaJHBIC CETH KOMIBIOTEPOB CaMH BBINAIYT «CHUCTEMHBIE 3((PEKTh», TaK K€ Kak WHOTIa M3
Xaoca CIHOHTAHHO BO3HHUKaeT Mopsiiok. Eciau ke mpsAMo CIpoCUTh, KAK UMEHHO 3TH CHUCTEMHbIE
3¢ }EeKTh TPUBEAYT K BOSHUKHOBEHHUIO CO3HAHMSI, OOJBITMHCTBO MOKUMAET TJICYaMU M 3aKaThIBaeT
rasa.

Mp1 He 3HaeM, Kak clesiaTh po0oTa, KOTOPBIA 00Jaaan Obl CO3HAaHHUEM, HO BOOOPa3uTh poOoTa,
KOTOPBIH MpeB30IIeN ObI HAC, MBI B COCTOSIHUU. J{J151 OLIEHKH YPOBHS CO3HAHHMSI BOCIIOJIb3YEMCS BCEM
YK€ CKa3aHHBIM.

Taxoit poOOT JOKEH BEIMKOJICTTHO MPOSBISITH ce0sl B TPETHEM KauecTBE: OH CMOXET ropaszio
JydIlie, YeM MbI, MPOU3BOANTH CIOKHEHUIINE pacyeThl U MOJACIUPOBAHUE OYAYyIIEro; OH CMOXKET
paccMoTpeTh OoJbIlle BAPUAHTOB, MOJ Pa3HBIMU yIiiamu, Oosee moapooHo u myboko. Ero moxenu
OynyT Oojiee TOYHBIMH, YE€M HAIlM, MTOTOMY YTO OH OyleT Jydlle BIaJeTh 3IPaBbIM CMBICIIOM H
3aKOHaMH MPUPOABI, @ TOTOMY JIYYIlle BUJIETh 3aKOHOMEPHOCTH. OH HAydUTCs 3aMedaTh MpoOIeMBl,
KOTOpBIE YEJIOBEK MOT Obl HEIOOIEHHUTh WM TPOCTO HE 3aMEeTHTh. boiiee TOro, OH HayduTCS
CTaBUTh Mepel coOoi coOcTBeHHbIE Iienu. Ecam poOoThl mOCTaBsAT cebe Iieflb, B YaCTHOCTH,
MTOMOTaTh POy YEJIOBEYECKOMY, BCe B Mopsiake. Ho eciam olHaXIbl OKaKETCsI, YTO YEIOBEYECTBO
MeIMIaeT JOCTHKEHHUIO KaKOW-TO UX LIEJH, MOCIEICTBUSI MOTYT OBITh BEChbMa HEMPUSTHBIMH.

Bce 310 mopoxgaeT cienyromMii BOMPOC: YTO CTaHET C 4YEJIOBEYECTBOM, €CIH OyaeT
peanu3oBaH BTOPOU cueHapuii?

Koraa po0oTb1 npeB30iayT jroaei

B omaom CIICHapun HaC, HUYTOXKHBIX YCJIOBCYKOB, IMPOCTO OTOABUHYT B CTOPOHY KakK
MEPEKUTOK OBOJIFOLNH. bonee HpI/ICHOCO6J'IeHHHe BHUJbl PpPa3BUBAIOTCA W CMCHAIOT MCHEC



MPUCIIOCOOTICHHBIE — 3TO 3aKOH 3BOJIOIUH. BO3MOXXHO, CyIIeCTBOBAHME UEIOBEYECTBA HA 3TOM
3aKOHUUTCSA U TOCJIEeIHUE JIoAu OynyT AOKHMBATH CBOMl BEK B 300Mapkax IMOJ JTHOOOMBITHBIMU
B3MVISIaMU  HAIlUX TBOPEHHH-poOOTOB. Bo3MoXkHO, TakoBa Hama cyap0a: Jarh KHU3Hb
cyneppoboTam, KOTOpble 3aTeM OyayT OTHOCHTbCA K HaM Kak K YYJOBHIIHO NMPUMUTHUBHOW U HE
CIIMIIKOM CYIECTBEHHOM IvIaBe CBOEH SBOJIONMH. MoXeT ObITh, B 3TOM M COCTOMUT HaIla
UCTOpHYECKasl poJib — TMOPOAMTH T€X, KTO CMEHUT HAac Ha IYTH HBOJIOLUMHU. B 3TOM cuenapun
Haiuei 3a1aueit OyzieT moObicTpee YHTH C IMyTH pa3yMHBIX pOOOTOB.

Hyrnac Xogmraarep npu3Hajics MHE, 4YTO, BO3MOXKHO, TAKOB €CTECTBEHHBIN MOPSIIOK BellleH,
HO MBI JIOJDKHBI OTHOCHUTBCSI K 3TUM CBEPXPa3yMHBIM poOOTaM Kak K COOCTBEHHBIM JETIM — BeJlb
OHM U BIPSMb HAIIM JIETH B KAaKOM-TO cMbIciie. Eciau denoBek MoOXeT 3a00TUThCA O CBOUX JIETSX,
CKa3aJl OH MHE, TO TOYEMY OH HE MOXKET TakK e 3a00TUThCA U O Pa3yMHBIX POOOTax, KOTOPbIE TOXKE
SBJISIFOTCS HAIIUMU J€THbMU?

['anc MopaBek HpeAcTaBisIeT, KaKk MOXKET YyBCTBOBATb C€O0sl UENOBEK, KOTOPOTO OOOMLIN U
OCTaBWJIM JaJIeK0 M03aJu POOOTHI: «...)KH3Hb MOMKET I0Ka3aThCsi OECCMBICIEHHOW, €ClIM Ham
CY)XJICHO OyZieT MPOBECTH €€ 3a IIIYMbIM pa3MIs/IbIBAHUEM HAIIETO CBEPXPa3yMHOIo IIOTOMCTBA, B TO
BpeMsl KaKk OHHM OyAyT INbITaTbCsi PacTOJIKOBAaTh HaM CBOU BCe Oosiee BIEUATISIONIUE JOCTHKEHHS
YIPOILIEHHBIM S3BIKOM, YTOOBI MbI MOTJIU TIOHSITHY.

Ecnu HacTaHeT HakoHell cyAbOOHOCHBIN J€Hb, KOrza poOOThl 00OWIYT HAC Pa3yMOM, MBI HE
TOJIBKO NEpecTaHeM OBbITh CaMbIMH pa3yMHBIMHU CYLIECTBAMM Ha 3emJiie; HalllM CO3JaHHsl CMOTYT
M3TOTOBUTH COOCTBEHHBIE KOITUU U JAAXKE YIYUIIUTh UX, TaK UTO «IETU» OyAyT YMHEE «POIUTENIEH».
Ota apMusi CaMOBOCIPOM3BOIAIIMXCS POOOTOB MOJIOKUT Hadajlo OECKOHEUHOMY DSy Oymymux
MOKOJICHUH, IPUYEM KaXKJI0€ cieayroliee OyneT yMHee MpeablIyliero. A nockojabKy TEOPEeTHUYECKU
pPOOOTBHI CMOTYT CO3/1aBaTh CIEAYIOIIME MOKOJEHHsI O4eHb OBICTPO, CO BPEMEHEM 3TOT Mpoliecc
BIUIOTHYIO TIOJOWIET K OJKCIOHEHIUAJIbHOMY B3pbIBY, M O€cuuClieHHble pOOOTHI B CBOEM
HEHACBITHOM CTPEMJIEHUH K Pa3yMHOCTH HAUHYT UCTOLIATh PECYPCHI IUIAHETHI.

B onHOM U3 BO3MOXHBIX CIIEHapHEB ATOT HEHACHITHBIA alllleTUT KO Bce Ooliee BBICOKOMY
UHTEIJIEKTY CO BPEMEHEM HCTOLIUT BCE PECYpPCHl IUIAHEThI U 3eMild LIEJTMKOM IIPEBpPATUTCS B
KoMIibtoTep. HekoTopble cuMTaroT, 4To CBEpXpa3yMHbIE pOOOTHI OTIPaBITCS ¢ 3eMJIM K 3Be3laM,
4yTOOBI TaM MPOAOJIKUTH CBOW OECKOHEUHBIM KBECT; OHM J00epyTCs MO APYrHX IUIAHET, 3Be3] U
raJlakTUK M TIOMBITAIOTCSl MPEBPAaTUTh B KOMIBIOTEPHI U UX. HO MOCKONBKY MaHETHI, 3BE€3/bl U
raJIaKTUKH HaXOAATCS OT HaC HEBEPOSATHO JAJIEKO, 3EMIIS-KOMIIBIOTED, BO3MOXKHO, CyMEET U3MEHUTh
3aKOHBI TPUPOJIBI, TAK YTOOBI MOKHO OBLIO MYTEIIECTBOBATH OBICTPEE CKOPOCTH CBETA U MOTIIOIIATh
LIeNble 3BE3AHBIE CUCTEMBI M TajakTHUKU. HekoTopele naxe BEpsT, YTO B KOHIIE KOHIIOB ATOT
CBEPXKOMITBIOTEP CMOXKET MOIVIOTUTH BCIO BeeneHHyto, Tak 4to BeeneHHas Toxke cTaHeT pa3yMHOM.

[Tomyuaercst cuHrynsspHocTh. CII0BO 3TO MEPBOHAYAIBHO MPHIIUIO U3 MHUPA PESTUBUCTCKON
Gu3MKM — MOeH HayuyHOM cleuuaan3aluy, 7€ CHUHTYISPHOCTh NPEACTaBisgeT co00il TOUKy C
OeCKOHEUHO rpaBUTAIMEN, OTKyAa HUYTO HE MOXKET YJIETETh, TaKyl0 Kak uepHas JbIipa. [Tockombky
CBET TOXK€ HE MOXKET OTTY/a YJIeTeTh, YBUJIETh UYTO-TMOO0 3a 3TUM TOPU30HTOM HE MPEACTaBIsAETCS
BO3MOJKHBIM.

Uness MN-cunrynspHocTH BHepBbie OblIa BhICKazaHa B 1958 1. B Oecene MEXIy IBYMsI
marematukamu, CtaHuciaaBoM YiaMoM (KOTOPOMY JIOBEJIOCH CJIeNaTh KIIIOUEBOM Iar B pa3paboTke
BOJIOpo/iHOM 60MOBI) U J[>koHOM (hoH HelimanoMm. Yiam mucan: «OnuH U3 pasroBOpOB KPYTHIICS
BOKpPYT BCE YCKOPSIIOILErOCs TEXHHUYECKOro Mporpecca M M3MEHEHUH B 00pase >KU3HU JIIOACH, 10
KOTOPBIM TIOXOXE, YTO NMPHUOIMKAETCS HEKas Ba)KHAs CHUHTYISPHOCTb B MCTOPUU YEIOBEYECKOTO
pona, mocie KOTOpOMl Jiena YeslOBEYeCTBA, KaKUMU MBI HUX 3HAEM, HE CMOTYT IPOIOJIKATHCS».
PaznuynHble BapHaHTBI 3TOHM HJIeW BUTAIU B BO3AYXE YK€ HECKOJBKO JecATKOB JieT. Ho nMmeHHo
TOrJa ee TMOAXBAaTWII, YCUJIWJI M TOMYJISPU30Bal B CBOMX pOMaHaxX M 3cce mucarenb-(paHTacT U
MaremaTtuk Beprop Bunmxk.

Ho Bce 3T0 He naeT oTBeTa Ha IVIaBHBIM BOIIPOC: KOIZA HACTYIHUT 3Ta CUHIYIspHOCTH? Ilpu
Hamel >xu3Hu? MoxeT ObiTh, B creayromem croinetun? Wnm Hukorma? MoXHO BCTIOMHUTB, YTO
y4acTHUKH Asuiomapckoi koHgpepeniuu 2009 . pemmian: 10 3TOro 3HaMEHATeIbHOr0O MOMEHTa
MoxeT npoit ot 20 1o 1000 ner.



EcTh 4enoBek, KOTOPOTro B HACTOSIIEE BPEMsI MOXKHO, TOXKaTyH, Ha3BaTh BBIpA3UTENIEM HJEH
CUHTYJISIPHOCTU. DTO M300peTaTesb U aBTop OectcemnepoB Peit Kypiiseiin; oH odeHb JIFOOUT 1enaTh
NpeAcKa3aHus, OCHOBaHHbIE Ha OSKCIIOHEHIIMAILHOM pPa3BUTHM TEXHUKU. KypuBeln omHaxXIbl
CKazaJl MHE, YTO NPH B3MJIAJI€ HOUBIO Ha JaJieKUe 3BE3/Ibl, 10 HJIee, TaM MOXKHO OTHICKaTh KaKHe-TO
KOCMUYECKHE CBUETENbCTBA MO00HOM e CHHTYISIPHOCTH, UMEIOIIEH MECTO B JIaIeKOU-aleKoi
rajaktuke. Eciau 3Ta cTpeMHUTENbHO pacCHIMPSIONIASCS CUHTYISIPHOCTh 001alaeT CroCOOHOCTHIO
NOXHUpaTh WIM TEpeleblBaTh IIeNble 3BE3/IHbIE CUCTEMBI, CJeIbl €€ JESITEeIbHOCTH JIOJKHBI
ocTaBaThCs U OBITH 3aMeTHBI. (Ero MpOTUBHUKYN TOBOPST, YTO OH IMOJHMUMAET BOKPYT MPECIOBYTOM
CUHTYJIIPHOCTH €/1Ba JI He pEeJIMrHo3HbINA IryM. OHAKO CTOPOHHHUKHM BO3paxkaroT, uto Kypiseiin,
CyZsl IO €T0 TOCIYKHOMY CITHUCKY, 00aiaeT HeOObIYaliHON CITOCOOHOCTHIO BEPHO MPEIyTaibIBaTh
Oymytee.)

Kypugein Bcepbe3 CTONKHYJICA C KOMIIBIOTEPHOW PEBONIOLMEH, KOTJa OCHOBAJ HECKOJIBKO
KOMIAHUKA B Pa3HBIX OONACTIX, MMEIOLIMX OTHOLIEHHE K paclio3HaBaHUIO 00pa30B; pedb LUIa O
TEXHOJIOTUSIX pAcCHO3HABaHMSI PEYM, OINTHYECKOTO pPAClO3HABAHHS CHMBOJIOB M O pa3paboTke
ANIEKTPOHHBIX KJIABUIIHBIX MY3bIKAJIBHBIX HHCTpyMEHTOB. B 1999 1. oH Hammcan Oectcensep
«Onoxa TyXOBHBIX MAIlIMH: KOTJAa KOMIIBIOTEPHI MPEB30MAYT MHTEIJIEKTOM YEJIOBEKa», B KOTOPOM
npezckaszan aary 3toro coobitus. B 2005 r. on Hanmcan kHUry « CHHTYISIPHOCTB YXKe OJM3Ka», B
KOTOPOM H3JIOXKUI CBOM MpejackazaHus Oosee moapodHo. [lyTh k 3HaMeHaTenbHOMY JHIO, KOTAa
KOMIBIOTEPHI PEB30I1yT YeT0BEKA B PA3yMHOCTH, Oy/I€T COCTOSATh U3 HECKOJIBKUX ATAIOB.

K 2019 ., npenckassiBaeT OH, NEPCOHAIBHBIN KOMIBIOTEP cTOMMOCTBIO B 1000 nomrapos no
YUCTOW BBIYMCIUTEIHHON MOIIHOCTU CpPaBHSETCS C YEJIOBEYECKMM MO3roM. Bckope mocie 3Toro
KOMITBIOTEPHI OCTaBAT Hac pAaneko mno3zaan. K 2029 1. ToT K€ MNepCOHANbHBIN KOMIIBIOTEP
croumocThio B 1000 nonnmapos Oyznet yxe B 1000 pa3 morminee yenoseueckoro mo3ra. K 2045 1. Bce
tot ke [1K 3a 1000 nommapoB OyaeT obaagaTh B MIULTHAPA pa3 00Jiee MOIIHBIM HHTEIIJIEKTOM, YeM
BCE UYEJIOBEUECTBO, BMecTe B3ATOe. CIIOCOOHOCTH Aake HEOONBUINX KOMIBbIOTEPOB OyIyT HAMHOIO
MIPEBOCXO/IUTh CIOCOOHOCTH BCETO PO/Ia YETOBEUECKOTO.

[Tocne 2045 r. KOMIIBIOTEPHI CTaHYT HACTOJBKO MPOABUHYTHIMM, YTO CMOTYT MPOMU3BOAUTH
COOCTBEHHBIC KONMW B emle Oollee MPOIBUHYTOM BapHaHTE, OTKPHIBas TEM CaMbIM IIyTh K
TEXHOJIOTHYECKON CHUHTYISIpHOCTU. CTpeMACh YAOBIETBOPUTH Ty HECKOHYAEMYIO U HEHACHITHYIO
KKy KOMIIBIOTEPHON MOIIHOCTH, OHH HAYHYT TOTJIOMIATh 3€MITIO, aCTEPOU/IbI, INIAHETHI U 3BE3/IbI
¥ CMOTYT JIa’Ke MOBJIUATH Ha KOCMOJIOTHUECKYIO HCTOPHIO Hamlel BeeneHHo.

MHe nosenock noObIBath B roctsix y Kypuseiina B ero opuce B npuropozae bocrona. I[Ipoxons
10 KOPHUAOPY, Bbl BHJIWTE HAa CTEHAX AWUIUIOMBI NOJTYYEHHBIX MM IMPEMUH U Harpaj, a Takke
HEKOTOpbIE U3 pa3padOTaHHBIX UM MY3BIKAIBHBIX HHCTPYMEHTOB, KOTOPBIMH ITOJIE3YIOTCS JTYYIITHE
My3bIKaHTBI, Takue kak CtuBu Yauzaep. Kypusein pacckazan MHE, YTO B €ro JKM3HH ObLI
MOBOPOTHBIM MOMEHT. B 35 neT emy HeOXH1aHHO TIOCTABUIIM OYEHb HETIPUSATHBINA TUArHO3: AUa0eT
II Tuna. BHe3anmHO OH, 4TO Ha3bIBAaeTCs, yHal ¢ HeOeC Ha 3eMIIIO U MTOHAJ, YTO MOXKET HE JJOXKUTH J10
UCIIOJTHEHHs] COOCTBEHHBIX MpopouecTB. [locne MHOTUX JieT HeOpEKEHUS TEJIO €ro COCTapuiIoch 10
cpoka. KypuBeiisn ObUT OTPSICEH JUAarHO30M, HO PYK HE OITYCTHIL.

OH mojomen K BOIMPOCY COOCTBEHHOTO 37I0POBBSI C TEMH K€ DHTY3Ma3MOM U SHEpPrueil, c
KaKUMHU OTHOCHJICSI K KOMITbIOTepHOW peBomonuu. (CerogHs oH mpuHHMaer B jaeHb Oonee 100
TabJIETOK M Hamucal HECKOJIbKO KHHUI O PEBOJIOLMU B JeJie MpoAsieHus Ku3HU. OH CUUTAeT, 4To
PEBOMIONMSA B CO3JaHMU MUKPOCKOIIMYECKHX pPOOOTOB MPHUBEIET K MOSBICHUIO CPEICTB OUUCTKH U
PEMOHTA YeJIOBEUECKOro Teja, KOTOPBIE MO3BOJIAT €My KUTh BeuHo. Ero ¢puiocodust coctout B ToM,
YTO OH XOTeJ Obl MPOXKUTH AOCTATOYHO, YTOOBI YBUJIETh PEBOJIIOLIMOHHBIE MEJUIIMHCKAE HOBUHKH,
KOTOPBIE TMO3BOJIAT TPOUIATH XHU3Hb 10 OSCKOHEYHOCTH. VIHBIMH CIOBaMH, OH XOUYeT MPOKUThH
JOCTATOYHO JI0JITO, YTOOBI )KUTH BEYHO. )

HemaBHo oOH mycTwics B aMOWIIMO3HBIM MPOEKT TI0 OpraHW3allMiil YHHBEPCHTETA
cuHryasipHoctu npu Mccnenosarensckom 1ieHTpe NASA nmenu OiiMca B paiione Can-®paHuucko,
KOTOPBIH OyZIET TOTOBUTH YUEHBIX K OJIM3KOMY HACTYIUICHUIO TEXHOIOTHYECKOW CHHTYIISIPHOCTH.

Boo0iue, cynecTByeT MHOXKECTBO BapHalluii 1 KOMOMHALIUI STHX TEM.

Cam Kypuseitn cunraer: «3T0 He OyIeT BTOp)KEHHE pPa3yMHBIX MalllMH OTKYJa-TO M3-3a



rOpU30HTa. MBI M CaMU COJIBEMCS C ATOM TEXHOJIOTUEH... MBI IOMECTUM 3TH YMHBIE YCTPOWCTBA B
HAIIM TeJa U MO3T, YTOOBI JKUTh JOJIbIIE U CHACTIHBEEY.

Jlrobast mpoTHBOpeUMBasE Uesl — a HJes TEeXHOJIOIMYECKOH CHHTYISPHOCTH, COINIACUTECH,
BECbMa NPOTHBOpEUMBAa — 0053aTENbHO MOpOXKIaeT oOpaTHyro peaknuto. Mutu Kanmop (Mitch
Kapor), ocHoBatens Lotus Development Corporation, FOBOPHUT, YTO CHHTYISIPHOCTh — 3TO CBOETO
poia «pa3yMHBIN 3aMbIcen NS Jitoaei ¢ kodddurmentom naTewiekra 140... YTBepKIeHUE 0 TOM,
YTO MBI IPUOIMKAEMCS K MOMEHTY, KOIJla BCE M3MEHHUTCS, CTaHEeT MPOCTO HEBOOOPa3UMO HeE Tak,
KaK celdyac, — 3TO B OCHOBE CBOEW, Ha MOW B3IVIAJ, MPOSIBICHUE PEIMTMO3HOrO MMIryiabca. U1
HUKakoe Pa3maxuBaHue pyKaMy HE MOXKET 3aCJIOHUTh OT MEHSI 3TOT (paKT.

Hyrnac Xodmranrep ckazair: «IT0 Kak €Cii Obl BB B3SJIM MHOTO XOPOIIIEH €Ikl 1 HEMHOTO
cobaybero JiepbMa M cMmemanu Obl BCe BMECTE, TaK YTOObI HEBO3MOXKHO OBUIO pa3o0parbes, YTO
XOpOUIO U YTO TUIOXO. DTO MOYTH OJHOPOAHASI CMECh YEMyXU U OTIMYHBIX UAEH, U OYeHb TPYIHO
Pa3IUYMTB, TJI€ YTO, TOTOMY YTO TOBOPST 00 3TOM YMHBIE JIFOJIH; OHU HE TJIYIIBD».

Hukrto He 3Haer, uem Bce 310 obOepHercs. Ho MHe nuuHO Hambosiee BEpOATHBIM
IIPEICTABIISIETCS CIAEAYIOLINM CLIEHAPHA.

Haubos1ee BeposiTHBIN clieHapuii: Apy:xecTBeHHbIi U

Bo-nepBbIX, ydeHble, BEPOSTHO, IPUMYT HEKOTOPHIE MIPOCTHIE MEPHI K TOMY, YTOOBI POOOTHI HE
ObuTM onacHbl. B KauecTBe MHHMMAaJIbHOM MEphl B MO3T POOOTa MOXKHO IOMECTHUTH CIIELHaIbHBINA
YUII, KOTOPbIi OyIeT aBTOMAaTWYEeCKH BBIKIIOUATh CBOETO HOCHUTENS IMPH BO3HUKHOBEHHUHU Yy HETO
MbIciielt 00 yoOuiictBe miozmedl. [Ipm TakoM moaxone Bce pasyMHble poOOTHI OyayT CHaOMXKEeHbI
OTKa30yCTOMYMBBIM MEXaHU3MOM, KOTOPBIH JIFOOOH YEJIOBEK CMOXET B JIF000H MOMEHT BKIIIOUHUTD,
0COOCHHO eciu poOOT BAPYr HAYHET BECTH ceOs HempaBwibHO. [Ipu Maneimem Hameke Ha
HEHUCIIPaBHOCTh U COOM B (DYHKIIMOHMPOBAHUHM po0OO0Ta Jr00as rosocoBas KOMaHAa HEMEIJIEHHO
BBIKJIIOUHUT €T0.

WNnu MOXHO CO3AaTh CIEHUAIBHBIX pPOOOTOB-OXOTHUKOB, OOS3aHHOCTBIO KOTOPBIX Oyner
HeHTpanu3auus poOOTOB C OTKJIOHEHHUSIMH B MOBeACHUU. POOOTHI-OXOTHUKHM OyIyT MPEBOCXOIUTH
OOBIYHBIX POOOTOB MO CKOPOCTH, CHJIE W KOOpPAMHALIMM M CMOTYT 0€3 Tpyda 3axBaTbIBaTh
JI€BUAHTHBIX poOOTOB. B MX cxemy OymeT 3aloXKeHO TMOHMMaHUE CiadblX MecT Jo0oi
aBTOMaTMUYECKOM CHUCTEMBI, JII000ro poboTa, a Takke MPUHLUIBI UX MOBEACHUS B OINpEIesIeHHBIX
oOcrosaTenbcTBax. OXOTHUKOM Ha COOMHBIX pOOOTOB MOXKET CTaTh U yenoBek. B ¢punbme «berymmit
0 JIE3BHIO OPUTBBD» OBUI MOKa3aH OTPsZ 0CO00 TPEHHPOBAHHBIX AareHTOB, B KOTOPHIH BXOIWI U
[JIaBHBIM Tepod B HCHOJHeHMHM XappucoHa @Dopaa; STH areHTbl BIANIENN CHEIUATIbHBIMU
TE€XHUKaMH, HEOOXOTUMBIMH JUISI BBISIBIICHUS X HEUTpalu3aui poOOTOB-IIPECTYTHUKOB.

Ha nocrenenHoe Bocxok/ieHHE POOOTOB MO ABOJIOLMOHHOM JIECTHULIE pa3yMa yHJIeT MHOTO
JNECATUIICTUN TSKKOM pabOThl, MO3TOMY MOSBIEHHE Pa3syMHBIX pOOOTOB HE CTaHET BHE3AITHBIM.
YenoBeuecTBO HEBO3MOXKHO OyAeT 3aXBaTUTh BPACIUIOX M cpa3y JK€ 3arHaTh B 300MapKH, Kak
3Bepeil. Co3HaHME, B MOEM IIOHUMaHUH, — 3TO CKOPEE MPOILIECC, X0 KOTOPOTO MOYKHO OLICHUBATH, a
HE BHE3aITHOE HBOJIIOLIMOHHOE COOBITHE, U BOCXOXKIEHHE POOOTOB MO IIKale CO3HaHUs OyeT UATH
MEMJIEHHO M IIOCTENEHHO W 3aliMET HE OJUH JECATOK JeT. B KOHIlE KOHLIOB, Ha pa3BUTHE
YeJI0OBEUYECKOT0 CO3HAHMSI Yy MarTepHU-NPUPObl YIUIM MWIUIHOHBI JeT. Tak 4To i 4YejoBeKka He
CTaHET HEOXXHMJAHHOCThIO, Korja MHTepHeT BHE3alHO «IIPOCHETCS» WM pOOOTHI HU C TOTO HHU C
CEero HauHyT CaMOCTOATEIFHO TUTAHUPOBATH COOCTBEHHOE OyyIiee.

MmMeHHO Takoil moOIXoJ MpennodyuTan nucarenb-paHtacT Ailizek As3umoB. B ero
MIPOU3BENICHUAX KaXJIOMY pOOOTy elle Ha 3aBOjIe HaMEpPTBO BCTpauBaJl B CO3HAHHUE TPHU
HENPEJIOKHBIX 3aKOHA, HE IMO3BOJIABILIMX MM BBINTH H3-1IOJ KOHTpouid. Llenb 3HAMEHMTBIX Tpex
3aKOHOB POOOTOTEXHMKH, MPUAYMAHHBIX UM, COCTOsJIa B TOM, YTOOBI HE JaTh poOOTaM HaHECTH
Bpe deroBeky uian cebe camuM. (Ecim oyeHb KOPOTKO, 3TH TPH 3aKOHA IVIACAT, 4TO pOOOT He
MOKET HAHECTH BpEI YEeJOBEKY, YTO OH JOJDKEH IOBHHOBATbCA YEJIOBEKY M 4YTO OH JOJKEH
3a00TUTHCS O cebe, IMEHHO B 3TOM MOPSJIKE.)

(Jaxe a3uMoBcKHE 3aKOHBI HE H30aBISIOT OT MpoOJIeM B TeX cllyyasx, KOIJa CUTyalus



MOPOKAAET MPOTUBOPEUHE MEXAY TpeMs 3akoHaMu. IlpencraBpTe, K HpUMeEpy, YTO KOMY-TO
YAAJIOCh CO3/aTh OJaroXkenarenbHoro podora. YTo nNpou3oieT, eciiu 4eI0Be4eCcTBO BAPYT CEIAET
ryOUTENIbHBIA BBIOOp M IMOCTaBUT MOJ YIpo3y COOCTBEHHOE cCyllecTBOBaHUE? J[py>KeCTBEHHBIH
pOOOT MOXKET PEUINTh, YTO HEOOXOJUMO B35Th MO KOHTPOJIb MPABUTEIBCTBO M HE JIaTh YEIOBEKY
HaHecTu ceOe Bpen. MIMeHHO ¢ 3Toil mpobiemoil ctonkuynacs Ywin CMHUT B KMHOQHUIBME «S,
po0OT», Koraa UEHTPAIbHBIM KOMIBIOTEP PELINI, YTO JUIsl CIACEHUs YeJIOBEYECTBA «HEKOTOPHIMU
JIFOIBMH HEOOXOAMMO TOXKEPTBOBAThH, @ OT HEKOTOPBIX CBOOOJ OTKa3aThCs». UTOOBI HE MO3BOJIUTH
pobOoTtaM MOpabOTUTH YETOBEYECTBO M CHACTH €ro, HEKOTOpbIE MpensararoT JIOMOJTHHUTH 3aKOHbI
POOOTOTEXHHKH €Ile OJHUM, HYIEBBIM 3aKOHOM: pOOOT HE MOXKET HAaHECTH BpEJl YEIOBEYECTBY WU
opaboTUTH €ro.)

OpHako MHOTHE yYeHbIE CKIIOHSIOTCS K BapUAHTY TaK Ha3bIBAEMOTIO «JipykecTBeHHOTOo NIy,
IpyU KOTOPOM TMOJpa3syMeBaeTcsi, 4YTO YEJIOBEK C CaMoro Hayaja cjaelaeT poOOoToB
J00posKenaTeIbHBIMU co3AaHusAMU. [10CKOJIbBKY UIMEHHO MBI — CO3/aTelI pOOOTOB U UMEHHO MBI
OyneMm ux pa3palaTbiBaTh, HUYTO HE MOMELIAET HaM cJieaTh TakK, 4TOObl POOOTHI C caMOro Havala
3aHUMAJIUCh TOJIBKO MOJIE3HBIMU U TOOPBIMH JIEJIaMHU.

[Tonsitue «apyxecrBeHHbli UN» unmm «apyxecTBEHHBIH CBepxpa3ym» BBeJ B oOpalleHue
Onuesep FOnkosckuii (Eliezer Yudkowsky), onun u3 ocHoBateneil IHCTUTYyTa CHHTYASPHOCTH IO
HCKYCCTBEHHOMY MHTEIUIEKTY. JIpyxecTBeHHbI1 W HeCKOIbKO OTIMYaeTcst OT 3aKOHOB A3HMMOBA,
KOTOpBIE MpeanoiaraeTcs HaBs3bIBaTh poOOTaM, BO3MOXKHO MPOTUB uX BoiH. (boiee Toro, 3akoHsl
A31MMOBa, MPUBHECEHHBIE B CO3HAHHE POOOTOB M3BHE, MOTYT MOOYJIUThH UX MOCTYNUTh HA00OPOT U
3aHATHCS MOMCKOM XMUTPBIX ITyTel ux ooxona.) B apyxecrsennom M, HanpoTUB, HUYTO HE MeIIaeT
pobotam youBaTh U 0e300pa3HUYaTh. 37€Ch HET 3aKOHOB, HACAXK/IAIOIIUX UCKYCCTBEHHYIO MOpPaJb.
Ckopee MOXHO cKa3aTh, YTO 3TH pOOOTHI C CaMOro Hayaja MpHUIyMaHbl TaK, 4TO U1 HHUX
€CTECTBEHHBIM SBJISIETCS KEJIaHUE TIOMOTraTh JIIOASAM, a He I'yOuTh uX. OHU caMu BBIOUPAIOT MYTh
no0pa.

Takoll moaxoA TMOpPOAMS HOBOE HAampaBieHHE, MOJyUMBILIEE Ha3BaHUE «COIHAIBbHOMN
pobotoTexHuku». Ero memp — HageauTh poOOTOB KadyecTBaMH, KOTOpPhIE IOMOTYT UM
0e300JIE3HEHHO BOHTH B 4YeJloBeueckoe oOmecTBo. YueHple kommmanuu Hanson Robotics, k
pUMeEpy, YTBEPKIAIOT, YTO E€IMHCTBEHHAs 3ajlada MX HcCleJoBaHUMl — pa3paboTka poOOTOB,
KOTOPBIE «3BOJIIOLIMOHUPYIOT B COLMAIIBHO pa3yMHbIE CYIIECTBa, CIOCOOHbBIE JTIOOUTH U JOCTONHbIE
MECTa B PACIIUPEHHOMN UEI0BEYECKON CEMBEY.

[IpoGnema ¢ MOIOOHBIMU MOIXOJAMHU B TOM, 4YTO OOJbIlIE BCETO — M HAMHOTO! — JeHer B
pa3paboOTKH MO MCKYCCTBEHHOMY HMHTEIJIEKTY BKJIQ/BIBAIOT BOEHHBIE, U POOOTHI, CO3/1aBaeMbIe IO
UX 3aKa3aM, ClelUalbHO IpeIHa3HA4YeHbl JI BBICIEKMBaHUS W yOuiicTBa mroneidl. Hecnoxno
BOOOpa3uTh cebe Oyaymmx poOOTOB-cONIAT, 3aJadeil KOTOPHIX OyIeT pacro3HaBaTh COJJIAT
MpOTUBHUKA (JItoeil) U yHMUTOXaTh UX ¢ Oe3ommbounoit 3dpdextruBHOCTHIO. [Ipn 3TOM NpuaeTcs
NPUHUMATh Ype3BblUaiiHble, HEBOOOPAa3UMbIe MEpHhl, YTOOBI rapaHTHPOBATh, YTO BOCHHbBIE POOOTHI
He oOepHyTCS MpOTHB CBOMX x031eB. K mpumepy, OecnuiaoTHbI poOOTH3MPOBAHHBIA CaMOJIET
Predator ynpasnsiercst AMCTAaHIIMOHHO, TaK YTO BCE €T0 JEMCTBUS MOCTOSHHO KOHTPOJIUPYIOT JIFOIH,
HO KOIJa-HUOYOb CaMOJEThI-OECIUIOTHUKH, BEPOATHO, CTAHYT AaBTOHOMHBIMU W MOJy4yaT
BO3MO)XHOCTh CaMOCTOATENIBHO BBIOMpATh U MopakaTh 1enu. CO0i B cucTeMe YIpaBiIeHHUs TaKoro
aBTOHOMHOTO CaMOJIETa MOYKET BbI3BATh KaTaCTPO(PUUECKUE MOCIEICTBHUS.

B Oynymewm, omgnako, Bce Oonbluast fons (UHAHCUPOBaHHMA B pa3paboTKy poOOTOB OyneT
MOCTyNaTh U3 TPaXKJIAHCKOTO KOMMEPYECKOTO CEKTOpa, OCOOEHHO B SIMOHMM, T€ Ha3HaueHUe
poOOTOB — IMOMOraTh, a He pa3pymarb. Ecinu Takas TeHIEHIMS COXpaHUTCs, pykecTBeHHbIH NN
JEHCTBUTENILHO MOXET CTaThb PeallbHOCThI0. B 3TOM clieHapuu B poOOTOTEXHUKE CO BpEMEHEM
BO3BMYT BEpX MOTPEOUTENBbCKUNA CEKTOp M PHIHOYHBIE CHIIBI, TaK YTO BKJIAJbIBaTh JIEHBIU B
npyxectBeHHbI W cTaHeT uype3BbIYailHO BBITOJHO.

Caurnbcea ¢ podoramu

B nononmuenne k npyxecrseHHoMy MU cymecTByeT M Apyroil BapuaHT: CIMTHCS CO CBOUMH



co3laHuAMU. BMecTo TOro 4ToObl MpOCTO *KJaTh, MOKa POOOTHI MPEB30IAYT HAC B MHTEIUICKTE U
MOIIIM, HaM CJIeAlyeT yay4liaTth ceOs U CTAHOBUTHCS CBEPXJIIOAbMU. S cunTaro, uto Oymyuiee OyaeT
JBUTATbC O OOOMM OSTHUM HYTAM, T. €. YeNOBeK OyaeT co3jaBarh JpykecTBeHHb WU u
OJTHOBPEMEHHO COBEPILIEHCTBOBATHCS.

DTOT BapuaHT UccienoBal, B 4acTHOCTH, Pogau bpyke (Rodney Brooks), OpiBiInii mupexrop
3HaMmeHuToi JlabGoparopum wuckycctBeHHoro unTemnekra MTUH. On Bcerma Obl1 OyHTapew,
CpaXkaJicsi ¢ OOIENpPUHATHIMU, HO KOCHBIMHU IPEJCTaBICHUSIMU M BHOCHI B 3Ty 00JacTh CBEXKHE
uaeu. Korma oH ToibKO mpuiiesn B poOOTOTEXHHKY, TaM Oe3pa3felbHO TOCIOJCTBOBAN MOIXOM
«CBepXy BHU3». B pesynbrare B poOoTOTEXHMKE HaOmionmancs 3acToil. bpykc BbI3Bam Hemalo
VAUBJIEHHBIX B3MISA0B, KOTJIAa MPU3BaJl K CO3/IaHUI0 apPMHUU HAaCEKOMOIOAOOHBIX POOOTOB, KOTOPHIE
oOy4asuch Obl Ha OCHOBE IMOJXO/1a «CHU3Y BBEPX», T. €. HATBHIKASACh Ha MpensaTcTBUsA. OH He XoTen
JlefaTh €IIe OJHOTO TYMOTO HEYKIIOXKETro po0oTa, KOTOPOMY TPeOOBaOCh Obl HECKOJIBKO YacoB,
4yT0oOBl NEepecedb KOMHATy. BMecTo 3TOro OH mpuaymaia MPOBOPHBIX «HHCEKTOMAOBY», KOTOPHIE
MOYTH HE TPeOyIOT MpelBapUTEILHOTO0 MPOrpaMMUPOBaHUs, HO OBICTPO yyaTcsl MepeaBUraTtbcs U
OPHEHTUPOBATHLCS CPEIX MPEMATCTBUA METOIOM P06 U omnboK. OH MpeaBUANUT HACTYIIJICHUE JHS,
KorJia ero poOOoThI U 1Mo100HbBIe UM OyayT HccnenoBaTh CONHEUHYIO CUCTEMY, HAThIKasICh B IIyTH Ha
BCEBO3MOJKHBIE MPENATCTBUA. JTa UJes, BbIckazaHHas bpykcom B ouepke «bbICTpble, nemeBble U
cebe Ha yMme», Ha NEpPBbIM B3N] KaKETCS CTPAHHON M JaXkKe HEJenod, HO CO BPEMEHEM TaKoi
MOJAXOJ MPUBEN K PACKPBITHIO LIEJNOI0 CIEKTpa HOBBIX IyTeH pa3BuTusA. B yacTHOCTH, OHUM W3
MOOOYHBIX PE3YJbTaTOB €0 WAEH CTaIl MapCHAHCKHE POBEPHI, KOTOPBIE YK€ MHOTO JIET OOPO3IAT
noBepxHocTh KpacHoii ruianetsl'. CTOUT JM YAMBIATBHCS, 9TO BpyKe ObUI TakXkKe MPE3HIEHTOM
kommaHuu 1Robot, mpomaromieil ceromHs BCIOAY HAIOMUHAIONMIAE >XYKOB POOOTH3UPOBAHHBIC
IIBIECOCHI.

Bbpykc cuutaet, yto onHa u3 npobieM MU cocTouT B TOM, YTO HcciaenoBaTea, Kak MpaBuio,
XBaTalOTCsl 3a HOBbIE BESHUS M PabOTAIOT B paMKax TEKyIIeH MapajurMbl, BMECTO TOTO YTOOBI
JlyMaTh MO-HOBOMY U MCKaTh HOBbIe yTH. OH BCIIOMUHAET, K npumepy: «B nercrBe y mens Oblia
KHUTA, B KOTOPOW MO3I ONHCHIBAJICS Kak TenedoHHbI kommyTarop. Eme Oonee paHHHME KHUTH
OMMCHIBAIM MO3T KaK T'MJIPOAMHAMUYECKYIO CUCTEMY WJIM NTApOBOil IBUraTEIh.

3atem, B 1960-e, mo3r cran uu¢poBeiM kommbioTepoM. B 1980-¢ — mudpossiM
KOMIIBIOTEPOM C MapaJIEIbHON NIMHOW. BepoATHO, celiuac MOXKHO OTBICKATh JIETCKYIO KHMKKY, ITIe
TOBOPUTCS, YTO MO3T OYEHb HAalIOMUHAET BceMupHyto nayTusy. ..»

Tak, HEKOTOpbIE MCTOPUKHA OTMEYAIOT, YTO Ha NCHUXOaHaIn3 3urMyHaa dpeiia mOBIUAIO
MOSIBJICHHE TTapoOBOTO JBHUraTessi U KOHKPETHO MapoBo3a. Boobiie, BozHukHOBeHUe B EBpone cetn
KENEe3HbIX Jopor B cepenuHe — KkoHe XIX B. cepbe3HO CKa3zajJoch Ha MBIIUIEHUU
uHTennekTyanos. I[lo ®dpeiiny, B CO3HaHUU 4YEJIOBEKAa CYIIECTBYIOT IMOTOKU DHEPIUHU, KOTOPHIE
HENPEpPhIBHO KOHKYPUPYIOT C JPYTMMH IOTOKaMH, M BCE€ 3TO HAllOMHHAET JBIKEHHE Mapa B
MapOBO3HBIX MAapONpPOBOAAX. A TOT (aKT, YTO MOJABICHHE STUX SHEPreTUYECKHX MOTOKOB MOXKET
BbI3bIBaTh HEBPO3bl, AHAJIOTMYEH TOMY, YTO MAapOBOW JBUTaTelb NMPHU 3aKyNOpKe KJlamaHa MOXKET
B30pBaThCA.

MapsrH MUHCKH PU3HAJICA MHE, UTO CYIIECTBYET €Ille OJIHa Mapagurma, KoTopas y:ke MHOTO
neT yBonut uccienosarened MM B cTopoHy u 3arpynHser paszBurue. Jleno B TOM, 4TO MHOTHE
HCCJIEJIOBATEIM MCKYCCTBEHHOTO MHTEJIEKTa MPULUIA B 3Ty 00JacTh W3 (DU3UKU U HCHBITHIBAIOT
YYBCTBO, M3BECTHOE KaK «3aBHCTh (PM3HKOBY», — JKEJIaHHWE OTHICKaTh €IUHCTBEHHBIH NPHUHIIHII,
JeXKAIIMi B OCHOBE BCSAKOTO pasyma. B (Qusuke ydeHwle Bcien 3a DWHINTEHHOM CTPEMSITCS
NpeACTaBUTh (U3NUECKyl0 BceleHHyl0 B BHJE HECKOJIbKHMX O00OOMIAIONMX ypaBHEHUH W,
BO3MOXKHO, OTBICKaTh KOPOTKO€ YpaBHEHHE, KOTOpoe oO0beauHmiao Obl Bcio Bcenennyro
€IMHCTBEHHOW YHUBEpPCAJIbHON W MOHATHON uaeed. MUHCKH CUMTACT, YTO «3aBUCTh (PU3UKOB)
nooOyxaet uccienonareneir MM uckath yHuBEpcanpHy0 0a30ByI0 (hOpMyITy U JUIsl COZHAHHS, — a
Ha CaMoM JieJie €MHOM (OopMysbl WIIM €IMHOTO MPHUHIUIA He cyliecTByeT! MHUHCKM 10 KpaiHeil

1 Mapcoxozs! Spirit u Opportunity necantupoBaiiuck Ha Mapc B siuBape 2004 r. [lepBbIii epexu1 JBe MapCHaHCKHE
3UMBI 1 TIoTHO B TpeThio, B cepenuue 2010 1., BTopoil ycmemHo paboTaeT Ao Hacrosmero Bpemenu (uroms 2011 r) u
Mpo1Ien mo mosepxuoctu Mapca yxe 33 km. — IIpum. mep.



Mepe B 3TOM YOEXAeH. DBOIIOIUS ClIydyailHbIM 00pa3oM OO0BeIMHWIA B OJUH KIYOOK MHOXECTBO
CaMbIX pa3HBIX CTPYKTYp M TEXHOJIOTHUH, KOTOpbIE MbI CErojiHsl Ha3blBaeM cO3HaHHeM. Pa3bepute
MO3I' Ha COCTaBHBIE YacTH, U BBl Haiiziere Habop crnabo CBA3aHHBIX MEXIY COOOH MHUHH-MO3IOB,
Kbl M3 KOTOPBIX MpeAHa3HAYEeH JJIsl BBIMOJIHEHUSI KOHKPETHOM 3a/aud. MUHCKH Ha3bIBAET 3TO
«COI030M CO3HaHWID» M TOBOPUT, YTO HA CaMOM JI€J€ YEJIOBEYECKOE CO3HAHWE — 3TO CymMMa
MHOYKECTBA OT/IEIbHBIX aJTOPUTMOB U TEXHUK, KOTOPBIE CIy4allHO BO3HMKIIM U OBUIN MOAXBau€HBI
HBOJIOIMEN M KOTOpBIE IPUPO/IA 32 MUJUIMOHBI JIET 00bEJMHUIIA B €IUHYIO CUCTEMY.

Ponuu Bpykc Toxke nckan nmoxoxyro napajaurmy, Ho Takyro, KOTOPYIO HUKTO M HUKOTTIA €IlIe JI0
KOHIIa HE UccleoBall. Bckope OH MOHSUII, 4TO MaTh-IPUPO/A U SBOJIOLUS YK€ PELIMIN OOJIBIIYIO
yacTh Hamux npoOneM. K mpumepy, komap, y KOTOPOro B MO3TY COJEP)KUTCS BCETO HECKOJIBKO
COTEH ThICAY HEHPOHOB, CIIOCOOEH JIETKO OOOWTH JIF0OYI0, B TOM YHUCIE CAMYIO JIYUIIyI0 BOSHHYIO
poOOTH3MPOBaHHYIO cHCTeMy. B omimyme oT Hammx OeCHUIOTHBIX CaMOJIETOB, KOMaphbl, MO3T
KOTOpBIX 10 pa3Mepy HaMHOIo YycTymaeT OylaBOYHOM TOJIOBKE, CIOCOOHBI HE3aBUCHMO
OpPUEHTUPOBATHCS B IPOCTPAHCTBE, OTMOATh MPEMATCTBUS, HAXOAUTDH NMULLY U napTHepa. [louemy He
NOYYUTbCA Yy TpUponasl U Ouonoruu? IlocMoTpeB BHHMaTenbHee Ha CTYHNEHHM 3BOJIIOLMOHHOM
JIECTHUIIBI, HETPYIHO MOHATh, YTO B HACEKOMBIX U MBIIIEH HUKTO HE 3aKJIaJbIBajl 3aKOHBI JIOTUKU U
37paBOrO cMbIcia. TOIBKO METOA Mpo0 M OMIMOOK TO3BOJIMJI MM 3aBOEBaTb MHUpP M OBJIAJETh
HCKYCCTBOM BBIKHBaHUSI.

Teneps bpykc pa3zpabarbiBaeT elie OfHY TEOPETHUECKYIO HCI0, U3JI0KEHHYIO B €r0 CTaThe
«Cwmemenne 1oty v MamuH». OH oTMmeuaeT, uto crapble jgabopatopun MIT, korga-to
pa3pabarbIBaBIINE MOITYHIPOBOJAHUKOBbIE KOMIIOHEHTHI Uil MPOMBIIUIEHHBIX M BOCHHBIX POOOTOB,
TENepb 3aKpbIBAIOTCS, YCTyMasl AOPOTy HOBOMY IMOKOJEHHIO pOOOTOB, B COCTaB KOTOPBIX OyayT
BXOJIUTH HE TOJILKO KPEMHHUH M CTallb, HO U JKUBbIe TKaHU. OH MPEIBUAUT MOSBIEHUE a0COIIOTHO
HOBBIX POOOTOB COBEPILIEHHO HOBOM ApXMUTEKTYpbl, B KOTOPOH COEAMHSTCS OHOJIOTHYEcKHe U
AJIEKTPOHHBIE CUCTEMBI.

Bbpyke nuiet: «S npenckaspiBato, uro k 2100 . BCroay B Halleil MOBCETHEBHOM KU3HU OyyT
BCTpPEYaThCsl BeCbMa YMHBIE poO0Thl. HO 1 MBI HE OcTaHeMCsl HE3aBUCHUMBIMH OT HUX — CKOpPE€e, MbI
camu OyzneM oT4acTH poOOTaMHu U OyAeM MPH 3TOM HEPA3PHIBHO CBA3aHBI C pOOOTaAMM».

OH cuMraer, 4To MyThb K ATOMY OyIeT MOCTENEeHHbIM. B Hacrosiee Bpems yxKe HIET
PEBOIIOLHS B IPOTE3UPOBAHUH, IEKTPOHHBIE KOMIIOHEHTHI BKUBJISIIOTCS HEITOCPEICTBEHHO B TEJIO
YeJI0BeKa, YTOObl 00ECMeunTh PEATUCTUYHYIO 3aMEHY CIYyXy, 3pEHUI0 M JPYTUM OHOJIOTHYECKUM
¢byukuusM. K npumepy, HCKyCCTBEHHas «YJIUTKay yXe IMpou3Besia NepeBOPOT B ayIHOJIOTUH U Jlajia
BO3MO)KHOCTh BO3BpAIaTh CIyX IIYyXUM JIOASM. PaboTa MCKYyCCTBEHHBIX YIUTOK COCTOUT B TOM,
YTOOBI MOJKIIIOUATh DJIEKTPOHHBIE YCTPONCTBA K OMOIOrMYecKo ceTu, T. €. K HeilpoHam. Takoi
CIIyXOBOH HMIUIAHT COCTOMT W3 HECKOJIBKHUX KOMIIOHEHT. CHapyXu BO3JI€ yXa IOMEIIAETCs
MUKpo@OH. OH MpUHUMAET 3BYKOBBIE BOJIHBI, 00pabaThIBa€T UX U MEPEJACT CUTHAJIBI MO PAIUO
UMIUIAHTY, XUPYPrUYE€CKH pPa3MEIICHHOMY BHYTPHM yxa. VIMIUIaHT IpUHHMMAaeT pajuoIOCiIaHus,
MEPEBOANT UX B JIEKTPUUYECKHUE TOKU U OTIPABISIET AAJIbLIE MO MPOJIOKEHHBIM B yX€ AJIEKTPOJaM.
VinTKka pacno3HaeT AIEKTPUUYECKUE HMMITYIbCHl M INEPECHUIAET MX B MO3L. B Takux MMIUIaHTax
MOKET HUCHOJIb30BAThCA 0 24 3IEKTPOAOB, KOTOPHIX TOCTATOYHO JJsi 00pabOTKH MONYAIOKUHBI
Pa3IMYHBIX YaCTOT. DTOTO, B CBOIO OUEpPEb, JOCTATOYHO, YTOOBI pPa3IuyaTh YEIIOBEYECKHUIl romoc.
Ha cerogns yxe 150 000 yenoBek BO BCeM MHUPE HOCAT YIUTKY-UMIUIAHT.

Heckonpko rpynn y4eHbIX 3aHMMAIOTCSI BOIIPOCOM TOMOIIM CJIENIBIM M CO3AAHMSI CHCTEMBI
HCKYCCTBEHHOI'O 3pEHHsI, KOTOpasl MO3BOJMJIa Obl MOJAKIIOYUTH Kamepy K YeIOBEYECKOMY MO3TY.
OnuH U3 mpeangaraeMbIX METOJOB COCTOUT B TOM, YTOOBI BKMBUTH IOJIYIIPOBOJHUKOBBIM YHII
HEMOCPEACTBEHHO B CETYATyI0 OO0OJOYKY 4YEJOBEYECKOTO TIJla3a U IMOJICOEIUHUTh €ro K
COOTBETCTBYIOIIIMM 3pUTENBbHBIM HelpoHaMm. Jlpyroii — B TOM, YTOOBI MOJCOEAMHUTH YHIl K
CHeIMaJIbHOMY KaOelto, KOTOphId OylIeT BeCTH B 3aJHIOK0 YacTh uyepena, IJie MO3T oOpabarhiBaeT
3pUTENIBHBIE CUTHAJIBI. DTUM I'PyIIaM YYEHbIX YK€ yIaJI0Ch BIEPBBIE B UCTOPUH BEPHYTH KaKyIO-TO
YacThb 3pEHHs MOJHOCTHIO CJENbIM JHoAAM. [[alMeHTsl moay4Ymin BO3MOXKHOCTh pasznudars 10 50
CBETOBBIX TOYEK, 3aXKUraBIIMXCs nepe HUMH. Co BpeMEHEM, BEPOSTHO, YUEHBIM yAACTCsl [IOBBICUTD
OTOT pe3ynbTaT U JOBECTH YUCIIO TOUEK 10 HECKOJIBKHUX ThICSY.



[Toka mamMeHTsl pa3nuyaroT OTHU (QeiepBepkoB, 0OIIMEe OuyepTaHHs CBOMX pYK, SpKHE
CBETSIIMECS OObEKTHI U JaMIlbl, PAclO3HAIOT MPUCYTCTBUE MOOIM30CTH aBTOMOOWIEH M JIIOAEH U
yIaBIUBAIOT TpaHMIbl 00beKkTOB. «Ha nerckux OeHcOONBbHBIX Urpax s pa3ivyaro, IJe HaXOoAATCs
MPUHUMAIOIIMN, OTOMBAIOLIUI U CyIabs», — roBoputT Jlunga MopdyT, onHa U3 MAaUEHTOK, Ha
KOTOPBIX UCTIBITHIBAIOTCSI HOBBIE TIPUOOPHI.

Ha ceromasimiauii neHp 30 NanMEeHTOB MOMYYMJIM HMCKYCCTBEHHYIO ceT4arky W 10 60
anektponoB. Ho B IlpoekTte mckyccrBeHHOM ceryarkn MunuctepctBa sHepretuku CHIA, mra6-
KBapTHpa KoTtoporo Haxomutcs B YHuBepcurere lOxxnoit Kammdopuuu, yxe paspabarbiBaeTcs
HoBasi cuctema ¢ Oomee ueM 200 snexTpomamu. M3ydaeTcst Takke BO3MOXHOCTh pPa3pabOTKU
cuctembl Ha 1000 371eKTpo10B (HO €CM K OTHOMY YHITY MOJKIIOYUTH CIUIIKOM MHOTO 3JIEKTPOJIOB,
CeTYaTKa MOXKET INeperpeThesi). B 3Toil cuctemMe MUHHMATIOpHAs BUAECOKAMEpa, YCTAHOBIIEHHAs Ha
OYKax CJENoro 4ejoBeKa, CHUMAET OKPY’KaIolee U MepechulaeT CUTHAMbI 10 OECIPOBOIHOM CBS3U
B MHUKpPOIIPOILIECCOPHBII OJOK, KOTOpBIH 4YenoBeK HOCUT Ha mosce. biok 3arem mnepenaer
MHGOPMAIUIO YMITY, TIOMEIIEHHOMY HEMOCPEICTBEHHO Ha CETYaTKy. JTOT YMII, B CBOIO OYE€pellb,
MOChUIAET cjabble UMIYNIBCHI MPSIMO B HEPBBI CETYATKH, KOTOPHIE COXPAHMIM aKTMBHOCTh. TakuM
00pa3oM MOXKHO 0OOWTH ¥ OTYACTH 3aMEHHUTH HEPAOOTOCIIOCOOHBIE KIIETKH CETYATKH.

PoGoTn3upoBanHnasi pyka u3 «3Be3HbIX BOWH»

MexaHn4eckue YCUJIUTENNW TO3BOJISIOT TakKe KOMHPOBAaTh «U300pEeTEeHUs» HaydHOUH
(daHTacTUKH, BKIIIOYas pOOOTU3MPOBAHHYIO PYKY U3 «3BE3IHBIX BOWH» M PEHTTEHOBCKOE 3pEHUE
Cynepmena. B punbme «mnepus HanocuT oTBeTHBIN ynap» Jltok Ckaiilyokep TepsieT KUCTh PyKHU B
pe3ynbraTe ynapa CBETOBOI'O Meda, Haxojsuierocst B pyke 3nozpea [lapra Beiinepa, ero orua.
Hukakux mnpobrmeM. VYdeHble TOW JaliekOd TajJakTUKU OBICTPO CO3MAOT JJIsi HETO HOBYIO
MEXaHHUYECKYIO PYKY C MaJbLIaMH, CHOCOOHBIMU 4YBCTBOBATh IIPUKOCHOBEHHE.

Koneuno, 310 kaxercs (paHTaCTUKOM — 3TO M €CTh (paHTacTHKAa, — HO Ha caMoOM Jieje
noZ00HbIe BEIIM YK€ psioM ¢ Hamu. Yuenele Wrtamuum m HIBeruu n0oOMINCH 3HAYMTEIHHOTO
mporpecca B 3TOM BOIPOCE U pa3paboTair poOOTU3UPOBAHHYIO UCKYCCTBEHHYIO PYKY, CIIOCOOHYIO
«uayBcTBOBaThY. [lepBriii manuent, Pooun Dkencram (Robin Ekenstam), — 22-meTHuii momnomoit
YesIoBeK, MOTePSBIINI MPaByl0 PYKYy B pe3yibTaTe paka, MOXKET Telepb YHPaBIsATh IBUKCHUSIMHU
MEXaHNYECKUX MNalbIEeB M OLIYLIaTh PEaKLUMIO IpeaMeTa. Bpauum MONCOENMHUIM HEPBBI PYKH
DKeHcTaMa K YuIlaM, YCTAHOBJIEHHBIM B €0 MEXaHHUYECKOHM pyke, TaK YTOObI OH MOT IPH MOMOIIH
CO3HAHMsI KOHTPOJIUPOBATh ABM)KEHHUS MAJIbLIEB. B HCKYCCTBEHHON «YMHOW PyKe» UMEETCs YETBhIpE
MoTopurKa U 40 4yBCTBUTENIBHBIX 3JIEMEHTOB — CEHCOPOB. J[BMXKEHMSI MeXaHHMYECKHX MajbleB
NEPEJAIOTC B MO3l IMAllMEHTA, TaK YTO OH MX YYBCTBYET M IIOJIy4aeT, COOTBETCTBEHHO, CHUTHAJ
oOpatHo#l cBsi3u. TakuMm 00pa3oM, OH MOXET HE TOJIbKO YIPaBISATh JBHKEHUSIMH PYKH, HO U
«4YyBCTBOBATh» UX. A MOCKOJIBKY O0paTHasi CBA3b — OJIHO U3 CYIECTBEHHBIX YCIOBUNA KOPPEKTHBIX
JBUKEHUH Tesa, HOBbIE MPOTE3bl, BO3MOXHO, MPOU3BENYT IMEPEBOPOT B HAILIEM OTHOIIEHUHU K
MHBAJINJIaM C UCKYCCTBEHHBIMH KOHEYHOCTSAMH.

DKeHCTaM TOBOPUT: «ITO OYEHb 370POBO. S HCIBITHIBAIO YYBCTBA, KOTOPHIX HE HMCIIBITHIBAJ
nonroe Bpemsi. Ko MHe Bo3Bpaiaercs 4yBcTBO pyKu. CTOUT MHE 4TO-HUOY/Ib KPEMKO CKaTh — H 5
OILYILIAI0 3TO KOHYMKAaMU NaJIbLIEB, YTO CTPAHHO, BEb UX Yy MEHS OOJIbIlIEe HETY.

Onun w3 uccnenonarenedd, Kpucrtuan Ywunpuanu (Christian Cipriani) U3 HTaJbSHCKOTO
yHuBepcutera «Bpicmias mkona CB. AHHBI», roBOpUT: «CHadaia MO3T yIpaBIsIeT ABUKCHUSAMU
MEXaHHUYECKOH PYKH 0€3 BCSIKHX MBIIIEYHBIX COKPALIEHUH. 3aTeM pyKa CMOXET MOCiIaTb MO3TY
CUTHaJ oOpaTHOM CBS3U, TaK YTO MAIlMEHT CMOXKET 3TO /[BHyKeHHe mouyBCcTBOBaTh. B TOUHOCTH Kak
Y HACTOSIILIEN PYKU.

OTO JOCTUKEHHE OYEHb BaXKHO, MOCKOJIBKY OHO O3HAYaeT, YTO KOrna-HUOyAb JIOIU CMOTYT
0e3 Tpyaa yHpaBisTh MEXaHHYECKMMU KOHEYHOCTSMH, KaK €CJId Obl OHU COCTOSUIM W3 IUIOTH H
KocTei. BMecTo TOro 4toObl AONTO OCBaMBaTh YIpaBlIEHWE METAUIMYECKUMU PpyKaMU U HOTamH,
JIFOY Hay4daTcst o0pamarbesi ¢ MEXaHMYECKUMH MPOTe3aMH KaK C HACTOSIIIMMH U YyBCTBOBATh BCE
HIOAHCHI IBUKEHHUH Yepe3 MEXaHU3Mbl AJIEKTPOHHOI 00paTHOU CBS3H.



HmeroTcss Takke JaHHBIE B IOJIb3Y TEOPHUM O TOM, YTO YEJIOBEUECKHH MO3I 4Ype3BbIYAITHO
IUIACTUYEH M HE UMEeT IIOCTOSHHOM CTPYKTYypbhl, a HEMNpepblIBHO OOHOBISET M 3aHOBO
yCTaHABJIMBAaET BHYTPEHHUE CBSI3M B COOTBETCTBMM C HOBBIMH 33JJaHUSMHU U MPUCTIOCAOIUBAETCS K
HOBBIM 00CTOSITENbCTBaM. M3 3TOTO CliesyeT, 4To MO3T JOCTATOYHO ajanTtaleseH, 4ToObl TPUHSITh
Ha ce0s ynpaBieHHE IIOOBIM HOBBIM MPUCHOCOOJIEHHEM WIM OpPraHoM 4YyBCTB. MX MOXHO
MOJKJIIOYaTh K MO3TY B Pa3HBIX MECTaX, U MO3T MPOCTO «HAYYUTCS» UX KOHTPOIUpPOBaTh. Eciu Taxk,
TO MO3I MOXHO pPacCMaTpHBaTh KaK MOIYIbHOE YCTPOMCTBO, CHOCOOHOE€ KOMMYTHPOBAThCS B
pa3HbIX KOHQUTYpauusx U OpaTh Ha ceds ympaBlieHHEe pa3IMuyHbIMH CEHCOpPaMH U UCIIOIHSIOIIUMUI
ycrpoiictBaMu. Takoi THUIT TOBEAECHUS MOXXHO OXKUAATh, €CIM HAIl MO3T MPEACTaBIAeT COOOH
HEKyI0 HEHpOHHYIO CeTb, KOTOpas coOWpaeTcsi MO-HOBOMY, YCTAHaBIMBAeT HOBbIE CBSI3U U
IIPOKJIJBIBAET HOBBIE HEMPOHHBIE IYTH BCAKHUH pa3, KOIJa CTAJKMBAaeTCs C HOBOM 3adadeil Miu
HEOOBIYHBIMHU OOCTOSTEIHCTBAMH, KAKUMH ObI OHU HU OBLIH.

Ponuu bpykc numet: «B cnenyromue necsaTh-aABaalaTh JET NPOU3OUIET KYJIBTYPHBIN CHIBMI,
IIpU KOTOPOM MBI MPUMEM POOOTHU3MPOBAHHBIE TEXHOJOTUH, MOJIYNPOBOAHUKH U CTajldb B HAIIU
TeNa, MOMBITAEMCS YIY4YLIUTh TO, YTO MMEEM, U IOHATh OKPYKAIOIUN HAac MUP». AHaIU3UPYS
yCHEeXHU IO MOAKIIOYEHHI0 MO3ra HEMOCPEICTBEHHO K KOMIIBIOTEPY WMJIM K MEXaHHYECKOM pYKe,
JIOCTUTHYThIE B yHUBepcurerax bpayHa u [Iproka, bpykc nenaer BoiBoa: «He nckirodueHo, 4yTo Bee
MBI CMOJKEM YCTaHOBUTH Yy c€0s MPsIMO B MO3Ty OecripoBOJiHOE coeinHeHne ¢ IHTepHeTOM.

Ha cnenyromem »sTame, cuMTaeT OH, LEIBIO CIUSHUS KPEMHHEBBIX YMIIOB C >KMBBIMU
KJIeTKaMu OyZeT y)Xe He IMpOCTO HCIpaBlieHHe (PU3NYECKUX HEAOCTAaTKOB, HO IOCTENEHHOE
yBeJIMYEeHUE HalMX crocoOHocTel. K mpumepy, eciu ceroHst UMIUTaHTHI-YJIIMTKUA U HCKYCCTBEHHAs!
CeTYaTKa MOTYT B KaKON-TO CTENEHH BOCCTAHOBUTH CIyX U 3pEHHUE, TO 3aBTpa Moj00HbIe TPUOOPHI,
BO3MOXKHO, JayT HaM CBEpX4elloBeYeCKHe CMOCOOHOCTH. MBbl HaydMMCs CIBIIIATh 3BYKH,
JIOCTYIIHbIE CETroJHS TOJNbKO co0akaM, M BHUIETh yIbTpaduoJIETOBble, HWH(pPAKpacHbE U
PEHTTEHOBCKUE JIYYH.

He uckiroueHo, 4To HaMm yJacTcs YIY4IIUTh U CBOM MBICIUTEIbHBIE COCOOHOCTU. Bpyke
LIUTUPYET UCCIIEOBAHMSI, B KOTOPHIX K MO3TY KpPbICHI B KDUTHYECKHUE MOMEHTBI Pa3BUTHUS 3apoAbliIa
J00aBISUIUCh JIOTIONIHUTENbHBIE CIIOM HEWPOHOB. VHTEpecHO, 4YTO KOTHUTHBHBIE CIIOCOOHOCTH
TaKMX KpbIC MPEBOCXOJWIN CPEIHUE KPBICUHBIE MOKa3aTeau. bpykc MpeaBUIUT, UTO B HENAJIEKOM
OyayIieM HacTYIUT BpeMs, KOrja MpH MOMOIIM aHAJIOTMYHBIX MPOIIECCOB MOYKHO OyAeT ylTydIINUTh
MHTEIJIEKTYyaIbHbIE MTOKA3aTeN U YEJI0OBEUECKOro Mosra. B ganpHeHmMX IvaBax Mbl YBUJUM, YTO
OMOJIOTH yXe€ BBLACTWIM Yy KpBIC T'€H, KOTOpbIE CpEICTBAa MAaccOBOM HMH(OpPMAalUK OKpPECTUIH
«MBIIIUHBIM TEHOM yMay. « YIIydllIeHHasD» MbIIlb, B TEHOM KOTOPO# ObUI BBEJIEH 3TOT I'eH, 001agaer
3HAYUTEIHHO OOIBIIUM 00BEMOM MaMSTH U Jy4llleld 00y4aeMOCTbIO, YeM OObIYHASI.

K cepennne Beka, mo MHeHUIO bpykca, HACTynmuT Bpemsi, KOrJja MOXKHO Oy/leT OCyIIeCTBISAT
(daHTacTMUECKHE HA MEPBbIM B3MVISA YAydlIeHHs B Telle, MpHaBas HaM CIOCOOHOCTH, HaMHOTO
MPEBOCXOAAIINE CHOCOOHOCTH OOBIYHOTO uenoBeka. «Uepe3 MATHIECAT JIET Mbl, CKOpee BCEro,
YBUAUM paJMKaJIbHbIE TEPEMEHbl B UYEJIOBEUYECKOM Telle B pe3ylbraTe TIeHEeTHYECKUX
Moaudukanuiny. A ecnu 100aBUTh K 3TOMY €llle U 3JIEKTPOHHBIE YCWINTENHU, TO «pa3HooOpasue
YeJI0OBEUECKUX THIOB PACIIUPUTCS B HEBOOOPA3UMBIX Ul HAC CEroJHs HampaieHMsX... Hac yxe
He OyJIeT OrpaHUYMBaTh TAPBUHOBCKASI YBOJIOLHSY, — TOBOPHT OH.

Ho mio6bie pa3yMHbIe HeH, KOHEYHO, MOXHO J0BeCTH 10 abcypna. Kak ganeko HaM HYXHO
Oyzner 3aiiTu B Jiefie CIUSHHS C HAIIUMH CO3JaHUSIMH — pOOOTaMH, MpPEXae YeM YacTh Jitoael
B30YHTYeTCS U CKa)XeT, YTO MOA0O0HbIE THOPH/IbI BHI3BIBAIOT Y HUX OTBpaIleHHE?

Cypporartbl u aBaTapbl

CymectByeT ciocob coeMHeHus: ¢ podoTamMu, NMPU KOTOPOM HaM HE MPUJIETCS MEHSTh CBOE
yejoBevyeckoe Teno. Peusb uaer o co3ganuu cypporatoB, win aBarapoB. B ¢unbsme «CypporaTs» ¢
bprocom YuimcoMm B IaBHOM poiM pacckasbiBaeTcs O ToM, 4uTto B 2017 . ydeHsle mpuaymain
croco0, MpH MOMOIIM KOTOPOTO JIFOAX MOIVIM YIPaBIsATh poOOTaMH TakK, KakK €cii Obl HAXOAWIHCH
BHYTPU HX, M KaXJbId MOJYyYWJ BO3MOXKHOCTH IPOXHUTHh >KU3Hb B HJeanbHOM Tene. Pobor



OT3bIBAJICS Ha JIIOObIE KOMAaHIbl, @ YEJIOBEK-XO35IMH BUAET W UYYBCTBOBAJ BCE, YTO BHUIET H
4yBCTBOBaJ €ro cypporar. [loka OpeHHble Tena jrofeil ciabenu U cTapeiu, caMu JIIOIU CIIOKOMHO
YIPaBIISIIH MIOBEJICHUEM pPOOOTOB-3aMEHUTEINEH, 00J1a1aBIINX CBEPXUYEJIOBEYECKUMU
CIOCOOHOCTAMH U UaeanbHOU Purypoit. CrokeT GpuiibMa OCIOXKHSIETCS TEM, YTO JIFOIU B KaKOH-TO
MOMEHT MPEANOYIN OCTaTbCs MOJOABIMU M KPACUBBIMHU POOOTaAMU-CBEPXUETIOBEKAMU M OPOCHUTH
CBOM CTaperollye Teljla, KOTOpble OYeHb KCTAaTH OKa3bIBAIOTCS CKPBITHI OT mia3. [lo cymiecTBy, Bech
PO yelloBeYEeCKUil, He XKejask CMOTPeTh B JIUIO PEAJbHOCTH, JOOPOBOJIBHO BBIOMpAET >XKU3Hb
poOOTOB.

B ¢unbme «ABatapy 3Ta Maes NPOABUraeTcs elle Ha OAMH Iar. BMecTo Toro uytoObl BECTH
KHU3Hb UACANbHBIX poOoTOB, Kak B «Cypporatax», Mbl B 2154 1., MoXkeT OBbITb, MOTY4YUM
BO3MO)XHOCTb JKUTh JKM3HBIO MHOIUIAHETHBIX cymiecTB. [lo croxkery ¢uibMa Teno uyeloBeka
MOMELIAIOT B CIELMAJbHBIH KOKOH, a CaM OH I0JIy4aeT BO3MOXHOCTb YHIPAaBIATh CHELHAIBHO
KJIOHUPOBAHHBIM TEJIOM HHOIUIAHETSHUHA. B KakOM-TO CMBICIE YEJIOBEK IOJIY4aeT HOBOE TEIO,
KOTOpOE TO3BOJIMT €My J>KUTh Ha HOBOM IiaHere. Takum o00pa3oM Mbl CMOXEM Jydlle
KOHTaKTHPOBATh C HAaceJIeHWEM MHbIX MaHeT. [lo Xomy crokera guibMa OIMH U3 I'epOEB peIaeT
OTKa3aTbCsl OT CBOEH YeNOBEUECKOM CYIIHOCTH M JKUTh KM3HBIO a0OpHUIeHa, 3aIIMINasi MECTHBIX
JKUTENIEN OT HAEMHHKOB.

Ceronns nmonoOHbIe Cypporarbl U aBaTapbl HEBO3MOXKHBI, HO HE MCKIIIOYEHO, YTO B OyaylieM
TaKhe BO3MOKHOCTH Y Y€JIOBEKA MOSBSATCS.

HenaBno ASIMO Obu1 3amporpaMMHpOBaH IO/ HOBYIO HJIEI0, CBSI3aHHYIO C YJaJCHHBIM
yyBCcTBOBaHMEM. B yHuBepcurere Knoto ObUTH MOATOTOBIEHBI JHOH, KOTOPBIE JTOJKHBI YIIPABISATh
MEXaHWYeCKUMHU JBUKEHHUAMHU POOOTOB MpH IMOMOIIM CEHCOpoB Mo3ra. K mpumepy, CTyIeHTHI
HA/IEBAIOT Ha TOJIOBY LUIEM JJISI CHATHUS DJIEKTPO3HLE(aANorpaMMbl U MOIYYar0T BO3MOXXHOCTb
MBICJIEHHBIM YCUJIMEM MPUBOJAUTH B ABMKeHHE pyku U Horu ASIMO. [loka ucnpiTyemble 0CBOMIN
YeThIpe pa3INYHbIX JIBM)KEHUS pyKaMHU U rojoBoi poboTa. He uckitoueHo, 0JJHaKo, 4YTO 3TO MEPBHI
miar kK HoBoMy HampasieHnuto MW: coznannio poOOTOB, yIpaBiasieMbIX CHIION MBICIH.

[Toka 3TO BCero numIb Tpydas IEMOHCTpPALMs CHUJIBI MBICIM U €€ TNPEBOCXOJACTBA HaJ
MaTepuen, Ho B OyayieM — B ONMKaWIINe HECKOIBKO JIECSTHICTH — MBI, BEPOSTHO, YBEITUIHM
Ha0Op JABIKEHMH, KOTOpPbIE YEIOBEK MOXKET MBICICHHO CKOMaHA0BaTh pPOOOTY, W YCTaHOBUM
oOpaTHble CBSI3U, TaK YTOOBI YEIIOBEK MOI «UyBCTBOBAThY» CBOM HOBbIE POOOTHU3UPOBAHHBIE PYKHU.
CrnenuanbHble OYKM MM KOHTAKTHBIE JIMH3BI MO3BOJIATH YBHJIETh BCE, YTO BUAUT POOOT, U KOTJa-
HUOYIb YEJIOBEK, BO3MOXKHO, OOpETEeT TMOJIHBIM MBICIEHHBIM KOHTpPOJb HaJ €ro TelIeCHBIMHU
JBUKCHUSIMHU.

He uckiroueHo, 4yTo Takod MOAXOJ MO3BOJIUT PEUIMTh MPOOIEMYy UMMHIpaUu Uil SnoHuH.
[TpencraBbTe cebe paOOTHUKOB, KUBYIIUX B PA3HBIX CTpaHaX MUPA, HO KXl JIeHb HaJIeBAIOIINX
CEHCOpHBIC IINIEMBl U Oepymux Ha ceds ympasieHne podoTramu-padbounmu. [lomydaercs, 9To He
TOJBKO WHTEJUIEKTYaJbHbIM, HO M (PU3MYECKUI Tpya MOXHO OyaeT mepeaaBaTh IMCTAHIIMOHHO,
yepe3 VIHTepHET, 1 MojydaTh Ha BBIXO/IE peasbHble (u3nYecKue NeHCTBUS MEXaHUUYECKUX pabounXx.
3TO MOXET 03HAYaTh, YTO pOOOTHI CTAHYT HEOTHEMIIEMOM YacThIO JHOOOH HAllMK, CTOJIKHYBIIEHCS ¢
po0OseMoil HexBaTKK paboueil CHITBI M 3a00JIaUHBIX PACXO/I0B Ha 3/paBOOXpPaHEHHE.

JlucTaHIIMOHHOE yNpaBiIeHHEe PoOOTaMM MOXKHO OyAeT NMPUMEHUTh U B JAPYIMX 0ONacTsX.
Po0otsl, ynpaBisieMble CHIION MBICIH, CMOTYT UCHONHATH (PYHKLMU criacatesield B 10001 omacHoi
WIM arpecCUBHOMN cpenie (K MpUMeEpY, MO BOIOH, BO3JIE BICOKOBOJIBTHBIX JIMHUI WK B orHe). Mnm,
CKakeM, TOJBOAHBIX POOOTOB MOXHO OyleT MOAKIIOYUTH HEMOCPEACTBEHHO K JIIOASAM, TaK 4TO
YeJIOBEK CMOXKET MBICJICHHO YIPABJIATh JBH)KEHUSIMH MHOXECTBA TUIaBAIOIINX poOoTOB. [TocKonbky
cypporatsl OynyT o0iaiaTh CBEPXUEIOBEUSCKUMHU CTIIOCOOHOCTSIMHU, C MX TOMOIILI0O MOXKHO Oyrer
TOHSATHCS 32 MPECTYMHUKAMHM (€Clii, KOHEYHO, NMPECTYIMHUKH TOXKE He 003aBeqyTcsi CypporaraMu C
BO3MOXKHOCTSIMM ~ CBepxueioBeka). B oOmem, 4YenoBek CMOXET TOJb30BaTbCid  BCEMU
IPEUMYIIECTBAMU CIUSHUS ¢ POOOTaMHU, HE MEHSIS IPH STOM HUCKOJIBKO CBOETO Tea.

Joctmwxenuss B 3Toil 001acTU MOTYT OKa3aTbCs TMOJE3HBIMU M B JIeJ€ HCCIEIOBAHUS U
OCBOEHHSI KOCMHUUYECKOTO MPOCTPAHCTBA — K IPUMEPY, HA MOCTOSHHOW JTyHHOU Gaze. Cypporarsl
OyAyT BBIMIOJHATH BCE OMNACHBIE 3a/laud MO COAEPKAHMIO U OOCIY)KHBAHHIO JIYHHOW Oasbl, a



aCTPOHABTHI BCE ITO BpeMsi OynyT ocTaBaThbes Ha 3emiie, B O6e3omacHocTd. [Ipu sToM mocnenHue
CMOTYT TIOJIb30BAThCS CBEPXCHIION M JPYTUMHU CBEPXBO3MOKHOCTSIMH POOOTOB, YTO, OE3YCIIOBHO,
OKQKETCS TOJIE3HBIM TMPHU HCCIEAOBAHWU TIOJHOTO OIMACHOCTEH WHOIUIAHETHOTO JaHamadTa.
(Omnako ¢ cypporaramu Ha Mapce Takoil (OKyc HE TPOHIET, TMOCKOIBKY IMPOXOKICHUE
paauocuraanoB ot 3emiu kK Mapcy u oOpatHo 3anuMaet a0 40 muHyT. TeM He MeHee cypporaThl
CMOT'YT pa6OTaTI) Ha TIIOBCPXHOCTHU KpaCHOﬁ IINTAHETHI, BBIIIOJHATH OIIACHBIC 3aJa4yu I10J
yIpaBIeHHUEM aCTPOHABTOB, HAXOMAIIUXCS B O€30MACHOCTH HA MOCTOSHHOM MapCHaHCKOM 0ase.)

CTouT JIM NOJHOCTBIO CJIMBATHCS ¢ podoTamu?

[Tuonep pobGortorexHuku ['aHc MopaBek 3axOIUT elle Ha HECKOJbKO IIAroB Jayiblie U
IIPEICTABIISIET HAM KpallHUM Cily4all CIMSHHUSA: Mbl IIOJHOCTBIO IPEBpAlIaeMCs B TE€X CaMbIX
pPOOOTOB, KOTOPBIX co3nanu. OH OOBSCHUI MHE, KaK YeJIOBEK MOXKET JI0 KOHIIA CIUTHCS CO CBOMM
pOOOTHU3MPOBAHHBIM  CO3JJAHUEM: XHpypruueckas oOmepanusi 3aMEHUT Kaxabli  HeHpoH
YeJIOBEYECKOT0 MO3ra Ha TPAaH3MCTOp BHYTpPH pobora. Omnepaiusi HadyMHAETCs, KOTZa 4YelOBEK
JIOKUTCSL PSIIOM ¢ 0e3MO3MIbIM TIOoKa TelaoM poOoTa. PoboT-xupypr Geper moodepenaHo KaxKAbli
KJIACTEp CEpOro BEIECTBA MO3ra, BOCIIPOU3BOIUT €r0 TPAH3UCTOP 3a TPAH3UCTOPOM, IMOAKIIFOYAET
HEHUPOHBI K TPAH3UCTOpaM U IOMEIIAeT TOTOBBIM AJEeMEHT Mo3ra B uepen pobora. [lo mepe
TyOITMpPOBAaHUS KJIACTEPOB MO3Ta OPUTHMHANIBI OTKIIOYAIOTCA. YesnoBeK BO BpeMs 3TOW JEeNMKAaTHOM
orepanuy HaXOIUTCS B TOJHOM CO3HaHMHU. YacTh ero mosra mpoaoibKaeT (pyHKIMOHHUPOBATH B
gyeperne €ro MpeXHEro Tena, HO Jpyras 4YacTb YK€ COCTOMT W3 JJIEKTPOHHBIX 3JIEMEHTOB U
HAXOJIUTCSl BHYTpHU Tena poOota. Takas omepanus JacT 4YellOBEKY HE TOJIBKO POOOTHU3MPOBAHHOE
TEJO, HO W BCE IpeuMyllecTBa poOora: OeccMepTHEe B COBEPIIEHHOM Teje, O00JaJaroleM
cBepxuenoBeueckumMu crnocoOHocTsiMU. B XXI B. Takast omepanusi He CTaHET BO3MOXKHOM, HO B
XXII — MOXeT OBbITh.

Kpaitnuii crienapuii Takoro pojia npeaycMaTpruBaeT MOJHBIA OTKAa3 OT HAIMX HEYKIIFOKHUX TEN
U TpeBpalieHHe CO BPEMEHEM B YHCTO KOMIIBIOTEpHBIE MPOrpamMMbl, B KOTOPHIX Oyaer
3aKO/IMpOBaHa Hallla JUYHOCTh. MOXKHO OyIeT «3arpy3uThb» ceOs IIEIMKOM, BCIO CBOIO JIUYHOCTbH, B
KOMIIBIOTEP, U €CIH KTO-HHOYIhb HaXXMET Ha KJIaBHAaType 3TOTO KOMIIBIOTEpa KHOIKY C BallUM
MMEHEM, MallllHa CTAaHET BeCTU ceOsd Kak Bbl, BeIb €€ MaMsiTh OyJeT XpPaHUThb BCE OCOOEHHOCTH
Balleil JMYHOCTH. YenoBek cTaHeT OecCMEpTHBIM, HO OyleT CYIIECTBOBAaTh JIMIIb B 3aMKHYTOM
MHUpE KOMIIbIOTEpA, B3aUMOAEHMCTBYS C JAPYTUMH <«IIOAbMU» (T. €. C JPYrUMH IMpPOrpaMMaMiu) B
HEKOEM OTPOMHOM KHOEpIPOCTPaHCTBE — BUPTYAIbHOM peanbHOCTH. OH OTKaXeTCs OT TEJIECHOTO
CYILIECTBOBAHMS, 3aMEHHUB €T0 JIBUKEHHEM JIEKTPOHOB B TUTAHTCKOM KOMIIbIOTEpe. OKOHYATEIbHAS
cyap0a yenoBeKa B ATOM CIIEHApUHM — MPEBPATUTHCS B CTPOUKY KOJA OTPOMHON KOMITBIOTEPHOM
MPOrpaMMbl U TIPU 3TOM BECTH BUPTYaJIbHYIO TICEBIOTENECHYIO JKU3Hb B BUPTyaJlbHOM pato. OH
Oyzner oOMEeHMBAThCA ITTYOOKUMH MBICISAMHU C JAPYTMMHU CTPOYKAMHU MPOTPAMMHOTO KO/Ia U KHUTh B
WTI030pHOM Mupe. OH OyIeT coBepllaTh repondecKre MOJBUTH U UCCIIEeI0BaTh HOBbIE MUPBI, HE
oOpamias BHMMaHHMs Ha TO, YTO CaM OH — BCEro JIMIIb TaHEIl 3JEKTPOHOB BHYTPH HEKOETO
KoMIibtoTepa. KoneuHo, Bce 3T0 10 TeX Mop, MoKa KOMIbIOTEP KTO-HUOY/b HE BBHIKITIOUMUT.

OnHako cymiecTByeT mpobiema, KOTopas, CyAs M0 BCeMy, He MO3BOJMT 3aBECTH IMOJOOHBIE
CLEHAapUM CIMIIKOM Jaaneko: 370 [IpmHnmm nemiepHOro 4enoBeka. Mbl yXe TOBOPWIM, 4YTO
apXMTEKTypa Halllero Mo3ra COOTBETCTBYET 00pa3y >KM3HM NMPUMHTUBHOTO OXOTHHMKA-COOMpATers,
Beienmiero u3 Adpuxu 6omee 100 000 net Hazaa. Hammm 3aBeTHBIC KeJTaHUsI, alNIETUTHI U HYXIbI
c(OpMHpOBAINCh Ha TPABSIHUCTHIX PaBHUHAX AQpPUKH, IJie HAlIM JajJeKue NpeAKH yoeraau ot
XUIIHUKOB, BBICIIEKUBAIM U 3arOHSIIN J100bI4y, cOOMpaid MUY B JIeCy, UCKalIH cebe mapTHEPOB U
pa3BIEKAINCh y IPUBAIBbHBIX KOCTPOB.

OpHolt M3 MEepBUYHBIX HAIIUX MOTPEOHOCTEH, MPOYHO BIUIETEHHBIX B TKaHb MbICIEH H
MOJICO3HAHMS, SBJISIETCS KEJTaHUE XOPOLIO BHIMISAAETh, 0COOCHHO B IJ1a3axX MPOTHBOIMOIOKHOTO Moja
U CBEPCTHHUKOB. [ poMagHyI0 4acTh CBOOOAHBIX CPEICTB YEIOBEK TPATHUT (IIOCIE pa3BiieueHUi) Ha
COOCTBEHHYIO BHEIIHOCTb. VIMEHHO MO3TOMY Tak OBICTPO pa3BUBAIOTCS IUIACTHYECKash XUPYpPrus,
BCEBO3MOJKHBIE TEXHOJIOTMH OMOJIOXKEHUS, MPOU3BOJACTBO MPOIYKTOB YXOJa 3a JULOM U TEJIOM H



OICKbl Ha CaMbIi Pa3HbIM BKYC, a Takxke oOydeHHe TaHIaM, OOTMOWJIIMHI, MOJAHAs MYy3bIKa W
30pOBBIN 00pa3 Ku3HU. Ecliu cI0KUTH BCE 3TO, MOIYYUTCA TPOMAIHBIN CEKTOP MOTPEOUTENHCKOTO
PBIHKA, KOTOPBIH B CBOIO OYEPEh MOPOXKAAET 3HAUUTENBHYIO 10110 3kKoHOMUKH CIIIA.

Bce 310 03HauaeT, 4To, MOIYYHB BO3MOXKHOCTh CO3/1aBaTh HEallbHbIE, MOYTH OeCCMEpTHBIE
TeJa, Mbl, HE 3aXOTUM IEPEeCeNIAThCS B pOOOTU3UPOBAHHBIE OOOJIOUKH, €CIU MPH 3TOM Oyrnem
BBINVISJIETh KaK HEYKIIOKHE POOOTHI C TOpYAIIMMHU W3 TOJOBbI MMIUIaHTaMH. HuKTO He 3axouer
MOXOJUTh Ha Oeriera U3 HayuyHo-(aHTacTuyeckoro gpuiabma. Ecnu yx nepecensitbes B HOBOE Telo,
TO TOJBKO B TaKo€, KOTOPOE CleJaeT Hac MpPHBJIEKATENbHBIMH Ji1 MPOTHBOIOIOXKHOTO TOjia U
MOBBICUT Hallle PEHOME Cpead POBECHUKOB. B NpOTMBHOM cllyyae HOBBIE Tela OyIyT HaM He
HYykHBbI. Kakoil moipocTok 3axouer oOpecTH CBEpXCIOCOOHOCTH 3a CYET BHELITHETO BHa?

HekotopbiM mnucatensiM-paHTacTaM HpaBUTCS HAES O TOM, YTO MBI BCE CO BpEMEHEM
n30aBUMCS OT Tell M CTaHEM OeCCMEPTHBIMHM CYIIHOCTSMHM, BOIUIOIIEHUSIMU YHCTOTO pas3yma,
BHYTPU HEKOETO KOMIIBIOTEPA, MOrPY3UBLIMCH B pa3MbIIUIEHHs O BeyHOM. Ho KTo 3axouer Tak
KUTb? BO3MOXHO, HalM TMOTOMKM HE CTaHyT pewmarbh auddepeHanbaple ypaBHEHMUs,
OIMCBIBAIOIINE CTPYKTYpY YEpHOM IbIpbl. MoXeT ObITh, B OyaylieM JIIOAM HPEANouTyT Yalie
CIIyIIaTh POK-MY3bIKy COBEPIIEHHO CTAPOMOJHBIM CHOCOOOM, HEXEJIM PACCUUTHIBATH JIBUYKEHHE
AIIEMEHTAPHBIX YACTHIL, ’KUBS KAKUM-TO HEITOCTHXHMBIM 00pa30oM BHYTPH KOMITbIOTEpA.

I'per Crok (Greg Stock) m3 Yuusepcutera Kamudopuuu B Jloc-AHmxkenece 3aX0oquT eliie
jganbiie. OH CYMTAET, YTO B HAJAXKUBAHUM CBA3H YEIOBEYECKOIO MO3ra C CYyNEPKOMIBIOTEPOM HET
ocoboro cmbicia. On roBoput: «Korma s mpITarock Tymarh O MPEUMYIIECTBAX, KOTOPhIE MOT OBl
MOJTY4YUTh, €CIIH OBl MEX1Y MOMM MO3TOM M CYHNEepKOMIBIOTEPOM Obljla HaJlaKeHa MpsiMast CBS3b, S
OKa3bIBalOCh B TYIHKE, €CJIM IMbITAOCh HACTaUBaTh HAa JBYX YCJIOBHAX: YTOOBI 3THU MPEUMYIIECTBA
HEBO3MOKHO OBLIO MOMYYUTh KAKMM-TO JAPYT'MM, HEMHBA3UBHBIM CIIOCOOOM U YTOOBI OHU OKYTIAJIH B
MOUX TJ1a3aX HEeyN00CTBa, CBA3aHHBIC C HEUPOXUPYPIUUIECKOU OTepariuein.

Tak 4TO, XOTS BO3MOXKHOCTEH B OyyIeM NMpOCMaTpUBAETCS HEMAJNO, sl JINYHO CYUTAIO, YTO
HanOoJiee BEpPOSTHBIM MyTh — pa3paboTka W3HAYAIBHO OJarokenaTeNbHBIX M JIPY>KeCTBEHHBIX
pPOOOTOB M yAydIlIEeHHE HAIUX (PU3NYECKUX BO3MOXKHOCTEH, — HO JIMIIb B TOM Mepe, B KaKOW 3TO
He mpoTtuBopeuuT [IpuHIuny mnemepHoro yenoBeka. YenoBeK ¢ yIOBOJILCTBHEM MONPOOOBai Obl
MOXHTh JKU3HBIO CyNeppoOOoTa MpHU MOMOIIM CYyppOraTHOro Tella, HO HUKOIJAa He TMOiAeT Ha To,
YTOOBI TIOJTHOCTBIO NEPECENUTHCS B KOMITBIOTEP WJIM U3MEHUTH CBOE TEJIO /10 HEY3HABAEMOCTH.

Py0e:xu Ha IyTH K CHHTYJISIPHOCTH

Hukro He 3HaeT HaBepHsKa, KOTa poOOThl CMOTYT CPABHSTHCS C YEJIOBEKOM I10 MHTEJUIEKTY.
OnHaKo 51 TMYHO OTHEC ObI 3TO COOBITHE HA KOHEIl HBIHEIIHET0 BeKa 0 HECKOJIbKUM MPUYHHAM.

Bo-niepBbIX, MOpa3UTENbHBIE YCIEXH KOMIBIOTEPHBIX TEXHOJOTHHA B 3HAUUTEIBHON CTEICHH
o0bscHsI0TCS 3akoHOM Mypa. Ho rae-to B 2020-2025 rT. 3aaHHBIE UM TEMITbl Pa3BUTHsSI HAYHYT
3aMEIISATBCS, @ B KAKOHW-TO MOMEHT POCT, BO3MOXHO, COBCEM OcTaHOBHUTCS. [loaTomMy HescHO,
MOXEM JId MBI JOCTOBEPHO OLICHUBaTb CKOPOCTb HOBBIX KOMIIBIOTEPOB IIOCIE€ OTOW JaThI.
(Mudopmanmio o nocTkpeMHHUEBOH 31oxe cM. B mase 4.) [Ipu Hanvcanuy 3TON KHUTH ST HCXOIWI U3
NPEANONIOKEHU O TOM, YTO MOIIHOCTh KOMIIBIOTEPOB OyleT NpoaoKaTh pacTH, HO Ooree
MEUICHHBIMHA TEMITAMH.

Bo-BTOpBIX, ake €CiIM KOMITBIOTEPhI HAYy4YaTcsl CYMTATh ¢ (PAHTACTUYECKON CKOPOCTHIO BpOJiE
1016 omepanuii B CeKyHIy, 3TO He OyAeT 00s3aTeIbHO O3HauaTh, YTO OHM cTainu ymMHee Hac. K
npumepy, Deep Blue, xomnbrorep-maxmaruct ¢upmsl IBM, cnocobGen npoananusuposars 200
MUJUJIMOHOB TMO3MIIMHA B CEKyHAY U OObIrpaTh 4yemnuoHa Mupa. Ho, HecMOTps Ha BCIO CBOIO
CKOPOCTb M BBIYUCIUTENBHYIO MOIIb, 3TOT KOMIBIOTEP OOJIbIIIE HUYETO JIeNaTh He yMEeT. A MBI yKe
3HAaeM, YTO MCTHUHHBIM pa3syM — 3TO HEUYTO ropasfo Ooibliee, 4eM MPOCTO Mepedop U aHaiu3
IIaXMaTHBIX MTO3ULUH.

K npumepy, cpenu ayTHCTOB BCTPEUAIOTCS 3PYAUTHI, CHOCOOHBIE TBOPUTH Uyeca C YUCIAMHU U
3allOMUHaHKUEM JaHHbIX. HO 3THM mrofsiM ObIBaeT TPYIHO 3aBA3bIBATH IIHYPKHU, HAUTH paboOTy WM
*uTh B oOmecTBe. [Tokoitapiit Kum [Tnk — denoBek HaCTOIBKO HEOOBIYHBIN, UTO CTaJ IPOTOTUIIOM



IJIaBHOTO repos guibMa «YenoBek J0xKIs1», — MOMHUI Kaxaoe c¢iaoBo u3 12 000 kHUr u crocobex
OBLT IPOM3BOJNTH BBEIYUCIICHUS, TPOBEPUTH KOTOPBIE MOT TOJBKO KOMITbIOTep. Tem He meHee ero 1Q
paBHsIcs 73, eMy OBUIO CIOXXHO MOJJIEP>KUBATh Pa3roBOpP M, YTOOBI BBDKHUTH, OH HYXKJAlCid B
MOCTOSTHHOM 1oMotn. be3 moanepxku oTia oH ObLT IpakTH4ecKu OecroMomieH. MIHpIME clioBamu,
CBEpXOBICTphIE KOMITBIOTEpHl Oyaymiero OyIyT IOXOXH Ha TeHHMEB-ayTHCTOB; OHH CMOTYT
3allOMMHATh TPOMAJHOE KOJIMYECTBO HH(GOpMaluu, HO HE CIOCOOHBI OyAyT CaMOCTOSITEIbHO
BBDKUTH B PEAJIbHOM MHUpE.

Jlaxke eci KOMITBIOTEPBI CPABHSAIOTCS C YEITIOBEYECKUM MO3TOM IO CKOPOCTH BBIYHCIICHUH, UM
BCE paBHO OyJeT He XBaTaTb HEOOXOIMMBIX MpOTrpaMM, 4TOOBI Bce 3T0 3apaborano. CKOpoCTb
BBIYMCIICHUI — BCETO JIMIITh HA4ajo JOJITOTO MyTH.

B-TpeThux, maxe eciau pasyMHble pOOOTHI BO3MOXKHBI, HEM3BECTHO, CIOCOOEH JU POOOT
M3TOTOBUTH COOCTBEHHYIO KOTIHIO, KOTOpasi OyeT yMHee opuruHaia. MareMaTnaecKuid ammapar s
CaMOBOCIIPOU3BOAAILINXCST POOOTOB ObLIT pa3paboTan MarematukoMm JlxonoMm ¢on Helimanom (John
von Neumann), u3obperaresieM TEOPUN UT'P U YUaCTHUKOM Pa3pabOTKH NEKTPOHHOTO KOMIBIOTEPA.
OH mnepBBIM TOAHSI BONPOC OO0 OMNpEAeNeHMH MHUHHMAJIbHOTO YHCIA HCXOIHBIX ITOCBIIOK,
HEOOXOMMBIX JIJII TOTO, YTOOBI MalllMHAa MOTJIa BOCIpom3BecTH cama ceOs. Omgnako Heliman
HUKOI7Ia HEe OOpaIajcs K BOIPOCY O TOM, CMOXKET JH poOOT clenaTh CBOIO KOMHUIO yMHee ceOs.
bonee Toro, cama «pa3yMHOCTb» — IOHSATHE CIOPHOE M OOIIETIPHHATOTO €r0 ONpeNeNIeHHs He
CYIIECTBYET.

KoHeqHO, MOXXHO CMeENIO MPEANON0KNTh, YTO POOOT CyMeeT CO3JaTh KOMHIO ceds, cymeer
CHaOUTh ee 6ojee eMKOM MaMsIThIO U JTYYIIUMH BBIYACIUTEIbHBIMUA BO3SMOXKHOCTSMU — JJIS1 3TOTO
JIOCTAaTOYHO OyJeT 100aBUTh B CTPYKTYPY JOTOIHUTENbHBIC YHITbl. HO 03HAa4aeT i 3TO, UTO KOTHS
Oyzner yMHee opUrMHasia Ui npocto OsicTpee? K mpumepy, KaabKylsTOp CUMTAaeT B MUJIJIMOH pa3
ObICTpee YeoBeKa, HO CKa3aTh, YTO OH YMHEE, He TIOBEPHETCS S3bIK. Tak 4To pasyM, OUYEBUIHO, —
9TO HEYTO OoJblIee, YeM MPOCTO CKOPOCTh U OOBEM MaMSTH.

B-ueTBepThIX, Jake €CIW BBIYHCIUTEIBHBIE MOIMHOCTH KOMIIBIOTEPOB OyIyT pacTu
HKCIIOHEHIIMAIBHO, IPOrpaMMHOE 00eclieueHHe MOXKET 33 HUMH U He ycreTb. Eciau BO3MOXHOCTH
KOMIIBIOTEPHOTO  <OKelle3a» JIONITOe BpeMs pa3BUBAIACH 3a CYET MHUKPOMUHHATIOPH3AINN
TPAH3UCTOPOB M COBEPLICHCTBOBAHUS TEXHOJIOTMU IPOU3BOJICTBA, MO3BOJISBIIMX pa3MellaTh Ha
OJTHOM ¥ TOW K€ TOIUIOKKE BCE OOJIbIIEe YHCIIO AIIEKTPOHHBIX AJIEMEHTOB, TO C MPOTPAaMMHBIM
obecriedeHneM Bce MHade. /g ero co3gaHMs HYKEH UYelIOBEK, KOTOPBIA CAIET 3a CTOJN, BO3bMET
KapaHJalml ¥ COYMHNAT TPOTPAMMHBIN KO/I. DTO M €CTh CaMO€ ITIaBHOE OTpaHUYEHHE: YETTOBEK.

[TporpamMHOe obecriedeHne, Kak U Jr00ast TBOpUYECKast A€ATEIbHOCTb YeIOBEKa, Pa3BUBACTCS
CKaYKaMH; 371eChb ObIBAIOT OJIECTSIINE O3apEHUs U JOJITHE TIEPUOABI 3aCTOSI I MOHOTOHHOW paboTHI.
Ecnu B »1eKTpoHMKE KaK TAaKOBOM JOCTATOUYHO OBIJIO HAyYUTHCS BBITPABIMBATH Ha KPEMHHUEBOM
MOJUIOXKKE Bce Ooubliie U OoJble TPaH3UCTOPOB — M 3[1eCh 3aKOH Mypa padoTtain Kak yackl, — TO
YPOBEHb MPOrPaMMHOT0 00eCIeYeHUsl ONPEAEsIeTCS TAKUMHU HEMPEeICKa3yeMbIMH KadeCTBaMH, KaK
YeloBeYecKass KpEaTMBHOCTh W HacTpoeHHe. [lodToMy Bce Tpencka3aHusi, Kacarolluecs
CTaOMIJIBHOTO 3KCIOHEHIMAIFHOTO POCTa KOMITBIOTEPHBIX MOIIIHOCTEH, CIEAYEeT OLIEHUBATH TPE3BO.
Ilems HE MOXET OBITH MPOYHEE CaMOTo CIabOro CBOEro 3BEHA, a C1aboe 3BEHO KOMIbIOTEpa —
IpOrpaMMHOE 00eCIeueHHe, KOTOPOE CO3AI0T JIIOAH.

B TexHHKe pa3BUTHE YacTO WUAET IO YKCIIOHEHTE, OCOOCHHO €CIIM Pedb UET BCETO-HABCETO O
MOBBIIIEHUH 3(P(PEKTUBHOCTH TEXHOJOTHUECKUX IMporeccoB. OIHAKO Koraa JAeiao JOXOAUT JI0
(byHIaMEHTAILHBIX UCCIEAOBAHUIMA, T/IEe TPYIHO 000WTHCH O€3 ymauu, MacTepCcTBa M HEOXKHUIaHHBIX
TeHUAIBHBIX MPO3PEHUl, peub MOXKET UATU CKOPEe O «IPEPHIBUCTOM PaBHOBECHUW», KOTJA JIOJTOE
BpeMsl TIOYTH HUYETO HE MEHSETCs, a 3aTeM BIPYT MPOHMCXOJUT MPOPBIB, KOTOPHIA TOIHOCTHIO
MEHsIET BCIO KapTuHY. Ecii B3MIsIHYTh Ha ucTopuio (hyHJaMEeHTalIbHBIX UccienoBaHuii oT HeioToHa
0 DWHIITENWHA W J0 HalIMX JHEH, CTAaHOBUTCS IMOHSTHO, YTO IPEPBHIBUCTOE paBHOBecHe Oolee
TOYHO OMHUCHIBAET CHIOCO0 Pa3BUTHS HYHAAMEHTAIBHOW HAyKH.

B-naThIX, KaK MBI YK€ BHJIEIH B UCCIIEIOBAHUAX TI0 PEBEPCUBHOMY MPOCKTHPOBAHHIO MO3Ta,
Ype3BbIYANHO BBICOKAsi CTOMMOCTB U MPOCTO MaciuTad MpoeKTa, Mo Bcel BUIMMOCTH, OTCPOYAT €ro
peanuzanuio 10 CepeauHbl BeKa. A 3aTeM HAacTyHmHUT Bpemsi 00paOOTKH JIaHHBIX, KOTOpas TOXeE



MOKET PACTSIHYTHCS HAa MHOIO JECATUIIETHHI, U B PE3yIbTaTe IOJIHAS MOZEIb MO3ra, CKOpee BCEro,
OyZleT co3/1aHa JIMIIb K KOHILY TEKYIIETro CTOJIETHS.

B-1ecTeIx, BEposTHO, HE Oy€T HUKAKOTO «OOJIBIIOTO B3pbIBaY, KOIJIa MAIIMHBI BAPYT, B OJUH
JieHb, 00peTyT co3HaHue. Kak mpex/e, eciau Mbl YCTAaHOBHM, YTO CO3HAHHUE 00SI3aTE€IbHO BKIIIOYAET
COCOOHOCTh MJIAHUPOBATh Oynyllee MpU MOMOIIM MOJEIUPOBAHMS, MOTYYUTCS, YTO CYIIECTBYET
1enast 1Kajga CO3HaHus, IeJIbli CIIeKTp ero ypoBHel. MaiuHel OylyT MEJUIEHHO JIBUTaThCs 110 3TOM
IIKaJie BBEPX, U YEJIOBEK YCIEET MOATOTOBUTHCS. S CUMTAIO, YTO 3TO MPOU30MIET ONMKE K KOHILY
BEKa, TaK 4YTO BPEMEHU Ha OOCYX/IeHHE BCEBO3MOXHBIX BApUAHTOB U MyTeH y HAC JOCTATOYHO.
ChHavyana y poOOTOB MOSIBUTCA HeKas (GopMa «KPEMHHUEBOTO CO3HAHMS», U TOJIBKO MOTOM —
HACTOSIIIIEE YEIOBEYECKOE CO3HAHNE.

Ho 3pmecp Bo3HuMkaeT napyrod Bompoc. Hapsangy ¢ MexaHMYecKUMH — crocobaMu
YCOBEpPIIEHCTBOBATh TEJIO YeJIOBEKa CYIIECTBYIOT U Ouoornyeckue cnocoosl. bonee Toro, Bech Xox
HBOJIOIIMM OCHOBBIBAETCS Ha OTOOpE JIydlIMX TE€HOB — TaK IoueMy OBl 4YeJIOBEeKy He
«TIEPENPHITHYTHY Yepe3 MUJUIMOHBI JIET SBOJIIOIMM W HE B3ATh O] KOHTPOJb COOCTBEHHYIO
TeHETUYECKYIO CYILO0Y?

3. byayuwee MmeaguLMHDI
CoBeplueHCTBO U aanee

Hu y xoco ne xeamaem 0yxy ckazams 9mo 6CIYX, HO eclu Obl Mbl
MO2TU VIYHWUIND YEL0BEHECKVIO NPUPOOY, HAVHUSUWIUCL 000ABISMb 2€Hbl,
mo noyemy Ovl Ham 3Mo20 He coenams?

Hsxeiimc YorcoH, HoOesieBCKMId Jiaypear

Ha camom Oene s ne oymaio, umo uenogeveckoe meno COXpauum om
Hac KaKue-mo cexpemul 00 KOHYA MeKyue2o 6exa.

A nosmomy e6ce, umo Mbl CcymeeM HpUOYMamv, GEPOSMHO,
6ONIOMUMCSL 6 PEATIbHOCTb.

JoBua baarumop, HoOeneBCcKuii aypear

A ne oymaro, ymo eépems yoce HACMA0, HO OHO bausko. A 6orwcy, K
Hecuacmvio, uYmo NPUHAONeNCYy K NOCLeOHeMY HOKOLEHUI, KOMOpomy
CYHCOEHO yMepenb.

:xepanna CyccmaH

Muduaeckue 6oru 001a1amM aOCOMOTHBIM MOTYIIIECTBOM: BIACThIO HAJl )KH3HBIO M CMEPTHIO,
CIIOCOOHOCTBIO HCILENATh OONBHBIX M TMPOUIATH KU3Hb. [lepBoli B YEIOBEYECKUX MOJIUTBAX,
oOpareHHbIX K 00oraM, ObuTa MOJTb0a 00 M30aBICHUH OT OOJIE3HEH U HEMOIITH.

B rpeueckoif 1 puMckoil MudoIoruu ecth Jiereaa 006 Doc, mpekpacHoi O00oTWHE yTpeHHEH
3apu. OgHaxapl OoHa 0€3 MaMATH BIOOWIACh B CMEPTHOTO Kpacabia Tudona. Doc, KOHEYHO,
obnajana COBEPILIEHHBIM TeJIOM M Obula OeccMmepTHa, HO TudoH momkeH OB CO BpeMEHEM
MOCTapeTh, YBSIHYTh M yMepeTb. BoruHs pemmia cracTd BO3TMIOOJIEHHOTO OT 3TOM IMe4albHOM
cyns0bl. OHa ymonuna 3eBca, orua Ooro, mapoBarh Tudony Oeccmeprre, 4ToObl OHHM MOINIU
MIPOBECTH BMECTE BEUHOCTh. CHkaMBIINCH HAJl BIIOOJICHHBIMU, 3€BC UCIIOIHUI MPOCKOy Joc.

Opnako Doc B cremke 3a0blIa MOMPOCUTH 3€BCAa O BEYHOM MOJOJOCTH JiI CBOETO
Bo3moOneHHoro. Tak urto Tudon cram GeccmMepTHBIM, HO €ro Teno cocrapuwioch. OH HE Mor
yMepeTh, HO TEJIO CTAPUIIOCh BCE CHIIbHEE, M €MY IPUIILUIOCH BEYHO JKUTh B OOJH U CTpalaHUU.

NmenHo Takoil BBI30B CTOUT mepen MmeauiuHckor Haykod XXI B. McciaenoBarenu HaydrJInCh
YUTATh KHUTY JKU3HU, KOTOpas BKIIOYAET B Ce0sl MOJMHBIA T'€HOM YeJOBEeKa M 00emIaeT UyJIeCHBIC
JOCTIKEHHUS! B MOHMMAHUU Tpoliecca crapeHus. Ho mposienue xu3Hu 0e3 310pOBbsS U SHEPTUU
MOXET CTaTh HE BEUHBIM 0Jarom, a BEUHbIM HaKa3aHUEM, B yeM U yoemuics mududeckuit Tudon Ha



COOCTBEHHOM TOPHKOM OIIBITE.

K KOHIly TeKyIlero cToyieTusi 4elIOBEK TOXe OOpEeTeT B 3HAUUTENIBHON CTENEHU MU(PHUUECKYIO
BJIACTh HAJl )KU3HBIO U cMepThio. 1 BacTh 3Ta He OyneT orpaHnyeHa ucieneHrueM 6onbHbeIX. Her, ee
MOKHO OynieT oOpaTuUTh Ha COBEPIIEHCTBOBAHUE YEJIOBEYECKOIO TeJla U Jake Ha CO3/1aHHE HOBBIX
¢dopm xu3HH. ONHAKO JOCTUTHYTO 3TO OyleT HE MOJMTBAMHU M 3aKJIMHAHUSAMH, a Omaronmaps
gyriecaM OMOTEXHOJIOTHUH.

Cpenu y4yeHbIX, pacKpbIBAIOIIMX TailHBI >KU3HM, MOXHO Ha3zBaTh PoOepra Jlanmy (Robert
Lanza) — dvemoBeka, KOTOpbIN Bcerma crnemwut. JlaHia mpUHAAIEKUT K OHOoIoraM HOBOTO THIIA,
MOJIOJBIM, SHEPTUYHBIM M IIOJIHBIM CBEKHX HIEH. Briepenu Tak MHOro MpOpBIBOB M 03apEHMM, a
BpeMeHHu Tak Maio! JlaHma paboTtaeT Ha ocTpue OHMOTeXHOJOoTHYeCKo peBomoruu. Kak pedeHok B
KOHJHMTEPCKOM J1aBKe, OH C PaJOCTHBIM HETEpIIEHUEM OpocaeTcs MCCel0BaTh HOBbIE TEPPUTOPHUH,
Jienas 1o IMMyTH OTKPBITUSL B CAMBIX Pa3HbBIX «TOPIYUX» 00JIACTAX.

[Toxonenue wim ABa Ha3aa OMONIOTUYECKast HayKa BBIIVIs/IENa COBEPIIEHHO HHave. buosoru He
Ccrela MCCleI0Ball KaKUX-HUOYIb MaJOM3BECTHBIX YepBEW HIIM JKYKOB, TEpPIEIMBO M MOIPOOHO
M3y4dajy UX aHaTOMUIO U JOJITO MPUAYMBIBAJIMN JJI HUX JIATUHCKHUE HAa3BaHUS.

JlaHIa HE TaKoOB.

S moznakommics ¢ JlaHna B pajgMoCTyAMH, Ii€ JOJDKEH ObUT B3ATh Y HEro MHTepBbIo. OH
Cpa3y k€ TMpoM3Bel Ha MEHS CWJIbHOE BIIEYATJIEHHE CBOEH MOJIOOCThIO M Oe3MepHOi
n300peTaTenbHOCThI0. B TOT MOMEHT OH, Kak OOBIYHO, pa3phIBAICS MEXIY HECKOIbKUMHU
skcnepuMeHTamMu. OH paccka3al MHE, YTO €ro JesATeNbHOCTh B 3TOM CTPEMUTENIBHO
pa3BUBarOIIEics OOMaCTH Hayalach CaMbIM HEOOBIYHBIM 0O0pa3oM. JlaHia BBIpOC B CKPOMHOM
paboueli cembe K 0ry oT bocToHa, rje Majo KTO MOcje LIKOJIbl MpoaoKal yueOy B KOJUIEIKE.
Onnako ciydailHO ycibllIaHHOE coobuieHne o packpeituu TaiiHbl JIHK Hactonpko mopasumio
IIKOJIbHUKA, YTO Cynb0a ero Obuta pemieHa. PoOepT pemmi KJIOHHpPOBaTh y ceOs B KOMHATe
1plIeHKa. OIIeIOMIIEHHBIE POJUTENN HE IOHUMAIH, YEM 3aHMMAETCs ChIH, HO MEIIaTh HE CTAJIN.

TBepno pemmB OCYyIIECTBUTH CBOM MpOeEKT, JlaHma moexan B I'apBapICKUil YHUBEPCUTET 3a
coBeToM. Hukoro TaMm He 3Hasi, OH CIIPOCHJI Y KaKOT0O-TO MY>KUYMHBI, KOTOPOTO MPHUHSII 3a IIBeHLapa,
KaK IPOUTH TyJla-TO U TyAa-TO. 3aMHTPUTOBAHHBIN «IIBEHIIap» MPHUBEII MOAPOCTKA B CBOM KaOWHET.
[To3xe Jlanna y3Hau, 4To «IIBeilap» Ha caMoM Jiesie ObLI CTapIIMM COTPYIHUKOM HYXHOH emy
naboparopuu. OH MO3HAKOMHUJI JEP3KOTO U YHPSIMOTO IIKOJIbHUKA C JIPYTMMH YYEHBIMU, B TOM
YHCIIe ¢ UCCIEA0BaTeIsIMU HOORIEBCKOrO MaciTada, U 3TO MOJTHOCTHIO U3MEHHUIIO JKU3HB MOJIOAOTO
yenoBeka. JlaHia cpaBHMBaeT cebs ¢ repoem Matrta [[piiMona B punibMe « YMHUIIA Yusn XaHTHHTY,
I7ie HepSIUIMBBIM YIUYHBIM MOIPOCTOK U3 pabouero paiioHa mopaxkaeT npodeccopoB MIT cBoum
MaTeMaTH4YE€CKUM T'€HUEM.

Ceronns Jlannia — crapmuii HayuHbsli coTpyaHuk ¢pupmbl Advanced Cell Technology, Ha ero
cueTy COTHM nyOnukauuid u uzoOperenuil. B 2003 . oH cTanm repoemM ra3eTHBIX 3aroJOBKOB.
3oomnapk Can-/luero obparmics K y4eHOMY ¢ NpochOOil KIOHMpOBaTh OaHTEHra — BUJ JTUKUX
OBIKOB, KOTOPOMY I'PO3HUT BBIMUPAaHUE, — W3 TYIIU OblKa, ymepiero 25 et Hazaj. JlaHna ycrnemHo
BBIJICJINJ U3 3aMOPO’KEHHBIX TKaHEW KJIETKH, IPUTO/IHBIE K UCTIOJIb30BaHUIO, 00padoTal U OTHPaBUII
TOTOBbIE OIJIOJJOTBOPEHHBIE KJIETKH Ha ¢epmy B mTare IOTa, rne 3apoasiiy ObLIM MOACAKEHBI B
MaTKy KopoBbl. Uepes aecaTh Mecslues JlaHla noay4yusl U3BECTHE O POKIEHUHM CBOETO MOCIEIHETO
TBOpeHusa. OTHOBPEMEHHO OH MOr paboTaTh Haj «UH)KeHepuel TkaHei». Co BpeMeHeM Ha 0Oasze
ATOM TEXHOJOIMM, BO3MOXHO, OyJIeT co3JaHa MacTepcKas IO BBIPAIIMBAHUIO YEJIOBEUYECKHUX
OpraHoB, I7le KaXJblii CMOXET 3aKa3arh JJIsl ce0s HOBbIE OpPTaHbl JJI1 3aMEHbl M3HOIIEHHBIX WJIU
OOJIbHBIX, BBIPAIIICHHBIE U3 HAIIMX COOCTBEHHBIX KJIETOK. U TyT ke — paboTa HaJl KIOHUPOBaHUEM
KJIETOK YeJOBEYeCKOro 3apojpima. JlaHua OblT Y4IEHOM TOH HCTOPHUYECKON KOMaH/Abl yUYEHBIX,
KOTOpasi BIIEPBbIE B MUPE KJIOHUPOBaja YEJIOBEUECKUN 3apOJBIII C LENBIO MOJYyYEHUS! CTBOJIOBBIX
KJIETOK.

Tpu 3Tana pa3BuTna MeauUnHbI

PoGepty Jlanne ynanock oceanaTh NPHUIMBHYIO BOJIHY OTKPBITUH, MOPOXKIEHHBIX PACKPBITHEM



taiin JIHK. Vctopuuecku B pa3BUTHH MEIUIIMHBI B UEIOBEYECKOM OOIIECTBE MOXKHO BBIJEIUTH 110
KpaliHell Mepe Tpu KpYyMHBIX 3Tarna. Ha mepBoM 3Tame, mMpoaoiiKaBIIeMCs JECATKH THICSY JIET, B
MEUIMHE HAPWIH CYEBEPHE, KOJIJIOBCTBO U CIIYXHU. BOJNBIIMHCTBO A€TE yMUpaIo MpU pOXKIACHUH, a
OKHJaeMas TPOJODKUTEIIHOCTh JKU3HU Konebanack or 18 mo 20 ner. B atoT mepuwon Owum
OTKPBITHI KO€-KaKH€e IOJIE3HbIE TPaBbl U XUMUUECKUE BEUIECTBA, TAKUE KAK aCHUPUH, HO HAYYHOTO
METOJIa TIOMCKa HOBBIX JICKAPCTB M CIIOCOOOB JIeUeHHUsS HE cymiecTBoBajo. K HecuacTero, o0ObIe
CpPEICTBa, KOTOPbIE IMO-HACTOSALIEMY TMIOMOTJIM, CTAHOBUJIMCh THIATENIbHO OXPaHSIEMbIMHU
cekperamu. UToOBI 3apaboTaTh, «Bpauw» MOJDKEH ObUT yroXKJIaTh OOTaThIM IMAaIlMEHTaM, a PEIeNThI
CBOMX MUKCTYp U 3aKJIMHAHUS XPaHUTh B TITyOOKOH TaifHe.

B »TOoT mepuon oauH M3 OCHOBareled 3HAMEHWTOM HBIHE KIMHUKA Mbio, mnocemas
MAIUEHTOB, BeNl JIMYHBIA THEBHUK. TaM OH OTKPOBEHHO MHCaJ, YTO B €r0 YepHOM BpauyeOHOM
YEeMOJIJaHYMKE €CTh BCETO J[Ba JIEUCTBEHHBIX CpPeACTBa: Muia u Mopduid. [Tuny o ucnons3oBan st

aMIyTallid TOPaKEHHBIX OpPraHoB, a Mophuil — I 00e300MMBaHUA TIPU aMIyTalUA. JTH
cpencTBa paboranu 6€30TKa3HO.

Bce ocranpHOE B 4epHOM 4YeMOJaHUMKE, TPYCTHO 3aMedall JOKTOP, — 3TO 3MEUHBIN KU U
IIapJIaTaHCTBO.

Bropoit sTan pa3zButus MenunuHbl Havyancs B XIX B., korna nosiBUigach MUKpOOHasi Teopus
Oone3Heil U chopMUPOBATTUCH MIPEACTABICHUS O ruruene. OxunaeMas NpoJOKUTEIbHOCTD KU3HU
B CHIA B 1900 . cocraBuna 49 ner. B EBpone Ha momsx cpaxkenuil IlepBoii MUpOBOI BOMHBI
YMUpPQJIM JIECATKH THICAY COJIJAT, U BO3HHMKJIA HYXJa B HACTOSALIEH MEIUIMHCKOM Hayke, B
IIPOBEJCHUM PEAIBHBIX SKCIEPUMEHTOB C BOCIPOU3BOAMMBIMHU PpE3yJIbTaTaMH, KOTOPBIE 3aTEM
MyOJIMKOBAJIUCh B MEUIIMHCKUX KypHanax. EBponeiickue Kopoiu B y)kace HaOMoAanu, Kak THOHYT
UX JIydllMe ¥ yMHEHIIMe MOJIJaHHble, U TpeOOBaJdM OT Bpauell HACTOSIIMX PE3YJIbTAaTOB, a He
nycTbix QokycoB. Temepb Bpauu, BMECTO TOTO YTOOBI YroXAaTh OOraTbIM MOKPOBUTENSM,
CpaXkaJIMCh 3a NIPU3HAHHUE M CJIaBy IPU MOMOIIM CTaTe€l B CONMIHBIX PELEH3UPYEMBIX KypHAJIaX.
Tax OblTa MOArOTOBJIEHA IUIaTGopMa Ui MPOJIBHKEHHS AaHTHOMOTHKOB M BaKLUH, KOTOpHIE
YBEJUYMIIH 0’KUIAEMYIO MTPOIOJKUTENIBHOCTD XKHU3HH 710 70 neT u bornee.

TpeThs cTanus pa3BUTHS — 3TO MOJIEKYsIpHasi MeIuIuHa. MBI ceroHsl HabIr01aeM CIHUSIHUE
MEIUIUHBI U (PU3UKH, BUAUM, KaK METUIIHA IPOHUKAET BIIIyOb BEIIECTBA, K aTOMaM, MOJIEKYJIaM U
reHaMm. OTOT HMCTOpUYecKui mepexon Havancs B 1940-e 1T, xorga aBcTpuilckuit Qu3uk DpBUH
pénunurep, oMH U3 OCHOBATENIel KBAaHTOBOW TEOpPHUH, HamMcal BOCTpEOOBaHHYIO KHUTY «UTo
Takoe *u3Hb?». OH OTBEPT NMPEACTABICHUS O TOM, YTO CYIIECTBYET KAKOH-TO TAWHCTBEHHBIN IyX,
WIN KU3HEHHAs CHJIa, KOTOpas MPHCYIa BCEM JKUBBIM CYIIECTBAM M KOTOpasi COOCTBEHHO U JENIaeT
UX KUBBIMU. BMecTO 3TOr0, paccyxaai y4eHslil, BCsA )KM3Hb OCHOBAHA HA HEKOEM KOJIE, & KOJ ATOT
coiepkuTcsl B Mosiekysie. OOHapyXHUB ee, OH INpearnojarai, yTo pasrajgaer TaiHy Obitus. Ousuk
®poucuc Kpuk (Francis Crick), BrnoxHoBneHHblii kHuroit llpénuurepa, oObequHMI YCHIHS C
reHeTukoM JDkeiiMcoM YOTCOHOM, YTOOBI JJOKa3aTh, YTO ATOM CKAa30YHOW MOJIEKYIOH SIBISIETCS
mosekyina JIHK. B 1953 1. 6bu10 caenano oHO U3 BaXKHEHIITUX OTKPHITHI BCEX BpPEeMEH — YOTCOH H
Kpuk packpsuin ctpyktypy AHK, umeromyro ¢popmy aBoitHoi cniupanu. Jnuna oguoit autku JJHK
B pacllyTaHHOM BHJ€ COCTaBJIsieT OKOJIO JBYX MeTpoB. Takas HUTKa NpeacTaBiseT co0oit
MOCIIEIOBATEILHOCTD M3 3 MIIPJ] a30TUCTBHIX OCHOBaHMMU, KOTOpble 0003HauyatoTcst OykBamu A, T, C,
G (ageHWH, TUMHUH, UUTO3MH W TyaHMH) M HeCyT B ce0e 3aKoJMPOBAaHHYI HH(OpPMAIHIO.
PacmngpoBaB TOUHYIO MOCIIEAOBATEIbHOCTh a30THCTHIX OCHOBaHUU B nemnouke JIHK-monekyssl,
MO>KHO MPOYECTh KHUTY KU3HHU.

CTpeMHTENbHOE pPa3BUTHE MOJEKYISPHOM TE€HETUKM IIPUBEIO B KOHILE KOHLOB K
BO3HHMKHOBEHHIO MPOEKTa «] €HOM YesIOBeKa» — BAXKHEHIIEH BEXW B UCTOPUU MENUIMHBL. YaapHas
porpamMMa CEKBEHHUPOBAHHUS BCEX F€HOB YEJIOBEUECKOro OpraHu3Ma o0oIuIach NpUMEpPHO B 3 MIIp]
JIOJUTapOB W BKJIIOYaia B cebe paboTy COTEH YUYEHBIX MO BCEMY MHpY. YCIEIIHOE 3aBeplIeHUE
npoekrta B 2003 1. 03HaMEHOBAJIO Ha4aJI0 HOBOM AMOXH B Hayke. CO BpEMEHEM y KaXJI0T0 YeJ0oBeKa
MOSIBUTCS JIMYHAs KapTa reHoMa Ha 3JeKTpoHHOM Hocutene Bpoae CD-ROM. B sr1oit kapte Oyayt
3anucaHbl Bce mnpumepHo 25000 reHoB MAAaHHOTO 4YENOBEKAa, M OHA CTaHET Uil KaXJ0ro
CBOE0OpA3HON «MHCTPYKITUEH IO MPUMEHECHHIOY.



HoGenesckuit naypear [I»Bun bantumop o00600miun Bce BbIIECKa3aHHOE OAHOM (pa3oil:
«CerognasmrHsss OMOIOTH — 3TO HHPOPMAIMOHHAS HAYKa.

Bnunxanwee Bpems
(c HacTosiLwero momeHTa Ao 2030 r.)

I'enoMHast MeTUIIHHA

JIBroKyIIel CUIION CETOQHSIIHErO B3PBIBHOTO Pa3BUTUS MEAMIMHBI SBISIFOTCS, B YaCTHOCTH,
KBAHTOBAsl TEOpHUsl U KOMIBIOTEpHAs peBomolus. KBaHToBasi Teopus ana 4eJoBeKy MOpa3uTeIbHO
noApOOHBIE MOJIENH MOJIEKYSPHOM CTPYKTYphl — HamlpuMep, CTPYKTYpbl OEKOB M MOJIEKYIIbI
JHK. Mg1 3HaeMm, Kak IMOCTPOUTH MOJIEKYITY JKM3HHM, aTOM 3a aTOMOM. A CEKBEHHPOBAHHUE I'€HOB,
KOTOpO€ Tpexkae Obulo JONTOH, HYIHOW M JOpOrod MpOLEAypoOH, Temepb MOJHOCTHIO
aBTOMAaTHU3UPOBAHO M MPOU3BOAUTCA poboTamu. IlepBoHauaabHO CEKBEHHMPOBAHHE BCEX I'€HOB B
TeJIe OJIHOTO YeJIOBEKa CTOMJIO HECKOJIBKO MMJUIMOHOB JIOJUIApOB. DTa Mpoleaypa Obula HACTOIBKO
JIOpOTOH U JUIUTEIBHOM, UTO JIUIIb TOPCTKA JIIOEeH B MUpe (BKJIIOUask YUE€HbIX, KOTOPbIE 3aHUMAIIUCh
COBEPILICHCTBOBAHMEM U OTIAJKOM HTOM TEXHOJOTMH) MOIVIa TIO3BOJUTH ce0e 003aBeCTUCH
coOCTBeHHOM TEeHOMHOW KapToi. OIHAKO BCETO dYepe3 HECKOJIBKO JIET 3Ta HK30THYECKast
TEXHOJIOTHS, 110 BCEH BUIMMOCTH, CTAHET TOCTYITHA KaXKIOMY.

(ITpexpacHO MOMHIO CBO€ BhICTyIUIEHHE Ha KoHpepeHunu Bo Opankdypte B koHIe 1990-x T,
7€ TOBOPWIJIOCH O OymymieM MeauuuHbl. S mpeackaspiBai, uro k 2020 r. nuyHas Kapra reHoMa
OyZIeT BIOJIHE JOCTYIHA U KaXKJbIH KeNaloluil CMOXKET 003aBECTUCH AUCKOM HUJIM YUIIOM C MOJIHBIM
ONMCAaHHUEM CBOMX TI'€HOB. Moe 3asBlIEHHE BBI3BAJIO Pa3Ipak€HUE OJHOTO M3 YYAaCTHUKOB; OH
MOJHSUICS M CKa3zall, YTO 3TO HecObIToyas MeuTa. [€HOB B 4EIOBEYECKOM OpraHU3MeE MOMPOCTY
CIIMIIKOM MHOTO, M COCTaBJIEHHE MEPCOHAJIbHOW T€HOMHOM KapThl AJs J1I00Oro 4enoBeka Oyner
CTOUTH cauikoM aoporo. [Ipoekt «I'eHoM uenoBeka» obomuiencs B 3 MipA JOIAPOB, U CTOUMOCTh
CEKBEHHPOBAHHS I'€HOB KaX/IO0T0 OTAEIbHOIO YEJIOBEKAa HMKOIAA HE CHU3UTCS CIMIIKOM CHJIBHO.
[Tozxe MBI ¢ HUM ellle TOTOBOPUJIM Ha 3Ty TEMY, U s MOHSJI, B YeM 3aKjouaeTcs npobiema. DToT
YeJIOBEK MBICIHWI JIMHENHO. OJTHAKO 32 KOPOTKOE BpeMsl 3ak0H Mypa MHOTOKPAaTHO CHU3MJ LIEHBI U
Jan  BO3MOXKHOCTH cekBeHupoBath JIHK ¢ wucnonmp3oBanumeM poOOTOB, KOMIBIOTEPOB U
aBTOMaTMYECKUX YCTAHOBOK. TOT 4EJIOBEK MPOCTO HE MOHSII, KaKoe ITyOOKoe 3HauYeHHe Mpuodpen B
Ounonornyeckoil Hayke 3akoH Mypa. CeroaHsi, OmIsIbIBasICh Ha3a/d, s TOHUMAl0, YTO €CJIA U OITHOCS
B OIIEHKE, TO B OOJIBIIYIO CTOPOHY. Ha caMoM Jienie BO3MOXKHOCTD MOYYUTh JTUUHYIO TeHHYIO KapTy
MTOSIBUTCS €I11€ PaHbIIIE. )

K mpumepy, umxenep 3 Ctandopackoro ynusepcurera CtuBeHn Kseiik (Stephen R. Quake)
pa3paboTan Ha ocHoBe mocienHux JlocTiwkeHuil ouepenHyio poOOTH3MpOBaHHYIO cuctemy. OH
CyMEJl CHU3UTHb CTOMMOCTH NOJIHOTO cekBeHHpoBaHus 10 50 000 monnapoB M yBepeH, 4TO uyepe3
HECKOJIbKO JieT oHa ymanet A0 1000 moitapoB. YdeHble MPEANONaraloT, YTO MaJeHUE CTOMMOCTH
ceKkBeHHpoBaHUA TeHoB 10 1000 nomnapoB MOXKET HOCIYKHUTh CUTHAJIOM K Hayaly MacCOBOTO
oOpalleHus 3a TeHHBIMU KapTaMH, TaKk 4TO 3Ta TEXHOJIOTHS CTaHET JIOCTYIHA 3HAYUTENIbHON YacTu
yenoBeuecTBa. MOXKET ObITh, Uepe3 HECKOJIBKO JIECATKOB JIET MPOLEAypa MOJIHOTO CEKBEHUPOBAHUS
reHoB Oyzet crouTh MeHbIe 100 1omtapoB, HE TOPOKE CTAHIAPTHOTO aHAM3a KPOBH.

(Kitou k mociemHUM JOCTHKEHMSM B 3TOW 00JacTH — palMOHAIM3alMs TMPOLEAYpHI
cekBeHHpoBaHusA. KBelik cpaBHuBaeT nenodku ucciaeayemor JJHK ¢ aHanormuHbIMHM IIETIOYKaMU,
KOTOpbIE OBUIM YK€ NpOYMTaHbl y JApyrux mnamueHtoB. OH pa30uBaeT T€éHOM Ha KYCOYKH,
cogepxamue no 32 Ourta HHPOpPMALMM, 3aTEM KOMIIbIOTEpHas MpOrpaMMa CpPaBHHUBAET 3TH
(bparMeHThl C YK€ HMPOYUTAHHBIMU T'eHoMaMmH Jpyrux jrofei. M3sectHo, uto JIHK Bcex mroneit
MOYTH UACHTUYHA, PA3JINYMsl COCTaBIAIOT B cpenHeM MeHee 0, 1 %. DTo 03HauaeT, YTo KOMIIbIOTEP
MOXeT ObICTpO HaiTH cpean 32-OUTHBIX (PParMEeHTOB COOTBETCTBYIOIIHE. )

KBeiik cram BOCBMBIM YEJIOBEKOM B MHpE, Y€l TeHOM ObLI MOJIHOCThIO MpouuTaH. B 3Tom
IPOEKTE Y Hero ObUT U JIMYHBIA HHTEPEC, MOCKOJIbKY OH XOTEJN MPOBEPUTH CBOM F€HOM Ha MPU3HAKH
CepJICUHO-COCYIUCTHIX 3a0oneBanuii. K HecuacTbio, €ro reéHOM CBHJIETEJIBCTBYET O TOM, YTO OH



JICICTBUTENIBHO YHACJIENOBaJl HE CaMblil YIAuHbI BapHMaHT OJHOTO W3 TIE€HOB, CBSI3aHHBIM C
cepreuHbiM 3aboneBaHueM. «YTOOBI paccMaTpuBaTh COOCTBEHHBIH TE€HOM, HYKHO o001aaarh
KpENKUMHU HEpBaMM», — IokajoBaics KBelk.

MHe 3HaKOMO 3TO *KYTKOBAaTO€ 4yBCTBO. MoOI reHOM Toke ObLT YaCTHYHO CEKBEHHPOBAH U
3amucaH Ha J1a3epHbI Tuck Juid nepenaun kaHaiga BBC-TV/Discovery, KOTOpyto s JOJKEH ObLI
BecTU. Bpay B34 y MeHSl U3 pyKH HEMHOTO KpOBHU M OTIPaBUJI €€ B JJabopaTroprio YHUBEpPCHUTETA
BannepOunpra; uepe3 nBe Hemenu orTyna mouroi mpucnamun CD-ROM, rme Obutu 3ammcaHbl
THICSIYM MOMX T'€HOB. J[axke 1eprkaTh ATOT IUCK B pyKaX ObLJIO KaK-TO CTPAaHHO — BeJlb Ha HEM Oblia
3alUcaHa 4YacTh «4YepTexei», M0 KOTOPhIM IOCTPOEHO Moe Teno. B mpunnume, Ha 0ase
MH(GOPMAIUH C 3TOTO AMCKA MOXKHO ObLIO ObI CO371aTh MOIO TOUHYIO KOIIHIO.

Hano cka3are, 4To JI00OMBITCTBO MO€ TOXKE OBUIO 3aTPOHYTO — BEAb HAa 3TOM JUCKE OBLIH
3anyrcaHbl MHOTHE TallHbl Moero Tena. K mpumepy, s moaydns BO3MOXHOCTh IIPOBEPUTH, €CTh JIU Y
MEHsSI OJJMH KOHKPETHBIH T'eH, KOTOpPBI YBEIMYMBAET BEPOATHOCTH O00Je3HU AublreiiMepa. OTo
MEHS Bcer/a OeCIOKOMIIO, MOCKOJIBKY MOSI MaMa yMepia UMEHHO OT dToi Oone3nu. (K cuacteio, y
MEHSI 3TOTO I'eHa HeT.)

Kpome Toro, yetbipe MOMX reHa ObUIM COMOCTaBIEHBI C COOTBETCTBYIOIIMMHU T'€HAMHU THICSY
JPYTUX JIIOZIEH M0 BCEMY MHUPY, Y KOTOPBIX Takxke ObUTM B3SThl 00paslbl Ui aHAlIM3a. 3aTeM Ha
KapTe 3eMHOT0 1apa 0003HauMIM MECTa MPOKUBAHMS BCEX TEX JIIO/IEH, KOTOpble 00Iajal0T TOYHO
TaKUMU JKe, KaK s, KOMUSIMH 3THX 4eTbIpeX reHoB. Touku Ha KapTe oOpa3oBaiul JUIMHHBIN cIel,
HauuHaroumiics y Tubera u 3aTrem npotsHyBIIMiica yepe3 Bech Kuraii B SAnonuto. S Obu1 nopaxeH.
Oxazanoch, 4TO TOUYKM Ha KapTe IMOKA3bIBAIOT CIIEJA JIPEBHUX MUIPALUN MPEIKOB MOEH Marepw,
MIPOTSHYBIIMICA B IPOLIIOE Ha THICIYM JIET. MOM IpEeIKd HE OCTAaBWIM 3allMCEd O CBOMX
NIEPEMEIEHUAX B 3T JAPEBHUE BPEMEHA, HO KapTa MX MEPENBMKEHUM, KaK HU CTPAaHHO, OKa3ajach
npouyHo BmucaHa B Mmowo KpoBb M JIHK. (Moo mpocnenuTs M mpoucxoxkiaeHue orua. Eciu
MUTOXOHIpUAJIbHBIE T€HBI NIEPENAIOTCS B HEU3MEHHOM BHJIE OT MaTepy K J0YEPH, TO Y-XpOMOCOMA,
Hao0OpOT, MepesaeTcss OT OTHa K ChiHY. Tak 4To, aHaNU3UPys 3TU T€HbI, MOKHO NPOCIEAUTH 3a
IIPEIKaMHU 4EJI0BEKA 110 MaTEPUHCKON M OTIIOBCKO JINHUM. )

MHe mnpencraBisieTcsi, YTO B HEAANeKoM OyAyllleM MHOTHME JIOIU HCHBITAIOT TaKoe e
CTPaHHOE YYBCTBO, KaK U $I, B35IB B PYKH JHUCK C «4YepTeXaMh» CBOETO Tejla U IPOYNUTAB CaMble
COKpOBEHHbIE €ro TalHbl, BKJIIOYas CKpbITBIE B TE€HOME ONacHble OO0JIe3HM U JpEeBHUE
MUTPALMOHHBIE MAPUIPYTHI TIPEAKOB.

Ho nnst ydyeHbIx Bce 3TO — TepBbIe IIard HOBOM 0OJacTU HAayKd, MOJTYYHUBIICH Ha3BaHHE
ouonnpopmaruku. Ee ocHOBa — CKaHUpPOBaHME U aHAJIU3 TEHOMOB THICSY KUBBIX OPTaHU3MOB IIPH
IIOMOIIM KOMIIBIOTEpOB. K mpumepy, €cinu BBECTH B KOMIIBIOTEP JAHHBIE O T€HOME HECKOIBKHX
COTEH YEJIOBEK, CTPAJaloIluX OIpEeIeNCHHON OO0JIe3HbI0, MOXKET ObITh, MOJYYUTCS BBIYMCIUTDH
TOYHOE pacrnoyiokeHue mnopexaeHHoro ydactka JIHK. B Hacrosimee Bpemss MHOTHE MOUIHBIE
KOMIBIOTEPHl B MUpPE 33/1€HCTBOBAaHBl UMEHHO B OMOMH(OPMALMOHHBIX MCCIIEIOBAHUAX M 3aHATHI
aHAJIM30M MWUIMOHOB I'€HOB, COACPKAIIUXCA B PACTEHMUSIX U JKUBOTHBIX, & TAK)KE IIOMCKOM CpEIu
HUX ONPEIEIICHHBIX KIIOUYEBbIX FEHOB.

[Ipu momomu OWOMH(POPMATHKHA MOXHO OBUTO OBI, K TPUMEPY, BHECTH CBEXYIO CTPYIO B
JIETEKTUBHBIE Tenemoy, Takue kak «C.S.J.: mecro npecrtymieHus». Ilo kpomeuHslM Kycoukam
cogepxammux JIHK BemiecTs (k mpumepy, BOJIOCSHBIM JIYKOBHIIAM, CIIOHE WM KPOBU) MOXKHO ObLIO
ObI OIpeaeNsATh He TOJNBKO LIBET BOJIOC, IV1a3, STHUUECKYIO MPUHAAIEKHOCTD, POCT U METUIIMHCKYIO
HCTOPHIO KOHKPETHOTO YEJIOBEKA, HO, BOBMOXKHO, U €ro JInno. CerofHs MOIULENCKHE XyT0KHUKH
MOTYT BOCCO3/IaTh NPUOIU3UTEIbHBIN CKYIBNTYPHBIM MOPTPET KEPTBHI MPECTYIUICHUS 110 Yeperry.
He uckmroueHo, 4ro B OyaymieM KOMIBIOTEDP CMOXKET PEKOHCTPYUPOBATh YEPThI JIMIA YEIOBEKa IO
KaIuIsIM €ro KpoBU WK yactuiam nepxotu. (Tot ¢akt, yTo ofHOsi1IeBbIe ONHU3HELBI OY€Hb OXOXKH
BHEIIIHE, O3HA4YaeT, YTO 4YepThl JHUIA 4YEJOBEKA B 3HAUYNUTEIBHON CTEIEHH ONPENEISIOTCS
TeHEeTHYECKUMHU, 2 HE BHEIIHUMU (PaKTOpamH. )



Busur k Bpauy

Kak MBI yke roBopwiM, BU3UT K Bpady B OyaylieM paaukKaibHO momeHsercs. OO6masch ¢
JIOKTOPOM TIOCPEAICTBOM HACTEHHOTO WHTEPHET-IKpaHa, BbI, BEPOSITHO, Oynere UMETh Jel0 C
KOMIBIOTEPHON MporpamMMmoil. B Bamieii BaHHOW KOMHare OyleT YCTaHOBJIEHO OOJbIIE JAaTYHKOB,
YeM B COBPEMEHHOI OOJbHUIIE, U OHU CMOTYT 0e3 Tpy/aa U 1IymMa OOHapYKUTh PaKOBbIE KIETKH 3a
HECKOJIBKO JIET 10 BOBHUKHOBEHUS OonmyXoiu. K mpumMepy, OKoJIo MOJIOBUHBI BCEX CIIy4aeB OOBIYHOTO
paka cBsi3aHbl C MyTalMeil reHa p53, KOTOpyI0 MOKHO 0e3 TpyAaa OOHApPYXHUTh MPH MOMOIIHN TaKUX
JTaTUYUKOB.

[Ipy mosiBIeHMM NEpBbIX MPHU3HAKOB paka BaM OyAeT cjellaHa HHBEKIHs CIeHUaTbHbBIX
HAHOYACTHII, KOTOpBIE MOMaayT B KPOBb M MOJOOHO YMHBIM O0MOaMm, JOCTaBSAT MPOTUBOPAKOBHIE
JIeKapcTBa HEMOCPEACTBEHHO K MECTY pAclOJIOKEHUS PpakoBBIX KiIeToK. CeromHsmrHss
XUMHOTEpAIus MOKAKETCSI HaM TaKOW K€ NMPUMUTUBHOM, KaKUMHU celuac KaKyTCsl MEAMIIMHCKHE
NUsBKM mpouutoro u mnozanponuioro BekoB. (IlompoOnee o HanorexHonoruu, JJHK-ummnax,
HaHOYACTHIIaX U HAHOOOTAaX MBI IIOTOBOPHUM B CJIEAYIOIIEH IIaBe.)

HasouacTHIOBI

XEMHEYeckHe MoNepeTHEe CBAZH

Monexynapesie poDOTEl OVIYT DATPYIHPORATE HAMMY KPOBE,
pacnosHaBas H YHHYTOXKAN PAKOBEIE KIETKH H [IATOTEHEL
370 OVIeT HACTOAINAA PEBOMIONHA B MeIHITHHE.

Pucywox Jxcepppu Yopda (Jeffrey L. Ward)

Ecnu «Bpau» Ha BalleM HACTEHHOM JKpaHe HE CMOXET BBUICYUTH OOJNE3Hb WIM TPaBMY
KaKOro-TO OpraHa, Bbl CMOXKETE BBIPACTUTh J1J1s1 ceOs HOBBIN opraH. Ha ceromHsmHuii 1eHb TOJIBKO B
CIIA B ouepenu Ha mnepecajky paziaudHbIX opraHoB «ctouT» 91 000 uenosek. Bee oHum xayT
OJTHOTO — 4YTOOBI HAIIEJCs JOHOPCKUW OpraH Ha 3aMmeHy. Kaxnpiii neHp 18 denoBek W3 3TOM
OUYEpEU YMUPAET, TaK U HE TOKIABIINCH CIIACEHUSI.

B OynymieMm, eciau BUPTyalibHBIM Bpad OOHApYKUT KaKOe-TO HapylIEHHE B OJHOM M3 BallMX
OpPraHoOB, OH CMOXKET 3aKa3aTh HOBBIM OpraH, KOTOPbIM OyJeT BbIpallleH Ha clieluanbHOl (adpuke
HEMOCPEACTBEHHO U3 BAllIUX COOCTBEHHBIX KJIETOK.

OnHOM M3 caMbIX «TOPSIYUX» OONacTeil MEIUIMHBI Ha CErOoJHsS SBISETCS TaK Ha3blBaecMas



«TKAaHEBas UHKEHEPUs», 11eJb KOTOPOM — CleNIaTh BO3MOXKHON «MacTEPCKYI0» IO M3TOTOBICHUIO
3aMlaCHBIX YacTeH JJIS 4E€JI0BEYECKOTO TEA.

Ve ceifuac ydeHble yMEIOT BhIpAIlMBaTh B 1a00OPAaTOPUH KOXKY, KPOBb, KDOBEHOCHBIE COCY/IBI,
CepJIeuHble KIalaHbl, XS, KOCTH, HOChl U YIIM M3 COOCTBEHHBIX KJIETOK uernoBeka. [lepBriii
Cepbe3HbI OpraH — MOueBOW My3bIpb — ObLT BhIpaieH B 2007-M, a nepBas tpaxes — B 2009 .
Jlo cux mop nosydaercsi BeIpalMBaTh TOJBKO OTHOCUTENIBHO MPOCThIE OPTaHbl, COAEPKAIINE JINIIb
HECKOJIbKO THIIOB TKaHEW M MOUYTH HE CTPYKTYpUpOBaHHbIE. MOXKHO NMPEANIONIOKNTD, YTO JIET YEPE3
ISTh YJACTCS BBIPACTUTH MEPBYIO MEUEHb U MOHKENYI0UHYIO JKeJIe3y, UTo OylAeT UMEeTh I'POMaIHOE
3HauUeHWe I BCce cucTeMbl 3apaBooxpaHeHus. HoOeneBckuili maypear Yontep Iunbepr B

pa3roBope cO MHOW CKa3all, YTO TPEIBUANT B HEMAJICKOM OyaylieM — BCEro 4Yepe3 HECKOJIbKO
JNECATHIICTU — TaKoe BPeMs, KOTJa MOXKHO OYJIeT BBIPACTHUTH M3 KJIETOK MPAKTHUYECKH JTFOOOM
opraH.

YToObl BHIPACTUTH HOBBIA OpraH JUIsi KOHKPETHOTO YeJIOBEKa METOAOM TKaHEBOM MHXKEHEPHH,
CHayaJia He0OX0IMMO MOJTYYUTh HEKOTOPOE KOJIMUECTBO KIIETOK ATOTO YesIOBEKa. 3aTeM 3TH KIIETKU
BBOJSIT B IUIACTUKOBYIO MAaTpHIly, KOTOpas IO BHEUIHEMY BUAY HAalOMHHaeT TyOKy B (opme
HY>KHOTO opraHa. MaTpulla M3roTaB/IMBaeTCs M3 OHOpaccachblBAIOLIETOCS IMOJMMEpa ITTMKOJIEBOM
KkucinoTel. Kpome TOro, kierku oOpaOaThIBalOT —OMNpeNelIeHHbIMUA (aKTOpaMu pocCTa, dYTO
CTUMYJUPYET MX DPA3BUTHE M POCT BHYTpHU Marpuipl. Co BpeMEHEM MaTpulla paccachlBaeTCs,
OCTaBJIsIsl BMECTO ce0sl JKeTaeMblil OpraH.

MHue noBenoch noObiBaTh B Jaboparopuu OHToHM ATansl (Anthony Atala) B YHuBepcurere
Vaiik-®opect B CeBepHoli KaponnHe U TMYHO CTaTh CBUAETENEM NPUMEHEHUS ITOM TEXHOJIOTHUHU.
[Ipoxoas mo naboparopun ATaiibl, sl BUAENI OyTbUIH C KUBBIMHU YEJIOBEUYECKUMHU OpraHamu. 5 Buaen
KPOBEHOCHBIE COCY[bl U MOUYEBBIC ITy3bIPH; S BHUJEI CEpACYHbIC KJIAllaHbl, KOTOPbIE HENPEPHIBHO
OTKPBIBAJINCh U 3aKPBIBAINCH, IOTOMY YTO 4Y€pe3 HHUX ITPOKAYMBAJIW PA3IUYHBIC KUAKOCTH. Bun
JKUBBIX OPraHoB, (YHKIIMOHUPYIOIIMX B COCYAax, BBI3bIBAJ acCcOIMallMU C¢ jJaboparopueil TokTopa
@pankenmreiina. OgHako ObUIM M NpUHLUNUANbHbIE pasnuuus. Torma, B XIX B., Meauku He
[IOI03pEBAIIM O CYLICCTBOBAHUU MEXAHHU3MOB OTTOPXKECHMS YYKEPOAHBIX TKaHEH, KOTOPBIE Tak
3aTPYIHSIOT Mepecaaky opraHoB. Kpome Toro, Bpaun He yMenu OCTaHaBIMBaTh WH(UIKMPOBAHUE,
KOTOpO€ OBUIO HEM30eXKHBIM CIIEACTBUEM JI000M Xupypruyeckoit omepauuu. Ilostomy Arana,
BMECTO TOTO 4YTOOBI CO3JaBaThb YYyIOBHUII, pa3pabaTblBaeT HOBYIO JKH3HECOEpErarouryro
MEIUIUHCKYIO TEXHOJOIHI0, KOTOpasi KOrja-HUOY/b, BO3MOXKHO, MOJHOCTHIO U3MEHHUT CYIIHOCTh
MEIUIIUHBI.

OpnHa u3 nenei ero gabopaTropull — BhIpAIMBAHUE YEIOBEUECKOM MEUEHH — MOXKET OBbITH
peanu3oBaHa B T€UEHUE MATH JeT. BooOIie roBops, Me4eHb He TaK YK CJIOKHA M COJEP’KUT B cede
TKaHH JIMIIb HECKOJbKUX TUIOB. BrIpamieHHas B nabopaTopuu neyeHb MOIIa Obl CIIACTH THICSYU
KHU3HEH, B MEPBYIO o4Yepeb Te€X, KTO OCTPO HYXKJAeTcs B mepecaike 3Toro oprana. OHa Moria Obl
criacaTh M aJIKOTOJIMKOB, CTpajarouux Iuppo3oM. (K HecuacTbro, 3Ta TEXHOJOTHS MOXET TaKxke
noOynuTh JIOIel MpOoYHee Aep:KaThbCs 3a CBOM JYpHbIE NMPHUBBIYKH, BEAb OHM OylyT 3HATh, YTO
CMOTYT IOJy4YUTh HOBBIN OpPTraH B3aMEH MOBPEKIEHHOTO.)

Ecnu HekoTOpbIE OpraHbl YEIOBEYECKOTO TeENla, TaKUE KaK Tpaxes U MOYEBOM Iy3bIpb,
BBIpAIIMBaTh YK€ HAyYMJIMCh, TO YTO MELIAET YYEHBIM BBIPACTUTH BCE 0€3 MCKIIIOYEHUS! OpraHbl?
[IpoGnema, ¢ OAHON CTOPOHBI, 3aKJIIOYAETCS B BBIPALIMBAHUM KPOXOTHBIX KalWJUIIPOB, KOTOpPHIE
o0ecrneynBaloT KPOBBIO KJIETKH TKaHEH, Belb KPOBb JOJDKHA MOCTYNATh K KaKIOW KJIETKE Teja.
Kpome Toro, cymectByeT mpobiema BbIpalllMBaHUS CIOXKHBIX CTPykTyp. K mnpumepy, mnouxa,
OYMIIAIOIAsl HAlly KpPOBb OT TOKCHHOB, COCTOMT M3 MWIJIMOHOB MeNbuailliux (uibTpoB, H
MaTpUILy JUIs 3TUX (PUIBTPOB CO3/1aTh Oy/IeT OYEHb HEJIETKO.

Ho HanGonblue CI0XKHOCTH NMPH BBIPAIMBAHUM MPEACTABISET APYroi 4eIoBe4ecKuil opran
— Mo3I. XOTS BOCCO3JaHME WJIM HapalluBaHHWE MO3ra — JeNo He Onmkaliux AecsSTHIETUH, He
UCKIIFOYEHO, 4YTO, €CIM BBECTH MOJIOJABIE KIIETKH HEMOCPEICTBEHHO B MO3L, OH IIOAXBATUT HUX U
BKJIFOYAT B CBOIO HEHPOHHYIO CeTh. Takas WHBEKIUS, KOHEYHO, OyIeT CiaydailHOH, TOITOMY
NalMeHTy NpuaeTcs MHorue 0a3oBble (YHKIMM OCBaMBaTh 3aHOBO. HO MOCKOIBKY MO3T
«IJIACTHYEH» — T. €. OH IOCTOSIHHO, C Ka)KJ0M HOBOH 3ajgaueil, OOHOBIISET CBOIO CTPYKTYpy U



CBSI3U, — HE HCKIIIOYEHO, YTO OH JIEHCTBHUTEIBHO CMOXKET 0€300JIe3HEHHO MHTETPUPOBATh HOBBIE
HEHUPOHBI U JOOUTHCS, YTOOBI OHU MPABUIIBHO CpadaThIBAIIH.

CTB0JI0BBIC KJIETKH

Crnenyromuii mar — ITPUMEHEHUE TEXHOJIOTUU CTBOJIOBBIX KJIETOK. Ha maHHBII MOMEHT Bce
YeJIOBEUEeCKHE OpraHbl BBIPAIMBAIOTCS HE W3 CTBOJOBBIX KJIETOK, a U3 OOBIYHBIX, TOJIBKO
crelHagbHbIM 00pa3oM 0OpaOOTaHHBIX, YTOOBI OHM MOIVIM Pa3MHOXaTbCs BHYTPU MaTpulbl. B
Ommkaiimem OymyiieM, BEpOSTHO, MOXXHO OyleT HEeNOCPEICTBEHHO HCIOIb30BaTh 37ECh
TEXHOJIOTHIO CTBOJIOBBIX KIIETOK.

CTBOJIOBBIE KIIETKH — 3TO «MaTh BCEX KJIETOK», OHM CHOCOOHBI MEHSTh CBOIO CTPYKTYpPY H
npeBpanarbcsd B KIETKU JiroOoro Tuma. Kaxmas kjieTka B HalleMm Tejle HeceT B ceOe IOJIHBII
TeHETHYECKUI KO/, HEOOXOAUMBIN JUIs CTPOUTENBCTBA Tea HeaukoM. OIHAKO 10 Mepe CO3peBaHMs
KJIETKU CHEIUAIU3UPYIOTCS, TaK YTO MHOTHME TeHbl B HUX CTAHOBSITCS HEAKTUBHBIMH, KaK ObI
BBIKJIIOYAIOTCS. B KileTke KoXH, K IPUMEpPY, UIMEIOTCSL BCE T€HbI, HEOOX0IMMbIE ISl IPEBPAILCHUS B
KpPOBb, HO OHHU BBIKJIIOYEHbI; HEHY)KHbIE€ T€Hbl OTKJIIOYMJIMCH B TOT MOMEHT, KOIJa 3apojblilieBas
KJIETKA CTaJla B3POCIJION KIETKOM KOXH.

3apo/blleBble CTBOJIOBBIE KJIETKU BCIO CBOIO YKM3Hb COXPAHSAIOT CIIOCOOHOCTDH MPEBpAaLCHUS
B KJIETKU JIIOOOTO THMA. Y4eHble IEHAT UX BbIIIE, HO OJHOBPEMEHHO BONPOC pabOThl C HUMH Ky/a
Oosiee MTPOTUBOPEUYUB, MOCKOJBKY JJII M3BICUEHHS] TAKHUX KIETOK 3apOJbIIIEM MPUXOAUTCS
JKEpPTBOBATh, a 3/1€Ch, €CTECTBEHHO, BOZHUKAIOT 3THUecKue Borpockl. (OqHako JlaHua u ero xomieru
HAITK HOBBIE CIIOCOOBI, MPU MOMOIIM KOTOPBIX MOXHO B3STh B3POCJbIE CTBOJIOBBIE KIIETKH, YK€
NpeBpaTUBIINECS B KJIETKH KaKOro-TO KOHKPETHOTO THIA, M MPEBPATUTh UX CHOBA B 3apOJIbIIIEBbIC
CTBOJIOBBIE KJIETKH.)

[ToreHIMaIbHO MPU MOMOIIU CTBOJOBBIX KJIETOK MOXKHO M3JIEUMBATh MHOXECTBO OOJIE3HEH,
TaKuX Kak nualeT, cepaeuHble 3aborneBanus, Oone3nn AnbireiiMmepa u [lapkuHCOHA M maxe pak.
Bonee toro, TpynHo mpuiayMarbh 0oJe3Hb, B JIEYEHUU KOTOPOIH CTBOJIOBBIE KJIETKH HE MOIIHU OBl
CBITPaTh CYIIECTBEHHYIO pojib. B 4acTHOCTH, aKTUBHBIE UCCIIEIOBAHUS B HACTOSIEE BpeMsl YT B
o0facTH JIeYeHHs TpaBM II03BOHOYHMKA M CIIMHHOTO MO3ra, KOTOpPbIE KOTJA-TO CUYHMTAJIHChH
coBepmieHHO HemziaeunMbiMu. B 19951, korma akrep Kpuctodep Pup (Christopher Reeve)
CEPbE3HO MOBPEANI T03BOHOYHUK U OCTAJICS MapaJi30BaHHBIM, METO/IOB JICUEHUS TAKUX TPABM HE
cyuiecTBoBasio. OHAKO B OMbITAaX Ha JKUBOTHBIX YK€ CErO/IHSA JOCTUTHYTHl OTPOMHBIE YCIIEXH B
BOCCTaHOBJIEHUH CIIMHHOTO MO3Ta IPU IIOMOIIN CTBOJIOBBIX KJIETOK.

K mnpumepy, Crusen J[[pBuc (Stephen Davies) u3z VYuusepcuteta Komopamo mnoOuics
BIICYATVIAIOIIMX YCIIEXOB B JIEYEHUU TPAaBM CIIMHHOTO Mo3ra y Kpelc. OH rosoput: «f mpoBen
HECKOJIbKO 3KCIIEPUMEHTOB, B KOTOPBIX MbI ME€pPECaXUBAJIA B3POCIble HEHPOHBI HEMOCPEICTBEHHO
BO B3pOCIIYI0 LIEHTpPaJbHYI0 HepBHYIO cucreMy. lloutm kak y @PpankeHmreiiHa. K Hamemy
BEIIMKOMY YIHMBJICHHIO, MBI OOHAPYXXHJIH, YTO B3POCIBbIE HEUPOHBI BCETO 3a HEACIIO CIIOCOOHBI
IIPOTSHYTh HOBBIE HEPBHBIE BOJIOKHA OT OAHOIO KOHIIa MoO3ra 10 Apyroro». Panee B jedeHMH
CIIMHHOMO3TOBBIX TpaBM CUMTAJIOCh, 4YTO JI00as MOIMbBITKA BOCCTAHOBJIEHUS HEPBOB BBHI3OBET
cuibHeyto 00mb U cTpaganue. OnHako J[PBUC 0OHAPYXKUII, YTO KIIIOYEBOM THIT HEPBHBIX KIIETOK,
M3BECTHBIN KaK acTpPOLUT, CYIIECTBYET B JBYX BapuaHTaX, U MX NPHUMEHEHUE BBI3bIBAET pa3HbIE
pE3yNbTaThI.

JaBuc ropoput: «Eciu ncnonp30BaTh Npu BOCCTAHOBICHUH MOBPEKIEHHOTO CIMHHOTO MO3Ta
NPaBUIbHbBIE aCTPOLUTHI, MBI ITOJTYYUM pe3yibTar 0e3 00iH, Toraa Kak KJIEeTKH APYroro THUIa JaxyT
6onb Oe3 pesynbraTay. bonee Toro, oH yBepeH, 4To Ta k€ TeXHUKA IPUMEHEHHUS CTBOJIOBBIX KJIETOK,
KOTOPYIO OH pa3palaTbIBaeT, OyJeT Mojie3Ha B JICUSHUH MHCYIIBTA, a Takke Oosie3Hel AnblreiiMepa
n IlapkuHCOHa.

[TockonbKy M3 3apOABIINIEBOM CTBOJIOBOM KIETKHM MOXKHO IMOJYYHTh MPAKTUYECKH JHOOYIO
KJIETKY TeJjla, BO3MOXXHOCTH 3/1€Ch OTKphIBatoTcs Oe3rpanuunbie. Onnako opuc Teitnmop (Doris
Taylor), mupektop LleHTpa cepreuHo-cocyaMcThIX 3a0ojeBaHUN NMpU YHUBEpcUTETe MUHHECOTHI,
MpeoCTeperaeT OT M3JIHUIIHEr0 ONTUMHU3Ma M TOBOPHUT, YTO pabOThl BIEpPEAU €IIe OYeHb MHOTO.



«3apoJbIIIeBbIe CTBOJIOBBIE KIETKH MOT'YT HECTH M 100pO, U 3710, U ypoAcTBO. Eciau oHu xopouue,
X MOYKHO BbIpalIMBaTh B OOJBIIMX KOJIWYECTBAX B JJaOOpPaTOpuu M UCHOJIB30BATh JJISI CO3JaHUS
TKaHEel, OpraHoB WM 4YacTel Tena. Eciy oHM I1oXue, OHM HE MOTYT BOBpPEMS IPEKPATUTh POCT U
oOpa3zyror omyxonu. UTo kacaercs ypojCTBa, TO Mbl IOHHMaeM Jajleko HE BCE U HE MOXKEM
KOHTPOJIUPOBaTh pe3ylbTaT, W Mbl HE TOTOBBl MHCIOJb30BaTh MX 0€3 JOMOJHHUTENbHBIX
71ab0paTOPHBIX HCCIIEI0BaHUI), — 3aMevaeT OHa.

JleiicTBUTENB HO, 3TO OFHA M3 IJIABHBIX NpoOJIEM, CTOSAIMIMX TMEpel] HCCIeNI0BaTeIIMU
CTBOJIOBBIX KIIETOK: 3TH KJIETKH, O€3 BHENIHMX XMMHUYECKHUX CHUTHAJIOB, MHOIJA MPOJOKAIOT
O€IIeHO Pa3MHOXAThCS U B KOHIIE KOHIIOB MEPEPOXKIAIOTCS B PAKOBBIC. YUEHBIE YK€ MOHHUMAIOT,
YTO TOHKHE XMMHUYECKHE CHUTHAJIbI, KypCUPYIOIIHE MEXAYy KJIETKaMH M COOOIIalollue UM, Korja
HaJ0 pacTH U KOIJa Iopa MPEKpPaTUTh POCT, HE MEHEE BaXKHbI, YEM CaMH KIETKU. TeM He MeHee
MOXKHO TOBOPHUTH O MEJIJICHHOM, HO CTaOMJIBHOM IIPOrpecce B 3TOM 001acTH, 0COOCHHO B OTBITAX Ha
#uBOTHBIX. B 2008 . ums Teisiop nomnano B 3aroIoOBKM ra3eT: €€ KOMaHJa BIIEPBBIE B HCTOPUU
BbIpacTuia paboTaroliee MbIIINHOE CEPALIE TOYTH C HYJIS.

OKCIIEpUMEHT HAyajCcsi C TOrO, YTO YYEHbIE B3sJIM MBILIMHOE CEPALE W PacTBOPWIH BCE
KJIETKA BHYTPHM €ro, OCTaBUB TOJIbKO Kapkac, OeiKoByi0 Mmarpuily B (opme cepaua. 3areM OHU
IIOMECTUJIM B 3Ty MATpHIy CMECh CEPAECUHBIX CTBOJIOBBIX KJIETOK. [locie 3Toro ocranoce TOJIBKO
HaOJII0/1aTh, KaK CTBOJIOBBIE KJIETKH Pa3MHOXKAIOTCSI BHYTPH KapKaca. Y YeHbIM U paHblIe Y1aBaioch
BBIPACTUTH OTIENIBHBIE CEPJEYHbIE KJIETKM B yamike lleTpu, HO BIepBbIE yIanoch BBIPACTUTH B
abopaToOpuH KUBOE OBIOIIEECs CEepIIe.

BeipamuBanue cepana ctano i Teiliop  3HaUMMBIM JIMYHBIM coObITHEM. OHa ckazana:
«I9TO BENMKONENHO. MOXHO YBHIETh BCE COCYIMCTOE AEPEBO, OT apTE€pUMl 1O KPOIUEYHBIX BEH,
CHAOXKAIOIIMX KPOBBIO BCE 0€3 UCKIIIOUEHUS KIETKU CepALay.

Onno w3 mnoppasaeneHuid npasurenscTtBa CIIIA 0oCTpo 3aMHTEPECOBAHO B  CKOpEWIIEM
pa3BUTHHN TKaHEBON MH)XXEHEPHH, U 3TO noapasneneHue — Boopyxennsie cuibl CIIA. B mpexHnx
BoilHax OoeBble MOTEPH apMHMU ObUIM YXKACAIOLIUMH, CHUCOYHBIA COCTaB II€JIbIX IIOJKOB M
0aTaJIbOHOB YMEHBIIAJICS Pa30M Ha MOPSJA0K, MHOTHE yMHUpalud OT paH. Temnepb MEIUIIMHCKHE
ABAKOOTPAIBI OBICTPOrO pearupoBaHMs MEPEeBO3IT paHeHbIX U3 Mpaka u Adranucrana B EBpomy
win Coeaunennsie LlTaThl, T1€ CONAAThl MOMYYAIOT BHICOKOKBATHU(PHIMPOBAHHYIO MEIHIIMHCKYIO
nomo1ib. KoapduueHT BbKUBaHUS CPEeU COIAAT PE3KO BBIPOC — U OJJHOBPEMEHHO C 3TUM PE3KO
BBIPOCJIO YUCIIO COJIAAT, NMOTEPSABIIMX PYKU WIM HOTH. BerencTBue 3Toro NpUOpPUTETHOHN 3a1auei
apmuu CIIA cran nouck cnoco0a BeIpallluBaHUs YacTel Tela Ha 3aMEHY YTPaueHHbIM.

B HHucTtutyTe pereHepaTMBHONM MeTUIMHBI BOOpyXeHHBIX CHII ObUIO CHENAaHO CepbEe3HOe
OTKpBITHE, CBSI3aHHOE C MCIIOJIb30BAaHHWEM COBEPILIEHHO HOBOIO METOJIa BBIpPAIlMBAHUS OPraHOB.
VYdeHble JaBHO 3HaJM, YTO CaJaMaHApbl O0JalaloT 3aMedyaTesIbHBIMU CIIOCOOHOCTSIMH K
pereHepalii M MOTYT OTpallMBaTh HOBble KOHEYHOCTHM B3aMeH YTpaueHHbIX. KoHeuHocTn
OTpacTaroT 3aHOBO, IOTOMY YTO CTBOJIOBBIE KIIETKU CajlaMaHJApbl MOIY4YarOT COOTBETCTBYIOLIYIO
komaHay. MccnenoBanneMm OJHOM W3 TUIONOTBOPHBIX TEOpUM Ha cei cuer 3aHumaerca CTHUBEH
bagunak (Stephen Badylak) u3 Yuuepcurera IlutTcOypra, KoTopoMy ygajics SKCHEPUMEHT IO
OTpaIlMBaHUIO YTpPAaue€HHBIX KOHUMKOB TNaiblieB. Ero komanga paspaborana «anbQuilckuit
MOPOUIOK», O0JaNaIoMi YyJeCHOW CHJIOH CTUMYIUpoBaTh pocT TKaHed. I[lopomiok 3ToT
M3TOTaBIMBAETCS HE U3 KJIETOK, a U3 BHEKJIETOYHONW MaTPUIIbI, CYIIECTBYIOMIEH MEXAY KIETKaMU.
OTa MaTpHlla UTPAET PEIIAIOUIYIO0 POJIb, IOCKOJIBKY B HEM COAEPIKATCSI CUTHAJIBI, KOTOPBIE TOHOCAT
JI0 CTBOJIOBBIX KJIETOK KOMaHIy PacTH ONpPEEeNIeHHbIM 00pa3oM. Eciau 3THM MOpOIIKOM MOCHINATh
OTpE3aHHBIM KOHUYUK Iajblia, OH MIPOCTUMYJINPYET BOCCTAHOBIIEHUE HE TOJIBKO CAMOI0 NaJblia, HO U
HOTTS, U B pe3yJabTare MOJYYUTCS MOYTH HJealbHas KOMHUS IepBOHAYaJbHOTro mayblia. Takum
obpasom, bagunaky u ero KoMaHje yaajloch HApaCTUTh Ha Majiblie 0 TPETH A0WMa MATKUX TKaHen
n Hortda. Cnenyromas Lenb — MPOJAODKATh 3TOT IPOLECC W MOCMOTPETh, OTPACTET JIM IO
JIECTBUEM MOPOLIKA 11€J1asl YeJI0BEUECKas KOHEYHOCTh, KaK y calaMaHApBI.



Kionuposanue

Ecin MO>KHO BbIpaluBaTh OTAEIbHBIE OPTraHbl YEIOBEYECKOTO TENA, TO HEJIb3sl JIU BBIPACTUTH
LIEJIOr0 4YeJoBeKa — CO3/4aTh TOUYHYI T'€HETHYECKyl0 Komuio, kjaoHa? OTBeT: na, B NpPUHIUIE
MOXHO, HO TTOKa 3TOT0 HUKTO HE JIeJ1ajl, HeCMOTpPsI HA MHOTOYHMCIICHHbIE COOOILICHHS.

Krnonsl — mo0nMasi TeMa rojuluByACKUX (UIBMOB, HO TaM, KaK MPaBuio, O HayKe 0COOEHHO
He Oecrokositca. B ¢unbme «lllectoit nenb» repoit ApHonpaa llIBaprienerrepa cpakaercs c
IUIOXUMHU TapHSAMHU, KOTOpPbIE KaKUM-TO 00pa3oM OBJAJEN HCKYCCTBOM KIOHHUPOBAHUS YelIOBEKa.
UYro ermie BakHEe, OHM MPUAYMANU CIIOCOO0 KOMMPOBATh JUYHOCTh BMECTE C MaMSThIO U BCTaBIISATh
Bce ATO B rotoBoro kioHa. Korna [lIBapuenerrepy ynaercs ycTpaHUTh OAHOTO IUIOXOTO MapHs, Ha
€ro MECTO TYT K€ BCTAeT APYIoW, ¢ TOM K€ JUYHOCTBIO U TEMU K€ BOCIOMHUHaHUsAMU. Cutyanus
erie OOJbIIe YCIOKHIETCS, KOT/Ia Tepoi y3HaeT, uTo 6e3 ero Bemoma ObUT CO3/IaH €r0 COOCTBEHHBIN
kJ0H. (Ha camom nene npu KIIOHMPOBAHUH KUBOTHOT'O NMaMSTh HE KJIOHUPYETCSI.)

Tema KJIOHMpOBaHUS TOINAJA B 3aroJOBKM MHpPOBBIX TazeT B 1997 r, xorga Sl Bunmyt n3
PocnuHckoro MHCTUTYTa Npu YHUBEpcUTeTe DIMHOypra cymen KJIOHHpoBarh oBeuky Jlommu. OH
B3sJT KJIETKY B3pOCJION OBIIbI, U3BJIEK U3 HEe spo C coxaepxkameiics B HeM JJHK u momectun sto
PO B MYCTYIO SHIEKIETKY. BUIMyYT 100MICs IIaBHOTO: CO3/1all TeHETHUECKYIO KOIMIO OpUTHHANIA.
Sl omHaxnpl copocui, AyMal JIM OH O TOM, Kakas MeauiiHas Oypsi MOJHUMETCS BOKPYT €ro
ucropuueckoro goctwkeHus. OH oTBeTws: HET. OH SCHO MPENCTaBIsUI MEIULMHCKOE 3HAUEHHUE
CBOEH pabOTHI, HO CEPHhE3HO HEMOOIICHUBA MHTEPEC MYOIUKHU K TTOIOOHBIM COOBITHSIM.

Bckope HaydHble TPYIIBI 10 BCEMY MHUpPY HadaJld MOBTOPSITH 3KCIIEpUMEHT BuimMyrta. beuio
KJIOHUPOBAHO HEMAaJI0O CaMbIX Pa3HbIX KMBOTHBIX, BKJIIOYAsl MBIIIEH, KO3, KOIIEK, CBUHEH, CO0aK,
jomageil U KpymHbIA poraTbiii ckoT. S e3gun co cbemouHoil rpynmoit BBC na ¢epmy Pona
Mapxkecca (Ron Marquess) mox Jlannacom (Texac). Tam HaxoauTCsl OTHO U3 KPYITHEHUIIIUX B CTPaHE
XO34HCTB, TJ€ Pa3BOIAT KIOHMpOBaHHbIM CkOoT. Ha panuo Mapkeca g ¢ U3yMJIEHHEM YBHIET
KJIOHUPOBAHHBIX JKUBOTHBIX MEPBOT0, BTOPOTO U JaK€ TPETHETO IMOKOJIEHHS — KJIOHOB KIIOHOB
KJIOHOB. Mapkec pacckasal, 4To [l 0003HaYe€HUs! pa3HbIX MOKOJCHUN KIOHUPOBAHHOTO CKOTA UM
MIPUJIETCS IPUTYMbBIBAaTh HOBBIH CJIOBApb.

OpnHa rpynna >KHBOTHBIX IPUBJIEKIAa MO€ BHUMaHue. B Hell OblJI0 0KOJIO BOCBMHU COBEPILIEHHO
OJIMHAKOBBIX *UBOTHBIX. OHM XOnWIM, Oeraiau, €Iu U CHald COBEpUICHHO oJuHaKoBO. KoHeuHo,
TeJIATa He 3HAJM, YTO SIBJISIOTCS KJIOHAMU APYT Jpyra, HO HHCTUHKTUBHO COOMPAJINCh BMECTE U BO
BCEM MOJPAXKAIH JIPYT IPYTY.

Mapkec paccka3zail MHE, YTO KIOHMPOBAHHME CKOTa — IIOTEHIMAIBHO OYEHb BBITOAHBIN
ousHec. Ecnu y Bac ecTb ObIK C BEIMKOJIETHBIMH (U3NYECKUMHU XapaKTEPUCTUKAMH, OH MOXKET
NPUHECTH BaM HEIUIOXOM 0XOJ Kak Mpou3BoAuTedb. Ho Korma ObIK yMHpaeT, ero reHeTHdyecKas
JIMHUS TIPOTIaJiaeT BMECTE C HUM, €CJIM TOJBKO BBl HE 03a00THIIMCH 3apaHee coOpaTh U 3aMOPO3UTh
criepmy. KiioHnpoBaHue Mo3BOJISIET COXPAHITh TEHETHUECKYIO JIMHUIO TPU30BOTO ObIKA BEYHO.

XOTsl KIIOHUPOBAaHUE, OUEBUIHO, HailleT KOMMEpUYecKoe MPUMEHEHHE B Pa3BEIEHUU CaMbIX
pa3HBIX >KMBOTHBIX, C NPUMEHEHHEM €ro K 4YEJOBEKY BCE IOpa3l0 CIOXKHEE. YXKE IpPO3BYYaJIO
HECKOJIbKO CEHCAI[MOHHBIX COOOIIEHUII 00 yclemrHoM KJIOHMPOBAaHMHU YEIOBEKa, HO, MO Bceil
BUJMMOCTH, BCE OHU TOKa 0€30CHOBATENbHBI. J[0 CHX TIOp HUKOMY HE YIaJIOCh KIIOHUPOBATh JaXKe
IpUMara, He TOBOPs yX O yesoBeke. Jlake KIOHMpOBAaHUE KUBOTHBIX MOKa MpeACTaBisieT co0oit
CIIOKHYIO OIEpalfIo, U Ha KaKABINA 3apOJbIlI, KOTOPOMY YAAETCSl 1OCTHYb 3PEIOCTH, IPUXOAATCS
COTHHU JIe(DEKTHBIX.

Ho naxe ecnu cuMTarh, YTO KJIOHHPOBAaHUE YEJIOBEKA CTAHET BO3MOJKHBIM, IIPOTHUB HETO
HUMEIOTCS CepbEe3HbIE COIMAIbHbIE BO3pa)keHUs. Bo-mepBbIX, MHOTUE PENUTMH BOCCTAaHYT MPOTHUB
KJIOHMPOBAHMsI YEJIOBEKA, TOUHO TaK ke Kak B 1978 r., korna Jlynsa bpayH crana nepBbM B HICTOpUU
pebeHKoM, 3adaThiM B NpPOOHMpKe, KaTolMyeckas IEpKOBb BOCCTajla MPOTHB BHEMATOYHOIO
OIUIOIOTBOPEHUS. DTO O3HA4YaeT, 4TO OyAyT NPHHATHI 3aKOHBI, 3alpelIalolue KIOHHPOBAaHHE
YesioBeKa WM M0 KpallHel Mepe JKEeCTKO ero peryinupyomue. Bo-BTopbiX, KOMMEpUECKHii Cipoc Ha
KJIOHMPOBaHME YeJIOBeKa OyleT odeHb HeBeluK. Kak MakcuMyM, Jake ecid 3Ta OIepaiusl CTaHeT
3aKOHHOM, KJIIOHBI COCTaBSIT COBCEM HEOOJbIIYIO IO YeloBeuecTBa. B KoHIle KOHIIOB, Cpeu Hac



YK€ €cTh KJIOHBl B (OpME OAHOSIMIIEBBIX ONM3HELOB (M TPOWHSIIEK), TaK YTO HOBU3HA ITOTO
sBJIeHUs Oy/leT BeCbMa OTHOCUTENIbHOM U HE3I0OPOBBI HHTEPEC K HEMY CO BPEMEHEM CIIaIeT.

[TepBoHavanbHBIN cipoc Ha JeTed U3 MPOOMPKM ObUI OTPOMEH — Beb OECIUIONHBIX Map
oyeHb MHOTo. Ho KTO 3axoueT KJIOHMpOBaTh uyenoBeka? MoeT ObITh, POAUTENH, OIUTAKHUBAIOLIIE
cMepTh pebOenka. Mnm, emie BeposiTHEe, MOXKMUIOW OOrau Ha CMEPTHOM Ofipe, HE HMEIOLIHi
HACJIETHUKOB — M0 KpailHell Mepe TaKUX HacJeHUKOB, KOTOPHIM OH 3aX0YET YTO-TO OCTAaBUTh, —
¥ MeYTaloluil 3aBellaTh BCE CBOM JICHbIM BO3POXAEHHOMY cebe caMoMy, YTOObI HayaTh BCe
3aHOBO.

Tak yTo B OyayIieM, HECMOTPsl Ha BO3MOXKHBIE 3alPEIIAOIIIE 3aKOHbI, YEJIOBEUECKUE KIOHHI,
BEPOSATHO, MOABATCSA. OHAKO OHU COCTABAT JIUIIb HUYTOXKHYIO JIOJIO YEJIOBEUYECTBA, U COLUAIbHbBIE
MOCIIE/ICTBUS KIIOHUPOBAHUS OYyT HEBEIHKH.

I'ennasi Tepanus

®poncuc Komnmnas (Francis Collins), tupexkrop HanmonanbHOTo HHCTUTYTA 3ApaBOOXPAaHEHHS
U 4YEJIOBEK, PYKOBOJAWBIIMN HCTOPUYECKUM ITPAaBUTEIBCTBEHHBIM IPOEKTOM «[€HOM uenoBekay,
pacckasai MHE, 4TO «y KaXKJOro U3 HaC UMEETCs C MOJIA0KUHBI HCKOPEKEHHBIX I€HOBY. B nanexom
MIPOILIOM Y€JIOBEKY MPUXOAUIOCH OE3MOIBHO CTPaaTh OT ATHX YacTO CMEPTENIbHBIX FEHETUYECKUX
nedexToB. B OymymieM, ckazaia OH, Mbl CMOXEM YCTPAHSATh MHOTHE M3 HUX NPHU MOMOIIM T€HHOH
Tepanuu.

['eneTnueckue 3a00J€BaHUS IpECIEOBAIM YENOBEYECTBO C HE3alaMsITHBIX BPEMEH, a B
KJIFOYEBBIE MOMEHTHl HMCTOpPHHM, BO3MOXKHO, JaK€ OKa3blBalu BIMSIHHE Ha ee Xxoa. Tak,
OM3KOPOJICTBEHHbIE Opaku cpeau UapcTBylomMX (amumiuii EBpombl mpuBend K TOMY, 4YTO
HACJIEJICTBEHHBIMU T€HETUYECKUMHU OOJIE3HSIMHM CTpajaiu Iiefble mokojeHus 3Hatu. K mpumepy,
I'eopr III AHrmmiickuii, ckopee BCero, CTpajaj OCTpOd Iepemesxarolieicss noppupueit, koropas
BBI3bIBA€T BpEMEHHbIE IPUCTYTBI Oe3yMusi. HekoTopble HCTOPUKHU CUUTAIOT, YTO 3TO OCIOKHUIIO €r0
OTHOUICHUSI C CEBEPOAMEPHKAHCKUMHU KOJOHHMSIMM, MOATOIKHYB HMX K OObsiBIeHHI0 B 1776 T.
HE3aBUCHMOCTH OT AHIVIMH.

Koponesa  Bukropusi Oblla  HOCHUTENbHHMIIEH TeHa  TreMOQWINH,  BBI3BIBAIOIIETO
HEKOHTPOJHUPYEMbIE KpPOBOTE€UEHUS. Y Hee ObLIO AEBSTh JETe, MHOTHE W3 KOTOPBHIX BCTYMWIHA B
Opak ¢ IpeACTaBUTENSIMHU JPYTrUX MpaBAMmUX JOoMOB EBpombl, TakuM oOpa3oM 3Ta «KOpOJIEBCKas
0oJIe3HBY pacHpoCTpaHUiIach MO BceMy KOHTHHEHTY. B Poccum mpaBHyk koposneBbl Bukropum
Anexcelt, cbiH maps Hukonast II, ctpaganm or reModuinu, KOTOPYIO, COINIACHO JIETEHJE, yMel
BPEMEHHO o0Jyeryarh 3arafodHblii PacrmyTuH. DTOT «0€3yMHBIM MOHAX» MOMYYMJI JOCTATOYHO
BJIACTH, YTOOBI MMAPAIN30BaTh PYCCKYIO apUCTOKPATHIO U 33JIepKaTh HY)KHbIE CTpaHe pe(opMBbl; Kak
MIPEATONIaraloT HEKOTOPhIE YUeHbIE, OOJbIIIeBUCTCKAs peBomtonust 1917 1. — oT4acTu ero BUHA.

Onnako B OyayiieM TeHHas Tepamust CMOXeT u3nednTh MHorue u3 5000 u3BecTHBIX
TeHeTUYEeCKUX 3a0oieBaHUl, Takue Kak(GuOpPO3HO-KUCTO3HAsI JlereHepaius (mopaxkarouas
ypoxxeHnueB CesepHoit EBpormbr), Oone3np Tes-Cakca (mopaxkaromas BOCTOYHOEBPOIEHCKHX
€BpPEEB) WJIM CEPIIOBUIHO-KIETOUYHAs aHeMus (KOTOpOHl cTpajaroT adpoaMepuKaHIbl). Yxe B
Ommpkaiimem OynymeM MOXXHO OyeT H3/leuMBaTh MHOTHE TeHETHYecKHe OOJe3HH M3 TeX, 4TO
BBI3BIBAIOTCS] MyTAIMEN OJHOTO I'eHa.

I'enHas Teparnus ObIBaeT ABYX TUIIOB: COMAaTHUECKasi U FeHepaTUBHAsL.

Comarnueckasi reHoTepanus MpeayCMaTpUBaeT NCIIPABICHUE TOBPEXKICHHBIX T€HOB Y OTHOTO
KOHKpETHOTo uenoBeka. Co cMepThio MalueHTa TepaneBTuueckuil addekt 3akaHunBaercs. bonee
IIPOTHBOPEYHBA T€HOTEPAINMS BTOPOTO THIIA — T€HEPATUBHAsS, IJI€ UCIPABIISIFOTCS MMOBPEKICHHBIE
TeHbl, B TOM 4YHCJE€ M IMOJOBBIX KIJIETOK, TaK 4YTOOBl HCIPABICHHBI T'€H MOr OBITh IepenaH
CJIETYIOLIEMY MOKOJICHUIO U COXPAHMJICSA HAJ0JITO, TOYTH HABCET/A.

JledeHne reHeTHYECKOro 3a00JeBaHMs CIEAYET IO JIOJITOMY, HO XOpOIIO OTpabOTaHHOMY
nytu. CHayana HEOOXOAMMO HAWTH JIOJIeH, CTaBUIMX >KEPTBaMU OIPENEICHHOTO I'€HETUYECKOTro
3a00eBaHusl, M TIIATEIbHO NPOCIEAUTh HUX POJOCIOBHbIE Ha MHOTO TIOKOJICHHH Ha3al.
AHanu3upys reHsl NalMeHTOB, HAJ0 MOIBITAThCSA ONPEAEIUTh TOYHOE MOJOKEHUE IeHa, KOTOPBIN



MOT OKa3aTbCsl IOBPEKIEHHBIM.

3areM clieyeT B3ATh 3J0POBYIO BEPCHIO ITOTO K€ T€Ha U BKUBUTH €€ B «BEKTOP» (OOBITHO
3T0 O€3BpeIHBIN BUPYC), TOCIIE YETO BBECTH €r0 MalHeHTy. Bupyc ObICTPO BCTaBISIET «IIPABUIIbHBIN
reH» B KJIETKH MallMeHTa U — MOTeHIIMAJIbHO — W3JIeYnBaeT O0JIE3Hb.

K 2001 r. Havanuch WM IJIAHUPOBAIMCH HCHbITaHus Oonee yem 500 BapHaHTOB TeHHOU
Tepanuu. Ho neno mpoxaBuraercss MEQJICHHO, a MCHBITAHHUS JAKOT MPOTHUBOPEYMBBIE PE3YJIBTATHI.
Onna mpoGremMa COCTOMT B TOM, YTO TEJNO YacTo IyTaeT Oe3BpenHBI BUPYC, COAEp KA
«TpaBWIbHBIA T€H», C BUPYCOM OIIACHBIM M HauWHaeT aTaky. I[Ipu 3TOM BO3HHMKAIOT MOOOUYHBIE
3 QeKThl, KOTOpble MOTYT CBECTM Ha HET JAEWCTBUE NpaBWIbHOTO TeHa. [lpyras mpoGiema
3aKJIK0YAETCSl B TOM, YTO JAJIEKO HE BCEM BHPYyCaM YIaeTcsl KOPPEKTHO BCTPOUTH HYKHBIN T'€H B
KJIETKH YeJIOBEYECKOTO Tesla, M KJIETKH HEe MOTYT MPOM3BOAMTH HYXKHBIM OeloK B HEOOXOAMMOM
KOJINYECTBE.

Hecmotps Ha 3TH TpyAHOCTH, (paHity3ckue yueHble o0bsBmin B 2000 ., 4TO UM ynajaoch
BBUICUUTH JETEH C TSHKEIbIM KOMOMHHMPOBAHHBIM HMMYyHOAePUUMTHBIM cuHapomoM (TKWJ) —
JeTel, poAMBIIMXCS ¢ HepaboTOCOCcOOHOW MMMYHHOM cucTteMoi. HekoTopble M3 Takux JeTei,
nogo0HO «/IPBUay, MallbuuKy W3 My3bIps», BBIHYKIEHBI BCIO JKM3Hb IMPOBECTH B CTEPUIBHOM
IUTACTUKOBOM Ty3bIpe. JItobas uHpekuus MoxeT okazaTrbes s HUX (arainbHOM. [eHeTndyeckuit
aHaJIU3 TAIMeHTOB, IOJBEPTHYTHIX TE€HOTEpamuH, IOKa3aJl, YTO B HMX HMMYHHBIX KJIETKax
JICICTBUTENIBHO TIOSIBUIICS HOBBIM T'€H, KaK M IUIAHHPOBAJIOCH, B PE3YNbTAaTe YEro MMMYHHas
cucTema JeTei 3apaboTana.

Ho Opumm u nHeymaun. B 19991 B VYHuBepcutere I[leHCHIbBaHMM MallMeHT yMmep NpU
UCIBITAHUM OJIHOTO M3 METOJOB TEHOTEpanuH, M MEIUIMHCKOMY COOOIIECTBY NPHUILIOCH
NIEPEOCMBICIIUTh CBOE OTHOILICHHME K MOJOOHBIM 3KCIIEpUMEHTaM. JTa CMEpTh cTaja NepBOi cpeau
1100 mamueHTOB, y4YacTBYIOIIMX B HCIBITAHUAX TIE€HHOM Tepanuu d3toro tuma. A k 2007 .
BBISICHWIOCH, YTO y YETBIPEX U3 JIECATH MAIMEHTOB, BBUIEYEHHBIX OT OJHOW KOHKPETHOWU (OPMEI
TKW/, pa3Buiics cepbe3Hblii M0O0UHBIN ekt — nelikemus. Teneppb uncciaenoBaHus B 00IacTH
renHoi Tepanun TKU/] cocpenoTrodeHsl Ha TOM, KaK BbUICUUTH OOJIE3Hb M HE aKTUBHUPOBATH INPH
ATOM CJIy49ailHO T€H, CIIOCOOHBIN BBI3BAaTh pak. Ha ceromHsmHmii 1€Hh BCE CEMHAIATh MAIlUEHTOB,
CTpajaBIIMX Jpyroil pasHoBUIHOCTbIO TKWM/[ M BbUICUEHHBIX CpPEACTBAMHM T€HHOM Tepamnuw,
3m0poBbl U He crpanator Hu TKU]I, HU pakoM. DTO OIWH M3 HEMHOTHX OECCIIOPHO YCIEUTHBIX
Pe3yNIbTaToB B ATOM 001acTH.

Pak u cam no cebe siBisieTCs OTHOM U3 TIIaBHBIX MUILIEHEH reHHoM Tepanuu. [louTn noinoBuHa
BCEX CiIydaeB OOBIYHOTO paka CBs3aHa C IMOBPEXKJEHHEM OJHOrO reHa, p53. DTo UIMHHBIA U
CJIIOKHBIM T'€H, YTO MOBBIMIAET BEPOSITHOCTh €r0 MOBPEKIEHUS IOJ BO3IECUCTBHEM OKpPYXKarolen
cpeabl WiM XUMHYecKuX (hakropoB. IIpoBoAMTCS MHOXKECTBO IKCIIEPHUMEHTOB, I€Nb KOTOPBIX —
BBECTH MaluMeHTaM 370poBbiii TeH p53. K mpumepy, usBecTHO, 4TO TaOauyHbI NIbIM BBI3BIBAET
XapaKTepHbIE MYTAIlMM B TPEX XOPOIIO M3BECTHHIX 30HAX 3TOrO reHa. Takum oO0pa3oM, €CIU MBI
HAay4yuMCsl 3aMEHATh IMOBPEXICHHBIM I'€H 3J0pOBBIM, TO OJHAXKIbI MbI, CKOPEE BCETr0, CMOXKEM
U3JIeYNBATh ONpeeIeHHbIe (POPMBI paKa JErKUX.

[Iporpecc B obmacTy TEeHHOW Tepamuu paka WAET MeIjIeHHO, HO BepHO. B 2006 1. yueHbie
HarnuoHaneHOro MHCTUTYTA 3APAaBOOXPAHEHUS B MIpHIIEHJE CyMENN BBUICUUTh METACTaTUYECKYIO
MenaHoMy— (opMy paka KOKM — TPH TTOMOIIM TeHEeTHYeCKH u3MeHeHHBIX T-mumdorutoB (T-
KWJUIEPOB), HALIEJEHHBIX CIHENUAJIbHO HA pAKOBbIE KIETKH. OJTO TIEPBOE HCCIEIOBAHUE,
JTOKa3bIBaloIlee, YTO TEHHYIO Tepalrio MOYKHO HCIIOIb30BaTh MPOTHUB HEKOTOPHIX (opMm paka. A B
2007 r. Bpaun HOHuBepcuTH-KOUIEIKAa M Ia3HOM OonbHMILI Mypdunac B Jlongone cmoriu
MOCPEJCTBOM T'€HHOI Tepanuu BbUIEYUTHh OAHY U3 (hOpM HACIIEICTBEHHOTO 3a00J€BaHMs CETYATKU
(BeI3BIBaeMOro Mytanusimu resa RPE6S).

Tem BpeMeHEM HEKOTOPBIE CYNPYKECKHE Maphl HE JKYT MOSBICHUS METOI0B TEHHOM Tepanuu
Ha pBIHKE, a OepyT CBOIO Cynb0y M CBOE T€HETHYECKOe Hacjeaue B cOOCTBeHHbIe pyku. [lpu
OIUIOIOTBOPEHUH B TMPOOUpPKE IMapa MOXKET MOJYyYUTh Cpa3y HECKOJIBbKO OIUIOAOTBOPEHHBIX
3aponpliuieil. [Tociie 3Toro kaxaslii U3 3apoAbIIIeH MOXKHO IIPOBEPUTH HA KOHKPETHOE T'€HETUYECKOE
3a0onieBaHue, a 3aTeM BbIOpaTh M MOJCAIUTh MaTepu TOT U3 HUX, KOTOPBIA JTOCTOBEPHO OT HETO



cBoOozeH. TakuMm 00pazoM, Jlaxke HE HUCIOJb3Ys JOPOTOCTOSIIMX TEXHOJOTUH W METOI0B I'€HHOM
Tepanuy, MOXHO MOCTENEHHO W30aBUTHCS OT 3HAYUTEIHLHOIO YMCIAa TeHETHMYECKHX 3a00JIeBaHMM.
OTO yXe JeNalT HEKOTOpbIE OPTONOKCAIbHbIE €Bper B BpykiMHE, cpeau KOTOPBIX OYEHb BBICOK
puck 6one3nu Tes-Cakca.

Ho MOXHO cka3aTh MOUYTH HAaBEPHsKA, YTO OFHA OOJIE3Hb — PaK — OCTAHETCS CMEPTENIbHO
ONacHOW Ha npoTsikeHnH Bcero XXI B.

CocymecTBoBaHHE ¢ PAKOM

Eme B 1971 1. mpe3uaent Puuapn Huxcon mon dandapsl, ¢ OompmM mymoM B Tpecce,
TOP)KECTBEHHO OOBABMI paky BOWHY. OH cyMTaj, YTO, €CIM BBIACIUTh HAa HCCIEAOBAHUS
JIOCTaTOYHO JEHET, MeTOJ JieueHus: ObIcTpo oTbimieTcs. OnHako copok jetT (u 200 Miap/ 1011apoB)
CIycTs pak nmpopoipkaeT ocraBarscs B CILIA BTOpoO#i Beqymiel NIpUUMHON CMEPTHOCTH; UMEHHO 3TO
3a0oJieBaHUE SIBIIIETCS IPUUMHON YETBEPTH BCEX CMEPTEH.

CMmeptHOCTB OT paka 3a 55 net, ¢ 1950 mo 2005 1., cHuU3WIack (C MOMPaBKOM Ha BO3pacT U
JIpyrue ¢gakTopbl) Bcero Juimb Ha 5 %. OXumaeTcs, 4To TOIBKO B DTOM TOAYy PaK YHECET KU3HU
562 000 amepuKaHLIEB — IO HOJTOPBI THICAYM YEJIOBEK B J€Hb. 1[0 HEKOTOpBIM THIIAM paka
CMEpPTHOCTh CHHU3WJIACh, IO JPYTHM YIPSMO JAEPKHUTCS Ha MPEKHEM YpOBHE. A METOJbI JICUEHUS
paka, IpU KOTOPBIX OpPraHM3M YEJIOBEKA TPaBsT, KPOMCAIOT M JKI'YT, 3aCTaBJIAIOT HECUACTHBIX
MAIMEHTOB COMHEBAThCS B TOM, YTO B KOHEUHOM MTOTE Xy»e — OO0JIe3Hb UJIH €€ JIeUCHHE.

3aHUM YHCIIOM Mbl, KOHEYHO, MOKEM CKa3aTh, YTO HMEHHO ObLIO cleNlaHo HeBepHo. Torna, B
1971 r., 1o peBONIOLINY B TEHHOW MH)KEHEPUH, IPUUMHA PaKa OCTaBaJach COBEPIICHHON 3araJKkou.

Tenepp ydeHble MOHUMAIOT, YTO paKk — 3TO B MEPBYIO ouepeab 00e3Hb TeHoB. UTo OblI ee HU
BBI3bIBAJI0O — BHUPYC, XUMUYECKUE BEILECTBA, U3TYyYEHUE WM MPOCTO CIy4alHOCTb, — B OCHOBE
paka Jexar MyTallud 4YeThIpeX WM Oojee HalIMX TeHOB, MPHU KOTOPHIX HOpMalibHAs KIIETKa
«paszyuuBaeTcsi ymuparb». KiieTka TepsieT KOHTpOJIb HajJ COOCTBEHHBIM BOCIPOU3BEICHHUEM U
HayMHaeT OeclpeNeIbHO Pa3MHOXKAThCS, CO BpeMeHeM yOuBas mnaunueHTa. ToT ¢axt, uTo s
3aIlycKa PaKOBBIX MPOLECCOB TPeOyeTcsl MOCIEA0BaTEIbHOCTh U3 YEThIpeX WM OoJiee AePEeKTHBIX
T'€HOB, BEPOSTHO, OOBSICHSET, MOYeMy 3Ta OOJIe3Hb HEepelKo yOMBaeT 4eJoBeKa Yepe3 HECKOJIbKO
JECATUIIETUI TocTe COOBITHS, MOCIYKUBILETro MPUUMNHOMN ee BO3HUKHOBEeHUA. K mpumepy, yenoBek
MoxeT, Oyayun PeOeHkoM, CHIIbHO 00ropeTh Ha coiHile. Yepe3 MHOTO JIET Ha TOM CaMOM MECTe Y
HEro MOXKET Pa3BUTHCA PAaK KOXKU. DTO O3HAuUaeT, YyTo 3a MpoIleAliee BpeMs B KIETKE BO3HUKIN
JIOTIOJTHUTEbHbIE MYTallMHM, U UX CTaJ0 JOCTATOYHO MHOIO, YTOOBI MEPEKIIOYUTH KIETKY B
PAKOBBIM PEXKUM.

CyiecTByeT 1o KpailHEH Mepe J1Ba OCHOBHBIX THIIA T€HOB, IMEIOIMX OTHOIIEHUE K PaKy, —
3TO OHKOT€Hbl W TeHbl — cympeccopbl omyxosneid. OHKOreH JIeiCTByeT Kak Mefanb rasa B
aBTOMOOMJIE, 3aCTPSIBILAS B HIDKHEM TOJIOKEHUH; MAIlIMHA TIPU 3TOM HECETCs Ha MOJTHON CKOPOCTH.
OHKOTeH T03BOJIIET KIIETKE pa3MHOXKAThCs ©Oe3 BCAKUX orpaHndyeHuil. [eH-cympeccop B
HOPMAJIbHBIX YCJIOBUSX JIEHCTBYeT Kak TOPMO3 B AaBTOMOOMJIE; €CIM OH IOBPEXJIEH, KIeTKa
CTaHOBUTCS MTOX0XKA HA MAIlIMHYy 0€3 TOPMO30B.

ITpoekt «I'eHOM paka» HalEJIEH Ha BBIBICHUE N10CIIEI0BATEIbHOCTEN F€HOB, KDUTUYHBIX JUIS
pasHbIX BHJIOB paka. Ecnum ydecTb, 4YTO KaxkIpld BUA 3a0oneBaHus TpeOyeT MOIHOTO
CEKBEHHUPOBAHUS YEJIOBEYECKOTO T'€HOMA, IOJYYUTCS, 4YTO MPOEKT «I€HOM paka» B COTHH pa3
aMOMIIMO3HEee, YeM TMePBOHAYAIBHBIN TPOEKT «[ eHOM ueoBekay.

Koe-kakue nepBble pe3ysbTaThl 3TOTO J0JIT0XKIaHHOTO MPOEKTA, OTHOCSIINECA K PAKy KOXKHU U
nerkux, ObumM omyoOnukoBaHel B 2009 r. Pesynbrarel mopasutenbHbl. Maiik Crparton (Mike
Stratton) u3 Muctutyra Cenrepa ckaszai: «To, yTo Mbl HaO/t0aeM CETrOAHS, MOJTHOCTHIO U3MEHUT
HAIIIM [IPEJICTAaBICHUS O pake. Mbl HUKOT/]a HE BUJIENIH PaK B TAKOM OOHa)KEHHOM BHJIE.

B kierkax jerodyHoil pakoBOH OMyXOJH OBUIO OOHAPY)KEHO MOPA3UTEIbHOE KOJMYECTBO —
23 000 — oTHenbHBIX MyTallHii, a B paKOBOU KJIeTKe MenaHoMbl — 33 000 MyTanmii. 9TO 0O3HAYaeT,
YTO Y CPEIHEr0 KypWJIbIIMKA BO3ZHUKAET OAHA MyTalMs HAa KaKIble NATHAALATh BBIKYPEHHBIX
curaper. (Pak nerkux yOuBaeT €XerogHo MWIJIMOH YEJIOBEK IO BCEMY MHUPY, B OCHOBHOM



KYPHJIBLIUKOB. )

[lenb MpoekTa — MPOBECTH F'€HETUYECKUI aHAIN3 BCEX TUIIOB paka, KOTOPhIX HACUUTHIBACTCS
oonbie 100. B Tene dyenoBeka MHOKECTBO THUIIOB TKaHEH, JII00ast U3 KOTOPBIX MOXKET 0OCPHYTHCS
paKoBOif; Ooyiee TOTO, HA KaXKIbIA THUI TKAHU MPUXOIAUTCS MHOKECTBO THIIOB PaKa; MPH 3TOM
KQXBIH TUI paka — 3TO JECATKH ThICSY MyTauuil. [IoCcKoNbKy pedb B KaXIOM ciydae HICT O
JIECATKAX THICAY MYTAlMi, YUYEHBIM TOHAIOOMTCS HE OJHO JCCATHIICTHE, YTOOBI OMpENCIUTh B
TOYHOCTH, KaKH€ W3 HHX BBI3BIBAIOT CcOOH B KIIETOYHOM MexaHm3Me. Ckopee Bcero, OymayT
pa3paboTaHbl METO/bI JICUCHHUS OTACIBHBIX BUJIOB paka, HO He OyleT OJHOro OOIIero moaxoma K
JICYCHUIO paKa B IIEJIOM, — BE/Ib M CaM PaK MPEACTaBISET COOOH COBOKYITHOCTh MHOXKECTBA Pa3HbIX
3a00seBaHuil.

Ha peiHKe OyayT TOSIBISTBCS HOBBIC JIGKQPCTBA M METOABI JICUSHHs, pa3pabOTaHHbIC IS
MOPAXKEHUS] MOJICKYJSIPHBIX M T€HETHYECKHX KOpHeil paka. Cpemu camMbIX MHOTOOOCIIAFOIIMX
METO/IOB:

*aHTUAHTHOTEeHE3, W MEePEKPHITUE KPOBOCHAOKEHUS OMYXOIM, B PE3ylbTraTe KOTOPOrO ee
POCT TIpeKpaIaeTcs;

*HAHOYACTHUIIBI, HAIIOMUHAIOIINE «yMHBIE OOMOBI» M HampaBICHHBIE HETMOCPEICTBEHHO Ha
PAaKOBBIC KIICTKH,

*TeHHAs Tepanus, 0COOEHHO B OTHOIICHHUH I'eHa pS3;

*HOBBIC JICKAPCTBCHHEBIC MPEIIapaThl, HALICJICHHBIC HAa PAKOBBIC KIICTKU,

*HOBBIE BaKIIMHBI POTHUB BUPYCOB, CIOCOOHBIX BHI3BIBATH PaK, TAKUX KaK BUPYC MANUIIOMBI
yenoBeka (HPV).

K HecuacTpro, HaM BpsJ JM yIacTCs OTHICKAaTh BONIIEOHYIO MWJIIONI OT paka. bormee
BEPOSTHO, UTO HAM MPHJIETCS MPOXOIUTH MYTh K JICYCHUIO ATOTO 3a00JIeBaHUs MMOCTENIEHHO, IIar 3a
marom. Ckopee BCEero, CEphe3HOe CHIKEHNE CMEPTHOCTH ITPOU30MIET TOT/IA, KOT/a BCs 0OCTaHOBKA
BOKpPYI' Hac OyaeT HachlllleHa YHIIAMH, MOCTOSHHO BEAYIIMMH HAOIIONEHUE U BBISABISIONTIMHI
PaKOBBIEC KJIIETKH 33JI0JITO JIO TOTO, KaK 00pa3yeTcst HACTOSIIAs OITyXO0JIb.

Kak ormeuaet HoOeneBckwmii naypear J»Bun bantumop, «pak — 3T0 apMusl KIETOK, KOTOpbIE
CpaKarOTCs C JIFOOBIMU HAIIMMH CTIOCOOAaMU JICUEHHUS TaK, YTO, 51 YBEPEH, Mbl HUKOT/IAa HE CMOXKEM
BBIITH U3 005».

CepeauHa Beka
(2030-2070 rr.)

I'ennasi repanus

HecMoTpss Ha HenOCTaTkKM W HEyJauud TIEHOTEpANnu, HUCCIEeNoBaTend MepeHsl, 4YTO B
OmpKalne JaecsSTUIeTHs 3Ta 00JacTb MeOUIUHBl OyneT cTaOWiabHO pa3BuBaThCs. MHorue
CUHTAIOT, YTO K CEpEeJMHE BEKa I'€HOTEpaIusi CTaHEeT OOBIYHBIM METOJOM JIEUCHHUs LEJIOro psija
TeHEeTUYEeCKUX 3a00IeBaHUN. YCIexH, YK€ JOCTUTHYThIE YUEHBIMH B 3KCIIEPUMEHTAX Ha KUBOTHBIX,
CO BPEMEHEM pacCIpOCTPAHSTCS U HA YEJIOBEKa.

Jlo cux mop reHHast Tepanusi Oblja HampaBjeHa JIMIIb HA 0OJE€3HH, BbI3bIBAEMblE MyTallHel
OZIHOTO-€IMHCTBEHHOro reHa. MiMeHHO 3Tu 3aboneBaHus OyayT u3jiedeHbl nepBbIMU. OgHAKO He
CEKpeT, YTO MHOTHMe 3a00JIeBaHMs BBI3BIBAIOTCS MYTAlMSMU HECKOJIBKUX T'€HOB M, KpOME TOrO,
JIeCTBHEM ONpe/IeeHHBIX BHEIIHUX (hakTopoB. [Tono0HbIe 00I€3HH J€UUTh HAMHOTO TpYJIHEE, HO
K HUM OTHOCSITCSI TAKHE CEPbE3HbIE U PacIpOCTPaHEHHbIE 3a001eBaHMsl, KaKk AUadeT, mu30hpeHus,
6one3nn AnblreiiMepa u IlapkuHcoHa, a Takke MHOTHE ceplieuHble 3a0oeBanus. Bece oHM uMeroT
TeHETUYECKYI0 OCHOBY, HO CBSI3aHbl C MYyTallUSIMU HE OJHOTO, a HECKOJNbKUX reHoB. K mpumepy,
OBbIBAET, UTO OJJMH U3 OJJHOSHIIEBBIX OJIM3HELIOB CTpajaeT Mu3oppeHnei, a Apyroil HopMaeH.

Pa3Hble ydeHble yke He pa3 OObSBISUIM, YTO MyTEM HCCIIEOBAHMS T€HETUYECKOW HCTOPUU



HECKOJIbKMX CeMEeH UM YJalloCh BBIIEIMTH T'€HbI, CBA3aHHBIE C MM30¢ppeHueil. OnHaKo pe3ynbTaThl
TaKuX paboT, KaK MpPaBUJIO, HEBO3MOXHO MPOBEPUTH MpPHU MOMOIIM HE3aBHUCHUMBIX HCCIEJOBAHUM.
Tak uTo OO 3asiBIECHHBIC PE3YAbTAaThl B OOJBLIIMHCTBE CBOEM OLIMOOYHBI, JMOO MU30(PpEeHHs
CBsI3aHa CO MHO)XECTBOM pa3HbIX T€HOB. K Tomy ke 31ech, Cyas IO BCEMY, 3a/I€UCTBOBAHBI €IIE U
BHEIIIHUE (PaKTOPBI.

K cepenune Beka reHHas Tepamnusi JODKHA CTaTh OOLIEHPUHATHIM METOJOM JIEUEHHS, IO
KpaifHell Mepe a1 Oone3Hel, BHI3bIBAEMBIX MOBPEKICHUEM OAHOro reHa. Ho He MCKIOueHo, 4To
nanueHTaM Majo OyJIeT MPOCTO UCIPABUTH JAePeKTHbIE reHbl. BronHe BO3MOXKHO, YTO OHU 3aXOTAIT
UX YIIYYIIHUTb.

JleTH 1o cnennpoeKkTy

K cepennne Beka ydeHbIE IEPEUTYT OT MPOCTOM MOYNHKU CIOMAHHBIX T€HOB K UX YCHJICHHUIO
U yITy4YIIEHUIO.

YenoBeKky HCIIOKOH BEKOB XOTEJIOCh OOpPECTH CBEpPXUEIOBEUECKHE CIIOCOOHOCTH; B 3TOM
HECJIOXKHO YOEIUThCS, OOpaTHBIIMCH K TPEUECKHMM W PUMCKUM MupaM, a Takke 3alisiHyB B
OObIYHbIE HamM CHbl. Benukuii repoit I'epaki, onMH U3 NONYISPHEHIIMX T'PEKO-PUMCKHUX
M0JTyOOTOB, MOJIY4YHJI CBOIO HEBEPOSTHYIO MOIIb HE B PE3yNbTaTe YIOPHBIX 3aHITUNA U MPaBUIHHOTO
NUTAHUSA, @ MPOCTO KaK ChIH OOKecTBa — T. €. OT OOKECTBEHHBIX I'eHOB. Ero marb, cmepTHas
KpacaBula AJIKMEHA, OHAX]bl yIOCTOWJIACh BHHMAHHs 3€BCa, KOTOPBIA BCTYIHJI C HEHW B CBA3b
1ojl BUZIOM ee cobcTBeHHOro Myxa. Korma ona 3abepemenena, 3eBc 00BbsSBUII, UTO peOEHOK CTaHET
BeMKUM BomHOM. OpHako cymnpyra 3eBca ['epa mpupeBHOBasia €ro K CMEPTHOM M TalHO pEIIMiIa
YMEPTBUTH peOeHKa, 3aJiepKaB €ro pokJeHue. AJIKMEHa 4yTh HE yMepiia B MyKaxX BO BpeMsl JOJITUX
POJIOB, HO B MOCJIEIHIOI0 MUHYTY 3aroBop l'epbl ObLIT pacKkphIT U 'y AJIKMEHBI pOJWIICS HEOObIYaitHO
KpYIHBIN MitajieHell. HarmonoBuHy 4enoBek, HanonoBuHY Oor, ['epaki yHacnenoBan 00KeCTBEHHYIO
CHIIy OTIIa ¥ COBEPUINII MHO>)KECTBO I€POUUYECKUX, JIETEHIAPHBIX MTOJIBUIOB.

B Oymymiem Mbl, MOXXET ObITh, U HE HAyYUMCS CO3/1aBaTh 00XKECTBEHHBIE I'€HbI, HO HaBEpHsIKa
CMOXEM CO3/1aBaTh T€Hbl, KOTOpble oOecredyar 4YelOBEeKYy CBEpPX4EJIOBEYECKHE CIIOCOOHOCTH.
Onnako, momoOHO poxaeHuro lepakiia, 10 MOSBIEHUS TAaKOM TEXHOJOTHMH YYEHBIM IPEICTOUT
IIPEOJ0JIETh MHOKECTBO TPYIAHOCTEM.

TeM He MEHee K CepelMHE BeKa «JIeTH MO CHELIPOEKTY» MOTYT CTaTh peanbHOCThIO. Kak
CKazaJ rapBapckuii omosor J. YuncoH, «Homo sapiens, mepBblif HICTUHHO CBOOOHBIN BT, BCKOPE
OCTaBUT I1033/I1 €CTECTBEHHBIH OTOOpP — CHIY, CO3laBlIyl0 Hac... CKOpO MBI JOJKHBI Oylaem
3amISIHYTh IIyOOKO B ce0sl M pelINTh, KAKUMH MbI XOTUM CTaTh.

VKe cerofiHsg y4deHble TOHEMHOTY HaYMHAIOT pa3douparhCcsl B FeHaX, OTBEYaroIuX 3a 06a30BbIe
¢byukuuu opranusma. K npumepy, B 19991 Obl1 BblAECNEH Te€H «YMHOM MBIIIN», 3aMETHO
YIYYIIAIOMUNA TaMATh ¥ COOOpPa3UTENbHOCTh MbIIIeH. MbI, o0nagaromue TakKuM TeHOM, JTydlle
MIPOXOJAT JTJAOUPUHTHI U JTy4Ille 3alIOMUHAIOT.

VYuensle [IpuHCTOHCKOTO YHUBEpcUTETa, B uacTHOCTH Jxo03ed Llsub (Joseph Tsien), cozmanu
JIMHUIO T€HETUYECKH U3MEHEHHBIX MBIIIEH, Y KOTOPBIX €CTh JIONOJHUTENBHBIN I'eH M0/ Ha3BaHUEM
NR2B, nomoraromuii 3amyCTUTh IPOU3BOACTBO HeHpoTpaHcMutrrepa M-metun-b-acnaprara
(NMDA) B mepenneit yactTu Mosra Mbimi. Co3maread YMHBIX MbIIEH OkpecTwim ux Jlyru-
MBIIIAMU (B YECTh T€pPOsl OMOPUCTUYECKOT0 TeJecepralla MaJIeHbKoro foktopa dyru Xaysepa).

YMHBIE MBI OOTOHSIOT OOBIYHBIX MBIIIEH MO MHOTMM TecTaM. B oIHOM sKcriepuMeHTe
MBIIIb TOMEIIAIOT B €MKOCTb C HENPO3padyHOM BOJOM, IN€ OHA JO/KHA OTBICKaThb CKPBITYIO
w1athopMy, Ha KOTOPO MOXKHO OTJOXHYTh. OObIYHASI MBIIIb KaXKIbIi pa3 3a0bIBaeT, I1e HaXOJUTCs
3Ta TUIaTGopMa, M HayMHAET OECHOpsIOYHO IJIaBaTh MO OacceifHy, Torga Kak yMHas MbIIIb C
MEepBON MOMBITKU IUIBIBET MpsAMO K muiatgopme. Eciau MbIM Moka3bIBatOT J1Ba 00bEKTa, CTapblii U
HOBBI, TO OObIYHAs MBIl HE OOpamlaeT BHUMaHHUS Ha HOBBIH OOBEKT, a yMHAass MIHOBEHHO
3aMedaeT ero NpUCyTCTBHE.

Baxxaee Bcero To, 4T0 y4eHble MOHUMAIOT, KAK MIMEHHO PaOOTaOT I€Hbl YMHOW MBILIH: OHH
PEeryaupyroT cuHarchl Mo3ra. Eciau mpeactaBuTh cebe MO3r KakK pa3BETBIECHHYIO CETh IUIATHBIX



JIOPOT, TO CHHAIICHI B HEM MIpaloOT POJib MyHKTOB B3UMaHMs TOpOXKHBIX cOopoB. Eciin 1ieHa npoesna
CJIMIIKOM BBICOKA, MAIIMHBI HE MOTYT MpPOEXaTh; JABMKEHUE MHPOPMAIIMU B MO3TY IpEKpaliaeTcs.
Ho ecnu neHa HeBbICOKa, MAIIMHBI MOTYT HpoeXaTh, a COOOIIEHHS — MNPONTH Ha3zHaYEHHBIM
MapuipytoM. Heiporpancmutrepsl, Takue kak NMDA, CHIXaIOT «lleHy Mpoe3aa» U 00Jerdaror
IIPOXOXJAECHUE CHUTHAJIOB 4Yepe3 CHUHANChl. Y YMHON MbIIM JABe konuu reHa NR2B, kotopsie
CHOCOOCTBYIOT IPOM3BOJICTBY HelpoTpancMurTepa NMDA.

YMHBIE MBIIIU MOATBEPKIAIOT MpaBUiIo Xe06a: oOydueHHe MPOUCXOAUT TOrJa, Kak B MO3re
YCUIIMBAIOTCS ONpeZesieHHble HEepBHbIE NMyTH. BooOIie roBops, 3T MyTH MOXXHO YCHJIHTH 4Yepe3
PEryislui0 CHUHAIICOB, COEIUHSIONIMX COOTBETCTBYIOLIHE HEPBHBIE BOJIOKHA, YTO OOJerdaer
IIPOXOXKACHUE CUTHAJIOB Y€PE3 CUHAIIC.

Bo3MoxHO, pe3ynbTaThl 3TUX HCCIEIOBAaHUN MOMOTYT OOBSICHUTH HEKOTOpPBIE OCOOEHHOCTH
npouecca odyueHusi. M3BecTHO, 4TO CTaperolue XUBOTHBIE B 3HAUUTEIBHON Mepe yTpauuBarOT
COCOOHOCTh K OOYYEHHIO. DTO SIBIIEHHE MOKHO YBHJETh BCIOAY B *KMBOTHOM MHpe. Bo3mokHO,
00BsicHsIeTCs 3TO TeM, uTo reH NR2B ¢ Bo3pacTom TepsieT akTUBHOCTb.

Kpome Toro, cornmacHo Bce ToMy ke IpaBuity Xe60a, BOCTIOMUHAHUS 3aKPEIUISIOTCS B MO3TY,
KOTZIa MEXJy HEHPOHAMHM BO3HMKAIOT CWIBHBIE CBSI3M. BO3MOXHO, 3TO JIEUCTBUTENIBHO Tak,
MOCKONIBbKY akTuBanus peuentopa NMDA kak pa3 ¥ cO30a€T CUIIbHBIE CBSA3H MEXAY HEMPOHAMHM.

I'en Moryueit MbILIH

Kpome «reHa yMHOM MBIIIM» YYEHBIM YIAJOCh BBIIECITUTH «T€H MOTYYEH MBIIIN», KOTOPBIMA
YBEITUYMBAET MBIIICUYHYI0O MacCy M JIeJIaeT MBIIIb TOXOXKEH Ha TMepepa3BUTOrO KYJIBTYPHCTA.
BriepBbie 3TOT TeH ObUT OOHApY)KEH y MBIIMIKM ¢ HEOOBYaltHO pa3BUTON MycKynarypoil. Temepb
y4CeHBIC TIOHUMAIOT, YTO KIIFOUEBBIMU 3/I€Ch SIBIISIOTCS T€HBl MHOCTATHHA, 3a7ada KOTOPBIX —
cepKuBaTh pocT MbII. B 1997 . yueHble 0OHApyKWIH, YTO, €CIIU 3a0JI0KHPOBATh y MBIIIHA TeH
MHOCTATHHA, €€ MBIIIIIBI Pa30BBIOTCS CUIIbHEE OOBIIHOTO.

Eme omHO OTKpBITHE OBLIO CAENAHO BCKOPE MOCJE 3TOro B [epMaHWU MpH HCCIEIOBAaHUHU
HOBOPOXXJICHHOTO MaJBIMKa C HEOOBIYaiHO Pa3BUTHIMU MBIIIIIAMH Oeep U Tuied. YJIbTPa3ByKOBOE
UCCIIEIOBAaHUE TIOKA3aJ0, YTO MBIIIIEI ATOr0 MalbuhKa ObUIM BABOE OONbIIE HOPMAIbHBIX.
CexBeHHpOBaHNE T€HOB MJIaJICHIIa U ero MarepH (podecCuoHaNbHON CIOPTCMEHKU-CIIPUHTEPIIIN )
BBISIBWJIO HAJIMYME MMOXOKUX T€HETUUECKUX CTPYKTYp. bonee Toro, aHainn3 KpoBU MajbuuKa MOKa3all
MOJIHOE OTCYTCTBHE MHOCTATHUHA.

Yuensle MeIMIIMHCKON LIKOJIBI pU YHUBepcuTeTe [[0HCa XONKHUHCA PELIWIN CBS3aThCs C
MalUeHTaMH, CTPAJAIOIIMMK JCTEHEPATHBHBIMU MBIIICYHBIMH PACCTPOUCTBAMH, — TOIYICHHBIC
pe3yJbTaThl MOTJIM OKa3aThCs AJIs HUX NoJe3HbIMU. OHAKO, K CUJIBHOMY Pa304apOBaHUIO YUEHBIX,
MOJIOBUHA TeNe(OHHBIX 3BOHKOB B MX O(HUC MOcTymnajga OT OOaMOWIAEpOB, MEUTABIIMX O TOM,
9YTOOBl YyAECHBIA TE€H MOMOT MM HAapacTUTh TPOMAJHBIE MYCKYIbL. DTH IIIOAH COBEPIICHHO HE
JyMajau O TOCHeACTBUSX. MoxeT ObITh, OHM BCHOMHUHAIM ()eHOMEHAJbHBIH ycmex ApHOIbAa
[[IBaprieHerrepa, KOTOPBIM TPU3HANCSA, YTO B Hadalle CBOEH 3BE3AHON Kaphepbl He Ope3roBai
cTepousaMu. [€H MHUOCTaTMHAa W CHOCOOBI €ro TOAABJICHHUS BBI3BAIM TaKOW OOIIECTBEHHBIN
uHTEepec, uTo Aaxke OIUMIUICKUI KOMUTET BBIHYXACH ObUT CO3/1aTh CIEIUAIBHYI0 KOMUCCHIO IS
BBISICHEHHsSI BCE€X OOCTOSITENILCTB. B OTNIMYME OT CTEPOUAOB, KOTOPHIE HECIOKHO OOHAPYKUThH MPHU
MOMOIIIM XUMUYECKUX aHAIU30B, STOT HOBBIM METOJI CBSI3aH C TeHaMU U OeIKaMH, 3a MPOU3BOACTBO
KOTOPBIX OHH OTBEYAIOT, 1 OOHAPYKUTH CJIENIbI €T0 MPUMEHEHHS TOPAa3/I0 CIOXKHEE.

WccnenoBanus ONHOSIMIIEBBIX — ONHM3HENOB, pa3leleHHBIX cpazy TMOcCIe  POKICHHUS,
MMOKa3bIBAIOT, YTO MHOTHE CaMble pPa3HbIE TOBEICHUECKHE YepThl OOYCIOBJIICHBI T€HETHYECKHU.
BooOr1ie ToBopsi, 3TH HCCIeNOBaHUS MMOKA3bIBAIOT, YTO IpuMepHO Ha 50 % moBeneHue OMM3HENIOB
ONpeNenseTcs TEHETHKOM, a Jpyras 4acTb — OKpykawomeil cpenoi. Cpenu T€HETHYECKH
OOyCIIOBIIEHHBIX HYEpPT — TaMsiTh, BepOaTbHOE U MPOCTPAHCTBEHHOE MBIIIIEHUE, CKOPOCTH
00paboTKN MHPOPMAIINH, SKCTPABEPCHUS U CKIIOHHOCTD K MIOMCKY OCTPBIX OUIYIICHHH.

B Hacrosmee Bpemsi naxe (GopMbl MOBEACHHUS, KOTOpPHIE MPEXKIE CUUTAIUCH CIOKHBIMH,
HAYMHAIOT PacKphIBaTh CBOM reHeTHYeckne KopHU. K mpumepy, cTemHbIe MOJIEBKM MOHOTAaMHBI, a



nabopaTopHble MBIIIN Hepa30opuuBkl B cBs3sX. Jlappu SIHT u3 YHuBepcuteTra DMOpU MOTPSIC MUP
OMOTEXHOJIOTUH; OH TOKa3al, YTO MPHU MOMOIIU MEepPeHOCca OJHOTO T'eHa CTEMHOM MOJIEBKU MOXKHO
CO3/71aTh MBbIIlb, KOTOpast OyAeT JIeMOHCTPUPOBATb MOHOTAMHbIE YEPThI. Y KaXKJIOTO BHJIA MBIIICH
CBOS BEpCHsl ONPENEIIEHHOTO pelentopa A OJHOIO M3 MENTHIO0B MO3ra, CBA3aHHOTO C
COLIMAJIbHBIM TIOBEACHUEM M ITOMCKOM IapTHEpa. SIHr BBEN I'eH, OTBEYANOIIMN 3a MPOM3BOJICTBO
ATOTO pelenTopa, OT CTEMHOM MOJEBKM OOBIUHOM MBIIMIM M OOHApYXWJ, YTO MbIIIb CTajna
JIEMOHCTPUPOBATH NOBEICHNE, XaPAKTEPHOE CKOPEE AJI1 MOHOI'AMHBIX I10JIEBOK.

«HecMOTpst Ha TO YTO B HBOJIOLIMU TAaKOM CIOXHOW cOIMaIbHON (DOpMBI MOBEACHMSI, Kak
MOHOTaMUsl, CKOpee BCEro, ObLJIO 33/1eiiCTBOBAHO MHOXKECTBO I'€HOB, — TOBOPUT SIHT, — M3MEHEHHE
B JKCIPECCUU OIHOTO-€IMHCTBEHHOTO W3 HHUX MOXET 3aMETHO IMOBIUATH Ha 3SKCIPECCHI0
OT/IEIbHBIX KOMIIOHEHTOB 3TON ()OPMBI MOBE/IEHHS, K IPUMEPY Ha TIOUCK apTHEPa».

MoxeT oka3aTbCsl, YTO JENpeccHss W CHaCThe TOXKE HMMEIOT T'eHeTHYecKue KOpHU. JlaBHO
U3BECTHO, YTO CYLIECTBYIOT JIOAM, KOTOPHIE YMEIOT OCTaBaThCS CUYACTIMBBIMHM [JaXe Cpeau
Tparuyeckux coObIThi. OHM BO BCEM BHJAT CBETIYIO CTOPOHY M HE MAacyloT mepesa NMpoldieMaMu,
KOTOpBIE OIyCTOIIAIOT Jpyrux mrofed. Kak mnpaBmio, Takue JHOOIM K TOMY XK€ OTINYAKOTCS
3aBUAHBIM 370poBbeM. [apBapackuii cuxonor Jpamen ['mnbept (Daniel Gilbert) pacckazan mHe,
YTO CYIIECTBYET T€OpHs, KOTOpas Bce 3TO 00bsicHseT. COmIacHO 3TOM TEOpHH, y KaKIAOro U3 Hac
IIPU POXKJIEHUU €CTh «OMOpHasl TOYKa cyacTbs». Ha mpoTskeHHH >KM3HM Hallle MCHXOJIOTHYecKoe
COCTOSIHME, €CTECTBEHHO, MEHSETCS, HO CPEIHUI YPOBEHb ONPEIEIAETCS T€HETUYECKU U 3a1aeTCs
npu poxjaeHuu. B OymayiieM, BO3MOXKHO, yU4€Hble HaWAYyT CIOCOO CABUTaTh OMOPHYIO TOUYKY INPHU
MIOMOIIH JIEKAPCTB MJIM METO/IOB T'€HOTEPAIH; MOHATHO, YTO OCOOCHHO Ba)KHO 3TO JJIS TEX, KTO
CTpasaeT XpOHUYECKOH JAeTpecCHueil.

ITo6ouHbIe 3 PeKTHI OMOTEXHOJIOTHYECKOI PEBOJTIONNH

K cepenune Beka yueHble CyMEIOT BBIJEIUTh MHOTHE OJMHOYHBIE T€HBI, KOHTPOIHUPYIOIIHE
pa3IM4YHbIE YEI0BEUECKUE KaueCTBa, U HAaydaTcsl BO3ACHCTBOBAaTh HA HUX. JTO HE 03HAYAET, OJHAKO,
YTO JIOCTIDKEHHUSI YUYEHBIX cpa3y e IMPHHECYT IOJIb3y 4ejoBeuecTBY. Bmepenu emie octaHeTcs
Jorasi ¥ TpynHas paboTa Mo MCKIIOUEHHIO MOOOYHBIX 3(P(PEKTOB U HeXeNIaTelIbHbIX MMOCIEACTBUH,
Ha KOTOPYIO MOXKET YHUTHU HE OJIUH JECSITOK JIET.

Bcenomuum, k mpumepy, Axuuieca. OTOT IpeBHUHN repoi ObLI HEYSA3BUM B OO0 M BO3IVIABIISII
100€I0HOCHBIX TPEKOB B AIIMUECKOM CpaXeHUH C TpostHIaMu. OJTHAKO y €ro CHIIbl ObUT (paTanbHBIH
HEJI0CTaToK. B cBoe BpeMsi, UTOOBI c/ieaTh ChlHA HEYSI3BHUMbIM, MaTh OKYHY/Ia MJaJleHIa AXuiuieca
B BO/IbI BomieOHOM pexku Ctukc. [Ipu 5ToM oHa Aepxkania Majbllia 3a MATKY, KOTOpas, K HECYacThlo,
HE Mo/BepIIach JEHCTBUIO YyAECHBIX BOJA M OCTajach ys3BUMOM. B pesynbrare B xoae TposiHCKOI
BOMHBI AXWIiec OB YOUT CTPEIION B TISATKY.

CeroznHs yd4eHbIE MBITAIOTCS IOHATH, HET JIM Y HOBBIX JIMHMH JKUBOTHBIX, CO37aBacMbIX B
TeHETUYECKUX J1a00paTopHsiX, CKPBITON axmiecoBoi miAThl. K mpuMepy, cylecTByeT yxe nopsjaka
33 JuMHUI YMHBIX MBbIILIEH C YIY4YIIEHHOW MaMAThI0 U COOOpasUTEIbHOCTHIO. OMHAKO €CTh H
HEOXHUJAHHBIN 1M0O0UHbIN 3¢ ¢dekT: cTpax HHOrAa OyKBaJbHO Mapaju3yeT YMHBIX MBIIIEH.
BeposATHO, 3TO cleACTBHE YNy4IIEHHOM nmamsaTu. EciyM Takux MbIIed NOJABEPraloT Ype3BbIYAHO
MSATKOMY JIEHCTBHUIO AJEKTPUUYECKOrO TOKA, OHH JApoXar oT cTpaxa. «Co3maercs BHeyarieHHe, YTO
OHU TIOMHSIT CIIMIIIKOM MHOTOe», — ToBopuT AmunmHo CunBa (Alcino Silva) u3 YHuBepcutera
Kamupopuuu B Jloc-AHmKkenece, co3gaBIIMKA COOCTBEHHYIO JIMHUIO YMHBIX Mbllei. Tenepb
yueHble MMOHUMAIOT, YTO JUII HOPMAJIBbHOM JKM3HU B 5TOM MHUpPE W OPraHM3aLMU 3HAHUH 3a0bIBaTh
TaK k€ Ba)XHO, KaK MOMHUTh. BO3MOXHO, /Ui ONTHUMAalbHOM OpraHu3aliy 3HaHUN HYXHO, YTOOBI
MBI BOBpeMsI H30aBJISTUCH OT OOJBIIOr0 KOJIMYEeCTBAa HH(DOPMAIIHH.

Hcropust yMHBIX MBIIIEH HAIIOMUHAET OJIMH U3BECTHBIN Clydaid, MMeBIIMKA MecTo B 1920-e
B Poccum wu ommcasHbli pycckuMm HeBposoroM A.P. Jlypuell. DTO wucCTOpHsl 4YelnoBeKa C
¢dororpapuueckort mamsateio. K mpumepy, «bokecTBeHHyr0 koMenuto» JlaHTe STOT 4elloBEK, He
3Has S3bIKa, 3aIIOMHUJI JOCJIOBHO C rojioca Mocje OHOro mpouTeHus. Booobiie, 3To kauecTBO OueHb
MIOMOTajio eMy B paboTe — OH ObUI ra3eTHBIM PENOPTEPOM, — HO BOT C MOHUMAHHEM MOCTOSHHO



BO3HMKaNU npoOnemel. Jlypus 3ameuaet: «Orienomiisoniee YUcIo (PAKTOPOB MeELIao eMy
MOHUMAaTh TPOYMUTAHHOE: KaXJO0€ BBIPAKECHHE TMOPOXKIaIo 00pa3; o0pa3sl HEMPEPHIBHO
KOH(JIMKTOBAJIM MEXTy cO00i».

VY4eHbIe CUMTAIOT, YTO MEXKAY 3a0BIBAHHMEM M 3alIOMHHAHUEM JIOJDKEH OBITh OIpeesIeHHBIN
6ananc. Ecau 3a0bIBaTh CIMIIKOM MHOTO€, MO>KHO, KOHEUHO, 3a0bITh 00Jb MPEIBbIAYIINX OMINOOK,
HO TIPH ATOM 3a0yIyTCsl TakKe KIFOYeBble (aKThl U yMeHUs. Eciy CIMIIKOM MHOTOE TIOMHHTH, TO
JIETKO 3allOMUHATh Ba)KHBIE MOJPOOHOCTH, HO HEMPOLICHHAs MaMATh O MPOIUIBIX CTPaJaHHUIX U
Hey/lauax MOMKET OKa3aTbCsl mMapanusyromeid. Tolbko pa3yMHOE paBHOBECHE MEXAY JIByMs
MPOIIECCAMU MOXKET MOPOJIUTH ONTUMAIBHOE OTHOILIEHHE K KU3HH.

Bomubnnnmepsl yxe TOHAIOTCS 3a BCEBO3MOKHBIMHU TIperiapaTaMd M METOAaMH, KOTOpBIC
obematoT UM moueT U cinaBy. [opmon sputponostud (EPO), x mpumepy, neictByer 3a cyer
YBEIMYCHUSI YUCIIa KUCIOPOJOCOMCPKAIMMUX KPACHBIX KPOBSHBIX TENEl] — JPUTPOIMTOB, YTO
MOBBIINIAET BBIHOCIAMBOCTh opraHusma. Opnako EPO crymaer KpoBb M IOTOMY MOXET
CIPOBOLIMPOBATh MHCYJIBT WK cepieuHblil npuctyn. MucynuHononoOueie ¢aktopsl pocta (IGF)
MOTYT OKa3aThCs MOJIE3HBIMU, TIOCKOJIBKY OMOTAIOT OefTkaM HapaluBaTh 00beM MBIIII, HO YUEHbIE
BBISIBIJTH HX CBSI3b C POCTOM OIYXOJIEH.

Jaxe ecnu OynyT NPUHATHI 3aKOHBI, 3alpEIAONINe TeHeTHUECKUe YIy4lleHNs], OCTAaHOBHUTh
ux Oyaer oueHb TpyaHO. He ciemyer 3a0bIBaTh, 4TO POAWTENN TEHETHYECKH 3aIPOTPAMMHUPOBAHBI
HBOJIOIMEN Ha TO, YTOOBI JJaTh CBOUM JIETSIM BCE BO3MOXKHBIE MpeumyiecTBa. C 0JJHOH CTOpPOHBI,
3TO O3Ha4aeT OECKOHEYHbIE YPOKH CKPUIIKHU, OajeTa U 3aHsITHs CIOPTOM, HO C JIPYrol — KeJlaHue
JlaTh JIeTSIM BCE BO3MOXKHBIE TE€HETHYECKHE YIYUIIeHHS — YIY4YIIEHHYIO NaMsTh, BHUMAaHHE,
aTIeTuYecKue CrocoOOHOCTH M, BO3MOXKHO, Jake BHEIIHOCTh. Eciau poxurtenu oOHapy»KaT, 4To MX
peOEHOK B 4eM-TO KOHKYPHPYET C COCEACKHM (2 TOT, MO CiIyXaM, OblJI TeHETHYECKU YIY4IlIeH), y
HUX BO3HUKHET CUJIbHEMHIIIee jkeJaHne 00eCcTIeYnTh CBOEro pedeHKa TeMH K€ MPEUMYIIECTBaAMH.

Kaxk ckazan I'peropu bendopa (Gregory Benford), «mbl Bce 3HaeM, 4T0 cUMIaTUYHbIE JIFOTU B
JKU3HU JOOMBAIOTCS OOIBIIETO.

Kakue pomutenu ycTosT nepel MCKyIIEHHEM JaTb CBOEMY peOEHKY Cephe3HO€ HauyalbHOe
MPEUMYIIECTBO B MHPE, TAC HAPUT JKECTKasT KOHKYPEHIIUS ?»

K cepennne Beka reHeTMYECKUE YAYUIIEHUS MOTYT CTaTh OOBIYHBIM sBJIEeHHEM. bojee Toro,
OHH MOTYT CTaTh HEOOXOAMMBIMH ISl JallbHEHero uccinenoBanuss COTHEYHON CUCTEMBI U KH3HH
Ha HETOCTETIPUUMHBIX IJIaHEeTaX.

OpHM TOBOPAT, YTO «3aKa3HbIe» TEHbl HYXKHbI, YTOOBI cJesaTh HAac Oojee 3710pOBBIMH U
cyacTIMBBIMH. Jlpyrue — 4To cienyeT pa3peluTb KOCMeTHYecKre yaydieHus. [TaBHbIi Bompoc
3aKJII04aeTcsl B TOM, HACKOJBKO JlaJieKo MpU O3TOM MOXHO 3aiWTH. Bo Bcskom ciyuae,
KOHTPOIUPOBATh PACIPOCTPAHEHHE «3aKa3HbIX» TEHOB, VYAYYIIAIOIMIUX BHENIHWA BUA U
cnocobHocTH, OyneT Bce TpymHee. MBI HE XOTHM, YTOOBI PO YEIIOBEUSCKHM pa3leinuics Ha
reHeTHYeCKue (Ppakiuy — YIy4YIIEHHBIX U HEYTYYIIEHHbIX, — HO OOIIECTBY NMPHUAETCS pelaTh
JIEMOKPATUYECKUM IyTEM, HACKOJIBKO JTAJIeKO CIIEAYET pa3BUBATh ATY TEXHOJOTHIO.

JInuHO 4 cuMTaro, 4to OYIyT MPUHATHI 3aKOHBI, PETYAHPYIOLINE NMPUMEHEHHE TeHETUYECKUX
METOJIOB; BO3MOXHO, pa3pemnieHo OyAeT MOoJIb30BaThCA TEHHOUW Tepanuel NI JieueHus Oojie3Hel u
YIYYIIEHHUSI COCTOSTHUS 3710pPOBBSI, UTO MO3BOJMIIO ObI UEIOBEKY BECTH MPOAYKTHBHYIO KH3Hb, HO
KECTKO OTPaHMYEHO MPUMEHEHHE €€ B YUCTO KOCMETHMYECKHMX WeNsX. JTO O3HadaeT, Mo Bcei
BUJMMOCTH, YTO CO BpPEMEHEM IOSBUTCS YEPHBI PBIHOK, IJI€ MOXHO OyIeT NpHoOpecTH
COOTBETCTBYIOUIME YyCIyrM B 00XOJ 3aKOHa; TakK WIM HHaue, YeJIOBEYECTBY MPUIETCS
npUcrnocalbiuBaTbCcs K CHUTYallMM, KOIJa HEKOTOpas dYacTh HaceleHus OyJIeT TeHeTUYEeCKH
MO (UIIUPOBAHHOM.

Ckopee Bcero, B OOJIBIIIMHCTBE CIIy4aeB 3TO HE CTaHET KaTacTpooil. Yike CerogHs MOXXHO
MOJTH30BaThCS TUTACTHUECKOW XUPYpPrHeW sl YAyYIIEeHHs BHEIIHOCTH, TaK YTO TeHETHYeCKas
MH)XEHepusi B 3TOM 00jacTh MOXeT M He MOHanoOuThcsa. Ho KTo-HUOYIb MOXET MOIBITAaThCS
M3MEHUTh TaKUM 00pa30M COOCTBEHHYIO JTUYHOCTh. BeposTHO, moBefeHNe YeIoBeKa OnpeneseTcs
MHOKE€CTBOM T'€HOB, KOTOPbI€ B3aUMOACUCTBYIOT MEXKIY COOON CIOKHBIM 00pa3oM, TaK YTO UIPHI C
OMXeBUOpATbHBIMU T€HAMH MOTYT BbBI3BAaTh HENPENyCMOTpPEeHHblE MO0O0YHbIE 3(deKTbl. YToObI



pazobparbcst B HUX, TOTPEOYIOTCS AECITKH JIET.
Ho 4Tto ke MOXXHO CKa3aTh O CaMOM TJIABHOM T€HETHUYECKOM YIYUIICHUH — O TPOIJICHUU
CpOKa 4eJI0BEUECKOM KU3HU?

Hanekoe Gyayuiee
(2070-2100 rr.)

OOpaTuTh Bpemsi BCISITh

B ucropuun yenoBeuecTBa OBUIH JIIOAM — KOPOJIU U BOXKIU, — KOTOpBIE 00Ia/aiyl BIACTHIO
HaJ 1nenbiMu umnepusiMu. Ho Obla oHa Belb, HaJ KOTOPOW HUKTO HE ObUT BiacTeH. Peus umer o
BO3pacTe, O crapeHuH. HeymuBUTENbHO, YTO MOMCK OECCMEpTHS — OJHA W3 CTapeHInuX 3aaad
YeJIOBECUCCTRA.

B bubnuu bor usronser Axama u EBy u3 Dnema 3a To, 4TO JIOAM HAPYIIMIU €r0 3ampeT U
nonpoOoBaM  A0JIOKO MMO3HaHWA. bor omacancs, uro Ajmam u EBa MOTYT BOCIOJIB30BaThCS
3allpeTHBIMU 3HAHUSMU, pa3rajiaTh TallHy OeccMepTHsl W CpaBHATHCS ¢ Ooramu. B kuure boeitus
(3:22) roBoputcs: «Bot, Anam ctan kak onuH u3 Hac, 3Has no0po u 370; U Teneph Kak Obl HE
MIPOCTEP OH PYKHU CBOECH, U HE B3sJI TAKXKE OT JepeBa )KU3HU, U HE BKYCHJI, M HE CTaJI KUTh BEUHOY.

[Tomumo Bubnwm, 3Ta TEMa paccMaTpUBaeTCs M B JIPYTUX JPEBHUX NMaMsaTHHKaX. K mpumepy,
310 «Ckazanue o [mibrameme» — JereHga O BEIUKOM Tepoe MecomoTaMuu, OTHOCSIIAsCS
npumepHo K 2700 . 1o H. 3. Korma BHe3amHO yMep €ro JaBHUM M BEpHBIM TOBapuil, | wibrament
pelIna OTHPaBUTHCA B MYTENIECTBUE M pasrajarh TaiiHy OeccMmepTusi. OH CHBINIAN, YTO OJHOMY
MYApPOMY YeJIOBEKY U €ro eHe OOTH JTapoBaju OeCCMEpTHE M YTO TOJBKO ITH JIFOIU B MX Kpasx
nepexxunn Benukuit moton. [Tocne sanuyeckoro, MOIHOTO MPUKITIOYSHHUH TyTerecTBus [ nibramern
HAaIIe]l B KOHIIE KOHIIOB Pa3rajJKy TaWHBI OECCMEPTHS W YBUIELI, KaK B TIOCIEIHUNA MHT €€ yTallluiia
3mMesl.

«Cxazanne o [mimeramernie» — OTHO W3 JAPEBHEHINHMX JIUTEPATYPHBIX IMPOM3BEACHUN, H
UCTOPUKU CYUTAIOT, YTO ONHCAHHBIH B HEM TIOUCK OeccMepTHs TOCIYKUI HCTOYHHKOM
BIOXHOBEHUs /s [omepa, aBTopa «Oaucceny, u 1uist Oubneickoro croxeTra o BcemupHoM moTore.

MHuorue apeBHue napu — kak ummneparop Llunb, o6benunuBmmii Kurtait oxomo 200 r. mo
H. 9., — OTIPABIISLIN TpoMajHbIe (DIOTIIMK HA TTOMCKH DOHTaHa IOHOCTH, HO yCIleXa He TOOWIIHCH.
(ITo nerenne, nmmeparop L{uue He Benen cBoeil (roTuinnK Bo3Bpamiarscs 6e3 TallHbl OeccMepTusl.
Mopsiku He cMOTIT OThICKaTh MOHTaH IOHOCTH, HO TIOOOSITUCH BEPHYTHCS C U3BECTHEM O Heyaade U
BMECTO 3TOTO OCHOBANH SMOHMIO.)

Y4eHble J0JITroe BpeMsl CIATAIIH, 9TO MPOAOIDKUTEIIBHOCTD KU3HU (PUKCUPOBaHA U HEM3MCHHA
W 4TO HayKe He MOJ CHIy uTo-TH00 37ech M3MeHUTh. OHAKO B MOCJEIHUE TOMBI 3TO YOEKICHHE
PYXHYJIO TTOJT HAITOPOM TIOPA3UTEIBHBIX IKCIIEPUMEHTAIBHBIX JTAHHBIX; B 3TOH 00JaCTH MPOU30IILIa
HacTosIasi peBoitoius. Eciu B mpeXHUE BpeMeHa TepOHTONIOTHS IMPECTaBisia cOOOW THXYIO
3aBoib B OypHOHl peke OMOJOTMYEeCKOM HayKH, TO Telepb 3TO OJHO M3 Hauboliee aKTHBHO
pa3BUBAOIIMXCS HampaBieHuil. Ha mccrnemoBaHust B TOH 0OIacTH TpPaTATCS COTHU MHIJIMOHOB
JIOJUTAPOB, U yXKe ONM3KHU, TIOXO0XKE, TEPBhIC KOMMEPUECKHE PE3yITbTaTHI.

B Hactosimiee BpeMsi yueHbIE pas3rajbIBalOT TIIyOouaiiue TaifHBI MPOIECCOB CTapeHUs, H
TCHEeTHKa TPHU3BaHa CBHITPATh B 3TOM IPOIECCE HE IMOCIICTHIO POib. B )KMBOTHOM IApCTBE MBI
BCTpPEUaEM CaMyI0 Pa3HyK MPOJOLKUTENbHOCTh ku3HU. K mpumepy, nama JIHK omiuyaercs: ot
JHK nammx Ommkalux reéHeTHYECKUX POJICTBEHHHUKOB, ITUMITaH3€, Bcero Ha 1, 5 %, HO kxuBem
MBI B TOJTOpa pasa Jaoiblie. Bo3MOXXKHO, aHAlM3 TOPCTOYKU TEHOB, OTACTSIONIUX HAC OT ITUX
MIPUMATOB, IIOMOXKET HaM pa3o0paThCsl, MOUEeMy YSIOBEK KUBET HACTOJBKO JIOJBIIE, YeM IMUMIIaH3e.

Tak BO3HMKIIa «yHUBEpCallbHAs TEOPHsl CTapeHHS», COCAMHUBIIAS OTACTbHBIC HUTH
WCCTICIOBAHUA B €IMHOE JIOTMUECKH TMOCJIEIOBATEIHbHOE IMOJIOTHO. YUYEHBIE TEMeph 3HAIOT, YTO
MpeCTaBiIsieT co00i cTapeHue: 3TO HAKOIUICHHE OIMMOOK HAa TeHETUYECKOM U KJIETOYHOM YpPOBHE.
OmmOKH HAKATUTHBAIOTCS PA3TUIHBIME ITYTSIMH.



K npumepy, 0OMeH BemecTB MOPOXKIAET CBOOOAHBIE PAAMKAIbl U OKUCIUTENIbHBIE POLIECCHI,
HapylIaoIie TOHKYIO MOJEKYISIPHYI0O MEXaHHWKY HallMX KIETOK U BBI3BIBAIOIINE CTapeHUE;
OMOKKA MOTYT HaKaIUIMBaThCsA B BUJI€ MOJIEKYJISIPHBIX OOJOMKOB, KOTOpPBIE CKAIlJIMBAIOTCS BHYTPH
U CHapy»u KJIETOK.

Hakoruienne reHeTMYecKWX OMIMOOK — TOOOYHBIA  MpoAaykT Btoporo Hawama
TEPMOJMHAMUKH: TIOJHAsl PHTPOMHS CUCTEMBbI (T. €. Xaoc) Bcerga Bo3pacTaer. MIMEHHO mo3Tomy
prKaBJIeHUE, THUEHUE, Pa3JIOKeHHE U TOMY MOJI00HBIE MPOLIECChl — YHUBEpCcajbHas 4epTa BCAKOU
*u3HU. Bropoe Hauano He3piOnemo. Bece B Mupe, HauMHas OT MOJEBBIX LBETOB M HALIMX TEN J0
camoit Bcenennoii, o0peueHo Ha cTapeHHe U YMUpPaHHeE.

OpHako B 3aKOHE MMEETCSl MaJieHbKas, HO OYeHb BaXKHasl jla3eika; B HEM yTBEpKAaeTcs, UTo
IIOJIHAsl DHTPONMS CUCTEMBI BCErJa BO3pacTaeT. OTO O3HAYaeT, 4YTO Ha CaMOM [EJIe€ MOXKHO
YMEHBIIUTh HTPOIHIO U MOBEPHYTH MPOIECC CTAPEHUS BCISATH B OJTHOM MECTE — €CJIH, KOHEUHO,
I7€-TO B IPYI'OM MECTE SHTPOMIUS MIPU ATOM BO3pacTeT. MOXKHO MOMOJIOAETH 3a CYET TOTO, 4TO TAe-
TO YTO-TO MpH 3ToM OyneT paspyuieHo. (MMeHHO Ha 3TO HamekaeT u3BecTHbI pomaH Ockapa
VYaitnpna «Iloptper Jopuana I'pes». Muctep I'peii 3araiouHsIM U BOIIIEOHBIM 00pa30oM OCTaBaJICs
BEYHO MOJIOJbIM. Ero cexper 3akiodancst B TOM, YTO CTapell 3a Hero — MpUYeM YXKacHO cTapes —
ero 4yjaecHslid mopTper. Tak 4YTO B LIEJIOM CTapeHHe NpOJOoIKanock.) B neiictBum mpuHImmna
SHTPONUHN MOXKHO YOETUTHCS TaKXkKe, 3aIvITHYB 3a XOJOAWIbHUK. BHYTpU XONOAMIBHUKA SHTPOIUS
YMEHBIIAETCS ¢ MajJeHueM Temreparypbl. Ho yToObI ee MOHU3NTh, HAM NMPUXOAUTCS 33JeiCTBOBATH
CHeIHaJbHBIN IBUraTeNb, KOTOPBIA YCHUIIMBAET BbIJEIICHUE TEIIa C 3a/IHEH CTOPOHBI XOJIOIUIbHUKA
Y TEM CaMbIM YBEIMYMBAET SHTPONHIO CHAPYX HU. BOT mouemMy XOIOIMIBHUK €331 BCETA TETUIBIM.

Kak omnaxknmpl ckazanm HoOenmeBckuil yaypear Puuapn deitHmaH, «B OHOJOTHHM TOKa HE
O0OHapy»XEeHO HUYETO, YTO yKa3bIBalI0 Obl Ha HEM30EXKHOCTh cMepTu. [10aTOMY MHE mpeacTaBiseTcs,
YTO CMEpPTh BOBCE HE HEM30E€KHA U YTO MPUAET BpeMs, Korjga Ouosoru oOHapy»Xar, 4TO BBI3BIBAET
HallM TpoOiieMbl, W YTO XKyTKas BceoOmas Oojie3Hb OpPEHHOCTH YEJIOBEYECKOro Teia Oyaer
U3JICYCHaY.

[eiictBue BToporo Hauana MOXXKHO NMPOCIEOUTh HAa MPHUMEPE >KEHCKOIO IOJOBOIO T'OpMOHA
ACTPOTeHa, KOTOPBIH MOJAEPKUBAET B IKEHIIMHAX MOJIONOCTh M DSHEPTUI0 [0 HACTYIJICHUS
MEHOIAy3bl; IOCJIE 3TOr0 IMPOLECC CTAPEHUS YCKOPSAETCS U CMEPTHOCTh PE3KO BO3PACTAET.
DCTpOreH JEHCTBYET Ha JKEHCKUH OpPraHu3M IPHMEPHO TakK, KaK JEHCTBYET BBICOKOOKTAHOBBIN
OEH3MH Ha CHOPTHUBHBIM aBTOMOOWIbL. MallnHa MpeKpacHo paldoTaeT, HO JHIIb 3a CYeT
JIOTIOTHUTEIBHOTO U3HOCA ABUraTelNs. Y >KEHIIMH KJIETOYHBIN M3HOC MOXKET MPOSIBUTHCS Yepe3 pak
rpyau. B camom gene, U3BECTHBI cilydau, KOIJa MHBEKIMHM 3CTPOr€HA YCKOPSUIM pa3BUTHE paka
rpyad. Tak 4YTO 3a MOJIONOCTh M SHEPrui0 10 MEHOMNAy3bl >KEHIIUHBI, BIOJHE BO3MOXKHO,
pacIuIaunBarOTCsS POCTOM IOJHOM SHTPONMH — U, BO MHOTHX CIIy4asiX, pakoM rpyau. (CyliecTByoT
JIECATKU TEOpUi, OOBSCHSIOMIMX HETaBHUM pOCT 3a00JIEBAEMOCTH PAKOM TpYAd, HO 1O KOHIIA
IIPUYMHA 3TOTO sIBIeHUs HescHa. OJHa M3 TEOPHUIl TOBOPUT, YTO OTYACTU 3TO CBSI3aHO C IOJIHBIM
YHCIIOM MEHCTPYaJbHBIX IMKJIOB Y JKEHIIMHBI. B JPEBHOCTH >KEHIIMHBI MOCJIE B3POCIEHUS U 0
caMOl MeHomay3bl IOYTH HENpPEpPBIBHO XOAWIM OepeMeHHbIE, a BCKOpE IMOCie HACTYIJICHUS
MEHOIIay3bl YMUPAIH. DTO 03HAYAJIO, YTO MEHCTPYAJIbHBIX HUKJIOB Y HUX OBIJIO HEMHOTO, & YPOBEHb
ACTPOTeHA HEBBICOK; MOXKET OBITh, IMEHHO C 3TUM ObLI CBSI3aH OTHOCUTENILHO HU3KUI B T€ BpEMEHa
ypoBeHb 3a0ojieBaeMOCTH pakoM TIpyau. CerogHsi IEBOYKM CO3PEBAIOT paHbBIIE, IMEPEKHUBAIOT
MHOXE€CTBO MEHCTPYaJIbHBIX LIUKJIOB U 3aBOJAT B CPEAHEM Bcero 1o 1, 5 pebeHka; Kpome TOro, OHU
MEPEKUBAIOT MEHOMAY3y U MO3TOMY 3HAYUTENbHO OOJNbIIE MOJBEPraroTCs JIEHCTBHIO ACTPOTEHa,
YTO, BO3MOXKHO, U BEJIET K POCTY YHCIa CIIy4aeB paKa Ipy/u.)

HenaBHo Oblnia OoTKphITa 1enas cepusi MHOroodenaromux (HakroB o reHax M crapeHuu. Bo-
NIEPBBIX, MCCIIEN0BATENN MOKA3aJIM, YTO MOYKHO MOJIYYHTh LIE€TIbI€ NTOKOJIEHUS KUBOTHBIX, KOTOPbIE
OyIyT )KUTh 3aMETHO JIOJIbIIIEe OOBIYHBIX. B 4acTHOCTH, 3TO sIBIEHHE OBLIO MPOJIEMOHCTPUPOBAHO HA
JPOXOKEBBIX TPHOKaX, YepBsIX-HEMAToJaX M IUIONOBBIX MYIIKaX, KOTOPbIE B JIAOOPATOPUAX >KUIU
nonbiie oObruHOoro. Hayunslih mup Obl1 mopaxkeH, korma Maiikin Poyz (Michael Rose) wus
VYuusepcurera Kamudopuun B MpBHuHE 00BSIBHI, YTO €My YJAJIOCh MyTeM OOBIYHOW CENEeKIHH
YBEJIMYUTH NMPOJOKUTEIBHOCTD )KU3HH TUIO0BBIX MylIeK Ha 70 %. Y ero «cynepmyx», UJIH MyX-



JONroXKuTener, Obl1o  OOHapyKeHO OOoJbIIOe KOJIMYECTBO OCOOOr0  aHTHOKCHJAHTa —
cynepokcugaucmyTtassl (SOD), ciocoOHOTO CHMXATh BpE/l, HAHOCUMBIN CBOOOAHBIMH PaUKaIaMHU.
B 1991 r. Tomac Dxoncon (Thomas Johnson) n3 Yuuepcurera Konopano B boynaepe Bbaenun
red, kotopelii oH Ha3Basl AGE-1 u KoTOphI, MOXO)KE, OTBEUaeT 3a CTapeHUEe Yy HEeMarol |
YBEIMUUBAET NMPOJOLKUTENBHOCTD KHU3HU 3TuX uepBed Ha 110 %. «Ecnu y mromel ecTh 4TO-TO,
nogoOHoe reHy AGE-1, Mbl, BO3MOXXHO, U TIpaBAa CMOXKEM JOOUTHCS 3aMETHBIX PE3yJIbTaTOBY, —
3aMEeTU OH.

K Hacrosmemy MomeHTy yueHble Bblienuin Hemano reHoB (AGE-1, AGE-2, DAF-2),
KOHTPOJUPYIOLIMX U PETYAUPYIOLINX MPOLECC CTAPEHUS Y HU3IIUX OPraHU3MOB, HO aHAJIOTH 3TUX
TEHOB TMPUCYTCTBYIOT U B TeHoMe denoBeka. OAUH y4yeHBId 3aMeTWJ, YTO W3MEHUTh
MPOJIOJDKUTENIBHOCTD JKU3HU JIPOXOKEBBIX T'PHOKOB MOYTH TaK e MPOCTO, KaK BKJIIOYMTH CBET,
HIENIKHYB BbIKIIouareneM. Eciu akTHBHpOBATH OINpeNeleHHbIH T'eH, TPOXIKEBbIE KIETKU >KUBYT
nonblue. Ecnu ero 3a610kMpoBaTh, OHU, COOTBETCTBEHHO, )KUBYT MEHBIIIE.

Pa3BoauTth ApOXKkKH, KOTOpHIE OYyAYT JKUThH J10JIbIIE OOBIYHOTO, OYEHb MPOCTO; HEU3MEPUMO
CIIOKHEE «Pa3BOUTHY JIFOJCH, KOTOpBIE U 06€3 TOTOo KUBYT TaK J0JT0, YTO UCTIBITATh JAHHBIH METOA
MIPAKTHYECKH HEBO3MOKHO. OFHAKO BbIIEJIEHHE T€HOB, OTBETCTBEHHBIX 3a CTapeHue, B OyaylleM,
BO3MO)KHO, YCKOPHUTCS, OCOOCHHO MOCJ]E TOTo, KaK Y KaXJ0ro M3 HAC MOSBUTCS TUCK C MOJHOH
3anuceio reHoma. K 3ToMy MOMEHTY ydeHble YCHEeIOT HAaKOMUTh rpoMajHble 0a3bl JaHHBIX IO
MWIIHAp/IaM CaMbIX Pa3HbIX TEHOB Ul JaJbHEHIIEro KOMIBIOTEPHOro aHaiu3a. MoxHo Oyner
MIPOCMOTPETh U CPaBHUTh MUJUIMOHBI T€HOMOB JleTell U cTapukoB. CpaBHUTENBHBIN aHAIU3 3THUX
JIByX BO3pPAacTHBIX TI'PYNI IO3BOJIT TOYHO ONPENENINTh, KaK M TA€ IMPOUCXOAUT CTApeHHE Ha
reHeTH4YecKoM ypoBHe. Jlaxke camoe mpeaBapuTeIbHOE CKaHHPOBAHUE TMOMOIIIO BBIJECIUTH OKOJIO
LIECTUIECATH T'€HOB, B KOTOPBIX, CYAs 110 BCEMY, COCPEAOTOYEHO CTapEHHUE.

K npumepy, ydeHble TaBHO 3HAIOT, YTO JOJITOKHUTEIBCTBO — B HEKOTOPOM CTEIIEHH CEeMENHas
yepra. Kak mpaBuiio, poauTenu TeX, KTO JKUBET JOJT0, TOXKE KHUIU A0JIT0. D(P(PEKT HEe CIUIIKOM
3aMeTeH, HO OH €CTb M €ro MOXXHO H3MEpHUThb. YUeHble, HaOIIOAAIoIINEe 3a pa3/eleHHBIMU TPU
POXKJICHUM OJHOSHIIEBHIMU OJIM3HENAaMH, BUAAT 3TO Ha TeHeTHYeckoM ypoBHe. Ho oxumaemas
MPOAOJKUTENBHOCTD KU3HU YEJIOBEKa OIpeesieTcs] He TOJIBKO TeHaMH; 0 MHEHHUIO YYEHBIX, J0JIs
TeHOB 37ech cocTaBiseT Juib 35 %. B Oynymem, korma kaxaelii cMmoxer 3a 100 mommapoB
MOJyYUTh JIMYHBIA TE€HOM, MOXKHO Oy/eT CTAaTUCTHYECKH MPOaHaIN3UpOBaTh IPH IOMOLIA
KOMIIbIOTEpa T€HOMBI MUJUIMOHOB JIFOJEH M BBIJICINTh KOHKPETHBIE TE€HBI, ONPEIEIIAIONINE, XOTS ObI
YaCTUYHO, IPOIOJKUTEILHOCTD )KU3HH YeJIOBEKa.

KoMIbloTEpHBIE HCCIIEOBAHMS, BIIOJIHE BO3MOXKHO, IIOMOTYT YYEHBIM OIPEACIUTh B
TOYHOCTH, TJI€ B TEHOME B IEPBYIO OYEpe/Ib MPOUCXOIUT cTapeHue. B aBromobuiie, Kak M3BECTHO,
M3HOC B OCHOBHOM 3aTparvMBaeT JBUraTelb, LMIMHAPHL, TI€ OKUCIIETCsS U cropaeT OeH3uH. TouHo
TaK K€ TeHeTHMYECKHM aHalu3 MOKa3bIBaeT, YTO CTApEHHE COCPENOTOUEHO B IMEPBYIO OYEpeab B
«JBUTATENE» KIETKH — B MHMTOXOHJPUAX, MJIM SHEPreTUYECKOM CTaHIMM KIETKU. DTOT (PaKT
MO3BOJIMJI YYEHBIM CY3UTh I0JIe TIOUCKOB «T€HAa CTApeHHsD»; KPOME TOr0, MHTEPECHO, HEb3s JIN
YCKOPHUTb BOCCTaHOBUTEJBHBIE TPOLIECCH] B MUTOXOHPHUAX U TEM CaMbIM ITOBEPHYTh BPEMS BCIIATb.

K 2050 r. yueHsle, BO3MOXHO, Hay4arcs 3aMeUISITh IPOLECC CTApEHHs IPU MOMOIIM CaMBbIX
pa3HBIX METOJOB: 3TO M TEpalus CTBOJOBBIMU KJIETKAMM, M 3allaCHBbIE YaCTH IS YEJIOBEYECKOTO
Tena, W TeHHas Tepamnus i1 PEeMOHTa U NPUBEINEHHUS B IMOPSJIOK CTaperouuMx TeHoB. YenmoBek
CMOXeT UTh 70 150 ner wnu paxke gonbie. K 2100 1., BO3MOXKHO, yueHble HaydaTcs oOpaluarh
BCIISATh MPOIIECCHl CTAPEHUS MPH MOMOIIM aKTUBU3ALMU MEXaHU3MOB BOCCTAHOBIICHUS KIIETKH, U
TOIZ1a IPOIOJIKUTENBHOCTD JKU3HH YEJIOBEKA BBIPACTET B HECKOJIBKO pas3.

OrpanuyuM KaJOPUHHOCTH

Y4eHble aKTHBHO 3aHUMAIOTCS TIOMCKAMU TEOPHH, KOTopasi 0ObsCHUIA Obl OJUH CTPAHHBIN
(dakT: orpaHUYCHUE KATIOPUHUHOCTH (T. €. YMEHBIIICHHE KOJUYECTBA ChEIAEMbIX HAMU KAJIOPHI Ha
30 % wnu Oonee) yBENMUYUBACT MPOJOKUTETHLHOCTH XKU3HU Ha 30 %. DTO HEOOBIYHOE SBICHUE
MOXKHO HaOJIIOJIaTh Y BCEX M3YYEHHBIX JI0 CUX MTOP OPTaHU3MOB — OT JIPOXKKEBBIX KJIETOK, MAyKOB U



HAaCeKOMBIX JI0 KpOJMKOB, cO0ak, a Temepp M 00€3bsiH. Y JKUBOTHBIX, MOJYYarOIIUX
HU3KOKAJIOPUMHYIO TIMINY, pPEXe BO3HHUKAIOT OIYXOJIM, OHHU pEXe CTpajaroT CepleYHbIMU
3a00JeBaHUSAMH, JUa0ETOM M  CHEHU(PHUESCKUMH CTapueckuMu OonesHsmu. boiee Toro,
OrpAaHUYECHUE KAJOPUWHOCTH TMHTAHUS — €IUHCTBEHHBIM W3BECTHBIM MEXAHU3M, KOTOPBIN
rapaHTUPOBAHHO YBEJIMYMBAET MPOAOIKUTENBHOCTD )KU3HU; 3TO MOATBEPKIAI0T MHOIOUHCIICHHbBIE
AKCHEPUMEHTHI, MPOBOJMBIINECS C CAMBIMU Pa3HBIMU MPEACTABUTENSIMU >KMBOTHOIO MHUpA, U
UCKJTIOYEHUH TOoKa He oOHapyxkeHo. Jlo mocienHero BpeMEHM €AMHCTBEHHOM KpYMHOM Trpymmoif
KUBOTHBIX, Ha KOTOPBIX HE MPOBOIMWIMCH HSKCHEPUMEHTHI IO HU3KOKAJIOPUIHOMY MNUTAHUIO,
OCTaBaJIUCh MPHUMAThI, K KOTOPbIM MPUHAJICKUM M Mbl CaMU; MPUYMHA MPO3auyHA — IPHUMATHI
KUBYT J0JITO, ¥ 3(PPEKT TPYIHO OOHAPYKUTH.

Y4eHbIM 0COOEHHO HE TEepIeNOCh YBHJETh Pe3YNbTaThl TAKOTO AKCIIEPUMEHTa HAa MaKaKax-
pesycax, u HakoHenl B 2009T. 53TH JAONTOXKJIaHHBIE pE3ylnbTaTbl ObUIM  OIYOJIMKOBAHBI.
HccnenoBanus, NpoBEACHHbIE YHUBEPCUTETOM BHCKOHCHHA, NOKa3alM, 4TO IOCIE ABAALATH JIET
HU3KOKAJIOPUMHOTO MUTaHMs Yy 00€3bsiH MOAOMBITHON TPYIIBl B CPEAHEM HaONIOAAETCS MEHbIIE
3a0osieBaHUil: MeHbIlIe auabera, paka, CEpACUHBIX HapylleHHH. B 1ienmoM coctosiHue 310pOBbs
MOJOTIBITHBIX 00€3bsIH 3aMETHO JIyYIlle, YeM 00€3bsIH KOHTPOJIBHOM TPYIIIbI, MUTABUINXCS OOBIYHO.

CymectByeT Teopusi, KoTopasi Moriia Obl 00BsICHUTH 3TOT 3(ddekT. CortacHO 3TON Teopuw,
IpUpoJa MPEJOCTABIAET KUBOTHBIM «BBIOOP» M3 JIBYX BApUAHTOB MCIIOJIb30BaHUS SHEpruu. Bo
BpeMeHa M300MIMs SHEPTUsl UCTIONb3YeTCsd B OCHOBHOM Ha MPOAJICHUE PO, a B CKy/IHbIE BpeMeHa
TENO «3a0bIBa€T» O Pa3MHOKEHUH, HAYMHAET SKOHOMUTH JHEPrHI0 U >KAaTh KOHIA TOJOJHBIX
BpeMEH. B KMBOTHOM LIApCTBE MOJIYTOJOJHOE CYIIECTBOBAHHWE B IOPSJKE BEIIEH, IOATOMY UM
4acTO MPUXOJUTCS JAeNaTh «BbIOOP» B MOJIb3Y KU3HHU, IPEKpallaTh pa3MHOKEHNE, 3aMeJIATh 0OMEH
BELIECTB, JKUTh JOJIBLIE U KIAATh HACTYIUIEHUS JTYUIIUX JHEH.

3aBeTHas 1eb TEPOHTOJIOTMYECKHX MCCIEAOBaHUN — COXpPaHUTh KAaKUM-TO 00pa3om
MOJIOXKUTEJIbHBIE CTOPOHBI HU3KOKAJIOPUHHOTO MUTaHUs 6e3 ero HeocTaTkoB (rojoaanus). Cyas 1o
BCEMY, JJI1 YeJIOBEKa €eCTEeCTBEHHO Habuparb, a He cOpacbiBaTh Bec. BooOmie, XUTh Ha
HU3KOKAJIOPUIHOM UeTe He CIMILIKOM MPUSTHO: IPUXOAUTCS €CTh BEIH, OT KOTOPBIX OTKa3aJIcsi Obl
Jaxe ormienbHUK. Kpome Toro, >KMBOTHBIE, MOJyYarolUIde OCOOEHHO CYPOBYIO OTPaHHMYEHHYIO
JIUETY, CTAHOBATCS COHHBIMHU, MAJIONIOJBM)KHBIMU U TEPSIOT MHTEpeC K cexcy. Ho ydeHsle ynopHo
MIPOAOJDKAIOT MOMCKHU T€HA, YNPABJISIONIEr0 3TUM MEXaHHW3MOM; MOXET ObITh, Mbl BCE K€ Hailiem
croco0 MoIb30BaThCs IUI0JaMH HU3KOKAJIOPUIHOTO MUTaHUs 0€3 OTPUIATENIbHBIX €T0 CTOPOH.

Baxnoe oTkpeiTHE B CBSI3M C 3TUM caenanud B 1991 . uccnenosarens u3 MIT Jleonapn
I'yapente (Leonard P. Guarente) u ero kossieru, 3aHMMaBIIHECsS TOMCKOM I'€Ha, KOTOPBIA MOT ObI
YBEITUYUTH MPOJAODKUTEIIBHOCTD JKU3HHU JAPOXOKEBBIX KieTok. ['yapente u J[»Bun Cunkiep (David
Sinclair) u3 'apBapaa ¢ komieraMmu oOHapy»XHId, 4TO B peanu3anuu 3(p(ekToB HU3KOKaTOPUHHOTO
nuTaHus 3aericTBoBaH reH SIR2. DToT reH oTBeyaeT 3a MOMCK B KJIETKE SHEPTETUYECKUX PE3EPBOB,
U €ro akTHBAaLMs MPOUCXOAWT B NEPUOJIBI, KOTJA DHEPrHsl KIETKH HcTomaerca. VIMEHHO Takoro
MOBEJIEHUSI MOXKHO OKUIATh OT T€Ha, KOHTPOIUPYIOIIETo 3PPEKT OT HUZKOKAIOPUWHOTO MUTAHUS.
Kpome Toro, yueHble 0OHApY>KMIJIM, YTO B TEHOME MBI U YeJIOBEKa TOXKE€ MMEIOTCSI aHAJIOTH TeHa
SIR2, u3BectHpie kKak SIRT-reHsI; 5T TeHBI OTBEYAIOT 3a MPOU3BOACTBO OCJIIKOB CUPTYHHOB. 3aTeM
YUYEHBIE 3aHSUIUCh IMOMCKAMM XWMHUYECKUX BEILECTB, AKTUBUPYIOIIMX CUPTYUHBI, U HaAIUIH
pecBeparpo.

Haxonka 3amHTpuroBajla y4Ye€HBIX, BEIb BIIOJHE BO3MOXXHO, YTO HMMEHHO 3TO BELIECTBO
o0ecreunBaeT MoJIe3HOCTh KPAaCHOTO BHHA U Jlaxke OObsICHSIET «(ppaHIly3cKuil mapagokey. [lpu Tom
yro ®paHlusg 3HAMEHUTA Ha BEChb MHP TyCTBIMH COycamH, OOTaThIMHU HACHIIICHHBIMH JKHpPaMHU,
(bpaHIily3bl )KUBYT HUUYTh HE MEHbIIIE Ipyrux. Bo3MoXHO, 3Ty 3aragky MOXHO OOBSCHUTH TEM, UTO
(bpaHIy3bl MHIOT MHOTO KPAaCHOTO BHHA, B KOTOPOM COAEPXKUTCSI peCBEpaTpOIl.

VYyeHnble OOHApYXWJIM, YTO AaKTUBAaTOPbl CHUPTYMHOB CIOCOOHBI 3alIUTHTh MBIIIEH OT
BIIEUATIISIOIIEr0 Habopa Oonie3Hel, cpequ KOTOPBIX pak JIETKMX M NPSAMOW KHUIIKH, MellaHOMa,
numpoma, nuadet 11 Tmna, cepaedHo-cocynucThie 3a0o0aeBanus U 001e3Hbp AJblreiimepa (006 dToM
ropopat wuccinenoBanus Cunknepa). Ecaum XoTst Obl HEOONbIIYIO YacTb W3 TEPEYHCICHHBIX
3a00NieBaHUIl y 4YelOBeKa IMOJNy4YUTCA JICUUTh MPHU TOMOIIM CHUPTYWHOB, 3TO OyAeT O3Ha4yaTh



PEBOJIIOLUIO B MEIULIMHE.
HenaBHo Oblia npeanoxeHa Teopusi, 00bsCHSIONIAs 3aMeyareIbHble CBOWCTBA pecBeparposa.
CuHKIIEep YTBEP)KJIAET, YTO IVIaBHAs 3ajadya CUPTYMHOB — IPEAOTBPATUTh aKTHUBALIMIO HEKOTOPBIX
KOHKPETHBIX T€HOB. Eciaum BCIOMHHMTB, YTO XPOMOCOMBI OJHOW-E€AMHCTBEHHOM YEIOBEYECKOU
KJIETKH B paclpsIMIIEHHOM BHUJE BBITSHYIUCh ObI TMOYTH HAa JBa METpa, CTaHET MOHATHO, YTO
XpoMocoMa — aCTPOHOMMYECKH JJUHHas Mojekyida. B mo0oi KOHKpPETHBIH MOMEHT JUIs
KHU3HEJEATETLHOCTH OpraHu3Ma HeoOXoMMa JIMIIb HeOOoJbIlasi YacTh OT OIPOMHOIO YHMCIIAa TEHOB,
U3 KOTOPBIX CTPOMUTCSI XPOMOCOMA; BCE OCTAJIbHbIE T€HBbl B 3TO BpeMsl JOJKHBI ObITh HEAKTHBHBI.
Knerka miymwur OonblIyl0 yacTh HE HYKHBIX B JaHHBII MOMEHT T€HOB, IIJIOTHO YIAKOBBHIBAs
XpPOMOCOMY B XpOMAaTHUH, JIJIsl PETYNIALNN IUIOTHOCTH KOTOPOTO, COOCTBEHHO, U HYKEH CUPTYHH.

WHorga, onHako, B TOHKOM MEXaHHU3ME XPOMOCOM BO3HMKAIOT KaracTpopuueckue
HapylIeHUs: K IpUMEPY, PBETCA OJIHA U3 HUTEW ABOMHOMN cnupayin. Torga CUPTyWMHBI BCTYIAIOT B
JICUCTBHE U IIOMOTalOT IPUBECTU IOBPEKICHHYIO XPOMOCOMY B mOpsaok. Ho mpu stom um
MPUXOAMUTCS OCTABIATH CBOM MOCT M BPEMEHHO INpEKpallaTh OCHOBHYIO paboTy MO 0OecrnedeHHIo
«MOJTYaHMS» T€HOB.

['eHbl akTHBHPYIOTCS HE BOBpEMs, MOpOXkaas reHerndeckui xaoc. [1omoOHbIE CPBIBBI, MO
MHeHMI0 CHHKJIepa, MPECTaBISAIOT cO00M OTMH U3 OCHOBHBIX MEXaHU3MOB CTApEHUSI.

Ecnu 310 mpaBma, TO CHPTYMHaM NOJ CUJIy HE TOJBKO NMPHUOCTAHOBHUTH CTapeHHE, HO H
obpatuth ero BersATh. IloBpexxaennyro JIHK B Hammx kiieTkaXx 4YMHUTH U BO3BpAIATh B MCXOAHOE
cocTossHME oueHb HenpocTo. Ho CuHKiep cuMTaeT, 4yTo CTapeHue OpraHu3Ma BBI3BIBACTCS B
OCHOBHOM TE€M, 4YTO CUPTYHUHBI OTBJIEKAIOTCA OT CBOEW IIABHOW 3aJa4d U TEM CaMbIM JOIYyCKAOT
JIETeHepaItIo KIETOK — a C 3THUM YK€ MOXKHO OOpOThCA.

®douTan ronocTn?

OTO OTKpBITHE, OJHAKO, MPOMU3BEIO M OTPHUIATEIbHBIA MOOOUHBIN 3(PEKT: OHO MOCTYKUIO
MOBOJIOM ISl HAacTosmlero Mmabama B CpeAcTBaX MaccoBo uHGopmanuu. BaeszamHo o
pecBeparposie 3aroBOpuid B nomyispHedmux tenemoy «60 munym» u «llloy Onpel Yundpu», B
WHTepHeTe BO3ZHMK Q)XHOTaX, M Kak TPHOBI MOCie JOXKIA IMOBBUIE3NIM BCSKHE COMHHUTEIbHbIC
KOMITaHUH, O0EMIAI0IINE MUKCUP KU3HU YK€ 3aBTpa. Bo3HMKIIO BrieyaTiieHue, 4YTo BCe IIapiaaTaHbl
U TPOJABIIBl CUACThs CIEHIMIM BCKOYMTH HA MOAHOXKKY YXOJSILNEro Moe3fia M «IpUCcCOCaThCs» K
pecBeparpoiy.

(Y meHs Obuta BO3MOXHOCThH IOTOBOPUTH ¢ ['yapeHTe, 4eloBEeKOM, KOTOPBIH Jajl MOBOJ KO
BCEM ATHM MeAMaIUIsickaM, B ero jiabopatopuu. OH ObUI OYEHb OCTOPOXKEH B BBIBOJIAX, TAaK Kak
MOHMMAJI, KaK MOT'YT OTpearupoBaTh Ha €ro pe3ylbTaThl CpPeACcTBAa MAaCCOBOW MH(OPMAIM 1 KaKue
OIMMOOYHBIE TIPEICTABICHUS M HAJCKIBl BCE 3TO MOXET MOPOAMTH B JIIOASX. B WacTHOCTH, €ro
OYEHb TPEBOXKWIIO TOsiBIIeHHE B VIHTEepHETE MHOXECTBA CATOB, IJle pECBEPATPOI PEKIaMHPOBAIIH
Kak Kakoil-ro @oHTaH 0HOCTH. OTBPATUTEIHHO, 3aMETHJI OH, KaK JIFOJM TIBITAIOTCS HAXKHUTHCS Ha
HEXXJJAaHHOM cJaBe pecBeparposia, XOTS pe3ylbTaThl MMOKa HE CIUIINKOM HaJeXHbl. OJHAKO OH He
cTasl Obl UCKIIIOYATh BEPOSTHOCTh TOTO, YTO OJHAX]bI, ecd DOHTaH IOHOCTH Oy/eT-Taku HailieH
— €cClIM, KOHEYHO, Takas Bellb BooOmie cymecTtByeT, — SIR2 chirpaeT B 3TOM OTKPBITUH HE
nocieHol0 ponb. Kcratn rosopsi, koiutera ['yapente CuHKIEp NHpU3HAETCA, YTO HMPUHUMAET
pecBepaTpoi KaXKAblil 1eHb, U B 0OJIBIINX KOJTHYECTBAX.)

HHuTepec K TepOHTOJOTHYECKUM HCCIIEOBAHUSAM B YYEHOM COOOIECTBE TaK BEJUK, YTO B
2009r. MenuuuHckas 1mKosna [apBapAcKOro  yHHBEpPCHTETa CIIOHCHUpPOBAaJa  MPOBEACHUE
KOH(EpEeHINH, COOpaBIIeii 3HAUUTETHFHOE YHCIIO BEIYIIMX HCCeaoBaTenel B 3Toil obmactu. B
ayIUTOPUH OBUIO HEMaJl0 TeX, KTO JMYHO TMPHAEPKUBACTCS NPUHIMIIOB HU3KOKAJIOPHUIHOTO
MUTAaHUS. DTH JIIOAW BBIIISIAT XPYIIKUMA M UCTOIIEHHBIMH, HO Y HAX €CTh KOHKPETHAS IIeITb. OHH
UCTIBITHIBAIOT CBOIO HayuyHyo ¢miocoduio Ha cebe, orpannunBas ceds B nuranuu. Kpome Toro,
onu npunaiexar k Kirydy 120 — obweauHeHuto Tex, KTo HamepeH MoKuTh 10 120 siet. Ocobbiit
UHTEepeCc mnpuBiekana kommnanus Sirtris Pharmaceuticals, ocHoBanHast J[3Bugom CHHKIEpOM H
Kpucrobhom Bectdamom (Christoph Westphal); B HacTosiiiee Bpemsi HECKOIBKO pa3paOOTaHHBIX B



KOMIAHUM 3aMEHHUTENed pecBeparpoia MPOXOJAT KIMHUYECKHE HCHbITaHusd. Becrtdan 3asBun
npsimo: «Yepes MATh, MIECTh WIH CEMb JIET MOSIBSITCS JIEKApCTBA, CIIOCOOHbBIE MPOMIUThH YEIOBEKY
JKU3HDBY.

XUMHYEeCKHEe BElIeCTBa, KOTOPBIX BCEr0 HECKOJIBKO JIET Ha3aj] MPOCTO HE CYLIECTBOBAJIO B
NPUPOJIE, CTAHOBATCS OOBEKTOM MPHUCTAIBHOIO BHUMAHUS U MPOXOIAT KIMHUYECKUE UCTIBITAHUS.
SRT501 ucneITbIBaeTCA Kak CPeACTBO MPOTUB MHOXKECTBEHHOM MHEJIOMBI U paka MpsSMON KHILKH,
SRT2104 — mnpotus auabera Il Tuma. Pa3znuyHble rpynmbl y4eHBIX THIATENBHO HCCIEAYIOT U
aHAIM3UPYIOT HE TOJNBKO CHUPTYMHBI, HO U OOJBIIOE KOJUYECTBO JPYIMX TIE€HOB, OEIKOB H
xumuueckux BemiecTs (Bkmroyast IGF-1, TOR u panamutun).

Tonpko BpeMsi MOKakeT, OyayT JIM MPOBOAMMBIE KIMHUYECKHUE WCIBITaHUS yCIEIIHbIMU. B
MCTOPUHU MEIUIMHBI OBLIIO HEMajio 0OMaHa, apIaTaHCTBa M MOILIEHHUYECTBA, OCOOEHHO B TOM, YTO
MMeEeT HEeMOCPEACTBEHHOE OTHOILEHUE K Mpolieccy crapeHus. Ho Hayka, B OTJIM4He OT CyeBepus,
CTPOUTCS Ha MPOYHOM (PyHIAMEHTE BOCHPOU3BOAMMBIX, IPOBEPSIEMBIX U OMPOBEPKHUMBIX JTaHHBIX.
B nactosimee Bpems HanmoHalbHBIM MHCTUTYT CTapeHHs] MPUHUMAET MPOTpaMMbl TECTHPOBAHUS
Pa3IMYHBIX BELECTB B IUIaHE UX BIUSHHS HA MPOLECC CTApEHUs; YBUIUM, OYIyT JIH HCCIETOBAHUS
Ha >)KMBOTHBIX, JABIINE CTOJIb MHTPUTYIOIINE PE3YIbTaThl, IPOJOIKEHBI Ha JTIOX.

JL0JIZKHBI J1H MbI YMHPATh?

Yunesam Xa3enrtaiin (William Haseltine), nruonep OMOTEXHONOTHM, OJHAXKIBI CKa3ajl MHe:
«IIpupona xu3Hn — He cMepTh. D10 Oeccmeptue. JJTHK — GeccmepTHast Monekyna. BriepBeie oHa
MOSIBWJIACh, CKaxkeMm, 3, 5 mupa Jer Hazaa. Ta ke camas MOJEKYla, 4epe3 MHOTOKpaTHOe
TyOnupoBaHue, CYIIECTBYET U ceroaHs. .. [IpaBna, Mbl H3HAITUBAEMCS, HO MBI Y>K€ TOBOPUIIH O TOM,
YTO B OTJAJCHHOM OyIyIIeM 4YeJOBeK CMOXKET JTO Uu3MeHHTh. CHauana — YBEITUYUTHh
MPOJOJIKUTENBHOCTD KU3HU BABOE WIIM BTPOE. A 3aTeM, BO3MOXKHO, €CJIM Mbl CYMEEM JTOCTAaTOYHO
XOPOIIIO TOHSATH COOCTBEHHBIN MO3T, POJIUTH CYIIECTBOBAHME HAIIETO TeJia M HAIIero Mo3ra J0
O6eckoHeuHocTH. U 51 HEe Tymaro, 94To 3TO Oy/lIeT HEECTECTBEHHBIN MPOIIECC).

DBOJIONIMOHHBIE OMOJOTH  YKa3bIBAIOT, YTO OJBOJIOIHMOHHOMY JIaBJIEHHUIO >KUBOTHBIC
MOJIBEPTalOTCs B PEMPOTYKTHBHOM Bo3pacTte. [locie 3Toro >kuBOTHOE, BOOOIIE TOBOPS, CTAHOBUTCS
00y30#1 IS TPYyMIbI; BO3MOXXHO, MMEHHO TIO3TOMY DBOJIONHMS 3allporpaMMHUpOBaiia TakK, YTO
’KUBOTHBIE YMHUPAIOT OT CTAPOCTHU. Tak YTO MBI, BIIOJIHE BO3MOXKHO, 3alPOrPaMMHUPOBAHBI YMEPETh.
OpHako 4TO, €CIM HaM yAacTCs MEPEenporpaMMHpPOBaTh ce0s M TOJIYYUTh BO3MOXKHOCTH KHUTh
JoJpie?

B camom nierne, ecnmu mocMoOTpeTh, K MPUMEPY, Ha MIIEKOTIMTAIONIUX, TO OOHAPYKUTCS: YeM
KpyIHEe JKUBOTHOE, TEM MEJJICHHEE Y HEerO MPOTEKAI0T MPOIECChl OOMEHa BEIIECTB U TeM JIOJIbIIIE
OHO KHUBET. MBIIIN CKUTAIOT TPOMAJTHOE KOJWYECTBO MUIIK HA €IWHUILY BECa TeJIa U KUBYT BCETO
JUIIb OKONIO 4YeThIpex JyieT. CIoHBI 00NMamaroT ropazao Oosee MEIICHHBIM OOMEHOM BEIIECTB U
XKUBYT 70 ceMuaecatu jeT. Ecnm Merabonms3m CBsi3aH C HAaKOIUICHHEM OIIHOOK, TO ATOT (hakT,
OYEBU/HO, COTIIACYETCS C MHEHHEM O TOM, YTO JOJbIIE JKUBET TOT, y KOrO MpOIecChl OOMeHa
npotekaroT MemieHnee. (Takas Touka 3peHuss MOXKET OOBSICHUTH TIOTOBOPKY <GKE€Yh CBEUY C 000MX
KOHIIOBY». S KOTJ]a-T0 YMTAall paccka3 o JAyxe, KOTOPBIA MooOeIIall YeJI0BEeKY BBIMOIHUTE JII000€ ero
xemanue. Tot 3axoren npoxuth 1000 net. Jlyx HCoaHWII KeJTaHue O4€Hb IPOCTO: MPEBPATHIT €T0 B
JIepeBO. )

DBOJIONMOHHBIE OHWOJIOTH TBITAIOTCS OOBSICHUTH CPEIHIOK TPOAODKHTEIBHOCTD KU3HH
MPEACTABUTENECH TOrO WJIM MHOTO BUJA C MO3UIMH 3BOJIOLMOHHOIO MPEUMYIIECTBA: JI0JITOJIETHE
ocobeil MOXET TIOMOYh BHUAY BBDKUTH B OKpykaromemM wmupe. C HX TOYKH 3pEHUS,
MPOJOJKUTENBHOCTh  JKU3HM  ONpPENENseTCs TEeHETUYECKH, I[IoMoras BUJY BBDKUBaTb U
pactpoCTpaHsIThCs. MBIIIH, O WX MHEHHIO, )KUBYT TaK HEJOITO MOTOMY, YTO Ha HUX IMOCTOSTHHO
OXOTSITCS MHOTOYUCJICHHBIE XUILHUKH, a 3MMOM OHM 4acTO 3aMep3aroT HacMepTh. Ilepenars cBomn
TeHBI CJICIYIONIEMY IMOKOJICHUIO CMOTYT T€ MBIIIHU, Y KOTOPBIX OyzeT OOJbIe MEeTEHBIIIEH, a He Te,
4TO TPOXKUBYT Aonbiie. (Ecnu aTa Teopus BepHa, clenyeT OXKHIaTh, YTO, €CIU Obl MBIIIH YMEIH
KaKUM-TO 00pa3oM yleTaTtbh OT XUIITHUKOB, OHU ObI KWUJIU JOJbIle. B caMoM nene, JIeTydne MBIIIIH,



10 pa3Mepy MPUMEPHO COOTBETCTBYIOIIHE OOBIYHBIM MBIIIAM, )KUBYT B 3—5 pa3 Josblie.)

EnuHcTBEHHAass M3BECTHAs aHOMAJIMS B 3TOM CMbIC/IE HAOIIONAETCS y MPECMBIKAOIINXCS.
Cynst o Bcemy, y HEKOTOPBIX M3 HMX CpPOK XM3HM HUYEM HE OrpaHHueH (IO KpailHel Mepe HaMm
TaKoe OrpaHUYeHHEe HEM3BECTHO). He uckiroueHo naxe, 4To0 OHU MOTYT XKHUTh BEYHO. AJTUTaTOPBI U
KPOKOJIMJTBI C BO3PACTOM HE MEPECTal0T PacTH M CTAHOBATCS Bce OOoMbllIe M OOJbIIe, HE Tepss MpH
TOM HM CHWJIBI, HU SHepruu. (B ydeOHMKax 4yacTO MMINYT, YTO AJUIMTaTOpPhl >KHUBYT TOJIBKO JI0
cemuzaecatu jgetT. Ho neno, ckopee Bcero, B TOM, UTO UIMEHHO B 3TOM BO3pacT€ yMEp CMOTPHUTEID
300MapKa, 3HAKOMbIN ¢ JaHHOW 0COoObI0 ¢ JeTcTBa. B apyrux yyeOHHMKaxX 4yeCcTHO TOBOPHUTCS, YTO
3THU CYIIECTBA XMBYT OOJIbIIIE CEMHUAECATH JIeT, HO TOYHO B JIAOOPATOPHBIX YCJIOBUSX HUKTO He
mpoBeps1.) Ha camom pene 5TH KUBOTHBIE BOBCE HE OECCMEpPTHBI, OHM THOHYT OT HECYACTHBIX
cllyyaeB, ronofa, 6onesnet u T. m. Ho ecnu neparh KpoKoauia B HEBOJIE M XOPOIIO KOPMUTh, OH
OyZIeT XKUTb OYEHb JOJT0, UYTh JIU HE BEUHO.

Bbuogornueckune 4acol

E1me onuH uHTEpecHbI GakT UCXOAUT OT TEIOMEP KIETKU, UTPAIOLINX POIb «OHOIOTHYECKUX
gacoB». Kak miHypku Ha OOyBU 3aKaHYMBAIOTCS C OOOMX KOHIIOB TUIACTHKOBBIMH 3aIIUTHBIMU
HAaKOHEUYHHUKAMH, TaK XPOMOCOMBI B KJIETKaX 3aKaHYMBAIOTCS Tenomepamu. [locie kaxmoro mukia
JIeJIeHUs] KJIIETKU AT 3allMTHbIE KOHYMKH CTAaHOBSTCA Bce Kopoue U kopoye. Co BpeMeHeM, uepes
MECThACCAT HIIN OKOJO TOI0O IUKJIOB IOCJIICHUS (HJ'ISI KJICTOK KO)KI/I) TCJ'IOMepI)I HpOCTO
3aKaH4YMBAIOTCS W mponaaaroT. Ilociae 3Toro kieTka BCTyMaeT B IMOPY CTAPEHUS M IEPECTaeT
MpaBUILHO paboTarh. Tak 4TO TEIOMEpy MOXKHO CPaBHUTH C KyCKOM 3alaJibHOTO ITHYpa B Opycke
JuHaMuTa. Ecnu 3amaibHBIA IIHYP C KaXAbIM JIEJIEHUEM CTAHOBHUTCS BCE KOpOYE€ W KOpOYe, CO
BpeMeHeM OH NCYEC3HCT — M KJICTKA HperaTI/IT JCIINTHCA.

DTO CBOWMCTBO KJIETKM HasbIBaeTcs mpenenoMm Xehdmuka. Cyas mo BceMy, ITOT Tpeaen
orpaHHthaeT CBery HpO}IOJ'DKI/ITeJ'IBHOCTI) KN3HU OHpeJIG.]'IeHHI)IX KJICTOK. y paKOBBIX KJIETOK, K
npuMepy, HeT mpenena Xeldruuka; KpomMe TOro, OHM TPOHU3BOIAT (DEepMEHT TMOA Ha3BaHUEM
TeJoMepasa, KOTOPBIM HE JTaeT TEJIOMepaM YKOPauYUuBaThCS C KaXKIbIM JICTICHUEM.

depMeHT TesnoMepady MOXKHO CHHTE3UpOoBaTh. EciiM MpUMEHUTH MONYYEHHBIN Mpenapar K
KJIETKaM KOXXH, OHHU, CyIsl TI0O BCEMY, IMOJIYYarOT BO3MOKHOCTH JIEIUTHCS 10 OeckoHeuHocTu. Ilo
CYIIIECTBY, OHU CTAHOBATCS OECCMEPTHBIMHU.

OpmHako 37€Ch CYIIECTBYET M OMACHOCTh. PakoBbIE KJIETKH TOXE OCCCMEPTHBI, OHU JIEISATCS
BHYTPU OMYXOJIU O OSCKOHEYHOCTH. B0ooOIIe roBops, UMEHHO B 3TOM 3aKIIIOYAeTCsl OMACHOCTh
paka — ero KJIETKH JIETSATCS JI0 TE€X TMOp, MOKa TEJIO HE TepsieT COCOOHOCTh (YyHKIITMOHUPOBATH.
Tak 4TO mpexk/ie YeM HCIBITHIBATh TeJIoMepa3y Ha JIIOASX, STOT (EepPMEHT HEOOXOAMMO TIIATEIBHO
m3yunTh. [lpm wcnpITaHMH TIO0OTO METO/MA JIEYCHHS C  HWCIIOJIb30BAHUEM  TEIIOMEPA3HI,
HANpaBICHHOTO Ha «IMOYHHKY» U «3aBO/A» OHOJOTHMYECKHX YacoB, HEOOXOAMMO TIIATEIHHO
MIPOBEPHTH, HE 00JIATACT JIN OHA KAHIIEPOTEHHBIM JICHCTBUEM.

BECCMepTl/Ie IUTIOC B€YHasi MOJI0A0CTD

Jist OMHMX TIEPCIIEKTHBA CEPHE3HOTO MPOMJICHUS YEIOBEUECKOW JKM3HHM — HWCTOYHHUK
UCKPEHHEH pajgocTh, s JPYruX — Y)Kac; CTOUT IMOAyMarh O TEPEHACENICHHH M OOIIECTBE,
COCTOSIIIIEM U3 BETXHMX CTApUKOB, KOTOPHIE OBICTPO Pa3opsAT CTPaHY, U ACUCTBUTEIHHO CTAHOBHUTCS
CTpAIIIHO.

Ha camom pnene xoMOWHAmusi OMOIOTHMYECKHX, MEXAaHUYECKUX M HAHOTEXHOJIOTUYECKUX
METOIOB MOXKET HE TOJBKO YBEIHUYUTHh MPOAOIDKHUTEIBHOCTh JKU3HU, HO U COXPAHHUTH MPU ITOM
4enoBeKy MononocTh. Pobept @peiitac (Robert A. Freitas Jr.), paboratomuii HaJ TpUMEHEHUEM
HAaHOTEXHOJIIOTMM B MEAMIMHE, CcKa3zal: «Bcero 4yepe3 HECKOIBKO JAECATUIIETHH Takoe
BMEIIATEIhCTBO MOXKET CTaTh OOBIYHBIM. ExkeromHasi mpoBepKa M YMCTKA, a MHOTJA U CepPhE3HbBIE
BOCCTaHOBHTEJIBHBIC OTICPAIIMH MTO3BOJIAT Pa3 B TOJl MPUBOIUTH OMOJIOTUYECKUI BO3PACT YeIOBEKa K
Oonee WIM MeHee MOCTOSHHOMY (DU3MOJIOTHUECKOMY BO3pacTy, KOTOPBIA YENOBEK CaM BBIOEpET.



KoneyHo, co BpeMeHEeM BBl BCE€ pPaBHO, MOXET OBITh, YyMpETE WJIH MOTHOHETE OT CIYYailHBIX
MIPUYHH, HO BBl IPOXKUBETE TI0 KPAHEH Mepe B IECATh pa3 OJIbIIE, YeM JKUBYT JIFOIA CETOTHS.

B OynymieM mpoanieHue xu3Hu He OyneT CBA3aHO ¢ YepraHueM BOJbI U3 ckazouHoro MoHTaHa
I0OHOCTH. bonee BeposTHO, 4TO ATO OymIyT MPOJEIBIBATH MPU TMOMOIIM KOMOWHAIIMM HECKOJIBKHUX
METOZIOB:

1) BeIpamuBaHue HOBBIX OPraHOB IO MEpPEe M3HOCA WM MOPAKEHUS CTaphIX NPU MOMOIIU
TKaHEBOW MH)KEHEPHUH U CTBOJIOBBIX KJIETOK;

2) mpueM KOKTeWnss u3 OenkoB W (EepMEHTOB, TPEIHA3HAUYCHHBIX I YCKOPCHHUS
BOCCTAHOBHUTEIBHBIX MEXaHU3MOB KJIETKH, pErylupoBaHHs OOMEHa BEIIECTB, Iepe3alycKa
OMOJIOrMYeCKHUX 4acoB U OcIabiIeHHsl IPOLIECCOB OKUCIICHUS;

3) UCTIONB30BaHKUE TEHHOW Tepanuu JUIsl JOPaObOTKU T€HOB, CIIOCOOHBIX 3aMEIUTh MPOIIECCHI
CTapeHHs B OPTaHU3ME;

4) momneprkaHue 310pOBOTO 00pasa xu3Hu (Ppu3ndeckas Harpy3Ka U Ka4YeCTBCHHAS TUETA);

5) UCTIONb30BaHNE HAHONATYMKOB ISl PACIO3HABaHUWs TaKWX 3a00JIEBaHUM, Kak pak, 3a
HECKOJIBKO JIET IO TOTO, KaK OHH MPEBPATATCS B IPOOIEMY.

Hacesienne, nuina u 3arpsi3HeHHe OKPY:KaIOIIel cpeabl

OmuH BOMpPOC HE JAET TMOKOS: €CIU OXUIAEMYI0 MPOAOKUTENBHOCTh KU3HU MOXKHO
YBEJIMYUTH B HECKOJIBKO pa3, He MPHUAETCA JHM YEIOBEUYECTBY CTpaAaTh OT nepeHacenenusa? OTeera
Ha TOT BOIIPOC HUKTO HE 3HAET.

[TombITKa OTTAHYTH CTapeHHE HEU30EKHO BBI3OBET MHOMXECTBO COIMAIBHBIX IOCIEICTBUI.
Ecnmu Mb1 OymeM XUTh [ONbIIE, HE BO3HUKHET JHM Ha 3emile mnepeHacereHHocTtu? Hekortopsie,
MpaBla, YKa3bIBaIOT, YTO YBEJIUYECHHUE MPOAOKUTEIBHOCTU JKM3HH YK€ MPOU30LLI0, OKHUIaeMast
MPOJOJIKUTENBHOCTD XKU3HU Tojickoumna ¢ 45 1o 70, a 3atrem u 110 80 JieT Bcero 3a OIHO CTOJIETHE,
W TpPU 3TOM BMECTO JeMorpadudeckoro B3pbiBa HaOmromaercs oOparHeidi 3ddekt. [locmennee
3asiBJICHUE CIIOPHO, OHAKO M BIPABIY JIIOU CTAJIH KUTh JOJIbIIE, HO OHU TEMEPh JENAl0T Kapbepy
W HE chemar 3aBOAUTh JeTeid. Tak, KOPEHHOE EBPOMEHCKOE HaceleHUue JIEHCTBUTEIBLHO
YMEHBINIAETCS, U 3aMETHO. TaK YTO €CJIM JIFOAU CTAaHYT JKUTh JOJbIIE U Oorade, OHU, BO3MOXKHO,
CTaHYT pOXKaTb MEHBIIE JEeTe M C COOTBETCTBYIOIIMMH IPOMEXYyTKaMu. YenoBeK, y KOTOPOTro
BIIEPEIU €lle He OJIMH JCCATOK JIET MOJIOAOCTH, OyAeT IMIaHHUPOBATh CBOE OyAyIlee COOTBETCTBEHHO
Y 3aBOJIUTH JI€TEH TOr/a, KOT/a COYTET HYKHBIM.

Jlpyrue yTBep)KIaloT, 4TO JIOMW OymyT OTKAa3bIBAaTbCS OT TEXHOJOTHUH MPOJICHUS KU3HH,
MOCKOJIbKY COUTYT MX HEECTECTBEHHBIMU U MPOTUBOPEUALIUMH UX PEIUTHO3HBIM yOexaeHusMm. B
camoM jene, HepopManbHbIe OMPOCHI HACEICHUS MOKA3BIBAIOT, YTO OONBIITMHCTBO JIIOACH CUMTAIOT
CMEpPTh €CTECTBEHHOI; Oojiee TOro, OHM CUUTAIOT, YTO MMEHHO CMEpPTh MPHUAAET KU3HU CMBICI.
(OmHako ompamMBaIvCh B OOJIBIIMHCTBE JTFOU MOJIOABIE U CpeaHero Bo3pacta. Eciu Bam mpumercs
nepeexarb B JOM IPECTapemiblX, TA€ JIOAU YXOASAT KaXAbld JeHb, €CIM MPUACTCS XKUTh C
MIOCTOSTHHOM 00JIbI0, KXKIBIH IeHb KIaTh CMEPTH U 33/1aBaTh OJMH M TOT e BOIIPOC, Ballle MHEHUE,
BO3MO)XHO, U3MEHHTCS. )

Kak roBopur I'per Crok u3 Yausepcurera Kamudpopuuu B Jloc-AHmKenece, «IOCTEEHHO
HAIllM COMHEHUS O CTPEMJICHUH yNOoA0OUThCsl bory u Haium TpeBoru 1o moBoAY MPOJICHUS KU3HU
YCTYISIT MECTO HOBBIM CIIOBaM: ,,A TJIe 1OCTaTh Ta0IeTKy? »

B 2002 r. yyensie moacuuTai M, YTO — IO TMOCJICAHUM JeMOrpauuecKuM ITaHHBIM — B
HACTOSAIIMI MOMEHT Ha 3emJie )KuBeT 6 % Bcex KOorna-imbo poXKACHHBIX Jitozei. [leno B ToM, 4To Ha
MPOTSHKEHUU OOJIbIIel YacTH MCTOPUHU YeNIOBEUECTBAa YMCIEHHOCTh HaceleHus: 3emiiu Kojebanach
BOKPYT' BEIMYHMHBI B OJMH MWUIMOH 4eloBeK. [Iumu He xBatano, U JA00bIBaTh €e¢ ObLIO TPYIHO,
MOATOMY HacesjeHue He pocio. Jaxke B mepuoj pacusera PUMCKOW MMIEpUU YHUCIEHHOCTH €€
HaCeJIEHUs1, IO COBPEMEHHBIM OIIEHKaM, COCTaBJIslIa BCEro JIMIb 55 MIIH YEJIOBEK.

Onnako 3a mnociaenqnue 300 J€T YMCIEHHOCTh HACENEeHWs 3€MJIM pPEe3KO Bo3pocia —
OJTHOBPEMEHHO C Pa3BUTHUEM COBPEMEHHOW MEIULIMHBI U MPOMBIIUICHHON PEBOJIOLMEH, KOTOpas
obOecrneuniia M300WiIMe NUIMA M HEOOXOOMMBIX UL XKU3HU Bemiel. B XX B. HaceleHWe 3eMHOIO



mapa nodmio Bce pexkopasl U ¢ 1950 mo 1992 1. Gonee yem ynBOMIIOCH: OHO BBIPOCHO € 2, 5 110 5,
S wiupa. B HacToAmmii MOMEHT OHO coOcTaBisgeT 6, 7 MIIpA 4YENOBEK, M KaXAbld TOA PpPOJ
YeJIOBEUECKUM YBEIMYMBAECTCA Ha 79 MIIH 4YEJIOBEK, YTO IPEBBIIAET IOJHYIO YHCIEHHOCTh
HaceJIeHUs Tako! cTpaHbl, kKak OpaHnus.

Pa3zymeercsl, cTpeMHUTENbHBIM POCT HACEJIEHUs BbI3BaJ K JKU3HM MHOKECTBO INpeACKa3zaHUI
KOHIIa CBETA, HO /IO CHX IIOp YEJIOBEYECTBY Y/IAa€TCs CHPABIATHCS C BOSHUKAIOIIMMHU MPOOIeMaMHu.
Eme B 1798 . Tomac ManbTyc npenynpexjaan Hac O TOM, YTO NPOM3OWIET, KOIZla HAcEJIEeHUE
IUTAHETHI BBIPACTET HACTOJIBKO, UTO €r0 HEBO3MOXKHO OyJIeT MPOKOpMUTH. B pesynbrare HEypoxkaes,
TOJIOJIHBIX OYHTOB, IMAJECHUS MPABUTEIBCTB U MAcCOBOTO TOJIOAA PAHO WMJIM TO3JHO YCTAaHOBHUTCS
HOBOE paBHOBECHE MEXIy HaceleHueM Hu pecypcamu. [IoCKONbKYy pOCT HacelneHus HIET
HKCIOHEHIUAIBHO, a MUILEBBIE PECYPCHI MOTYT PAaCTH TOJIBKO JTMHENHO, JOCTHKEHUE KPUTHUECKON
TOYKM MPEICTaBISUIOCh HEU30eKHBIM. ManbTyc mpeacKa3biBal BCEBO3MOXKHBIE OEACTBHUS K
cepenune XIX B.

OnHako eciv TOAXOAWUTHh C TO3MIUK ceromHsmHero naHs, B XIX B. Cepbe3HbId pOCT
HaceJIeHHs TOJIbKO HauuHalcsa. K ToMy jke 110 aKTUBHOE OCBOEHHE HOBBIX 3€MEJb U OCHOBAHME
KOJIOHWH; TEXHOJOTMU MPOW3BOACTBA NHIIM TOXKE COBEPILIEHCTBOBAINUCH, IOITOMY JIO
npeacKa3aHHbIX ManbTycoM KaTacTpog A€o He JOLUIO.

B 1960-¢ npo3Byyano HOBOE€ MaJIbTy3MaHCKOE MPOPOYECTBO: HAa 3eMJI€ BCKOPE MPOU30MAET
nemorpadpuueckuid B3pbiB, U1 K 2000 . Bce pyxHeT. Ilpeacka3aHue oka3anoch OIIMOOYHBIM.
«3eneHas peBOIIOLUS» B HECKOJIBKO pa3 yBeJIMYMWIIa MUllleBble pecypchl. CTaTUCTUYECKUE JTaHHBIE
MIOKa3bIBAIOT, YTO POCT NPOU3BOJICTBA MIPOAOBOJIBCTBUS IIPEBBICKII POCT HACEJIEHUSI 3€MHOIO 11apa,
Ha BpeMms ojepkaB moOeny Han jorukod Manberyca. C 1950 mo 1984 r. mpousBoncTBo 3epHa
BbIpociio Oonee yeM Ha 250 %, B OCHOBHOM Onarojaps HOBBIM YAOOpPEHHSIM U HHTEHCHBHBIM
TEXHOJIOTHSIM BEJIEHUS XO3SHCTBA.

YenoBeuecTBO BHOBb CyMENO YWUTH U3-oA yAapa. Ho Teneprs pocT HaceneHus: UIET MOJIHBIM
XO/IOM, M HaXOJATCS TMPOPOKH, YTBEPXKAAIOIIME, YTO Mbl BOT-BOT JOCTUTHEM IMIperena
IIPOU3BOAMUTEIBHBIX BO3MOKHOCTEHN TIAHETHI.

Tot ¢axTt, 4T0 POCT MPOU3BOACTBA MPOTOBOJILCTBUS 3aMEUISIETCSI M BBIXOJUT Ha MaKCUMyM
(9TO MOXHO CKa3aTh U O MPOU3BOJICTBE 3€pHA, U O MUIIIE, OIy4aeMON U3 OKEaHOB), AEUCTBUTEIHHO
BBINVISIIUT yrposkarole. [J1aBHBIM COBETHHMK MO HayKe MpaBUTENbCTBa BenmukoOpUTaHHM CUMTAET,
yro K 2030 . pocT HaceneHHs W MaJEHUE MPOU3BOJACTBA NMUIUM M DHEPIHUM NPUMYT IOUCTUHE
yparaHHbld XapakTep, W NPEAYNpekIaeT O TIpaaymend omnacHocTd. [IpogoBoibCTBEHHass W
cenbckoxo3siiictBeHHass opranuzanuss OOH o0bsBuia, uro k 2050 T. 4eloBEYECTBO JIOJHKHO
YBEJIMYUTh MPOU3BOACTBO MpoAoBONbCTBUA HA 70 %, 4TOOBI MPOKOPMUTH AOIMOIHUTENIbHBIE 2,
3 MIIpZ1 YeTIOBEK, WJIM OHO OKAKETCsI Mepe] IUIOM KaTacTpodBbl.

He uckitoueHo, 4To 3TH MpelcKa3aHusl HEJOOLEHUBAIOT MOJUIMHHbBIE MacIITaObl MPOOJIEMBI.
CoTHM MMJUIMOHOB KWTAWIEB M WHAMWLEB, YCIOBHO TOBOPS, NMEPEXOAAT B CPEOHMM Kiacc — U
XOTSIT HACTIaXaThCsl POCKOITHOM YKU3HBIO, TAKOM, KaKyl0 OHU BUJAT B TOJUTUBYICKHUX (uiabmax. Um
X0YeTCs UMETh JIBE MAIIMHBI HA CEMbIO, ’KUTh B IPOCTOPHOM 3arOpOTHOM JIOME, €CTh raMOyprepsl U
kapTomky (pu... Ha obecrneyenue Bcero 3Toro pecypcoB 3eMHOTO Iapa MOXKET W HE XBaTHUTh.
Jlecrep bpayn (Lester Brown), oquH U3 BeIyIIMX MHUPOBBIX 3KOJOrOB M OCHOBarenb MHcTuTyTa
BceMupHoi BaxThl (WorldWatch Institute) B Bamunrrone, npusHaics MHe, 4TO 3eMJisi, BO3MOXKHO,
HE CMOXET O0ECNeYMUTh CTWJIb >KU3HH, XapaKTepHBIH JUIsl CPEJHEro Kjlacca, MHOTMM COTHSIM
MIIJIMOHOB JIIOJIEH.

Hane:xna Bce ke ecTh

Opnnako mpoOsecKku HaleXk bl Bee ke ocTatoTcsl. KOHTpob poxk1aeMoCTH, IpUHAIEKABIIHMA
KOTJA-TO K 3allPETHBIM TeMaM, MPOYHO YTBEPAWICS B PAa3BUTOM MUPE U YBEPEHHO IMPOKJIAJbIBAET
JIOPOKKH B MUP Pa3BUBAIOIIUICS.

B EBporie u SInmonuu mpl HabII01aeM COKpaIlleHHe, a BOBCE HE POCT HaceleHus. B HeKoTophIx
€BPOINENCKUX CTPaHAX YPOBEHB POXKIAEMOCTH B HACTOSAILEE BPEMS COCTABIISAET BCETO IHMIIb 1, 21,

1 D10 momokeHre MOXKHO MPOMJLTIOCTpUpoBaTh. B 2008 I. MHUpOBOE MPOU3BOACTBO SHEPTUU COCTaBWIO 144 TpmH



4 pebeHka Ha CeMblO, YTO HAMHOTO HMXE HEOOXOAMMBIX IJIsi MPOCTOr0 BOCIPOM3BOJACTBA 2, 1. B
SlnoHuun ke UenbIX TpU HamacTH. Bo-mepBhIX, ee HacelleHHWe crapeeT ObIcTpee Bcex Ha 3emile.
O>xunaemasi MPOJOIKUTENBHOCTD JKU3HM SIIOHOK, K MPHUMEPY, YK€ ABAALATh JIET JAEPKUTCA Ha
pPEKOPAHOM YpOBHE. BO-BTOpBIX, MagaeT ypOBEHb pPOXKIAeMOCTH. W B-TpETbHUX, NPABUTEIBCTBO
YAEPKUBACT UMMUTPALIMIO HA YPE3BBIYATHO HU3KOM YpOBHE. B COBOKYITHOCTH TpU NEPEUUCICHHBIX
nemorpaguueckux (Qaktopa MOPOXKAAIOT 3aMeAsieHHYylo KatacTpody. EBpoma, kctatu roBops,
OTCTAaEeT HEHAMHOTO.

OmuH W3 ypOKOB, KOTOpPBIE MOYKHO H3BJI€Yb M3 3TOM CHUTyallMd, COCTOMT B TOM, 4YTO
IIPOLIBETAHUE — JIYYIIUN KOHTpALENTUB. B mponuioM KpecThsHE, HE MMEBIIWE HU MEHCUOHHOIO
IUTaHA, HU COLMANIbHBIX TapaHTUl, CTapalliCh 3aBECTH KaK MOXKHO OOJbLIe JIeTeil, KOTOpble MOIVIH
ObI paboTaTh B 1moJjie U 3a00TUTHCSA O HUX B cTapocTd. Torja AedcTBOBaia mpocras apupMeTHKa:
KaXXIbl HOBBIM pEOCHOK B CEMbE O3HAYACT JOMOJHUTENbHbIE paboyre pyKH, AOMOTHUTEIbHBII
JIOXOJ] U JIOIOJIHUTEIIbHYI0 YBEPEHHOCTh B 3aBTpallHeM JHe. Ho Korma KpecTbssHUH CTaHOBUTCS
MIPEJCTAaBUTENIEM CPEIHEro Kiacca W MOJy4yaeT BCE CBsSI3aHHbIE C 3TUM Ojlara — IEHCUOHHBIE
rapaHTuu U KoMQOpTadbeTbHYIO KHU3Hb, — CEMEHOE ypaBHEHHE 000paynBaeTCsl APYroil CTOPOHOI:
Kbl peOCHOK YMEHbBIIIAET CEMEMHBIN J0XO0/ U CHUKAET KAYeCTBO KU3HU.

B crpanax Tperpero mmpa mpobiemMa oOpaTHasi — HaceJIeHHE CTPEMHUTEIbHO pacTeT U
3HAYUTENBHYIO €0 4acTh COCTABIIIOT JE€TH M MoApocTku. Ho maxke Tam, rue 0oKuMoaeTcs caMblil
OonbII0i AeMorpaduueckuii B3ppiB — B A3uu U B Adpuke roxHee Caxapbl, — pOXKIaEMOCTh YiKe
HayaJia najarh 0 HECKOJIBKUM ITPUYHHAM.

Bo-nepBbIX, MPOUCXOAUT CTpEeMHUTENIbHAs ypOaHM3alMs CEIbCKOTO HACENIEHUs; KPEeCTbsHE
OCTaBJISIFOT HACJIEICTBEHHBIE 3€MJIM U YXOAAT B MEramnojaucel uckare cyactes. B 1800 . B kpyIHBIX
ropofax xuwio Jumb 3 % nacenenus. K xonmy XX B. aTa mudpa yBenuuuiach 10 47 %, U, Kak
oXKuaaercs, B Onuxkailiime JecaTHIETUS. POCT A0 FOPOACKOT0 HaceleHus mponokuTcs. B ropone
peOeHOK O00XOTUTCS Topa3lo AOPOXKE, U 3TO PE3KO YMEHbBINAET CpPEelHee YHCIO JeTeld B CeMbe.
Kunbe, nuranue U mpodre HEOOXOAHWMBIE PACXO/bl B TOPOJE OUEHb BBICOKH, TaK 4TO pabouue B
TpyII00ax METramnoJuCOB OPHUEHTUPYIOTCS Ha Ty e MPOCTYI0 apu(METHKY: KaXIblii peOeHOK
CHIDKAET YPOBEHb 0JIar0COCTOSHUSL CEMbH.

Bo-BTOpBIX, 10 MEpe MHAYCTpUAIM3ALMM CTpaH, KoTopas npoucxogut B Kurae m WHauw,
pacTeT noTpeOHOCTh B CPEIHEM Kilacce — a CpeIHUH KJIacc, B TOUHOCTH Kak Ha pa3BUTOM 3amaJe,
CTPEMHTCS UMETh MEHbIIIE JieTeil. 1 B-TpeThuX, pacTeT ypoBeHb 00pa30BaHUs JKEHIINH, YTO JaXe B
OeHBIX CTpaHaX, TakMX Kak baHmianem, mnopokaaeT Kiacc KEHIIUH, KOTOpbIE CTPEeMSTCS
OrpaHUuYUTh uHciao jered. braromaps macmraOHON 00pa3oBaTenbHON NporpaMMe YpOBEHb
poxnaemMocTtu B banmanem ymensmusics ¢ 7 10 2, 7, X0Ts B 3TOH CTpaHe MoKa He Habpaiu X0 HU
ypbaHu3anus, H1 UHyCTpHATU3aIHSL.

C yuerom Bcex atux ¢akropoB OOH mnocTossHHO mnepecMaTpuBaeT CBOM IPOTHO3BI,
CBSI3aHHBIE C pOCTOM HaceseHus. OUEeHKU MO-NpeKHEMY pasnndarorcs, Ho K 2040 r. HaceneHue
3emsin MOXKET JIOCTHYb 9 muipa yenoBek. OHO M Janblie OyJeT pacTH, HO CKOPOCTh pocTa
MIOCTENEHHO 3aMEUINTCA U COMAET Ha HeT. [lo onTHMMHCTHYHBIM IPOrHO3aM, HAaCEIEHHE 3EeMIIU
crabunuzupyetcs k 2100 1. Ha ypoBHE ipumMepHoO 11 muipa.

MoxeT moKa3arbCs, YTO Takas YHMCICHHOCTb HACEJICHUS IPEBBIIIACT IOTEHIUATIbHYIO
€MKOCTb JKOCHUCTEMBI IIIaHeTel. Ho MHOroe 3aBUCHUT OT TOro, Kak ONPENENIHNTh ATy Camyro

MOTEHLIHMAIBHYI0 €MKOCTb, — BEIb HE MCKIIOYEHO, YTO HAC OXHUIACT €IIe OJHA 3€JICHas
PEBOIOLHSL.
buorexHomorum — OOHO W3 BO3MOXKHBIX pemieHudd mnpobnembl. B Esporme

TeHHOMOAU(DHUIMPOBAHHBIE MPOAYKTHl MHUTAHUA OOpeau JAYypHYIO CJaBy, KOTOopas MOXET
IIPOAEPIKATLCA  LIEJIoe  IOKOJIeHUEe. bHuoTexHOoIornyeckas IPOMBIIUIEHHOCTh OZHOBPEMEHHO
BBIIIyCKajla Ha PHIHOK IepOUIUABl U HOBBIE COPTa, YCTOMYMBBIE K JIEHCTBUIO THX TepOHIIMIOB.

kBT-4, a cpennee suepronorpednenne B CIIA okazanock paBHeIM 87 ThIC. KBT-4 Ha aymy HacesneHUs. DiIeMeHTapHas
oreparys AeJIeHHs MOKa3bIBaeT, YTO aMEPUKAHCKUH YPOBEHb JHEpPrornoTpeOIeHHss MOXKET MO3BOJNIUTh cebe juiib 1,
65 mupn yenoBeK. UTOOBI «CTHIIb JKW3HH, XapakTepPHbBIM Uil CPeJHEro Kiacca» ObUI JOCTYIIEH BCEM 3eMIITHaM,
MIPOMU3BOJCTBO SHEPTUM HYXKHO YBEIMYHTH BUETBEPO, & 3TO YK€ MOXKET CaMBIM CEPbE3HBIM 00pa3oM CKa3aThCsl HA
kimMare 3emin. — llpuM. mep.



[ToHATHO, 4TO /11 OMOTEXHOIOTUYECKOM OTPACIH TaKOW MOPSI0K Belllel 03Hadaj JOTOTHUTEIbHbIE
MPOAAXKU U JOIMOJHUTENbHbIE JOXOJbl, HO JJIsi MOTPeOUTeNs BCE 3TO O3HAYaeT JIMIIL OoJbliee
KOJINYECTBO BPEAHBIX BELIECTB B MUIIE, U 3TOT PHIHOK BCKOPE PYXHYIL.

B Oymymem, oaHako, Ha PBIHOK YBEPEHHO BBIMAYT HOBBIE COpPTa 3E€PHOBBIX, TaKHE KakK
«Cymeppuc», T. €. COpTa, CHEHUAJIbHO IIOJIYYEHHBIE METOAAMU TE€HHOW HHXKEHEPUU U
pUCTIOCOOTIEHHBIE JaBaTh BBHICOKHI ypoXall B 3aCyILIMBBIX U HEIUIOAOPOAHBIX paioHax. TpymHo
OyzeT BO3pa3UTh C MOPAJIbHBIX MO3ULUI MPOTUB OE30MACHBIX KYJBTYP, CIOCOOHBIX HAKOPMHUTb
COTHH MWJIJIMOHOB YEJIOBEK.

Bospoxaenune BbiMepiux (popM KU3HU

Hekoropeie ydeHble CTpeMsTCS HE TOJBKO MPOJIMTHh YEJIOBEYECKYIO KH3Hb U OOMaHyTh
cMmepThb. MIX nHTEpeCyeT U BOCKPEIIEHUE U3 MEPTBbIX.

B ¢unsme «Ilapx KOpckoro nepuona» yuensie Beinenunu JJHK u3 ocraHkoB nnHO3aBpOB,
BBEJIM €€ B sIil1a MPEeCMBIKAIOIIUXCS U TAKUM 00pa3oM BEPHYIHU TMHO3aBPOB K KU3HU. XOTS HUKOMY
JI0 CHUX TOp HE YAAJIOCh HM3BJE€Yb U3 JMHO3aBPOBBIX OCTAHKOB XOThb YTO-HUOYIb MPUTOJHOE K
UCIIOJI30BAHUIO, HEKOTOPBIE JAHHBIE BCE XKE IMO3BOJISIOT HAAEATHCA HA TO, YTO MCIIOJIHEHUE DTOMU
MedThl Bce ke BO3MOkHO. K koHiy XXI B. B 300mapkax BIIOJIHE MOTYT HOSBUTBCS CYLIECTBA,
MCYE3HYBILIUE C TIOBEPXHOCTH 3EMIIM THICAUM JIET Ha3al.

Kak wmbl yxe ynomunanu, Pobepr JlaHma cnenan mnepBblii cepbe3HBI IIar B 3TOM
HalpaBJIeHUH, KJIOHMPOBaB OaHTEHra — CYIIECTBO BbIMHUparomiero Buja. CTBIAHO, €CU ITOT
penkuii TUKUN OBIK BCe-Taku BbIMpeT, cumtaeT Jlanma. Celuac ydeHbI paboTaeT HaJa JAPYyTrUM
IIPOEKTOM: CO3J1aTh €Ile OAHO KIOHUPOBAHHOE KUBOTHOE, HA ATOT Pa3 IPOTUBOIIOIOKHOIO oja. Y
MJIEKONIMTAKONIMX II0JI OpraHm3Ma ompenenserca X- M Y-XxpoMmocomaMmu. JlaHna cyurTaer, 4To,
[IOUTPaB C dTUMHU XPOMOCOMAMH, OH CMOXET U3 TOM KE 3aMOPOKEHHOHN TYyIIHM KIOHUPOBATH €ILE
OJTHO >KMBOTHOE, HO Jpyroro nosna. Eciu Tak, To 300mapkd CMOTYT HaOIOAaTh, KaK KUBOTHBIE
JIaBHO BBIMEPILNX BUJIOB 3aBOIAT ACTCHBILICH.

Opmnaxapl MHE JToBeloCch obemarh ¢ Puyapmom Jlokma3oM n3 OKCHOPACKOTO YHUBEPCUTETA,
aBTOPOM KHHMIM «OTOMCTUYHBIN reH». Tak BOT, JlokuH3 3axoaut emie nanbiie. OH paccyKoaeT o
TOM, YTO KOTJIa-HHOY/Ib YEIOBEK CMOXKET BOCKPECUTh MHOXKECTBO (POPM JKHU3HU, KOTOpPbIE HE MPOCTO
HaxXOJATCS B ONACHOCTH, a JABHO BbIMEpJH. [l Hadajma OH OTMEYAET, YTO KaKaple 27 MeECSLEB
olliee 4YMCIIO CEKBEHUPOBAaHHBIX I'€HOB Y/IBaMBAETCA. 3aTeM IMOJCUMTHIBAET, YTO B ONKaiime
JECATUIIETUS. CTOMMOCTbh CEKBEHHpOBaHHUS Jr00oro reHoma ymazer jpo 160 nomtapoB. OH
MPEeIBUIUT BpeMs, Korjaa Ouosoru OyayT HOCUTH ¢ cOOOM MOPTAaTUBHBIE alllaparkl, CIOCOOHBIE 3a
HECKOJIbKO MUHYT CYUTATh MOJIHBIA T€HOM JIF000H BCTpEeUEeHHOU (POPMBI JKU3HHU.

JIOKMH3 maeT emie Janbplie U rOBOPUT O TOM, 4TO K 2050 I 4eloBEK CMOMKET BBICTPOUTH
OpraHu3M IIPOCTO MO 3anucu reHoMa. OH numer B cBoed kHure: «S cumraro, yro k 2050 . MbI
Hay4YMMCsl YUTaTh Ha fA3bIKe [KU3HU]. MbI OyneM 3arpyxarb '€HOM HEHM3BECTHOTO >KMBOTHOIO B
KOMIIBIOTEP, KOTOPBI BOCCTAHOBUT IO T€HHOMU 3aIllMICH HE TOJBKO BHEIIHUI 00K )KUBOTHOTO, HO U
— B MOAPOOHOCTSIX — MHpP, B KOTOPOM €ro MPEAKH... KUIIU, BKIIOYask TeX, KTO Ha HUX OXOTUJICS
WIM Ha KOTO OXOTWJINCH OHH, T€X, KTO HAa HUX Napa3suTHpPOBAJl WM HAa KOM MAapa3UTUPOBAIN OHU
caMH, MecTa, IJle OHM yCTpauBaJM JIOrOBa, Jake UX HaJeXbl U cTpaxuy». Llutupysa padory Cunnu
bpennepa (Sydney Brenner), JlokuH3 BbIpa)kaeT HaJIeXIy, YTO KOIAa-HUOYIb HaM YIacTcs
PEKOHCTPYUPOBATh T€HOM «HEOCTAIOIIETO 3BE€Ha» MEXKY 00€3bSHOM U YETTOBEKOM.

370 cTasno Obl MOMCTHHE 3aMeyarelbHbIM JocTikeHueM. Cynsd 1Mo MCKOIaeMbIM OCTaHKaM U
JHK, MBI oTI€nMIIMCh OT APYTHUX BBICHIMX ITPUMATOB OKOJIO 6 MJIH JIET Ha3a.

JIHK uenoBeka ommmuaetr or JIHK mumnanze Bcero awmis 1, 5 % renoB. B Oymymem
KOMITBIOTEPHAsI MpOorpaMMa CMOKET, BEPOATHO, npoaHann3upoBath [JHK uvenoBeka m mummnanse u
BOCCTAHOBHUTH METOIaMU MaTeMaTndeckoil anmpokcumanuu cocrtaB JIHK olriero npeaka, naBIero
Hayasio obouM BujaM. Kak TOJIbKO rHIOTETHYECKUI T€HOM Hallero ¢ o0e3bstHaMH OOIIEero npeaka
OyZeT pEeKOHCTPYHPOBAaH METOAAMH MaTeMaTHKH, KOMIBIOTEPHAs MpOrpaMMa CMOXKET IMPOBECTH
BU3YQJIbHYIO PEKOHCTPYKLHIO OOJIMKa 3TOrO CYIIECTBAa U €ro XapakTepuUCTUK. [IOKMH3 HazbIBaeT



9TOT npoeKT «I'enom JIrocu» B 4eCcTh 3HAMEHHUTBIX OCTAHKOB caMKH BHa Australopithecus.

OH paxke TOBOPUT O TOM, YTO, KaK TOJIBKO KOMIBIOTEP BOCCO3AACT MaT€MAaTUYECKH T'€HOM
HEJIOCTAIOIIET0 3BEHa, MOKHO OyJIeT Mo KUPHNUYMKY cloxuTh Mojekynsl /IHK storo cymectsa,
BHEJPUTH UX B YEJIOBEUECKYIO SHIEKIETKY M MOJCAJUTh B MaTKy KECHILIUHBI, KOTOpasi 3aTEM POIAUT
HAIIIETO MIPEKa.

Bcero Heckonbko JieT HazaJ MOJOOHBIM clieHapHil Obul Obl OTBEPrHYT KakK COBEPIIEHHO
aOCyp/IHBIN, HO yXK€ CErofiHsi CYLIECTBYIOT HEKOTOpbIe (DaKThl, YKa3bIBalOIIME Ha TO, YTO €ro
peanusaiys BIOJIHE BO3MOXKHA.

Bo-niepBbIX, HEMHOTHE TI€HBI, YTO OTAEISAIOT HAac OT IIMMIIAH3€, CETOAHS IOJBEPraroTCs
TUIATEIbHOMY M OYEeHb MNOAPOOHOMY H3ydeHHio. OIWH M3 MHTEPECHEHIIMX NPUMEPOB — I'eH
ASPM, orBeuaromuii 3a pazMepsl Mo3ra. HeckoiabKko MUJUIMOHOB JIET Ha3a]l YEJIOBEYECKUI MO3T 110
HEMOHATHBIM TPUYMHAM PE3KO YyBEIWYWICSd B pa3Mmepax. Myranuss 3TOro TeHa BbI3BIBACT
MHUKpOLe(aIni0 — TeHETHUECKOe HapylleHHe, MPU KOTOPOM YeJIOBEK POXKAAETCS C MaJCHbKUM
gyeperioM W Mo3roM Ha 70 % MeHbllle CpeJHero — MIPUMEPHO TaKUM, KakuM oOiajaiv Hauiu
IIPEIKA MUJUIMOHBI JIET Ha3aA. KOMIBIOTEpHBII aHaanM3 UCTOPUM ATOTO I'eéHa MOKAa3bIBA€T, YTO 3a
nocieaHue 5 uiu 6 MWUIMOHOB JIET — C MOMEHTa pa3/iejeHHs] YeJoBeKa W IIMMIIaH3€ — OH
MyTHpoBasl 15 pa3, 4TO COBHNAAAET C UCTOPHEW YBEIMUYEHHUS pPa3MEpPOB MO3ra B ITOT NEPHUOL.
HHuTepecHo Takke, YTO MO CPAaBHEHHUIO C POJICTBEHHUKAMHU CPEIW BBICIIMX MPHUMATOB Yy uYeJIOBEKa
ATOT KIIIOUEBOW T'eH MEHSJICS ObICTpee BCeX.

Eme wHTEepecHee Tak HazpiBaeMas oOmacte HAR, renoma, comepxarmias Bcero 118 «OykB»
reHetnyeckoro aindasura. B 2004 . yueHble OOHApYXHIIM, YTO BaKHEWIIee pa3iuyhe MEXIy
YeJIOBEKOM M IIMMIIaH3€ B 3TOM CETMEHTE BKIIOYaeT Bcero 18 OyKB, WM HYKJIEMHOBBIX KUCIOT.
[IInmnan3e u Kypsl pazonuiuck 300 MIIH JI€T Ha3ald, HO cocTaB ocHOBaHMM B cerMeHTe HAR, y Hux
pa3ianyaeTcs BCEro Ha JBe OYKBBL. JTO O3HAYAET, YTO HAa MPOTSKEHMH MHOTMX MUJUIMOHOB JIET
sBoiroMK yyacTok HAR, ocraBaics 3amedaresisHO CTaOMIIBHBIM, — HO JIMIIb 10 T€X IMOp, MOKa He
MOSIBWIICA 4YenoBeK. Tak YTO BIOJHE MOXKET OKa3aTbCs, YTO TEeHBI, JENAIollfe HAac JIOIbMHU,
HaXOJATCS UMEHHO 37IE€Ch.

Ho cymectByer onuH HamisgHbld (hakTop, KOTOPBIA JenaeT mpeasiokeHue JlokuH3a ermie
Oornee peaabHBIM. YK€ BOCCTAHOBJICH IOJIHBIA T€HOM HAIero ONIMKalIero reHeTHYecKoro cocena,
JTaBHO BBIMEpIIETr0 HeaHJepTaibla. Bo3MOXXKHO, KOMIBIOTEPHBIN aHAJINU3 3THX TPEX €HOMOB —
4eJ0OBEKa, IIMMIIAH3€ M HEeaHJepTalblla — IO3BOJIMT IPH TOMOIIM YHMCTOM MaTeMaTHKH
PEKOHCTPYUPOBATh T€HOM HEIOCTAIOIIETO 3BEHA.

Crout Jiv BO3BpalmIaTh HeaHAepTaJdbLa?

BeposaTtHo, coBpeMeHHBIN YeIoBEK U HeaHaepTaien pazonumrck okoiao 300 000 nmer Hazan. B
EBporne atu cymecrtsa Beimepian okosto 30 000 et Ha3an, U JOAroe BpeEMs CUUTAIOCh, YTO U3BJIEUb
MpUrofHyo K ucnonb3oBanuio JIHK HeanaepTaniblia u3 Takux APEBHUX OCTAHKOB HEBO3MOXKHO.

Opnnako B 2009 1. ObII0 00BSABIECHO, UTO KOMaHJE YUEHBIX M0J] pykoBojacTBOoM Cpante 1515160
(Svante Paabo) u3 neinimurckoro MHCTUTYTa 3BOMIOIMOHHON aHTPOIONOTHU oOmecTBa Makca
[Tnanka ynanoce, ananuzupys JJHK mectu HeaHaepTaibleB, MOIYYUTh EPBBIA HAOPOCOK MOIHOTO
reHoMa 3TOro BuAa. DTO IpoMaJiHOe AocTHkeHHue. [ eHoM HeaHJepTaiblla, Kak U 0KUJAI0Ch, OYEHb
MIOXOX Ha YeJOBEYECKHH (B TOM M JIpyroM mo 3 MIIpJ Map OCHOBAHUM), HO OTIMYAETCS OT HEro B
HEKOTOPBIX KJIFOUEBBIX MOMEHTAX.

AmnTtpononor Puuapa Kneiin u3 CtaHdopackoro yHuBepcureTa, KOMMEHTUpYs padoTy 11160
U ero KOJUJIer, CKa3all, 4TO 3Ta PEeKOHCTPYKIIMS, BO3MOXKHO, Oy/leT MoJe3Ha MpHU OTBETE Ha JaBHUMU
BOIIPOC O MOBEACHYECKUX OCOOCHHOCTAX HEaHJEPTAJIbLIEB U MOMOXET BBIICHUTh HAKOHEL, MOIJIH
JU OHU TOBOpUTH. Y 4YEJIOBEKAa IO CpaBHEHWIO ¢ mummaH3e B reHe FOXP2 wumeercs nBa
KOHKPETHBIX U3MEHEHUS, KOTOPBIE, B YACTHOCTH, MTO3BOJISIIOT HAM IIPOU3HOCUTD THICSAUYN PA3IMUHBIX
cinoB. TmiarenpHbIN aHANIM3 MMOKA3bIBAET, UTO y HeaHaepraisla B reHe FOXP2 npucyTCTBYIOT 3TH
JKE€ JBa TEHETUYECKUX H3MEHEHHs. MO)XHO MpPEaNooXKUTh, YTO HEaHAEpTaJel, KaK U 4YelIOBEK,
crioco0eH ObLT TPOU3HOCHUTH CJIOBA.



[TockonbKy HeaHJepTalIbLbl ObUTH HAIIUMU OMMKaHIIMMU T€HETHUYECKUMHU POACTBEHHUKAMH,
MHTEpeC K HUM B HAy4YHOU cpelie oueHb BenuK. HekoTopble yueHble Jaxke TOBOPST O BOZMOKHOCTH
Bocco3aarh korna-auOyas JJHK Heannepranblia 1 BAXUBHUTH B UEIOBEUECKYIO SIMIIEKIIETKY, KOTOpasi B
OJIMH MPEKPACHBIN JIeHb BBIPAcTET B )KMBOIO HeaHAepTaiblia. Eciau Tak, TO OfHaXAbl BHIMEPIIUI
TBICSIYM JIET Ha3a] HEaHepTaJlel] BHOBb MPOMIET IO 3EMJIE.

Jxopmx Yépu (George Church) uz Meauuunckoil mkonsl ['apBapia nmoacuuran naxe, 4to
BO3BpALIEHUE HeaHIepTalblia K )KU3HU CTOMIIO OBl Bcero Juilb 30 MIIH JOJJIapOB, U AaXKe COCTABHII
IUTaH paboT MO COOTBETCTBYIOIEMY MpoekTy. CHauana cienoBaio Obl MOJAEIUTh TEHOM YeJloBeKa Ha
otaenbHble orpe3ku no 100 000 map ocHoBaHUI B KaKAOM. 3aTeM KaKIbld U3 HUX HEOOXOIUMO
ObUIO BXXKHMBUTH B OaKTEpHIO, MOCJIE YEero M3MEHUTh I€HETUYECKH TakKuM 00pa3oM, YTOOBI 3TOT
Y4acTOK COOTBETCTBOBaJ T€HOMY HeaHAepTanblia. M3 M3MEHEHHOro OTpe3Ka Ipearoaarajloch
cobOpath gparment nomHoi monekynasl JIHK Heannmepranbila, — M Tak HEOOXOAMMOE YHUCIIO pas.
ITonyuyeHHyI0 HEaHJEPTAIbCKYIO KIETKY CJIEI0BAIO «IEPENporpaMMHpOBaTh», T. €. BEPHYTH B
3apOJBILIEBOE COCTOSIHUE, a 3aT€M MOJICAIUTh B MAaTKy CaMKe IIMMITaH3e.

Onnako Kieitn u3z CraHdopaa BeIpasuil B CBSI3U C 3TUM IPOEKTOM BIIOJHE 0OOCHOBAHHYIO
TpeBory, 3aaaB Bompoc: «M kyma Bel ero cobuwpaerech aeBarh mocie storo? B TapBapn unu B
300MapK?»

JIOKMH3 MpeynpexaaeT, YTO BCE 3T Pa3rOBOPHI O BO3BPAILEHUH K JKU3HH JIaBHO BBIMEPIIUX
BUJIOB, TaKMX KaK HeaHJAepTajell, «HECOMHEHHO, MOpPOIAT 3THYECKHe mpoliembl». bynyr mu
HeaHJepTaiblibl 001aJaTh YeIoBeYeCKUMHU MpaBamMu? UTo mpou3oiaeT, eciu OH WM OHA 3aX04eT
Haiitu cebe mapy? Kro OyneTr oTBeuars, €CiiM 3TO CYLIECTBO MOCTPAaeT MM HAaHECET KOMY-HUOYNb
Bpen?

Ho ecnn cymecTByeT TeXHHMYECKass BO3MOXHOCTb BEPHYTh K JKM3HM HEaHJEpTajbla, To,
MOJKET OBbITh, yUE€HBIE CMOTYT CO3/IaTh 300MaPK BHIMEPIIUX KUBOTHBIX, TAKUX KAK MAMOHTHI?

BepuuTte mamoHnTa!

BooOmie, 3Ta wuaes He HACTONbKO O€3yMHa, KakK KaXeTcs. YYEHble YK€ CyMelu B
3HAUUTENPHON CTENEHU CEKBEHHPOBATh T'€HOM BBIMEPIIET0 CHOMPCKOro MaMoHTa. Eciu mpexie
yAaBaJIoCh M3BJIEKATh U3 3aMOPOKEHHBIX JECATKU ThICSY JieT Ha3zaj B Cubupu TpymoB MaMOHTOB
muib kpomeunsie kKycouku JIHK, To Be66 Munnep (Webb Miller) u Ctusen Llyctep (Stephan C.
Schuster) n3 YuuBepcutera mrata [leHCHIBBaHHS COBEPIIUIN HEBO3MOXKHOE: OHHM HW3BJIEKIIA W3
TUX 3aMOPOKEHHBIX Tyl 3 Miapa mnap ocHoBaHuil. [lo »Toro pexopanbiii pasmep JIHK-
MOCJIEIOBATEILHOCTH, OJYYEHHON M3 BBIMEPIINX BHUJIOB, COCTABIISI JUIIb 13 MITH Map OCHOBaHUM,
win MeHee 1 % monHoro reHoma >kuBOTHOTro. (IIpopwiB cTam BO3MOXEH Onarogapsi HOBOMY
CEKBEHCEPY, U3BECTHOMY KaK CEKBEHHPYIOIEE YCTPOMCTBO BBICOKOM MPOIYCKHOM CIOCOOHOCTH.
OTOT HOBBINM MPUOOP MO3BOJIAET CUUTHIBATh HE MO OJHOMY I'€HY, a M0 HECKOJBbKO THICSY T'€HOB 3a
pa3.) Eme omna xutpocts Mmmnepa u Illycrepa — Hamo 3Hath, e uckarh apesHioro JIHK.
VY4yeHble BBIICHWIH, 4TO Jydmie Bcero Monekynsl JIHK coxpaHunucs He B Tene IpeBHETO
[IEPCTUCTOrO MAMOHTA, a B BOJIOCSHBIX JTYKOBHUKAX.

He uckitoueHo, yTo Temepb Haes BOCKPELICHHS BBIMEPUIMX BUIOB CTaHET OMOJIOTMYECKH
Bo3MOkHOU. «l'on Hazax s Ha3zBanm Obl 9T0 (haHTacTHKOW», — ckazan Lllyctep. Ho Temeps, xorga
reHOM MaMOHTa M3BECTEH UyTh JIM HE LIEJIMKOM, HU4ero (pantactuyeckoro B npoekre HeT. Lllycrep
JTaXKe MPUKUHYI, KaK 3TO MOXKHO caenarb. ComtacHo ero onueHke, Bcero okosio 400 000 n3menenmii B
JIHK a3matckoro cioHa OygeT JAOCTaTo4HO, YTOObI MPOM3BECTH Ha CBET >KMBOTHOE, O0OJajaroiiee
OCHOBHBIMHU YepTaMH HIEPCTUCTOr0O MaMoOHTa. He MCKIIOYeHO, 4TO Y4eHBIM yAAcTCsl T€HETHUYECKH
m3menuts JIHK crona coorBercTByromuMm o6pasom, BHenpuB Monekynsl JIHK B sapo
OIJIOJIOTBOPEHHOM CIOHOBBEH SIMIEKJIETKH U MOJCAIUB €€ CIOHUXE.

Jpyras rpymnma yuyeHbIX B HACTOSIINI MOMEHT paboTaeT HajJ CEKBEHHMPOBAHMEM T'€HOMA eIlle
OJTHOTO BBIMEPIIETO KMBOTHOTO — AaBCTPAJIUIICKOIO CyM4yaToOro BOJIKA, OJM3KOTO POJCTBEHHHKA
TAaCMAaHUICKOTO JbsIBOJIA, OKOHYATENIbHO Hcye3HyBllero B 1936 Wayr pasroBopel o
CEKBEHHPOBAHUU NTHULBI A0A0. B aHMIMNCKOM s3bIKe BBIpaXXEHHE «MEPTB, KakK J10/10» BOLUIO B



MOTOBOPKY, HO OJHAXKIBI 3Ta MOTOBOPKA MOXKET OKa3aThCsl ycTapeBiueld. [[is aToro Hamo, 4ToObI
YYEHbIE CYMEIN M3BJIeUb MPUTOIHYIO JUIsl ucnoib3oBanus JJHK m3 Markux TkaHed v KOCTEN TylIeK
o710, coxpanuBiuxcs B Okchopae u Ipyrux MecTax.

IMapk FOpckoro nepuona?

Bce 310 ectecTBeHHBIM 00pa3oM BO3BpalllaeT HAC K MEPBOHAYAILHOMY BOIIPOCY: CMOXKEM JIH
MBI BOCKpPECUTh JAMHO3aBpoB? Eciau OTBeTHTH KOpOTKO — ckopee Bcero Her. Co3maHue mapka
Opckoro mepuoma 3aBUCHT OT TOTO, YJIACTCS JIM YYEHBIM MHOIXYy4uTh pabouyro monekyny JHK
dbopMBl KU3HM, BBIMEpINEH Oonee 65 MiaH JseT Hazad. He HCKIIOYEHO, YTO 3TO TMOIMPOCTY
HEBO3MOXKHO. HecMOTps Ha TO 4TO BHYTPHM MCKONAeMbIX OEIPEHHBIX KOCTEW TUHO3aBPOB OBLIM
0oOHapyKeHbI MATKUE TKAaHH, 10 CUX MOpP U3 HUX HE YAalI0Ch MONy4YuTh naxe Kycouka /JJHK, Tompko
Oenku. DTH OeJKU XMMUYECKH JJ0Ka3ainu Oiau3koe poacTBo Buaa Tyrannosaurus Rex ¢ nsarymkoi u
KypHllel, HO 0 BOCCTaHOBJIEHHsI T€HOMA JIMHO3aBpa YPE3BbIYAHO aJIeKO.

JlokuH3, OAHAKO, HE HCKIIOYAaeT BO3MOXHOCTH MAaTEMAaTUYECKOM  PEKOHCTPYKLUHU
reHepalIn30BaHHOTO T€HOMa «JIMHO3aBpa BOOOIE» HAa OCHOBE CPaBHUTEIILHOTO aHajln3a FeHOMOB
pasHBIX BUJOB MNTHIl U IpecMbIKaommxcs. OH OTMeYaeT, 4YTO MOXKHO MOOYAMTh KypUHBIH KIIOB
BBIPACTUTh 3a4aTKU 3y0OB (Tak k€ KaKk MOKHO 3aCTaBUTh 3MEI0 BbIpacTUTh HOTH). [lonydaercs, 4ro
JIPEBHME YEPTHI, JaBHO CTMHYBLIME B MIECKAaX BPEMEHHM, MPOJOKAIOT CYLIECTBOBATh B HEAKTUBHOM
BUJIE BHYTPH COBPEMEHHBIX T€HOMOB.

Jeno B TOM, 4TO OMOJOTM B TOCIEIHEE BpEMs IOHSIM: T€Hbl MOXHO «BKIIOUaTb» U,
COOTBETCTBEHHO, «BBIKJIIOYaTb». OJTO O3HAYaeT, YTO TEHbl, OTBEYAIOIIME 3a JAPEBHHUE YEPTHI,
BO3MO)KHO, BCE €II€ CYIECTBYIOT; OHM HPOCTO CHAT. MOXKET ObITh, BKIIOUUB 3TH CIISIIIUE T'€HBI,
MO>KHO BEpHYTb U COOTBETCTBYIOLINE IPEBHIE CBONCTBA.

K mpumepy, 1ana KypHuisl B IPEBHOCTH UMeJa MEePEenoHKu. [ eH, oTBeyaromuii 3a HUX, HUKY/Ia
HE JIeJiCsl, OH MPOCTO BBHIKIIOUMWICA. BHOBB 3a71€iiCTBOBAaB 3TOT I'eH, B MPUHIUIIE MOXKHO MOJIY4YUTh
KypHUIly C TEpernoHYaTbIMM JarnamMu. TOYHO TaK e JIIOAM KOTNA-TO OBLIM MOKPBITHI IIEPCTHIO.
OnHako, HauaB NOTETh (@ ATO BechMa 3(PPEKTUBHBIA CHOCOO TEPMOPETYISIMH), Mbl HOTEPSUIN
mepcTsaHoi MokpoB. (Y cobak HET MOTOBBIX XKeJe3, MOITOMY UM MPUXOAUTCSA IS OXJIAXKICHHS
BBICOBBIBaTh SI3bIK M 4YacTo Jblliarh.) OYeBUAHO, T€H IIEPCTH Yy YeJOBEeKa MO-NPEKHEMY
CYLIECTBYET, HO BBIKIIOUEH. BKIIIOYMB OTOT T'€H, MOXHO IOJYYUTh YEJIOBEKA, IOJIHOCTBIO
3apociiero mepcteio. (CyllecTBYIOT NPEANONIOKEHUS O TOM, YTO MMEHHO 3THUM OOBSCHSIOTCS
nereHapl 00 00OPOTHSX.)

Ecnu nmpennonoXuTh, YTO HEKOTOPbIE Te€HBI JUHO3aBPOB YK€ MHJIIHOHBI JIET CYIIECTBYIOT B
BBIKJIFOYEHHOM COCTOSIHUM B T€HOME ITHII, TO KOTJJa-HUOY/Ab yueHbIE, BO3MOXXHO, CYMEIOT BKITIOUUTh
9TH CIILIME TeHbl U MOJYYUTh NTULl C HEKOTOPHIMH XapaKTepPUCTUKAMM IMHO3aBpOB. Tak 4TO
npeioxkenre JJokiuH3a X0Ta U yMO3pUTEIbHO, HO He (PaHTACTUYHO.

Co3nanue HOBBIX GOPM KU3HH

B cBs3u cO BceM BBINIECKAa3aHHBIM BO3HUKAET OKOHYATEIBHBIM BOMPOC: CMOXEM JIM MBI
CO3/1aBaTh >KW3Hb MO COOCTBEHHOMY >KelaHHio? MOKHO JIM CO3[aTh HE BhIMEpILEE >KUBOTHOE, a
TaKkoe XMBOTHOE, KaKUX HUKorna Ha 3emie He Obuto? K mpumepy, MOXKHO JIM CO3/1aTh CBUHBIO C
KPBUIbSIMU WJIM OJTHO W3 JKUBOTHBIX, ONMMCAHHBIX B JpeBHEH Mudonoruu? Jlaxke B KOHIIE BeKa HayKa
elle HE CMOXKET CO3[aBaTh 3Bepel IO 3aKa3zy, OJIHaKO MOAM(ULMPOBATH KUBOTHOE I[APCTBO YK€
HAy4UTCA.

Ha [jaHHBIE MOMEHT OrpaHMYMBAIOIIKMM (AKTOPOM SIBISETCS IEPECTAaHOBKA TEHOB.
HccnenoBareny moka HaydMJIMCh HaJIEKHO MOAU(UIIMPOBATH TOJILKO €AMHUYHBIE T'eHbl. K mpumepy,
MOXXHO OTBICKAaTh I'€H, BBI3BIBAIOIINNA CBEYEHHE B TEMHOTE KAaKMX-TO JKMBOTHBIX. DTOT I'€H MOYKHO
BBIIENIUTb, & 3aTEM BHEIPUTH B TEHOTUI IPYrOr0 )KMBOTHOTO, TAK YTO OHO TOYKE HAYHET CBETUTHCS B
teMHoTe. bonee Toro, B HacTosimiee BpeMs YYEHbIE HCCIEIYIOT BO3MOXXHOCTh MOAHU(UIIMPOBATH
JOMAIITHUX KMBOTHBIX TPU TIOMOUIH JOOABICHHS €AMHUYHBIX T€HOB.



Ho co3nmanue coBepiIeHHO HOBOTO >KMBOTHOTO, TAaKOTO KaK XHMepa rpeueckoi Mudonoruu
(koTopast mpencTaBisieT Cco0OM KOMOMHAIMIO W3 TPeX pa3iuyHbIX JKUBOTHBIX), TpeOyeT
NEPECTAaHOBKM ThICSIY T'€HOB. YTOOBI CO3[aTh CBUHBIO C KPBUIbSIMH, BaM IPHJIETCS BXKUBUTH €if
COTHU T'€HOB, OTBEYAIOIINX 33 KPbUIO, U IIPU 3TOM YOEIUTHCSI, UTO BCE MBILIIBI U COCYNIbI OKaKYTCS
Ha MecTe. DTO HAMHOTO MPEBOCXOIUT JIFOObIE BOZMOKHOCTH CETOIHSIIHETO JTHSI.

OpHako yXe CerogHsi ecTh Koe-Kakue HapaOOTKH, KOTOPbIE IIOMOTYT YY€HbIM MPUOIIU3UTD 3Ty
(byTypHCTHYECKYI0 BO3MOXKHOCTb. bBHOJOrM € OrpOMHBIM YAMBICHMEM Y3HAlIH, 4YTO TEHBI,
OMMCHIBAIOLIME OOLMI IMaH Tena (OT TOJOBBI 10 KOHYMKOB 3aJHUX Jall), pacrloiararTrcsi B
XpPOMOCOME B TOM K€ MOPSIKE, B KAKOM COOTBETCTBYIOINE OPraHbl PacIoNaratoTcs B Teje. DTH Tak
HaszpiBaeMble HOX-rensl onpenensror o0yt cTpykTypy Tena. [Ipupoma, cyas mo Bcemy, UAET MO
IIyTH HAUMEHBIIETO CONPOTUBIECHMS M CTapaeTcs B MAaKCHUMAaJbHOH CTENEHHM MHCIIOJIb30BaTh
MpEeKHUE «HApaOOTKW». DTO, B CBOIO OYEpEe]b, OUYEHb OOJEryaeT IJil YYEHBIX BOCCTAHOBIIECHUE
ABOJIIOLIMOHHON UCTOPUH 3TUX I'EHOB.

Bornee Toro, CyIecTByIOT PEryIsITOPHbIE T€HbI, KOTOPbIE, Cy/As IO BCEMY, BIUSIOT Ha CBOWCTBA
¥ pabOTy MHOTUX JPYTUX T'€HOB. YIPaBIIsAsl HECKOIbKIUMU TAKUMH F€HaMHU, MOKHO MaHUITYITMPOBATh
CBOMCTBaMU JIECSATKOB JPYTUX T€HOB.

BrsiipiBasch B HCTOPHUIO 3BOJIIOLUK, MBI BUAMM, UYTO MPUpPOJA CO3/aBaja OO TUIaH Tena
MPUMEPHO TaK e, KaK apXUTEKTOp CO3/1aeT 4YepTekH 3AaHusd. [eoMeTpuuecku 4acTu 3JaHUS U
JIETaJIM PAcIloNIaraloTCsl Ha 4YEpTeXe B TOM XK€ IOPAIKE, YTO U PEAJbHOE HX BOIUIOLICHHE Ha
MecTHOCTH. Kpome TOoro, ueprexu OOBIYHO CTPOSTCS MO MOIYIBHOMY MPHUHIMITY: OOIIMHA BHJ
00BbEAMHSACT cpa3y HECKOJIBKO Oosiee KPYIMHBIX U MOIPOOHBIX YEPTEKEH.

Bocronb30BaBIIMCh MOAYJIBHOCTBIO TE€HOMA, 4YEJIOBEK CIOCOOEH HAaydyuThCs CO3/1aBaTh
COBEPILIEHHO HOBbIE TMOPHU/IBI KUBOTHBIX. Majio TOro, MOXXeT UATH pedb U O MPUMEHEHUHN €HHOM
WHXXEHEPUU K YeNOBEeKY, U 00 HCIIOJIb30BaHUU OWOTEXHOJOTHM Ui BO3POXKICHHUS H3BECTHBIX
UCTOPUYECKUX JUYHOCTeH. JlaHIa cuMTaer, 4To A0 TeX MOp, MOKa W3 Tejla AAaBHO YMEPIIETO
YesloBeKa MOXKHO M3BJI€Ub HEPA3PYIICHHYIO KIIETKY, COXPAaHAETCSd M BO3MOKHOCTh BEPHYTH 3TOTO
yeJoBeKa K Ku3HU. B BecTMuHcTepckoMm ab0arcTBe y HAc TIIATENBHO COXPAHAIOTCS Tejla JaBHO
yMEpUINX KOpoJIeH U KOpPOJIEB, @ TaKK€ IMOATOB, PEJIUTMO3HBIX JEATEeNeH, MOJUTUKOB M JIaXKe
y4eHbIX, Takux Kak Mcaak HproToH. OpHaxkasl, JOBEpUTENBbHO NoBenan MHe JIaHla, HaM, MOXKET
OBbITh, yIacTCsl HAUTU B uX Tenax HeTpoHyTyo JJHK 1 BepHYyTh X Bcex K JKHU3HH.

B ¢unbme «Manpunku u3 bpasunum» crokeT pa3BHBaeTCs BOKPYT KJIOHUpoBaHMA [utiepa.
He ctout mymarh, OfHaKo, YTO MOXKHO BEPHYTh K >KM3HHM T€HHH WIM JUYHOCTH JIFOOOHM M3 3THX
uctopudeckux ¢uryp. Kak 3amernsn oquH 61Uo0JIOT, eciii BBl KIIOHUpYeTe [ uTiepa, To ckopee BCero
MOJTyYUTE XYIOKHUKA CpeaHell pyku (kem, coOCTBeHHO, W Obul ['mmiiep, mpexiae 4em BO3IIaBMII
HAICTCKOE JABM)KEHUE).

N3rouum Bce 00J1€3HU?

[Tpopoueckuit ¢punbm «OOMMK Tpsayiiero» mo cueHapuio [epbepra Yoamica mpeackasbiBal
nevyayibHOE OymyIee UBUIIN3AINH, Tie BTopas MupoBas BoifHa MOpOIMiIa HECKOHYAEMYIO IIETTOUKY
cTpaganuii u 6en. Co BpeMeHeM BCe JTOCTHIKEHHUS YEOBEYECKON IUBUIM3AIMU THOHYT, a BIAacTh
Haa CJIOMJICHHBIM O6HI/IHIaBHII/IM H&pOHOM 3aXBaTbIBAKOT HIZLI?IKI/I J8(0)i Hpe)IBOHI/ITCJ'IBCTBOM
BOMHCTBEHHbIX mMIaBaped. Ho 3areM mosBigeTrcss rpymnna OpelyCMOTPUTEIbHBIX YUYEHBIX,
BOOPY)KCHHBIX MOIITHBIM CB@pXOp}I)I(I/IeM, KOTOpaH HAYUHACT IIOCTCIICHHO BOCCTAHABJIINBATH
MopsiIoK. B KOHIIe KOHIIOB IIUBUJIN3ALIMS IOAHUMAETCS U3 PYHH.

B omHoO#t U3 ciieH aeBouke OymyIiero, N3ydarolien >KeCTOKYI0 UCTOpHI0 XX B., paCCKa3bIBAIOT
0 Tak Ha3pIBaeMoil mpoctyae. YTo Takoe mpocTyaa, cripalrBaeT oHa. Eil ToBOpAT, 4To mpocTyaa —
3TO TaKasd HITYKa, KOTOPYIO JaBHO BBIJICYUJIN.

A MOXeET OBITh, M HET.

BrlneunTs Bce 0OJE€3HH HCIIOKOH BEKOB OBLLIO 30JI0TOM MedToH 4denoBeuecTBa. Ho gake k
2100 1. yuyeHble HE CMOTYT 3TOTO CleJaTh, MOCKOIbKY BO30ynuTenn Ooie3Hel MyTUPYIOT ObICTpee,
YCM MBI y‘—II/IMCH C HUMHU 60pOTI)C$I, K TOMy K€ UX CJIMIOIKOM MHOTIO. Mur HUHOTrI1a 3a6BIBaeM, qToO



JKUBEM B OKeaHe OaKkTepuil U BUPYCOB, KOTOPbIE CYLIECTBOBAIN 33 MHJUIMAP/BI JIET /10 MOSBICHUS
Ha 3emJie yesoBeka U OyIyT CyllecTBOBaTh MUJUIMAP/IBI JIET MOCJE TOro, Kak ucue3Het Buj Homo
sapiens.

MHorue 60€3HM YeIOBEK MOMYYMJI OT KMUBOTHBIX. JTO 4YacTh IUIAThl 3a OJOMAIHUBAaHUE
KUBOTHBIX, HayaBmeecs: npuMepHo 10 000 net Hazaa. MHoxecTBO Oone3Hel, pacpocTpaHsIeMbIX
KUBOTHBIMH, BEPOSITHO, MEPEKUBET pPOJ 4YeToBeUeCKHd. B OOBIYHBIX YCIOBHUAX OT >KMBOTHBIX
3apakaeTcsd BCETO HECKOIBKO 4YeloBeK. HO ¢ BO3HMKHOBEHHMEM KpPYIIHBIX TOPOAOB 3apa3Hble
OOJIE3HN TAaKOro pojia HAYMHAIOT CTPEMHUTENBHO pachpocTpaHsTbes cpeau soaei. Korma uwmcio
3a00JIEBIINX JOCTUTAaeT KPUTHUECKON MACChl, BOSHUKAIOT SMUAEMUU.

K npumepy, u3ydass TeHETHUECKYyIO IIOCJIEIOBATEIbHOCTh BHUpyCa TpHUIINA, YYEHbIE, K
HEMaJIOMy YAMBIEHHIO, BBISICHUIIM, YTO YEJIOBEK MOJIYUMII €r0 OT NTUL. MHOTHE NTUIIBI MOT'YT OBITH
HOCHTEJISIMU BUpYca Ipulina 6e3 BCAKOro Bpeaa s ceds u okpyxaromux. Ho 3arem BMemmBaroTcst
cBUHBbU. OHU CHENAIOT NTHUYUI TOMET U CIY)KaT CBOEOOPa3HBIM I€HETUYECKHM KOTJIOM, B KOTOPOM
Bce nepememuBaeTcs. Kpome Toro, 3emienesibiibl 4acToO KUBYT PSIIOM U C TEMH, U C JIPYTHMH.
HekoTopele cuMTarOT, YTO UMEHHO [TO3TOMY BUPYC I'PUIIIIA YaCTO NMPUXOAUT U3 A3UH, I11€ KPECThIHE
3aHUMAIOTCS Pa3HbIMH BUJIaMU J€SITEIbHOCTH OJJHOBPEMEHHO U TIOTOMY >KUBYT B TECHOM COCEJICTBE
OJJHOBPEMEHHO C YTKAMH U CO CBUHBSMH.

Henauss snuaemus rpumnma HiNi — Bcero Jmiib mOCHeIHssS BOJIHA MyTalldid MTHYHETO U
CBUHOTO I'pUIIIA.

Opna u3 npobaeM yenoBeKa COCTOUT B TOM, YTO OH MOCTOSTHHO YTO-TO BOKPYT ce0sl MEHSIET:
paccensieTcss B HOBBIE MeCTa, BBIpyOaeT jieca, CTPOUT I'POMAJHBIC MPUTOPOJABI U 3aBOABI — H
CTaJIKUBA€TCSl MpPU 3TOM C JPEBHUMHU OOJIE3HSIMH, PACIPOCTPAHEHHBIMU CPEIU >KUBOTHBIX.
YenoBeueckoe HACEIEHNE NMPOJODKAET PAaCTH; 3TO 3HAUUT, YTO HAM CJEAYET JKJaTh U3 JIECa HOBBIX
CIOPIIPU30B.

K nmnpumepy, ecTb cepbe3Hble TE€HETHUECKHME JIaHHblE B TIOJIb3y TOIO, YTO BHPYC
ummyHozaeduuura yenoBeka (BUY) nHaumuazncs kak Bupyc uMMyHoaedumura obe3bsn (BUO),
KOTOPBIM IEepBOHAYANBHO 3apaxall a(pUKaHCKMX O00€3bssH M JIMIIb MOTOM IEPENphITHYA Ha
YelloBeKa. AHAJOTMYHO XaHTaBUpPYC TopaxkaeT JmroAed Ha troro-3amaae CIIIA, xorma onu
BTOPIalOTCs Ha TEPPUTOPUM CTENHBIX T'pbI3yHOB. bone3Hp JlaliMa, KOTOpYIO pacnpoCTpaHSIOT B
OCHOBHOM KIJICII[Y, BTOPIVIACh B MPUTOPOJIbI HA CEBEPO-BOCTOKE CTPAHBI, TOTOMY UTO JIOJIU TETEph
CTPOAT JI0OMa BIUIOTHYIO K JIecy, I/ie oOuTaoT Kieum. Bupyc D60m1a, BeposaTHO, OpaXkall IiieMeHa
Jrofiel emie B APEBHOCTH, HO TOJIBKO C TOSIBJICHHEM CAMOJIETOB OH PacHpOCTPAHUIICS AOCTATOYHO
IIMPOKO U TIOMAJ B 3arojIoBKU raser. Jlaxke 6o0s1e3Hb JIETHOHEPOB, BEPOSITHO, CYLIECTBYET AABHO U
BCErJa pacmpoCcTpaHsylach  pSJIOM €  3aCTOMHBIMM  BOJaMH, HO HMMEHHO  CHCTEMBI
KOHJMIIMOHUPOBAHUS BO3AyXa CTAJIHM UACATbHBIM MECTOM JIJIsl €€ paclpOCTpaHEeHUsI U 00eCIeUrIn
3TOM O0JIE3HU U3BECTHOCTb.

Bce 310 03Hauaet, yTo B OyaylieM Hac AT MHO)KECTBO HOBBIX CIOPIPH30B U B 3ar0OJIOBKH
razeT Oy/yT MomnajaaTh Ha3BaHUS HOBBIX SK30THUYECKUX O0JIe3HEH.

K HecuacTblo, 1eKapcTBa OT 3TUX OOJIE€3HEN 4acTo 3ama3/IbIBatoT.

K mpumepy, y Hac HET JiekapcTBa JAake OT 0OBIYHOUM TpoCTyabl. M 5T0 ipu TOM, 9TO B JII0O0H
anTeKke MOXKHO YBHJIETh LIEJIYI0 BUTPUHY JIEKapCTB OT MpocTynbl. Beibop Oorateiimmii, HO Bce 3TO
CUMIITOMAaTUYECKHE CPENCTBA, OHW HE YOWBAIOT BUPYC, a MPOCTO OOJErdaloT TeueHue OOJIe3HHU.
[Tpobnema B TOM, 4TO y PHHOBUpPYCA, BBI3BIBAIOIIETO OOBIYHYIO MpocTyny, He MeHbiie 300
Pa3HOBUAHOCTEH, M CO3/1aBaTh BaKLIMHY MPOTUB KAXKIOW U3 HUX MONPOCTY CIHUILKOM JJOPOTO.

Cutyanus ¢ BUY HaMHOTO Xy’Xe, IIOCKOJIBKY Y 3TOI0 BUPYCa MOTYT OBbITh THICSYH pa3IMYHbBIX
mTamMmMoB. bonee Toro, BUY myTtupyet Tak ObICTpO, YTO, JaKe CO3/1aB BAKI[MHY MPOTHB OJHOU W3
€ro pa3HOBHMIHOCTEH, Bbl HUYEro HE J00bETECh: BUPYC YCIIEET BHOBb M3MEHHUThCA. PazpaboTka
BaklMHbI poTuB BUY HanomuHaet ctpensOy Mo ABMKYIIEHCS MULICHH.

Tak yTo B Oymayliem, XOTS Y€IOBEK HAayYUTCs HCLENATh MHOTHE OOoNe3HH, Bcerga OyayT M
Takhe 3a00JieBaHHUs, KOTOpPbIE HE MOJAAIOTCS CaMbIM COBPEMEHHBIM M IMPOABUHYTHIM METOJaM
JIEYEHUS.



J{MBHBII HOBBII MUP

K 2100 r., xorma 4yenoBeK MONXYYHT BIACTh HAJ COOCTBEHHOH T'€HETHYECKOH CyIb0oii, eMy
MIPUJIETCS. CPAaBHUTH CBOIO JKHU3HB C TOM, 4TO ObUIa onucaHa B pomaHe Onnoca Xakcnu «O TUBHBIN
HOBBIN MUD», IEHCTBUE KOTOPOTO MpoucxoauT B 2540 r.

[Tocne nmy6nukanuu B 1932 . kHMra BbI3Bajia y yuTaTeNed LIOK U PacTepsHHOCTh. Tem He
MEHEe CEerojHs, Korja ¢ MOMEHTa MyOJMKAaIlMM MPOILIO OOJNIbIIE CEMHUIECATH IATH JIET, MHOTHE
MpeJcKa3aHus nucatens yxxe cobuiich. Hammcas o 1OCTYyTHOCTH HapKOTHKOB, O JETSIX U3 MPOOUPKHU
M O TOM, YTO CEKC KaK HacllaxJeHue OyleT OTAeJeH OT MPOJODKEHHs poja, XaKCIH IOKHpPOBAJ
OpuTaHCKOE OOIIECTBO; OAHAKO CETO/IHA Mbl KMUBEM B MHpE, TJ€ OIUIOJOTBOPEHUE B MPOOUpPKE U
NPOTUBO3aYaTOYHble TaOJETKHM BOCHPUHUMAIOTCA Kak HEYTO camMo Co0Oi pasymeroleecs.
(EnuHcTBEHHOE clielaHHOE MM CEepbe3HOE IMpeAcKa3zaHue, KOTOpoe IMoKa He cObLIOCh, — 3TO
KJIOHUpOBaHME uenoBeka.) OH M300pasmyl Hepapxuyeckoe OOIIeCTBO, I Bpauyd HaMEpPEHHO
KJIIOHMPYIOT 4YeJIOBEYECKHE SMOpPHUOHBI C TOBPEXKIECHHBIM MO3TOM, KOTOpBIE 3aT€M BBIPACTAIOT U
CTaHOBATCA CIIYT'aMHU MPAaBAILIEH MUTHI. B 3aBUCHMOCTH OT YpOBHSI MO3IOBBIX HapyLIEHUHN JETH U3
MPOOMPKHU  paCHpENeNsioTcsl MO KaTeropusiM OT ainb(dbl — HJIEaTbHBIX 0CO0eH, KOTOPhIM
IpeaHaYepTaHo MPaBUTh, A0 AMCUIOHA — MPAKTHYECKU 3TO YMCTBEHHO OTCTajble padbl. Y Xakciu
TEXHOJIOTHSI, BMECTO TOI0 YTOOBI M30aBUTH YEJIOBEUECTBO OT HMIICTHI, HEBEKECTBA M OOJIC3HEH,
CTajla KOIIMapoM, HAaCaXIAaloIMM HMCKYCCTBEHHYIO M TOPOYHYIO CTaOWJIBHOCTH 3a CYeT
nopaboLIeHHs BCETO0 HapoAa.

Bo MHOrMX OTHOWIEHMSIX 3TOT POMaH-aHTUYTOIMS YAUBUTEIBHO TOYEH, HO XaKCIM HE MOT
MpeIBUIETh TeHHON MHkeHepuH. Ecau Obl mucaTento ObUIO M3BECTHO O MOJOOHBIX TEXHOJIOTHSX,
ero, HaBepHOEe, BCTPEBOXKMIA Obl W JApyras mpobieMa: He pas3/elUTCS JIM POJl YeIOBEUeCKUH Ha
OTJIeJIbHbIE HECMEIIMBAaEMble TPYIIIbl, €CIH MOABEPKEHHbIE BIUSHUIO POJUTENIN U HEMOPSAIOYHbIE
IIPABUTEIBCTBA HAYHYT BMEIINBATHCS B T€HbI HAIIUX AeTei? Ecnu celiyac poauTenu ofeBaroT 1eTeil
B HEJIETIbIe Haps/Abl U BBICTABIIAIOT HA BCEBO3MOXKHbBIE IITYIIbI€ KOHKYPCHI, TO TJI€ TapaHTHs, YTO OHU
HE 3aX0TAT U3MEHUTh I'eHbl peOeHKa M0 cOOCTBEHHOM MpuxoTH? PonuTensM OT mpUpoabl MPUCYIIE
(T.e. 3aKperuieH0 B  pe3ydabTare DJBOJIOLUHM) CTpeMJIEHHE OOECHeunuTh MaKCHUMallbHbIE
IIPEUMYIIECTBA CBOMM YaJaM — TaK MOYEMY HE U3MEHUTH UM T'€HbI?

B kauectBe mpocTteiiiiero npuMepa HempeacKa3yeMbIX MOCIEACTBHI pacCMOTPUM OOBIYHOE
yABTPA3BYKOBOE HCCIENOBaHUE. Bpaum Bcero Mupa HMCHONB3YIOT YIBTPa3ByKOBOE HCCIIEOBAHHE
npu OEpeMEHHOCTH JJisi YNPOIIEHUS IUAarHOCTUKM, HO HMMEHHO 3Ta HEBMHHAs MEIUIIMHCKAas
TEXHOJIOTHSI cTaja MPUYUHOW MAacCOBOM 3MueMUn abOPTOB 3apOJIbILIEH KEHCKOTO 1M0j1a, 0COOEHHO
B cenbCckux MecTHOocTAX Kwutas m Muagun. OmHO M3 CTaTUCTUYECKHUX HccleqoBaHuii B bomOee
nokazano, yto u3 8000 3apopplieii, OT KOTOPbIX HM30aBWIIMCH poxuTenu, 7997 ObLIU KEHCKOTOo
nona. B FOxHoit Kopee 65 % TpeTbux neTeit B ceMbsiX MaIBIUKHU. [loKoneHue AeTe, MosSBUBIINXCS
Ha CBET B MEPHOJ STOH SMUAEMHUH, CKOPO BOWIET B OpauHblii BO3pacT, ¥ MHUIMOHBI IOHOIIEH
oOHapyXar, 4TO JEBYIIEK BOKPYI Ha BCEX HE XBaraeT. JTO, B CBOIO OYepe/lb, MOXET BbI3BaTb
IPOMAJIHBIM couuanbHbeli aucOanaHc. KpecTbsiHe, KOTOpbIE XOTEIM HUMETh TOJIBKO CHIHOBEH,
CHOCOOHBIX MPOJOKUTH POA U MEpeaTh UMs, OOHAPYKaT, YTO BHYKOB UM B35ITh HEOTKY/A.

A B CIIIA Bce mmpe nmpuMeHsSETCs HE 0 Ha3HAYeHUIO YeloBedeckuil ropmoH pocta (I'PY), B
KOTOPOM MHOTHE BHJIAT CpeacTtBo oT crapeHus. llepBoHawanbHo I'PYU mpennaznawancs s
KOPPEKLMH TOPMOHAJIBHBIX HapYLIEHUH y I€TeH, CBI3aHHBIX C OTCTaBaHUEM B pocTe. BmecTo sToro
Ha 0a3e COMHHUTENIbHBIX JaHHBIX O CTapeHHM BO3HMKIIA Liejasl MOAMOJbHAsS UHIYCTPHUS, KOTopas
obecreynBaeT KeJarolluX 3TUM IpenaparoM; MHTepHET M03a00THIICS O TOM, 4TOOBI OIPOMHOE
KOJIMYECTBO JIFOJIEH CTajo MOIONBITHBIMUA CBUHKAMU U1 UCIIBITAHUS MICEBOHAYYHBIX METOTUK.

MpI BUAMM, YTO JIFOAW CKJIOHHBI IIPU MaJIeHIIe BO3MOXHOCTH MCIIOJIb30BAaTh TEXHOJIOTUH HE
M0 HA3HAYEHWI0O M CO3/[aBaTh caMuM cebe rpoMamgHbie TpoOiembl. Uto OymeT, eciu reHHas
MH)KEHEepUs CTaHeT 00IIeI0OCTYITHOM?

B xynmiem cuieHapuu pa3BUTHS COOBITHI MBI MOYKEM MOJIYYUTh KOIIMAPHBIA MUP, ONUCAHHBIN
I'epbeproM YamiucoM B KJIACCHUECKOM poMaHe «MaliiHa BpeMEHW», Ilie poJ UEeIOBEYECKUH B
802 701 r. ot PoxxnectBa XpucTOBa pa3lielieH Ha JIBa OTAEJbHBIX BUJa. Yaiuic nucai: «[lonemHory



UCTHHA OTKpBLIAch MEpeno MHOW. S MOHsUI, YTO YEIOBEK pa3leiwiIcs Ha JBa pa3iIUYHbIX BHJA.
I'pauno3nsie netu Bepxnero Mupa He OblIM €JUHCTBEHHBIMU HAIIMMH TIOTOMKaMHU: 3TO OeoBaToe
OTBPATUTEIbHOE HOYHOE CYLIECTBO, KOTOPOE TMPOMENIBKHYJIO Tepero MHOW, Takke OblIo
HACJIETHUKOM MUHYBILIUX BEKOBY.

YroObl MOHATH, HACKOJBKO JAJeKO MOTYT 3alTH pasziIuuusi MEXIy JIIOIbMH, HPOCTO
MIOCMOTPHUTE Ha CBOIO coOaky. CeroJHs CyIIeCTBYIOT ThICSIUM MOPOJ cOOAK, HO BCE OHU MTPOUCXOIAT
ot Buza Canis lupus — ceporo Bojka, KOTopslid 0611 ogomaiiHeH okoso 10 000 net Ha3an, B KOHIE
JIEIHUKOBOrO TMepuoja. braromaps HMCKyCCTBEHHOMY OTOOpPY, MPOBOJMMOMY JIFOABMH, COOaKu
CEerofiHs ObIBAIOT BCEBO3MOXKHBIX (popM M pa3MepoB. MckyccTBEHHBIN OTOOp pajMKaIbHO M3MEHMUI
dbopmy Tena, TEMIIEpaMEHT, OKpacka U CIIOCOOHOCTH Pa3HBIX MOPOJ] CoOaK.

Cobaku craperoT B ceMb pa3 ObICTpee, YeM JIIOJHM, TaK YTO MOXKHO CKa3aTh: ¢ MOMEHTa
PACXOXKJEHUs C BOJKOM MHHOBaJIO mpuOmm3utenbHo 1000 moxonenwit. Eciu nmpuMeHUTH TE ke
paccyKJeHUs K YEJIOBEKYy, MOJIY4YMM, 4YTO IIeJICHANPABICHHbI HCKYCCTBEHHBIH OTOOpD MOXET
MPEBPATUTH YEJIOBEUYECKYIO pacy B THICAYM pa3HbIX «mopoa» Bcero 3a 70 000 net, XoTs mpu 3ToM
BCe OHM OyIyT NMpHHAIEKATh K OJHOMY U TOMY k€ BHAY. | eHHas WH)XKEHEepHus, CKOpee BCero,
CHOCOOHA MHOTOKPATHO YCKOPUTH 3TOT MPOLECC U YIOKUTh €r0 B CPOK JKU3HU OJTHOTO MOKOJICHHUS.

K cuacTplo, €CTh OCHOBaHUS CUMUTATh, YTO PACLIEIUICHUS YEJIOBEUECKOW pachl Ha OTAEIbHbBIE
BHJIBI HE MPOM3O0MAET, IO KpailHE Mepe B ATOM CTOJETHH. M3BECTHO, UTO BUJ pacUICIUISIETCS B
IpoIlecce HBOJIOIMM, €ClIM Teorpaduyeckd OH OKas3bIBAe€TCs pasJefieH Ha JBe MOIMYJSALHH, He
CBSI3aHHbIE MEXIy coOoi. Tak mpou3ouwIo, K mpuMepy, B ABCTpaliuu, TAe pU3ndecKas W30JLIus
MECTHBIX BHJIOB OT BCEW OCTaJbHOM 3eMHOI (payHbl mpuBena K BO3HHUKHOBEHHIO COBEPLICHHO
YHUKAJIbHBIX JKMBOTHBIX, TaKUX KaK KEHTYypy M Jpyrue cymyarble. UenoBedueckue MOMYIALUN
3eMiIH, B IPOTUBOIIOIOKHOCTh KHBOTHBIM, BECbMa MOOWJIBbHBI, HE UMEIOT HBONIOIMOHHBIX Y3KUX
MECT U JIOBOJIbHO CHUJIBHO MEpPEMEIIaHbl.

I'peropu Crox u3 Yuusepcutera Kamudopuuu B Jloc-Anmkenece ckazan: «TpaaunnoHHas
JlapBrHOBa 3BOJIONUS B HACTOSIIEE BpeMs MPAKTUYECKHU HE JEUCTBYET Ha 4eloBeKa W BpsA JU
Oyner neiictBoBath B 0003puMoM OynymieMm. YenoBedeckas MOMYNIALMS CIMIIKOM BeIHKa M
nepemMenIana, a (hakTopbl 3BOIIOIIMOHHOTO JaBJICHUS CIIUILIKOM JOKAJIbHBI U IPEXOISIII.

EcTb elle 1 orpaHu4eHns: CO CTOPOHBI IPUHIIUIIA TEIEPHOTO YETIOBEKa.

Kak MbI yXe roBOpuiM, 4eJIOBEK YacTO OTBEPraeT TEXHOJOTWYECKHUE HOBUHKU (K MPHUMEpY,
6e30ymMakHBIN 0(uc), Kora OHU IPOTHUBOPEUAT €r0 MPUPOJIE, — a MPHPOJIa YeIOBEKa 3a MOCIeIHUE
100 000 met mmouTHn HE U3MEHUIACh. MOXKET OBITh, JTIOAN HE 3aXOTST 3aBOJUTH 0COOBIX, TEHETHIECKH
M3MEHEHHBIX JIeTel, KOTOpble OyAyT BBIMISAAETh KaK OTKJIOHEHHE OT HOPMBI U BBI3bIBaTh HACMELIKU
CO CTOPOHBI CBEPCTHHUKOB. JTO, HAJI0 3aMETUTh, CHU3UT MX ILIAHCHI Ha ycrex B oOmiectBe. OnHO
JIENI0 — HapsKaTb CBOMX JIETEH B HEJIEIIBIE OZEXKbI, U1 COBCEM APYroe — HABCErJa U3MEHUTh MX
HacnencTBeHHOCTh. (Ha cBOOOJHOM pBIHKE, BEPOSATHO, HAWAETCS MECTO U JJisi HEOObIUHBIX T'€HOB,
HO MECTO 3TO OyneT HeOONMbIIMM, NOO MPEUIOKEHUE ONpeAessieTcs MOTPEOUTENbCKUM CIIPOCOM.)
Bonee uem BeposATHO, YTO K KOHILY BEKa CyNpYKECKUM MapaM OyIeT Mpeiararbcs Ha BHIOOp 1ienas
OuOMMOTeKa T'eHOB, NPEIHA3HAUYEHHBIX B OOJBIIMHCTBE CBOEM Il UCKIIOYEHUS T€HETHMUYECKUX
3a0oneBaHuil; OyIyT TaM U TeHbl JJIS KOe-KaKUX T'€HEeTUYEeCKUX ynydileHud. OJHAKO KeNTarolnux
(¢buHaHCUpPOBaTh HCCIEOBaHUS HEOOBIYHBIX T'€HOB OyIeT HEMHOTro, MOTOMY YTO M CIPOC Ha HUX
OyZeT HEBEJHUK.

Hacrosmast onacHOCT B 3TOM CMBICIE€ HCXOOUT HE OT MOTPEOMTENIHCKHX 3alpocoB, a OT
JTUKTATOPCKUX MPABUTEIBCTB, KOTOPbIE MOTYT 3aXOT€Th MCIIOJIb30BaTh TC€HHYIO WH)XEHEPHUIO B
COOCTBEHHBIX LIEJSIX, K MPUMEPY AJIS BBIPALIUBAHUS CHIIBHBIX U TIOCTYIIHBIX COJJIAT.

Eme ogna mpoGiiemMa BOSHUKHET B OTAAJIEHHOM OyAylleM, Korjna y 3eMiIH MOSIBSITCS KOJIOHUH
Ha JIpyTUX IJIaHeTaX, IJie CHJIa TSHKECTH W KIMMATHYeCKUE YCJIOBHUS OyIyT CHJIBHO OTIIMYAThCS OT
3eMHbIX. Torna — BO3MOXHO, B CJIEYIOIIEM BEKe — MOSBUTCS CMBICI IOJyMaTh O CO3/IaHUU HOBOM
MOPOABI  JIFOZIEH, CIOCOOHBIX aJaNTHPOBaTbCS K Pa3IMYHBIM IapaMeTpaM TpaBUTALUU U
arMoceprl. Bo3MOXKHO, 3TH HOBBIE JIIOAM CMOTYT MOTPEONATh MHOE KOJIWYECTBO KHUCIOPOAa,
MPUCIIOCOOUTHCS K MHOM NPOAOIKUTEIBHOCTH CYTOK, OyAyT OTIMYaThCs OT HAcC MO Macce H
oOnanaTh MHBIM OOMeHOM BemiecTB. OJHAKO KOCMUYECKHE MYTEHIECTBUS HAJIOITO OCTaHYTCS



JIOPOTUM YIOBOIBCTBUEM. K KOHITy 3TOr0 Beka Mbl — B JIYYIIeM CIIy4ae — MOJTYYHM HEOOIbIIYIO
0a3y Ha Mapce, HO TIOJABIIAONIEE OOJBIIMHCTBO JIFOJCH OyIyT TO-TIPEKHEMY JKHTh Ha POIHOU
wianere. B Ommkaiiimme necATUNETHS W JIaXe, BEPOSTHO, CTOJIETHUS KOCMHYECKHE MYyTEHIeCTBHS
OCTaHYTCS YJIOBOJLCTBUEM JUIsl TpodeccHoHanoB, s Ooradeil W, BO3MOXHO, JUISI TOPCTKH
0e3pacCyIHbIX KOIOHHCTOB.

Tak dYTO pacHieIUIEHUE 4YeJIOBEYeCTBA HAa HECKOJNBKO KOCMHYECKHX BHJJIOB B POTHOM
ConHedHOH cucTeMe U 3a ee MpeaesiaMu MPOU30iIeT He B 3TOM CTOJIETHH, & MOXET OBbITh, U HE B
cienyromeM. B 0003puMoM Oyayrnem, eciiu He MPOM30UICT KaKUX-TO SIMOXATBHBIX MPOPHIBOB B
KOCMHYECKHX TEXHOJIOTUSAX, MBI B OCHOBHOM OCTaHEMCs IPUKOBAHHBIMH K 3eMJIe.

HakoHerl, CyIecTByeT ele OfHa yrpo3a, ¢ KOTOPOH YeI0BEYECTBO MOXKET CTOJNKHYTHCS €IS
10 2100 r.: 3T0 OMACHOCTH TOTO, YTO TEXHUUYECKHUE TOCTHKEHUS MOTYT ObITh HAMEPEHHO OOpaIeHbI
MIPOTHUB Hac, B popme OMONI0rnuecKkoil BOWHBI.

MuxkpoOHasi BoiiHa

buonoruueckas BoilHa cTapa Kak MuUp, Mo KpaiiHeil Mmepe, kak bubmus. JlpeBHue BOMHBI
IIBBIPSJIN TeJla YMEPIIUX OT 3apa3HOi O0JIe3HU Yepe3 CTeHbI 0CAXIEHHBIX TOPOJOB I OTPaBIISIIH
KOJIOZIIBI TeJIaMU OOJBbHBIX KUBOTHBIX. Ellle 0nuH M3BeCTHBIN criocod 60phObI C MPOTUBHUKOM —
pasnarh CpeAu €ro JIIOAEH 3apakeHHYIO OCIION OAeKAy U ozesuia. Ho coBpeMEHHBIE TEXHOJIOTUH
MO3BOJISIIOT T€HETHYECKH CKOHCTPYHPOBATH MHUKPOOBI, KOTOPHIE CIIOCOOHBI OyAyT CTEpPEeTh C JIMIa
3€MJIM MUIJTMOHBI JIFOIEH.

B 1972 . CIHA u Cosetrckuii Coro3 noJanucaii UCTOPUYECKOE COITIallIEHHe, 3ampeniaroniee
HCTIOJIb30BaTh OMOJIOTMYECKOE OpY)KHME B HACTYyMaTeldbHbIX Leniax. OIHAKo Ha CErOAHALIHUNA TEHb
OMOMH)KEHEPHbIE TEXHOJOTUU TOIYYWIM TaKO€ pPa3BUTUE, YTO ATO COMVIAIIEHHWE MPaKTUYECKU
MOTEPSIIO CMBICII.

Bo-niepBbIX, HEBO3MOXXHO OTJIMYUTH HACTYIATENIbHbIE TEXHOJOTUU OT OOOPOHMUTEIHHBIX,
Korga peub wuuger o6 wuccnenoBanun JIHK. Meroasl MaHMDynHpOBaHMS T€HaMH MOXKHO
HCIIOJIb30BaTh B JIIOOBIX LIETISX.

Bo-BTOpBIX, TeHHAs MHXKEHEPHs MO3BOJISIET MOAU(DUIIMPOBATH MUKPOOBI U MpeBpaliaTh UX B
HaCTOSIIIee OpYyXKUe, YCHIINBas cMepTelabHbId 3pdeKxT unu 3apasHocts. Korga-to cuuranoch, 4To
tonbko CHIA u Poccus BrageroT nocieHUMU NpoOUpPKaMu € BO3OYAUTENIEM OCIbI — BEIHMYaNIIIM
yowmiirieit B uictopuu 4enoBedectBa. B 1992 1. onmuH coBeTCKUi mepeOekInK 3asBHII, YTO PYCCKHE
pa3paboTaii Ha OCHOBE OCHbI 00€BOHM MmTaMM M Jaxke npousBenu ero a0 20 ToHH. C pa3Baiom
Coserckoro Coro3a BO3HMKIJIa peaybHas yrpo3a TOro, UYTO KOIZa-HUOyAb TEPPOPHUCTHI CMOTYT 3a
JIEHBI'H MOJIYYUTH JOCTYII K 3TOMY CMEPTEIBHOMY OPYXKHIO.

B 2005 r. 6uonoram ynaiaoch peKOHCTPYHPOBATh BUPYC MCIaHKH, KOTOPbIH B 1918 1. moryoun
Oonbire mronei, yuem IlepBas mupoBas BoifHa. UTo MHTEpecHO, IJIsi 3TOTO y4YEHbIE HMCCIIEJOBAIH
TEJIO KEHITUHBI, yMEpIIeH TOr/a U TOXOPOHEHHOW Ha AJISICKe, B BEYHOW MEp3JIOTe, U 00pasilbl,
B3sTbI€ y OOJBHBIX COJNJIAT AaMEPUKAHCKON apMHUU BO BPeMsI SIIHJIEMHH.

HccnenoBarenu onyOnvMKoBaly MOJHBIA ME€HOM BuUpyca ucnaHku B MHTepHere, cnenaB ero
U3BECTHBIM BCEMY MHpY. MHOIMe y4yeHblE COMHEBAIOTCS B Pa3yMHOCTH TaKOIO DPELIEHUS, BEIb
MOXET CIYyYUThCS TaK, YTO KaKOW-HUOYAb CTYACHT, UMEIOUIMM JOCTYyH K YHUBEPCUTETCKOM
nabopaTopuu, OT HEYETo JeNaTh BO3POIUT OJHOTO U3 BETUUANIINX YOUII] B HCTOPUU YETOBEUECTBA.

Ha xopoTkoe BpeMsi TeHOM BUPYCa UCHAHKH CTaJl HACTOSAIIUM «30J0TBIM THOMY» JUIS YYEHBIX,
KOTOpbIE CMOIIM HAaKOHEIl IPOAHAIM3UPOBATh €r0 F'eHbl U Pa3pelINTh JABHIOKO 3arajiky: Kak Moria
KpOXOTHasl MyTallis BUpyca UCTPEOUTh TaKoe KOJIMYECTBO Jofieii? Bckope orBer Obul HalijeH.
Bupyc ncnaHky, B OTIMYME OT JPYTMX PAa3HOBHMJHOCTEW, BBI3BIBAET WM3JIMIIHE PE3KYIO PEAKIIMIO
MMMYHHON CHUCTEMBI, KOTOpasi HAUMHAET BBIJCNATH OOJIBIIOE KOJTUUYECTBO KUAKOCTH. IMEHHO OHa B
KOHIIE KOHIIOB M YOMBAET MaIleHTa — 4YeJIOBeK OYKBaJIbHO TOHET B COOCTBEHHBIX BhIJeNeHMsIX. Kak
TOJBKO 3TO BBISICHWJIOCH, TOSBUJIACh BO3MOXHOCTb CpPAaBHUTh T€HbI, BbI3bIBAIOIIME O3TOT
cMmepTenbHbIil 3¢ dekt, ¢ renamu Bupyca HiNi m apyrux pasHoBHIHOCTeH Bupyca rpunma. K
CUacCThlO, HU B OJIHOM M3 HHMX CMEpTENbHbII reH He OoOHapyxeH. bomee Toro, Temepp MOXKHO



OIpEeNeNIuTh, KaK OJIM3KO MOJOIIEN TOT MM UHOM BUPYC K OOPETEHHIO TAaKOr0 OMACHOTO CBOMCTBA;
BBISICHUIIOCK, 4TO HiN1 BCe elme nanex oT poKOBOW TpaHH.

Ho, ecnu roBoputh 0 Aajiekoil NMEPCIEKTHUBE, 3a BCe MpUAETCs MIaTuTh. C KakIbIM I'OIOM
MaHUMIYJIUPOBATh T€HaMU B KUBOM OpraHU3ME€ CTaHOBUTCA Bce mpoule W mpoine. LleHsr Ha
o0opyoBaHuE MajaioT, a UHGopMaIus Jerko 1ocTynHa B HTepHeTe.

Hekoropeie yueHble CUMTAIOT, YTO B ONMKaillline HECKOJIbKO JecATHIEeTUH OyneT cosgaHa
MallliHa, KOTOpas TO3BOJMUT CO3/1aBaTh JIOObIE TeHBI, MPOCTO HabuWpas Ha KIaBHaType
MOCJIeIOBaTENhHOCTh Map ocHoBaHWU. Ecim Bbl HaOepere A-T-C-G um HaxxmeTe BBOJ, MalllWHA
aBTOMaTH4yeCcKH BeIpexeT u3 Mosiekyasl JIHK Ha3BaHHbBIE OCHOBaHMS M COCTaBUT U3 HUX TeH. Ecnu
TaK, TO JJaKe IIKOJIbHUKH KOT/a-HUOYAb CMOTYT MPOM3BOJIbHO MAHUITYIUPOBATh (POPMaMHU KHU3HU.

B onHOM M3 KOIIMapHBIX CIIeHapueB pa3BUTHS coObITHil mpucyrctByer Bupyc CIIN/a,
MOJTyYUBLINI BO3MOXKHOCTh MeEpeaaBaThcsl BO3AYIIHO-KamelbHbIM IyTeM. K mpumepy, B reHome
BHpYCa MPOCTYAbl MPUCYTCTBYIOT I'€HbI, MO3BOJSIOLUIME MM CYIIECTBOBAaTh B MUKPOCKOINYECKHUX
KaresnbKax a’po30iisd, I03TOMY MaJlelInil unx 00JBHOTO pacnpocTpaHseT 3apasy. HanpoTus, Bupyc
CIIM/a B HacTos11ee BpeMs OY€Hb HEYCTOMYMB 110 OTHOLICHHUIO K (PaKTOpaM OKPY)KAIOILIEH Cpesibl.
Ho ecnu rensl Bupyca npoctyasl BHeApuTh B Bupyc CIIM/la, TO HE MCKIIFOYEHO, YTO ITOT BUPYC
TOXe 00peTeT CrocoOHOCTh CYIIECTBOBATh BHE YEJIOBEUECKOTO Tena, XOTs Obl Heponro. Eciu Bupyc
CIIN/a nayHeT nepenaBaThCsi, Kak 0ObIUHAs MIPOCTYAA, 3apaKEHHON OKaXKETCS 3HAUNTENIbHAS YaCTh
HaceneHus 3emin. M3BecTHO Takke, YTO BUPYCHl M OaKTepUH WHOTJa OOMEHHMBAIOTCS T€HAMHU, TaK
YTO CYIIECTBYET BEPOSTHOCTH TOTO, YTO Iepeaada TeHOB oT BHpyca npoctynbl Bupycy CIIN/la
IIPOU30MAET €CTECTBEHHBIM ITyTeM. [IpaBnia, BEpOATHOCTH TakoM ciy4yailHON Nepesayy O4eHb Maja.

He wuckmtoueno, yto B Oyayuiem Kakas-HUOy[Ob Tpyla TEppPOPUCTOB MM KaKoe-HUOYyIb
0e30TBeTCTBEHHOE rocynapcTBo 3axouer npespatutb CIIU]] B opyxue. EnuHCTBEHHOE, UTO MOXKET
MOMENIaTh UM IyCTUTh TaKO€ OPYXHE B X0/, — 3TO NOHUMAaHHE TOTO, YTO CTOUT BBITYCTHTH BUPYC
B OKPYKAIOIIUN MUP, U OHU CaMU TOXKE CTaHYT €r0 KEPTBAMHU.

[Tocrne 11 centsi6ps 2001 1. mogoOHast yrpo3a naxke Oblja 0OT4acTH peann3oBaHa. HemsBecTHoe
JUIO pasociano Mo mnodre wu3BecTHbIM mnonuTukaM CIIA mnakeTsl ¢ O€ibIM  MOPOIIKOM,
cofiepXallliM CIopbl cMOMpPCKOl 3Bbl. TiiarenbHOE MHUKPOCKOIUYECKOE HCCIENOBaHHE Oenoro
MOpOLIKa MOKa3alo, YTO CHOPbl CHUOMPCKOM $3BBI OBLTM MOAU(HUIMPOBAHBl B HANpPaBICHUU
MaKCHUMAaJIbHOM CMEpPTHOCTHU U pa3pyluTeabHOCTH. CTpaHy BHE3allHO OXBaTHJI CTpax: 4TO, €CIU
Kakasi-HUOYJb TeppOpHCTHYECKas Tpylmna IMOJy4yusia JOCTYN K MPOJBUHYTOMY OHOJIOTHYECKOMY
opyxkut0? XoTsi CHOpbl CUOMPCKON S3BBI MOKHO OOHApY)KUTh B IOYBE U MPAKTHUYECKU BCIOAY B
IIPUPOJIE, TOJIBKO YEIOBEK C JOCTATOYHO BBICOKOM MOATOTOBKON M MaHHMAKAJIbHBIMH HAMEPEHUSIMU
MOT TPOBECTH BCIO ONEpalUIO: OYUCTUTh W MOAU(UIMPOBATH CHUOMPCKYIO $3BY, a 3aTeM U
peanu3oBaTh 3TOT O€3yMHBIN TUIaH.

HecMotpss Ha camble MHTEHCHUBHBIE MOMCKH, 3JIOYMBIIUIEHHUK TaK M HE ObLI HalJeH (XoTs
M3BECTHO, YTO IVIABHBIN M0JJ03pEBaeMbIil HETABHO MOKOHYMI ¢ c000ii). M3 3TOro0 cityyast sScHO, 4TO
JIaXKe OJMHOYKA C JOCTATOYHON OMOJIOTHYECKOM TOATOTOBKOM MOKET 3aIlyTaTh LETyI0 CTPaHy.

Hano ckazaTb, 4TO IIaBHBIM CAEP)KUBAIOIIMM (PaKTOPOM B OMOJIOTHYECKOM BOWHE BHICTYNAET
IIPUMUTUBHBI MHCTUHKT caMocoxpaHeHHs. Bo Bpems [lepBoii MUpOBOW BOWHBI OTpaBISAIOIINE
ra3pl peajbHO NPUMEHSUTUCh Ha Moje 00s, U CTaJo ACHO, 4TO 3()(HEKTUBHOCTH UX MPUMEHEHHS
HeBelnKa. ATMoc(epHble yClIOBUs (CHJIa U HalpaBlICHHE BETpa) HEPEIKO MEHSIOTCS CaMbIM
HenpecKazyeMblM 00pa3oM, TaK YTO Ta3 BMECTO MO3UIMHA MPOTHBHUKA BIIOJIHE MOXKET HAKPHITH
BaIlli COOCTBEHHBIC MO3UITMU. BooO11e, BoeHHBIN 2((HEKT OTPaBISIONIUX BEIISCTB 3aKII0YACTCS B
OCHOBHOM B 3allyTMBaHWU TPOTUBHHMKA, a HE B HAHECEHMM peajbHOro ymepba. Hu omgHO
pelINUTENbHOE Cpa)KeHHe He ObLIO BBIMTPAHO C MPUMEHEHHEM SA0BHUTOrO raza. M nmaxe B pasrap
XOJIOZHOM BOWHBI 00€ CTOPOHBI MOHUMAJIH, YTO OTPABJISIOIIME BEIIECTBA M OUOJIOTHUECKOE OpyKHE
MOTYT MPOU3BECTH Ha Toje 00s HempeackazyeMblil 3 dexT, a BoiiHa ¢ UX MPUMEHEHHUEM — JIETKO
IIEPEPACTH B SIIEPHYIO.

B nanHoif maBe peub 1UTa 0 MAaHUNYISIIIMKM TeHaMU, OelKkaMu U MoJeKylnaMu. B cBsizu ¢ aTum
BO3HUKAET CJIEAYIOIINN JIOTHYHBIM BOIPOC: HACKOJIBKO pEaJbHO MAHUIYIMPOBATh OTIAECIBbHBIMU
atomamu?



4. HaHoTexHOnorum
Bce n3 Hu4ero?

HpuHuMl’lbl d)uS’MKU, HACKOJIbKO A UX NOHUMAN, HU4YecO0 He cosopsim O
HEeBO3MOJICHOCIU Nepecmasiiams 6 O00beKmax amombl OYKEAAbHO No
00HOMY.

Puuapn ®eiinmaH, HOOeJ1eBCKMIl JiaypeaT

Hanomexuonozus dana nam uncmpymenmuvl, npu NOMOWU KOMOPBIX
MOJMCHO 3a0elcmeosams 6 uzpe camvle MeaKue KyOuKu npupoosbl —
amomsl U MONEK)Ibl.

Bce cocmoum w3 nux, u 603Mo03CHOCMb €030a6amMb HOBblEe Geuyu
HUueM, cyosi no 6cemy, He 02panuiend.

Xopcer HlTopMmep, HoOeieBCKkMid J1aypeaT

3uauenue OecKoHeuno Mano2o 6eCKOHEeYHO 8eUKO.
JIym Ilacrep

Brnanenue opynusimu Tpyaa — BOT TO BbICIIEE JOCTH)KEHHE, YTO OTIMYACT YEJIOBEKa OT
KHUBOTHBIX. COITIACHO KIJIACCHYECKOM MH(OJIOTHH, TPOLEcC OBJAJCHHS HMH Hayaycs, KOrna
ITpomereii, cxxaqUBIIMCE HAJl HECUACTBAMMU JIOAEH, YKpaJl U3 TONKU BynkaHa {paroneHHbIi OroHb U
nogapui ero uM. Ho 3ToT mocTynok pa3raeBain 00roB, 1 3eBc, 4T0ObI HaKa3aTh JIOJCH, ITyCTHIICS Ha
xutpocth. OH nomnpocun BynkaHa ckoBaTh M3 MeTajljla IIKaTyIKy M KPacHUBYIO KEHUIMHY. Byskan
CO3/IaJl CTaTylo, monyuuBiryto uMs Ilannopa, a 3arem BoimeOHBIM 00pa30M OXKHMBHII €€ M HaKa3all
el HuKorga He OTKpbIBaTh IIKaTynky. Koneuno, omHaxabl Ilannopa He Bblaepxkana M U3
JTF00ONBITCTBA OTKPBIJIA LIKATYNKY, BHIIYCTHB OTTYyAa B MHUpP BCE BETPHI Xaoca, BCE HECUacTbi U
cTpajanus. B mkarynke ocranach JHUILIb HAASKA.

Takum 00pa3om, n3 60KeCTBEHHOH TONKHM BynkaHa BBIIIIM KaK MEUTHI, TaK M CTPAZaHUs poja
yenoBedyeckoro. CerofHs Mbl pa3pabarbiBaeM MPUHIUIIMAIBLHO HOBBIE MAIIMHBI, «CKOBAaHHbBIE» W3
OT/IEIBHBIX aTOMOB. DTH MAIIWHBI JOJDKHBI CTaTh HAIIUMH «IIEPBHYHBIMH MHCTpyMeHTamm». Ho
YTO OHM IIPUHECYT YEJIOBEUECTBY: IIaMs IO3HAHMSI WM BETpPhI Xaoca?

Ha mnporsikeHnu Bceil HUCTOpUHM 4YeJOBEYECTBA HAIly Cyab0y ONpeAessuio BIaJeHUE
uHCcTpyMeHTaMu. Korna MHOro ThIcsu JIeT Ha3aj ObUIM M300pETEeHbI JIyK U CTPEJbl, 3TO 03HAYAJIO,
YTO YEJIOBEK HAYYHJICS MOCHUIATh METATEIbHOE OPY)KHE Ha ropas3o OOJbIIee pacCTOSIHAE, YEM 3TO
MOXHO CJejaTb pyKaMH, 4TO YBEIMYWIO 3S(PPEKTUBHOCTb OXOThl M PACHIMPHUIO JOCTYIHbIE
qyenoBeKy ucTouHuku nuimu. Korma okomo 7000 neT Hazan yenoBeK Hayduics oOpabaThiBaTh
MeTajul, 3TO O3Hadajgo, 4YTO CO BPEMEHEM OH CMOXET 3aMEHUTh 3€MJISHKM M XWKHUHBI
BEJIMKOJICTIHBIMH TIPOYHBIMH JOMaMH, KOTOpPBIE BO3HECYTCSl HaJ| 3eMyeil. Bckope Ha mMecTe JIecoB H
IIyCThIHb HAYaJIM PaCTH BEJIMKHUE UMIIEPHH, IOCTPOECHHbIE METANINYECKMMU HHCTPYMEHTAMHU.

B HacTosmmii MOMEHT YeJIOBEYECTBO CTOUT HA MIOPOTE OBJIA/ICHHS COBEPIIIEHHO HOBBIM TUIIOM
opynui Tpyaa, HaMHOro 0osiee MOUIHBIM, YEM BCE, YeM MbI BJIAAEIN 10 cux nop. Ha 3ToT pa3 Ml
oOpeTeM BIacThb HaJ CAaMHUMH aTOMaMH, M3 KOTOPBIX COCTOMT BCE BOKPYT. Bo3MokHO, eiie B 3TOM
CTOJIETUM MBI IOJYyYMM CaMO€ Ba)KHOE OpYyJHe, Kakoe TOJIbKO MOXKHO BOOOpa3utTh. Peub uuer o
HAHOTEXHOJIOTUSAX, KOTOPHIE MO3BOJSAT HAM MaHUIYJIMPOBATh OTACIBHBIMH aTOMaMu. DTO COOBITHE
MOXET CTaTh HA4yajJOM BTOPOM IPOMBIIUICHHON pEBOMIOLMH, IOCKOIbKY MOJEKYISIPHOE
MPOM3BOJCTBO CO3JACT MaTepUaibl, O KOTOPBIX CETOJHS MBI MOXEM TOJIBKO MEYTaTh, —
CBEpXIIPOYHBIE, CBEPXJIETKHE, C TOPA3UTEIIbHBIMU 3JEKTPUUYECKUMHU U MArHUTHBIMU CBOIMCTBaMHU.

HoGenesckuit naypear Puuapa Cmomnu (Richard Smalley) yrBepiknaer: «Bennyaiimmas medra
HAHOTEXHOJIOTHM — HAY4YUThCS CTPOUTHh M3 aTOMOB, Kak u3 kupruuukoBy. Owmmn Kykec (Philip
Kuekes) u3 kommanun Hewlett-Packard roBoput: «Boob1ie, 1eias He B TOM, YTOOBI POCTO CAENATh
KOMIIBIOTEP Pa3MEpPOM C IBUIMHKY. Msies B TOM, 4TOObI HAy4UThCs J€J1aTh MPOCTbIE KOMIIBIOTEPHI
pasmepoM c Oakreputo. Torma MoXKHO OyaeT ymakoBaTb HEYTO CTOJNb K€ MOIIHOE, KakK Ball
HACTOJIbHBIN KOMIIBIOTED, /10 Pa3MEPOB MBUIMHKNY.



W 310 He mpocTo HamexApl MeuTarened ¢ ropsaummu ma3zamu. [IpaBurensctBo CIIIA
BOCIIPUHUMAET BCE 9TO OYCHH CEPHE3HO.

B 20091, yuuTeiBas TpOMAJHBIA TOTEHIMA] HAHOTEXHOJOTMHM B  MEIMIIMHE,
MIPOMBIIIUICHHOCTH, a’POHABTUKE M KOMMEPYECKOM TPUMEHEHHH, B pamMkax HarnmoHanpHOM
WHUIIMATHUBBI B 00JIACTH HAHOTEXHOJOTHI Ha HCCcIenoBaHus ObLIO BeIAENEHO 1, 5 Mupa gomnapos. B
JIOKJIa/Ie TI0 HAHOTEXHOJIOTHSIM TIPAaBUTEIBCTBEHHOTO HannoHnaasHOTO HayqyHOTO (DOHIa TOBOPUTCS:
«HaHOTeXHONOTUM MOTYT B MEPCIEKTHBE CJelaTh YelOBeKa yMHee, OOECHEeuuTh YCTOMYHMBOE
yAyYIIEHHEe MaTepuajioB, BOJBI, DHEPTrUW W UMM, 3AIIUTHTh OT HEW3BECTHBIX OakTepuil u
BHUPYCOB...»

B KoHIIE KOHIIOB MOXET OKa3arbCs, YTO OT HAHOTEXHOJIOTMUA 3aBHCUT COCTOSIHUE MHUPOBOM
HSKOHOMHKHU U Cyab0a menbix crpad. Okono 2020 r. wimM BCKOpe Mocjie Hero 3akoH Mypa HayHeT
JaBaTh cOOM, a BO3MOXKHO, M COBCEM IepecTaHeT JeHCTBOBaTh. Pa3BUTHE KOMITBIOTEPHON OTpaciu
OCTaHOBUTCS. MUPOBOI SKOHOMHKE OyleT TPO3UTh XaocC, eciu (U3UKH He HAWAYT MOAXOASIIeH
3aMEHBI JIJII KPEMHUEBBIX TPAH3UCTOPOB B YMIAX HAIIMX KOMITBIOTEPOB. Pemenne 31oit mpoOiemsl,
BEPOSATHO, OyJIeT HalJIeHO B 001aCTH HAHOTEXHOJIOT UK.

He uckmirodueHo Takxe, 9To MPH MTOMOIIY HAHOTEXHOJIOTHH YIACTCs, BO3MOXHO €IIe 0 KOHIIA
ATOTO BEKa, CO3[aTh MAIMHY, KOTOPOW TMpexkae MOIIM BJIaJeTh TOIBKO OOTH, — MAIHHY,
CIIOCOOHYIO CO3/1aBaTh YTO YTOHO TOYTH U3 HUYETO.

KBaHTOBbLIN MUp

[lepBbIM BHMMaHHE HAy4YHOTO coo0OIecTBa K 93TOMl HOBOM oOmactu (U3MKU TPUBJIEK
HoOeneBckuil naypear Puuapn ®PeifHman, 3agaBmmii oOMaHUMBO HpocToil Bompoc: «Hackonbko
MaJIeHbKOM MOXKHO cJlieJiaTh MaluHy?» Bompoc 3TOT He OBl YMCTO akajeMudeckuM. KoMmbroTepsl
IIOCTEIIEHHO CTaHOBUIIUCH BCE MEHBIIE U MEHBIIIE, MEHSSA JIULO IIPOMBIIUIEHHOCTH, U JI€JaJI0Ch BCE
Oosiee OYEBUIHBIM, YTO OTBET Ha 3TOT BOIPOC MOXKET OKa3aTh I'POMAHOE BIHSHKE Ha OOLIECTBO U
HKOHOMUKY.

B npopoueckoit nexuuu, npouynTaHHoi B 1959 . B AMepuKaHCKOM (U3NYECKOM 00IlecTBE U
o3arnaBineHHOM «Tam, BHM3Y, momHO Mecra», Deitnman ckazan: «VHTepecHO, 4TO (UMK B
NpPUHLIAIIE MOXET (KaKk MHE KaKeTcsl) CHHTE3UpOBaTh JI000€ XMMHYECKOE BEIIECTBO II0
HanucaHHON XUMUKOM ¢opmyne. [Iummure 3aka3, u ¢pusuk Bece caenaet. Kakum obpazom? IloctaBut
aToMbl Ha T€ MECTa, KOTOpPhIe YKa)XeT XUMHUK, U TaKUM 00pa3oM MOCTpOUT BemiecTBoy». deliHMan
CZEJIall BBIBOJ, YTO BO3MOKHBI MAILIMHBI, COCTOSIIME U3 OTHAEIbHBIX aTOMOB, HO HOBBIE 3aKOHBI
(GU3KKY 1e7al0T UX CO3JaHue TPYIHBIM, XOTSI U HE HEBO3MOXKHBIM, JIEJIOM.

Tak 4TO B KOHEYHOM HUTOT€ MOXKET OKa3aThCs, YTO CyAbObl MUPOBOM SKOHOMUKH U MHOXKECTBA
CTpPaH 3aBUCAT OT HMHTYUTHUBHO HEMOHATHBIX W JaX€ HEJENbIX Ha B3MISJ HENOCBAIIEHHOTO
IPUHIUIIOB KBAHTOBOM TeopuU. B 0OBIYHOI )KM3HU HaM MPECTABISAETCS, YTO 3aKOHbBI (PU3UKHU MIPH
nepexose K 6onee MenkoMy maciitady He MeHstoTcs. U3 guinbMoB Ttuna «Jloporas, s yMeHbIINIT
nerei» u «HeBeposaTHO yMEHbIIAIOIUICS YEI0BEK» 3pUTEINb MOyYaeT OMIMO0OYHOE BIEYATIIEHUE O
TOM, YTO ISl MUHUATIOPHBIX YEJIOBEYKOB 3aKOHBI MIPUPOJIBI BHINIIAEIHN Obl TOUHO TaK K€, KaK JUIs
Hac. K npumepy, B 01HO# U3 CLIEH JUCHEEBCKOTO (pUjibMa YMEHBIIUBIINECS T€POU eIyT Ha MypaBbe
BO Bpems rpo3bl. Kamnu nmagaroT Ha 3eMito U 00pa3yroT KpOLIEYHBIE JTY>KUIbI, B TOYHOCTH Kak B
HameM wMupe. Ha camom ke pnene kamam OynyT KpylnHee MypaBbeB, TaK 4YTO MypaBei,
CTOJIKHYBILIUCH C yMHaBIIEH Karied, yBUIUT OOJbIIyI0 BOAsHYIO monycdepy. Bonsnas nomycdepa
HE PacTEKaeTcs, II0TOMY 4TO CUjla MOBEPXHOCTHOIO HATSKEHHs YIEPXKUBAET €€, KaK HaKUHYyTas
CBEpPXy Ce€Tb. B Hamem MHpe IOBEPXHOCTHOE HATSIKEHUE BOJbl HEBEIMKO W HE WIpaeT
CYIIECTBEHHON pOJIM; MBI €ro MpocTo He 3amedaeM. Ho B macmrabe MypaBbs MOBEPXHOCTHOE
HaTsDKEHUE MPUoOpeTaeT rpoMaiHOe 3HaYCHHE.

(bonee Toro, ecnu Bl MONBITAETECH MPONOPIMOHAIBHO YBEJIUYUTh MypaBbsi, TaK 4TOOBI OH
CTaJl pa3MEpPOM C JIOM, Y Bac BO3HUKHET cepbe3Has Mpoliema: HOTM TaKOro MYpaBbs-TUTaHTA He
BBIJIEpKaT U CIOMaroTCs. J[eno B TOM, UTO IPU yBETMUYEHUH MYpPaBbs €ro Bec OyneT pacTH HaMHOTO
ObicTpee, yeM cuia ero HOr. Eciu BbI crienaete MypaBbsl B JAECSTh pa3 JUIMHHEE, €ro o0beM, a



3HauuT, 1 Macca BbIpacTyT B 10x10x10=1000 pa3. Ho cuma MyckyloB NpONOpLHOHAIBHA HX
TOJIIMHE, T. €. IUIOWAAN CeYeHus, U yBeauuutcs Bcero nuib B 10x10=100 pa3. CrnenoBarenbHo,
TMraHTckuii Mypaseil craner B 10 pa3 crmabee, B OTHOCHUTENBHBIX €IMHUIAX, CBOETO PEaTbHOIO
npoToTuna. JTo o3Ha4yaeT Takxke, 4yTo Kunr-KoHr, BMecTo TOro uytodsl TeppopusupoBarh Hbio-
Hopx, mpocTo pacchimancs Gbl, ONMBITABIINCH BIE3Th HAa HEGOCKpes.)

@eifHMaH OTMETWUJI, YTO Ha aTOMHOM YPOBHE JOMHUHHUPYIOT JApPYrHe CHIIbI, K HpUMEpY
BOJIOPOJIHBIE CBA3M M cuibl BaH-nep-Baanbca, nmopoxaaemble AIIEKTPUUYECKUM B3aUMOJIEHCTBUEM
MEX1y aTOMaMH U MoJieKyJaMu. MHorue (Qu3nueckue cCBOMCTBA BELIECTB ONPEAEIAIOTCS UMEHHO
TUMH CHUJIAMH.

(s HarsgHOM AEMOHCTpalMK 3TOTO PacCMOTPUM MPOCTOM BOMpPOC: MOYEMY Ha J0porax
cesepo-Boctoka CIITA' tak MHOTO BbIOOMH U yxa6oB? Kaxiyro 3uMy Bojia IPOHUKAET B KPOXOTHBIE
TPEIIMHKU B acdanbre; NpU 3aMep3aHUU BOJAA pacuIupsercs, acalbT HauMHAET KPOUIUTHCS WU
obpaszyercss BbiOoMHa. Ho cama MbIcab O TOM, YTO BOAA IpH 3aMep3aHUM pacIIUpseTCs,
IIPOTUBOPEYHT KUTEUCKOMY 3[IpaBOMY CMBICITY. A BOJA JIEMCTBUTENBHO PACIINPSAETCS, U IPUYNHON
TOMYy — BOJOpOJAHbIE CBA3M. Mosekyna Boxel 1Mo (opMe HarmoMuHaeT OykBy V, MpHyYeM B
OCHOBAHUU PaCIIOIAraeTcs aToM Kuciopoja. MoseKyia BoJIbl HECET JIETKUM OTPULATEeIbHbIN 3apsi
Yy OCHOBaHUS U JIETKUM MOJIOKUTEIbHBIN 3aps]] «HAaBEPXy», IJI€ PACIOaratoTCcsl aTOMbl BOJIOPOJIA.
[TosToMy nmnpm 3aMOpa)kMBaHUM BOJBI €€ MOJEKYJIbl BBICTPAUBAIOTCS B  IPABHIBHYIO
IIPOCTPAHCTBEHHYIO DPELIETKY M 3aCTBIBAIOT, @ MEXAY HHMM OCTAae€TCsl IyCTO€ MPOCTPAHCTBO.
Mornexynbl BoJibl 00pa3yloT IPOCTPAHCTBEHHbIE IIECTUYTOJBHUKH, PACCTOSIHUE MEXIY aToMaMH B
KOTOpBIX OoJblle, Mmo3ToMy Jen oObeMHee BoAbl. [lo 3Toi e NMpUYMHE CHEXUMHKH 00JalaroT
IECTUCTOPOHHEH CUMMETPHUEH, a JIe]] TUTABAEeT B BOJIC, XOTS 10 UEE JOJDKEH ObI B HEW TOHYTH. )

NMpoxoauTb CKBO3b CTEHbI

[ToMrMO TMOBEPXHOCTHOTO HATSHKEHHUS, BOJOPOAHBIX CBA3el u cun Ban-nep-Baanbca Ha
aTOMHOM YpPOBHE CYIIECTBYIOT M CTpaHHbIe KBaHTOBbIe 3((dekTrl. Kak mpaBuio, B MOBCEJHEBHOM
OBITY MBI HE BHJIUM, Kak paboTaloT KBaHTOBBIC Ciibl. Ha camom ke aene onm Bcroay. M3BecTHO, K
IPUMEPY, YTO BHYTPHU aTOMBI MO OOJBIICH YacTH IMyCThI, M IO W€ HUYTO HE JOHKHO HaM MellaTh
MIPOXOJUTH CKBO3b CTEHBI. MEXIy sIIpOM B IIEHTPE aToMa U AJIEKTPOHHBIMU 000JIOUKaMU HUYETO
HET, TaM BakyyM. Eciii yBeIHuuTh atoM 710 pa3mepoB GyTOOIBEHOTO MOJIs, M0JIe OKaKETCs MYCThIM,
MOCKOJIbKY €T0 SIIPO MPH 3TOM MPHOOPETET MPUMEPHO Pa3Mephl MECUNHKHU.

(Mb1 umHOTZA yAMBISAEM CTYAEHTOB IPOCTON aeMoHcTpauued. bepem cuerumk [eitrepa,
KJIaJIeM Nepe]] CTYIEHTOM, a CO CIHHBI K HEMY MOJHOCHM O€3BpEIHYI0 KPYMHHKY PaJu0aKTUBHOTO
BeniecTBa. CTyIEHTOB NOpaXaeT, YTO KAaKUE-TO YaCTULbl IPOHU3BIBAIOT €r0 TEJIO HAacCKBO3b,
BBI3BIBAs MIESTYKHA CUCTUMKA, KaK €CJIM OBl 3aHMMAEeMBbIil €r0 TeJIOM 00bheM OBLT IO OOJIBIIECH YacTH
nycT. A Belb TaKk U OOCTOUT /I€JI0 B IEHCTBUTEIBHOCTH!)

Ho ecnu MbI ¢ BaMu 110 00JIbIIeH YacTH MyCThI, TO IOYEMY Mbl HE MOXKEM IPOXOAUTH CKBO3b
crensl? B ¢punbme «llpuBuaenue» repoit [larpuka Cysusu, yOUTBIH CONIEPHUKOM, MPEBPAIIAETCS B
npuspak. Kaxnplil pa3, Korma oH IbITaeTCs MPUKOCHYTHCS K CBOEH OBIBIIEH HEBECTE, KOTOPYIO
urpaet Jlemu Myp, y Hero Hu4ero He nony4aercs Ero pyku mpoxoast cKBo3b OOBIYHOE BEIIECTBO;
OH MOHMMAET YTO yTPATHJI BEIIECTBEHHYIO COCTABISIOLIYIO U TeNeph MPOCTO IUIABAET, HE 3aMeyast
TBEPABIX OOBEKTOB. B OMHOI clieHe OH 3aCOBBIBAET I'OJIOBY B JABWXKYIIMiicS BaroH MeTpo. Iloesn
HECeTCs MHMO, I0JIOBa reposi TOPUUT CKBO3b JIETSILYIO CTEHY, HO OH HUYero He 4yBcTBYeT (Puiabm
HEe OOBSICHSET, IOYeMY CHJIa TSKECTH HE 3aCTaBIISET Teposi MPOBAJIMUTHCS CKBO3b IOJ U Jajblle JI0
camoro 1enTpa 3emin. Cyas o Bcemy, MPUBUIEHUS MOTYT TIPOXOIUTH CKBO3b JIFOOBIC BEIIH KPOME
TBEPJIOTO I10J1a.)

W Bce ke, moueMy Mbl HE MOXKEM, MOJOOHO MPUBUICHUSIM MPOXOAUTH CKBO3b TBEpPIIbIE
00bekThI? OTBET 3aKJIIOYAETCS B OJAHOM JIIOOOMBITHOM KBAaHTOBOM siBIeHMM. [IpuHIMIT 3ampera
[Taynu racuT 4To B OJTHOM KBaHTOBOMW CHCTEME J[Ba AJIEKTPOHA HE MOTYT CYILIECTBOBATh B OTHOM U
TOM JK€ KBAaHTOBOM COCTOSHUHU. [lo3TOMy mpu COMMMKEHHMH [1Ba MOYTH WACHTUYHBIX 3JIEKTPOHA

1 1 Poccun, koneuHo. — Ilpum. mep.



OTTAJIKUBAIOTCS JIPYT OT Apyra. IMeHHO mo3ToMy OOBEKTHI MPEICTABIAIOTCS HaM TBEPAbIMH, UTO,
BOOOIIIe TOBOpPS, WIIO3Ms. PeanbHOCTh 3akiio4aeTcss B TOM, YTO BELIECTBO MO OOJbIIEH 4YacTh
IycTO.

Cansce Ha cTyda, Mbl AyMaeMm, 4yTO KacaeMmcs ero nosepxHoctd Ha camom ke ngene Mbl
3aBHCAEM YYTh BBIIIIE MOJ] JCHCTBUEM SJIEKTPHUUECKUX M KBAHTOBBIX CHUJI CTYJA U IJIaBA€M MEHbIIe
4YeM B HAHOMETpE HaJl CHJEHbEM. DTO O3HAYAET, YTO JH000E «KACAHHE», YCIOBHO MBI HE MOXKEM
JNOOUTbCS HEMOCPEICTBEHHOTO KOHTaKTa. ATOMHBIE CHJIBI TapaHTHPYIOT, YTO MEXIYy JIBYMS
00BbEKTaMH BCErZla OCTAaeTCs KaKoe-TO paccTosiHue. (DTO O3HayaeT TakkKe, YTO €CiAM Obl MBI
HAyYWJINCh HEHTpanu30BaTh KAaKMM-TO 00pa3oM Ha BpeMs MPHHLMI 3alpera, TO MOIIH Obl
MIPOXOUTH CKBO3b CTeHBI. OTHAKO HUKTO HE 3HAET, KaK MOXKHO OBLIO OBI 3TO CJIeTaTh.)

KBaHTOBbIE CUJIBI HE TOJBKO HE JAAIOT aTOMaM CTAJKUBATHCS IPYT C JIPYrOM, HO M CBSI3bIBAIOT
UX B TPYNIBl — MOJIEKYJbl. [IpencTaBpre Ha MIHOBEHHE, YTO aTOM ITOXOK Ha KPOXOTHYIO
ConHEeYHYIO CUCTEMY C LIEHTPAJIbHBIM CBETHJIOM M OOpaIlaolMMHCA BOKPYT Hero rmianeramu. [Ipu
BCTpEYE JBYX TAKUX CHCTEM IUIAHETHI THOO0 HAUHYT CTAKUBATHCS MEKIY COOOH, THOO pa3ieTsTcs B
pasHble CTOPOHBI, & CaMU CHCTEMBbI IMEpecTaHyT CyliecTBoBaTh. COIHEYHBIE CHCTEMBI HE MOTYT
0CTaBaThCs CTAOMILHBIMU TIPU CTOJIKHOBEHHSX TAaK YTO IO MJIe€ aTOMBI IIPH CTOJIKHOBEHHUSX JIPYT C
JPYTOM JIOJKHBI OBLITH OBl IPEKpallaTh CyIieCTBOBaHHE.

Ha camom niene mpu cOnmkeHUu /Ba aToma Ju00 yIpyro OTCKakMBaroT APYr OT ApyTa, JIMOo
COEIMHSIOTCS B CTAOMJIBHYIO MOJeKydy. BooOmie, ecnu M3 aroMoB MOTYT 0Opa30BBIBATHCS
CTaOWIIBHBIE MOJIEKYINIBI, TO TOJBKO MOTOMY, YTO HEKOTOPBIE AJIEKTPOHBI MOTYT MPHHAIICKATH
OZHOBPEMEHHO J1ByM aroMaM. C TOYKH 3peHMs 3ApaBOTO CMbICIA TaKas CUTYaIUs MPEACTaBIACTCS
Henenoi. Eciu ObI 3NIeKTPOHBI OAYUHSITUCH HMHTYUTUBHO MTOHSITHBIM 3aKoHaM HproTOHA, 3TO OBLIO
Ob1 HeBOo3MOkHO. Ho mpuHuIMD HeompeneneHHocTu [eif3eHOepra racuT: Mbl HE MOXKEM TOYHO
OTIPEIIENINTH, T/Ie HaXOTUTCS 3JIEKTPOH. BMecTo TOro 4To0B! KPYKHUTh MaJeHBKOW TIAHETOW BOKPYT
aTOMHOTO s1/Ipa, OH OKa3bIBaeTCs pa3MasaH Mo OOIIeil AIeKTPOHHON 000JIOUKe JIByX aTOMOB, UYTO U
VAEP)KUBAET UX BMECTE.

WHBIMU CJI0BaMH, €CJIM «OTKIIOUNTHY KBAaHTOBYIO TEOPHUIO (TOYHEE, KBAHTOBBIE 3aKOHBI), BCE
MOJIEKYJIbl PACCHITUIIOTCS MPU CTOJIKHOBEHUAX U JIF000I 0OBEKT (B TOM YHCIIE U YEJIOBEYECKOE TEJO)
NPEBPAaTUTCS B OOJAYKO SJIEMEHTApHBIX 4YacTUll. VIMEHHO KBaHTOBas TEOpHUS OOBACHSIET, OYEMY
aTOMbl MOTYT CYILIECTBOBATh U CLEIIISATHCS MEX]Yy cO00M, 00pa3ysi TBEp/I0€ BEIIECTBO, BMECTO TOTO
4TOOBI PACCHINATHCS HA OT/IENIbHBIC YaCTHUIIBI.

(Kcratn roBopsi, MOITOMY BIIOKCHHBIE MHPBI HEBO3MOXKHBL. HekoTOphle BOOOpakaroT, UTO
Hama CollHeuHas CUcTeMa WM Jaxe [ ajlakTika Ha caMoM Jielie, BO3MOXKHO, SIBJISIETCSI BCETO JIUIIb
aTOMOM KaKOW-TO JPyroil TUraHTCKoM BceneHHOW. FIMeHHO Takoil MUp MOKa3aH B (PMHAJIbHOM ClieHe
¢mibMa «Jlrogu B uepHOM»: BCA M3BECTHass Ham BceneHHas Oka3bIBaeTCs Ha caMOM Jiesie JIMIIb
aTOMOM IIIapuKa B PyKaxX y KaKoro-TO HHOMHUPHOTO cymiecTBa. OIHAKO ¢ TOYKHM 3PEHUST HAyKH TaKast
CUTYyallusi HEBO3MOXKHA, TOTOMY YTO C M3MEHEHHEM MacIITada 3aKOHBI MPUPOJIBI TOXKE MEHSIOTCS.
3aKOHBI, KOTOPBIM MOTYHHSIOTCS aTOMBI, CHJIBHO OTIIMYAIOTCS OT 3aKOHOB, KOTOPBIM MOAYUHSIOTCS
raJlakKTUKH. )

Bor HekoTOpBle TPHUHIUIBI KBAaHTOBOW TEOPUH, KOTOPHIE HEMOCBSIIEHHOMY YeIOBEKY
MOKAXKYTCS CIIUIIKOM 3ayMHBIMU:

*HCBO3MOXHO 3HATH OJHOBPEMCHHO CKOPOCTH YaCTHULBI U €C MOJOKCHUC B MPOCTPAHCTBE —
31€Ch BCETa MPUCYTCTBYET HCONIPEACICHHOCTD,

*qJaCTUlbl MOTYT B OIIPCACIICHHOM CMBICIIC HAXOAUTHCA B IBYX MECTaX OJHOBPEMCHHO,

*BCC YaCTUIbl CYHICCTBYIOT KaK CMCCH Pa3IMYHBIX COCTOSIHHP'I; K INpuUMEpy, Bpallaroliuecsa
YaCTHULIbI MOT'YT MPEACTAaBIIATH co00i cMech JacCTUll, OCH KOTOPBIX BpalldarOTCA OJHOBPEMCHHO
BBCPX U BHHU3,

*Bbl MOKCTC UCUC3HYTH 3ACCH U MMOABUTHCA T7IC-TO B APYTI'OM MCCTC.

Bce 3t YTBCPIKACHUA HA HepBBIﬁ B3TJI4 A 3By4aT HCJICTIO. Cam DHHIITEHH OJHaXXbl CKa3aJl:
«Yem YCICIIHEE CTAHOBUTCA KBAHTOBAasA TCOPHA, TEM TINIYIIEC OHA BBITTIAIUT). Hukro ne 3HACT,



OTKyna OepyTcs Takue CTpaHHbIE 3aKOHBL. YYeHble MPOCTO MOCTYIMPOBAIM HX — OOBSBWIH
UCTUHOMN 0e3 BCAKNX 00bscHeHui. EcTh numib ojjHa Bellb, KOTOPYIO MOXKHO CKa3aThb B OIpaBJlaHUE
KBAHTOBOM TEOpHUU: OHa BepHAa. Ee BEpHOCTH U3MEpEHa C TOYHOCTBIO [0 OAHOU
JECATUMWUINAPAHONW, a 3TO 3HAYUT, YTO KBAHTOBas TEOpUS — cCaMas TOYHAs M YCIIENIHas
¢du3nueckas Teopus BceX BPEMEH.

OpHako B TOBCEAHEBHOW >KM3HM Mbl HE HAOIIONAaeM HHUYEro, YTO XOTA Obl OTAAJIEHHO
HAaIllOMUHAJIO NIEPEUUCIICHHBIEC BBIIIE HEBEPOATHBIE SABICHUSA. J[€]I0 B TOM, UTO MBI C BAMU COCTOUM
U3 MHOYKECTBA TPUJJIMOHOB aTOMOB, U KBaHTOBbIE 2(P(PEKTHl B HEKOTOPOM CMBICIIE YCPETHSIIOTCS U
CTaHOBSATCS HE3HAYUMBIMU.

D,BVI raTb oTAeJNibHbl€e aTOMbI

Puuapn ®eitHMan MedTan o JIHE, KOrjaa GU3MK CMOXET MOCTPOUTH JIFOOYI0O MOJIEKYIy, coOpaB
€e Mo «4YEepTexKy», aToM 3a atoMoM. Toraa, B 1959 1., 3T0 Ka3anoch HEBO3MOKHBIM, HO CETOAHS 3Ta
MedTa B KaKOi-TO Mepe CTajla peaabHOCTHIO.

Y MeHs Oblla BO3MOXKHOCTD HaOMIOAATh BCE OSTO BOMM3M BO BpeMs MOCEIICHUS
AnbpmaneHckoro uccnenonarensckoro neurpa IBM B Can-Xoce, mrar Kanmudopuus. S npuexan
Tyda MOCMOTPETh Ha 3aMeyaTelIbHbIi MHCTPYMEHT — CKAHMPYIOIIUN TYHHEJIBHBI MHUKPOCKOI,
MO3BOJISIIOIIMI YUYEHBIM YBHUJAETH OTHEJIBHBIE aTOMbl M JaXe BO3JEHCTBOBAaTH HA HHUX. OTO
yctpoiictBo nzobpenu I'epn bunnur (Gerd Binnig) u I'enpux Popep u3 IBM, 3a yto B 1986 . um
obuta npucyxnaena HoGenesckas npemus. (ITomHio, Korna st yumwics B ILIKOJE, YYUTEIb TOBOPHII
HaM, 4TO Mbl HUKOIJIa HE CMOKEM YBHJETh aTOMbl. OH CIMIIKOM MaJIbl I 3TOro, roBopui oH. K
TOMY MOMEHTY 5 yXe TBEpAO PELIMSI CTaTh YYEHBIM-aTOMIIUKOM. 51 MOHMMal, YTO COOMPAIOCh
MOCBSITUTDH JKU3Hb U3YYEHHIO TOTO, YTO HUKOTJIAa HE YBUXKY COOCTBEHHBIMH I1a3aMu. Ho ceromHs Mbl
MOXEM He MPOCTO YBUJIETh aTOMBI, HO JIa)Ke TIOUTPaTh C HUMU MPH MOMOIIX aTOMHOTO THHIIETA. )

Ha camoMm nene ckaHMpYyIOIUK TYHHEIBHBIM MUKPOCKOI — BOBCE HE MUKpocKol. Ckopee OH
YeM-TO HaloOMMHAeT cTapuHHBIM (oHorpad. Tonkas umia (¢ KOHYMKOM, KOTOPBIA JOJKEH
3aKaHYMBATHCSl OJJHUM aTOMOM B BEpILIMHE MUPAMUIKN) MEAJIEHHO MPOHOCUTCS HAJl MOBEPXHOCTHIO
aHanmu3upyeMoro Marepuana. C UIIbl yepe3 u3ydaeMblid oOpaser; Ha 0a3y MHCTPYMEHTa MPOXOJHUT
ciabblii TOK. Besikuii pas, koraa aToM Ha KOHUMKE WUIVIBI IPOXOAMT HaJl aTOMOM oOpasiia, BeJIHMYrHa
WIEKTPUUECKOIO TOKa clierka meHsercd. Ilocine HEeCKOIbKMX IIPOXOJOB MalllMHA paclieyaTbiBaeT
MIOPA3UTEIBHYIO BEIlb — O4YepTaHus caMoro aroma. IIpum momMomM TOYHO TaKOM K€ HIVIBI
MHUKPOCKOIT MOXKET HE TOJBKO PErHMCTPHPOBATH aTOMBI, HO M JBUraTh UX. TakUM 00pa3oM MOXKHO
COCTaBHUTh U3 aTOMOB Ha oOpasie OykBbl — IBM — 1 naxe coopyauTh NPUMUTUBHYIO MalIUHY U3
aTOMOB.

(Eme onmHo HenaBHee H300peTeHHE — aTOMHO-CHUJIOBOM MHKPOCKOI, CIIOCOOHBIM JaTh
MOpa3UTEIbHOE TPEXMEPHOE H300pa)KeHHWEe aTOMHOM peleTkH. B aTOMHO-CHIOBOM MHMKpPOCKOIE
TaKXXe UCIOJIb3YETCS UIVIA C OYEHb TOHKUM KOHYMKOM, HO HAa KOHYMK 3TOT HAIMPABIISIOT JIyY JIa3epa.
[Tpoxons HaJ MOBEPXHOCTHIO M3ydaeMoro obpaslia, UIjia JAPOXKUT OT B3aUMOJEHCTBHS C aTOMaMH
BEUIECTBA, U ATO JABM)KEHUE PETUCTPUPYETCS ONTUYECKUM JaTYMKOM Ha OCHOBE JIa3€PHOTO JIyya.)

Sl oOHapyXui, 4TO TepelBUraTh OTJENbHBIE aTOMbI COBCEM HeE CIOXKHO. S cumen mepen
HKpaHOM KOMIIBIOTEPA M BUJEN HA HEM IMOBEPXHOCTh, COCTOALIYI0 M3 Oenbix chep mo 2-3 cM B
[IONIEPEYHUKE, HAITOMUHAIOIINUX MAYUK Ul IUHT-TIOHTra. Ha caMoM Jiere KaKIplii IIapyuK Ha dKpaHe
0003Hauaj OT/IEIbHBIA aTOM Ha TIOBEPXHOCTU 00pasia. Sl moMecTus Kypcop Ha OJIMH U3 aTOMOB U
NEPETALII €T0 MBIIIKOM Ha APYyroe MECTO. 3areM s Hakal KHOIKY, KOTOopas 3allyCKaeT HOBOE
ckaHupoBaHue. Mukpockon mpozenan Tpedyemyio onepaiuio. KapTuHka Ha sKkpaHe M3MEHUIIACh,
JIEMOHCTPUPYS MHE, UYTO OAMH M3 OEJbIX HIAPUKOB MEPEIBUHYJICS POBHO B Ty TOYKY, KOTOPYIO 5
yKazai.

[Tporiecc mepecTaHOBKM OJHOTO aroMa B JIIOOYIO yKa3aHHYIO TOYKY 3aHMMal BCETO OIHY
MUHYTy. Uepe3 moiyaca s yYBHJIEN, YTO COCTAaBIEHHbIE MHOW M3 aroOMOB OYKBBI YX€ MOXKHO
IIPOYECTh Ha dKpaHe. Yepes 4yac s HaydwiICs COCTABIIATH JOBOJIBHO CIIOKHBIE Y30pbl IIPUMEPHO U3
JIECSTH aTOMOB.



Co3HaHue TOT 0, 4TO A COOCTBEHHBIMU pyKaMu IMPAKTHUYCCKU ABUTAK0 OTACIILHBIC aTOMBI —
T. €. A€JIal0 TO, YTO KOrjga-To C4uTalloCh a0COJIFOTHO HEBO3MOXXHBIM, — CTaJIO JJId MCHS HAaCTOAIIUM
MOTPSACCHUCM.

M3MC n HaHoO4YacTUUbI

XOTs1 HAHOTEXHOJIOTUH Ha CETOAHSIIHUN J€Hb HaXOJATCS B MJIAJCHUYECKOM COCTOSHUHU, OHM
YK€ TMOPOAWIM CTPEMHTEIBHO Pa3BUBAIOIIYIOCS KOMMEPYECKYK) OTpacib — XUMHUYECKHE
nokpbITUs. Eciiv Ha m3aenue HaHeCTH MyTEM paclbUIEHHs TOHYAMIINNA — B HECKOJIIBKO MOJIEKYI
TOJIIIMHONM — CJIOM HYXHOTO XMMHYECKOTO BEUIECTBA, MOXHO JTOOUTHCS MHOXKECTBA MOJIE3HBIX
apdextoB. C OIHON CTOPOHBI, NMPH MOMOIIM TAKOTO MOKPBITUS MOXXKHO 3aIUTHTh H3JENUE, K
IIpUMeEpY, OT P>KaBUMHBI, a C JPYroil — yIydlIUTh €r0, K MPUMepy U3MEHUTh B HY)KHYIO CTOPOHY
OINITUYECKHE CBOMCTBA. Pa3paboTaHO MHOMKECTBO Pa3IMUYHBIX IMOKPBITUH: OHU 0OEperaroT Hairy
OEeXKIYy OT IIATEeH, YAY4YIIAlOT 53KpaHbl KOMIIBIOTEPOB, YCWIMBAKOT PEXYIIUE KPOMKH
METaI000padaThIBAIOIINX HHCTPYMEHTOB, 3aIIUIIAIOT OT LapanuH. B Ommkaiinime roas! Ha peIHOK
MOCTYIIUT MHOXKECTBO HOBBIX TOBAapOB C MHUKPOMOKPBITUAMHU, TPU3BAHHBIMHU YIYYIIUTh HX
NOTPEeOUTETHCKIE CBOMCTRA.

KoHeuHo, HaHOTEXHOJIOTMST — €lle OYeHb MOJIojas oTpacib Hayku. Ho omHa u3 ee ctopoH
HAYMHAET BXOJIUTH B )KU3Hb NMPAKTHUYECKU KaXJIOTO YeJIOBeKa; Ha ee 0a3e yxe BbhIpociia odabHas
UHAYCTpUSL € TofoBbIM oOoporoM 40 mupa gomnapoB. Peub 0 MHKpPORIEKTPOMEXaHUYECKUX
cucremax (MOMC); B 3Ty KaTeropuio MornajaeT MHOKECTBO CaMbIX Pa3HBIX BEIIEH, OT CTPYHHBIX
KapTpuKel, CEHCOPOB NIl aBTOMOOMJIBHBIX MEIIKOB O€30MaCHOCTH U JIUCIUIEEB JO0 THPOCKOIOB
JUIsl MallMH U camoinetoB. MOMC — 3T0 KpouleuHble MallMHBI, TAKME MAJIEHBKHE, YTO MOTYT C
JIETKOCThIO YMECTUTHCSI HA KOHUMKE WUIVIbL. M3roTaBIMBaIOT UX MPHU MOMOIIM TOHM ke TEeXHOJOTHUHU
TPaBJIEHHUS, KOTOpasl y’K€ HECKOJBKO NECATWIIETUN UCIOJIb3yeTCs B MPOU3BOACTBE MUKpocxeM. Ho
BMECTO TOTO, YTOOBI BBITPABIMBATH TPAH3UCTOPBI, WHXKEHEPHI 3/1€Ch BBITPABIMBAIOT KPOXOTHHIE
MEXaHHMYECKUE KOMITOHEHTHI, CO3/1aBasi CTOJb KPOXOTHbIE JETall MAIlliH, YTO 0€3 MUKPOCKOIMA BBI
UX MPOCTO HE YBUIUTE.

VY4yeHple chenand aTOMHYIO Bepcuio a0aka — JpEBHEro a3MaTcKOro CYETHOIO
MPUCTIOCOOIeHHsI, OU€Hb HallOMHMHAIONIEro oObIuHbIe KoHTOpcKue cuethl. B 2000 r. B {ropuxckoii
ucclenoBaresnbekoi Jadoparopunt IBM H3roToBMIIM aTOMHYIO BEPCHIO 3TOTO HECTIOKHOTO NMPHOOopa;
B IIPOLIECCE €TI0 M3TOTOBIICHHS OTIEIBHBIE ATOMBI NEPEIBUTaIM M YCTAHABIMBAIA HAa MECTO IpHU
IIOMOIIIM CKaHUPYIOIIET0 MHKpOCKoma. BMecTo JepeBSHHBIX KOCTSIIEK, KOTOpBIE B CYETax
JIBUTAIOTCS 10 >KECTKUM IPOBOJIOYKAM, B aTOMHOM abake ObUIM HCIOJIb30BaHbl (yJIepeHbl —
yIIepoIHble CTPYKTYphl, 1o ¢(opme HamoMmuHaromue ¢yroonpHbld M4 B 5000 pa3 ToHblie
YEJIOBEYECKOTO BOJIOCA.

B KopHenickoM yHMBEPCUTETE y4EHbIE MOLUIN €IIe Jalbllie U CO3JalM aTOMHYIO rurtapy. Y
9TOW THUTApbl WIECTh CTPyH, Kaxnas tommuHoM B 100 aromoB. Ha cpe3 demoBedeckoro Bosoca
MOXKHO YJIOXHUThH B Psii IBaLIaTh TaKUX MHCTPYMEHTOB. IIpu 3ToM rutapa Hactosimiasi, €€ CTpyHbI,
KaK CTPYHbI €€ MaKpOCKOIHMYECKOTO MPOTOTHIA, MOXKHO IIMIATh (XOTS 3BYK, pazymeercs, OydaeT
CJIMIIKOM BBICOKMM U IIOTOMY HECJIBIIIMMBIM ISl YEIOBEYECKOTO YXa).

Ho camoe pacnpocTpaHeHHOE Ha CErOAHSIIHUM JEHb MPAKTUYECKOE NPUMEHEHHE ATOM
TEXHOJIOTHM — AaBTOMOOWJIbHBIE MEIIKH O€30MacHOCTH, B KOTOPBIX YCTAHOBIIEHBI KPOXOTHBIE
MDOMC-akcenepoMeTphl, CIIOCOOHBIE IMOYYBCTBOBATh PE3KOE TOPMOKeHHE MamuHbl. MOMC-
aKcelepoMeTp MpPeACTaBIseT co00M MUKPOCKONWYECKHH MIApUK Ha TMPYKUHKE I KPOXOTHOM
ppiuakke. Korma BBl pe3ko ynmapsere NmO TOpPMO3aM, BHE3AalHOE OTPULATENIBHOE YCKOPEHHE
3aCTaBiseT IIAPUK KAauHYThCSA M IMOPOXKAAET KPOXOTHBIA AIEKTPUUECKUH 3apsi. 3apsi CIyXKUT
JIETOHATOPOM JJISI XUMHUYECKOTO B3pbIBA, TIPU KOTOPOM 3a V25 MO0 CEeKYHIBI BBICBOOOXKIAETCS
OO0JIBIIIOE KOJIMYECTBO a30Ta. JTa TEXHOJIOTHUS YK€ Cracia MHOXKECTBO JKU3HEH.



Bnunxanwee 6yaywee
(c HacTosiwero momeHTa no 2030 r.)

HanoMammHbI B HAIIMX TeJIax

B Omwxaiimem OynymeM clieayeT OXHIAThb IOSBICHUS HOBBIX Pa3HOBUIHOCTEH
HAHOYCTPOMCTB, KOTOPBIE, BO3MOXKHO, COBEpIIAT HACTOSIIMIN NEPEBOPOT B MEAUIIMHE; B KauyeCTBE
pyMepa MOXKHO Ha3BaThb HAaHOMAIUWHBI, MpeAHA3HAYEHHbIE AJI KypCUPOBaHUS MO KPOBOTOKY. B
¢mibMe «PaHTACTHUECKOE MYTEIIECTBUE» KOMAaHJy YUYEHBIX M CHelMalbHbI Kopabiab Bpoje
MOJBOJTHOM JIONKH YMEHBUIMIIM JI0 Pa3MEpPOB KPACHOTO KPOBSHOTO TeJblla — 3PUTPOLUTA. 3aTeM
BCE OHU NPEANPUHSIN MyTEIIECTBUE IO KPOBEHOCHBIM COCYJIaM M MO3TY MAallMEHTa U MEPEXKUIIH B
€ro Tejle MHOXKECTBO IpuKiItodeHni. OiHa U3 11eeil HAHOTEXHOJIIOTUH — CO3JIJaHUE MOJIEKYIISIPHBIX
OXOTHHUKOB, KOTOpBIE OyAyT IeJIeHANpaBleHHO UCKaTh PAKOBbIE KJIETKU U aKKypaTHO YHHUYTOXKATh
UX, OCTaBJIss 3/I0POBBIE KJIETKH HETPOHYTHIMH. ABTOPHI Hay4HOM (DaHTACTUKU JTaBHO IPUIyMaiu
TaKO€ yCTPOMCTBO — MOJIEKYISIPHOE CYJHO, KypCHUPYIOIIEE€ B KPOBSHOM IIOTOKE B HEMPEPBIBHOM
MOMCKE PaKOBBIX KieTOK. Korga-To KpUTHUKM cUMTanu MOAOOHOE aOCOIIOTHO HEBO3MOXHBIM, a
BbICKa3aHHbIE (haHTACTaMU HJIEH HA3bIBAJIM MYCTHIMU MEUTAaHUAMHU (DaHTa3EPOB.

Tem He MeHee OTHACTH dTa Me4Ta CErojHsA yxe peanu3oBaHa. B 1992 r. /Ixepom Illenrtar
(Jerome Schentag) u3 ynuBepcutera byddano wnzobpen ymHyr0 TabIeTKy, O KOTOPOH MBI
YIOMUHAIHN paHee, — KPOXOTHBIM MHCTPYMEHT pa3MepOM C HACTOSIIYIO TaOJeTKy, KOTOPYIO Halo
IJIOTaTh U 3a MPOJBMKEHHUEM KOTOPOU 3aTeM MOXKHO CJIEUTh MIPU MOMOILH 3JIEKTPOHHOTO Mpubopa.
B HyXHBIII MOMEHT — HWB HYXHOM MECTE — €W MOXHO I0/IaTh KOMaHJIy Ha BBIOPOC JIEKapCTB.
Co3nanbl Takke yMHbIE TaOJleTKU ¢ Telekamepamu JUisl ¢oTorpadupoBaHUs BHYTPEHHOCTEH Ha
MyTU UX MPOXOKJIEHUS Yepe3 KEeIYAOK U KUIIEYHUK. J[BI)KEHHEM TakuX TaOJeTOK MOXKHO OTYaCTH
YIPaBIAThH NP MMOMOIIM CIIEIUATBHBIX MAarHUTOB. TakuM 00pa3oM, 3TO YCTPOWCTBO MOXKHO TOYHO
MOJBECTU K OIMYXOJH WM monuiy. B Oyayiiem, BO3MOXKHO, yueHble HaydaTcsi MpOJEibIBaTh MPHU
MIOMOIIY MOAOOHBIX YCTPOMCTB HEOONBIINE XUPYPIHUECKUE ONEPALUH, YIAJATh «JIMIITHUE JETalIn
1 Opathk poObI Ha OUOTICHIO U3HYTPH, HE pa3pe3asi KOKH.

Eme Oosee MUHMATIOPHBI TaK Ha3bIBa€Mble HAHOYACTHUIBI — MOJIEKYNbI, CIIOCOOHBIE
JIOCTaBUTh IPOTHUBOPAKOBBIE JIEKAPCTBA K KOHKPETHOW MHIIEHH; €CIM 3TOTO YJIacTcsi TOOUThCH,
HOBasi TEXHOJIOTHS MPOU3BEAET PEBOJIOLMUIO B JEUEHUM paka. HaHO4acTUIbl MOKHO CpaBHUTH C
MOJIEKYJSIPHBIMH «YMHBIMH OoMOaMu», MX Ha3HayeHHE — JOCTaBIATh XUMHUYECKUH TIpy3 B
KOHKPETHOE TOYHO 33JaHHOE€ MECTO M AaKTHUBUPOBaTb TaM, YTO, €CTECTBEHHO, PE3KO CHHU3UT
nob6ounsie 3¢ dextsl. Ecnu nmpocras «6oM6a» ObeT 1o BceMy BOKPYT, BKJIIOUas U 3710pOBbIE KIETKH,
TO yMHas JeHCTByeT M30MpaTeabHO U cOpachlBaeT CBOM XMMHUYECKHH TPy3 TOJBKO Ha PAKOBBIE
KIIETKU.

Kaxp1ii, KOMy JOBEJIOCh HCIBITATh YYIOBHIIHBbIE MOOOYHBIE 3(deKkTh XumHOTEpanuu,
OLICHUT TPOMAJHBIM TMOTEHIMAJl HAHOYACTHUIl B JI€J€ YMEHBIICHUS 4YEeJIOBEYECKUX CTpaJaHUM.
XuMHUOTepanus MPOMBIBAET BCE TEJIO CMEPTENILHO OMACHBIMU $51/1aMH, YOUBasi paKOBbI€ KJICTKH JIUIIb
qyTh 3¢ (eKTrBHEE, YeM OOBIYHBIE. Y YeIOBEKa BO BPEMsI XUMUOTEPAIMH BO3SHUKAET LIEJIbIA CIIEKTP
no0OYHBIX 3(@EKTOB, BKIOUYAs TOIIHOTY, IMOTEPI0 BOJOC, ciabocTh W T. N. OHHM HACTOJBKO
CEpbE3HBI U HACTOJILKO TSXKEJIO MEPEHOCSTCS, YTO HEKOTOPhIE paKOBbIe OOJIbHBIE COIVIACHBI CKOpEe
yMepeThb OT O0JIE3HH, YeM MOJIBEPTHYTHCS MOT0O0OHON TBITKE.

HanoyacTuiibl MOJTHOCTBIO M3MEHAT cuTyanuio. JlekapcTBa, K IpuUMepy HpPOTHBOPAKOBHIE,
OynyT TmOMeIIaTh BHYTPb MOJEKYNbl, UMemell (opMy Kamcymel. 3aTeM HaHOYACTHIBI C
JIEKapCTBOM 3aIlyCTAT B KPOBOTOK, HO BBICBOOOAMTCS MX XHMMHUYECKOE COAEPHKUMOE TOJIBKO TOTAA,
KOTJIa HAHOYACTHULA OTBIIET MECTO HA3HAUEHUSI.

['maBHast ocobeHHOCTH HaHOUYACTUIl — WX pasmep: oT 10 mo 100 amM. OHHM CIUIITIKOM BETUKH,
4yTOOBI MPOHUKATH B KIETKU KPOBH, IIO3TOMY OT HOPMAJIbHBIX KJIETOK KPOBH, MJIM KPOBSHBIX TEJell,
HAHOYACTUIIBI OyAyT MPOCTO OTCKAKMBATh. A BOT pPaKOBbIE KIETKU BBIVISIIAT HWHAue: WX CTEHKHU
NPOHMU3aHbl OOJBIIMMH TMOpaMHU HenpaBWIbHON (popMbl. COOTBETCTBEHHO, HAaHOYACTHUIBI MOTYT
CcBOOOJTHO 3aXOUTh BHYTPb U JOCTABIAThH JIEKAPCTBO MO HA3HAYEHHIO, OCTABIISS 3/I0pPOBbIE TKaHU



HETPOHYTHIMU. Bpauam He moTpeOyeTcsl CIOXHas CHCTeMa YIpaBlIeHUs, KOTopas Moria Obl
MPUBECTH HAHOYACTHUIHI BHYTPH YEJIOBEYECKOTO Tena K 1enu. OHM caMU €CTECTBEHHBIM 00pa3oM
AKKyMYJIUPYIOTCSl B OIPEJICICHHBIX TUIAX 37I0KaYECTBEHHBIX OITYXOJICH.

Kpacora sToro metoga B ToM, 4TO OH HE TpeOyeT CIOKHOTO M OIMACHOTO JICUCHHUS, KOTOPOE
9YpeBaTo Cephe3HBIMH MOO0OYHBIMU dddekramu. [IpocTo camu HaHOUACTHUIBI JOJDKHBI OBITH
MPaBUJIILHOTO pa3Mepa: CIHIIKOM OOJIbIIe, YTOOBI HamaaaTh Ha HOPMaJIbHBIE KJIETKH, HO B CaMbId
pa3 Il IPOHUKHOBEHUS B KIIETKH PAKOBBIE.

Eme oana mpuMep — HaHOUYACTHUIIBI, CO3/aHHbIe yueHbIMU KoMmanuu BIND Bioscience B
KembOpumke, mrar Maccauycerc. DTH HaHOYACTHIIBI CIETaHBI M3 TMOIMMOJIOYHOW KHCIOTHI U
KOTIOJTUMOJIOUHOM/TJIUKOJIEBOM  KUCJIOTHI, KOTOPBIE CIOCOOHBI yAEp)KHBaTh JIEKApCTBA BHYTPHU
MOJIEKYJISIPHOM CETKH. DTO JIEKAPCTBO SIBISIETCA IMOJIE3HBIM T'py30M HaHoyacTullbl. [IpoBonHUKaMu
HAHOYACTUIIAM CITY)KaT TENTHABI, MOKPBIBAIONINE HMX W IEJCHANPABICHHO CIETUIIONTUECS C
LEJIEBBIMU KJIETKAMH.

B »10it pabore 0cobeHHO MpUBIEKaeT TOT (akT, YTO HAHOYACTULIBI (POPMHUPYIOTCS caMu, 0e3
CIIOKHBIX 3aBOJIOB M XMUMHUYECKHX KOMOHWHATOB. JlOCTaTOYHO CMENIaTh Pa3iHYHbIE XHUMHUYECKHE
BEI[ECTBA TIOCTENICEHHO, B TMPAaBWJIBHOM TMOPSAKE M TOYHO COONIOMAEMBIX YCIOBUAX, — H
HAHOYACTHIIBI «COOEPYTCS» CaMU.

«ITockonpky camocOopka He TpeOyeT NpPOBEIEHUS MHOXXECTBA CIIOKHBIX XUMHUYECKHUX
peaKkiuii, MOIy4YaeTcs, YTO HAHOYACTHI[Bl OYEHb MPOCThl B MPOU3BOACTBE... M MBI MOXem
MPOU3BOJIUTHh UX KUJIOTPAMMaMH, YETO MPEkK]I€ HUKTO HE AeNa), — rOBOPUT npeacTaButens BIND
Omup @apoxsan, Bpad, npenojaroiuii B MeauuHckoi mkone ['apBapackoro yHuBepcuTeTa. ITH
HAHOYACTHUIIBI YK€ JI0Ka3aIu CBOIO 3(P(EKTUBHOCTH B OIBITAX HA KpbIcax — B OOpb0Oe MPOTHB paka
MpocTaThl, TPyAu W Jerkux. [Ipu TOMOIIM IBETHBIX KpacUTeNed HECIOXKHO YOETUThCS, YTO
HAHOYACTHUIIBI COOMPAIOTCS B HY)KHOM OpraHe M BBICBOOOXKTAIOT CBOM IOJIE3HBIN T'py3 Tak, Kak
HY)KHO BpauaM. Yepe3 HECKOJBKO JIET HAUHYTCSl KIMHUYECKUE UCTIBITAHUS Ha JIFOISX.

3J'leKTpO].lIOK AJIA PAKOBBIX KJIE€TOK

He wuckiroyeHo, 4TO HAHOYACTHIBI CMOTYT HE TOJBKO Pa3bICKUBATh PAKOBbIE KIETKU H
JOCTaBIIATh K HUM HYXHbIE XHMHUYECKHE BEIIeCTBa, HO W YHUYTOXKAaTh HMX Ha MecTe 0e3
noctoponHeit nomouty. [IpuHuun npoct. HaHoyacTuIsl crmocoOHbBI MOMIONIATH CBET ONPEAETICHHOM
qyacToThl. Eciu cokycrnpoBaTh Ha HUX JIy4 Jlazepa, OHU HarpeBaroTCs WM HauWHAIOT BUOPHUPOBATH,
paspylias KJIeTOYHbIe CTEHKH BCEX OKa3aBIIMXCS MOOIM30CTH PAKOBBIX KJIETOK M YHUUTOXKAsS HX.
Takum o0pa3om, KirodeBas 3ajadya 37eCh — IIO0IBECTHM HAHOYACTHIIBI BIUIOTHYIO K DPAaKOBBIM
KJIETKAM.

Heckonpko rpymnm wmcciemoBateneil, pabOTaOIMMX B 3TOM OONAaCTH, YK€ CO37ajid TIEPBBIC
obpasupl. Tak, yueHble AProHHCKOH HalMOHaJbHOW JabopaTopuu W UMKarckoro yHUBEpCUTETa
pa3zpaboTaiii HAHOYACTUIBI W3 JHOKCHIA TUTaHa (JUOKCHUJ THUTaHa — PACHPOCTPAHEHHOE
BEIIECTBO, MPUCYTCTBYIOIIEE, B YACTHOCTH, B COJHIIE3AIIUTHBIX KpeMmax). BhIACHWIOCH, YTO 3TH
HAHOYACTUIIBI MOXKHO MPUBA3ATh K aHTUTENY, KOTOPOE €CTECTBEHHBIM 00pa30oM HMIIET B OPraHU3Me
paKoBble KJIETKH OIpPENEJeHHOTO THIA, TaK Ha3bIBA€Mble MYIBTU(QOPMHBIE TITHOOIACTOMBI.
HanouacTuibl moabe3karT K paKOoBbIM KJIETKaM Ha 3THX aHTHTENaX, Kak B TaKCH. 3aTeM Ha ISITh
MUHYT BKJIIOYAeTCsl O€lNblii CBET, pakoBble KJETKH HArpeBalOTCs M B KOHIIE KOHIIOB MOTHOAIOT.
HccnenoBanust MOKa3bIBalOT, UTO TAKUM 00pa30M MOKHO YHUUTOXKUTH 80 % paKkoBBIX KIETOK.

Ora ke Tpynna uccienoBateneil paspadorana eme oauH cnocod yOuBaTh pakoBbIE KIETKH.
OHM co3l1any KpouleyHble MarHUTHBIE JAMCKH, CIIOCOOHBIE CHJIbHO BUOpUpoBaTh. CTOUT MOABECTH
9THU TUCKU K PAKOBBIM KJIETKaM M BKJIIOUYUTH HEOOJBIIOE BHEIIHEE MATHUTHOE T10JIe — U BUOpAIHs
JIMCKOB Pa3pylIMT CTEHKH PaKoBBIX KieTok. [Ipw mcmbiTaHusx Bcero 3a 10 MuHYT BHOparum
noru6ano 90 % pakoBBIX KIIETOK.

Takoil pe3ynbraT He ciydyaeH. YueHble YHuBepcutera Kamudopuum B Canra-Kpyc
pa3paboTaii O4YeHb MOXOKYI0 CHCTEMY C HCIIOJIb30BaHMEM 30JI0THIX HAHOYACTHI. DTH YaCTHIIBI,
Bcero Juib 20—70 HM B ONEpeyHHKe, MPEACTaBISAIOT co00M chepuyeckyro 000JI0UKY TOIIIHUHON B



HECKOJIBKO aToMOB. Kpome TOro, y4yeHsle HCIOIB30BAIM OIPEAEIECHHBI MENTHI, O KOTOPOM
M3BECTHO, YTO €T0 BJIEYET K PAKOBBIM KIIETKaM KOXH. IIpM MCHBITaHUAX Ha MBIIIAX 3TOT MENTH]
CLEIUIUICS C 30JIOTBIMM HAHOYACTUL[AMU, IIOCJIE YErO HAIIPABIIIICS K PAKOBBIM KJIETKaM KoxkH. Eciaun
3aTeM IOJICBETUTH 3TU YaCTHIIbI MH(PPAKpAaCHBIM JIa3e€pOM, OHU CMOT'YT HarpeTh KJIETKH OIMYXOJId U
TEM caMbIM pa3pyliuTh uX. «[IpuMepHo Kak ecnu Obl BbI MOJOKHUIN PAKOBYIO KJIETKY B TOPSUYIO
BOLy M cBapwin ee. UeM Oonbllle TeIuia BBIACISAIOT HAIIUM METAUIMYECKHE HaHOC(hEphbl, TeM
ay4qmey, — roBoputT L[3une Yxan (Jin Zhang), onun u3 uccnenonarenei.

Tak 4yTo B OyaylieM METOAMKH C HCIOJIb30BAaHHEM HAHOTEXHOJIOTMH CMOTYT OOHApYyXUBaTh
KOJIOHMHM PAKOBBIX KJIETOK 32 HECKOJBKO JIET J0 TOro, KaKk M3 HUX CHOPMHUPYETCS OIMyXOjb, a
HUPKYJIUPYIONIME B KPOBU HAHOYACTHUIBI OyIyT HMX YHHUYTOXKaTh. CeropHsi mnpopadaTbIBaroTCs
TEOPETUYECKUE OCHOBBI NMOJOOHBIX METO/IOB JICUCHHUS.

HanomamimHbl B HaLlIeil KPOBH

Ecnu mponBuHYThCS e€Ile Ha Iar, TO BMECTO HAaHOYACTUIBl MbI MOJIYYMM HaHOKap
(HaHOaBTOMOOMIIb) —  YCTPOMCTBO, KOTOPHIM MOXKHO TIO-HACTOSIIEMY YIPaBIsTh B  €ro
NyTEIIeCTBUAX MO Teny. Eciau HaHouacTHIbI BBOJISAT B KPOBOTOK M OCTaBISIIOT B IIOKOE, TO
CKOPOCTBIO M HalpaBJICHHEM JIBM)KCHUSI HAHOKAPOB MOYKHO YIIPABIIATH, IPUMEPHO KaK MaIllHHKaAMH
C paJiuoIyJbTOM.

Hxeitmc Typ (James Tour) m ero komern u3 YHuBepcuteTra Paiica paspaboTanu mepBBIid
HaHOKap. BMecTo kojecy 3Toil KpOXOTHOM MalMHKM — dYeThlpe ¢ymuiepeHa. OnHa u3 3aaad, K
PEIICHHIO KOTOPBIX CTPEMSTCS MCCIIEOBATEH, COCTOMT B TOM, YTOOBI MOJICKYJSIpHAs MallWHA
Morna OyKCHpOBaTh MO KPOBOTOKY KpPOIIEYHOTo poOoTa, yOMBas MO IMyTH PaKOBbIE KIETKH WIIH
JOCTaBJISIs JKU3HEHHO HEOOXOMMBIE JIEKAPCTBA TOYHO K MECTY Ha3HAYCHHUSI.

OcHoBHas npo6jemMa COCTOUT B TOM, YTO Y HAHOKapOB HET JIBUTATelNs. Y4eHble H300peTaroT
Bce Oosiee CIOKHBIE MOJICKYJISIPHBIC MalIMHBI, HO BOT CO3/1aTh MOJCKYJSPHBIM JBHTaTeNlb IOKa
HUKOMY HE yJaeTcs, ¥ 3TO [VIaBHbIM KaMeHb MPETKHOBEHUS. MaTb-IIpUpOAa peLIniia 3Ty 3a/1ady MpH
noMomu oco0oil Monekynsl, afgeHo3uHTpudocdara (ATD), xkoTopas U CIYyKUT BCEM >KUBBIM
CyIlIeCTBaM UCTOYHHKOM 3Hepruu. VIMEHHO 3a cUeT SHepIruu 3TOi MOJIEKy/ bl Ha 3eMile CyIECTBYET
KHM3Hb, OHA €XKECEKYHIHO O0ECIIeYMBaeT PHEPTHEeil KaXkI0€ IBIKCHHWE HAIIUX MBI, DHEPTHs
3amacaercss B Mojekyle AT® 3a cyer BHYTpEHHMX aTOMHBIX CBs3eil. OnHako co31aTh
CUHTETUYECKUN aHAJIOT TAKOMY aKKyMYJIITOPY OKa3aJloCh BECbMa CIIOXKHO.

Tomac Mamnyk (Thomas Mallouk) u Aitrocman Cen (Ayusman Sen) u3 YHUBEpcUTETa IITaTa
[leHcunpBaHMS BCe K€ CMOIIM HaWTH MOTEHIMAIBLHOE pemieHne 3Toi mpobmembl. OHH co3manu
HaHOKap, CIIOCOOHBIN MEepPEeIBUTaThCA CO CKOPOCTHIO AECSITKH MHUKPOH B CEKYHAY, T. €. IPUMEPHO C
TaKOM e CKOPOCThIO, C KaKkoil mepeasuraercs 60ibIMHCTBO OakTepuil. (CHauana OHU M3rOTOBUIIU
U3 30JI0TA U IJIATUHBI HAHOCTEPXKEHb Pa3MepoM ¢ OAKTEpHIO, KOTOPBIN 3aTeM MOMECTUIIN B BOAHBIN
pacTBop mepekucu Bomoponaa. [Ipm 3ToM Ha 00OMX KOHIIAX HAHOCTEP)KHS HAYallaCh XUMHUYECKas
peakiysi, B pe3y/braTe KOTOPOH MPOTOHBI CTAJIM JABUraThCs OT OJHOTO KOHIA CTEPXKHS K IPYyromy.
[TockonbKy IBUTATUCH OHU B DIIEKTPUIECKOM II0JIE, CO3AaBaEMOM JHUITOIIEHBIMU MOJIEKYJIaMH BOJIBI,
BO3HHMKJIAa CHJIa, TOJIKAIOLIash HaHOCTEp)KeHb Brepea. Iloka B Bome NPHUCYTCTBYET NEPEKHUCH
BOJIOPOJIa, CTEPIKEHBb OYJIET ABUTATHCS. )

[Togo6HbIE HAHOCTEPKHU MOXKHO JIBUTATh MPU IMOMOIIM MAarHUTOB. YUeHbIe BCTPOWIM B HUX
HUKEJIEBbIC JIUCKU, W TENepb CTEP)KHU, KaK CTpelKa KOMIIaca, pa3BOPauyMBAIOTCS BIOJb JIMHHUH
MarHUTHOTO ToJs. JIBUras psaoM OOBIYHBIA MarHUT C XOJNOJWJIbHHMKA, MOXXHO HaIpaBHUTh
HAHOCTEP>KHU B JIIOOYIO CTOPOHY.

Eme onun cnoco® 3acTaBUTh MOJICKYISIPHYIO MAIlUHY JBUTAThCSI — OCBETUTH (DOHAPUKOM
MYHKT ee Ha3HaueHus. CBET crocoOeH pasjaraTb MOJICKYJIbI Ha MOJIOKUTEIBHBIC W OTPUIATEIbHbIC
uoHsl ((oromuccornmanus). MoHBl 3ateM C pa3HOM CKOpOCThIO NUGGYHAUPYIOT CKBO3b CpELY,
CO371aBasi TEM CaMBIM DJICKTPUYECKOE TI0JIe, a MOJie, B CBOKO OYepelb, MPUTATHBACT MOJICKYIISIPHBIC
MamuHbl. Takum o00pa3oM, HampaBUB B OIpEEIEHHOE MecTO (OHApUK, MOKHO 3aCTaBUThH
MOJICKYJISIPHBIE MAIIMHBI JBUTATHCS TY/IA.



Heuto monmoOHoe s Buzmen mnpu moceuieHun nabopatopun CuibBoHa Maprens (Sylvain
Martel) B MonpeansckoM mnonuTexHudeckoM uHCTUTYTe B Kanagme. On paboran Han uaeeit
UCTIOJIb30BaTh Ul HANpABICHHOTO MEpEeMEIIEeHUs] KPOXOTHOTO YWIa B KPOBOTOKE JKIYTHKH
0OBIYHBIX OakTepuit. Jlo CHX MOp yYEHBIM HE yIaeTcs COOPYIUTh aTOMHBIN JABIKUTENH BPOJE TOTO,
YTO MOXXHO HAWTH B )KTyTUKe OakTepuu. MapTemnb 3ajancs BOIIPOCOM: €CJIM HAHOTEXHOJIOTHS HE B
COCTOSIHUM HM3TOTOBHTH TaKO€ YCTPOWCTBO, TO IMOYEMY HE HCIIONB30BATh KTYTUKH HACTOSIINX
KUBBIX OaKTepuit?

JUid Hadanma OH HM3rOTOBWJI MHKPOIPOLIECCOP pPa3MEpOM MEHbIIE TOYKM B KOHIE 3TOrO
NpeIOKEeHUs. 3aTeM BBIpacTWil rpynmy Oakrepuil. OH CyMmMes MOMECTUTh OKOJIO BOCBMHUJIECATH
OaxTepuil ¢ OHON CTOPOHBI YuIia (YCIOBHO FOBOPS, C3a/11), TAK YTO OHU BBIHYXKIEHBI OBLIN UTPaTh
POJIb JKUBOTO BUHTA M TOJIKATh MUKPOIPOLIECCOP BIEpe. A MOCKOIbKY OaKTepHH 3TH ObUIN ClIerKa
MarHUTHBIMH, MapTenb MOT MpH TOMOIIM BHEITHMX MarHWTOB HANPaBUTh WX B JIFOOYIO HYKHYIO
€MY CTOPOHY.

Mue u camoMmy yaanoch HompoOoBaTh ceds B poJM MOToHHIMKA Oakrepuil. 51 cMoTpen B
MHUKPOCKOIT M BHJIET TaM KPOXOTHBIH YMII, KOTOPBIA TOJKAIU Tepe]; co00i HECKOIbKO OakTepuil.
Korma s Hakmmasl KHOMKY, BKJIFOYAJICSl MAarHUT, W YWI Ha4dWHAJ JBHTaTtbesi BrpaBo. Korma s
OTIYCKaJl KHOTIKY, YHIT OCTaHABIUBAJICS, A 3aT€M HayMHaJ OeCIOpsAJ0YHO JIepraThCsi U3 CTOPOHBI B
cTopoHy. Takum 00pa3oM, si IEHCTBUTEILHO YIPABISIT €r0 JBIKEHUEM. [IpH 3TOM s mipeacTaBisi
cebe, 4YTO KOrJga-HUOYAb, BO3MOXHO, Bpau HaKaTHEM IMOJOOHON KHOMKH OyJIeT YHpaBisATh
JIBI)KEHHEM HAaHOOOTOB B BEHAX ITAIMEHTA.

MoxHO BOOOpa3uTh cebe Oymyliee, KOrja XUPYpPruio MOJHOCTBIO 3aMEHSAT MOJEKYIsSpHbIE
MAaIlliHBI, KOTOPHIE TOA YIPaBICHWEM MarHUTOB OyAyT CBOOOIHO TEpPEABHTaThCS IO CHCTEME
KpoBoOOpaleHusi, coduparbcs y OOJIBHOrO OpraHa, a 3aTeM BBICBOOOXKIATh JIEKapCTBAa HIIU
MPOBOANTH XHPYPTUYECKYIO OIepanuio. TeXHOJOTHH, TpU KOTOPBIX TpeOOBaIoOCh pa3pes3arh
KO’KHbIE TIOKPOBBI YeJIOBEKA, MOTYT MOJHOCTBIO YHTH B mpornuioe. K mpumepy, MarHuThl MOIJIU OBl
MOZIBECTH HAHOMAIIIMHBI K CEPJIITy MAIeHTa, T1e TpeOyeTcsl yCTpaHUTh OJIOKaIy apTepuil.

JHK-npoueccopsbi

Kak mbl y)xe ynoMuHaiau B miaBe 3, B OyaylleM B Hallel ofeXie, TeJle U BaHHOW KOMHare
OylyT HpPUCYTCTBOBAaTh KPOXOTHBIE JATYMKH, MOCTOSHHO CJEIAIINE 3a 3J0POBbEM XO35IMHA H
CIOCOOHBIE paclo3HaTh OOJE3HHU, TAKHE KaK pak, 3a HECKOJbKO JET JI0 TOro, Kak OHM Ha4yHYT
npeacTaBiiaTh omnacHocTs. Kirou k atomy — JIHK-umn, mmm JIHK-mpoueccop, koTopslil, 1o
oOelIaHusIM y4YeHBIX, CTAHET HACTOsAIIeH «MUKpocxeMoii-maboparopueit». [logobHo Tpukopaepam
«3BE3HOTO MyTW», 3TU KPOXOTHBIE IATYMKHU OYIyT 32 HECKOJIBKO MHHYT MPOBOAUTH MOJHBIN
KOMIUIEKC MEIUIIMHCKUX AHAJIM30B U BBIJIaBATh PE3YIbTAT.

CeromHd mnpoBepka Ha pak — 3TO JOJTMH, JOPOroll M TPYAOEMKHM IpoLecc, 4acTo
3aHUMAIOIMN HE OAHY Henento. IIOHATHO, 4TO KOIMYECTBO MAIIMEHTOB, KOTOPBIX MEAWKHA MOTYT
IIPOBEPUTH, NPU TAKUX YCIOBUAX CHJIBHO OrpaHuueHo. OJIHAKO KOMIBIOTEPHBIE TEXHOJIOTHH
MEHSIOT 3Ty CHUTyallMl0. Y4YEHbIe YK€ CO3Jal0T YCTPOMICTBA, CHOCOOHBIE OBICTPO M JIELIEBO
pacro3HaTh pak Io ONpeieIeHHBIM OMOMapKepaM, BbIIEISIEMbIM PAKOBBIMU KJIETKAMHU.

Bce Ta ke TEXHOJNOrMs TpaBIEHUS, KOTOPAs HMCIOJB3YeTCS B IPOU3BOJICTBE MHUKPOCXEM,
MO3BOJISIET BBITPABUTh Ha TOUIOKKE TaKOM MUKPOCKONHUYECKHH penbed, MpH MOMOIIKM KOTOPOTo
MO>KHO OyzieT pacro3HaBarh crienuuyHble A7 pakoBbIX Ki1eTok JIHK-nocnenoBarenbHOCTH.

TexHonmorust TpaBleHHUS TO3BOJIAET BCTPOUTh B MHKpocxemy ¢parmentsl [IHK. Ot
¢bparMeHTbl CHOCOOHBI CBSI3BIBAaTbCA C KOHKPETHBIMH T€HHBIMU  IOCIIEA0BATEbHOCTIMH,
BBUIABIMBAS MX U3 TEKyLIeH JKUAKOCTH. 3areM TMpH TOMOLIM Jla3epa MOXHO OBICTPO
MIPOCKAHUPOBATh BCIO MPUJIETaloIly0 001acTh U HAMTH COOTBETCTBYIOLIUE TeHbl. TakuM 00pa3om,
TeHbl HE NPUXOAUTCSA CUYMUTHIBATh 10 OJHOMY, KAaK pAaHbIIE, a MOXHO CKAaHUPOBaTb LEJIBIMHU
TBICSIYaMU 32 Pas.

B 1997 r. xomnanus Affymetrix BbImycTHIIa Ha pbIHOK mepBblii komMmepueckuit JTHK-umm,
crocoOHbIi ObIicTpo mpoananusupoBath 50 000 JIHK-mocnenosarensHocreit. Yike B 2000 . 3a



HECKOJIBKO ThICSY J0Ju1apoB MokHO Obuio caenats 400 000 IHK-mpo6. K 2002 r. nena ynana ao
200 nommapoB, IPU ITOM MUKPOCXEMbI-aHATTU3aTOPhI CTAIH elle 0oyiee MOITHBIME. LleHbI, cormacHo
3akoHy Mypa, MpoAoIKaroT Naaark ¥ ynagayT A0 HECKOIBKUX JIOJIApOB.

[eitna Kemnu (Shana Kelley), mpodeccop MeauumHckoil HIKONBI NpU  YHHUBEPCUTETE
ToponTo, roBopHT: «CeroaHs A OLEHKU KIMHHUYECKH 3HaYUMOTro o0pasiia pakoBbIX OMOMapKepoB
BaM IMOTpedyeTcsl Iiesiass KOMHAara KOMIIBIOTEPOB, M pe3yjbTara MNpUAETCS MNOA0KIaTb. MBI
HAyYWJIUCh H3MEPSATh OMOMOJIEKYNbl TPU IMOMOIIM SIEKTPOHHOIO YWIIA PasMEpPOM C KOHYHMK
nanbia». OHa NpeABUINT ACHb, KOTZla Bce 000py0BaHNe, HEOOXOAUMOE Ui aHAIN3a, YMEHBIIUTCS
0 pasmepoB cotoBoro Tenedona. CoszmaHue MHMKpOCXeMbI-TabopaTopuu OyldeT O3HadaThb, 4YTO
KK/ CMOXKET HCIOJIB30BaTh B COOCTBEHHON BAaHHOW XMMHUYECKYIO JIA0OpaTOpHIO, KOTOPYIO
CErOfHA MOXXHO HAaWTH B XOpolleil OOJbHMIIE WM B YHMBEPCHTETE, TOJIBKO BTUCHYTYIO B OJIMH-
€IVHCTBECHHEIN YMII.

Bpaun Maccauycerckoif OONBbHUIBI OOIIEH NPAaKTUKKW CKOHCTPYMPOBAJIM COOCTBEHHBIN
6uouur, B 100 pa3 6onee MOUIHBIN, YEM BCE, YTO €CTh CETOAHs Ha pblHKe. OOBIYHO, KOT/Ia B KPOBU
MOSBIIAIOTCA HUPKYJINPYIOLIME ONYyXOJIEBbIE KIETKH, UX TaM OYE€Hb HEMHOI'O — MEHBIIE YEM OJHA
Ha MWUIMOH, — HO CO BPEMEHEM OHH, MOJyYUB BO3ZMOXKHOCTh OECHPENSITCTBEHHO Pa3MHOXKaThCs,
MOTyT yOuTh denoBeka. HOBBI OHOUMI JOCTATOYHO YYBCTBUTENEH, YTOOBI OOHAPYKUTh
LHUPKYJIUPYIONIME B KPOBH OIYXOJIEBBIE KIIETKH, JIaXK€ €CJIM X TaM BCEro ofHa Ha Muuidapia. B
pe3ynbTare HKCIEPUMEHTANbHO JO0Ka3aHO, YTO ATOT YWI CHOCOOEH BCEro IO HECKOJIbKUM
MUWUTWIMTPAM KPOBHM pPACMO3HATH PaK JIETKUX, MPOCTaThl, MOMKETYIOYHOW XKenes3bl, Ipyau Hu
KHILIEYHUKA.

[Ipy momomM cTaHAAPTHOW TEXHOJOTHUU TPABICHHS] W3TOTABIMBAIOT YHUIIBI, Ha KOTOPBIX
pasmemaercs 78 000 mukpockonuueckux crepxkHeil (Beicoto 100 mukpon kaxasiii). [lox
AIIEKTPOHHBIM MHKPOCKOIIOM 3Ta MOBEPXHOCTh BBIIVISIIUT KakK BBIPYOKa ¢ TOpYAlIMMH NEHbKaMHU.
Kaxxaplil BBICTYN MOKPBIBAIOT aHTUTENIOM K aIF€3MBHOM MOJIEKYJIE SIIUTENNAIbHBIX KIETOK, KOTOpast
MPUCYTCTBYET BO MHOTHX THIIAX PAKOBBIX KJIETOK, HO OTCYTCTBYET B OOBIUHBIX KJIE€TKaxX. JTa
MOJIeKyJIa HE0OX0JMMa PaKOBBIM KJIETKaM JJIsi B3aUMOZECHCTBUS APYT € APYroM NMpu GOPMUPOBAHUH
omyxonu. Eciam mpomyckaTb KpoBb MO UHUIY, LUPKYJIUPYIOLUIME B KPOBH OIYXOJIEBbIE KIETKH
IIPWINNAIOT K HINeHbKaM. [Ipy KIMHUYECKUX UCIIBITAHUAX ATOT YUl YCIIELIHO pacno3Hal paky 115
n3 116 manueHTos.

[ToMuMoO Bcero npodvero, MUpPOKOe PacIpoCTpaHEHHE TAKUX YUIIOB-Ia00pATOPHA paluKaIbHO
M3MEHUT CTOMMOCTh JMAarHOCTUKHM Oosie3Heil. B Hacrosimiee Bpemsi OMONCUS WIM XUMHYECKUI
aHaJIM3 MOXET CTOUTh HECKOJIBKO COTEH JIOJUIApPOB U MPOJOKAThCA HECKOIBbKO Helenb. B Oynymem
OHa, CKOpee Bcero, OyaeT OOXOAWThCS OyKBadbHO B KOTCHMKM W 3aHUMaTh HECKOJIBKO MHUHYT.
CKOpOCTh U TOCTYIHOCTbh AMATHOCTHKHU paka Pe3KO BBIPACTYT. MOXKHO NpPEACTaBUTh, K NMPUMEDY,
YTO KaX/bIil pa3 Mpu YUCTKE 3yOOB Mbl OyleM MPOXOAMTH TIIATEIbHYIO MPOBEPKY HA MHOXKECTBO
pas3HbIX OOJe3HEH, BKIIOYast pax.

Jlepoit Xyn (Leroy Hood) u ero xommerun u3 BammHITOHCKOTO YHUBEPCUTETA CO3/aId YHIT
pa3mMepoM OKoJI0 4 cM, CIOCOOHBINH OOHApPYKHUBATh ONpE/IETICHHbIE OEIKU M0 OJHON-eTUHCTBEHHON
Karuie KpoBH. benku — cTpouTenbHbIN MaTepuan >kKM3HU. Bce B HAC — MBIIIIBI, KOXa, BOJOCHI,
TOPMOHBI ¥ (EPMEHTHI — COCTOMT M3 OenkoB. Pa3paboTka TEXHONOTMM IOHMCKa OEJIKOB,
XapaKTepHBIX ISl pa3IMuHbIX OoJie3HEeW Bpoje paka, Moria Obl MPUBECTH K CO3/IaHUIO CUCTEMBI
paHHEro mpenynpexacHus. B Hacrosiee BpeMsi Takol 4yum CTOMT Bcero 10 LIEHTOB M MOXKET
OTpPEAETUTh KaKOM-TO KOHKPETHBIN OENOK B TEUYEeHHE JECATH MHUHYT; MOXKHO CKa3aTh, YTO OH B
HECKOJIbKO MWJIJIMOHOB pa3 Oojee »(PQeKTUBEH, YeM Mpeablaylias cUcreMa. XyA CUHUTAeT, 4To
HACTYIUT JEHb, KOTZa YHUI-aHAJIU3aTOp CMOXKET OBICTPO MPOBEPUTH COTHU ThICSIY OENKOB M
NpeoCTepedb YeI0BeKa OT MHOXKeCTBa 00JIe3Hel 3a HECKONBKO JIET /IO TOTo, KaK OHM MPUOOpeTyT
CKOJIbKO-HHOY/b CEphE3HBII Xapakrep.

Yrepoanbie HAHOTPYOKH

JIOBOJ'IBHO HarigAHOC TIPEACTABJICHHUE O MOIINH HAHOTEXHOJIOTHH MOXKHO IMOJIYy4YUTh IIpH



B3IVIS/I€ HA yIIIEpOJIHbIe HAHOTPYOKU. B mpuHIIMIIE N3BECTHO, YTO OHU NPOYHEE CTAIH U K TOMY XKe
MIPOBOJIAT 3JIEKTPUUYECTBO, UTO Cpa3y HABOAMUT Ha MBICIH 00 yriiepoAHbIX KoMibloTepax. Ho ecth u
npo6iemMa: il HaCTOSAIIEeH MPOYHOCTH TaKue TPYOKU JOIKHBI OBITh LETbHBIMH, & CaMbIi JJTMHHBIN
Ha CETOAHSIIHUN JeHb (PparMEeHT YUCTOrO YIVIEPOJHOTO BOJOKHA COCTaBISET B JUIMHY BCErO
HECKOJIbKO caHTHUMeTpoB. Ho korma-HHOYIb M3 YIIEPOAHBIX HAHOTPYOOK MOXHO OyneT nenarh
1eJIble KOMIIBIOTEPHI U UHbIE MOJIEKYISIPHBIE CTPYKTYPBHI.

VYreponHble HAHOTPYOKH COCTOST M3 OTAEIBHBIX aTOMOB YIJIEPOJA, COCAMHEHHBIX MEXIY
coboit B popme TpyOkwm. [lpencraBpre cebe OOBIYHYIO CATOBYIO CETKY, TJI€ KaXKJ0€ MPOBOJIOYHOE
MepEeKpPeCcTbe Mpe/CTaBiIseT coO0oi aroM yriepona. A Temeph CKaTaiiTe CeTKy B PYJIOH — U
MOJTyYUTE TEOMETPHIO YIVIepOAHOM HaHOTPYOKU. Takue HaHOTPYOKM BO3HHMKAIOT €CTECTBEHHBIM
00pa3oM BCAKHI pa3, Korna oOpasyeTcs MevHasi caka, HO Y4eHbIM HUKOT/JIa HE MIPUXOJIUIIO B TOJIOBY,
YTO aTOMBI YIJIEpOJia MOTYT CBSA3BIBATHCS €IE U B TAKOM HEOXKHUJaHHOW T€OMETPUH.

[ToucTrHe YynecCHBIMH CBOHCTBaMHU YIJIEPOJHBbIE HAHOTPYOKH O00s3aHBI CBOEWH AaTOMHOM
cTpykType. Kak npasuio, m000il TBEpIbplii KyCOK BEIeCTBA, CKa)K€M KaMEHb WM KYCOK JIepeBa,
NpeACTaBiIsieT coOON KOHITIOMEpaT U3 MHOXKECTBA MEPEKpPBIBAIOIIUXCS CTPYKTYp. B Takoil cmecu
JIETKO BO3HUKAIOT TPELIMHBI, a 3HAYUT, TaKUe MPEAMETHI JIerKo jomatoTcs. 13 atoro cnenyert, yro
IIPOYHOCTh BELIECTBA OIPENEISIETCS] HECOBEPIIEHCTBOM €r0 MOJIEKYISIpHOW CTpykTyphl. Ho He
BCErJ]a 3TO HECOBEPIICHCTBO 3aKJII0YAETCs] B HApPYIIEHUSAX MpaBUIbHOW cTpyKTyphl. K mpumepy,
rpadUT TOXKE MPEACTABISET COOOW YHUCTBIM yIepoJ, HO MBI 3HAEM, YTO 3TO OU€Hb MSATKHH
MaTepual, MOCKOJIbKY OH COCTOUT M3 CJIO€B YIIEpOAHBIX aroMmoB. CloM CBsI3aHBI MEXIY cO00M
crnabee, 4eM aTOMBbl BHYTPH CIIOsI, TJI€ KXl aTOM CBsI3aH C TPeMsI COCEJHHMHU, U MOTYT JIETKO
CKOJIB3UTh JIPYT I10 JAPYTY.

Anma3 — 3TO TOXE YMCTBIN yIIIEpOoA, HO OAHOBPEMEHHO 3TO CaMblil NMPOYHBIA MPUPOAHBIN
MUHEpaJl. ATOMBI yrjiepoAa B ajiMa3e OpPraHU30BaHbl B IJIOTHYIO KPUCTAINTMYECKYIO PELIETKY C
CUJIbHBIMH CBSI3SIMH, YTO U MPUIAET ITOMY MHHEPANy €ro (peHOMEHAIbHYIO MPOYHOCTh. TaK ke U
yIJIepOJHbIE HAHOTPYOKM OOS3aHbI CBOMMHU MOPA3UTEIbHBIMU CBOMCTBAMHU IMPAaBHJIBHON aTOMHOMN
CTPYKTYPE.

VYrieponHele HaHOTPYOKH IOCTENEHHO IMPOKIIAJbIBAIOT ceOe IMyTh B IPOMBIIUIEHHOCTb.
braromapst Xopormield NPOBOAMMOCTH M3 HHMX MOXHO JeJaTh KaOeau JUIsl MOIIHBIX JIMHUH
anekTponepenad. braronapst npouHOCTH MX MOXKHO MCHOJIB30BaTh JUIsl CO3/IaHUSI MaTepuaioB Oosee
IIPOYHBIX, YEM KEBJIap.

Opnako camoe BaXHOE, BO3MOXKHO, NPUMEHEHHE YIVIEpOJHblE HAHOTPYOKHM HalayT B
KOMITBIOTEPHOM JeJie. YITIEPO — OJUH U3 HECKOJIBKUX KaHIUAATOB HAa 3aMEHY KPEMHHUSI B KAUECTBE
OCHOBBI KOMITBIOTEPHBIX TexHoyoTui. He wuckioueHo, 4To Koraa-HuOydab Oymyiiee MHUpPOBOM
HKOHOMHKH OyJIeT 3aBHCETh OT OTBETA Ha BOIPOC: YTO 3aMEHUT KPEMHHUIA?

HOCﬂereMHI/IeBaﬂ JIoxa

Msl yxe roBOpwiIM, 4TO 3aKOH Mypa — QyHIaMeHT UHPOPMAIMOHHONW PEBOJIOIMH — HE
Oyznet paborarh BeuHo. He uckiroueHo, 4to cTpaHa, KOTOPOH yIacTcCsl MEepBOM HANTH MOJXOSIIYIO
3aMeHy KPeMHHUIO, Oy/IeT ONpeAessaTh CyIbObl MHUpa.

Korma pyxser 3akoH Mypa? DTOT BOIpPOC yK€ JaBHO COTPSICAET MHUPOBYIO DKOHOMHKY. B
2007 r. camoro I'opnona Mypa cripocuiii, CMOXET JIM 3HAMEHUTBIN 3aKOH, Ha3BaHHBIN €0 HMEHEM,
pabotats Becerna. «Pasymeercs, HeT», — cka3as Myp u npenckasai, 4To ero AeHCTBHE IPEKPaTUTCs
4yepes ACCATh-IIATHAILATS JIET.

[IpumepHO Tak K€ OLEHWI NEPCHEKTUBBI KOMIbIOTEpHOW oTpacau [laono I'apaunwy,
coTpyaHuk ¢upmsbl Intel, oTBevaromuit 3a BHemHue uccienosanus. Ilockonbky Intel Corporation
3a7aeT TOH BCEH MOJYNPOBOJHUKOBOM TNPOMBINIJIEHHOCTH, CJIoBa [apavHM IOABEPIIINCH
TiiatensHoMy aHanusy. B 2004 r. Ha exeromHoil koHdepenuuu Semicon West oH ckazan: «Mbl
ITIOHUMAEM, 4YTO MOXKEM IPOZEpKaThCA Ha 3akoHe Mypa elie no KpalHeW Mepe JeT MATHAILATh-
JIBAJILIATDY.

JIBroKy1iel CUiIoN HbIHEITHEN PEBOJIFOIIMN B MUPE KPEMHHUEBBIX KOMIIBIOTEPOB SBISAETCSA OIUH



MPUHIMITHATBHBIA (akT: cmocOOHOCTh YD-u3myueHUs HAHOCUTh Ha KPEMHHEBYIO TOIJIOKKY BCE
Oonee u Oojee MHHMATIOPHBIE TPAH3MCTOPBI, KOTOpbIE 3aTeM BbITpaBiuBalOTCS. CeroaHs B
nporeccope Pentium Ha ruiomagy pa3sMepoM C HOTOTh MOXET YMECTHUTHCS HECKOJIBKO COTEH
MUJUTMOHOB TpaH3UCTOPOB. [I0CKONbKy 1iMHYy BOJIHBI YD-U31y4eHUsT MOXKHO YMEHBIIUTH 10 10 HM,
TEXHOJIOTHSI TPABJICHUSI MMO3BOJISIET MOIy4aTh KOMIIOHEHTHI Bcero 1o 30 aroMoB B nornepeunuke. Ho
MpoLEeCcC MUHUATIOPU3AUU HE MOXKET MPOAOIIKATHCS BEYHO. PaHO MM MO3/IHO OH OCTAaHOBUTCS T10
HECKOJIbKUM MPUYHHAM.

Bo-niepBbIX Terio, BBIAEISAEMOE MOIIHBIMU MHKPOCXEMaMH, PAaHO WIHM TO3JHO HAYyHET HX
m1aBuTh. [103TOMY He TOAUTCS MPEAJIOKEHHOE KEM-TO HaUBHOE PEIICHHE — HAJIOKUTh HECKOJIBKO
MHUKPOCXEM OJIHa Ha JPYTrylo, co3faB Kyondeckuil yun. Jla, 3To yBeIMYUT MOIIHOCTh MpOIleccopa,
HO JIMIIb IIEHON OOMNBIIEro TeruioBbiaeneHus. KyOudeckuil uum BBIJENIeT TaK MHOTO apa, 4To Ha
HEM MOXXHO TPHUTOTOBUTH sSUYHHIYY. K ToMy ke KyOmdeckas ¢dopma 3aTpyaHSET TEIUIO0OMEH,
MOCKOJIBKY M3 BCEX MapalljieNieluIeoB Ky0 HMeeT MHUHUMAIbHYIO IUIOMAAh TOBEPXHOCTH.
[IpencraBpTe: ecnu yBeTWYUTh CTOPOHY KyOa BABOE, TO €ro o0beM (a 3HAUWT, W BBHIACIAEMOE MM
TEIJI0) BBIPACTET B BOCEMb Pa3, a IJIOMIA/Ib MOBEPXHOCTH — TOJIBKO BUETBEPO. ITO 3HAUUT, YTO Y
KyOMYEeCKOro 4uIla KOJIMYECTBO BBIACISEMOro TeIUla C YBEJIWYEHHEM pa3MEepOB PpAacTET BIBOE
ObICTpee, 4YeM BO3MOXKHOCTh OXJaxaeHus. OueBUAHO, KyOMUECKHE YHIBI — BCEro JHUIIb
YaCTUYHOE, BPEMEHHOE PellIeHUE MPOOIEeMBbI.

Koe-xTto mpeanaran wucnoiab30BaTh ISl TPaBIEHUS MHKpocxeM He Y@D-uznyueHue, a
peHTreHoBckue ny4yd. B mpuHnumne 310 Momio Obl cpaboTarh, MOCKOJIBKY JUIMHA BOJHBI Y
PEHTI'€HOBCKOTO M3iydeHus: MoxeT ObITh B 100 pa3 mMeHsblie, yeM y ynpTpaduosieroBoro csera. Ho
3a Bce Hano muiatuth. [Ipu mepexoge ¢ Y@ Ha peHTreH SHEPrus Jiyda TakKe YBEIMYHUBaETCs
npuMepHo B 100 pa3. D10 03HAUaET, YTO TPABJIEHUE PEHTTEHOBCKUM M3IyYEHHUEM MOXKET IONPOCTY
MOTYOUTH TIOJIJIOKKY, HAa KOTOPOH BBI MBITAETECh YTO-TO M300pa3uTh. [IOMBITKY IPUMEHUTH PEHTTEH
JUIsE TUTOrpadud MOXKHO CPaBHHUTH C TIOMBITKOM XYJOXKHUKA HM3BasATh TOHKYIO CKYIBITYpPY IMPHU
MOMOIIIM TasUIbHOM JiaMIibl. PeHTreHoBckas nutorpadus TpeOyeT CTpoKaWIIero KOHTPOJIS BCEX
MapaMeTPOB U MOXKET CIIYKUTb JIUIIb BPEMEHHBIM PEIICHUEM.

Bo-BTOphIX, cyliecTByeT (QyHAaMeHTajdbHas IMpoOiieMa, MPOUCTEeKaronasi HermoCPEeICTBEHHO
M3 KBAaHTOBOM TEOPHH: MPUHIIMII HEOMPEAENEHHOCTH, KOTOPBIM YTBEpPXKIAET, UYTO HENb3sl TOYHO
3HaTh OJIHOBPEMEHHO IOJIOKEHHE M CKOPOCTh aToOMa WJIM YacTUllbl. B cerogusmiHeM mporeccope
Pentium tonmmna cnost cocrapmnsieT okono 30 aromoB. K 2020 1. 0oHa MOXKET YMEHBIITUTHCS 0 MATH
aTOMOB; TIpU O3TOM DJEKTPOHBI, M3-32 HEONPEAENIEHHOCTH CBOETO0 TOJOXKEHUS, HaYHYT
MPOCAYMBATLCSA CKBO3b CIIOM, BBI3bIBAs KOPOTKOE 3aMbIKaHHe. TakuM oOpaszom, IS pa3mepa
KPEMHHUEBBIX KOMITBIOTEPOB CYIIIECTBYET KBAHTOBOE OTpaHUUYEHUE.

Kak s yxe ynomunain, B cBoeM obpamenuu k 3000 myummx uHxeHepoB Microsoft B mra6-
KBapTHpe KommaHuu B CHUdTie S chenaj akIeHT Ha IpobjemMe MpeKpalieHusl NeHCTBUS 3akoHa
Mypa. Jlydiie TBOPIBI MPOTPAMMHOTO O0eCTeUeHHs MPU3HAINUCH MHE, YTO B HACTOSIIEE BPEeMs
KOMITaHUSl BOCIIPUHHMMAET 3Ty MpPOOJeMy OYEeHb CEphe3HO, M OJHO W3 OCHOBHBIX MpPEIaraeMbIX
pelieHnit — mapaiienbHas oopaboTka gaHHbIX. [IpocTeiinmii cnocod peaan3oBaTh TaKyl CXeMy
— TIOCTaBUTh B Mapajulesib HECKOJBKO MPOILIECCOPOB M pa3OMBaTh Ka)AyIO 3aJady Ha 4acTH, a
3areM, B KOHIIE, BHOBb COOUpATh Pe3yibTarT.

[TapamnensHass oOpaboTKa NaHHBIX — OJHA W3 KJIIOUYEBBIX OCOOCHHOCTEHW pabOTHl HAIIETO
Mo3ra. Ecnu cHATH ¢ paboTaroiiero Mo3ra MarHUTHO-PE30HAHCHYIO TOMOTPaMMY, BBISICHUTCS, YTO
OJTHOBPEMEHHO BKJIIOUYAETCS HECKOJBKO PAa3HbIX YYacTKOB. DJTO O3HAuYaeT, 4TO MO3T pa30uBaeT
3alady Ha MAaJ€HbKHE KYCOYKM UM peIIaeT UX OJHOBpeMEHHO. VIMEHHO mMOo3TOMY HEHpPOHBI
(mepenaromye SIIEKTPUUECKUE CUTHAJBI ¢ KpailHe HU3KOW CKOpOCThI0 — okojio 100 mMeTpoB B
CEeKyHJly) MOTyT paboTarh IIydllle CyMEepKOMIIbIOTEpPa, B KOTOPOM CHTHAIBl OEraroT MOYTH CO
CKOpoCThbiO cBeTa. [IpourpeiBas B CKOpPOCTH, YEJIOBEUECKHH MO3r OepeT TeM, 4TO MpPOBOJUT
MUJUTHAP/IBI KPOLIEUHBIX Ollepaluii OJHOBPEMEHHO, a 3aT€M CBOAUT PE3YJIbTAaThl BOSIUHO.

TpyaHoCTh ¢ TapaienbHON 00pabOTKOW JaHHBIX COCTOMT B TOM, YTO KaXKIYIO 3a/aqy
HEOoOXOMMO TMpeIBapUTENHLHO pa30UTh HA HECKONbKO YacTeil. 3areM dYacTu 00padaThIBarOTCs
Pa3HBIMU MIPOLIECCOPAMH, a B KOHIIE BCE 3TO BHOBb COOUPAETCS] BOSIUHO.



Koopaunarus pa3OuBKY U COOPKU MOXKET OKa3aThbCsl YPE3BBIYANHO CIIOKHBIM JI€JIOM, IIPUYEM
3Ta MpoIeaypa CUIBHO 3aBUCUT OT KOHKPETHOMW 3aJau; YHHUBEPCAJIBHBIN aJTOPUTM HAWTH OYEHb
TpyaHo. YenoBeuecknii MO3T jAenaeT 3T0 0e3 3aMETHBIX YCHJIMH, HO MaTb-IpUpOJa pacrosnaraia
MUJUJIMOHAMM JIET JUIs pelleHusl ATOM 3a/Ja4yM, a Hallld MPOTrpaMMUCTBI padOoTaloT Haja HEH BCEro
OKOJIO JIECATH JIET.

ATOMHBIE TPAH3UCTOPbI

OpnHa 13 BO3MOXHBIX 3aMEH KPEMHHEBBIX YUIIOB — TPaH3UCTOPBI, COOPaHHBIE U3 OTAEIbHBIX
aromoB. Eciii kpeMHHEBbIE TPAH3UCTOPHI HAUMHAIOT OTKA3bIBATh, IOCKOJIBKY NMMPOBOAHUKH U CIIOU B
MHUKPOCXEMaX YMEHBLIAIOTCS /10 aTOMHBIX pa3MepoB, TO MoyeMy Obl HE HauyaTh BCE 3aHOBO M HE
HAy4YHUTbCS CUMTATh Ha aToMax?

B uactHOCTH, YTO-TO TOAOOHOE MOXKHO peajM30BaThb HA MOJEKYISIPHBIX TPAH3UCTOPAX.
TpaH3uCTOp — 3TO KIJIIOY, MO3BOJISIONIMN KOHTPOJIUPOBATh TOK MO NMPOBOAHUKY. BooOlie rosops,
KPEMHUEBBIM TPAH3UCTOP MOXHO 3aMEHUTh OJHOHN CJIOXHOW MOJIEKYJIONM WM, BEpHEE, IBYMs
MEXaHWYEeCKU CBSI3aHHBIMU MOJIEKYIaMH, TAKUMH, K IPUMEpPY, KaK poTakcaH U TuoeHon. Buenixne
MoJIeKyJla THO(EHOJa BBINIAIUT KakK JJIUHHAs TaHTeJIeBHJHAs TpyOKa C KOJIBLIEBOM «PyudKOM»
nocepeuHe. B 0OBIYHBIX YCIOBHSX 3JIEKTPUYECTBO CBOOOHO MPOXOIUT CKBO3b TPYOKY, Jenas ee
npoBozsmeil. Ho ecin «1moBepHyTh pydKy», 3J€KTpUUECKUA TOK OyneT nepekpbIT. Takum oOpaszom,
MoJieKyJa JAEWCTBYeT KakK KIII0Y, KOHTPOJUPYIOLIMI NpOTeKaHHE 3JIeKTpUYecKoro Toka. Ecmu
Ha3BaTh COCTOSIHME, KOTJAa TOK IIPOXOJUT YEPE3 MOJIEKYIy, «1», a 3aneproe cocrossHue — «O», TO
MOJTYYUTCS, YTO MPHU MOMOUIM BCErO OJHON COCTaBHOM MOJIEKYIbl MOXKHO IepenaBaTh LU(POBbIE
COOOIIEeHUS.

MornexynspHble TPAaH3UCTOPHI YK€ CYIIECTBYIOT. HECKONIBKO KPYIHBIX KOPIOpauid 00bSIBUIIO
0 CO3/1aHUU TPAH3UCTOPOB Ha 0a3e OTAETBHBIX MOJIeKylT. OHAKO O KOMMEPUYECKOM HCIIOJIb30BaHUN
TOBOPUTH TOKa paHO; MpPEeXkIe HEOOXOAMMO HAYYUTHCS KOPPEKTHO BKJIIOYATh 3TH yCTpPOMCTBA B
AIIEKTPUYECKYIO IIEeTb, a TAKXKE pa3padoTaTh TEXHOJIOTHIO UX MAaCCOBOTO MPOU3BOCTBA.

[lepcrieKTUBHBIN KaHAMIAT HA POJIb MOJIEKYJISIPHOTO TPaH3UCTOpa UMEETCS B KJIacCe BEIIECTB,
MOJYYMBIIUX Ha3BaHUE TpadeHOB, KOTOpbIE BIEpBble BbIACTWIN U3 rpadpurta B 2004 r. Anapeit
I'eitm u Koncrantun HoBocenoB n3 MaHuecTepCcKOro yHUBEPCUTETA, YIOCTOSHHBIE 32 CBOIO padoTy
HoGenesckoit npemun. ['pacdeH HarmoMuHaeT OMHOYHBIN €10H rpaduTta. B ominyne oT yriepoaHbix
HaHOTPYOOK, KOTOPBIC NPEACTABISAIOT CO00W TpadUTOBOE IOJOTHO, CKPYYEHHOE B JJTMHHYIO
TOHKYIO TpYOKY, rpadeH — IIJIOCKOE YIJIEPOIHOE MOJIOTHO TOJIIIMHON Bcero B ouH aroM. Ilogo6Ho
YIJIEPOJHBIM HAaHOTPYOKaM, rpadeH — HOBOE COCTOSHUE BEIIECTBA, U ceiliuac yueHble pa3ouparorcs
B €r0 YAMBHUTEIBHBIX CBOMCTBAX, BKIIOYAs M 3JIEKTPUUYECKYIO MPOBOAUMOCTb. «C TOUKH 3pEHHUS
¢usukn rpagen — mpocto 3os0Tas Kuia. Ero MoXXHO u3ydaTh OECKOHEYHO», — 3aMedaer
HoBocenos. (Kpome Ttoro, rpageH — camblii NMpouHBI Marepuan, ¢ KOTOPbIM JO CHX IIOp
CTaJIKMBaJIach Hayka. Eciy momMecTuTh ClioHa Ha KapaHJall U MOCTaBUTh KapaHAall Ha rpadeHoBoe
MOJIOTHO, OHO HE MOPBETCSL.)

I'pynne HoBocenoBa ynanoch NMpH HNOMOIIM CTAaHJAPTHOM TEXHOJOTWH, HCIOIb3YeMOH B
IIPOU3BOJACTBE KOMIIBIOTEPOB, BBIPE3aTh CaMbl€ MaJIEHbKHE, HABEPHOE, U3BECTHBIE HA CETOAHAIIHUN
JIeHb TpaH3uCTOpHL. [Ipy moMoIy y3Koro mydka 3JIEKTPOHOB MOYKHO BbIpe3aTh B rpad)eHe KaHaJbl,
co3aBasi TAKUM 00pa3oM TPAH3UCTOPBI TOJIIUHON B OJUH aTOM U JIECATh aTOMOB B IOIEPEUHUKE.
(B Hacrosiiee Bpemsi caMble MalleHbKHE MOJICKYIISIPHBIE TPAaH3UCTOPHI UMEIOT pazmep okosio 30 HM.
Camble Menkue TpaH3ucTopbl HoBocenoBa momyuminnch enie B TpUALATE Pa3 MEHBIIIE. )

OtH TpadeHOBBIC TPAH3UCTOPHI HACTOJIBKO Mallbl, YTO TPEICTaBISAIOT COO0N aOCONMFOTHBIN
npeaes sl MOJISKYIISIpHBIX TPaH3UCTOPOB BooOIe. Eciu caenars TpaH3UCTOD elle MeHbIIIe, B JIENI0
BCTYIUT NMPUHIUI HEONPEIEICHHOCTH U HAYHETCS yTeuKa 3JIEKTPOHOB. «MeHblle 3Toro, noxanyi,
YK€ HE MOJIy4HIIbY», — roBopuT HoBocenos.

Ha ponb MonekynsipHOro TpaH3UCTOpAa €CTb W Jpyrue MEepCleKTHBHbIE KaHAWIAThl, HO
HacTosIIas npodiema 37ech Kyaa 0ojee mpu3eMIIeHHas: Kak MOAKII0YaTh UX B LIENb U KaK cOOMpaTh
U3 HHUX KOMMEPUECKH >KM3HECHOCOOHBIH MpoAyKT. [leno B ToM, 4YTO Majio co31aThb OAHH



MOJIEKYJISIPHBIA TpaH3UCTOp. MOJEKYISIpHBIMU TPAaH3UCTOPAMU OYEHb TPYIHO MAHUIYJIUPOBATH,
YTO caMo 10 cebe AO0CTATOYHO OYCBUIAHO, — BEAb OHHU MOTYT OBITH B TBHICAYH pa3 TOHBLIC
YeJI0BEYECKOro Bosoca. [lpuayMaTs TEXHOJIOTMIO MX MacCOBOTO NPOM3BOJICTBA — CIIOJKHEWIIAs
3aJlaya, ¥ B HaCTOALIee BpeMsl TAaKOW TEXHOJIOTUU HE CYIIECTBYET.

K npumepy, rpageH — HACTONBKO HOBBIM MaTepHal, 4To MOKa HEe SICHO, KAaK MOYKHO TOJIYYUTh
ero B OOJIbIIMX KOJUYECTBAaX. YUEHblE MOTYT M3rOTOBUTH JHIIbL Ookosio 0, 1 MM yucToro rpagena,
YTO, KOHEYHO K€, CJIMIIKOM MaJjo JJii KOMMepUYecKoro npumeHeHust. OctaeTcsi HaleaThCsl JUIIb Ha
TO, YTO KOTJA-HUOyAh OyAeT HaijeH mporecc caMOCOOPKH MOJICKYISIPHBIX TPaH3UCTOPOB. B
MPHUPOJIE UHOT/IA BCTPEUYAIOTCS TPYIIIBI MOJIEKYN, CAMOOPTaHU30BABIINECS, OYATO MO BOJIIIESOCTBY, B
UIeaTbHYI0 CTPYKTYpY. Jlo CHX TOp HHKOMY HE yIajdoCh HAJCKHO BOCIPOU3BECTH MOTO0OHBIN
mporuecc.

KBaHTOBbIE KOMIILIOTEPLI

Camoe, moxanyii, amMOWIIMO3HOE NPEUIOKEHHE COCTOUT B TOM, UYTOOBI HCHOIBH30BATH
KBaHTOBBIC KOMITHIOTEPHI, BEIYMCICHUS B KOTOPBIX MPOBOIATCS Ha OTACIBHBIX aromax. Hexoropsie
Y4EHbIE€ YTBEPHKIAIOT, YTO KBAHTOBBIE KOMIIBIOTEPHI — HJI€AJl U KOHEUHAs 11€J1b, IOCKOJIbKY aTOM —
MeJpYaiIas eIMHNIA, Ha KOTOPOU MOKHO MPOU3BOINTH BBIUYMCIICHUSI.

ATOM MOXO0X Ha KPYTSIIHUICS BOIYOK. B pUHIIKIIE MOXKHO XPaHUTh MUGPOBYIO UHPOPMAITIIO
B TPyNNE KPYTANIUXCA BOJYKOB, €CJIM YCJIOBHO CYUTATh BOJYOK, BPAIIAFOIIUICS 1O YacOBOMN
cTpenke, mudpoit 0, a mpoTuB 4acoBoil crpenku — nudpoit 1. Ecam BeI mepeBepHETe OAUH U3
BOTUKOB, 0 cMeHHTCS | (MM HA00OPOT) U MOYYUTCS, YTO BBl TIPOU3BEH HEKOE JICHCTBYE.

Ho B cTpaHHOM KBaHTOBOM MHpE aTOM B KaKOM-TO CMBICJIE BpallaeTCsi OAHOBPEMEHHO U IO
4aCOBOM CTpeJike, ¥ MpoTuB Hee. (MBI MOMHUM, YTO B KBAHTOBOM MHPE HaXOAUTHCS OTHOBPEMEHHO
B HECKOJBKMX MECTaX CuMTaercs HopMmaiabHbIM.) [loaTOMY monydaercsi, 4To aTOM MOXKET XpaHUTh
3HaYUTENbHO Oousbmie mH(Opmarmu, yem npocto 0 wm 1. Ero cocTosiHME MOXET ONHUCHIBATh
npousBoibHYI0O cMechb 0 m 1. Tak 4YTO KBAaHTOBBIE KOMIBIOTEpPHI IMOJNB3YIOTCS HE OUTaMu, a
«xyoutamm» nHpopmanuu. K npumepy, Kakoil-T0 KOHKpETHBIH aTOM MOXET KpyTHThCs Ha 25 % 1o
u Ha 75 % mpoTuB 4acoBou cTpenku. [loHATHO, YTO MHGOPMAIH 3€Ch Kyaa OOMbIIE, YeM OIHH
ouT.

KBaHTOBBIE KOMIBIOTEPHI HACTOJIBKO MOUIHBI, 4TO [IPY yxke nymaer o moTeHUMAIbHOU
BO3MOYKHOCTH HCIOJIb30BaTh UX Ui B3JIoMa KOAOB. B cymHocTtu, B31oM mudpa a000H CTpaHbl
MHUpa CBOJUTCS K TMOUCKY KJII0Ya, a KIIOYH K COBPEMEHHBIM MIU(ppaM yCTPOECHBI Upe3BBIYANHO
xutpo. K mpumepy, Kitod MOXET OBbITh OCHOBaH Ha PA3IOKEHHH HEKOEro OOJIBIIOTO Yucia Ha
MHOXuTenu. KoneuHo, yucino 21 nerko mnpeactaBuTh Kak mpousBeneHue 3 u 7. A Tenepb
MPEACTaBbTE, YTO y BAaC €CTh IEJI0€ YMCI0 W3 cTa NU(p W BaM HYKHO TNPEICTABUTHh €r0 Kak
MPOU3BEICHUE ABYX APYTUX IENbIX Yyucel. Y mu(poBOro KOMIbIOTEPA Ha TAKYIO OMEPAIMIO MOXKET
YUTH JIET CTO. A BOT KBAaHTOBBIA KOMITHIOTEP Oy/I€T HACTOIBKO MOIIHBIM, YTO CMOXKET B MPUHIIUTIIC
JIETKO B3JIOMATh JIt000# 1o 00HbIH mudp. Booobiie, Ha mom00HBIX 3a1a9aX KBAHTOBBIN KOMITBIOTED
JIETKO OOTOHSIET OOBIYHBIH.

KBaHTOBBIE KOMITBIOTEPHl — HE (DAHTACTUKA, OHU YXKE CYIIECTBYIOT. Sl CBOMMH Tiiazamu
BHJIETT KBAaHTOBBIM KoMIIbIOTEp, Koraa Obi1 B MTU B maGopatopuu Ceta Jlnoiina (Seth Lloyd),
OJTHOTO M3 MUOHEPOB B 3TOM obOmactu. Ero maboparopus 3a0uTa KOMITBIOTEPAMH, BaKyyMHBIMH
HAcoCaMH M JaTYMKaMH, HO CaMO€ IJIaBHOE B €ro HKCIIEPUMEHTE — OTO MallliHa, BHEITHE
HarlOMUHAIOIas CTaHAapTHHIN ammapar mist MPT, Tonpko B ymeHbIIeHHOM Macmitabe. Kak u B
MPT-anmapare, B ycTpoictBe Jlnolina wumeercs aBe OonblIMe KaTyIIKH, CO3JalolIue B
MPOCTPAHCTBE MEXIYy HUMHU OIHOPOJHOE MAarHUTHOE IOJie, B KOTOpoe moMmerniaercs oopasen. Ocu
BCEX aroMOB B oOpa3slie MapajljiesibHbl, aTOMbl CTOAT KaK Bpallamomuecs Bod4kd. Ecinu atom
CMOTPUT BBepX, OH coorBerctByeT 0, ecnmu BHM3 — 1. Jlmoiim moceutaer B oOpaszen
MEKTPOMArHUTHBIA ~ WMITYJIbC, HW3MEHSIIONIMN  TIOJOKeHHWe aroMoB. HekoTopele w©3 HHX
nepeBopaynBaroTcs, T. €. | mpeBparaercs B 0, unu Ha060poT. Takum 0O6pa3oM MalrHa MPOU3Bena
HEKOE BBIYUCIUTEIHHOE ICUCTBHE.



Tak moyeMy Ha HalllMX CTOJAX JIO0 CUX IOP HE CTOAT KBaHTOBBIE KOMIBIOTEPHI? [louemy He Bce
mHU@pbl pacKpbITH U HE Bce 3aragku BcenenHoil pasraganpl? JInoW npu3HaiCs MHE: HacTOSIIAS
npobieMa ¢ KBAHTOBBIMM KOMIIBIOTEpAMM 3aKIIOYAETCSl BO BHEUIHMX pa3ApakKUTENsX, KOTOpbIE
OYEHb JIETKO HApYyHIalOT XPYIKOE PABHOBECHE aTOMOB U HM30aBUTHCS OT KOTOPHIX HEOOBIYANHO
CJIO’KHO.

Kornma arombl «KOTepeHTHB» M KOJEOIIOTCS CHHXPOHHO JAPYr C JAPYroM, X paBHOBECHE
HACTOJIBKO TOHKO, YTO OT HAaMMEIBYaMIIMX BHEIIHUX [OMEX CHHXPOHHOCTb HapyLIAeTCsl U OHU
«JieKorepupyro. Jlaxe mposer KOCMUYECKON YacTHIIbI WM TPY30BHUK IOJ] OKHAMU J1a00paTopuu
MOXET HapyIIUTh KOT€PEHTHOCTh aTOMOB U MOTYOUTH BBIUMCIICHUS.

[Ipobnema HapylieHUsI KOTEPEHTHOCTH — CaMblii CEpbe3HBbIH Oapbep Ha MYTH CO3/aHUs
KBAaHTOBBIX KOMITBIOTEpOB. Bceskuii, KTO cymeeT ee pemmTh, HE TONbKO HonyduT HoOeneBckyro
MIPEMHUIO, HO U CTaHEeT OoraTreiimmM 4eJI0BEKOM Ha CBETE.

MoxxHo 0e3 Tpyna HpeACTaBUTh, YTO CO3JAaHHE KBAHTOBBIX KOMITBIOTEPOB M3 OTHEIbHBIX
KOTEPEHTHBIX aTOMOB — TSDKENbIM MpPOLECC, IOCKOJIbKY aTOMBl OBICTPO JIEKOTEPUPYIOT U
cobuBatorcs ¢ putMma. J[o cux Mmop caMbIM CIOXKHBIM BBIYMCIICHHEM, KOTOPOE yNajJoCh MPOBECTH Ha
KBAaHTOBOM KOMIIbIOTEpE, sBIsAEeTCS 3x5=15. BRINISIAUT, KOHEYHO, HECOIUIHO, HO BCIIOMHHUTE: 3TO
BBIYHCJIEHHUE ITPOU3BEIECHO HA OTAEJIBHBIX aTOMaXx.

CymecTByeT M ele OAHa CTpaHHas mpobiema, Oepyiias Hayalo B KBAaHTOBOW TEOPHH U
KOHKPETHO B IIPUHLIUIIE HEONPEACIECHHOCTH. Bce BBIUMCIIEHHS, MPOBENEHHBIE HA KBAHTOBBIX
KOMITbIOTEpax, 10 CyTH CBOEH 00aJal0T HEKOM HEOoNpeneIeHHOCThIO, TaK YTO JIF000€ BHIYHMCICHHUE
HEOOXOIMMO TPOBOUTH MHOXECTBO pa3. J{BaXkabl IUTIOC ABa OyleT yeThIpe... M0 KpailHel mepe
uHorna. Ecnu mOBTOPUTH 3Ty OINEpalyio MHOTO pa3, OTBET YCPEIHUTCS U Bbl JIEHCTBUTEIBHO
noinyuure 4. Tak 4uro naxe apudMeTHKa Ha KBAHTOBOM KOMIIBIOTEPE CTAHOBUTCS KaKOH-TO
pacIUIBIBYATOM.

Huxto He 3Haet, korna Oyner pemieHa npoOiema aexorepeHTHoctd. Bunton Cepd (Vinton
Cerf), omun u3 cosmareneit MurtepHera, mpenckaseiBaeT: «K 2050 . MBI HaBepHsKa HanaeM
CrOCOOBI MTPOBOJAUTH KBAHTOBBIE PACUETHI IPU KOMHATHOU TEMIIEPATYPE».

HeoOxoqumo Takke yka3aTh, YTO CTaBKM B 3TOM WMIpe HACTOJIBKO BBICOKH, YTO Yy4YE€HbBIE
OJJHOBPEMEHHO HCCJIEYIOT HECKOJIBKO DPA3HOBHJIHOCTEM HOBBIX KOMIBIOTEPOB. Ilepeuncium
HEKOTOPBIE U3 KOHKYPUPYIOIINX KOHCTPYKIIHMA.

*OnTrnyeckre KOMNBIOTEPHbI . DTH KOMIIBIOTEPHI CUUTAOT CKOPEE Ha CBETOBBIX JIydaX, 4YeM
Ha 3JeKkTpoHax. [loCKonbKy Jydn cBeTa CHOCOOHBI MPOXOAWUTH CKBO3b JPYT ApYyra, ONTHUYECKHUE
KOMITBIOTEPHl OOEILIAIOT TO MPEUMYIIECTBO, UYTO MX MOXKHO OyleT crenarh KyOmdeckumu, Oe3
BCAKMX NpoBoJoB. Kpome TOro, sazeppl MOXHO H3rOTaBIMBATh IPU IIOMOIIM BCE TOH ke
auTorpaduyeckod TEXHOJIOTHHM TPABIEHUS, YTO U OOBIYHBIE CETOAHSIIHUE TPAH3UCTOPHI, TaK YTO
TEOPETUYECKU HaA OJHY MOJIOKKY MOXKHO BIIMXHYTh MUJUIMOHBI JIA3€POB.

*KomnboTepbl Ha KBAHTOBOM TOYKe . V3 MOTynpoBOJHUKOBOTO Marepuaia, HCIoJIb3yeMOro
B MHUKPOCXEMax, MOXXHO BBITPABUTb KPOXOTHBIE TOYKH, HACTOJIBKO MAJICHBKHE, YTO COAEpXKaAT, K
npumepy, Bcero no 100 aromos. [Ipu Takom pasmepe TOUYKM aTOMBI MOTYT CTAaTh KOT€PEHTHBIMHU U
BUOpupoBaTh B yHHUCOH. B 2009 r. Oblna monmy4yeHa camasi MajieHbKas B MUpPE KBAaHTOBas TOUKa,
cocTosiias U3 OAHOro aroma. BooOmie, KBaHTOBbIE TOUKHM YK€ JOKa3ajdH CBOIO IOJIE3HOCTH B
CBETOM3JIYUYAIOIIMX JUO0JaX U KOMIBIOTEPHBIX SKpaHax. B Oyayiiem, ecinyu Mbl HayduMcsi KOPPEKTHO
o0palarbCsi ¢ TAKUMH TOYKaMU, U3 HUX MOXKET MOJIYYUThCS JJake KBAHTOBBIA KOMITBIOTED.

*Komnbiorepsl Ha ocHoBe JIHK . IlepBbiii kommbiorep Ha ocHoBe JIHK-monekynsl Obln
uzrotossieH B 1994 r. B Yuusepcutere FOxHoi Kamudopuuu. IMockonsky mute JJHK konupyet
MH(POPMALIMIO MIPU MOMOIIM aMUHOKHCIOT, o0o3HayaeMblx OykBamu A, T, C, G, BMecTo Hyjel u
€IMHULl, €€ MOXKHO PacCMaTpHUBaTh KaK OOBIYHYIO KOMIIBIOTEPHYIO 3alllCh, TOJIBKO OOJIEe eMKYIO.
Ecnu oObIYHBIN KOMIIBIOTEP MPOU3BOAUT ONEPALUHU C OONBIIMMHU YHCIAMU ITOCPEACTBOM CIBUTOB U
MIEPECTAHOBOK, TO AaHAJIOTOBBIE OMNEpPallMd MOXKHO MPOU3BOAUTH (PU3UUYECKH, CMEIIMBas B
npoOupKax >KUIKOCTH, coeprxkaiire Moekynsl JIHK, koTopbie MOXXHO BCAYECKHU pe3aTh U CIIUBATh.
[Ipomiecc uaeT MemieHHO, HO OMHOBPEMEHHO paboTaer Tak mMHoro moiekyn JIHK, uto HekoTopsie



BBIUMCIICHUS] TaKUM OOpa3oM IPOM3BOIUTH BBITOJIHEE, YeM Ha LU(POBOM KOMIIbIOTepe. XOTH,
KOHEYHO, IIU(POBOI KOMIIBIOTEP YI0OHEE: €r0 MOXHO IIOMECTUTh B KOPILYC COTOBOTO TenedoHa, a
i pabotsl JIHK-koMmnbroTepa Hajo cmemmBath B npobupkax JIHK-coneprkaiune sKuaKoCcTH.

CepeauHa Beka
(2030-2070 rr.)

HN3menenne popmbl

B ¢punsme «Tepmunarop-2: CynHslil 1eHb» poOoTa B ucnionneHuu ApHonsaa [lIBapuenerrepa
aTaKkyer poOoT Oojee MpoABHMHYTOW Mozaenu u3 Oymaymiero, Hekwil T-1000, u3rotoBiIeHHBIA W3
KHUJIKOTO MeTauia. B HeoOpMIEHHOM COCTOSHUM 3TOT pOOOT HAMOMUHAET APOXKAIIYI0 Maccy
KHUJIKOM PTYTH; OH CIIOCOOEH NMPOU3BOJIBLHO U3MEHATH (OPMY M IMPOCAYMBATHCA CKBO3b JIHOOBIE
npensaTcTBUs. OH MOXKET MPOHUKHYTh B KPOXOTHYIO HIEJb U MPEBPATUTh B CMEPTEIBLHOE OPYKHUE
COOCTBEHHBIE PYKH W HOTH, a 3aTeM BHE3allHO BEpHYTh cebe MepBOHaYalbHYI0 (OpMy H
MPOAOJDKUTE CBOHM yOuiicTBeHHBIH myTh. Kaxkercs, uto T-1000—->To wuaeanpHas MalivHa IS
yOuiicTBa M OCTAHOBUTH €€ HEBO3MOXKHO.

Koneuno, Bce 310 ¢anTacTrka. CEromHSIIHIS TEXHOJOTHS HE TO3BOJSET MPOHU3BOILHO
U3MEHATh (opMy TBepHoro oowekra. Tem He MeHee K cepeAMHE BeKa TEXHOJOTUS W3MEHEHHS
(GbOopMBI B KaKOM-TO BHJIE€ MOXKET BOMTH B Haml ObIT. M1 3T0 HE MPOCTO Pa3roBOPHI; AOCTATOYHO
CKa3aTh, YTO CPE/IM OCHOBHBIX KOMITAHWUM, 3aHATHIX 3TON MpoOieMoH, Takas cepbe3Has pupma, Kak
Intel.

[To wponnn cynpOb1 k 2050 . pe3ynbTarhl, MOJyYEHHBIE MPHU TOMOIIM HAHOTEXHOJOTHH,
pacIpOCTpaHSTCS MOBCIOY, IPH 3TOM OCTaBasiCh HE3aMETHBIMU. UyTh JTU HE KaXIbli MPOAYKT
OyneT MoauUIUPOBAH TPU MOMOIIX MOJIEKYISIPHBIX TEXHOJOTUH — OH CTAHET CBEPXIPOYHBIM,
HEYS3BUMBIM U THOKUM. J[aT4WKu, cO3aHHBIE HA OCHOBE HAHOTEXHOIIOTUH, OYAYT KPYIJIbIe CYTKH
3allUIIATh HAC U OKa3bIBaTh IOMOIIb; OHM OyIyT BCIOAY, HO CKPBITHI U3 I1a3. BHemHe Bce Oynet
BBINNIAJIETh IPUMEPHO TakK JKE, KaK CEroJiHs, TaK YTO OOBIUHBIC JIOAU JakKe HE y3HAIOT, HACKOIBKO
HAHOTEXHOJIOTMH M3MEHWIN MUP BOKpYT Hac.

Ho onHo U3 mocTmXeHni HAHOTEXHOJIOTUHU Beeraa Oy/ieT Ha BHIY.

T-1000, pobot-ybuiina u3 «TepmuHaTopa» — 3T0, BOZMOXKHO, CaMblil HaIVISAHBINA HpUMEp
00beKTa M3 O0NACTH TaK Ha3bIBAEMOHN «IPOTPAMMHPYEMOM MaTepum», Onaromapsi KOTOPOM MBI
OJTHAXKIBI TIOTYYUM BO3MOXKHOCTh OJTHUM Ha)KaTHeM KHOTKH U3MEHSTHh (hOpMY, IBET U (PU3NUECKUE
CBOICcTBa 00BbekTa. Ha mMpUMUTHBHOM ypOBHE Jake OOBbIYHAsi HEOHOBAs peKiamMa — Toxe gopma
POrpaMMUPYEMOTO BEHIECTBa, IOTOMY UYTO Mbl MOXEM B J0OOOM MOMEHT IIEJIKHYTh
BBIKJTIOUATENIEM — HB HAMOJHEHHOW ra3oM TpyOKe BOSHHKHET DJIEKTPHUUECKHMA TOK. DJIEKTPUUECTBO
BO30y)X/ITa€T aTOMbl Tra3a, KOTOpblE 3aTe€M BO3BpALIAIOTCS B HOPMAJIbHOE COCTOSIHME U
OJTHOBpEMEHHO W3Iy4aroT cBeT. bomee cnoxkueiii Bapuant — LCD-aucnneit  oObraHOTO
KOMIIblOTepa. B HeM conepKuTcs >KUAKUN KpUCTall, KOTOPHIM IOJA BO3JIEHCTBHEM claboro
ANEKTPUUECKOTO TOKAa CTAHOBUTCS HENMPO3payHbIM. Perynupyss TOK, MPOTEKAIOMIMI B KUJIKOM
KpHUCTaJlJie, MO)KHO Ha)kaTHEM KHOTIKH TOJIy4aTh Ha dKpaHe N300pakeHus U 1BeTa.

VYuenslie Intel MmeTaT ropasmo BbIlIe U XOTAT JOOUTHCS, YTOOBI MPOTpaMMUpyeMas MaTepust Ha
camoM Jierie MeHsuta (GopMy TBEpIOro oObEeKTa — B TOYHOCTH Kak B (haHTacTHke. Maes mpocra:
CO3/1aTh KOMIBIOTEPHBIN 4Yull B (hOopMe KPOXOTHOW MECYMHKH. DTH YMHBIC MECYHMHKHU JOJIKHBI
o0aiaTh CHIOCOOHOCTBIO TI0 KOMAHJI€ MEHATh CTaTHUECKHM 3JIEKTPUUECKHM 3apsii Ha TTOBEPXHOCTH
1 BCJIEJCTBUE 3TOTO NMPUTATUBATHCS JIPYT K APYTY WM OTTAJIKUBAThCs JIpyr oT Apyra. [lpu omnom
pacnpeeieHuu 3apsiioB 3TH YacCTHUIIbl BBICTPOSITCS U 00pa3yroT omnpenenennyto ¢popmy. Ho crout
UX TEepenporpaMMUpPOBaTh — M 3JIEKTPUUYECKHUE 3apsiibl U3MEHSTCS, M YaCTULbl MEPEMECTITCS
TakuM 00pa3oM, 4ToObI CPOPMUPOBATH COBEPIIEHHO WHON 00BEKT. Takue «IeCUMHKW» MOy
Ha3BaHHUE «KATOMOB» (WJIM KJICUTPOHHBIX aTOMOB), MOCKOIBKY M3 HHUX, KaK U3 arOMOB, MOXXHO
chopMUpPOBaTh MHOKECTBO PA3IMYHBIX OOBEKTOB MPHU MOMOIIY MPOCTO U3MEHEHUS UX 3apsiioB. (Y



IpOTrpaMMUPYEMON MaTepuy MHOTO OOILEro ¢ MOAYIbHBIMU POOOTaMH, O KOTOPBIX Mbl TOBOPHIIU B
mase 2. Ho eciiu MoaynbHBIE pOOOTHI CTPOATCA M3 YMHBIX OJIOKOB pa3MepoM OKOJIO 5 cM, KOTOphIE
CIOCOOHBI CaMOOPTaHMU30BaThbCA B PA3NUYHBIX (OPMAx, TO B MPOrpPaMMHUPYyEMOW MaTepuu 3TH
AJIEMEHTApHbIE KUPITUYUKU CHEKUBAIOTCS 1O MUJUIUMETPOBBIX U CYOMIIITUMETPOBBIX Pa3MEPOB.)

OpauH U3 TOpSYUX CTOPOHHUKOB 3TOM TexHoiorun — Jxeiicon Kommnoenn (Jason Campbell),
ctapmmii uccnenonarens pupmsel Intel. On roBoput: «IIpeacraBere cedbe MoOMIBHOE yCTpoicTBO. K
IpUMeEpy, MO COTOBBIM TeleOH CIMIIKOM BEJIHMK, YTOOBI yZOOHO yMemIaThCsl B KapMmaHe, U
CJIMIIIKOM MSAT Ji7Is1 yioOHoro Habopa mudp. Eme xyxe, eciu s MbITaloch CMOTPETh Ha HEM (DHITbMBI
WK pa3oupath 1ekTpoHHyto mouty. Ho Oyns y mens 200-300 MUILTHIIMTPOB KaTOMOB, S MOT OBl
3aCTaBUTh MX MPUHUMATh KaXKIbIH pa3 (GOpMy TOro yCTpOMCTBa, KOTOPOE HYXKHO MHE B JaHHBIN
MoOMeHT». Tak 4To mpeAcTaBbTe, YTO Y MEHS B pyKax COTOBBIN TesnedoH. B cnenyromuit MOMEHT OH
M3MEHSETCS M IMpeBpalaeTcsi BO 4To-To Apyroe. Takum oOpa3oM, MHE HE MPUXOJUTCS HOCUTH C
cO0O0# TaKk MHOTO 3JIEKTPOHHBIX T'aJ)KETOB.

Kommnanus Intel B cBoux naboparopusx yxe co3iajia CUCTEMY KaTrOMOB pa3MepoM OKOJIO 2,
5cm. Katom mo ¢opme HanmomMuHaeT AETCKUH KyOMK C JE€CATKaMHU KpOILIEUHBIX 3JIEKTPOJOB,
PaBHOMEPHO pacHlpeeseHHbIX MO KaXKI0W CTOPOHE. DTOT KATOM YHHKAJIEH, TOTOMY YTO Bbl MOXKETE
W3MEHSATH 3apsi/ibl Ha KaXJIOM M3 3TUX IEKTPOJOB, TaK YTO B PE3YIbTATE KATOMBI CBA3BIBAIOTCA
JIpyr € JAPYroM B pa3HbIX opueHTauusx. [Ipy onHOM KOMILIEKTe YHpaBISIOIIUX CUTHAJIOB 3TH
KyOMKH MOTYT coOparbcsi B OAMH OoJbIIoi KyO. VM3MeHHMM 3apsia Ha KaKJIOM 3JIEKTpoie — H
KyOHKH TYT K€ pacChIIIIOTCS U ObICTPO cOOEpyTCsS BHOBb yXKE€ HHAYEe — CKa)keM, B (popMe JIOAKH.

Tenepp 3amaua 3akKIIOYaeTCsT B TOM, 4YTOOBl YMEHBIIMTH KaXKABIH KaToM JI0 pa3MepoB
MEeCYMHKY WM elle MeHble. Eciau korna-HuOyab TEXHOIOTUN TPABICHUSI KDEMHUEBBIX KOMIIOHEHT
MO3BOJIIT HAaM CcO37aBaTb KAaTOMbl pa3MEpPOM C JKUBYIO KIETKY, Mbl, BEPOSTHO, IOJIYYHM
BO3MOYKHOCTh PEaJUCTHYHO MpeBpamiath OAHY (opMy B Jpyryr0 OJHUM HaKaTUEM KHOIIKH.
Jbxactun PartHep (Justin Rattner), crapmmuii uccnenosarens ¢upmsl Intel, roBopur: «B kakoi-to
MOMEHT B OJIDKallIMe COpOK JIeT 3Ta TEXHOJOIHsl CTaHeT OObIYHOW». OJHUMH U3 TEPBBIX,
BEPOSITHO, €€ HAYyHyT MPHUMEHATh aBTOMOOWIIbHBIE JW3aifHephl, AaBHALIMOHHBIE HWHXKEHEPHI,
XYIOXKHUKHU, apXUTEKTOPBI U BOOOIIE BCE, KOMY MPUXOAUTCS U3TOTABIUBATh TPEXMEPHBIE MOJEIN
CBOUX NPOEKTOB, a 3aTeM MOIU(PHUIMPOBATh UX J10 OeckoHeuyHOCTH. K pumepy, MOxHO OyneT B3ATh
MOJIENIb YETHIPEXIBEPHOTO CE/IaHa, CXBaTUTh, MOTSHYTh — U MPEBPATUTh €ro B XeT40dK. CoxMuUTe
MOJIeNIb 110 BEPTHKAIU €llle HEMHOXXKO — W OHA MPEBPATHTCS B CHOPTUBHBIA aBTOMOOWIB. DTO
HaMHOTO yJj00Hee MOJIeIbHOM IVIMHBI, Y KOTOPOW HET HU MaMATH, HU pazyMa. Y MporpaMMUpYeMoOit
MaTepHUu €CTh pa3yM, OHa MOXKET 3allOMUHATH MPEIbIayIIe GOPMbI, TPUCTIOCAOIUBATHCS K HOBBIM
TpeOOBaHUSAM U OT3BIBATHCS HA jKeNaHUs Au3aiiHepa. Kak TONbKO MOJeNb 3aKOHYEHA, €€ «CXeMY»
MOXHO MPOCTO pa3ociarh Mo e-mail Teics4aM Jpyrux AU3aiiHEpOB, KOTOpbIE CMOTYT y ceOs B
MacTEepCKOM MPaKTUUYEeCKH MTHOBEHHO MOJYYUTh TOUHYIO KOIUIO Balllel MOJIEH.

OTa TEXHOJOTUS MOXKET CaMbIM PEIIUTENIbHBIM O0pa3oM MOBIHUATH HAa MHOXECTBO YHCTO
NOTPEOUTENBCKUX MPOAYKTOB. Urpyiiku, K mpuMepy, MOXKHO OyJeT MporpaMMHUpPOBaTh Ha HOBYIO
dopMy Hpu MOMOLIM cCrenuanbHOW mporpammbl. Tak yTo K PoxknecTBy HYXHO OyaeT TOJBKO
CKauyaTh NMPOTrpaMMYy JJIsi HOBOM UTPYLIKH, YCTAHOBUTH €€ B CTAPYIO U MOSBUTCS COBEPILIEHHO HOBAsL.
Mo’xHO MpeaCcTaBUTh, YTO JETH HAa POXXI€CTBO, BMECTO TOTO YTOOBI pa3BOpauynBaTh HailIeHHbIE IO
eIKOM Tmomapku, OyAyT cKaduBaTh NpPOTpaMMbl JJisi JIIOOMMBIX HWIpPYIIEK, KOTOpblE HM IO
ANeKTpoHHOH moute mpucnan Jlenq Mopos. Tlomyuutcs, 4to camoif He0OOXOAMMOM BEIIbIO CTAHYT
KaTOMBbl, W3 KOTOPBIX IMOCTPOEHA TMPOLUIOTOHAS WIrpyIIKa. OTO O3HA4YaeT, YTO MHOXKECTBO
BCEBO3MOKHBIX MOTPEOUTETHCKUX TOBAPOB CO BPEMEHEM NPOCTO MCUYE3HET, BEpHEe, IPEBPATUTCS B
paccbiiaemble 0 VIHTEpHETY KOMIIBIOTEpHBIE MPOrPaMMBbI; BaM k€ He MOTpelyeTcss HaHMMAaTh
I'PY30BUK, YTOOBI IOCTaBUThH IOMOI HOBYIO MeOE€Jb WM KPYIHYIO OBITOBYIO TEXHMKY; TOCTATOUYHO
IPOCTO cKayaTb W3 CETH TMpOrpaMMy U «IIepelvleBaTh» crapble Benid. Boobmie, c
IporpaMMUPYeMON MaTepuell peMOHT JIOMOB U KBApPTHUP HEpECTaHET ObITh TAaKUM MYUYUTEIbHBIM.
UroObl 3aMEHUTh B KyXHE IUIMTKY, CTOJICUIHMIIBI, OOOpylOBaHME M IIKa(QUUKH, BO3MOXKHO,
JIOCTATOYHO OyAeT Ha)KaThb KHOIIKY.

[ToMrMO Bcero mpoyero 3Ta TEXHOIOTHS MOMOXKET PelIUTh MpobiaemMy oTxo10B. Bmecto Toro



4TOOBI BEIOpACHIBaTh HEHYKHBIE BEIIH, UX MOXHO OYyZIET MPOCTO MepenporpaMmupoBars. Eciu 4to-
TO CJIOMAaeTCsi OOHOBHUTH MPOTPAMMY, H BEIITh OISATH CTAHET HOBOM.

DTa TeXHONOoTHus 00elaeT HeBEePOSITHBIE MEPCIIEKTUBBI, HO U MPOOJIEM Mepe1 ee co3aTeNsIMu
cTouT Hemaso. OHa U3 HUX — KaK OPTaHW30BaTh M YIOPSAIOYHUTH JBHKCHHUE BCEX TUX MUJUTMOHOB
katoMoB. [lpu 3arpy3ke B mporpaMMHpyeMyl0 MaTepuio HEOOXOAMMON WH(GOpMAIUU HaBEpHsKa
BO3HUKHET MpoOJieMa ¢ IMMPUHOW KaHanma. Ho HamedaroTcs yke W KOoe-Kakue MPUHIUIHATbHBIC
pEIIeHusI.

K npumepy, B dpanTacTHdeckux (GriibMax, Kak MPaBUJIO, IIOKA3BIBAIOT MPOIIECC TPEBPAIICHUS
— YeJOBEK, CKakeM, BHE3aIlHO MpeBpallaeTcs B UyldOoBHINE. PaHbllle cheMKa MOJOOHBIX BeIeH
NpeACTaBisia cO00M OUeHb CIOKHBIA U TPYAOEMKHI MPOIECC, HO CETOHS MX C JIETKOCTBIO JIenaeT
KoMIibtoTep. st aToro cHavana Hamo 3adaTh — W JAJIS YENIOBEKa, M JIJISl UyJOBHINA — HECKOIBKO
BEKTOPOB, OTMEUAIONINX KJIFOUEBBIC TOYKM JIMIA, TaKWe Kak HOC W TIa3a. 3aTeM KOMITBIOTEp
MONTy4YaeT 3a/laHre MPEBPATUTh BEKTOPBI OJHOTO JIUIA B BEKTOPHI IPYTOT0 KPOXOTHBIMU MIAKKAMU;
IIPH 3TOM Ha SKpaHE TaKXkKe MPOMCXOIUT MOCTEIICHHBIN TIepeX0/] OJTHOTO JIUIA B JIpyroe. BoaMokHO,
npu U3MEHEHUH (HOPMBI TPEXMEPHOTO OOBEKTa YAACTCS BOCIOIB30BAThCS MPUMEPHO TAKUM XKe
MIPUHIIAIIOM KJTFOYEBBIX BEKTOPOB.

Eme onmna mpobnema 3akiiodaeTcs B TOM, YTO CTaTUYeCKHUE OIIEKTPUYECKUE CHIIBI,
CBS3BIBAIONIME KATOMBI, HAMHOTO cllabee MEXATOMHBIX CBS3€H, KOTOpbhIE OO0CCIICIMBAOT
[[EIOCTHOCTH OONBITMHCTBA TBEPABIX 00BEKTOB. Kak MBI yke BUIETH, KBAHTOBBIE CHIIBI MOTYT OBITh
JIOCTATOYHO MOIIHBIMH, HMMEHHO OHH OOECIICYMBAIOT METAJUTy TBEPAOCTh, a IUIACTHKY
ANMacTUYHOCTh. CHIMUTHUPOBATh ITH KBAHTOBBIE CHJIBI TPH TMOMOIIM CHJI DIIEKTPOCTATUYECKOTO
MIPUTSHKEHUS  00€CIICINTh CTA0OMIBHOCTD TIOJTYICHHBIX MMPEIMETOB — 3aj1a49a Oy TyIIero.

MHe 10BenoCh CBOMMH TJIa3aMH YBUETh 3aMeuaTellbHbIe, CTPEMUTENBHBIE YCTIEXH YUYEHBIX B
00nacTu MporpaMMUpPyEeMON MaTepuu, KOTAa s BMECTE CO ChEMOYHOW TPYMIOW KaHaida Science
nocetun naboparoputo Ceta [onacteitna (Seth Goldstein) B YauBepcutere Kapueru-Memnon. Tam
Ha CTOJIaX MOXXHO YBHUJCTHh OOJBINME MHUPAMHUIBI KYOMKOB pPa3HOTO pa3Mepa, HO HENMPEMEHHO C
YUIaMu BHYTPU. S BUIEN, KaK JBa TAaKUX KyOMKa COSIMHUIIM MPH MOMOIIH AIIEKTPUIECKUX CHII, U
XO3SIMH JTA00paTOPHH MOTPOCHII MEHS IOMBITAThCS OTOPBATh MX APYT OT Jpyra pykamu. Kak HU
CTpaHHO, s HE CyMell 3TOTO clienarh. Sl 0OOHapYKUI, YTO DIEKTPUUECKHE CUIIBI, CBSI3bIBAIOIINE JBA
KyOmka, cwibHee MeHsA. K ToMy ke, ykaspiBaeT [ONJICTEHH, TpH YMCHBIICHUH KyOWKOB
CBSI3BIBAIONINE MX CHJIBI COOTBETCTBEHHO BO3pacTyT. OH OTBEN MEHS B JAPYTYIO JIabopaTopuro, riae
MTOKa3aJjl, HACKOJIbKO MEJIKUMH B OYIIyIIIEeM MOTYT CTaTh KaTOMBI. Ta ke TEeXHOJIOTHS, YTO TIO3BOJISET
BBITPaBUTh HAa KPEMHHEBOW TMOJIOKKE MIILIHOHBI TPAaH3UCTOPOB, IIO3BONIIET U BBIPE3aTh
MHUKPOCKOITMYECKHE KaTOMBI pa3MepoOM MEHbIle MULTUMETpa. Ha camom jerre oHM OBUTH TaKUMHU
MEJIKUMHU, YTO MHE MPHIIIOCH paCCMATPUBaTh UX B MUKPOCKOIL. [0NbAIITeHH HaieeTcsl, YTO Korua-
HUOY/Ib, HAYYMBIIUCH KOHTPOJIMPOBATH JIEKTPUICCKUAE CHIIBI ITHX KATOMOB, OH CMOXET OJHUM
Ha)KaTHEM KHOIIKH 3aCTaBUTh UX COENUHUTHCS B OOBEKT JIF000H (POPMBI — MOYTH KaK BONIICOHHK,
KOTOPBIF MAHOBECHUEM PYKH H 3aKJIMHAHUEM CO3JIaeT JIFOObIC BEIITH.

S cripocun, Kak MOXHO J1aTh MOAPOOHBIE MHCTPYKIIMK MIITHApAAM U MUJUTHAp/IaM KaTOMOB,
9TOOBI, CKa)XeM, XOJOAMILHUK MTHOBEHHO NMPEBPATHIICS B KYXOHHYIO IDIUTY. Ha mepBuIi B3OS
Takas 3aJa4a KakKeTCs KOIIMapoM Mporpammucta. Ho oH OoTBeTHs, 4TO HE 00s3aTENBHO J1aBaTh
MOJIPOOHBIE WHCTPYKIIUU KaXJOMY OTIEIbHOMY KaroMy. Kakaelii W3 HHX JOJDKEH 3HATh TOJBKO
CBOMX HETOCPEICTBEHHBIX COCEeH, ITOro qocTaroyHo. Takum 0Opa3oM, KaXIblii KaTOM MOITydaeT
3aJJaHUE CBS3AaThCS C HEOOJBIION TPYNIONW COCETHUX KaTOMOB — W BCS CIIOKHEHIIAsl CTPYKTypa
BOJIIIEOHBIM 00pa3oM mpeobdpakaercs (MPUMEpPHO TaK ke HepoHaM MOo3ra MJIaJICHIIa ISl Pa3BUTHS
JIOCTATOYHO y3HATh TOJBKO, KaK CBS3aThCs C COCSTHUMHU HEHPOHAMH).

Ecnu mpennonokuth, 4T0 MpoOIeMbl MPOTPaAaMMHUPOBAHUS M CTAOWIBLHOCTH PEIIaeMbl, TO
CYIIIECTBYET BEPOSITHOCTh, UTO K KOHITY CTOJICTHS IO Ha)KaTHUIO KHOMKH OYIyT BO3BOIUTHLCS IICIIBIC
3maHus W Jaxke ropoaa. JlocrarouHo OymeT 3agaTh MECTO PACIONOKEHHS JIOMOB, BBIKOTAThH
KOTJIIOBaHBI IS (YHITAaMEHTOB — ¥ TPWIIMOHBI KAaTOMOB CaMH BO3BEIYyT B ITyCTHIHE WJIH
JIEBCTBEHHOM JIECY IIeJIbIe TOPOa.

Hano ckasare, umkeHeps! Intel mpenBHIAT W TakoW JeHb, KOTIAa KaTOMBI CMOTYT TIPHHSTH
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Cesmennbiii I'paanb: pensimkarop

K 2100 1. camble cmenble CTOPOHHUKM HAHOTEXHOJIOTMH MPEICKA3bIBAIOT MOSBICHUE €IIIE
OoJiee MOITHOM MaIIMHBL: PedYb UAET O MOJIEKYISIPHOM COOPILIUKE, MU «PETUTUKATOpe)», CIOCOOHOM
COTBOPUTH JIOOYIO Bellb. JTO OyAeT MallMHa pa3MepoM, CKakeM, CO CTUpalbHyl0. B Hee Hamo
OyZeT 3aJI0KUTh ChIphe U HaXKaTh Ha KHONKY. MHOTHE TPUUIMOHBI HAHOOOTOB TYT ke HabpocsaTcs
Ha ChIpbe M pa30epyT ero Ha MOJIEKYJbI, a 3aTeM COOepyT U3 3TUX MOJIEKYJ COBEPLICHHO HOBBIM
00BbeKT. Permukarop cMoXKeT U3rOTOBUTH JIFOOYIO Belllb; OH CTAHET BBICIIMM JOCTHKEHUEM HAyKH U
WHKEHEPHOW MBICIIH, JOCTOMHBIM 3aBEpLICHUEM YCUJIHMM, Ha4aThIX B JIOMCTOPUYECKHE BpPEMEHA,
KOTJIa YEJIOBEK MOAHSII C 3€MJIM NAJIKy U BIIEPBBIE UCIIOIB30BANI €€ KaK OpyAHue Tpyna.

Opna 13 npobseM co3/1aHus peruIuKaTopa — rpoMaJHOe YHCIO aTOMOB, KOTOpPbIE Ha/l0 OyleT
paccTaBuUTh MO MECTaM, YTOOBI CKONMPOBATh Jlaxe HeOOJbIIoW 00beKT. B uermoBeueckoM Tene, K
npumepy, Oonee 50 TpaH kinerok u 6onee 1026 aromMoB. DTO KOJIOCCANIbHOE YHMCIO, Jaxe s
IPOCTOTO XpaHeHHsI HH(OPMALUK O MECTOMOJIOKEHUH BCEX 3THUX aTOMOB MOTPeOyeTCss OTPOMHBIH
00BeM MaMsITH.

Oty npobaemMy Moo Obl PELIMTh CO3/IaHUE CIIEIHATFHOT0 HAHOO0Ta — THUIMOTETUYECKOrO Ha
JAHHBIH MOMEHT MOJIEKYJISIPHOTO poO0Ta, 00Ja/1al0IIero HECKOJIbKUMH KIIFOYEBBIMU CBOMCTBAMHU.
Bo-nepBbIX, OH J10JKEH OBITH CIIOCOOEH BOCIPOU3BOAUTE ce0s. Eciiu po6OT MOXKET BOCIIPOM3BECTH
ceds O/IMH pa3, OH B MPUHIUIE MOXKET U CO3/1aTh HEOTPAHUUYEHHOE YUCIIO COOCTBEHHBIX Komui. Tak
YTO IJIaBHOE — CO3[aTh MEPBOr0 HaHOpoOoTa. Bo-BTOpBIX, 3TOT pPOOOT [OMKEH YMETh
pacrmo3HaBaTh MOJEKYJIbl M pa3pe3aTb UX B HYXKHBIX MecTaX. B-TpeTbux, OH JOJKEH YMETh
cobuparb U3 arOMOB HOBBbIE MOJIEKYJIbl 10 3aJaHHOM cxeme. Takum oOpaszoM, 3aaada
peopranuzanuu 1026 aToMOB CBOAMTCS K M3TOTOBJIEHHUIO TAKOTO >K€ KOJWYECTBA HAHOOOTOB,
3aIporpaMMUPOBAaHHBIX Ha PabOTy C OTAEIbHBIM aToMoM. Eciu 3To ymacres chenarb, OTPOMHOE
YHCII0O aTOMOB B TeJe WIH OOBEKTe yxe He OyleT HEempeoaolMMbIM mpernstcTBueM. Hactosias
npobieMa — co3JaTh BCEro OJHOr0 MU(UYECKOT0 HaHOOOTa C MEPEeYHCICHHBIMU CBOHCTBAMHU M
MTO3BOJIUTH €MY PAa3MHOXKHUTBCS CAMOCTOSITENBHO.

OnHako Hay4yHOE COOOLIECTBO IOKa HE NPUIUI0O K €IUHOMY BBIBOAY OTHOCHTEIBHO
¢buznyecKoil peanu3yeMOCTH 3TOW BEIMKOJIEHON MeuThl — HaHogabpukaropa. HemHorue, takue
kak Opuk [lpexcnep (Eric Drexler), muoHep HaHOTEXHOJOTMH M aBTOp KHUTH «JlBUraremu
CO3HMJIaHUS», CUUTAIOT, YTO B OynyIlleM Bce BeUId OyAyT MPOU3BOAUTHCS HA MOJIEKYISIPHOM YpPOBHE.
[TpakTu4ecky Hy)XHbIE BEIlH, JaXe T€, O KOTOPHIX CEroJHs MbI MOXKEM TOJIKO MeuTaTb, OyayT
ChINIAThCSl Kak W3 pora u3zobunus. CosgaHue MaIIMHbBI, CIOCOOHOW cjenarh BCE YTO YIOJHO,
nepeBepHeT ycTou oOmiectBa ¢ HOr Ha ronoBy. OngHaKo Apyrue ydeHble HAcTpOEHbI Oolee
CKENTHYHO.

K npumepy, HoOeneBckuil naypeatr Puuapn CMosuiM, HbIHE MOKOMHBIN, B CTaThe B XKypHaje
Scientific American B 2001 . MOIHSI BONPOC O «IUIKHX» M «TOJCTHIX» Manblax. KiroueBoit
BOIPOC 3[1€Ch TAKOM: MOXKHO JIM MOCTPOUTH MOJIEKYISPHBIM HAaHOOOT, TOCTATOYHO JIOBKHUH, YTOOBI
MIPOU3BOJIBHO MEepecTaBiIsITh MOJIeKybl? [To MEeHHI0O CMOJUTH, OTBET HA TOT BONPOC JIOJKEH OBITh
OTPHLATEIIbHBIM.

JlebaTel Ha JaHHYIO TE€MY BBIIUIECHYJIHUCh HApy)Ky M CTalu MyOJUYHBIMHU, a UX OTIOJIOCKU
CIIBIIIHBI U ceroHs. Cmonnu oomeHsics ¢ JpekciaepoM cepueit nmucem, kotopslie B 2003 u 2004 rr.
ObLTH TIeperieuaTaHbl Ha cTpaHunax kypHaima Chemical and Engineering News. Ilo3zunus Cmornmu
COCTOsJIa B TOM, YTO «IAJIbLIbD» MOJEKYJISPHOI MAIIMHBI HE CMOTYT BBITIONHATH TpeOyeMble TOHKHE
orepanuu 1o AByM MPUYHHAM.



Bo-nepBbIX, Ha «majblbD OyAyT AEWCTBOBATH ClaOble CHJIBI MPUTSIKEHUS, M3-3a KOTOPBIX
MHCTPYMEHT OyAeT mpuiaunarh K MojeKkyinaMm. BooOiie, aToMbl TUIHYT APYT K APYTY, B YaCTHOCTH,
u3-3a CJIA0bIX NIEKTPUUYECKUX CUJI, TAaKUX Kak cuia Ban-nep-Baanbca, cymecTByromas Mexy UX
anekTpoHamu. [IpencraBere cebe mpolenypy MOYMHKH HApY4YHBIX YacoB IPU MOMOUIM NMHHIETA,
cMmazaHHOro menoM. CoOparh MOJOOHBIM WHCTPYMEHTOM TaKyl0 TOHKYIO Belllb, KaK MEXaHH3M
4acoB, MOMPOCTY HEBO3MOXKHO. A Tenepb MpeACcTaBbTe MPOLEeaypy cOOpKH elle Oosee CI0KHON U
TOHKOW BEILH, TAKOM KaK MOJIEKYA, U3 «JeTallei», KOTOPBIE IIOCTOSTHHO JIUITHYT K UHCTPYMEHTY.

Bo-BTOpBIX, «Ianblby HAHOOOTAa MOTYT OKa3aThCs CIIMIIKOM «TOJCTBHIMI JIJISl MAHUMYIISIIMNA
c aromamu. IIpencraBere cebe peMOHT BCe TEX YK€ YAaCOB B TOJICTHIX pabOUUX MepUaTKax CTPOUTENS.
«ITanpupy HaHOOOTA, KaK U OOBEKTHI, KOTOPBIMH MPEANOIaraeTcsi MaHUIYIUPOBATh, CACJIaHbl U3
OT/ENbHBIX AaTOMOB, M MHCTPYMEHT MOXET OKa3aTbCs CIHUIIKOM TOJCTBIM U TpyObIM JUIs
MIPOBEICHHSI HEOOXOIMMBIX TOHKHUX OIEpariHii.

CMouM 3aBepIIMII CBOM apryMeHThI Tak: «[IpuMepHO Tak ke, Kak HeJb3s 3aCTaBUTh IOHOILY
U JIEBYIIKY MOJIOOUTH APYr Apyra, MpPOCTO CBEAS MX BMECTE, HEBO3MOXKHO 3aCTaBUTh TOHKHIA
XMUMUYECKHUH MPOIECC MEXAY JABYMS MOJEKYISIPHBIMH OOBEKTaMM MPOTEKATh >KeTaeMbIM 00pa3om
IIPU TTOMOIIH MPOCTOTO MEXaHUUECKOTO JEHCTBUS. .. XUMHUSI, KaK U JIIO00Bb, IEJI0 TOHKOEY.

OTOT cHop 3aTparuBaeT caMylo CyTh BONpPOCAa O TOM, CTAHET JIU KOTJa-HUOYAb PEIUIMKaTop
PEBOJIIOITMOHHOM BEXOM B HMCTOpPHHM OOIIecTBa JIMOO OCTAHETCS JIFOOOIMBITHOW JHUKOBHHKOW H
OTIIPABUTCS PaHO WJIM IIO3/IHO HA CBAJIKY HEPEAJIN3yeMbIX TEXHUUECKUX Hel. Kak MbI yxxe Buiemnu,
¢du3nyeckue 3aKOHBI HAIllETO MHUpPa HE TaK-TO MPOCTO MEpPEeBECTH Ha SI3bIK (PU3UKU HAHOMHpA.
O¢¢exThl, KOTOPHIMH MBI C JIETKOCTBIO NpeHeOperaem, Takue Kak cuia Ban-nep-Baanbca,
MOBEPXHOCTHOE HATSDKEHUE JKUAKOCTH, MPHUHIMII HeompenerleHHocTu leiizenbepra u T. 1., B
HAaHOMUPE CTAHOBATCS NNIABHBIMU.

Uto06sI ipeicTaBUThH ceOe MaciTadbl MPoOIEeMbl, BOOOPA3UTE aTOMBI Pa3MEPOM C MIAPUK IS
JETCKOM Urphl U OacceilH, MONHBIM TakuX HIapuKoB-aToMoB. [lorpyxeHue B mofoOHbIN OGacceiiH
OyleT coBceM He MOXOKe Ha morpyxenue B Boay. «lllapuku» cranyT HempepbIBHO BUOPUPOBATH U
OUTBCS O Ballle TEJIO CO BCEX CTOPOH — pe3ylbTaT OpOyHOBCKOTO JABMKeHMA. IlmaBaTh B TakoM
OacceiiHe OyleT MOYTH HEBO3MOXKHO, BCE PaBHO YTO IUIaBaTh B maroke. [Ipu momeITke CXBAaTUTh
OJMH W3 IIAPUKOB OH, M3-32 CIOKHOW KOMOMHALIMU Pa3JIMYHbIX CHJI, TUOO YCKOJB3HET OT BallluX
NajiblieB, MO0 MPOYHO MPUIUITHET K HUM.

B KOHIIE KOHILIOB YY€HBIE COITIACHJIMCh OCTaThCSl KaKJbli IpU cBOoeM MHEHMH. CMOIIM He
YAAJI0Ch OTIPABUThH UCI0 MOJIEKYISIPHOTO PEIUIMKATOPa B HOKAYT, HO ITOCJIE 3TOM HAyYHOW CXBAaTKH,
KOTZIa IbUIb HEMHOI'O YJIENIACh, KOE-YTO BCE XK€ MPOSICHWIOCH. BO-NIEPBBIX, CTOPOHBI COITIACUIIUCD,
YTO HauBHAs HJEesS O HAHOOOTE, pa3pe3arolleM M CKJIEUBAIOIIEM MOJIEKYJIbl TpPU IOMOIIH
MOJIEKYJISIPHOTO MUHIIETa, HY)X1aeTcs B nepepadoTke. Ha aToMHOM ypOBHE TJIaBEHCTBO MEPEXOIUT K
HOBBIM KBAHTOBBIM CHJIaM.

Bo-BTOpBIX, XOTS PEIUIMKATOP, WM YHUBEPCAIbHBIN IIPOU3BOAUTEND, HA CETONHSAIIHUNA JIEHb
ocTtaeTcsl (paHTacTUKOW, B peajbHOCTU-TO OH cymiecTByeT! K mpumepy, marb-mpupona ymeet
NPEeBPaTUTh ChEJCHHbIE TaMOyprepsl U OBOIIM B MJIaJIeHIIa BCETO 3a JEBIATh MECALEB. 3aHUMAIOTCS
stuM JIHK-Monexynbl (B KOTOPBIX XPaHUTCS «4EpPTEX» MIIAJICHLA); OHU YNPABISIOT NEHCTBUSIMU
pubocoM (KOTOpble, COOCTBEHHO, PEXYT U CKJIEHUBAIOT MOJEKYJIbl B 33/JlaHHOM TMOPAIKE) U
UCIOJIB3YIOT B KayeCTBE CTPOMTEIHHOTO Marepuana OelKM W aMHUHOKHCIOTBHI, MOCTYIAOIIUE C
MUIIEN.

U B-TpeTbux, MOJEKYISPHBIA cOOPIIUK MOT Obl, B MPUHIUIIE, pab0TaTh, HO B 00JIEe CIIOKHOM
BapuanTte. K npumepy, CMoH yka3bIBaj, 4To CONMM3UTH JBa aTOMa HE O3HAYaeT JOOUTHCS peaKkiiu
Mexay HuMmu. [Ipupona i pemeHust 3Toi mpoOIeMbl YacToO MPHUBIEKAET TPEThIO CUITY — BOJHBII
pacTBop (epMeHTa, CIOCOOHOTO CTHUMYIHPOBATH HYXHYIO XHUMHYECKYI0 peakuuio. Cmommm
yKa3plBAJI TAaKXe, YTO MHOTME XUMHUYECKHE BEIIECTBA, HCIOJIb3YyEMbIE B KOMIBIOTEpaxX H
IEKTPOHHOM IIPOMBIIIEHHOCTH, HE pacTBOpsIOTCS B Bozxe. Ho Jlpekciep B OTBET BO3paxkas, 4To HE
JUTSL BCEX XUMUYECKUX peaKlUid HyKHbI (DepMEHTHI UK BOJA.

K npumepy, oauMH U3 BO3MOXHBIX BAPHMAHTOB IMOMYYMJI Ha3BaHME CaMOCOOPKH; B
POOOTOTEXHUKE OH COOTBETCTBYET IOAXOAY «CHHU3Y BBepx». YenoBek ¢ MIyOOKOH IpeBHOCTH



UCTIOJIb30BAl B CTPOMTEILCTBE MPOTHUBOMOJIOKHBIA TOAXON — «CBepxy BHM3». OH Opan
WHCTPYMEHTHI, TaKWEe KaK MOJIOTOK WJIM IWJIAa, M HAYMHAJ 3arOTaBJIMBaTh JEPEBO: PYOUTH, MMUJIATH,
TecaTh; 3aT€M W3 3arOTOBJIEHHBIX MaTepuajoB coOMpas MO IUlaHy Ooliee KpYMHBIE CTPYKTYPHI,
TaKHe Kak JIoM. DTOT Ipolecc TpeOyeT TIIATeIbHOT0 KOHTPOJIS Ha KaXkJIOM JTarle.

[Tpu moaxone «CHU3Y BBEpX» OOBEKTHI coOMparoTcs camu 1o cebe. B mpupoze, k npumepy,
YyJIeCHbIE CHEXUHKH KPHCTAUTU3YIOTCS CaMH BO BpeMsl CHEromaza WiId MeTelnd. MHorue
TPWILITHOHBI aTOMOB CaMU OpPTaHHU3YyIOTCs B HOBbIE (opMbl. HUKTO He MpUAYMBIBAE€T y30pbI s
CHE)KUHOK. TO JKe Hepenko TMPOUCXOAWT W B OHOJOTHYECKUX CHUCTeMax. Tak, OakTepuaibHbIC
prOOCOMBI — CIIOJKHBIE MOJIEKYJISIPHBIE CHCTEMBI, COAEpIKallMe Mo KpaiHel mMepe 55 pazauuHbIX
OENKOBBIX MOJIEKyl W Heckonbko Mmojekyn PHK, — cmocoGHBl croHTanHO oOpa3oBaThCsi B
nabopaTopHOii mpoOupKe.

CamocOopka TpUMEHsIETCS U B TIOJTYIPOBOJHUKOBON TMPOMBINUICHHOCTH. Mcmone3yembie B
TpaH3UCTOpaxX KOMIIOHEHThI WHOTJa coOMparoTcss BOEAMHO caMu 1o cebe. [Ipumenss paznuyHble
CIIOKHBIE TEXHOJIOTMM U MPOLECCHl B ONPEAENEHHOW CTPOrod IMocienoBaTelbHOCTH (Takue, Kak
ObICTpOE OXJIAKJCHHE, KPUCTAJUIM3AlMs, TOJUMEpHU3alMs, OCAXKACHHWE W3 NapoBod (asbl,
OTBEP)KICHUE W T. I.), MOXHO TIOJIYUYUTh TOCTATOYHO HIMPOKHHA CIIEKTP TOTOBBIX KOMITBIOTEPHBIX
KOMITIOHEHT. Kak MbI yXe BHIENH, TaKUM CIOCOOOM MOXKHO TOJIYYUTh OMPEICIICHHBIC THIIBI
HAHOYACTHII, UCTIOJIb3YEMbIE TIPOTHB PAKOBBIX KIIETOK.

OpnHako B OOJIBIIMHCTBE CBOEM MPEAMETHI HE CIIeIaT BO3HUKATh U3 HUUYEro camu 1o cebe. B
LIEJIOM MOXKHO CKa3aTh, YTO JIMIIb KPOXOTHas 4acTh HAaHOMATepHaJlOB IMOKa3aja CIHOCOOHOCTh K
KoppekTHOi camocOopke. IlocpencTtBoM camMocOOpKHM HEBO3MOXKHO TMOJNYYHUTh HAaHOMAIIUMHY Ha
3aKa3, BRIOpaB MO KaTtayiory. Tak 4To Mporpecc B MPOM3BOICTBE HAHOMAIIIUH TaKUM 00pa3om OyrieT,
BEPOSITHO, CTAOMIBLHBIM, HO MEJJICHHBIM.

Cymmupyem ckazanHoe. Cyast o BceMy, MOJIEKYJISIpHbIE COOPIIMKHM HE HapyIIaloT HUKAKHX
3aKOHOB MIPUPO/IBI, HO CO3/1aTh MX OyAeT upe3BblyaiiHo TpyaHO. [Ioka HaHOOOTOB HE CYILIECTBYET, U
B Ommkaiiiiee BpeMsi OHU HE TOSBSITCS, HO KaK TOJIBKO (M €CJM) MEepPBBIA HAHOOOT OYJET YCIEIHO
M3TOTOBJIEH, YEJIOBEYECKOE OOIIECTBO, BIIOJIHE BO3MOXKHO, H3MEHUTCS 10 HEY3HAaBa€MOCTH.

Co3narb periukarop

Ha uto Moxet ObITh OX0Xk perinkarop? Kak oH MoxeT BbinsaaeTs? HUKTO TOUHO 3TOrO He
3HAET, NOCKOJIbKY JI0 €r0 CO3JJaHMsI OCTAETCs €llle HE OHO AECITHIIETHE, @ MOXKET OBbITh, U CTOJIETHE.
MHe, ojHaKo, JOBEIOCh YBUIETh, KAK MOXET BBIIISAECTh paboTa peruinkaTopa. Jeixo B Tom, 4To Juis
HAy4YHO-TIONYJISIPHOM Tepefayd KaHaja Science MOI0 TOJOBY OTCKaHUPOBAIHM (COBEPIIEHHO
OyKBaJIbHO) JIa3€PHBIM JIYUOM, IIOCJIE€ YEro M3rOTOBWIN PEAUCTHYHYIO TPEXMEPHYIO IJIACTUKOBYIO
KOIHIO Moero Jinna. [Ipy ckaHupoBaHUU J1a3epHBIH Tyd TOPU30HTAIBHO ABUTAJICS TI0 MOEMY JIUILY U
OTpa)KaJiCsl OT KOXH; OTPaXEHHWE PErMCTPUPOBAIOCH CHELMAIBHBIM JAaTYMKOM W BBOAWIOCH B
koMmiiptoTep. I[locne 3Toro nayuy HampaBisics Ha CIEQYIOIMN MpoxoA, 4yTh Huke. [locTeneHHo
CKaHMPOBAHUIO TIOIBEPINIOCH BCE MOE JIUIIO0, M HAa SKPaHEe MOSBUIIOCH €r0 TPEXMEPHOE U300pakeHne
C TOYHOCTBIO, CKa)XeM, N0 JIeCATON 0JM MUJUIUMETpPA, COCTOSIIEe M3 TOHKUX T'OPHU30HTATbHBIX
JIOMTHUKOB.

3areM BCIO COOpaHHYIO HHPOPMAILIUIO «CKOPMUIINY» OOJBIION YCTaHOBKE pa3MepoM MPUMEPHO
C XOJOAMJIBHUK — YCTPOMCTBY, CIOCOOHOMY OTJIMTH IJIACTUKOBOE TPEXMEPHOE M300pakeHue
MOYTH YEer0 YroAHO. OTO YCTPOMCTBO CHA0KEHO TOHKHM HOCHUKOM, KOTOPBIA JBUIKETCS
TOPU3OHTAJIBLHO W COBEpIIAET MHOXECTBO MpoxoaoB. Ha kaxaom mpoxone OH pa3OpbI3rUBacT
TOHKHM CJIO€M pacCIUIaBJI€HHBIA IJIACTHK, MyONUpysh TakuM oOpa3oM IepBOHAYAIbHOE Ja3epHOe
n3o0paxkeHne 00bEKTa — B JAHHOM cilydae Moero Jyuna. [IpuMmepHO uyepe3 aecaTh MUHYT H
MHOKECTBO IIPOXOJIOB MAalllMHA BbIJaJIa TOTOBYIO TIACTUKOBYIO OTIIMBKY, 10 OO HAalIOMHUHAIOIIYIO
MOE€ JIULIO.

KomMepueckre mnepcrnekTHUBbl MPUMEHEHHS! 3TOM TEXHOJOTHUU T'POMAJHBI, BEb Bbl MOXKETE
BCEr0 33 HECKOJIbKO MUHYT CO3/1aTh PEAJMCTUYHYIO KOIHIO JIFOOOT0 TPEXMEPHOro 00bEKTa, TaKoro,
HampuMep, Kak cJIoXHas JeTanb MamuHbl. OJHAKO HETPYAHO BOOOPA3UTh, KaK Yepe3 HECKOJIBKO



JIECSITKOB MJIM COTEH JIET MOJ00Has ke MallMHa OyleT BbIIaBaTh TPEXMEPHbIE KOMHHU pPeaTbHbIX
00BEKTOB, AOCOIIOTHO TOUHBIE JJaXKe HA KJIETOUHOM U aTOMHOM YPOBHSIX.

Ha cnemyromem ypoBHE MOXKHO OyJieT co3/aBaTh MPH MOMOIIU TAaKOrO TPEXMEPHOTO CKaHepa
HE TPOCTO 0OBEKTHI, a )KUBBIE OPTraHbl yegoBedeckoro Tena. B Yuusepcurere Vaiik @opecT yueHbie
NPEIOKUIN HOBBI OPUTHMHAJBHBIN CIIOCOO CO3JaHMs KMBOM CEpACYHON TKAHU... NMPH MOMOIIU
CTpyiiHOro mnpuHTepa. [lig Hadana MM MNPUNUIOCH HAMKMCATh AKKYpPaTHYI0 KOMIIBIOTEPHYIO
IpOTrpaMMy, KOTopasi MOCIOHHO, C KaKIBbIM MIPOXOA0M KapeTKH, pa30pbI3rUBaeT KHUBbIE MBIIICUHbIE
kjeTkd. OHY UCTOIB30BANIN AJISl 3TOM MPOLEAYpbl OOBIYHBIA CTPYHHBIN NPUHTEP, HO 3aMEHWIN Ha
HEM KapTpUUK C YEPHWIAMHM HAa CHELHMAIBHYI0 €MKOCTh, Kyla IMOMECTHIIM CMECh pPa3INYHBIX
KHUJIKOCTEH, CONEpIKaIlyl0 >KMBBIE KJIETKH CepAeYHOM TKaHW. TakuMm 00pa3oM yueHble MOTYT
YIPAaBIATh PA3MEIEHUEM B MIPOCTPAHCTBE KaKI0HM KJIETKH. 32 MHOXECTBO IPOXO/I0B KapeETKU UM
YAAJI0Ch PEABHO MOJIYYHUTh CJIOU CEPIEYHON TKAHMU.

Ectb u eme OIMH MHCTPYMEHT, KOTOpBIH KOrja-HUOY/Ib, BO3MOXHO, IIO3BOJUT HaMm
3apEeruCcCTPUPOBaTh TOYHOE MECTOMOJNOKEHUE KAXKIOro aromMa B yeloBedeckoM Ttene. 910 MPT,
MarHUTHO-pe30HaHCHBIH ToMmorpad. Kak wmbl yxe roBopwid, TouHOocTh MPT-ckanupoBanus
COCTAaBJISIET MPUMEPHO JECATYIO JOJII0 MHUIMMETpa. JTO O3HAYaeT, YTO KaKIbIM MHUKCENb Jaxke
qyBcTBUTENbHOTO MPT-ckana cooTBeTCTBYeT ThIcAuaM KieTok. Ho ecinu mocMmoTpers Ha
¢buznyeckue MPUHIIMIILI, Jiexkalirne B ocHoBe MeTosia MPT, BBIICHUTCS, 4YTO TOUHOCTh N300pakeHuUs
OIpeIeIIIeTCs CTENEHbI0 OJJHOPOAHOCTH MarHUTHOTO MOJIsI BHYTpHU MalHHbL. [loaToMy, 100uBasch,
YTOObl MAarHUTHOE TIOJ€ CTAaHOBHWJIOCH BCE 0Oojee OJHOPOAHBIM, MOXKHO 3aMETHO YIy4YLIUTh
paspemenue MPT-anmnapara.

VYueHble yKe TOBOPAT O CO3aHMKM MaluHbl 110 Tuiy MPT ¢ pa3pelnienremM 0kojio pa3MepoB
KJICTKH M JaXe MEHbIIE — TaKoW, YTOObl MOXHO OBUIO C €€ IOMOIIBI0 pPa3IUYUuTh MpU
CKaHUPOBAHUH OT/EIbHbIE MOJIEKYJIbl U aTOMBI.

ITonsenem uroru. Perummkarop kak TakoBOW HE HapyllaeT HUKAKUX 3aKOHOB IPUPOABI, HO
cOo3/1aTh €ro Ha MPUHLHUIIAX camMocOOpkH OyaeT odyeHb HempocTo. K KOHILy 3TOro crojeTHs, Koraa
YeJIOBEK OBJA/IC€T HAKOHEI TAaKOM TEXHOJIOTHEH, MOXHO OyleT MmoaymMarb O KOMMEPYECKOM
MPUMEHEHUHU PETTUKATOPOB.

Cepas causp?

Hexoropsie mtonu, B ToM uncie U ocHoBarenab Sun Microsystems bumn [[xoit (Bill Joy), He
pa3 BBIpaKald COMHEHMsI B IEPCIEKTUBHOCTU HaHOTeXHOJoruil. Jkoil mucan, 4Tro TeXHUKa
HENPEMEHHO BBIHJET W3-110JI KOHTPOJISI YeJIOBEKa, YTO 3TO JIMIIL BONPOC BpeMeHu. B3becusnecs
HaHOPOOOTHI COXPYT BCE MUHEpaJIbl Ha 3eMJie M OCTaBAT Mocie cedsl OHY TOJIBKO OECIONe3HYI0
cepyro ciau3b. Jlaxke HacieqHMK OpHTAaHCKOro IpecTona MNpuHL Yapias3 BBICTyNal IPOTUB
HAHOTEXHOJIOTUH U CLIEHAPUS C CEPOM CIU3BIO.

OnacHOCTb ~ KpoeTcsi B~ OCHOBHOM  CBOMCTBE  HAHOOOTOB:  CIHOCOOHOCTH K
camoBoCIpou3BeeHHI0. HaHOO0TOB, BBINMYIIEHHBIX B OKPY)KAIOLIYIO Cpely, HEBO3MOXXHO OTO3BaTh
oOparHo. Co BpeMEHEM OHHU JEWCTBUTEIBHO MOTYT HadaTh Pa3MHOXKATHCS OECKOHTPOJIBHO U C
JKYTKOM CKOPOCTBIO, W TOTJa BO3HHMKHET peajbHas ONAacCHOCTh 3axBaTa OKpYKaloLIEH cpeasl U
YHUUTOXKEHUS )KU3HU Ha 3eMJIe.

JIndHO s cumTaro, 4TO O CO3AAHMA PEIUIMKATOpa MPOMAET €lle HEMAJIO JAECSITKOB, a TO U
COTEH JIET, TaK YTO OECHOKOUTHCS O CEPOH CIM3M MOKa paHO. TEeXHOJIOTUs 3Ta MOKa TOJIBKO AeIaeT
nepBble IMIard. A 1Mo Mepe ee pa3BUTHs OyleT J0CTaTOYHO BPEMEHHU JUIs Pa3pabOTKH CPEICTB
3alUThl OT OemeHbIXx HaHo00ToB. K mpumMepy, MOXXKHO MpUIyMaTh TaKyl0 CUCTEMY CTPaXOBKH, YTO
IpU HaXaTUU TPEBOKHOW KHOMKU BCE BBINYIICHHbIE HAHOOOTHI MPOCTO «BBIKIIOUATCs». Mim
MOXKHO H300pecTu «OOTOB-yOMiill», €IMHCTBEHHBIM HAa3HAYCHHEM KOTOPHIX OyAeT pO3bICK U
YHUYTO)KEHHUE BBIILIEANINX H3-T10]1 KOHTPOJISI HAHOPOOOTOB.

E1me onuu cnocob cripaBUTHCS € 3TOM MpoOiIeMol — MOYyYUTHCS Yy IPUPOJIbI, Y KOTOPOH OMBIT
MWUIMApPIOB JIeT J3BoMonuM. Ham  Mup NOpocTO  KHUIIMT — CaMOBOCHPOM3BOISALIMMUCS
MOJIEKYJSIPHBIMH  (pOpMaMM  KM3HH, HW3BECTHBIMH KaK BHUPYChl M OakTepuu, CIIOCOOHBIMU



OECKOHTPOJILHO pa3MHOXKAThC U MyTUPOBaTh. OTHAKO YEIOBEUECKOE TENO CO3/1a10 M COOCTBEHHBIX
«HaHOOOTOB» — aHTHUTENa U Oeble KPOBSHbBIE Tenblla (JIEMKOLMTHI), KOTOPbIE Pa3bICKUBAIOT U
YHUYTOXKAIOT uyXable (Gopmbl xku3HH. CHUCTeMa, pa3zyMeeTcs, HECOBEpIIEHHa, HO MOXET BCE XKe
CIIY’)KUTb IPUMEPOM peIlIeHuUsI TpoOIeMbl B30€CUBIINXCS HAHOOOTOB.

CounajbHble OCJI€ICTBUSA PECIVINKATOPOB

B nHayuyHo-nomynsipHoii nepenaue kanaia BBC/Discovery, KoTopyto st ogHaxabl Bed, [[xoan
I'appo (Joel Garreau), aBrop kHurH «PagukanbHas 3BOIIOIMS», ckazal: «Ecau camocOopka Korja-
HUOYIb CTaHET BO3MOXKHOM, 3T0 OyneT OJUH M3 BEIMYallIMX MOMEHTOB B HCTOpPUHU. IDTO OyneT
03HA4aThb, YTO MBI JACUCTBUTEIBHO IOBOPUM O PE3KHUX IIEPEMEHAX B MUpPE, O €r0 NPEBpAIICHUU BO
YTO-TO TAKOE, YEr0 MbI IIPEKIEe HE MOTIIU Ja’Ke BOOOPA3UTDHY.

CymiecTByeT U3BECTHAs TOTOBOPKA: Oy/ib OCTOPOXKEH B CBOUX KEJIAHUSX, OHU MOTYT COBITBCSL.
MonekynsapHbIii COOPIINK, WM PEIUTHKATOP, — A3TO CBAIICHHBIM [paasb HAHOTEXHOJIOTHI, U BCE
UCClieoBaTeNd B 3TON 00JIaCTH MeYTaroT ero co3narb. Ho ecnu Takoit mpubop JeHCTBUTENBHO
OyneT n300peTeH, OH, BIOJTHE BO3MOXKHO, TIOTPSICET YEIOBEYECKOE OOIIECTBO O CAMOTO OCHOBAHUSI.
Ecnu paszoOparbes, Bce ¢uiiocopuu M coluaibHble CUCTEMbl B KOHEYHOM MTOre OCHOBaHBI Ha
nedunute u 6enqHocTH. Ha mpoTshkeHHM Bcel MCTOpPHM YelloBeUeCTBa MMEHHO 3Ta Tema Obliia B
o01ecTBe JOMUHUPYIOLIEH, UMEHHO OHa c(hopMupoBaia Hally KyiIbTypy, GHUIOCO(HUIO U PEIUTHIO.
B HEKOTOpBIX penurusix JOCTAaTOK paccMaTpUBaeTCs Kak OO0XECTBEHHOE BO3HAarpakJeHue, a
OeHOCTh — Kak CIpaBeUIMBOE Haka3aHue. B ocHoBe jxe Oyaau3ma JIeXKHT yHUBEpcajbHas
IIPUPOAA CTPAJAHUA U TO, KaK YEJIOBEK C 3TUM CTpaJaHueM crpasisercs. B xpuctuanctse B HoBom
3aBere ckazaHo: «Jlerdue BepOmMoAy MPONTH CKBO3b HUIOJBHOE YIIKO, YeM OOraroMy BOMTH B
[{apcTBue HebGecHoe.

Kpome Toro, pacmpenenenue OorarcTBa ompenesseT M CTpyKTypy oomiectBa. deomannsm
OCHOBaH Ha 0OraTcTBE HEMHOTHX apUCTOKPATOB B IMPOTHBOBEC OETHOCTH KpecThIHCTBA. B ocHOBe
KaluTalau3Ma JIEKUT UAed O TOM, YTO SHEPrUYHbIE, NPOAYKTUBHBIE JIIOAM BO3HATrPaKJAIOTCS 3a
CBOM TPY/Ibl T€M, YTO OCHOBBIBAIOT KOMIIAaHUU U OoraretoT. Ho ecnu JieHuBbIe U HEMPOAYKTHUBHbIE
JIIOM CMOTYT IOJIYYUTh BCE YTO YIOJHO IOYTH JapOM, IIPOCTO HAKaB HA KHOIKY, TO KallUTaIU3M
nepectaner paborars. Permkarop pa3pylmuT nupaMuy, IepeBepHET YeI0BeUeCKHE OTHOIICHHUS C
HOT Ha rojoBy. Ecnu ncuesHeT pazHHLa MEX1y UMYLIIMMH U HEUMYILIUMU, BMECTE C HEH UCUE3HYT U
IIPEICTABIICHUSI O CTAaTYCE U MOJINTHYECKON CHUIIE.

OTOT mapaZoKC HCCIeNoBalu co3Jareiy (QuibMa «3BE3IHBIM MyTh: BTOPOE MOKOJIECHUE» B
OJTHOM W3 CEepuH, I71e aCTPOHABTHI HAXOAAT IIJIABAOILYIO0 B OTKPBITOM KOCMOce Karicyny u3 XX B. B
Karcyje Haxo[ITCs 3aMOpPOKEHHbIE Tella JIIofIeH, KOTOphIe CTPaAaid OT HEU3JIEUMMBIX Ooye3Hei
ATOTO0 MPUMHUTHUBHOTO BPEMEHHM W HAACSUINCh Ha HUCIEleHue B Oymymiem. Bpaun «DHTepmpaiiza»
OBICTPO W3JIEYMBAIOT BCEX ATUX JHONEH M OXKHUBIAIOT MX. CUaCTIMBYMKHM YAMBIEHBI TEM, YTO HX
OTyasiHHas MOMBITKA MPUHECIA YCIeX, HO CPe/ld HUX OKa3bIBAE€TCS U OJMH YCHEIIHbIM OM3HECMEH.
IlepBBIM Z1€10M OH 3a7aeT MIaBHBIN Bonpoc: «Kakoi HeIHUE Bek?» BBIICHUB, 4TO TENEPh OH KUBET
B XXIV B., OH OBICTPO MOHMMAET, YTO €r0 MPEXKHHE HWHBECTHIMH JIOJKHBI OBLIM 3a ATO BpeMs
MPUHECTH TPOMAJHYIO MPHOBLUTL. OH ToTYaC ke TpeOyeT CBA3U co CBOMM OaHkMpoM Ha 3emuie. Ho
SKUIAK «OHTepnpaiza» B Henoymenuu. Jlemsrn? Bxmanel? Bee 310 gaBHO He cymiecTtByeT. B
XXIV B. 10CTaTOYHO MONPOCUTH — U MOTYYHILb HY)KHYIO Te0e Bellb.

Bce aTo 3acTaBisieT BCIOMHHMTH O MOMCKAaX HACAIBHOTO OOIIECTBEHHOIO YCTPOWCTBA, WM
YTOIIMH; CJIIOBO 3TO, AABHO CTaBllee HAPULATEIBbHBIM, IEPBBIM UCIOIb30Ball Tomac Mop B cBoeM
pomaHe «YTomwus», HamMCaHHOM B 1516 . Bunad BOKpyr yKacHble CTpaJaHus W HULIETY, Mop
npeAcTaBuil cebe uaeadbHOe OOIIEeCTBO W TMOMECTWI €ro Ha BBIIYMaHHOM OCTPOBE B
Atnantudeckom okeane. B XIX B. B EBpome cymiecTBoBaao MHOKECTBO OOIIECTBEHHBIX JIBHKCHHM,
3aHUMABILIUXCS TOUCKAMH PA3IMYHBIX (JOPM YTOIHMM; MHOTHE U3 HUX HAIILIM BBIXOJ] B IMUTPAIIMH B
CIIA, e 1 ceroaHst 3aMeTHBI CeAbI MOTO0OHBIX OOIIHH.

C omHO# CTOPOHBI, PEIUIMKATOpP MOT OBl CO3[aTh A HAC Ty CaMylo YTOIMIO, KOTOPYIO
BooOpasmm meutatenn XIX B. Bce skcriepuMeHThI B 9TOM HAIPaBJICHUH TIOTEPIETN HEYnady u3-3a



MaTepuaTbHON HYXJbBI, KOTOpasi MOPOXKJIana HEPABEHCTBO, 3aTeéM KOH(IUKTHI U B KOHIIE KOHIIOB
kpax. Ho ecnam perummkarop pemudT MaTepuaibHble NpOoOJeMbl JIOAEH, TO U YTONMUS MOXKET
OKa3aThCsl HE 3a TopaMu. PaciBeTyT HCKYCCTBO, My3bIKa U TI093Hsl, Y YeJIOBEKa MOSBUTCSI CBOOOTHOE
BpEMs Ha CaMbl€ 3aBETHBIC MEUTHI.

C npyroii cTopoHbl, 06e3 O€IHOCTH M JCHEr KaKk MOTHBHPYIOUIMX (DaKTOPOB BCE ITO MOXKET
MPUBECTH K KU3HU 0€3 IeNIH, K MOTaKaHWI0 COOCTBEHHBIM >KEJIAHUSM, JTaK€ CaMbIM HU3MEHHBIM.
BrionHe BO3MOXKHO, 4TO OOIIECTBO JAECTEHEPUPYET U OMYCTHUTCS. JIUIIb KPOXOTHAS TOPCTKA CaMbIX
apTUCTUUYECKUX HATyp OYIET eIle CTPEMUTHCS K YeMY-TO, MHCATh CTUXHU W MY3bIKy. OCTalbHEIE,
M0 YTBEPKICHUIO KPUTUKOB, MPEBPATATCS B HUKYEMHBIX JIOABIPEH U T00OTPSICOB.

COMHEHHIO TIOJBEPraloTCs JlaXKe OIpeneeHHs,, KOTOpPhIe HCIONb30BAIU TBOPLBI yTOMHUH.
BcnoMHuM, K mpuMmepy, MaHTpbl coLMalM3Ma MU KOMMYHHU3Ma. BOT OCHOBHOM mNpuHIUII
counanmmama: «OT KaXJ0ro 1mo CrnocOOHOCTSAM, KaXJIOMY IO TPYAy». A BOT OCHOBHOM NPUHIUI
KOMMYHHU3Ma, BBHICIIEH cTaguu coruanu3ma: «OT KakAOro Mo CHOCOOHOCTAM, KaXKIOMY II0
MOTPEOHOCTAMY.

Ho ecnu mosiBisieTcss periukarop, OT 3TUX JIO3YHTOB ocTaeTcs Juilb ofHOo: «Kaxnomy 1o
KETAHUSIM.

[IpaBna, cymectByeT W TpeTwil B3I Ha mpobiemy. CormacHo [lpuHnumy mnemepHoro
YesoBeKa, (yHIaMeHTaIbHasl OCHOBA JTUYHOCTH desioBeka 3a mociueanue 100 000 net mpakTudecku
HE U3MEHWIACh. TOTa, B IaJIE€KOM IMPOILIOM, HE CYIIECTBOBAJIO MOHATUS «paboTay. AHTPOIOIOTH
TOBOPAT, YTO MPUMHUTHUBHOE OOLIECTBO — 3TO BCETAa B 3HAYMTEIBHOM CTENEHH KOMMYHA, YJICHbI
KOTOPO# JIEST paoCTH U TPYAHOCTH IOPOBHY. PUTM JKU3HU B IPEBHOCTHU OTpEAETsIics He paboToit
U HE 3apIuiaToil, MOCKOJIbKY HU TOTO HU IPYTOro He ObLIO.

W Bce ke ApeBHUN YENOBEK HE MpeBpamlajics B JICHTSAs W Oe3lelbHUKA, U TOMY €CTh
HECKOJIbKO NMpUYMH. Bo-nepBbIX, JeHTsH ymep Obl oT ronona. Tex, KTo He BBIMOJHSI CBOIO 4YacTb
paboThl, MPOCTO MBTOHSIM W3 TUIEMEHHU, U OHH BCKOpe morubanu. Bo-BTOpHIX, JTIOMU TOPAMIUCH
JIeJIOM pyK CBOMX M Jake HaXoAWin B paboTe CMBICA JKU3HU. B-TpeTbux, CylecTBOBaIO
CWIbHEHIIEe COLMAIIBHOE JIaBJIEHUWE, 3acTaBJISIBIICE YEJIIOBEKa CTAHOBUTHCA M OCTaBaThCs
MPOYKTUBHBIM 4jieHOM oOImecTBa. Takoi ueloBeK MOT BCTYNUTh B Opak W mepeaarb CBOM T'eHBI
MOTOMKAaM, TOT/Ia KaK TeHBI JICHTSIEB U 0€3/IeTIbHIKOB, KaK MPABHUIIO, YMUPATIH BMECTE C HUMHU.

Wrak, ecTh JI1 IPUYXHBI, TT0 KOTOPBIM JIFOIX OyITyT BECTH MPOTYKTUBHYIO KU3Hb JaKe TOCIIe
M300peTeHNs PeIINKaTopa, KOTOPhIi CMOXET JaTh KaxkaoMy Bce xkenaemoe? C onHONW CTOPOHBI —
U 3TO, HABEpHOE, IIaBHOE, — PEIUIMKATOp TapaHTHUPYET, YTO HUKTO Ha 3emiie He OyleT royionaath.
Ho ¢ npyroii ctopoHsl, Jitoau B OOJNBIIMHCTBE CBOEM, CKOpPEE BCETO, OyAyT MpOJ0KaTh TPYAUTHCS,
MMOTOMY YTO TOPHAATCS CBOMMH YMEHHUSMH W BUIAT B pabOTe€ CMBICI. A BOT TPETHIO NMPHUYUHY,
COLIMATIbHOE JaBIIEHUE, CIOKHEE MOJIepKUBaTh, HE Hapyllas HUYbeW JTUYHOW cBOOOIBL. BMmecTo
COLIMAJIbHOTO JIaBJICHUS, BEPOATHO, MOTpPeOyeTcs Cepbe3HBbI CIBUI B CHCTEME BOCIUTAHUS H
obpasoBanus aeTeid. YToObI peruiMKaTop He UCIOJIb30BAJICSA BO 3710, HEOOXOAUMO OyIeT MU3MEHUTh
OTHOIIIEHHUE JIFONIeH K padoTe.

K cuacthio, mporpecc, ckopee Bcero, OyJeT oueHb MEUIEHHBIM, /1a U PEIUTUKATOP MOSBUTCS
BpSJI JTU paHbIIE YeM Yepe3 CToJIeTHe... Y 00IecTBa OyIeT JOCTAaTOYHO BPEMEHH, YTOOBI OOCYIHUTH
CO BCEX CTOPOH MPEUMYIIECTBA M HEAOCTATKU ITON TEXHOJOTHH U, MPUCIIOCOOUBIINCH K HOBOM
peanbHOCTH, HE JOMYCTUTh pacraja.

MOXHO HE COMHEBATHCS, YTO TEPBBIE PEIUIMKATOPBHI OyIyT AOPOTHM YHOBOIbCTBHEM. Kak
TOBOPUT YK€ 3HAKOMBIM HaMm croenuanuct Mo pobororexnuke u3 MIT Poguu Bbpyke,
«HAHOTEXHOJIOTHS PACIBETET, CKOpEe BCETo, MPUMEPHO Kak paciena Goroautorpadus, — B O4CHb
JIOPOTOCTOSIIIIUX KOHTPOJIMPYEMBIX YCIIOBUSX, & HE KaK OOIIETOCTYIHAsl PhIHOYHAS TEXHOJIOTHS.
Tak uyTo mpobremMa OeCIUIaTHOCTH U JIOCTYIHOCTH JIOOBIX Onar He OyaeT Takod yx mpoOieMoit.
Y4YuThiBas CIOKHOCTH MOJOOHBIX MAIIMH, C MOMEHTA MX H300pETEeHUs 110 BBIXOAA Ha peaybHBIN
PBIHOK U MaJIeHUs LIeH MPONAET, HABEPHOE, HE OJTHO JIECATUIIETHE.

VY MeHs OmHaXIbl cOCTOsUICS HWHTEepecHbId pasroBop ¢ Kamd Kaccwo (Jamais Cascio),
M3BECTHBIM (PYTYPHCTOM, JaBHO MBITAIOIIMMCS PA3MIAAETh KOHTYpPHI Oymayiiero. Bo-mepBbix, oH
CKazaJl MHE, YTO COMHEBAETCSl B TEOPUU CUHTYISPHOCTH, YIOMSHYTOW B IVIaBe 2; yeJoBeyecKas



IpupoJa W CONMANbHAS TUHAMHKA CIHIIKOM CJIOXHBI, 3allyTaHHBI U HEMpPEICKa3yeMbl, YTOObI
VKJIAJBIBAaThCSI B TPOCTYIO aKKyparHylo Teoputo. OpHako OH TIpU3HAN, YTO pPa3BUTHE
HAHOTEXHOJIOTHI CO BpEMEHEM MOKET MOPOIUTH OOIIECTBO, T/Ie BCEro OyaeT B U30BITKE, 0COOCHHO
€CJIM TIOSIBATCS PETUIMKATOPHI U TIOJTHOIICHHBIE poOoThl. [ToaTomMy s cipocun: «Kak moBeneT ceds
0O0IIIeCTBO, €CITH BCe Ollara CTaHyT MOUYTH OeCIIaTHBIMU, a HEOOXOAMMOCTh PaboTaTh UCUE3HET?»

OH ckazai, 4To IpOU30UIeT Be Benu. Bo-mepBhix, 6oraroe 00IMEecTBO 00€CTIEUUT KaXKIOMY,
Jake TeM, KTO He 3axodeT paboTarh, JOCTOMHBI MUHUMANBHBIN 10X0A. Tak 4TO HEKOTOpas A0S
HaceJIeHUs, BEPOSITHO, IPEBPATUTCS B MPECIIOBYTHIX JICHTSACB U Oe3/enbHUKOB. Kaccno mpensuant
MOSIBICHUE HEKOW CTPaxXxOBOYHOM CETKM sl 0OIIecTBa — SBJICHHE, BO3MOXHO, HE CIHUIIKOM
KeJaTebHOe, HO Hen30eXHOoe, 0COOEHHO €ClIM BCEe MaTepualibHble MOTPEOHOCTH uYeaoBeKa OymyT
o0ecrneunBaTh POOOTHI U PEIUIMKATOPHI. BO-BTOPBIX, OH CYHMTAET, UYTO BCE ATO KOMIEHCHPYETCS
HEBEPOSATHBIM PACIIBETOM TMPEAIMTPUHUMATEIBCKOTO IyXa, CBOOOIHOTO TEMeph OT CTpaxa mepen
pazopeHueM W HUIIETOH. JlesTenpHbIe NIOAU OyAyT MPOSBIATH WHUIMATUBY W Oparb Ha cels
JIOTIOTHUTEIBHBIE PUCKH, CO37aBas HOBBIE OTPACiId M HOBBIE BO3MOXXHOCTH sl Apyrux. llo
MHEHUIO0 (YTypUCTa, TBOPYECKOE Hadalo, OCBOOOXKICHHOE OT CTpaxa Mepen OaHKPOTCTBOM,
MTOTHUMET OOIIIECTBO Ha HOBYIO BBICOTY M TIOPOJIUT HOBBIN pEHECCAHC.

S mpekpacHO 3Har0, 4TO B MO COOCTBEHHOW 001acTH, B (hU3HKe, OONBIIMHCTBO YUYEHBIX
3aHUMAETCsl HAyKOM HE H3-3a JICHET, a PaJd YHUCTOTO YAOBOJBCTBHSI OT HOBBIX OTKPBITUH U
n300peTeHnii. Mbl Hepenko OTKa3bIBaeMcCs OT Oojee MpUOBLTLHOW PabOTHI B APYrHX OONACTSX,
MMOTOMY YTO XOTHM TOHSITHCS 32 MEUTOM, a HE 3a JIOJJITapOoM. 3HAKOMbIE MHE JIFOIU HMCKYCCTBA U
WHTEIJIEKTYal bl IyMAlOT TaK e — WX Ielib He YyBEIWYUTh, HACKOJIHKO BO3MOXKHO, CBOM
OAHKOBCKHUU CYET, a 3aHUMATHCSI TBOPYECTBOM M 00JIArOPAKUBATH YEIIOBEUCCKHUM TyX.

JlnaHo s cumTtaro, 4to, ecau kK 2100 . obmiecTBO pa3dorareeT HaCTOIBKO, YTO BCE JIFOIU
OKaXyTcsl B 0OCTAaHOBKE MaTe€pUAIBLHOTO M300WJIHs, OOMIECTBO MOXKET OTPEarupoBaTh TOYHO TaK
xke. Kakas-To mons HaceneHus: oOpa3yeT MOCTOSHHBIM KJIacc JIIOAEH, KOTOpbIe MPOCTO OTKAKYTCS
paborars. [Ipyrue, 0CBOOOAUBIINCH OT CIEPKUBAIOIIETO BIUSHUS OCTHOCTH, 3alMYTCS TBOPYECKOM
JESITENIbHOCTBIO, HAYKOM MM MCKYCCTBOM. JI7Ii HMX CUacThe TBOPYECTBA U CO3HMIAHUS OKAKETCS
Ba)KHEE MaTepUabHBIX OJiar. BONBIIMHCTBO k€ MPOAODKUT paboTaTh U MPUHOCHUTH MOJIB3Y MPOCTO
MOTOMY, YTO 3TO 3aJI0KEHO y HAac B TeHax. JTo Toxke [[puHIuUI nemepHoro yenoBeka.

Ho cymectByer omna mpoOiema, KOTOPYIO HE CMOXKET PEIINTh JIaKe PEerIuKaTtop, U 3TO
npobnema sHepruu. YyaecHble TEXHOIOTUH Oyaymiero OyayT HyXAaThbCs B TPOMAJHOM KOJTUYECTBE
sHeprun. OTKyna xe OyaeT OpaTbCs 3Ta SHEPTruUs?

5. byayuwiee aHeprum
OHeprusa 3se3n

Kamennvlii 6ex KOHUUNCA He NOMOMY, YMO KOHUUNCA KameHb. M
He()MAHOU 8eK KOHYUMCS 34001120 00 MO020, KAK 8 MUpe KOHYUMCS Hepmb.
Jxeiime Kanron

B moem cosnanuu [a0epHulii cunmes| nepexnukaemcs ¢ UsHAYATbHLIM
0apom 02Hs @ MYMAHAax OOUCIOPUUECKO20 NPOULTOZO.
ben bosa

boram ucTOYHMKOM »SHepruu CIyKwid 3Be3nbl. Korma AmoiutoH mpoesxkan mo HeOy B
KOJIECHULIE, 3alpsDKCHHOM YEeTBEpKOM OrHEABINIANIMX KOHeW, Hebeca M 3eMIII0  3ajuBalia
6eckoneuHast mois Connua. ConepHudars ¢ ATIOJVIOHOM B MOTYILIECTBE CLIOCOOEH ObLIT TOIBKO cam
3eBc. Onnaxasl Cemena, ofHa U3 MHOTOYHMCICHHBIX CMEPTHBIX BO3JIIOOJNIEHHBIX 3€Bca, yMOJIHWIIA
Otna OoroB mokaszarbcs € B MCTUHHOM CBOEM BHJE. 3€BC HEOXOTHO comiacwics. Cremnsias
BCIBIIIKA KOCMUYECKOH SHEPTUH UCTIETIENNIa HECYACTHYIO KEHIIHHY.



VYKe B 9TOM CTOJIETHH YeJIOBEK 00y37aeT SHEPTHIO 3Be3]l — UCTOYHHMK OoroB. B Omipkaiiieit
MEPCIIEKTUBE 3TO 03HAYAET HAyajo 3pbl COMHEYHOU U BOJOPOJHON 3HEPTUU B MIPOTHUBOBEC IHEPTUU
CKUTAHUSI MCKONAeMoro ToruinBa. Ho B JOJATOCpOYHOI MepCHeKTHBE 3TO O3HadaeT o0y3/laHue
SHEPrUM SIEPHOTO CHHTE3a U IMOJyYEHUE COJHEYHOW PHEPrHMH ¢ KOCMHYECKHX 3JIEKTPOCTaHIUH.
JanpHeiimee pa3Butue (GU3MKA MOXKET NMPHUBECTU K HAYaJy 3pbl MarHeTH3Ma, Korja aBTOMOOWIIH,
noesfa M Jaxe CKeWTOOpAbl OylyT HapuTh B BO3AyXe Ha MarHUTHOM mnoxyuike. [lpu stom
noTpelsieHre SHepruy KapJUHAJIbHO YMEHBIIUTCS, MOTOMY YTO YyTh JHM HE BCS SHEPTHs IpH
JIBHKEHUH aBTOMOOMJIS M T0€3/1a YXO/IUT Ha MPEO00JICHUE CUITbI TPEHHUS.

KoHeu HehTN?

CerozHs yenoBedeckasl [IUBHIM3ALMS TTOJIHOCTHIO 3aBUCHUT OT MCKOIAEMOro TOIUIMBA B BHJIE
He(TH, IPUPOTHOTO Tra3a u yrist. B nenom mup norpediser okono 14 TpiH Bart, U3 KOTopsiX 33 %
NpUXOAUTCS Ha HePTh, 25 — Ha yronb, 20 — Ha ra3, 7 — Ha aTOMHYyIO 3Hepruto, 15 — Ha
OMOTOINIMBO M THIPORHEPTUI0 U JHIIb Xajgkue 0, 5 %— Ha COJHEYHYIO SHEPrui0 U Jpyrue
BO300HOBIISIEMBIE €€ BH/IBI.

be3 wuckomaemMoro TOmIMBa MaxOBHK MHMPOBOH SKOHOMUKHM OCTAHOBHJCS OBl C KYTKUM
CKPEXKETOM.

Kunr Xa66eptr (M. King Hubbert), umxenep xommanum Shell Oil, sicHo Bumen koHell
HedTsaHOM 3pbl. B 1956 . Xabbept mpouen B AMEPUKAHCKOM HHCTUTYTE HE(TH JIEKLHIO Ha 3Ty
TEMY M CJENal TPEBOXKHOE IPENCKA3aHUE, KOTOPOE BCE €ro KOJUIETH TOrJa APYKHO BBICMESIIN.
Xab0ept ykazan, uto 3anacel HepTH B CIIIA ucromarorcst oueHb ObicTpo U yxke ckopo 50 % ee
OyzeT U3BJIEYEHO U3-T10]1 3eMJIH, ITOCIIe YeTo HayHeTcs 3pa HeoOpaTtumoro ynazaka. [Ipousoiinet 3to
Mexay 1965 u 1971 rr. Xab0ept cunTan, 94To 3aBUCUMOCTH ToJaHOTO KomudectBa HeGTu B CIIIA ot
BPEMEHH BBIIVIIUT KaK KOJOKOJOBUIHAS KPHBAsl U YTO CTpaHa B TOT MOMEHT HAaXOAWIach BOIM3H
TOYykd MakcuMyma. OH Tpe/cKa3biBajl, 4TO TENeph Jejla HaBEepHsIKa MOKATATCS IOJ ropy U YTO
TaKOH MOBOPOT COOBITUI HEU30ekeH. DTO 03Hayaslo, 4To J0O0bIBaTh HE(Th OyJeT Bce TpyAHEE U
TpYZIHEE U B KaKOH-TO MOMEHT npou3oiiier Hemblcinumoe: CIIIA HauHyT UMIOpTHPOBATH HEPTH.

[Tpenckasanue Xab0epra MOKa3aloCh MHOTMM — JIep3KHM, Jake€ HEYMECTHBIM U
0e30TBeTCTBEHHBIM, MOCKOIbKY CIIIA B TOT MOMEHT NO-NpPEeKHEMY BbIKAYUBAIM HEPTh B
OIpPOMHBIX KoJM4yecTBax B Texace W Jpyrux mecrax. Ho Temepb HeTSHUKU yXKe HE CMEIOTCS.
[Ipenckazanne Xa66epra monano B Touky. K 1970 r. mpousBonctBo Hedgtu B CIIA mocturio 10,
2 MiH Oappeneil B CyTKH, a 3aTeM Hadajo Majarb. YPOBEHb JOOBIYM HE()TH TaKk HHUKOTZIA U HE
BoccranoBmica. Ceromusi CIIA wmmoptupyior 59 % nHedTn. bomee Toro, ecimm cpaBHUTH
OLIEHOYHBIM Tpaduk XabOepTa, COCTaBIEHHBIH HECKOIBKO ACCATWICTUH Ha3ad, C pealbHbIM
rpaduxom no0bun HedTH B CLHA 10 2005 1., ABe KpUBbIE NPAKTUYECKH COBIAAYT.

Ceromus nepea HeTIHUKAMU CTOUT IPYroi (pyHIaMEHTaIbHBIA BONPOC: JOCTUINIM JIU MBI
MakcuMyMa J00bIMM MUPOBBIX HedTsHbIX 3amacoB? Torma, B 1956 1., Xab0ept npeackasan Takxke,
YTO MHUPOBOE MPOU3BOACTBO HE()TH JOCTUTHET MUKA MPUMEPHO yepe3 MAThAECAT JeT. Bo3amoxHo,
OH ObLI IIpaB U B 3TOM. He HCKIII0ueHO, YTO HAlllK AE€TH, OTVISABIBASACH HA CETOIHAIIHUNA e€Hb, OyIyT
paccmarpuBaTh HCKOIAEMOE TOIUIMBO, KaK Mbl CErOJHS PAacCMaTpUBAEM KHUTOBBIM JKHp — Kak
HEMOHSATHBIN MEePEXKUTOK AAJIEKOTO MPOIIIOTO.

MHe He pa3 NpUXOAWIOCH YMTaTh JieKuuu B CaynoBckol ApaBuu M 1O BceMy bimxHemy
BocTtoky, roBopute 0 Hayke, sHepruu u Oyaymem. C omHoi cTopoHbl, B CaymoBckoi ApaBuu
267 mnpa 6appeneil HeTH, Tak 4TO 3Ta CTPaHA, MOXKHO CKa3aTh, IUIABAET B TUTAHTCKOM IOJ3€MHOM
o3epe ceiport HeGTH. A e3gmn o CaymoBckoit ApaBuu u cTpadam I[lepcuackoro 3aimBa U BCIOAY
HaOMIoAal, Kak SHEPrui0 TPaTsAT B HEBOOOPAa3MMBIX, 'POMATHBIX MaciuTabax. S Buaen (oHTaHbI
He(dTH, OblolIMe MOcpenr MyCThIHU U oOpa3yrollne HUCKycCTBeHHble HedTsHble o3epa. B Jlybae,
HECMOTPs Ha )KYTKYIO ’apy CHapy»KH, €CTb Ja)K€ KPBITbII TOPHOJIBLKHBIN CKIIOH C ThICAYaMU TOHH
HCKYCCTBEHHOI'O CHETa.

Ho ceffuac MHHHCTpBI He(TSHOW OTpaciy BCTPEBOXKEHBI. 3a IYCTOH PUTOPUKOH O
«pa3BeNaHHBIX HE(MTAHBIX 3amacax», MPHU3BAaHHOW YBEPUTh HAac B TOM, 4YTO Ha Onuxaifiue



JEeCATUIEeTHUs He(DTU XBATUT C M30OBITKOM, TPOINISIBIBAET MIOHUMAHKUE TOTO, YTO MHOTHE HE(TSIHBIE
ndpe1 — Bcero Uik 0OMaHYMBas TbIMOBas 3aBeca. dpasza «pa3BegaHHBIC 3aMachl HEPTH 3BYUUT
YBEPEHHO U YCIIOKaWBaIOUIE, HO JUIIb IO TE€X MOp, MOKAa HE MOKWMEIlIb: HEPEJIKO 3TU Cambl€ 3arachl
MIPEAICTABIISIIOT COOOM BCErO JIMIIb TUION TMOJUTHYECKOTO JABJICHHS M TBOPYECKOTO BOOOpPAKEHUS
MECTHOTO MUHHUCTpA.

PazroBapuBas co cnennaircTaMHU-3HEPreTUKaMU, sI BUJIEII, YTO MOCTENEHHO CPEAU IKCIEPTOB
dbopmMupyeTcsi eIMHOe MHEHHWE: MbI ceifyac n1ubo Ha BepuinHe XaO0O0epToBOMl KPHUBOM MHUPOBOTO
MPOU3BOJICTBA HEPTH, TUOO — B JIyYIIEeM Clydae — B JIECATKE JIET OT POKOBOW TOYKHU. IDTO
O3Ha4yaeT, YTo B caMoOM OmnmkaiileM OymyIlieM YelIOBEUYeCTBO BCTYMHUT B 3MOXy HEOOpPaTuMOTo
yhajka.

KonewyHo, monmHOCThI0O HE()Th HE KOHUMUTCS HHUKOTAA. [€onoru Bce Bpemsi HAXOASIT HOBBIC
MecTopoxaeHus. Ho cTOMMOCTh TOOBIYM U OYMCTKUA 3TOW HE(PTH HEMPEPHIBHO PACTET U JIOBOJIHHO
CKOpO JIOCTUTHET KocMmHuueckux BbIcOT. K mpumepy, B Kaname uMmerorcss rpomajHble 3ajexu
HEe(TEHOCHBIX TECKOB, HEPTH B HUX XBATHJIO OBl BCEMY MHUPY HE Ha OAHWH JACCATOK JIET — HO
MoOBIBaTh M OYMIIATH ATy He(pTh HeBBIrOAHO. 3anacoB yrisa B CIIIA, BeposTHO, XBaTUIIO OBI JIET Ha
300, HO MCTIOJIB30BAHUE YISl 3AKOHOAATENIBHO OTPAHUYEHO, a CTOUMOCTh OYHUCTKHU €r0 OT TBEPJBIX
¥ Ta3000pa3HbIX 3arps3HSIONINX MIPUMECei BechMa 00peMeHHUTENbHA.

[Tomumo Bcero mpouero HePTh TPOAOHKAIOT HAXOAWTh B TOJUTUYECKH HECTAOMIBHBIX
peruoHax Mupa, OTYETO MX HECTAaOUIBHOCTH TONBKO pacteT. LleHpl Ha HEPTh HAa MPOTHKEHUU
JIECSITHIICTUN BeyT ce0sl KaKk MaIlTMHKY Ha aMepUKaHCKuX ropkax: B 2008 . OHM TOCTUIVIM MHKa Ha
ypoBHe 140 nmommapoB 3a Gappenb (M Oonee 4 1o/ulapoB 3a TajUIOH OCH3MHA Ha aBTO3aIlpaBKe),
3aTeM ymnaju W3-3a MUPOBOTO SKOHOMHYECKOTO KpHU3Hca. 3/1€Ch, KOHEYHO, MPUCYTCTBYIOT U JTUKUE
KoJieOaHus, CBSI3aHHBIC C MOJMUTUYECKUMU TEPEAPSATaMH, CIEKYIALUeH, CIyXaMHd U T. T., HO SICHO
OJTHO: CpeIHssI IIeHa HE(TH B JOJITOCPOYHON MEPCIIEKTHBE OYIET pacTy.

Poct nen Ha He(dTh O3HA4YaeT CEphE3HBIC MOCIEACTBHUS Ui BCEH MHUPOBON SKOHOMHKH.
Boo06mie, ctpeMuTenbHbIN TOIBEM COBPEMEHHONW IUBUIM3AMKA B XX B. CBSI3aH C JIByMS BEIIlAMH:
9TO nemieBas HePTh U 3akOH Mypa. PocT 11leH Ha PHEProHOCUTENH O03HAYaeT Cepbe3HOE NABICHUE
OIHOBPEMEHHO Ha MPOW3BOACTBO IMPOJAOBOJBCTBUSA W 3alUTY OKpyxkaromei cpenpl. Kak ckazan
pomanuct [xeppu I[lypuens (Jerry Pournelle), «ema u 3arpsi3HeHHE Cpeapl — HE TEpBUYHBIC
MpoOJIeMBI; 3TO IHEpPreThdecKue mpoodaembl. [Ipyu 10CTaTOUHOM KOMMYECTBE SHEPTHH MBI MOXKEM
MPOU3BECTH CTOJIBKO MHILHM, CKOJBKO 3aXOTHUM, €CIM HY)KHO, MHTEHCUBHBIMM METOAAMH BPOJE
TUAPONOHUKA W Terui. To ke C 3arpsS3HEHUEM: €CJIM SHEPrud JOCTATOYHO, 3arps3HSIONINE
BEI[ECTBA MOXKHO TpEeBpallaTh B BEIIU, C KOTOPBIMH MOXHO OOPOThCS, a MPU HEOOXOIAUMOCTH
pasyiaratb Ha COCTaBIISIOLINEY.

B HacTosmMii MOMEHT mepe HaMu CTOUT | IpyTas mpolieMa: pocT cpeaHero kinacca B Kurae
u WHmuu. D10 oaMH W3 BeMMYAWIUX AeMorpadUyecKuX CIBHTOB IIOCICBOCHHOTO MHPA,
MOPOXKIAIOIINN CHUIIbHEHIIIee TaBIeHNe Ha He(TSHBIC [IEHBI U IIEHbl HA TOTPEOUTETHCKUE TOBAPHI.
Buns B romuByackux ¢uibMax ramOypreps! u3 McDonald's u cemeiinble rapaku Ha J1Be MalIlHBbI,
HOBBIE MPEACTABUTENM CPEIHErO Kjacca TOXKE XOTAT MONAcTh B aMEPUKAHCKYI0 MEUTY M BECTU
KU3Hb, TIOJIHYIO0 O0€CIIeTbHOTO TOTPEOICHUS SHEPTHH.

Bnvxanwee 6yayuiee
(c HacTosiLwero momeHTa Ao 2030 r.)

JKOHOMHKA HA COJIHEYHON/BOIOPOIHOM IJHEPrUM

Co3zpnaerca BneuyawieHue, 4YTo uctopus nosropsercsa. B nHadane XX B. I'enpu @opa u Tomac
OMCOH, /1Ba JaBHUX JIPyTa, 3aKJIIOYMIN MTapU O TOM, Kakasi popma sHepruu Oy/eT IJ1aBeHCTBOBATh B
Oynymem. I'enpu @opn nocraBui Ha He(YTh, KOTOPasi 3aMEHUT YTOJb, M Ha IBUTATEN BHYTPEHHETO
CropaHusi, KOTOpbIE NPUAYT HA CMEHY MapOBBIM JBUrareiasM. Tomac OAMCOH NOCTaBHI Ha
anekTpomoousb. Hano ckazarh, YTO MCXOA 3TOTO CyAbOOHOCHOTO MAapu CHUJIBHO IMOBIUSET HA XOA
MupoBoil ucropuu. Hexoropoe Bpemsi kazanoch, 4To MoOEAUT ODAMCOH, MOCKOIbKY A0OBIBATh



KATOBBIM kHp OBUIO upe3BblYaiiHO TpyaHO. Ho Bckope OTKpbITHE 3amacoB JAemieBod He(TH Ha
bmmxaem BocTtoke n B apyrux mecrax BbiBesno B juaepbl Popna. [locime 3Toro Mup M3MEHHUIICS
HaBcerna. JJIEeKTPHUUECKUE aKKyMYIATOPHI ObUIM HE B COCTOSTHMM YTHAThCs 3a OEH3MHOM, UMEBILIUM
(dbeHoMeHanbHbIN ycnex. ([axe ceronnsa OeH3UH AaeT MPUMEPHO B COPOK pa3 OoJIblIIe SHEPTUH, YEM
ANIEKTpUYECKast aKKyMYJIITOpHas 6atapes TOM K€ MaccChl.)

Ho ceifyac MasTHUK IPUOCTAHOBHWIICA U COOMPAETCS BHOBb KAUHYThCSI B OOPATHYIO CTOPOHY.
MoskeT ObITh, DTUCOH ellle BBIIIET MOOEAUTENEM B CIIOPE CTOJIETHEH JaBHOCTH.

Bonpoc, KOTOpbIM 3a7atoTCsi B TNPaBUTENBCTBEHHBIX U IMPOMBIIIJICHHBIX Kpyrax, 3BYYMT
IPOCTO: 4TO 3aMEHUT He(Th? SICHOrO OTBEeTa Ha HEro moka Her. B Ommwxkaiimem Oyayiiem mpocTo
HEeT JIOCTOWHOM 3aMeHBbl MCKOIIAa€MOMY TOIUIMBY, U KaKO€-TO BpPEMs, BO3MOXHO JOBOJIBHO JOJTO,
pa3Hble HICTOYHUKU SHEPTUu OyIyT CYIIEeCTBOBATh apajiesibHO, Ha PaBHBIX.

Ho nanGonee nepcrneKTUBHBIM Ha JAaHHBIII MOMEHT KaHAWJATOM MPEACTABISAETCS COMHEUHAs U
BOJIOPO/IHAsI DHEPreTHKa, T. €. YHEprus, rmoiyyaemas Ha 0a3ze BO30OHOBISEMBIX TEXHOJIOTHUH. DTO
COOCTBEHHO COJTHEUHAsl YHEPIHsl, SHEPTUS BETPA, YHEPTHs TUAPOIIEKTPOCTAHIIUN U BOJOPOA.

B Hacrosiiiee BpeMs 3JIeKTPUYECTBO, MOJIYYaeMOe C COJTHEYHbIX OaTapeil, CTOMT B HECKOJIBKO
pa3 gopoxe yroiapHoro. Ho texnuueckuil mporpecc obecrneynBaeT cTaOWIbHOE TaJieHue IIeH Ha
AIIEKTPUYECTBO M3 BO300OHOBISIEMBIX HCTOYHHMKOB, a ILI€HBl HAa HCKOMA€MO€ TOIUIMBO CTONb JKe
ctabunpHO pacTyT. [lo onenkam yueHnsix, yepe3 10-15 net aBe kpuble nepecekyrcs. OcTanbHOe
C/IETIAIOT PHIHOYHBIE MEXaHU3MBI.

JHeprus BeTpa

B OGnukaiiniel nepcrekTUBe JIydllle BCEro BBINISAAT TaKhue BO30OHOBISIEMbIE HICTOUYHUKH, KaK
SHeprusi Berpa. MupoBble BETpOreHepupyromue MomHocTi Boipocau ¢ 17 I'Bt B 2000 . go 121
I'Bt B 2008 .'DHeprus BeTpa, KOTOPYIO KOIIa-TO MPAKTHYECKH HE Opajiu B pacyer, NpuoOpeTaer
Bce Oounpliee 3HaYeHHE. TeXHHUYecKud mporpecc B 0ONAaCTU NMPOU3BOJCTBA BETPSHBIX TYypOUH
yBenmu4UaI SPPEKTUBHOCT W IMPOU3BOJUTENBHOCTh BETPSHBIX JJEKTPOCTAHLUH, U Temepb
BETPOIHEPreTHKa — OJAMH U3 Haubosee ObICTPO PaCTYIIUX CEKTOPOB SHEPTETHUECKOTO PHIHKA.

CeronHsAIIHNE BETPOIIEKTPOCTAHIIMM MaJI0 HAIIOMUHAIOT BETPSHBIE MEJIBHUIIBI, KPYTHBILINE
KoJleca MENbHUIl M 3aBOAMKOB B KoHIEe XIX B. OnmH BeTporeHeparop MoxeT aaBarb 5 MBT
AIIEKTPO’HEPTUU — JOCTAaTOYHO st HeOonbinoil nepeBymkd. Ilpu »Tom oH Oe3omaceH W He
3arpsi3HSET OKpYXKawlInylo cpeny. BerpsiHas TypOuHa CcHaOXXeHa OTPOMHBIMH OOTEKaeMBIMH
JonacTaMu JIUHOM okono 30 M, BpamalomUMucs ModTh 0e3 TpeHus. BeTpsHble TypOUHBI
MIPOU3BOAAT DIEKTPUUECTBO TaK e, KaK TypOWHBI THIPOIIEKTPOCTAHIMN WIH, K MPUMEDY,
BEJIOCHUIIEHBIE TeHEpaTOphl. BeTep BpalaeT jonactu, a BMECTE C HUIMHM U MarHUT BHYTPU KaTyLIKH.
Bpamaromeecss MarHuTHOE I0JIE€ TOHUT 3JEKTPOHBI 110 BUTKAM KaTYLIKH, CO37aBas B DJIEKTPOCETH
ToK. bonbias BeTpoanekrpocTaniys, Bkirodaromas 100 Takux reHeparopoB, MOKET POU3BOIUTH
500 MBT, uto BnonHe cpaBHUMO ¢ 1000 MBT, npon3BOOUMMBIX yrOJBHOW CTAaHLIHUEW WU OJHUM
0JIOKOM aTOMHOM CTaHIUH.

Heckonbko mocnegHuX JECATWICTHH JUAEPCTBO B  Pa3BUTHH  BETPOIHEPIETUYECKHUX
TexHoJorui nmpuHaanexano EBpore. Ognako He Tak gaBHo CIHIA oGornanu B sTom EBpomy. B
2009 r. B CIIA 6b110 numibs 28 I'BT ycTaHOBIEHHOW MOLIHOCTH BETPOTE€HEPATOPOB, HO B OIHOM
Texace ux umeercs Ha 8 'BT u ctposrcs momHoctu emie Ha 1 I'Bt, a mnanupyeTcs MoCcTpouTh ele
oonbue. Eciu Bece noiaet nmo miany, Texac Oyaet nonydats oT Betpa 50 I'BT anexrposneprun —
OoJee yeM JI0CTATOYHO IS LITaTa ¢ HaceJIeHUEM 24 MITH YelIOBeK.

Ho Kwuraii ckopo npeBzoiiger CIIA B 310it obmactu. [lo mporpamme «BeTtposHepreTudeckas
6a3a» TaM Oy/ieT MOCTPOEHO IIECTh BETPOITEKTPOCTAHINI CyMMapHOi MolHOCThIO 127 I'BT.

HecMotpst Ha TO 4TO 3HEprusi BeTpa BHINIAIUT Bce Oosiee MPUBIEKATENbHO U B Onmkaiiiiee
BpeMsl NPOU3BOJICTBO BETPSIHOTO 3JIEKTPUUECTBA, HECOMHEHHO, OyAeT pacTh, 00ecCleUuTh TaKuM
00pa3oM >Hepruel Bce 4eI0BeYeCTBO HEBO3MOXKHO. B sydiiem ciyyae sHeprust BeTpa 3aiiMeT cBOe
OrPaHUYEHHOE MECTO B CJIOXHOM W HEOJHOPOAHOW MHMPOBOM DJHEPreTUYECKON cucreme. Y

1 1 oo 194 IT'Bt B 2010 . — Ilpum. mep.



BETPOJHEPIETUKH €CThb HECKOJIBKO CEPbE3HBIX HENOCTAaTKOB. OHEPruss B HEH MOXKET
BbIpa0aThIBaThCSl JIMIIL BPEMsI OT BPEMEHM, KOTZa TyeT BeTep, W JUIIb B HEKOTOPBIX OCOOEHHO
BETPEHBIX peruoHax wmupa. Kpome Toro, mu3-3a moTepp IpH IHepeAade dIEKTPOIHEPTUU
BETPOIEKTPOCTAHIIMN MPUXOAUTCA pa3Menarh BOJM3M KPYIHBIX TOPOAOB, YTO emie Ooublie
OrpaHUYMBAET UX BO3MOXKHOCTH.

A BoT 1 Coutnne!

Ecnu pasoOparbesi, Bcsi sHeprus Ha 3emisie ucxoauT ot Comnua. Jlaxe HedTh M yroiab
MPEJCTaBISIIOT cOo00il B HEKOTOPOM CMBICIIE KOHIEHTPUPOBAHHBINA COJIHEUHBIN CBET, SHEPTrUIo,
MOMIOIIEHHYI0 MUJUIMOHBI JIET HAa3aJ PAaCTEHUSMHU M >KMBOTHBIMU. BceieacTBue 3TOro KOJIM4YECTBO
SHEpPruM, cojepkalieecss B JUTpe O€H3MHA, Topas3no OoJblle, YeM Mbl MOXEM 3amacTh B
ANIEKTpUYEeCcKOM akkymynsaTope. C 3Toi GpyHIaMeHTaIbHON Mpo0iIeMoii CTalIKUBAJICS ellle JAUCOH B
IIPOILIOM BEKE, U OHA € CTOUT Mepe]] 4YeTOBEYECTBOM CErO/IHS.

ConHeyHble Oaraped HaMpSIMYyIO NMPeoOpa3yloT COJIHEYHOE U3IydeHHE B dJekTpuuectBo. (B
OCHOBE JTOTO Tmporecca JexuT sBiaeHue Gotodrddekra, koropoe eme B 1905 oOBsICHWI
Onnmreitn. Korga wactuna cBera — (OTOH — MajaeT Ha MeETall, OHa BHIOMBAET U3 aTOMHOM
PELIETKH IEKTPOH, MOPOXKIasi TAKUM 00pa30M 3IEKTPUUECKHM TOK.)

Onnako comHeuHble Oarapen Hed(ddexkTuBHbl. Jlake Temepb, IMocie JECSITKOB JIET
HENPEPBIBHBIX YCHWJIMM YYEHBIX M HH)KEHEPOB, UX KOA(Q(UIMEHT MOJE3HOro NEHCTBUS 3aBHC Ha
oTMeTke okoio 15 %. B HacTosmee Bpems MccinenoBaHus UAYT B IBYX HarpasieHusx. [leppoe —
yBenuueHue dS(PPEKTUBHOCTH COJIHEUHBIX Oarapeil, 4TO SABISETCS UYPE3BBIYANHO CIIOXKHOMN
TEXHUUYECKOW 3amadell. BTopoe — yMEHbIIEHHWE CTOMMOCTH MX IPOU3BOACTBA U YCTAaHOBKH, a
TaK)K€ CTPOUTENLCTBA COTHEYHBIX 3JIEKTPOCTAHIUH.

K mpumepy, MOKpHIB BCIO TEPPUTOPHIO IITata Apu3oHa (POTORIEKTPUUECKUMH OarapesMu,
MO>KHO OBLJIO OBbI MOJHOCTBIO YOBIEeTBOpUTH oTpedbHOoCTh CIA B anextpuyectse. [loHATHO, UTO
3TO HENpPAaKTHUYHO. TeM He MeHee KpYIHbIE Y4acTKM 3€MJIM Ha TeppuTopuu mycTelHM Caxapa
HEOXXUJAHHO TIOACKOUMIM B I[IEHE U CTalM I0JIb30BaThCSl CIPOCOM; WHBECTOPHI YK€ Hadaau
CTPOUTENIBCTBO KPYMHBIX COJHEYHBIX JJIEKTPOCTAHIMHA B ITOH IMyCThIHE JUIsI OOCITY>KUBaHHS
€BPOINENHCKUX MOTpeOuTENEH.

B kpynmHBIX ropomax MOXHO OBUIO OBl CHHU3UTh CTOMMOCTH COJIHEUHOW SHEPTHH, MOKPHIB
CTEHBI U KPBILIN JJOMOB COJIHEUHBIMHU OaTrapesMu. Y Takoro BapHaHTa €CTh CBOM MPEUMYIIECTBA, B
TOM 4YHCJE€ TO, YTO IPU 3TOM HCKIIOYAIOTCS IOTEPU NPU NEpeAade SHEpPruuM OT CTAHLUUU K
notrpedurento. Ilpobrema B IleHE: HECIOXHBIM pacueT MOKa3bIBAET, YTO JMJIsi OKYIaeMOCTH
MO0OHBIX MPEANPUATHI HYXKHO OyIET SKOHOMHUTH OYKBAJILHO Ha BCEM'.

Crnenyer mpu3HaTh, YTO IMOKAa COJIHEUHAs HHEPrHsl HE OIpaB/AbIBACT BO3JAraeMbIX Ha Hee
Hajex1. TeM He MeHee HeCTaOMJIbHOCTh 1I€H Ha He(Th 3acTaBisieT MpUIAraTh JOMOJHHUTEIbHbIE
yCWIIis Ui BbIBOJA 3TOTO BHJA BO300OHOBISIEMOW SHEPrUM Ha PHIHOK. BO3MOXHO, TEHIEHIUS
BCKOpe U3MEHHTCA. Kak/1ple HECKOIBKO MECSIIEB MBI CIIBIIIMM O HOBBIX JOCTH)KEHHUSX U PEKOPHAX.
[Ipon3BOACTBO COTHEUHOM SIEKTPOIHEPTHH €XKETOMHO pacTeT Ha 45 %, a 3a ;Ba roja IMOYTH
yaBauaetcs. Conneunsle 6arapen mo Bcemy mupy B 2009 1. umenu moruHocTs 15 I'BT, 1 TobKO 32
2008 r. aTa BesqinumHa BbIpocia Ha 5, 6 ' BT.

B 2008 r. komnanus Florida Power &amp; Light o6msiBuna o camom kpynHom B CIHA
IIPOEKTE COJIHEYHOM JHEPreTHKHU. 3aKIIO4eH KOHTPAKT ¢ Kopnopamuei SunPower, KkoTtopas
IUTaHUpYeT Npou3BoauTh 25 MBT sneprun. (Ha cerogusiiinnii nens pexopa B CIIA nmpunagiexxut
BOEHHO-BO3aAymHONH 0a3ze Hemnmnc B HeBanme, 4bsi conmHeuHas crtaHius npousBoaut 15 MBT
AIIEKTPOIHEPTUU. )

B 20091 xopmnopauus BrightSource Energy co mra0-kBaptupoit B OkjeHzae, mTar
Kanmudopuus, o0bsiBUIa 0 MmIaHax MOOUTH ATOT pekopa U nmoctpouts B Kamudopuuu, Hesane u
Apwuzone 14 coMHEYHBIX AITEKTPOCTAHIIMKN 00T MPON3BOAUTEIHHOCTRIO 2, 6 I'BT.

1 K ckazanHOMYy ciemyeT m00aBHTh, YTO MPOHU3BOACTBO CaMHUX (POTORIEMEHTOB IPEACTABIACT COOOH IOCTATOYHO
3aTpaTHBIN U «rpsi3HbI» nponecc. — [Ipum. nep.



Cpenu npoextoB BrightSource Energy — conneunas snekrpoctanuus AiliBeHna B FOxxHOM
Kanmudopuuu, BriIrOUarom@as TpU COJHEYHO-TEPMAJbHBIX OJOKa, KOTOphIE BMecTe OyayT
npou3BoauTh 440 MBT snextposneprun. CoBmectHo ¢ Pacific Gas and Electric BrightSource
IUIAaHUPYET NOCTPOUTh cTaHIuio Ha 1, 3 I'Bt B mycTeiHe Moxage.

B 2009 r. komnanus First Solar, kpynHelmuii MUpOBOH MPOM3BOIUTENh COTHEUHBIX Oarapei,
00BsIBUIIA, UTO OYyAET CTPOUTH CaMyl0 OOJIBIIYI0O B MUPE COJHEUHYIO AJIEKTPOCTAHIIUIO K CEBEPY OT
Benukoii Kuraiickoii creHbl. JleCSITUIETHUII KOHTPAKT, JETaJId KOTOPOTO BCE €IIe HAXOIATCS B
CTaJuU COITIACOBAHMS, IPELYCMAaTPUBAET CTPOMUTEIBCTBO T'POMAJHOIO COJIHEYHOI'O KOMIUIEKCA
MoIHOCTBIO 2 I'BT, cocrosiiero u3 27 ThICAY TOHKOIUIEHOYHBIX naHenel. Ilo MomHocTy Takas
CTaHIIMSI COOTBETCTBYET JIByM YTOJbHBIM 3HEProOI0KaM M MPOU3BOIUT JOCTATOYHO AHEPTHM IS
3 muH cemeit. Cranuus 3aiimer 65 kM2 Bo BHyTpeHHeld MoOHronuu u cTraHeT YacThio elle Oosee
KPYIIHOTO SHEPreTUYECKOT0 KOMIUIEKCA, COBOKYIHAs MPOEKTHAsI MOUIHOCTh KOTOPOTO COCTAaBISET
12 I'Br. Kuralickue 4YMHOBHUKH YTBEP)KIAIOT, YTO COJHEYHAs 3JEKTPOCTAHLUSA CTAHET JIMIIb
YacTbI0 ATOr0 TMTAHTCKOTO MPEINpPHUITHS MO J00bIYe€ SHEPTUM M3 PA3IUYHBIX BO30OHOBISIEMBIX
MCTOYHHUKOB (BETpa, COIHIIA, OMOMACCHI M THJIPOIHEPTHUN).

[Toxa HesiCHO, CMOTYT JIM 3TH aMOMIIMO3HbIE MTPOEKTHI MPOUTH IKOJIOTUYECKYIO SKCIIEPTU3Y U
pemuTh Ipo0JIeMbl BBICOKOW CTOMMOCTH 3HEPTUH, HO IIABHOE — TO, YTO B COJTHEYHON YHEpPreTHKe
BCE K€ IMPOUCXOIUT MENJICHHBIA MOBOPOT, M KPYIHBIE JHEPreTUYECKHE KOMIIAHUM HAYMHAIOT
BCEPBE3 PaCCMATPUBATH COJIHEYHYIO SHEPTHUIO KAK aJIbTEPHATUBY AIEKTPOCTAHIMUAM HAa HCKOIIAEMOM
TOIUIMBE.

DJIeKTPOMOO b

He cekpet, 4To mpuMepHO MOJOBHHY HEPTH B MUpE MOTPEOISIOT aBTOMOOWIH, Moe3na U
caMmoJIeThl, MOATOMY pedopmMa 3TOro CEeKTOpa 3KOHOMHKH BBI3bIBA€T TpOMajHbBIA HHTEepec. B
HacToOsIIee BpeMs UAET HacTosALIas TOHKa 3a Oynyliee JUIepCTBO Ha aBTOMOOMIBHOM PhIHKE, TTOCHe
TOTO KaK CTPaHbl MMOCTENIEHHO MEepeiayT OT MallMH Ha MCKOMIAEMOM TOIUIMBE K 3JIEKTPOMOOHIISM.
OTO UCTOPUUECKUI TIEPEeXO0l, U MepBasi €ro CTafusi — TUOpUAHBIA aBTOMOOUIIb, YKE MOSIBUBIIMMICS
Ha pBIHKE (B HEM paboTaeT u OEH3MH, U ANEKTPUUECTBO U3 aKKyMYyJsTopa). B 3TOM aBTOMOOMIE 1114
pelieHus cTapoi mpoOJIeMBbl ¢ aKKyMYIISITOPAMU UCIIONB3YeTCsl HEOOJBIION ABUTaTellb BHYTPEHHETO
CTOpaHMs: JeJI0 B TOM, YTO CO3/aTh aKKyMYJSATOp, KOTOPbI MOr Obl 00€CHeYuTh IBM)KEHUE Ha
JUIMHHBIX JUCTAHLUAX, OYE€Hb TPYIHO, K TOMY XK€ AJIEKTPUUYECKUI JBUTATEIh HE CIIOCOOEH OBICTPO
pa3orHaTh MalluHY.

Ho rubpua — 31o TonbKko nepBbiil mar. K nmpumepy, Ha MOIyIbHOM THOPUHOM aBTOMOOMIIE
CTOMT JIOCTaTOYHO MOIIHAs aKKyMYJIATOpHast 6aTapesi, 4To0bl MOKHO OBbLITO MpoexaTth okoio 80 KM,
HE TMepexoiasi Ha BTOPOW, OCH3WMHOBBIM JBUTATEIh. A €CIM y4eCTh, YTO OOJIBIIMHCTBO JIFOJCH
COBEpIIAET IOBCEIAHEBHBIE IOE3IKM B NPENENax 3TOT0 PACCTOSHUSA, TO MOJIYYUTCS, YTO TAKOH
aBTOMOOWJIb Oy/IeT €3AUTh TOJIBKO Ha AJIEKTPUUECTBE.

Cpenu cepbe3HBIX y4yacTHUKOB roHku rubpunoB — Chevy Volt komnanuu General Motors.
DTa MammHa CrocoOHa mpoexarh 65 KM TOJIBKO Ha JINTUH-UOHHOM aKKyMmyJsaTope u eme 480 — Ha
MaJIeHbKOM O€H3UHOBOM JIBUTaTeJIe.

A xommanusa Tesla Motors u3 KpemuueBoit nonuubel enuHcTBeHHass B CeBepHON AMepuUKe
BBIYCTUJa Ha PBIHOK CEpUHHBIA 4YMCTO 3neKkTpuueckuil aBromoOminb Tesla Roadster. Dto
oOTekaeMasi CMOPTUBHAs MaIIMHKAa CHOCOOHA COCTS3aThCsl Ha JIOpOre C JOO0bIM OEH3MHOBBIM
aBTOMOOMJIEM M Ha JeJie ONPOBEPraeT YCTOsBIIEECS MPEACTABIEHUE O TOM, YTO JIBUraTeld Ha
JUTUH-NOHHBIX aKKyMYJISATOPaX HUKOTIA HE CPABHATCS ¢ OEH3MHOBBIMH.

Mse noBenoch MocuaeTh 3a pynem apyxmectHolt Tesla, nmpunamnexamnieit [ oy XeHapukcy
(John Hendricks), ocnoBaremto kommanuu Discovery Communications, ydpeauTens KaHajia
Discovery. S ycencsi Ha BOAMTEIBCKOE MECTO, U MHUCTEp XEHAPUKC MPEATOKHUI MHE HCIBITATh
MalIMHY Ha TMOJHOM Ta3y. Sl BOCHOJB30BajICsl COBETOM M BXaJl MeAallb akcejaeparopa B moi. Tesla
pBaHy’na Briepea. Pasron 1o 96 km/4 Bcero 3a 3, 9 ¢ 3acTaBuiI HaIllK Tela BXKarbes B Kpecya. OnHO
JIEJI0 — CIIYIIATh MOXBAJy YHCTO JIEKTPUUYECKOM MAIIMHE U3 YCT €€ CO3/1aTelei, U COBCEM Apyroe



— HaXkaTb Ha aKCeJepaTop U CaMOMY OLIYTUTh €€ MOIIIb.

VYenemnsie nponaxu Tesla mocTaBuiaM OCHOBHBIX aBTONPOU3BOAUTENEH B IOJIOKEHUE
JIOTOHSIOIINX, MOCIIE TOTO KAaK OHU JAECATWIETUSIMH UTHOPUPOBAIM 3eKTpomoousu. Pobept JlyTn
(Robert Lutz), 6ymyun Bunie-ipesunentom General Motors, ckazan: «Bce Halm TeXHUYECKHUE TeHUH
TBEPJAT, UTO J10 JIUTUI-MOHHOW TEXHOJIOTUH €I1Ie JECATH JIET, U Toyota ¢ HaMu comlacHa, U BAPYT —
0an! — Ha peiHOK BeixoauT Tesla. U s ckazan: ,,Kak Tak, mouemy 3Ta kpoiueuHasi kanupopHuickas
KOMIIAHMA-BBICKOYKA I10J] YIpPABICHUEM TMapHel, HUYEero He MOHUMAIOIIUX B aBTOMOOMIBLHOM
Ou3Hece, MOXKET JIeJIaTh TO, YTO MBI HE MOKEM? )

['oHKY 32 TO, YTOOBI MEPBBHIMH MPEICTABUTH OOBIYHOMY IOTPEOUTENIO YHCTO AIIEKTPUUECKHIM
aBTOMOOWIIb, Bo3MaBuiaa kommnanusi Nissan Motors. Ee anexkrpomoOuins HazbiBaetcst Nissan Leaf,
OH MPOXOAUT Ha ONHOM 3apsiake paccrosHue M0 160 kM, pasronsercs o 140 km/u u pabortaeT
TOJIBKO Ha 3JIEKTPUUYECTBE.

[Tocne 4YHCTO ANEKTPUYECKOTO aBTOMOOWIISA LIEHTpajdbHOM (Urypoil Ha BBICTaBKax M B
CaJloHaX CTaHeT aBTOMOOWJIb Ha TOIIMBHBIX 3JIEMEHTaX; WHOT/A €ro Ja)Ke Ha3bIBalOT MalIMHON
oynymero. B urone 2008 . Honda Motor Company o0bsiBUIa O BBIITyCKE MEPBOTO KOMMEPUYECKOTO
aBTOMOOWIST Ha TOIUIMBHBIX 31emMeHTax — FCX Clarity. Ota mammHa MOXeT TPONTH Ha OJIHOM
3anpaBke okojo 400 kM ¢ MakCHMMaJbHOM ckopocThio 160 kM/u u cHaOkeHa BceMHU YI0O0CTBaMH,
OOBIYHBIMH ISl YETBIPEXJBEPHOro cenaHa. Eif He Hy)XeH HU OEH3MH, HU 3JIEKTPUYECKUU 3aps;
TOILJIMBOM € CIIY>KUT TOJIbKO Bogopoa. OnHako HHPPpacTpyKTypsl AJist BOAOPOAHBIX MAIIMH MTOKA HE
CYLIECTBYET, MO3TOMY MPUOOPECTH M HCHOIb30BaTh 3TOT aBTOMOOWJIb TIOKa MOXHO TOJIBKO B
IOxno#it Kamudopuuu. Honda peknmamupyeT M CIOPTHBHYIO BEPCHIO MAIIMHBI Ha TOIIMBHBIX
aneMmeHTax nox HazBanueM FC Sport.

3atrem B 20091 kommanus GM mocne mnpoueaypbl OaHKPOTCTBA M IOJHOHW CMEHBI
PYKOBOJSIIIETO cOCTaBa OOBSIBUJIA O TOM, YTO €€ aBTOMOOWJIb Ha TOIUIMBHBIX 31eMeHTax Chevy
Equinox mpoiuen Ha MCOBITAaHUSIX OTMETKY B MWIIMOH MWIb. 3a mocnennue 25 mecsue 5000
yenoBeK UCTbIThIBaIN 100 3K3eMIUISIpOB 3TOT0 aBTOMOOWIIA. J[eTpONT, KOTOpOMY HHUKAaK HE yIAaeTcst
yruarbes 3a SInmoHMed B CO3JaHMM MHMHHU-aBTOMOOWIIEH M TMOPHUAOB, MBITAETCS CO3JaTh 3a/€] Ha
Oynyiee.

Ha mnepBblif B3mI1 aBTOMOOMJIb Ha TOIUIMBHBIX OSIEMEHTaX HJealeH. B  TOMIMBHBIX
AJIEMEHTaX, KOTOpble OOECHEeUMBAIOT €ro JHEpPruei, KUCIOPOJA COEIUHSETCS C BOJIOPOIOM C
BBIJICJICHUEM 3JIEKTPOIHEPTHH U BOJBI B KaueCcTBE MOOOYHOTo npoayKkTa. OH BOOOIIIE HE 3arpsi3HseT
OKpYXKaIoIllyto cpefy. Buj BbIXJIOMHOW TpyObI TaKOro aBTOMOOWIIS MPOU3BOAMUT (haHTACTHUECKOE
BIleUaTieHne. BMecTo S10BUTOTO AbIMa M3 HEE BBUIETAIOT JIMIIL KallelbKH BOJbI 0€3 IBeTa U
3amaxa.

«3aKkpbIBaelllb J1aJIOHbIO BBIXJIOMHYIO TPYyOy, M Ha Hel ocTaeTcs TOJNbKO Boja. Tak KiaccHO!»
— rosoput Maiik [1I1sa6n (Mike Schwabl), 10 nueit e3nuBmnii Ha Equinox B mopsiaKe UCTIBITAaHUM.

BooO61ie, TOruMBHBIE 37€MEHTHl — BOBCE HE HOBOE M300pereHue. ba3oBblil mpuHIMI HX
paboThel ObLT TIpoaeMOHCTpHpoBaH emie B 1839 1., m NASA necaTku JeT MCHOIB3YyeT TOIUTMBHBIC
3JIEMEHTHI 1t 00ECTIEYeHHs] KOCMUUYECKUX Kopabieit sueprueit'. HoBoe 31ech — JUIIb KeTaHue 1
PEIINMOCTh aBTONPOU3BOIUTENEH YBEIMYUBATh IPOU3BOJCTBO TAKUX MAILIMH M CHUXKATh LIEHBI.

YV MalmmHbI Ha TOIUIMBHBIX 3JIEMEHTaX €CTh U JIpyras npobiemMa, KoTopasi He JAaBajia CIIOKOMHO
#uTh eme lenpu dopny npu Beilycke Ha pblHOK 3HameHuTol Mmozenu Ford T. Kpurtukn
YTBEp)KJAJIM, YTO OEH3MH OIAceH, 4TO JIoau OyayT moru0arbh B yXKACHBIX aBapusiX U 3a)KHBO
cropaTh MpH JII0OOOM CTOJIKHOBEHUU. J]a 1 OEH3MHOBBIE KOJIOHKU MPUAETCS CTPOUTH UyTh JIM HE Ha
KaxJ10M nepekpectke. [Ipuuem, eciau pazo0parbesi, KpUTHKU ObUTM TPaBbl 110 BCeM IMyHKTaM. JIroau
JENCTBUTENbHO KaXAbI roji THOHYT B Y)KaCHBIX aBTOKaTacTpodax ThICAYaMHU, U aBTO3AMpPaBKU
BUJIHBI TIOBCIONY, HPaBUTCS HaM 3TO Wi HeT. Ho aBTOMOOMIIM HACTONBKO YAOOHBI M MPAKTUYHBI,
YTO YEJIOBEYECTBO UTHOPUPYET ITH OeCCrOpHBIE (DAKTHI.

Tenepp Te e BO3pakeHUs 3BydaT NPOTHUB MAIllMH HAa TOIUIMBHBIX AJIeMeHTaX. BogopoaHoe

1 TomnusHbIE OJIEMCHTBI, WU DJJICKTPOXUMUYCCKUE TI'CHCPATOPhI, 6I)IJ'II/I BICPBLIC YCTAHOBJICHBI Ha Kopa6n;1x
«/Ixemuam» B 1965 T, a MOCTIE 3TOTO UCIOIH30BAINCH Ha «ATIOJUIOHAX» U Ha OpOUTAIBHON cTymeHu martiaa. — [Ipum.
nep.



TOIUIMBO KAallPU3HO M B3PBIBOOINACHO, a BOJOPOAHBIE 3alpPaBKU MPUIETCA CTPOUTH B KaXKIOM
kBapraine. [Ipuuem, ckopee Bcero, KpUTHUKH OISITH OKaXXyTCs mpaBbl. Ho kak Tonbpko OyIeT co3maHa
BOJIOpO/IHASI MHPPACTPYKTYpa, JIIOAU YBUIAT, KaK yIOOHBI HE 3arps3HSIONINE OKPYKAIOUIYI0 Cpery
MAaIlIMHBI Ha TOIIJIMBHBIX 3JIEMEHTAX, U I'OTOBBI 6y,Z[YT SaKpBITB TJIa3a Ha HeKOTOpBIe X HESOOCTATKU.
Cerongnst Ha Bce Coenunensble [llTarel HaGepercss Bcero okono 70 BOAOPOAHBIX 3alPaBOYHBIX
CTaHIIM, a MOCKOJBKY Ha OJHOM 3ampaBKe Takas MallMHA MPOe3KaeT OKojo 270 KUIOMETPOB,
BOJMTENb JOJDKEH BHHUMATENbHO CIEIUTh 3a yKazareJleM YpoBHs TommBa. Ho mocreneHHo
chyauHs{ U3MCHUTCA, OCO6€HHO €CJIN II€HAa MAalllMH Ha TOINIMBHBIX JJICMCHTAX HAYHET IIagaTh C
POCTOM MacCOBOTO IPOU3BOJCTBA U PA3BUTHEM TEXHOJOTHIA.

Opnako T71aBHas TpoOiieMa AIEKTPOMOOWIICH 3aKITF0YaeTcss B TOM, YTO JJEKTPUUYECTBO HE
BO3HUKAET U3 HUOTKYJA. AKKYMYJISITOPHYIO OaTapero HeoOXOAMMO 3apsiKaTh, M YHEPTHIO ISl ATOTO
OOBIYHO TOJYYalOT C YTOJBHBIX AJIEKTPOCTAaHIMK. Tak dYTo, XOTA caMm 3JIEeKTpOMOOWIh W HE
3arpsi3HSET OKPYXKAIOIIYIO CPEy, HACTOAIIMM HUCTOYHUKOM DHEPTUU NJisi HETO CIYXHUT BCE TO KE
HCKOIIaeMO€ TOILJIUBO.

Tak 1 27eKTPOMOOIIb Ha TOITMBHBIX dJIEMEHTaX. Boopo1 — BOBCE HE HCTOYHHUK DHEPTHH, a
JUIIL €€ MepeHocyuK. UToObl 3ampaBUTh MalIMHy BOIOPOAOM, €r0 HaJA0 CHavdanda MmoayduTh. K
npuMepy, 4YToObl pa3fAenuTh BOAY HAa KHCIOPOJ M BOJIOPON, HYKHO 3aTpaTHTh HEMAaJo
BHCKTqueCTBa. 9J'IeKTp0M06I/IJ'H/I Ha aKKYMy.]'IflTOan U TOIINIMBHBIX 3JICMCHTAX CaMU HE BanHSHSIIOT
Cpelly ¥ MOTOMY TO3BOJISIOT HaM HaJeAThbCs Ha Oe3ApIMHOE Oyayllee U YUCTHIM BO3AYX B TOponax,
HO OCHOBHYIO TMpoOJeMy OHHM HE CHHUMAIOT: JHEpPrus, MoTpelisiemass TaKMMH MalldHAMH,
MIPOU3BOAMTCS MPEUMYIIIECTBEHHO 32 CUET CxKUraHus yriis. [lepBeiii 3aKoH TEpMOIUHAMUKHA 0O0UTH
HEBO3MOXXHO: CYMMapHOE€ KOJMYECTBO BEIIECTBA W DHEPTUU IMOCTOSHHO, €r0 HENb3S YHUUYTOXHUTH
WJIM CO3/1aTh HA MyCTOM MecTe. M3 HU4ero noiy4uTh 4TO-TO HEBO3MOXKHO.

DTO 03HAYaeT, YTO TMPH IMEepPexo/ie OT OCH3WHA K IIEKTPUYECTBY HAM HEOOXOIMMO 3aMEHUTH
YTOJIbHBIE ANEKTPOCTAHIIMN COBEPIIEHHO HOBBIM UCTOUHUKOM SHEPTHUHU.

Jenenue aToOMHOTIO siApa

OpHa u3 BO3MOXKHOCTEHN cO371aBaTh YHEPIHIO, & HE IPOCTO IEPEAaBarh €€ U3 OJHOrO MECTa B
JIPYroe 3aKjIK4YaeTcsl B paclIeIUIeHMH aroMma ypaHa. [IpemMymiecTBo 3Toro meroga B TOM, YTO
sfepHass DHEPreTHKa HE TMPOW3BOIUT MMAPHUKOBBIX Ta30B, Kak yroipbHas © HepTIHAS, HO
TEXHUYECKHE W TOJUTHYECKHE MPOOJIEMbl NMPUBEIM K TOMY, YTO «PYKH» aTOMHOW SHEPreTHKHU
CBSI3aHbl Y)K€ HE OAMH JAeciaToK JjeT. CTpouTenbCcTBO mociaeaHed aromHoi crtanuuu B CIITA
Hayajiock B 1977 1., He3a0ro 10 poKOBOW aBapuu Ha Tpumaitn-Ainenn, nonoxusme B 1979 .
KOHEI] Pa3BUTHIO KOMMEpUECKOW aTOMHOMN HepreTuku. 3areM UepHoObUIbCKas katacTpoda 1986 .
Ha IIeJI0€ TIOKOJICHWE ompeaenuia ee nedanbHyo cyas0y. B CIIA u B Oombiieit yactu cTpaH
EBpornbl Bce aTOMHBIE IPOEKTHI OBbLIM MONPOCTY 3aKphIThI, a Bo ®panuun, Snonnu u Poccun uyth
TEIUTINCH U JIEPHKAJIUCH TOJILKO Ha MIPABUTENILCTBEHHBIX CYOCHIUSX '

IIpu pacumiemieHud ypaHa BO3HHUKAaeT OIPOMHOE KOJIMYECTBO AaTOMHBIX  OTXOJOB,
COXPAHSIOIUX PAJUOAKTUBHOCTH OT ThICAY JI0 JIECATKOB MWIIMOHOB JeT. CranmaptHbeii 1000-
MEraBaTTHBIA PEAKTOP BCEro 3a roj MpOoU3BOAUT OKoJO 30 TOHH BBICOKOAKTHBHBIX ATOMHBIX
0oTx0710B. OHM HACTOJBKO PAJMOAKTHBHBI, YTO OYKBAJIbHO CBETATCS B TEMHOTE, M XPaHUTh HUX
NPUXOTUTCS B crielanbHbIX OacceiHax Boiaepkku. B CIIIA okono 100 koMMepuecKkuX peakTOpOB;
COOTBETCTBEHHO, €XETOJHO HAa HHUX IPOU3BOIATCS THICSYM TOHH BBICOKOAKTHBHBIX SJEPHBIX
OTXOZIOB.

SlnepHble OTXOIBI MPEACTABIAIOT COO0OM MpobieMy MO ABYM NpUYMHAM. Bo-mepBbIxX, OHU
OCTAIOTCs TOPSIYMMHU JaXKe IIOCJIe OCTAaHOBKM peakropa. Eciu B pesynbsrare aBapuu BOAa B CUCTEME
OXJIXKIEHUS OTKIIOYMTCA, Kak Ha Tpumain-AieHs, akTHBHAs 30HAa MOXET pacCIUIaBUTLCH .

1 B 3T0T e nmepuos akTUBHO Pa3BUBAJIM sAfepHYI0 sHepreTuky Mumus u Kutait. — Ilpum. nep.

2 Wmenno sto npousouuio B Mapre 2011 . Ha Tpex Onokax smoHckoii ADC «®ykycuma-1», ocraBmmxcs 0e3
OXJIWKACHUS B pE3yIabTare pa3pymICHWH OT IIOCIEIOBAaTENbHOTO BO3AEHCTBUS 9-0alIbHOTO 3EMIETPSICEHHS H
nynamu. — Ilpum. nep.



PacraBneHHbIN MeTasll, CONPUKOCHYBIIUCH C BOJIOW, MOXKET BBI3BAaTh B3PbIBHOE MapO0OOpa3oBaHUeE.
Peaktop mpu 3TOM B30pBETCS, BHIOPOCHB B BO3/1YyX TOHHBI BBICOKOPAJMOAKTUBHBIX OOIIOMKOB. B
Clyyae caMOW CEphe3HOM sepHON aBapuu 9-ro ypoBHs' MPABUTENLCTBY, BO3MOXKHO, MPUIETCS
ABAKYUPOBaTh MHWJUIMOHBI Jtoferd u3 16—80-kumomMeTpoBOil 30HBI BOKPYT peakTopa. Mexny Tem
aTomHas crauuus WMumuan-IIoiHT pacmonoxkena MeHbine yeM B 40 xmnomerpax or Hero-Mopka.
CormacHO NPaBUTEIHCTBEHHBIM HCCIENOBaHUAM, aBapus Ha craHuuu Mupuan-IIoWHT Morna Obl
IIPUBECTH K MOTEPSIM B COTHU MUJUIMAPAOB I0JIJIAPOB TOJIBKO B BUJAEC KOMIICHCALIUH 3a YTPAYCHHYIO
cOOCTBEHHOCTh. ABapuio Ha Tpumalia-AisIeHT ynaJoch OCTAaHOBUTH 3a HECKOJIBKO MHHYT JI0
Cepbe3HOM KaTacTpo(bl, OT KOTOPOH mocTpanan Obl BEChb CEBEPO-BOCTOK CTpaHbl. PaboTHHKam
CTAaHIMM YyAAJIOCh BHOBb IOJATh BOJY B CHUCTEMY OXJIAXICHUS AaKTHBHOW 30HBI MEHEE 4eM 3a
roJjiyaca 710 Toro, Kak TeMIieparypa TaM JOCTUIIIA TOYKHU IIJIaBJICHUS JUOKCUAA ypaHa.

B YepnoOsiie mom KueBoM cuTyarus pa3BHBaJiach Topasfo Xyxke. PaOOTHUKHM cTaHIIUH
BPYUHYIO OTKJIIOUMIIM MEXaHU3M 0e301acHOCTH (yrnpasistoniue crepkHu). [Ipousomien HeOombIIO0M
CKa4OK MOIIHOCTH, KOTOPBIM BBIBEJ PEAKTOp M3-1OJA KOHTpoisA. Korma xonojgHas Boja BHE3AIMHO
rornaja Ha pacIUIaBICHHBIA MeETallul, HayalloCh B3pBIBHOE MapooOpazoBaHue. B3pbIB cCHeEC BCIO
BEPXYIIKY pEakTopa M BBIOPOCHI B BO3AyX 3HAYUTEIbHYIO 4YacTh AKTUBHON 30HBL. MHoOrue
paOOTHUKY, MOCIAaHHbIE HA CTAHIMIO JUIA JIMKBUJIALUKM aBapUH, MO3KE YMEPIH Y)KaCHOU CMEpThIO
OT pagualMoOHHBIX OXOroB. PeakTtop ropen, n CoBeTam NPHUILIOCH MPUBJIEYb K €0 JIMKBUIALUU
BOCHHO-BO3YIIHbIE cuibl. CrHenuanabHBIM 00pa3oM 53KpaHHUPOBAHHBIE BEPTOJETHI 3aJIMBAJIH
NBUIAIONINI peakTop OOpHON BOJOW. B KOHIlIE KOHIIOB aKTMBHYIO 30HY HPUIUIOCH MOJHOCTHIO
3aMypoBaTh B OETOHHBIN capkodar. Jlaxke cerofHs oHa MO-NPeKHEMY HECTaOMIIbHA U MPOJOJDKAET
BBIZIEJIATH TEIUIO U PaHalfio’,

[ToMumo mpobneM C pacIulaBI€HHEM aKTHBHOM 30HBI M B3pbIBAMH CYIIECTBYeT Ipoliema
XpaHeHus u nepepaboTku orxonoB. Kyna ux aesars? Kak HU meyasibHO, HO OTBETA Ha 3TOT BONPOC
MO-MIPEXKHEMY HET, XOTs ¢ Hayajla aTOMHOM 3pbl Mpouuio Oojblle moiyBeka. B mporuiom Obu10
C/IETIaHO HEMAaJo JOpPOTOCTOSIIIMX OIIMOOK, CBS3aHHBIX C TOMBITKAMH OKOHYATEJIbHO PEHIMThH
Bornpoc ¢ orxofamu. [lepBonadansHo CHIA u Poccus mpocto cOpachIBagu OTXOIbI B OKEaH WIIH
XOPOHWIIM MX B HETyOOKHX maxtax. B 1957 1. Ha Ypane ogHO XpaHWIHIIE OTXOA0B TUTYTOHHEBOTO
MIPOM3BOJICTBA B30PBAJIOCH C KAaTaCTPO(YUUECKUMHM IOCIEACTBUAMHU, YTO MOTPEeOOBAIO MacCOBOM
9BaKyallUM MXUTEJEW M BBI3BAJIO PAJAMOAKTHUBHOE 3apaxeHue tepputopun B 1000 kM2 Mexay
CBep1oBCKOM U Yesns0MHCKOM.

CIIIA B 1970-e IT. mbITAMNCh 3aXOPAHMBATh BBICOKOAKTHBHBIE sJIE€pHBIE OTX0ABI B JlalioHCe,
mrar Kansac, B consHpIxX maxrtax. OJHaKo 103Xe BBIICHUIIOCH, YTO COJISIHBIE IIAXThI HUCIIOJIb30BaTh
HeNb3s, TaK KaK OHU MPOHH3aHbl MHOKECTBOM OTBEPCTH, MPOOYpEHHBIX MpPH pa3BelKke HEPTH U
raza. [lomuron B JlalioHce mnpunwiocs 3akpeite, ¥ CHIA BHOBb OKa3aJuch NEpPEN
TPYIHOPA3pEIMMON TPOOIEMOH.

B Tteuenune cnenyronmx 25 ner CIHA uctpatuinm 9 Mupa noiaapoB Ha MPOEKTHPOBAHUE U
CTPOUTENLCTBO THMTAHTCKOTO IIEHTpa IO IIyOOKOMY 3aXOpOHEHHMIO OTX00B Okka-MayHTHH B

1 HemonsATHO, 0 KaknxX ypoBHSX (Ki1accax) sIEpHBIX aBapHil paccyXkIaeT aBTop. MexayHaponHas IIKaja SAepHBIX
coOwrtuit INES Brumrowaer Tpu ypoBHs npouctiectsuii (1-3), He BISKyIINX MTOBPEXICHIS 000PYIOBaHUS PeakTopa U He
BIMSIIOLUX HA JKU3HB 3a MpeeaMHy IIOMAAKU CTaHIUY, U YeThIpe YPOBHS aBapuil (4—7), pa3auuaroluxcs pa3MepaMu
MOCJIEACTBUH IJIsl CTAaHIMH M HaceleHWs. MaKCHMalIbHBIM 7-H ypOBEHb NpHCBOEH aBapusiM B YUepHoObUIE M Ha
«Dykycume-1» (2011). ABapus Ha Tpumaiin-Aiienn Oblia oleHeHa ypoBHeM 5. — [Ipum. mep.

2 TlpuuuHBl 1 MexaHU3M aBapuu Ha 4-M Onoke YepHoObuibcKO ADC oOIMcaHbl aBTOPOM HErPaMOTHO M HEBEPHO.
ABapust cTama CIHEACTBUEM TpPYNIBl TNPHYMH, KOTOPBIE MOXKHO pa3f€iNTh Ha IPOEKTHO-KOHCTPYKTOPCKHE H
curyaruBHble. Cepbe3HBIMH KOHCTPYKTHBHBIMH HEJOCTaTKaMU pEAKTOpa OBLIM TIOJOXKUTEIbHBIE IApOBOH H
MOIIIHOCTHOH KO3()(DUIIMEHTHl PEaKTUBHOCTH M CIENH(UYECKOe YCTPOHCTBO CTEp)KHEH aBapUHOW 3aIlnTBhI,
CHOCOOHBIX Ha Ha4YaJbHOM 3Tale JABMKEHHS B 30HYy BHOCHTH MOJOKUTEINBbHYIO PEaKTUBHOCTh. CHTYaTHBHBIE TPUIHHBI
BKJIFOYAJIM MIPOJOJDKUTENIBHYIO Pad0Ty peakTopa Ha ITOJIOBHHHOM YPOBHE MOIIHOCTH, YTO IIPUBENIO K €r0 OTPABJICHHUIO U
oTpeOOoBaJo BBIBEJICHUSI OOJBIIEH YacTH OPraHOB YIPaBICHUS M3 aKTUBHOM 30HBI, M OIEpaluy, BBIIOJIHEHHBIC
MEPCOHAJIOM II0 YTBEPXIEHHOH MporpaMMme C IENbI0 IPOBEICHHS HKCIIEPHUMEHTa Ha TypOOreHepaTrope B MOMEHT
ocraHOBKM Oioka. [locnenHue He ObUIM NMPUYMHOM aBapuu W, MO-BUAMMOMY, Majo MOBJIMSUIA Ha €€ pa3BHTHE.
HenocpencTBeHHBIM TOTYKOM K Pa3roHy PeakTopa, Pe3KOMY CKadKy MOIIHOCTH M B3PBIBHOMY ITapOOOpa30BaHMIO CTall
BBOJ B aKTUBHYIO 30HY CTEPKHEH aBapUNHOM 3allUThl ¢ HAMEPEHUEM 3alIylIuTh ero. — llpum. nep.



mrate HeBaga — Tonbko i Toro, yToObl mpesuaeHT bapak O6ama B 2009 I. 3aKpbll MPOEKT.
I'eonoru 3asaBuin, uro Ha nonurone FOkka-MayHTHH OTXOZBI, CKOpEE BCETO, HE CMOT'YT IPOJIEKATh
10 000 sier'. DTOMY MOJMIOHY HE CYKIEHO OTKPBITHCH, & KOMMEPYECKHME ONEPATOPbI aTOMHBIX
CTaHIIMH MOKa 0CTal0TCs 0€3 MOCTOSTHHOTO XPaHWINIIA JIJIs1 OTXOJ0B UX JEATEIbHOCTH.

B HacTosmmii MOMEHT Oyayliee SAEpPHON DSHEPreTHKH BHIUTCS JOBOJBLHO TYMaHHBIM®.
[IpencraButenu Youn-CTpUT, KaKk OOBIYHO, HE CIHUIIKOM XOTAT BBIKJIAJBIBATH MO HECKOJIBKO
MUJJIMAPJIOB J0JJIAPOB 32 KaKIYI0 HOBYIO aTOMHYIO 3JeKTpocTaHiuio. Ho mpencraBurenu otpaciu
YTBEP)KAAIOT, YTO CTAHIUU [OCJIEAHEr0 IIOKOJIEHUS 3HAYUTENbHO Oe30MacHee MpEeXHUX. A
MUHHUCTEPCTBO SHEPIETUKU HE CIIEUIUT BBICKA3bIBATh CBOIO MO3UIUIO TI0 TOMY ITOBOY.

SlnepHoe opy:xue pacmoJs3aercs 1o MUpy

Ho rne Benukas Moip, TaM U Benukas onacHocTb. B CeBepHoii EBpone, k mpumepy, BAKUHTH
NOKJIOHsUIMCh OIMHY, KOTOPBIN ITpaBui ACrapAoM MyIpo U cripaBeyinBo. OIMH INIaBEHCTBOBAJ HAJ
LEJIBIM JIETHOHOM OOTOB, BKJIIOYast M reponueckoro Topa, 4ecTh U JOOIECTh KOTOPOTO JIF00OH BOMH
HeHw1 mnpesbie Bcero. OaHako cpeau OoroB Obu1 M Jloku, 60r XuTpocTd M oOMaHa, BEYHO
CHEJJaeMblil 3aBUCTHIO M HEeHaBUCThIO. OH MoJgHATOpeN B OOMaHe U IUIeTeHUH UHTPUT. CUUTaNIOCh,
9yTO KOorjma-HUOynb JIOKM CroBOpPHUTCS C BEJIMKAHAMHU MU BBICTYIUT MPOTHUB OCTAJIbHBIX OOroB B
OKOHYaTenbHOM OuTBe CBeTa M ThbMBbI, ATIMYecKoM Parnapeke, mociie KOTOpOro HacTyMmAT CyMEpPKH
O0ros.

[TpoGnemMa B TOM, YTO CETOJHS 3aBUCTh M HEHABUCTb MEXIY CTpaHaMU MOTYT pa3BsA3aTh
mo0anbHbI  sinepHbli  Parnapek. Mcropus mokazama, 4ro Jro0as cTpaHa, OBJajJeBLIas
IIPOMBILIUIEHHBIMU SIIEPHBIMU TEXHOJIOTUSAMHU, MOXKET NPU HAJTMYHMH JKEJIAHUS U OJTUTHYECKOM BOJIH
MEePEeNTH K MPOU3BOACTBY AAEPHOTO Opykus. ONMacHOCTh B TOM, YTO 3TH TEXHOJOTUU MPOHUKAIOT B
MIEPBYIO OYEpPElb B CaMble HECTAOMIbHBIE PErHOHBI MUPA.

Bo Bpems Bropoii MupoBoil BOIHBI TONBKO BeIHYalIINe JepXaBbl Mupa oOiaganu
pecypcaMu, 3HaHMAMU M BO3MOXKHOCTSAMH JJISi CO3JaHMsS aTOMHOM OomObl. OpnHako Onmaromaps
BHEJPEHHUIO HOBBIX TEXHOJIOTUH CTOMMOCTH OOOTaleHHs ypaHa MaJlaeT, U B OyAylieM 3TOT MOpor
MOXET PEe3KO CHU3UThCA. JTO pealibHasi OMAacHOCTh: OoJiee HOBbIE M JICIIEBbIE TEXHOJIOTHH MOTYT
MIPUBECTH K TOMY, UTO aTOMHasi 00M0Oa OKakKeTCs B HEHA/IEKHBIX pyKax.

KiroueBold MOMEHT B CO371aHUM ATOMHOM OOMOBI — TOJYYUTh OOJNBIIOE KOJIUYECTBO
ypaHOBOM pyAbl U OYUCTUTH €e. OYUCTUTh 3HAYUT pa3leauTh ypaH-238 (cocTaBisIOMIMNA B
npupoaHoM ypane 99, 3 %) u ypan-235 (3TOT U30TOI TOAUTCS AJIS CO3JJaHUs aTOMHON OOMOBI, HO B
puUpoAHOM ypaHe ero Bcero 0, 7 %). DTu aBa U30TONMa XUMUYECKU UACHTUYHBI (€CTeCTBEHHO, BE/b
3TO OAMH U TOT € JJIEMEHT), TaK 4YTO €JUHCTBEHHBIN CIOCO0 HAJEKHO Pa3leNUTh UX COCTOMUT B
TOM, 4TOOBI BOCITOJIb30BAaThCSI pa3HUIIEH B aTOMHOM Bece: ypaH-235 nmpumepHo Ha 1 % yerde ypaHa-
238.

Bo Bpemst BTopoit MupoBo#i BOWHBI €IMHCTBEHHBIM CIIOCOOOM pa3feNiuTh 1Ba U30TOIA ypaHa
ObUT OYEHB TPYILOEMKHI crtocob razoBoit mudy3un: ypas nmpeBpaiiaim B ra3 (rekcadpTopus ypaHa),
a 3aTeM MPOTOHSUIM CKBO3b COTHHM KWJIOMETPOB PA3IMYHBIX TpyOOK M MeMOpaH. B koHie 3toro
JIOJITOTO IMyTelecTBUA Ooiee OBICTpBIC (a 3HAYMT, U OoJiee JIETKUE) MOJIEKYIIbl, COIeprKalllie ypaH-
235, BBIUTPHIBAIM TOHKY, OCTaBJsAs Oojiee TsDKENble MOJIGKYIBbl C ypaHoMm-238 moszamu. [a3,
cofepXkaluid ypaH-235, U3BJIEKaJIM U3 YCTAHOBKU U MOBTOPSUIM BECH MIPOLECC 3aHOBO, /10 TEX IOP
nmoka j1oyst ypana-235 ne Bospactaina ¢ 0, 7 1o 90 % (MMEHHO Takasi €ro KOHIICHTPAIHs HY>KHA JJIs
coznanus OomOb1). Ho mporankuBaHue rasa uepe3 MeMOpaHbl M TOHKHE TPYOKH TpeOoBaiio
IPOMaJIHOTO KOJIMYECTBa 3JeKTpuyecTBa. Bo Bpemsi BOIHBI 3HauMTENbHAs YacTh MPOM3BOJICTBA

1 Kak TpeOoBaloCh B COOTBETCTBHH C aMepHKaHCKAM 3akoHOM 1982 r., komrpecc CHIA B wmTore yTBepami
npekpamieHie (QuHaHcupoBanusi npoekra HOkka-MayHTHH, OJHaKO TOpsiYME IHMCKYCCHM O CIOco0e M MecTe
3aXOPOHEHUS SIIEPHBIX OTXOA0B NpoaokaroTca. — [Ipum. nep.

2 Momnas aBapus Ha amnoHckod ADC dykycuma-1 B mapte 2011 1. mama HOBBIE apryMEHTBHI IPOTUBHUKAM SACPHOI
SHEPreTHKH U YK€ IpHUBeNla K pelleHHro [epMaHMM OTKa3aTbCs OT Hee U JAEMOHTHpoBaTh Kk 2022 r. uMmerommecs
aTOMHBIEC CTaHIIMH. TeM He MeHee Takue CTpaHbl, Kak Poccus, @pannms, Kurait, Uanus u Upan, no-sugumomy, OyayT
MIPOAOIDKATh cTpouTelbcTBO ADC. — Ilpum. mep.



anektposHepruu B CHIA nuta B HanmonaneHyto naboparoputo B OKpuke MMEHHO Ha 3TH IIETH.
OOoramieHueM ypaHa 3aHUMAJCs TpoMmaaHbli komOwHAT Momansio 200 000 M2, Ha KOTOpOM
pabotazo 12 000 yenosex.

[Tocne Boitabl nBe cBepxaepxkaBbl, CIIIA u Coerckuit Coro3, CMOIIIM HAaKOMUTH IIENbIC
apceHanbsl aroMHbIX O00MO (moutu mo 30 000 kaxkmasl), MOTOMY YTO OCBOWJIA METOJ Ta30BOM
maddysun. Ho ceromus meromom razoBou auddysun momydaercs mumb 33 % MHPOBOTO
MIPOM3BOJICTBA O0OTAIIEHHOTO YpaHa.

OO6orarurenbHble TPEANPUATHS BTOPOTO OKOJIEHUS UCTIONB3YIOT 00JIee XUTPOYMHYIO U Oosiee
JICIIEBYIO0 TEXHOJIOTHIO: YIBTPAlleHTPU(YTH, HU300pETeHNE KOTOPBIX OKa3aJo I'POMAJHOE BIIHMSHHE
Ha MUPOBYIO MOJIUTHKY. YJbTpaleHTpudyra crnocoOHa pacKpyTUTh KarCylly ¢ YpaHOM J0 CKOPOCTH
B 100 000 o6oporoB B MuHyTy. [Ipn Takol CKOPOCTH BpaIleHUS OAMH MPOIEHT PAa3HUIBI B Macce
Mexnay ypaHoM-235 u ypaHoMm-238 mpuoOperaer cepbe3Hoe 3HaueHue. [loctemeHHo ypaH-238
ocelaeT Ha JTHO KalcCyibl, U Yepe3 HEKOTOPOe BpeMsl U3 BepXHEH 4acTH TPYOKH MOXKHO M3BIIEKAaTh
ypaH-235.

OHepreTudecku ynpTpaneHTpudyruposanue B 50 pas apdexkruBnee, uem razosas 1uddysus.
Ha cerogusmnuii 1eHb 5TUM METOIOM OYMIIaeTCs 54 % MUpOBOro ypana'.

Opnnoro roga HenpepslBHOM padoTsl 1000 ynbTpaneHTpudyr 10cTaTodHo, 4To0sl HapaboTaTh
oborameHHOro  ypaHa Ha  OAHy  aroMHyro  OomOy. Ilpm  SToM  TEXHOJOTHIO
YABTPALEHTPU(YTUPOBAHUS OYEHb JIETKO YKpacTh. CEKpPEeTHOCTh B AAEpHON 001acTH HapylIanach
HE pa3, U OMH M3 XYIIIMX CIy4yaeB TaKOro poja B MCTOPUM 3aKJIIOYAJICAd B TOM, YTO HHUKOMY HE
U3BeCTHBIN nHXeHep-aroMiuk Aoayn Kamup Xan (Abdul Qadeer Khan) cymen ykpacTts u nmpoaars
YepTeXKU YIbTPALlEHTPU(DYTH U OTJENbHBIX KOMIIOHEHT aToMHOU 60MObI. B 1975 . Xan pabotan B
Amcrepname Ha xomnanuto URENCO, ocHoBannyro bpurtanueit, 3anagHoii Iepmanueid u
Hupepnangamu Juis  obecrieueHnss ypaHOM €BPOIEHCKHX peaktopos®. IlomydmB jgocTtym K
CEKPETHBIM MaTepuajgaM, OH Iepelajl HUX IaKUCTAaHCKOMY InpaBUTenbCTBY. Ha poaune ero
BO3BEJIMYMIIN KaK HAIlMOHAJIBHOTO I'epos, OJHAKO €CTh MOJO3pPEHHUs, YTo OH, moMuMo Ilakucrana,
nponan 3ty uHpopmauuio Cagnamy XyceilHy u mnpaButensctBam Hpana, CeBepnoit Kopeu u
JIuBuw.

[TakucTaH BOCIONB30BAJICS YKpaJE€HHON TEXHOJIOTHEH, co3fay HeOOJbIION 3amac siepHOro
opyxus 1 B 1998 . Hauanm npoBoauTh ucnbeiTanusa. Mexny [lakuctanom n MHauen pasropenocs
SJIEPHOE COINEPHUYECTBO, B XOAE KOTOPOro o0e CTpaHbl MPOBEIU MO CEPUH HCHBITATENIbHBIX
B3pbIBOB W 4YyTh HE JOLUUIM [0 SIEpHOH KOHPpoHTamuu. Bo3MoxHO, MMEHHO Onaromaps
KYIUICHHBIM Yy XaHa TexHoyorusiM MpaH, cormacHo pa3BeAaHHBIM, YCKOPUI pabOTHI MO sIIEPHOM
nporpamme u moctpoua kK 2010 . 8000 ymprpaneHTpudyr; B €ro IjiaHaX CTPOUTEIHCTBO €Il
30 000 Takux ycTaHOBOK. B pesynbrare npyrue OIMKHEBOCTOYHBIE TOCYAApPCTBA HCHBITHIBAIOT
JTABJICHHUE U CTPEMSATCS CO3/1aTh COOCTBEHHOE si/IepHOE opyxkHe. HecTaOmibHOCTh B pETHOHE PacTeT.

Eme onna npuymHa, 1o KOoTopoi reomonuTtuka B XXI B. MOXET mIpeTeprers CEpbe3HbIE
M3MEHEHUs, COCTOUT B TOM, UYTO Ha CIIEHY BBIXOJUT TEXHOJIOTHS HOBOTO MOKOJIEHUSI — TEXHOJIOTHS
Ja3epHOro  OOOramieHus; MNOTEHIMadbHO OHAa JIOJDKHA  CTaTh  emle  JIemIeBie, 4eM
yABTpalEHTpU]PyrupoBaHue.

Ecnu mocMoTpeTh Ha 3JeKTpOHHBIE 000JIOUKH IBYX M30TOIOB ypaHa, MOXKET MOKa3aThCs, YTO
OHM OJMHAKOBbI. JTO HE YIMBHUTEIBHO — BEIb fJIpa BCEX H30TOMNOB OJHOTO 3JEMEHTa MMEIOT
OJMHAKOBBIM 3nekTpuueckuil 3apsa. Ho ecau  TmaTenbHO NpoaHaJIM3UPOBaTh ypaBHEHHS
AIIEKTPOHHBIX 000J0YEK, BBISCHUTCS, YTO MEXAY JHEprusiMu o0ojiouek ypaHa-235 u ypana-238
CYLIECTBYET KpOXOTHasi pa3HULa. OCBETUB CMECh M30TOIOB Ja3€PHBIM JIy4YOM, MOKHO HAacCTPOUTh
€ro TakuM o0pazom, uTo ero ¢GoTOHbI OyIyT BHIOMBATh 3JIEKTPOHBI U3 000JI0UYEK aTOMOB ypaHa-235,

1 HenTpudyxusri Meton ObuT BriepBele pazpadoran B CCCP mpu ygacTun HEMEIKMX CHENHAaIHCTOB, U Omaromaps
CBOMM IIpeHMYIIEeCTBaM Iiepel ra3oauddy3noOHHBIM CTaJl OCHOBHBIM Y€ B 1960-e IT. A BOT B HalllM JHU 32 IPaBO
nocrpouts B CIIA mepsbiii neHTpudyXHbIN 3aBoA ¢ amepukaHckoi pupmoit USEC cpaxaroTcs, mpudeM YCIIEIIHO,
espomnetickue kommannd URENCO u AREVA. — Ilpum. niep.

2 W BnapeBuryro mareHtamu lepHora I{unme, xotopeiii BMecTte ¢ MakcoMm Illteenbexom, Mcaakom KukomssiM,
Esrennem KameneBriMm u xomrektuBom CKB Kwuposckoro 3aBoma B JleHmHTpame co3man TEpBYIO B MHpE
MIPOMBIIIIIEHHYIO yabTpaneHTpudyry. — [Ipum. nep.



HO He OyIyT OKa3blBaTh HUKAKOTO JIEHCTBHS Ha aToMbl ypaHa-238. A MOHU3MPOBaHHBIE aTOMBI
ypaHa-235 HEeCIO0KHO OTIEIUTh OT JJIEKTPUYECKH HEHUTPAIBHBIX aTOMOB ypaHa-238 Mpu MOMOIIH
IIEKTPUYECKOTO MOJISL.

DHepreTuyeckas pa3sHHIIAa MEXAY JByMsI M30TONAaMU HACTOJIBKO Malla, YTO MHOTHE CTPaHbI
MOTepIIeNn HEey/lady B MOMNbITKax Bocmonb3oBaThes €t0. B 1980-e u 1990-e rr. CIIIA, ®dpanuus,
BenukoOpuranus, I'epmanust, FOxnas Appuka u SAnonust 6e3ycrnenHo nbITaauch NOACTYIUTHCS K
9TOM TexHosoruu. K mpumepy, Ha OAMH M3 aMEPUKAHCKHX IPOEKTOB, B KOTOPOM IPUHUMAJIO
yuactrue 500 uccnenoparenei, ObUIO 3aTpadueHo 2 MIIPA T0JIJIAPOB.

Opnnako B 2006 1. aBcTpanuiickue ydyeHble 0ObSBUIIM, YTO HE TOJBKO PEIIMIH ATy MpoOiIemy,
HO U HaMepeBaloTCs KoMMmepuuanusupoBaTth ee. M3pectHo, uto 30 % croMmMocTH ypaHOBOTO
TOIJIMBA MPUXOJUTCS HA Mpoliecc 00orameHus, o3ITOMY aBCTpaluiickas KomnaHus Silex cuuTaer,
YTO 9Ta TEXHOJOTHs OylaeT BocTpeOoBaHa Ha pwiHKE. Silex make moamucana ¢ General Electric
KOHTPAKT, HaMepeBasChb COBMECTHO BBINTH Ha PBHIHOK C HOBOM TexHonorued oOGorameHus. Ee
co3/1aTeNli HaJICI0TCSI, YTO CO BPEMEHEM IO UX METOoAy OyleT MPOU3BOAUTHCS JI0 TPETH MHPOBOTO
ypanoBoro TtoriuBa. B 2008 r. xommanuss GE Hitachi Nuclear Energy oObsBHMia o miiaHax
CTPOUTENLCTBA MIEPBOIO KOMMEPUECKOTO MPEANPUATHS TI0 Ja3epHOMY 00OTallleHUI0 ypaHa B TopoJe
YunmunrroH, mrar CeepHas Kaponuna. 3aBoa rutomazpio 81 ra gomkeH ObITh moctpoeH k 2012 .
Ha IUIOIIAJKe pasMepoM 6, 5 kM2,

st aTOMHOH DJHEPreTMKM 3TO XOpollass HOBOCTb, IIOCKOJIBKY B pE3yJIbTare LEHbl Ha
oOoraieHHbI ypaH, BEepOsTHO, CHU3ATCSA. OJHAKO Y OCTalbHBIX 3TO BBI3BIBAET OECIOKOMCTBO,
MOCKOJIbKY PaHO MJIM TO3[HO JaHHAas TEXHOJOTHS PAaCHpOCTPAaHUTCS B HECTAOWIIBbHBIE PErMOHbI
MHUpa — JIHIIb BONPOC BpeMeHHU. VIHBIMU ClIOBaMH, y HaC OCTaJIOCh COBCEM HEMHOTO BpEMEHU Ha
MOANKCAaHUE JIOTOBOPOB 00 OIpaHMYEHUH M PETyIMPOBAHUM MOTOKOB oOoraiieHHoro ypana. Ecimu
Mbl HE CyMe€eM yaepXkaTb KOHTPOJIb HaJl HOBOM TEXHOJOTHell, aroMHble OOMOBI MPOAOIKAT
pacnons3arbesl 10 MUPY U, BO3MOXHO, IIONIAAYyT Jake B PyKU TEPPOPUCTHUECKUX OpraHU3aLHil.

[Toxoiueiii Teomop Teitmop (Theodore Taylor), ¢ kKOoTOpbIM sI ObLT 3HAKOM, MMEN PENKYIO
BO3MO)XKHOCTh IIOy4acCTBOBaTb B Pa3pabOTKE CaMbIX KPYMHBIX M CaMbIX MAaJEHbKHX AaTOMHBIX
6oeronoBok s [lenrarona. Cpeaum ero paspaborok — opynue «/leriBm Kpoker» Becom Bcero
OKOJIO 25 KI, CIOCOOHOE TeM HE MEHEee BBICTPEIUTh BO Bpara HeOobII0i atoMHoi 6omOo0i. Teitnop
ObUT (paHAaTUYHBIM CTOPOHHUKOM AaTOMHOTO OpYXHsi U pabotanm B mpoekre «OpHOH», ILENbI0
KOTOPOTO OBIJIO MCIIOJIB30BATh siIepHble OOMOBI B KaueCTBE JIBUTATENsi KOCMUYECKOTo Kopaliis s
nmosieta K OmmkaiimuM 3Be3gamM. OH paccyuTali, 9T0 KOCMHUYECKH KOpalib MOKHO Pa3orHarh 0
CKOPOCTH, OJIM3KOM K CKOPOCTH CBETA, 33 CUET YJIapHOI BOJHBI OT B3PBIBOB SZEPHBIX OOMO 1mo3aau
HEro.

S omnaxnael copocun Teitnopa, mouemMy OH pa3odapoBajics B aTOMHBIX Oombax u
MEPEKITIOYIIICA Ha MPOEKThI, CBA3aHHbBIE C HUCIIOJIIb30BAaHUEM COJIHEUHOM sHepruu. OH mpu3Haic,
YTO MOCTOSIHHO BUAMT OJIMH M TOT K€ KOIIMapHbIi coH. EMy Kka3anock, 4To mpoiokeHue padoThl
HaJ SJEPHBIM OPY)KHEM MOIJIO MPHUBECTH JHUIIb K OJHOMY: K CO3JaHHUIO aTOMHBIX OOEroJ0BOK
TpeTbero nokosieHus. (boeronoBku nepeoro nokosnenus B 1950-e rr. GbUIM OrpOMHBI, JOCTaBUTh MX
K MECTy Ha3HaueHusi ObLIo Hacrodleill nmpobiaemoil. boeronosku Broporo nokonenust B 1970-e rr.
CTaJ HEOONBIIMMU U KOMITAKTHBIMU; ITOJ] HOCOBOM 00TEKaTeNlb pakeThl UX MOXKHO ObLIO 3aCYyHYTh
nenaslid gecatok. Ho OOMOBI TpeThero MOKONCHHS — «IU3aiHepCKHe» OOMOBI, CIEeNHUaIbHO
pa3paboTaHHbIe JJIS1 UCIONb30BAaHUS B PA3IMYHBIX OOCTOSTEIbCTBAX: B JIECY, B IYCTHIHE, JAXKE B
OTKpbITOM KocMmoce.) Cpean 60MO TpeThero MOKOJIIEHUSI €CTh U MUHHATIOpHAs!, KOTOPYIO TEPPOPUCT
MOT Obl IPUHECTH B YEMOJIaHE M YHUYTOXHTb TaKUM 00pa3oM Lebli ropoa. MeIciab O TOM, 4TO
JIeJI0 BCEH ero »KM3HU MOXKET Korjga-HUOy/b MOMacTh B PyKH TEPpPOPHUCTOB, Mydwiia Teinopa 1o
KOHIIA KHU3HHU.



CepeauHa Beka
(2030-2070 rr.)

I'moGanbHOE moTenJIeHue

K CEPCANHE BCKAa 3KOHOMMHKA, OCHOBAHHAs HA CXKXUIaHHU HCKOIIAa€MOr'0 TOILIMBA, BBISOBCT
3aKOHOMEPHOC U HEHM30CKHOE CICACTBUC! 100anbHOE MOTEIICHUE KJ'II/IMaTal. Tot (I)aKT, 4TO 3eMiIs
IMOCTCIICHHO HArpe€BacTCd, YK€ HC BBIZLIBACT COMHEHHH. 3a IOCIEIHHE CTO JIET TEMIICpaTypa Ha
IJIAaHETC BBIPOCJIa B CPECAHEM Ha 0, 7 C, H TEMII €€ pOCTa yBCJ’II/I‘-II/IBaCTCHZ. HpI/ISHaKI/I HCCOMHCHHBI,
Kyaa HU ITIOCMOTpPH.

*Bcero 3a 50 mociegHux J€T TOJIIMHA ApPKTUYECKUX JIbJAOB YMEHBIIWIACh, KaK HHU
MOpa3uTeNbHO, BIBOE. JleNo B TOM, UTO OOJIbIIast YacTh APKTUYECKUX JIbIOB MIPOCTO IIABAET B BOJIE
U HMMEeT TeMIlepaTypy 4YyTh HIKE TOYKM 3amep3aHus. CienoBaTeiabHO, JIbJbl YPE3BbIYAHO
YYBCTBHUTEJIbHBI K HEOOJBIIUM TEMIEpaTypHbIM U3MEHEHUSM B OKEaHE; X MOXKHO, KaK KaHapenKy
B IIaXT€, UCIOJIb30BaTh KaK MHIUKATOP TaKuX U3MeHeHH. CeroHs 3HaYUTeIbHas 4YacTh CEBEPHOI
JESTHOM IIANKU UCYE3aeT B JIETHUE MecALbl, a yke jieToM 2015 1. sieq B ApKTHKE MOXKET pacTasiTh
npakTruueck noinHocThio. K xony XXI B. monsipHas nensHas manka MOXKeT BOOOIE HCYE3HYTh,
HapyILIUB TeM CaMbIM TEINIOOOMEH B OKEaHE M CHCTEMY BO3AYIIHBIX TEYCHHH BOKPYT IUIAHETHI, a
TaK)ke, COOTBETCTBEHHO, YCTAHOBUBILIUECS MTOTOJHBIE HOPMBI.

*I'pennanckue menb(oBbie JeTHUKH ToIbKo 3a 2007 . ymeHnbmiauch Ha 60 kM2, a B 2008 1.
ATOT moka3zareiab coctaBui yxe 185 km2. (Ecnu Bech nen I'peHnananu mo kakum-TO IpUYHMHAM
pacTaet, ypoBEHb OK€aHa BO BCEM MHUPE MOAHUMETCS TPUMEPHO Ha 6 M.)

*OT aHTapKTUYECKOTO JIEASHOTO MAHLUPS, JECATKU THICSY JIET COXPAHSABLIET0 CTaOUIBHOCTD,
MOCTENEHHO OTIaMbIBatoTCs Oonbime kycku. Tak, B 2000 I. 0TKOJIONCS KYCOK JIbJla pa3MepoM €O
mtat Konnektukyt miomaaeio okosio 11 000 km2. B 2002 r. ot nennuka TysiTca OTKOJIONCS KyCOK
pasmepom ¢ Pon-Aiinena. (Ecim aHTapkTHYeCKHE JIbIbI pacTaroT, ypoBeHb MHpPOBOro OkeaHa
MTOTHUMETCS TIPUMEPHO Ha 60 M.)

*Ha xaxnplii MeTp moabema ypoBHS MupoBoro okeana mnpuxoaurcs B cpexHeM 100 m
OTCTYyIUIEHUS! OeperoBoil JNMHUU. 3a MOCJIETHUE CTO JIET YpOBEHb yxke momHsuics Ha 20 cM, B
OCHOBHOM B pe3yJbTare TeIIoBoro pacmupenus Boael. I[To nanaeiM OOH, yposens Mopeii k 2100 .
MOkeT momHATbes eme Ha 20-60 cm. Hekotopele cnemumanuctsl, mpasaa, cuuTaroT, yto OOH
CJIMIIKOM OCTOPO)KHUYAET B OLIEHKE MMEIOIIMXCSA JaHHBIX. Y4eHble U3 MIHCTUTYyTa apKTUYECKUX U
anpNUCKUX uccienoBannii Yausepcutera Komopano yreepxknaror, uro Kk 2100 . ypoBeHb MOps
MOXeT NOAHATHCS Ha 1-2 M. Tak 4TO MOCTENEeHHO KapTa OeperoBbIX JIMHUM 3emiin Oy/ieT MEHAThCS.

eJlocTOBEpHBIE JTaHHBIE O TEeMIIepaTypax Hadaiu peructpuponarbcsi B koHe XVIII B. ITpu
stoMm 1995, 2005 1 2010 rr. pUrypHpYIOT Cpeu CaMbIX )KapKUX B UCTOPUHU HAOIIONCHUH, a ECAThH
et — ¢ 2000-ro o 2009-i1 — cranm caMbIM XKapKUM JECATHIETUEM 33 BCE 3TO BpPEMs. 3aMETHO
pacTeT U colepiKaHue JIByOKHUCHU yIvieposa B Bo3ayxe. HpIHENIHMI ee ypOBEHb — CaMblil BBICOKUI
3a nocieguue 100 000 ner.

[lo Mepe mnporpeBaHusi 3€MHOrO IIapa TPOMUYECKHE OOJIE3HW HAUYMHAIOT MOCTENEHHO
MHTpUpOBaTh Ha ceBep. HemaBHsAs Benbllka Jmxopaakyn 3anagHoro Hwma, nepeHocumon
KOMapaMH, MOJKET OKazaThbCs NpenBecTHHIeH rpsaaymux oeactuil. OOH ocobenHo obecrnokoeHa
MPO/ABIKEHNEM Ha ceBep Massipud. OOBIYHO SHIIa MHOXKECTBA BPEAHBIX HACEKOMBIX THOHYT
KaXAYI0 3UMY IpU NPOMEpP3aHUU No4Bbl. HO 3MMBI CTaHOBATCS KOpOdY€, M ONACHBIE HACEKOMBIE,
CKOpee BCETro, TOKE HAYHYT HEOCTAaHOBUMOE HACTYIIJIEHUE Ha CEBEP.

1 Ctporo roBops, NTo0aTBHOE MOTEIUICHUE YoKE HAYaI0Ch, HO K CEPEAMHE BEKa €r0 MOCICACTBUS CKAXKYTCS B IOTHON
mepe. — [Ipum. nep.

2 Tot (baKT, YTO NI00AILHOE MOTEIJICHHE MMPOUCXOAUT, HE MOABEPTacTCd COMHECHUIO. A BOT 0 COOTHOILIEHHH BKJIaga B
HETO €CTECTBEHHBIX NMPHYUH M PE3yIIFTATOB ACATEIFHOCTH YeJIOBEKa HIAET OKeCTOUEHHAsI 1 BEChMa IOJUTH3HPOBAHHAS
Hay4dHas nTuckyccus. — lIpum. mep.



JIBYOKHCH yIjIepoia — NAaPHUKOBBI ra3

CornacHo MexnpaButenbcTBeHHOM Komuccun OOH 1o u3MeHEeHMIO KiuMaTa, y4eHbIe
HPUILIA K BBIBOAY' O TOM, 410 ¢ 90 %-HOW BEPOSTHOCTHIO H3MEHEHHE KIMMaTa BBI3BAHO
JIESITEIbHOCTBI0 4YENIOBeKa, B OCOOEHHOCTH BBIMTYCKOM B arMmocdepy yIIEeKHCIOoro rasa Mpu
cxurannd HeTy u yris. COMHEYHBIN CBET JIETKO MPOXOAUT CKBO3b YITICKUCIBIN Ta3 U HarpeBaeT
3eMJII0, @ BOT BO3HHKIIEE MPU ITOM HMH(PaAKpaCHOE M3ITyUeHHUE y)KE HE MOXKET TaK JIETKO MPOUTH
00paTHO CKBO3b CJIOW YTJIEKUCIIOTO Ta3a. DHEPTUs COJHEYHOTO CBETa, IMOMAaBIIas Ha 3eMITo,
OKa3bIBA€TCA B JIOBYIIIKE U HE MOXKET YUTH 0OpaTHO B KOCMOC.

Heurto nogo6Hoe MOXHO HaOMIOAATH B MAPHUKE WU B cajloHe aBTOMOOMIISL. COTHEUHBIN CBET
HarpeBaeT BO3AyX BHYTPHU, & CTEKIIO HE JIa€T HArPETOMY BO3/1yXYy BBIUTH HapyxKy.

Cutyanus yrpoxatouiasi. KonuuecTBo BBIIEISEMOrO YITIEKHCIOIO Ta3a pPe3Ko BBIPOCIIO,
0oco0eHHO 3a mociieanue cTo JeT. J{o [IpoMbITIeHHON PEeBOIIOIUU COACPKAHUE YIIIEKUCIIOTO ra3a B
Bo3ayxe cocraBisuio 270 gacrelr Ha MusutroH, win 0, 0270 %; cerogHst oHO ToACKOUMIIO A0 387
gacteir Ha MuutnoH, win 0, 0387 %. (B 1900 r. B Mupe notpebisiiocs 150 mun 6appeneit Hedtu. B
2000 r. motpebnenre qocTUIIo 28 Mipa Oappenei, T. €. yBenuuuioch B 185 pa3. B 2008 1. B Bo3myx
OBUTO BBIMYIICHO 9, 4 MIIpA T YINIEKHCIOTO ra3a OT CXKUTaHWs HCKOMAaeMOTO TOIUIMBA, HO JIUIIb
5 Mipa T ObLIO IepepaboTaHO B OKeaHax, MOYBE U pacTUTENbHOCTU. OCTalbHOE TaK U OCTaHETCS B
BO3/yX€ Ha ONIKalIme NecATUIeTHs, HarpeBas 3eMIIio.)

Buzut B Uciaanauio

[TomseM Temmeparypsl — HE Ta3eTHas yTKa, B ’TOM MOXXHO 0e3 Tpyaa yOemuTbCs, W3YYHB
JIeSTHbIE KEePHBL. YUEHBbIE MPOOYpHIU B JIPEBHHUX JIbJaX APKTUKA HEMAll0 CKBOXHH U CyMeEld
W3BJI€Yb M3 HUX IMY3BIPbKH BO3AyXa BO3PAacCTOM B HECKOJBKO THICAY JIET. XUMHYECKUN aHalu3
BO3/lyXa W3 ATUX IY3bIPHKOB IMO3BOJWI YYEHBIM PEKOHCTPYUPOBATh TEMIEPATYPHBIA PEXKUM U
coZiepyKaHMe YIIIEKUCIIOoro raza B armocepe 6onee yem Ha 600 000 net Hazam. OueHb CKOPO MBI
CMOXEM y3HaTh, KAKUE TIOTOIHBIC YCIOBUS IIPeodIaaany Ha 3eMiie MAJUTMOH JIET Ha3a/l.

S Buzen Bce 3T0 cBOMMU M1azaMu. OTHAXKIbl MHE JOBEJIOCH MPOYECTh JEKIUIO B PEKbIBUKE,
cronmunie Vcmanauu, u moceTuTh VICIaHACKUN YHUBEPCHUTET, TAe, COOCTBEHHO, U HCCIEAYIOTCS
nensuble kepHbl. Korma camoser mpuszemiisiercsi B PelikbsiBUKe, MOHa4any Bbl HE BUIWUTE BOKPYT
HUYETo, KpPOME CHEera M JIUKOTO KaMHsI; €CJIM Obl HE CHET, Mel3ak OueHb HATIOMUHAN Obl JIYHHBIH.
Tem He MeHee OecrioHAas W HEMPUBETIMBAS 3eMJIsl APKTUKH TPEACTABISICT COOOW HIeaIbHOE
MECTO JIJIs MCCISIOBAaHUS KIMaTa 3eMIIM Ha COTHM ThICSY JICT Ha3asl.

[Tpu mocemnienuu 1aboparopun, TeMIIepaTypa B KOTOPOU BCET/IA MOANCPKUBACTCSA HIDKE TOUKH
3aMep3aHusl, MHE NMPULUIOCH MPOUTH Yepe3 TsHKeIble TEeIUIOU30IUpYIolire 1Bepu. BHyTpH s yBuaen
OCCKOHEUHBIC CTEIJIAXH C IJTUHHBIMU METAJUIMYECKUMHU TPYOKaMH JTHHOM OKOJIO 3 M U JUaMETPOM
OK0JI0 4 cM. B kaxI10ii U3 Takux TPyOOK COIEpKUTCS 0Opaszel] JibJa, N3BJICUYCHHBIH U3 CKBa)KUHBI
npu OypeHHH, KOTOPBIM OBUT CHETOM, BBINABIIMM B 3THX KpasX THICSYM JIET Ha3ad. Eciou cHATH
METANTMYECKUe TPYOKH, TO KaXKIblii Takod oOpaszell MOXHO TIIATEIhHO PAcCMOTPETh U
uccienoBatrh. IlpaBna, TMYHO s ¢ MEPBOro B3MVIAAA YBUAECT TOJNBKO JJIMHHYIO TOHKYIO KOJOHKY
Oenoro mpaa. Ho 3arem, mpu OmrkaiiliieM pacCMOTpPEHHH, S 3aMETHJI, YTO JIeJ HAa CaMoM Jelie
MOJIOCAT U COCTOUT U3 TOHKUX PA3HOIBETHBIX CIIOEB.

UYToObI TOYHO AATUPOBATH JICJSHBIC 00pa3Ibl, YICHBIE UCTIONB3YIOT CaMble pa3Hbie METObl. B
HEKOTOPBIX CJIOSIX COZACPIKATCS MapKephbl, OTMEUAIONINE PA3JINYHbIC BaKHBIC COOBITHS, K MIPUMEPY
BBITIAJICHUE CAXKU TMIOCJIE U3BEP)KEHUS ByJIKaHa. JaThl KPYMHBIX U3BEPKEHHUM W3BECTHBI JOCTATOYHO
TOYHO, TaK YTO CJIOM-MAPKEPbl MOTYT CIIYXHWUTh OMOPHBIMU TOYKAMH MPHU JTATUPOBAHUM OCTAIbHOU
YacTH KEpHA.

N3 nensHBIX KEpHOB 3aTreM JENAOTCS TOHKHE CPE3bl, KOTOPhIE MOXKHO IOAPOOHO
uccnenosark. [IocMOTpeB Ha OJIMH TaKOM Cpe3 MO MUKPOCKOTIOM, 1 YBUJIET KPOIIEYHbIE, TOUCTUHE

1 Cama »Ta QopMynmnpoBKa MOAYEPKHBAET CTENEHH IOJUTH3MPOBAHHOCTH NpoOieMBl. B HOpMe y4YeHBIM He
TpeOyercs mocpenHuk B nuie komuccun OOH st myOnmKanuy CBOMX Hay9IHBIX BBRIBOIOB. — [IpumM. mep.



MUKPOCKOMIMYECKHE My3bIpbku. [lo cmmHe mpoOekan XOMOJOK, KOTrJa s TOHSJ, YTO BHIKY
BO3IYIIHBIE TY3bIPbKH, 3allepThle B JIEASHOM Macce IECSITKH ThICAY JET Ha3zad, eme 0
BO3HHUKHOBEHHS Y€JIOBEUSCKOM [TUBUIN3AIINH.

CopepxaHue YIIIEKUCIOTO ra3a BHYTPH KaKJIOTO My3bIpbKa M3MEPHUTh HECJIOXKHO, ropasio
CIIOKHEE OIpEAeNuTh TeMIIeparypy BO3[yXa B MOMEHT 3ajieraHus jbjaa. (ms »Toro yueneie
AHAJIM3UPYIOT BOY B My3bIpbke. MOJEKYIIBI BOABI MOTYT COJEPKaTh Pa3HbIE M30TOIBI BOJOPOA.
Kornma temmeparypa manaet, Boga ¢ Ooiiee TSKENbIMH M30TOTIAMH KOHJEHCHpYeTCs ObICTpee, Yyem
o0bryHas1. CrieoBaTeNIbHO, U3MEPHUB COJIEPKAHUE B BOJIC MOJIEKYJT C TSHKEIIBIMU M30TOTIaMHU, MOYKHO
OTIpEICTUTh, IPU KaKOW TeMIepaType CKOHIEHCHPOBaIach 3Ta BOJA.)

HaxkoHen, TmiarenbHO MpOaHAIM3UPOBAB COCTAB THICAY JIEISAHBIX KEPHOB, YYEHBIE CMOTIIIH
cellaTh HECKOJBKO CYIECTBEHHBIX BBIBOAOB. OHU BBIACHWIM, YTO TeMIEparypa U COAepkKaHUE
YIJIEKUCJIOTO Tra3a Ha NPOTSHKEHUHM MHOTHX ThICSY JIET HM3MEHSUIMCh MapajluielIbHO W JIake
cuHxpoHHo. Korna pocna oHa U3 3TUX BEIUYUH, POCIA U Apyrasl.

Camoe BaXHOE€ TO, YTO yAaJI0Ch 3a)MKCUPOBATh PE3KUN CKAUOK TEMIEPATYyPhl U COJEPIKAHUS
VIJIEKUCIIOTO Ta3a 3a MOCJIEIHUE CTO JIET. JTO OYeHb HEOOBIUHO, TaK KaK B OONBIIMHCTBE CBOEM
YPOBHH MEHSUJIUCh MOCTENEHHO, HAa MNPOTSKEHUM ThICAY JIET. YUEHbIC YTBEPKIAIOT, UYTO ITOT
HEOOBIUHBIN MUK HE SIBISETCS YaCThIO €CTECTBEHHOTO MpOIlecca MOTEIICHHs, a MPSIMO YKa3bIBaeT
Ha BMEIIATSIBCTBO YSJIOBEKa.

CylecTBYIOT U JIpyrue CrocoObl MOKa3aTh, YTO BHE3AMHBIM PE3KUIl POCT BhI3BAH UMEHHO
JIEITEIbHOCTBIO YEJIOBEKa, a HEe TMPOSBICHUEM €CTECTBEHHBIX LHKIOB. KoMmbroTepHoe
MOZENUPOBAHUE HAa CETOAHSIIHUK JEHb TaK pPa3BUTO, YTO MbI BIIOJIHE MOXEM IOCUHMTATh
TEMIIEPaTypPHYIO TUHAMUKY 3E€MJIM C y4eTOM JACSITEIbHOCTH YelioBeka u 0e3 Hee. [lo pesympraTtam
TaKOro MOJICIUPOBAHUS TONTy4YaeTcs, YTO Oe3 IUBWIM3AIMU U HCKYCCTBEHHOTO MPOW3BOJICTBA
YIJICKUCTIOTO Ta3a TeMIepaTypHas KpuBas Obljia Obl OTHOCHUTENBHO Iocko. Ho crout moGaButh
YenoBeuecKkuii (pakTop, ¥ MOXKHO TOKa3aTh, YTO BO3HUKAET PE3KUU CKAUYOK M TEMIIEpaTyphl, U
CONIepKaHMsl JIBYOKHMCH ymiepoja. [Ipw 3ToM mnpeackazaHHbld MUK B TOYHOCTH COBHAJAET C
peaNbHBIM HAOTIOAEMBIM ITUKOM.

HaxkoHer1, Komn4ecTBO COTHEYHOM SHEPIUH, MAAI0NIee Ha KaXKAbI KBAJAPATHBIA METP 3€MHOMU
MMOBEPXHOCTH, MOXKHO U3MEPUTh HEMOCPEACTBEHHO. MOXKHO TaKKe MOACUUTATh KOJIUYECTBO TEILIA,
OTPaXEHHOTO 3€MJIel B OTKPBITBIA KOCMOC. B HOpMaIbHBIX YCIOBUSX ATH JBE BEITUYUHBI JTOJKHBI
COBIIAJATh', TAK YTOOBI KOJIMYECTBO MOMAJAOIIErO Ha IUIAHETY TEIIA PABHAIOCH KOJUYECTBY TEILIA
yxonsmiero. Ho B peanbHOCTH MBI OOHApY>KHBAEM, YTO 3TH BEJIMYUHBI HE PABHBI, U Pa3HUIIA MEXKITY
HUMHU B HACTOSIIIEE BPEeMsI HarpeBaeT 3eMIlt0. 3aTeM, €CJIM Mbl BBIUUCIUM KOJUYECTBO IHEPIUH,
NPOU3BOAUMOE  YENOBEKOM, IMONYy4MM TOuHOEe coorBercTBue’. ClenoBaTeabHO, HMEHHO
JIESITENIbHOCTD YeJIOBEKA BBI3BIBAET HATPEB 3EMIIH U TIIO0AIbHOE TIOTEIICHHE KIIMMara.

K coxanenuto, maxxe ecim Obl CETOIHS YE€ITOBEYECTBO MOJHOCTHIO MPEKPATHIIO MPOU3BOACTBO
VIJIGKUCIIOTO Ta3a, YK€ HUMEIoHMXcs B arMmocdepe 3amacoB ObUIO OBl JOCTATOYHO, YTOOBI
r00aabHOE MOTETIEHHE TTPOJI0IIKAIOCH €111e HECKOJIBKO JIECATKOB JIET.

B pe3ynbrare k cepeilHe BEKa MOJ0KEHUE MOXKET T0CTHYb KPUTUUECKOU TOUKH.

VYueHble MPEACKA3bIBAIOT, YTO €CIM MOJBEM YpOBHSA MHPOBOrO OKE€aHa MPOAOKHUTCS, TO K
CepeqHe BEKa WM HEMHOTO IMO3KE MHOTHE MPUOpPEk HBbIE TOpO/Ia HCUE3HYT C JIMIA 3E€MITH.
3HAYMTEIBHYI0 4acTh MaHX3TTE€HAa NPHUIETCS IBAKYHPOBATh, @ YOII-CTPUT MOJHOCTBIO OKaXETCS
nof1 Bogoii. [IpaBuTenscTBaM MpUIETCS periarh, 3a KaKHe U3 KPYMHBIX MPUOPEKHBIX TOPOJIOB CTOUT

1 Bo-mepBbIX, IOMOJHUTENBHBIM HCTOYHHKOM HarpeBa 3eMIIH SIBIISIETCS PAJMOAKTHBHBIN pacliaj COXPaHMBLINXCS
JOJITO)KUBYLIIMX M30TOIIOB ypaHa, TOPHS U Kauus. Bo-BTOPBIX, COBIIaAaTh JOKHO KOJIMYECTBO NOCTYIUBIICH SHEPT U U
SHEPTHH, U3ITyIeHHOH 3emiell B KocMOC, IOTOMY YTO OTpaKEHHAs 4acTh B OanaHce He yyacTBYeT. B-TpeThux, Ha/le)KHO
U3MEPUTH KOJIMYECTBO MOIVIONICHHOW COJTHEYHOH SHEPrud HU Ha Ka)XXIOM KBaJpaTHOM MeETpe, HU IO 3eMiie B LEJIOM
HEBO3MOXXKHO. MOXXHO JIMIIb ONPENEeNUTh KOJIWYECTBO NpUIenneil Kk 3emiie CONHEYHOW SHepruu (Tak HasbIBaecMasi
COJIHEYHasl OCTOSIHHAS) U TIOIIBITAThCS OLIEHUTh Ty €€ 4acTh, KOTOpas ObliIa oTpaxkeHa 0OpaTHO B KOCMOC OT 00JIaKOB U
JIBOOB. Takue HN3MEPEHNA BEAYTCA JIMIIb C KOHIIA 1970-x IT., © HA HUX NOPOAODKUTCIBHOCTb, HU TOYHOCTH HE
JIOCTaTOYHBI ISl yBEPEHHBIX BHIBOIOB 00 SHEPTeTHYECKOM OajlaHce 3eMIIM B MPOIIIOM M HacTosiineM. — [Ipum. nep.

2 Crnemyer OTMETHTH, 9TO 3TOT (PyHIAMEHTAJBbHBI BBIBOJ aBTOpP JaeT 0e3 KaKWX-THOO CCHUIOK Ha KOHKPETHBIE
Hay4HBble uccienoBanus. — IIpum. mep.



00poThes, a Kakue MpocTo oOpeueHsl. HekoTopblie roposa, BO3MOXKHO, YAacTCs CHacTy MpU MOMOIIH
CIIO)KHOM cucTteMbl namM0 u 1uto30B. [Ipyrue mpuupercs OpOCUTh, YTO BBI3OBET MacCCOBYIO
MUTPALKIO JIOJeH. A MOCKOIbKY OOJIBIIMHCTBO JENOBBIX LIEHTPOB U CaMbIX HACEJIEHHBIX TOPOJIOB
MHUpa pacrojaraloTcs Ha OKEaHCKOM I00epeXbe, MOCIEACTBUS Ui MUPOBOW SKOHOMHUKH MOTYT
OBbITh KaTaCTPO(YUIECKUMH.

Ho naxxe ecnu HEKOTOpbIE TOPOJIAa YIACTCS CIACTH, JIIOOOW CHIIBHBIN IITOPM OYyIEeT yrpoxarb
UM HaBOJAHEHHEM, a Jla)ke CPaBHUTEIBHO HEOOJbIIOE KOJIWYECTBO BOJBI MOMKET ITOJHOCTBIO
napanu3oBaTb HMHGQPAcTpyKTypy KpynHoro ropoma. K mpumepy, B 19921 B pesynbrare
CHJIbHEHIIIero mropma ObLT MOYTH MOTHOCTHIO 3aTOIICH MaHXATTeH, apajJu30BaHa CUCTEMA METPO
u xene3Has qopora Ha Hero-J[xepcu. A skoHOMEKA 0€3 TPaHCTIOPTHOM CHCTEMBI O€CCUITBHA.

Bbanrnagem u BoeTHam OynyT 3aToIIeHBI

B noknane MexnpaBUTETbCTBEHHOW KOMMCCHUM IO H3MEHEHUIO KJIMMaTa Ha3BaHbl TPU
ropsiuve TOYKH, TPU MecCTa MOTEHIMAIbHBIX KaTacTpod. D10 banrmanmem, nensra MekoHra Bo
Bretrname u nensra Huna B Erunre.

Xyxe Bcero cutTyauus B baHmiajgem — cTpaHe, KOTOPYIO PETYISpHO 3aJIMBAE€T BO BpeMs
IITOPMOB 0€3 BCSIKOrO IIOOANBHOTO MOTEIJIEHHs. TeppUTOpUs ATOr0 rocyJapcTBa B OCHOBHOM
MPEJCTaBISIET COOON MIOCKYI0 PaBHHHY, JISKAIIYI0 MPAKTUYECKH HAa ypoBHE Mops. HecmoTps Ha
3HAYUTEJIbHBIE YCIEXU MOCJEIHUX JIET, 3TO MO-MPEeKHEMY OHA W3 OeqHEHIINX CTpaH MHpa, MPU
ATOM IUIOTHOCTh HAcCEJIEHUsl TaM OfHa U3 cambiX BbICOKHUX. (Ee Hacenenue HacumthiBaer 161 muH
YeJoBeK, YTO CPaBHUMO C HaceneHueMm Poccuu, npu sTom no miomaau banrmaznem mensiie Poccun
B 120 pa3.) Ecnu ypoBeHb OkeaHa MOTHUMETCS XOTA Obl Ha MeTp, okojo 50 % miomanu cTpaHsl
Oyznet 3aroruieHo. [IpupomHbpie OeICTBHS CIIYIArOTCSl TaM IMOYTH KaXKIbIH TO/, HO B ceHTa0pe 1998 1.
MUp C y»KACOM HaOIOAAIl MPENIOIUI0 K TOMY, YTO KOT/Ia-HUOYAh MOXKET CTaTh OOBIYHBIM SIBIICHUEM.
CuiibHOE HABOJHEHHME 3aTOMUIIO JBE TPETH TEPPUTOPHUU CTPAHBI, NMPAKTHYECKU B OIHY HOYB
octaBuB 30 MJIH yenoBeK Oe3 KpBIIIM HaJa ToJoBOH. B pesynbraTe OgHON W3 caMbIX CTPAIIHBIX
MPUPOJHBIX KaTacTpod mocneqHux jet noru6diao okonao 1000 yenosek, 6b110 pazpymieHo 10 000 km
JIOpOL.

Eme onmna crtpana, e gaxke HeOOJbIION HOAbEM YpoBHS MHUPOBOTO OKeaHa BBI3OBET
HacTosIyto karactpody, — 310 Bretnam. K cepeanne Beka sTa cTpaHa ¢ HaceneHueMm 87 MIIH
YeJIOBEK MOXKET JIMIIUTHCS CBOMX OCHOBHBIX CENIbCKOXO3SWCTBEHHBIX 3eMelb. OcoOeHHO ysA3BHUMa
31ech JeNbra peKu MEKOHT, IJie BBIPAIIUBAETCA IMOJIOBUHA BCETO BBETHAMCKOIO pHUCA U KUBET
17 mnn yenosek. [lo nanueiM BeemupHoro 6anka, mogbeM YpOBHS OKEaHa BCEro Ha METP 3aCTaBUT
cHsATbea ¢ mecTa 11 % nacenenus BeetHama. [1nogopoaHbie mouBsl AenbThl MeKOHTra, OKa3aBIIUCh
MOJl COJICHOM BOAOW, MOrHMOHYT HaBcerjga. JIMMMBIIMCH JAOMOB U 3€Me€b, MUJUIMOHBI JIHOAEH
yCTpeMATCS B MOUCKaX yOeXHIa B TOpoa XOomuUMUH. Ho 4eTBepTh TEPPUTOPUN ITOTO METaroauca
TaK>XKe OKa)KETCS I10JT BOJIOH.

B 2003 r. [Tenraron 3aka3zan Global Business Network uccnenoBanue, KoTopoe mokas3anio, 4To
B Xy[ILIEM cllyyae Io0aJbHOe MOTEIJICHHE MOXKET BbI3BaTh Ha 3eMJi€ CTOJb K€ MT00aJbHBINA Xaoc.
Munnuonsl OeXEHIIEB ABUHYTCS Kyda Iia3a TIAIAT, UTHOPHUPYS TOCYAapCTBEHHBbIC TPaHUIIBI,
MPaBUTEIHCTBA MOTEPSIOT BCIKUA aBTOPUTET U PYXHYT; HAYHYTCS MapOAEPCTBO, MITEXH U Xaoc. B
ATOW OTYAsSHHOW CUTYyallud COCEAHHE CTPaHbI, CTOJKHYBIIUCH C YIrPO30iM BTOPKEHUS MUIUIMOHOB
OTYasIBUINXCS JIOZEH, MOTYT IPUOETHYTH K SAEPHOMY OPYXKHIO.

«MokHo npenctaButh, uto [lakucran, Uuaus u Kurait — crpasbl, o0nagaromnye siaepHbIM
OpYy)XHeM, — HauYWHAIOT BCTYIAaTh B MOTPAHUYHBIC CTHIYKM M3-3a OCKEHIIEB, MAXOTHOW 3eMJIA U
MpaBa MOJIb30BaHUS PEKaMU, MPOTEKAIOIIMMHU IO TEPPUTOPUH HECKOJIBKUX CTPaH», — FOBOPUTCS B
noknane. Ilurep IlBapu (Peter Schwartz), ocroBarens Global Business Network m ocHoBHOI
UCTIONHUTENb 3aka3a [leHTaroHa, pacKpbll MHE MOAPOOHOCTU ATOTO cieHapusi. OH CUHMTAeT, 4TO
camMoil ropsiuei Toukoil craHer rpanuna mexnay Wumueit m banrmmagem. Cepbe3Hbll KpHU3HC B
banrnmanem moxeT copBaTh C HAacHKEHHbIX MecT 10 160 miiH 4yenoBek. Bo3HuKHET onHa u3
BEIMYANIINX MHUTPAIOHHBIX BOJH B HCTOPUM 4yesoBedecTBa. CTpeMHUTEIbHO BO3pACTET



HaIPSHKCHHOCTb, TPaHULBl PYXHYT, MECTHBIE BJIIACTM HHUYErO0 HE CMOTYT CHENaTh, IOBCIOAY
BCIIBIXHYT MaccoBble MATEXHU. 11IBapI cuuTaet, 4To0 HEKOTOPBIE CTPaHbl B KAYECTBE KpailHEH Mepbl
MOTYT IPUOETHYTh K SITIEPHOMY OPYXKHUIO.

B camoMm xynmiem ciyyae mapHHUKOBBIN 3¢ (deKT MOXKeT cTaTh camornoiaepx uatonmmces. K
pUMepy, IpU TassHUM apKTUYECKOW TYHJAPBI MOTYT BBICBOOOAMTHCS MMJUIMOHBI TOHH METaHa W3
rHUOIMX pacteHud. [log moKpoBOM TyHIpBI, MOKpbIBaImed B CeBEpHOM IMONYyIIApUH IJIOIAb
OKOJIO 23 MJIH KM2, KPOETCsl 3aMOPOKEHHAsl PaCTUTEIBHOCTD €€ BPEMEH MOCIIETHETO OJIEACHEHMS,
3aKOHYMBILETOCS] HECKOJIBKO THICAY JIET Ha3aJl. YIIEKHUCIIOro ra3a U MeTaHa B Hel OoJibllle, YeM BO
BCell 3eMHOI aTMocdepe, U TassHHME BEYHOW MEp3JIOThI MPEICTABISAET CTPALIHYIO ONACHOCTh JUIS
kiumara. Mano Toro, MeTaH — ele 0ojiee CTpalllHbIi MapHUKOBBIM ra3, 4eM JBYOKHCH YIJIEpO/a.
On He 3anepxkuBaeTcs B arMocdepe HAIO0Iro, 3aTO BbI3BIBAET Topa3no Oosee Ccepbe3Hble
nocJieAcTBUs. BricBOOOXKIeHNE TPOMAIHBIX 3a1aCOB METaHa U3 TAaloIIe TyHIPbl MOXET MOBJIEYb 32
COOOH CTpEeMUTENbHBI NOABEM TEMIIEpaTyphl, 4TO, B CBOI OYepe/lb, BBI30OBET JalibHeiiee
BBICBOOOKJICHHE METaHa 1 3aIlyCTUT HEYAEPKUMbIN IIUKI IN100aIbHOTO MOTEIUICHHUS.

TexHuuyeckue pemieHus

Cutyauuss OT4YasHHas, HO TOYKM HEBO3BpaTa 4YeJOBEUECTBO €II€ HE JIOCTHUIIIO.
KonTponupoBaHnue BBIOPOCOB MapHUKOBBIX Ta3oB B armocepy — mpoOiiemMa B OCHOBHOM
HSKOHOMMYECKas U MOJUTHYECKas, a He TexHuyeckas. [Ipom3BOACTBO YITIEKMCIOrO Ta3a pacTeT
OZTHOBPEMEHHO C aKTHUBH3AIMel SKOHOMUKHU U CBS3aHO, TAaKUM 00pa3oMm, ¢ borarctBoM. K mpumepy,
CIIA B HacToSIIIMH MOMEHT IMPOU3BOAAT OKOJIO 25 % Bcero yriekucnoro rasa B mupe. [Ipuunna B
TOM, YTO OKOJIO YETBEPTU BCEHl MUPOBON SKOHOMHYECKOH JIEATEIBHOCTH COCPENOTOUYEHO UMEHHO B
CLIA. IIpaBaa, B 2009 r. Kutaii o6ornan Coenunennsie LltaTel no BeipaboTKe MapHUKOBBIX ra30B,
Y CBA3aHO 3TO B OCHOBHOM C B3PBIBHBIM POCTOM 3KOHOMHKH 3TOW cTpaHbl. BOT 0cHOBHasi npuunHa
TOTO, TOYEMY Pa3BUTHIE CTPaHbl HE CIELIAT MPUHUMATh MEPbHI MPOTUB ITI00ATBHOTO MOTEIICHHUS:
3TH MEpBI TOMEIIAIOT S3KOHOMUYECKOHN AEATEIbHOCTA U OTPULIATENBHO CKAXYTCsl HA MPOLBETAHUM.

[IpennoxxeHo HeMano MmyTeil 60pHOBI ¢ 3TUM MHPOBBIM KPU3UCOM, HO y>KE€ CETOAHS SICHO, UTO
OBICTPBIX Pa30BBIX Mep, CKOpee Bcero, OyaeT HepoctaTouHo. [IpobiaeMy MOTyT pa3pelmTh TOIBKO
MPUHLMIIAAJIbHBIE W3MEHEHUS B JHEPreTHMYecKo cucremMe 3eMid M B PacXOJOBAHUM SHEPTHUU.
Cepbe3Hble yueHbIE MPEUIaraloT U TEXHUYECKUE MEpbl, HO HU OJHO TMOA00HOE MpEeISIOKEHUE He
BCTPETHJIO MOKA IMHPOKOM MoAaepKKu. Cpenn NpeyioKEeHH:

*lIckyccTBEHHOE yMEHBIIIEHNE MPO3pauHOCTH atMocdepbl. OTHO U3 TPEJIOKEHUN COCTOUT B
TOM, 4TOOBI 3aITyCTUTh B BEpPXHHUE CIOM aTMOC(EPHI PaKeThl € MOAXOASAIIUMH BEIIECTBAMH, TAKUMHU
KaK JIBYOKHCb CEpBl, U paccesTh UX Ha 00JbI10# BeicoTe. Llens — yCHINTh OTpa)keHHe COTHEYHOTO
CBETa OT 3eMJId B KOCMOC M T€M CaMbIM CJeTKa OXJIaJAWUTh IulaHeTy. bornee Toro, HoOeneBCKHiA
naypear I[lom Kpyrmen (Paul Crutzen) cumraet, yTto Takas Mepa Moria Obl CTaTh «IOCJIEIHUM
[IIAHCOM» — IIaroM, HpU TMOMOIIM KOTOPOTO YEJIOBEYECTBO B IOCIEAHUNA MOMEHT MOIJIO OBl
OCTaHOBUTH MI0OaNbHOE TmoTeruieHue. Mnaes BosHuxima B 1991 1., xorma ydeHsie ¢ OONBIIUM
WHTEpeCcOM HaOJIoNalM, KaK CUJIbHEHINN ByTKaHUYeCKUi B3pbIB ropbl [InHaTy00 Ha OununmnuHax
3abpocui B BepxHHe ciion arMochepsl 10 mipa TOHH BynkaHndeckor mbuth. Hebeca Torga 3amMeTHO
IIOTEMHENH, a CPEAHssl TeMIleparypa Ha 3eMHOM Iape yMmeHpinwiack Ha 0, 6 C. Ha ocHoBanun
MOJTyYEHHBIX JaHHBIX Y4YEHbIE PACCUMUTAIM, CKOJIBKO XMMHMKATOB HEO0OXOAUMO OyleT 3aKUHYTh B
cTparocdepy, UYTOObl CHU3UTH CPEIHIOI TeMIeparypy Ha 3emiie. IJTO, KOHEYHO, CEephe3HOe
MpeIOKeHNEe, HO KPUTUKH COMHEBAIOTCS B TOM, YTO Takas Mepa cama Mo cebe CMOXKET pelIuTh
HaboneBmryto npobnemy. K nmpumepy, mod4TH HUYETO HE U3BECTHO O TOM, KAK UMEHHO MOBIUIET Ha
KJIUMar BeIOpOC B aTMocdepy TpoOMaHOro KolndecTBa MblIu. MoxkeT ObITh, JEHCTBUE €ro OyaeT
KPaTKOCPOYHBIM, @ MOXET, BBISBUBIIHECS MOOOYHBIE 3(PPEKTH TOJBKO YCHISAT MEPBOHAYAIBHYIO
npobnemy. K nmpumepy, nocne B3psiBa [Iunary0o B Mupe HaOm0qaI0Ch JOBOJIBHO PE3KOe MaJieHue
KOJIMYECTBA OCAJKOB; €CJIM TAaK IPOM30HAET U BO BpeMs JKCIEPUMEHTa, MO BCEH 3eMileé MOTYT
HauaThbesl 3acyxu. COIacHO OlEeHKaM, Ha IOJIEBbIE HCIBITAHMUSI STOW HAEH MOTPeOOBajOCh Obl



100 MnH gomnapoB. A TOCKOJBKY Cylb(aTHBIE a’pO30JH AT JHUIIb BpeMeHHBIH 3(]dekt, Ha
3a0pacbIBaHUE UX B OOJBIINX KOJIMYECTBAX B CTpATOC(EpPy €XKETOAHO YXOAUIO Obl KaK MUHHUMYM
8 MJIpl J0JIapOoB.

*CtumynupoBaHue pocta Bopopocieil. Emie oaHo mnpemiokeHue — cOpOCHUTh B OKeaH
OOJNBIIIOE KOJIMYECTBO JKENIe30COACPIKALIMX BeleCcTB. BhICTymas B KauecTBE MMHEpPAJIbHBIX
ynoOpeHnid, OHM BBI3OBYT AaKTUBHBIH POCT BOJOPOCJEH, YTO, B CBOIO OUYEPE/Ib, YBEIHUUT
KOJIMYECTBO MOIIOIAEMOr0 UMHU YIJIeKHUCIoro rasa. OnnHako xoraa xoproparus Planktos co mra6-
kBapTupoil B KamudopHuu oObsBMIA, YTO IJIAHUPYET CAaMOCTOSITENIbHO HayaTh OIEpalfio I0
ynobpenuto yactu FOXHOM ATIaHTHKM >Kene3oM (KOMIIAHMS Hajaesjgach TakuM o0pa3om
HCKYCCTBEHHO BBbI3BaTh I[BETEHHE BOJBI M OBICTpOE pPAa3MHOKEHHE (PUTOIIAHKTOHA, KOTOPBII
JIOJDKEH OBLIT aKTMBHO MOINIOIIATh U3 BO3AYXa YIVICKUCIBINA Ta3), CTpaHbl, CBs3aHHbIe JIOHIOHCKOM
KOHBEHIIUEW O peryJaupoBaHUM COPOCOB B OKE€aH, 3asBHJIM O CBOEH 00ECIOKOEHHOCTH, a HeKas
rpymnna noa ¢gaarom OOH npu3Baia K BpeMEHHOMY MOPaTOpPHIO Ha MOJO00HBIE HKCIEPUMEHTHI. Y
Planktos 3aKkoHUMIINCH I€HBIH, U IPOEKT ObLT MIPEKpAILEH.

*Casa3biBaHue yruepozaa. Emie onHa BO3MOXHOCTh — CBA3BIBAHHE YIIEPOAA. JTO IMpOILECC,
IIpU KOTOPOM YTJIEKHUCIIBIM ra3, BBIACNSIEMbINH YrOJIbHBIMH CTAHLHUSAMH, TMEPEBOIUTCS B KUIKYIO
dbopMy M He JOIyCKAaeTCs B OKPYKAIOUIYIO Cpely; K MpPHUMEpY, €ro MOXHO 3aXOpaHHUBaTh MOJ
3emyiedl. XOTs B MPUHLUIE TaKOM MpOeKT Mor Obl cpaboTaTh, CBA3BIBAHUE yINIepoJa — OYEHb
JIOpOroM Mpolecc, K TOMYy K€ OH HHYEro HE MOXET CAENaTb C ra3oM, YK€ BBIIIYIIEHHBIM B
armocepy. Haunnas ¢ 2009 1. nHXKeHEpBl BCEr0 MUPa C HHTEPECOM CIIEIAT 3a MEPBbIM CEPbE3HBIM
UCIBITAaHUEM 3TOro Meroza. I'pomaanas snexTpocraHuus Mountaneer, nmoctpoeHHas B 1980 . B
3anmagHoit Bupmxunuu, nepeoOopyayeTcss TakuM oOpa3oM, 4TOObl HE BBIYCKAaTh JBYOKHCH
yriepona B OKpyKaromiyto cpeny. CoKMKeHHBIH a3 IUIaHUPYeTCs 3aKadylBaTh HA TIIyOMHY OKOJIO 2,
5 kM B cinoil joigomuTta. [locTeneHHo 3Ta JKUIKOCTh 00pa3yeT B IIyOMHE 3eMJIM Maccy BBICOTON 9—
12M wm jgnuHONM Heckonbko coTeH MeTpoB. Kommanust American Electric Power, Bnazenen
AIEKTPOCTAHIINY, TUIAHUPYET 3aKkaunBaTh noj 3eMiro no 100 000 T neyokucH yriepoaa B TEUEHHE
2-5 ner. 310 Beero 1, 5 % rogoBoro Mpon3BOACTBA YIVIEKUCIIOTO ra3a Ha JaHHOM 3JIEKTPOCTaHLNH,
HO CO BpEMEHEM CHCTeMa CMOKeT ynaBnuBaTh 10 90 % BbIOpocoB. IlepBoHayanbHbIE 3aTpaThl 1O
IPOEKTY COCTaBAT 73 MIIH Jo/ulapoB. B ciydae ycmexa 3Ty cxeMy MOXHO OyneT OBICTpO
pacnpoCTpaHUTh Ha JApPYTue DJIEKTPOCTAHLUHU, K IpPHUMEpY, Ha YEThIpE TUTAHTCKUE YTOJbHbBIE
CTaHLMU CyMMapHOH MOIIHOCTBIO 6 ['BT, pacnonokeHHble Henoaneky (M3-3a HUX 3TOT pailoH Obu1
Jnaxe mpo3BaH MeraBaTrTHOM monuHON). Hew3BeCTHBIX 37€Ch MHOXKECTBO: HESICHO, YTO OyaeT
MIPOMCXOJIUTH CO CXKIKEHHBIM YITIEKHCIIBIM ra30M Jalblie: OyJIeT JId OH MOTUXOHbKY MUTPUPOBATH,
HE COEJIMHUTCSA JIU C BOJIOM U He 00pa3yerT JIM YroJIbHYIO KUCIIOTY, KOTOpas 3aTeM MOXKET OTPaBUTh
IpyHTOBBIE BO/IbI. OJTHAKO €CJIM DKCIIEPUMEHT MPOUJET YCIEIIHO, 3TOT MOJXO0J MOXKET CTaTh YaCThIO
L[EJIOr0 MaKeTa TEXHOJIOTHH, MPU MOMOIIM KOTOPBIX YeI0BeYeCTBO OyneT OOpoThes ¢ I00abHBIM
MOTEIJIEHUEM.

*['enHas uHxenepus. Eie oHO mpeiokeHne CBOIUTCS K TOMY, YTOObI CO3/aTh MPU OMOIIN
TeHHOW WH)KEHEpUH Takue (OpMBbl KM3HM, KOTOpble MOIIM Obl MOIIOLIATh YIJICKUCIBIA Ta3 B
OONBIINX KOIWYECTBaX. DHTY3MAaCTOM TaKOro Iojxona seisercs, Kk npumepy, Kpeir Benrtep (J.
Craig Venter), cnemaBmmii cebe HUMA M COCTOSHME Ha TOM, YTO TNPUAYMAHHBIE MM
BBICOKOCKOPOCTHBIE TEXHOJIOTHU TO3BOJIMIIM paciii(poBaTh I€HOM YE€IOBEKa Ha HECKOJBKO JIET
paHbllle 3aIUIAaHUPOBAHHOIO Cpoka. «MbI paccMaTpuBaeM I€HOM Kak MpOrpaMMy, a MOXET, M Kak
ONEPALMOHHYI0 CUCTEMY KIETKM», — TOBOPUT OH. Ero memp — HayduTbCs NEPENUCHIBATH 3TY
IporpamMMy, YTOOBI MOJYYMTH BO3MOXHOCTH T'€HETHMYECKHM MOAM(DUIMpPOBaTH WIM CO3/1aBaTh
MPAKTUYECKH C HYyJAS MHUKPOOPraHU3MbI, TaK 4YTOObl OHHM MOIVIOMIANIM YIJIEKUCIBIA Tra3 ¢
ANIEKTPOCTAHLIMI M TepepadaThiBajy €ro B IMOJEe3HbIE BELIECTBa, TaKhe Kak MpUpOAHBIA ra3. OH
3ameuaeT: «Ha Hamell nimaHeTe yke CyIIECTBYIOT TBICSYH, a MOXET, 1 MWUIMOHBI OPraHU3MOB,
YMEIOLUX 3TO Aenarby. Pokyc B TOM, yTOObI MOAUDUIIUPOBATH UX U TAaKUM 00Pa30M YBEIHUYHUTH
BBIXOJ, @ TAK)KE MPHUCIIOCOOUTH K CYIIECTBOBAHUIO HA YTOJIbHBIX JIEKTPOCTaHIUAX. « MBI cuuTaem,
YTO y OSTOM OTpaciM TpOMaJHBIA MOTEHIMAal M YTO OHAa CMOXET 3aMEHHUTh CO0OH BCIO
He(TeXMMHUYECKYIO TPOMBIIUIEHHOCTh. He HCKIII04eHO, YTO 3TO MPOM30MIET yXe B Oirpkaiiiem



JECATUIIETUNY», — ONTHUMHUCTUYHO 3asBJISET OH.
[Tpuncronckuit pusuk Opumen [aiicon (Freeman Dyson) BeicTynaeTt 3a Apyroil BapuaHT —
CO3/JaHME TeHETHYECKH MOJIU(UIMPOBAHHBIX JE€PEBBHEB, KOTOpBIE OYyAyT MOIIOUIATH YIJIEKUCIIBIHA
ra3. OH 3asBWI, YTO TPWUIMOHA TAKUX JCPEBBEB, BIIOJIHE BO3MOXKHO, OYy/IET JOCTAaTOYHO, YTOOBI
HaJe)KHO KOHTPOJIMPOBATh COAEpKAHME YIIIEKHCIIOro rasa B Bo3ayxe. B cratbe «MoxeM 1M MbI
KOHTPOJIUPOBATh YINIEKHUCIbIN ra3 B arMocdepe?» OH BBICTYIHII 332 CO3aHUE «YITIEPOIHOro OaHKa
OBICTPOPACTYLIUX AEPEBHEBY, KOTOPHIE MOIJIN OBl PETYIMPOBaTh YPOBEHD YITIEKHCIIOTO rasa.

OpHako B 3TOM ciydae, KaKk M B JIFOOBIX IJIaHAX MO MaclITaOHOMY HMCIOJIb30BAHHIO T€HHOU
WH)KEHEpUH, CcJeIyeT CoOMonaTh OCTOPOKHOCTb H  OCTeperarbcs MOOOYHBIX 3 (PEKTOB.
HeBo3MOXHO 0TO3BaTh M3 MPUPOABI KMBBIE CYyIIECTBa TaK, KaK Mbl OT3bIBa€M OpaKOBaHHBIE
MamuHbl. OKa3aBIIMCh B NMPUPOJHBIX YCIOBHUSX, T€HETHUYECKH MOJU(PHIMPOBAHHBIN BUI MOXKET
HEOXXUJAHHBIM M He3allJIaHUPOBAaHHBIM 00pa30M MOBJIUATH HA APYTUE BUABI )KUBOTHBIX U PACTEHMIA;
B YAaCTHOCTH, OH MOJXKET BBITECHUTb MECTHBIE BHJbl W HApPYLUIUTh CJIOXHBIIEECS PaBHOBECHE
MMUIIEBOMN IIETTOYKH.

Kak HHM mnevyanbHO, MOJUTUKM HE TPOSBWIM  JOJDKHOTO HHTEpeca KO  BCEM
BBIIIICTIEPEYUCIICHHBIM TpeUIOKeHUsAM. TeM He MeHee Korna-HuOynbp mnpobiema I100anbHOro
MOTETUIEHUs] CTAaHET HACTOJBKO OOJIE3HEHHOH M B3PBIBOOMACHOM, YTO MOJUTUKAM MPHUAETCS YTO-TO
pelarh.

KpuTtnueckumu 31ech, BEPOSITHO, CTAaHYT CIEAYIOINE HECKOIBKO necatmieTnid. K cepennne
BEKa YeJIOBEYECTBO, MO HJiee, NMepelIeT Ha BOJOPOJHOE TOIUIMBO, a Pa3BUTHE TEPMOSIEPHON U
COJIHEYHOM SHEPreTHKH B COYETAaHUH C BO30OHOBISIEMBIMHM BHJIAMH SHEPTUU MO3BOJMT CIENaTh
HSKOHOMMKY TIOpa3lo MeEHee 3aBUCUMOM OT MNOTpeOeHHs HCKOMAaeMOro TOIUuIMBa. PbhIHOYHBIE
MEXaHU3Mbl M BOJOPOAHbIE TEXHOJOTMM MJaayT HaM JOJTOCPOYHOE pelIeHHe MpPoOIeMbl
miobanbHOrO NorervieHus. Ho ceifuac, 10 HacTYMIeHUST BOJOPOIHOM 3pbl, MPOIOIKAECTCS ONACHBIH
nepuoa. B KpaTkoCcpo4yHON NEpPCHEKTUBE MCKONAEMOE TOIUIMBO IMO-NPEXKHEMY SIBISIETCS CaMbIM
JIENIEBbIM MCTOYHMKOM HEPTUH, a MOTOMY IN0OaIbHOE MOTEIUIEHHE OYyJIeT TPO3UTh YEIOBEYECTBY
€I1l€ HE OAVH JECATOK JIET.

TepMosinepHasi JHeprus

K cepenuHe Beka Ha ClieHE MOSBUTCS HOBBIM UTPOK, CIIOCOOHBIM PEe3K0 M3MEHUTH IMpaBUIIA
urpel. Peub upmer o0 sHEpruM CHUHTE3a, WIM TepMosiepHOW sHepruu. K ToMy BpemMeHH 3TO
TEXHUUYECKOE PEeIleHHUE, TI0 BCEl BUTUMOCTH, CTAHET CAMBIM KOHKYPEHTOCIIOCOOHBIM U, BO3MOXHO,
MO3BOJIUT PEIINTh MPOOJIEMY HEPTUHU HaBceraa. Eciin Ha aTOMHBIX CTaHIUAX dHEPrus (M 00JbIIoe
KOJIMYECTBO PAAMOAKTUBHBIX OTXO/IOB) MOJYYaeTCs 3a CUET pacCUICIUICHHUS sep aTOMOB ypaHa, TO
TEPMOSIICPHBIN CUHTE3 OCHOBAaH HA CIUSHHUHM aTOMOB Bopopoza. [Ipu 3ToMm BbIENSETCS OTPOMHOE
KOJIMYECTBO TeIula (a2 3HAYUT, JHEPTUU) U OYEHb MaJIO OTXOJOB.

B otnmume ot pacnana, cUHTE3 MpEeACTaBIsieT COO0H MMHUTAIUIO TPOIECCOB, MPOTEKAOIINUX B
ryonHax ConHia. DHeprus, CKpbITas B NIyOMHE aTOMOB BOJIOPO/ia, 00eCIeYrBaeT CyIlIeCTBOBAHUE
Bcenennoii. Dueprus cuHTe3a 3axuraer ConHile U ocBemaeT HeOeca. B Hel 3akitodeHa ryiaBHas
TaifHa 3Be3]. Bceskuii, KTo cymeeT o0y3AaTh TEPMOSICPHBIN CHHTE3, MOMYYUT BEUHBIH MCTOYHHUK
HEOTPAaHWYEHHOUN YHEPTUU. A TOTLITUBO ISl TEPMOSJEPHBIX CTAHIIUM MOXKHO JOOBIBaTh U3 OOBIYHOMN
MOpCKOii Bofibl. TepmosiiepHbiit cuuTe3 naeT B 10 MutH pa3 Oonblie YHEPTUH Ha €IUHUILY Beca, YeM
OCH3WMH, W B OOBIYHOM CTaKaHE BOJBI CONEPKUTCS CTOJIBKO kK€ JHepruu, ckompko B 500 000
Oappeneii HeQTH.

HmenHo cuHTe3 (a HE pacmaj) UCIONb30Balla Mpupoda Uil odecriedenus Hamiei BeenenHoit
sHeprueil. [Ipu oOpa3zoBaHuu 3Be31 Ta30BbIi IIap, OOTaThIi BOAOPOIOM, MOCTEMCHHO CKUMAETCS
MoJl JCHCTBHEM TpaBUTAIlMH, OJHOBPEMEHHO pPa30rpeBasiCh JO OTPOMHBIX Temmeparyp. Korma
TeMIleparypa ra3a JocTHraeT mnopsaka S50 MiaH rpagycoB (KOHKpeTHas mHuQpa MEHsSeTcs B
3aBUCUMOCTH OT YCJIOBHH), siipa BOJOPOJIa BHYTPHU IIapa, CTATKHBASCh MEXIYy COOOM, HAYMHAIOT
CIIUBaThCSl ¢ oOpa3oBaHueM siiep renus. [Ipu 3TOM BBICBOOOXKIAETCS TPOMAJHOE KOIUYECTBO
SHEPTUH, U Ta3 BerbIxuBaeT. (Eciu roBopuTh TOUHEE, CyKaTHE JOHKHO 00€CTICUNTh BBITIOIHEHHE TaK



Ha3bpIBaeMoro kpurepus JloycoHa, KOTOpbIi TpeOyeT, YToObI BOIOPO OBLI CKaT A0 OINpeAeeHHON
IUIOTHOCTHU TIPH OIpENeTIeHHON TeMmIiepaType Ha onpezaeineHHoe BpeMs. Eciu Bce Tpu ycinoBus —
IUIOTHOCTh, TEMIIEpaTypa W BpeMsi — BBINIOJHEHBl, BO3HUKAET pEakUus SAEPHOIO CHHTE3A.
PesynberatomM MokeT OBITH BOJIOpOIHAsSE O0MOa, 3B€3/1a UJIH SIACPHBIN CHHTE3 B PEaKTOPE. )

Wtak, ecTb KIIOYEBOE YCIOBME: Ul BBICBOOOXKIEHHUS KOCMHUYECKHMX KOJIMYECTB SHEPTrUHU
HE0OXOJMMO HarpeTh U CKaTh BOAOPO/ 10 ONPEACIEHHON CTEICHH.

Ho no cux mop Bce MOMBITKM 0O0y3[aTh 3Ty KOCMHUYECKYIO MOIIb TEpIead Heyaady.
Oxkazanoch, YTO HArpeTh BOAOPOA 10 JECATKOB MHUIMOHOB TpaaycoB, MPH KOTOPHIX MPOTOHBI
HAYHYT OOBEIMHATHCA B SApa TeNins ¥ BBIICIATH SHEPTUI0, KpaliHe TPYIIHO.

bonee Toro, o0mecTBO KPpUTUYECKU OTHOCUTCS KO BCEM OOEIIaHUSM Takoro poja — Bellb
KaX/Ible JIBAALATh JIET yYeHbIE 3asBISAIOT, YTO Yepe3 JABAJIATh JET TepMOsiiepHast dHeprus Oynet
ocBoeHa. Ha camom xe nene ceifuac, mociie rnojiyBeka CBepXONTUMUCTUYECKUX OOeIanuit, GU3NKu
Bce Oosibliie yOex1atoTcsl B TOM, UYTO YIPABISIEMbI TEpMOS AEHCTBUTEIHLHO HA MOAXO/IE U NIEPBbIe
AKCIIEPUMEHTAIILHBIE PEAKTOPHl MOTYT OBITH co3maHbl yxe K 2030 r. BrmomHe BO3MOXHO, YTO K
CEpeIrHE BEKa MOSABATCSA U KOMMEPYECKUE CTAHIIHH.

Hago orMeTuTh, 4TO OOIIECTBEHHOCTh MMEET IOJHOE IPaBO CKENTHYECKH OTHOCHUTHCA K
TEPMOSJICPHOMY CHHTE3Y — CJIMIIKOM MHOTO B MPOILIOM OBIJIO XBAaCTOBCTBAa, OOMaHa M IMPOCTO
Heymad B Toit odmactu. B 1951 1, xorma xomomHasi BoitHa Oblja B MOJHOM pasrape U pa3paboTka
BOJIOPOHOM OOMOBI IUTa OEHIEHBIMH TEMIaMH, NMpe3uaAeHT ApreHTHHb XyaH [lepoH oOBsSBUI C
OOJBIION MMOMIION, YTO YY€HbIE €0 CTPAHbl COBEPIIUIN MPOPHIB M MOKOPWINA SHEPrHI0 COiHIA. B
Cpe/icTBaX MaccoBOM MH(OPMAIMK MOAHSIICA CTPAIIHBIN IIyM. 3asBI€HUE Ka3aJl0Ch HEBEPOSTHBIM,
HO KpynHeiiimue ra3zersl Mupa, Bkiatodas The New York Times, momernianu ero Ha nepBbIX MOJI0CAX.
AprenTuHa, xBactain [lepoH, coBepinia BEIMKOE HAyYHOE OTKPBITHE TaM, T7I€ MOTEPIIEIN HEyaauy
cBepxaepxaBbl. HeuspecTHolii Hemeuxuil ydenoii Ponamba Puxtep (Ronald Richter) yb6emun
[Tepona npouHAHCHPOBATh €r0 «TEPMOTPOH» U MOOOEIaN B3aMEH HEOrPaHMYEHHOE KOJIWYECTBO
SHEPrUH U BEUHYIO ClIaBy ApreHTHHE.

AMepUKaHCKOe HayyHOE COOOIIEeCTBO, BCE €lle JMXOPaJ0o4HO paboTaBlilee HaJl CO3JaHHEM
BOJIOPOJIHOM OOMOBI U MeuTaBIllee YCIEeTh PaHbllle PYCCKUX, 00BABUIO 3asiBieHue [lepoHa uenmyxon.
VYuensiii-arommuk Paneg JIonm (Ralph Lapp) ckaszan Torma: «S 3Hato, kakoi emie marepuan
UCIIOJIB3YIOT API€HTUHIIBL. JTO YYLIb).

Hpyroro ydenoro-arommuka, JlBunma Jlunuentans (David Lilienthal), cnpocunmy,
CYULIECTBYET JIU XOTh «CaMblIii KDOXOTHBIN IIAHC)» Ha TO, YTO apreHTHUHLBI MOTYT OKa3aThCs MpPaBbI.
OH otBeTmiI: «MeHbIIIE, UEM BBl CKa3aJIn».

[Ton Takum naeneHuem llepoH ymepcs U CTOs Ha CBOEM; OH HaMeKall, YTO CBEpPXJEp>KaBbl
IPOCTO 3aBUAYIOT ApPreHTHHE, KOTopas cyMmesna BceX 000MTH. MOMEHT HCTHHBI HAacCTYHHJ TOJ
crycts, koraa npeacrasutenu [lepona noosiBanu B 1aboparopun Puxrepa. Boobiie, koraa co Bcex
CTOPOH MOCHINAIIMCh OOBHMHEHHUS M BOMNPOCHI, Puxrep moBen ceds CTpaHHO; 4YeM Jaiibllie, TeM
Heseriee M Oecropso4YHEe CTAaHOBUJIMCH €ro mnocTynku. Ilepen mpuObITHEM HMHCIEKTOPOB OH
MOZI0PBaJl JABEph CBOEH Ja00paTopuyl MpPU MOMOIIM KUCIOPOJHBIX OAJJIOHOB M HamUcall Ha JIUCTE
Oymaru cioBa «aTtoMHasi sHeprusi». OH 3aka3an Mmopox W coOupalics MOMECTHTh €r0 B PEakTop.
Co3znaBajioch BIEYATIEHHE, YTO YYEHBIN cowmen ¢ yMa. Korna MHCIIEKTOPhI IOMECTUIM PSJIOM CO
«CYeTYMKaMU M3JIydeHus» Puxrepa Kycouek paiusi, HHUYEro HE MPOU30LLIO; OYEBHJHO, €ro
obopynoBanue Obl10 IpocTo noanenkoi. [Tozxe Puxrep Obu1 apecToBaH.

Ho cambrit 3namMmenuThIii cmyyait cBsa3an ¢ umeHamu Ctaanu [Tonca (Stanley Pons) m Maptuna
Oneitvanna (Martin Fleischmann), 1ByX M3BECTHBIX M YBa)Ka€MbBIX XMMHKOB M3 YHHBEpPCHUTETA
FOTb1, KOTOpBIE B 1989 I 00BABUIN 00 OTKPBHITUM TaK HA3bIBAEMOIO «XOJIOJHOTO CHHTE3a», T. €.
peakLuu SAEPHOTO CHHTE3a, ITPOTEKAIOUIEN NP KOMHATHOW TEMIIEpaType. YUEHbIE yTBEPXKAAIH,
YTO MOMECTUJIN B BOAY METAJNTMYECKUI MaIafii, KOTOPBIN 3aTeM KaKHMM-TO BOJIIEOHBIM 00pa3om
CKaJl aTOMBI BOJIOPO/Ia /10 TaKOM CTENEHM, YTO OHU CIMJIMCH U 00pa30BajIM refuil. JHeprus COIHIA
BBICBOOOMIIACH MTPAKTHUECKH Ha J1a00paTOPHOM CTOJIE.

CooOuieHre BbI3BAJIO HacTosAlMM IIOK. ExBa Jin He Bce ra3eTbl MUpa MOMECTWIH 3TO
OTKpBITHE Ha MepBYI0 moiocy. JKypHaqucThl 3arOoBOPMIIM O KOHIIE SHEPTeTUYECKOr0 Kpu3Hca U



Hayajge HOBOW 9pbl, 3pbl HeorpaHndeHHou sHepruu. llrar FOTa HemensneHHO MpoBen 3aKOH U
BBIJICIWJT 5 MITH JIOJUIApOB Ha co3faHue HalmoHalIbHOrO MHCTUTYTa XOJIOAHOTO cuHTe3a. Jlaxke
ANOHCKUE aBTOIPOU3BOAUTEIN MOCIEUIMIINA [T0KEPTBOBATh MIIJIMOHBI JOJUIAPOB HA UCCIIEIOBAHUS
B 3TOM HOBOHM, HO HEBEPOSITHO MEPCIEKTHBHOW o006iacTH. Bokpyr Xoio0AHOro cuHTE3a Hadaiu
coOuparbesl MOCIeIoBaTeIi, MTHOBEHHO YBEPOBaBIIME B HEro; 00pa30Bajoch Jake 4TO-TO BPOJE
CEKTHI.

B ommuune or Puxrepa, [Ionc u ®neimMaHH MOJIB30BAIUCH YBAXKEHUEM B YUEHOH cpele U
paabl ObUTH MOAETUTHCS CBOMMH pesynbratamMu. OHU NpeabsBUIN 00OPYIOBaHHE U IMOIY4YEHHbIE
JTaHHbIE, YTOOBI BCE JKENAIOIIIe MOTIIN YBUAETh UX BOOUHUIO U YOSIUTHCS.

Ho 3arem cuTyanus OCJIOKHWIACh. YUEHBIE IMOJIB30BAINCH HACTOJIBKO IPOCTBIM
00OpyI0BaHMEM, YTO TOBTOPUTH MX ONBIT Moria jobas naboparopuss mupa. EcrecTBeHHO,
KEJAIOLMX CBOMMH IJIa3aMU YBHJIETh TOPAa3UTENbHBIN pe3yJabTaT XBaTano. YBbI, OOJBIIMHCTBY
IpyIn HE YAAaJNOCh 3aperucTpUpOBaTh KAaKOro Obl TO HU OBUIO BBIJENEHHS JOMOJHUTEIHHON
SHEPruM, U XOJIOAHBINA CUHTE3 OBl 0OBSABIEH TYNHUKOBBIM HampasieHueM. OnHako 3a0bITh 00 3TOM
HCTOPUU TOXKE HE Y/IaBaJIOCh, IIOCKOJIBKY BPEMsI OT BPEMEHH MOSBIISINCH HOBBIE COOOIIECHHS O TOM,
YTO KaKUE-TO IPYIIbI TOBTOPUIIN SKCIEPUMEHT YCIIECIIHO.

Hakxonenr BMmemanock ¢usuueckoe cooduecTBo. PU3NKU NpOaHAIM3UPOBAIU YPaBHEHUS
[Tonca u ®neimManHa U CAENAIN BBIBOJ, YTO OHU HEKOPPEKTHBI. BO-NIEpBBIX, €CIIN yTBEPKIACHUS
YYEHBIX BEPHBI U B XOJ€ IKCIEPUMEHTA ACHUCTBUTEIBHO IPOUCXOAUIO TO, O YEM HAET pedb, U3
cocyna ¢ BOJIOM, B KOTOPOM MPOUCXOAWJI CHHTE3, JOHKEH OBbUT BBUICTETh OOKWTAIONIUN TIOTOK
HEHTpOHOB. (B THNMYHOI peakiuu cuHTe3a ABa Spa BOJOPOA CIUBAIOTCS B SIPO TeIHs, BbIICIS
IIPU 3TOM SHEPTUI0 U HEUTpoH.) CaM (PaKT, UTO y4YEHbIE OCTAJIUChH KUBBI, O3HAYaAJ, YTO HUKAKOTO
SJIEPHOTO CHHTE3a B HKCIIEPUMEHTE HE ObLI0; ecli Obl OH MPOUCXOAMI, OHU JIOJDKHBI OBUIH YMEPETh
OT paJIMalIMOHHBIX 0’KOTOB. Bo-BTOpBIX, CkOpee Beero, 11onc n dnelmManH CTOIKHYINCh ¢ KaKOM-
TO XMMUYECKOH, a He TepMosAepHOl peakiueil. I HakoHen, 3aKkitounian (GU3NKH, METAJUINYECKHUHA
MajuTaiiii He B COCTOSTHUHM COJM3HWTH aTOMBI BOIOPOJA B JIOCTAaTOYHOM CTETEHH, YTOOBI BBHI3BATh
CIIMsIHUE. DTO 03HA4aJI0 ObI HApYIIEHUE KBAHTOBON TEOPUH.

Hecmotpst HE Ha 4TO, CIIOPBI O XOJOAHOM CHHTE3€ MPOJOJDKAKOTCS IO CEeH JeHb. Bpems or
BPEMEHHU TOSIBIISIOTCS HOBBIE COOOLIEHHUS O TOM, YTO KOMY-TO YAJIOCh MOIYYUTh XOJOAHbIN CHHTE3.
[IpoGniema B TOM, YTO HUKOMY HE yAaeTCsl BOCIPOU3BECTH TaKOW pe3ysbTaT Ha/IeKHO U 110 IEPBOMY
TpeOoBaHUIO. B KOHIlE KOHIIOB, KaKOM CMBICIH JieaTh aBTOMOOWJIBbHBIN JBUTaTelb, €CIM OH OyaeT
pabotare oT ciydass kK ciayyato? Hayka OCHOBBIBaeTCS Ha BOCHPOHM3BOJIUMBIX, MPOBEPSEMBIX U
OIIPOBEPKUMBIX Pe3YJIbTaTaX, KOTOPbIE MOXKHO MOIYYUTh B IIOOOH MOMEHT.

TI'opsiumii cunTe3

Hano cka3arp, 4To IpeuMMyIecTBa TEPMOSAECPHON SHEPIUU HACTOJIBKO BEJIMKH, YTO 3arajka
TEPMOSIIGPHOTO CHHTE3a BledYeT K ce0e Y4YeHbIX, KaK TIECHS CHpEeH BJEKIa JApPEeBHUX
MODpEILIaBaTEeNeH.

Tak, 3arpsi3HEHHE OKPYXKAIOLIEH cpeabl OT CHHTE3a MUHUMAJIBHO. OTO OTHOCHUTEIBHO YUCTBINA
croco0 TONyYeHHUs] SHEPruM, C IOMOILIBI0 KOTOPOTro MpHUpoAa OOEeCHeyrBaeT JHEpPruei Hairy
Bceenennyro. OauH u3 NoOOYHBIX MPOAYKTOB pEaKIUU — TeNIUi, KOTOPBIM KO BCEMY MpoueMy
IIOJIB3YETCS CIIPOCOM M HMEET KOMMEPYECKYK0 CTOMMOCTb. Jlpyro — paauoakTHUBHas CTajb
KaMepbl peakTopa, KOTOPYI0 CO BpeMeHeM Hajao OyneT 3axXxOpaHHMBaTh, IOTOMY 4YTO B TEUEHHUE
HECKOJIBKHMX JIECSITKOB JIET OHa OyJeT MpeACTaBiIsATh HEKOTOPYIO OomacHOCTh. Ho mo cpaBHeHHIO C
OOBIYHBIM YpPaHOBBIM aTOMHBIM 3HEProOJIOKOM (KOTOPBIM KaKIbli Ton mnpou3BoguT mo 30T
BBICOKOAKTHBHBIX OTXOJIOB, OIIACHBIX Ha MPOTSKEHUM THICSY, & TO U JECATKOB MWUJUIMOHOB JIET)
KOJIMYECTBO «MYCOpa» 3/1€Ch HECYIECTBEHHO.

Kpome Toro, Ha TepMOsIEpHON CTaHIMM HE MOXET MPOM3OWTH TaKOM KaracTpo(bl, Kak
pacIuUiaBI€HUE AKTUBHOM 30HBI. YPaHOBBIE CTAHIIMM — UMEHHO MOTOMY, YTO B aKTUBHOW 30HE Y HUX
HaxXOAATCS. TOHHBI BBICOKOAKTUBHBIX OTXOJIOB, — IIPOAOJKAIOT U IOCIE BBIKIIOYEHHS PEAKTOpa
IIPOU3BO/IUTH 3HAYUTEIBHOE KOJIMYECTBO TeIIa. IMEHHO 3TO O0CTaTOYHOE TEIUIOBBIACIEHHE MOXKET



CO BPEMEHEM DAacIUIaBUTh U TOIUIMBHBIE CTEP’KHU, U CTAJIIBHOM KOPIYC M NPUBECTHU K MONAJAHUIO
pacIIaBIeHHOIO TOIUIMBA B IPYHTOBBIE BOJIBI, B3PBIBY M KaTacTpo(e, TaKk KpAaCOYHO MOKa3aHHOU B
¢mibMme «Kurtaickuil cuaapomM».

TepMosiiepHble CTaHIMM IO ONpENEeNeHuI0 HamHoro OesomacHee. K mpumepy, eciou
BBIKJIIOUUTh MAarHUTHOE IIOJI€ TAKOI'O PEAKTOpa, ropsiyas Ijia3Ma CONPUKOCHETCS CO CTEHKaMH
KaMepbl peakTopa, M IpoLEecC sJIEepPHON0 CHHTE3a MIHOBEHHO IIpeKkparurcs. B tepmosinepHoM
peakTope He MOXET BO3HUKHYTh HEyNpaBisieMas LeNHas peaklus; B ciIydae CKOJIbKO-HUOYIb
CEPbE3HOTO MPOUCIIECTBHSI OH MPOCTO BBIKJIIOYHUTCS.

«[laxxe ecnu TepMosiiepHas AIEKTPOCTaHIMA OyJIeT cTepTa ¢ JIUIa 3eMJIM, YPOBEHb pagualuu
B KWIOMETpPE OT IepUMETpa OKaXeTCs HACTOJIbKO HM3KHM, YTO DJBaKyaluss BOOOLIE He
norpedyercs», — roBopur dappox Hamxmabanu, pykoBoautens LleHTpa sHepreTHyecKux
uccnenoBannii Yausepcurera Kanudopuuu B Can-Jluero.

HecMmotpst Ha 4ynecHble JTOCTOMHCTBA TEPMOSJCPHOW SHEPreTUKH, HE CTOUT 3a0bIBaTh 00
OJTHOM MaJIEeHBKOW TIOAPOOHOCTH: €€ He CYIIEeCTBYeT Ha cBeTe. HuKoMy moka He ynanoch MoCTpOUTh
JIEUCTBYIOLIUN TEPMOSAEPHBINA PEAKTOP.

OpnHako (U3UKU BBICKA3bIBAIOT OCTOPOXKHBIN ONTHUMHU3M. «Bcero necsaTh et Hazaj HEKOTOpbIe
y4eHble COMHEBAJIUCH B TOM, YTO MOXKHO IOJIYYUTh YIPABISIEMbI TEPMOSIEPHBIA CUHTE3 XOTs ObI B
naboparopun. Temepb MbI TOUHO 3HAaeM: CHHTE3 BO3MOXEH. Bompoc B TOM, OKaxeTcs JIM OH
HKOHOMHUYECKH BBITOJHBIM», — TOBOPUT coTpyaHHK General Atomics [[»Bun bonnyun (David E.
Baldwin), xkypupyronuii omuH U3 KpymHeHmux TepMosiiepHbix peaktopoB B CIHIA, peakrop DIII-
D.

Ilepesii THO TepMOAnEpPHEIX peakTopoB. Jlasepsn
CHKHMAIOT MHIIEHE H3 DOTATEIX BOLOPOIOM MATEPHAIIOE.
Pucynox Jacegppu Vopoa (Jeffrey L. Ward)



Bropoi#i THn TepMosaepHEIX peakTopoB. MarauTarie moms

CHHMANOT BOAOpoIocoaepxamui ras. K cepeguue sexa
MHp, BOIMOKHO, OVIeT JoDRIBATE IHEPTHIO H? MPOIEcca

TEepMOSASpPHOrD CHHTE2A.
Geity Images

JlazepHblil TepMOSIIEPHbIH CUHTE3

B Gnmkaiiiiye HECKOIBKO JIET CUTYyalUs B 3TON 00J1aCTH MOXKET CUIIbHO U3MEHUTHCSL.

B nmnocnennee Bpemsi yueHble BeJM HCCIEIOBAaHHMS OJHOBPEMEHHO I10 HECKOJIbKUM
HAMpPAaBICHUSIM, U CITyCTS HECKOIBKO JIECATKOB JIET CIUIOIIHBIX HEeydad HAKOHEIl HacTall PajoCTHBIM
MOMeHT. Du3uku yOeKIeHbI, YTO TEPMOSAI BOT-BOT OyaeT mokopeH. Bo ®panmuum ¢ ydactuem
MHOTruX eBponeiickux crpat, Poccun, CILIA u SInonun crpoutcss MexayHaponHbIi TEpMOSIEPHBII
skcriepuMenTanbhbiil peaktop (ITER). B CIIA Toke mmeeTcs SKCIIEpUMEHTAIbHBIN PEaKTop —
National Ignition Facility (NIF).

MHe BbIIasa BO3MOXHOCTh YBHJAETH ammapar JjazepHoro cuHTte3a NIF coOcTBeHHBIMU
a3aMM, U 3TO TpaHAHo3HOe 3penuile. I10CKoIbKy TepMOsIEpHbI CHHTE3 COCTOMT B OJIM3KOM
porctBe ¢ BomopoaHou OomOoit, peaktop NIF 0Gasupyercs B JluBepmopckoil HalmoHaIHHOU
naboparopun uMmeHu JloypeHca, rie BOEHHbIE pa3palaThIBarOT BOJOPOAHbBIE 00EronoBKU. UYTOOBI
[OTACTh TY/1a, MHE NMPHUILIOCH IPOUTH Yepe3 MHOTOYPOBHEBYIO CUCTEMY OXPaHHbI.

Cam peakTop, KOrJa s HAaKOHELl 10 HEro Jo0paics, MpOM3BeN Ha MEHsS MOoTpscaroliee
BlieUaTieHWe. Sl NpPUBBIK BHUAETh Jla3epbl B YHHMBEPCUTETCKUX JabopaTtopusix (Oojee Toro,
HETIOCPEICTBEHHO Ol MOMM KaGuHeToM B Toponckom yrusepcurete Hplo-Hopka pacmonaraercs
OIIHA U3 KPYIHEHIIHX Ja3epHbIX naboparopuii B mrate Hpro-Mopk), Ho NIF mens omenommt. Cam
pEaKToOp 3aHUMAET ECATUITAKHOE 3aHHE pa3MepoM C Tpu (HyTOOTBHBIX MO, r1e 192 rUraHTCKUX
Ja3epa HaIpaBJISIOT CBOM JIyYd B JUIMHHBIM TyHHEb. JTO KpyINHeHIas jJa3epHas CUCTEMa B MHpE,
10 MOILIHOCTH OHA MPEBOCXOAUT MpeAbIyILyto B 60 pas.

[Ipoiias mo JIMHHOMY TYHHEINIO, JIa3epHbIE JIYYM IOIaJai0T HAa CUCTEMY 3€pKaj, KOTOpbIE
(OKyCHpYIOT UX BC€ Ha KPOLIEYHOH, pa3MepoM C Oyl1aBOUHYIO T'OJIOBKY, MUILEHH U3 JeHTepus u
TpUTHS (IBa TKENbIX H30TONA Bojopona). HeBeposTHO, HO Ja3zepHble Jy4d CyMMapHOMU
MoutHOCThI0 500 TpaH BaTT CXOAATCA HA KPOIIEYHOM MIAPHKE, €1Ba BUAMMOM HEBOOPYKEHHBIM
IJ1a30M, W TODKApPUBAIOT €ro 10 Temreparypsl B 100 MiaH rpaaycoB (HamMHOTO ropsiiee, 4eM B
nenrpe ComnHia). 3a KpaTKU MU B 3TOM KOJIOCCAJIbHOM MMITYJIbCE BBIACSAECTCS SHEPIHsl, KOTOPYIO
BbIpaboTamy OBl 32 OSTOT TNPOMEXKYTOK BpPEMEHHM NOJIMWUIMOHA aTOMHBIX JHEProOJIOKOB.
[ToBepXHOCTh MHUKPOCKOIIMYECKOTO MIapHKa OBICTPO HCHapsercs, W yaapHas BOJIHA OT 3TOro
MUKpPOB3pbIBa CXKMMAET LIAPUK U 3aITyCKAeT PEakLUI0 CHHTE3A.



CrpoutensctBo NIF 3aBepmmiocs B 2009 1., ' B HACTOSIIMNA MOMEHT PEAKTOP HPOXOIUT
ucnelTanus. Ecnu Bce moaydyuTcsi, OH MOXKET CTaTh MEPBBIM allllapaToM TEPMOSIEPHOTO CHHTE3a,
KOTOPOMY YZAcTCsl BBIAATh HE MEHbIIE SHEPrHM, YeM TPATUTCS Ha ero pabory. JTa MallMHa He
IpeIHa3HaueHa JUIsl TPOU3BOACTBA DJIEKTPOIHEPTUH, OHA JOJKHA JIUILb MPOIEMOHCTPUPOBATH, YTO
Ja3epHble JYyYHM MOXKHO C(OKycHpOBaTh TaK, YTOOBI Harperb OOraTryio BOAOPOJIOM MHUIIIEHB,
3allyCTUTh TEPMOSJCPHYIO PEaKUUI0 M TOJIYYUTh B KOHEYHOM HTOre OOJblIe 3HEPruH, YeM
3aTpayeHo.

S mobecenoBan ¢ omHuM U3 aupekTopoB Jadopatopun NIF DaBapmom Mozecom (Edward
Moses) 0 Hajexaax U MeuTax, CBA3aHHBIX C ero jaeTumeM. J[upexTop ObLT B Kacke M IMOXOIWII
CKOpee Ha CTpPOMTEIBHOrO pabdoyero, 4eM Ha BHUIHOTO (U3MKA-AJEpPUINKa, 3aBEIYIOIIETO
KpynHeiei nazepHoit nabopatopueit B Mupe. OH NMpHU3HAJICS MHE, YTO B MPOILIOM OBLIO HEMAJIO
HEY/IauHbIX MPOEKTOB, HO YBEPEH, YTO ATOT MPOEKT peajieH: OH U ero KOMaHAa BOT-BOT MOJyyar
pe3yNbTaT, KOTOPhI CTaHET BaKHBIM JOCTH)KEHHEM B HayKe W BOWIET BO Bce YUYCOHHUKH UCTOPHUH.
Onu nepBble 00y37ar0T 3BE3AHYIO SHEPTHIO Ha 3emiie B MUPHBIX essix. PasroBapuBas ¢ Mozecowm,
MIOHMMAEIlb, YTO TaKue NMpoeKThl, Kak NIF, nep>karcs Ha 3HTy3ua3Me U S3HEpruH ydeHbIX. OH ckazan
MHE, YTO 3apaHee MpeIBKYyLIaeT JAEHb, KOrJa CMOXET NpUIIacuTh mnpe3uaeHta CoeluHEeHHBIX
[ItaroB B cBOIO 1a0OPATOPHIO U OOBSBUTH O HOBOM UCTOPUYECKOM CBEPIICHUH.

Opnako ¢ camoro Hadazna npoekT NIF conpoBoxnaroT Heyaauu. IHOTIa MpoUCXoasiT U BOBCE
cTpaHHble Beuu: Tak, B 1999 r. 3amectutens pykoBoaurens NIF Maiikn KomnGenn (E. Michael
Campbell) BbIHYXAE€H ObuUl YHTH B OTCTaBKY, IMOCKOJBKY IMpHUMHcal cede cTerneHb TOKTopa
¢unocopuu B IlpuHCTOHE, KOTOPOH B IEHCTBUTENBHOCTH HE UMEJ. 3aTeM HavajH MEPEeHOCUTh CPOK
3aBEPIICHUS] CTPOMTENIbCTBA, TEpBOHAYaNbHO HazHadeHHBIM Ha 2003 . CTOMMOCTH mMpoeKTa
noackounsa ¢ 1 no 4 mupn gomnapos. Hakonenn B Mapre 2009 r, ¢ mIECTHIETHUM OIO3AaHUEM,
00BeKT ObLI CHaH.

T'oBopAT, 4TO 1BSABON — B Meno4yax. B nasepHoM cuHTe3e, k npumepy, Bce 192 nazepHsbIxX J1yda
JIOJKHBI yIacTh Ha MOBEPXHOCTh KPOILIEYHOTO IIapuKa ¢ BeJlnyailllield TOYHOCThIO, TOIBKO TOTNa
HCIIapEHNE MTPOU30MAET PABHOMEPHO U IIAPUK «CXJIOMHETCA». Bee Jyun NOmKHBI 10CTUYb MUILEHU
B KpPOILIEYHOM MHTEPBAJIE BPEMEHHU JINTEIBHOCTHIO 30 TPWIIIMOHHBIX JTOJIEW CEKyHAbl. Manenmnii
cOoil B HacTpoiike 5a3epoB HJIM Malyeiillias HEPOBHOCTh CAMOI0 IAapHKa-MHUIIEHH — U BCE,
cuMMeTpus OyaeT HapylleHa M MHUIIEHb B30pPBETCA HApyXKy, B OIHOM HAIpaBII€HWH, a HE
cepuiecky BOBHYTPb.

Ecnu mapuk-MunieHb OTKIOHseTCS oT cdepuueckoil gopmbl Oonee yem Ha 50 HM (U
npuMepHo Ha 150 aroMoB), OH TOXKE HE CMOXET B30pBAaTbCs MPaBWIBHO. Tak 4YTO OCHOBHAs
npobiemMa Ja3epHOr0 CHHTE3a — OOECHEeYHUTh TOYHOE COINIaCOBaHHWE JIA3epHBIX Jyded u
NpPaBUIbHYIO (POPMY MHILIECHH.

EBporneiickuii coro3 BeneT paboOThl MO COOCTBEHHOW BepcHUM JiazepHOro cuHTesa. [l
ucnbITaHui Oynet noctpoena nadoparopust High Power Laser Energy Research Facility (HiPER);
MIPEAIoiIaraeTcs, 4To €BPOINEUCKUN peakTop OyzmeT MeHbie, HO HecKolbko ¢ dextuBHee NIF.
CrpoutensctBo HiPER npeamnonaranocs nayats B 2011 1.

B Hacrosmiee Bpems HaJEXKIbl YYEHBIX COCpPENOTOYEHBI Ha amepukaHCKOM mnpoekre NIF.
OnHako ecnu ¢ JIa3epHbIM CHHTE30M HUYEro He IOJIyYUTCs, OCTaHeTCs ellle OJHH, Aaxe Oolee
MIPOABUHYTHIM BapHaHT yIPaBIIEMON TEPMOSIEPHON PEaKIIMH: COIHIIE B Oy ThIIKE.

ITER — cuHTE3 B MATHUTHOM I10JI€

Bo ®@panHuum UCHOBITBIBAETCS TEPMOSAEPHBIA  PEAKTOp JIpPYyro KOHCTpykuuu. B
Mex1yHapoJHOM TEpMOSAIEPHOM dKcniepuMeHTanbHoM peakrope (ITER) mst ynepxanus ropsiuero
BOJIOPOJIa UCTIONB3YIOTCS YPE3BbIUYAfHO MOIIHbIE MAarHUTHBIE 1OJIA. BMecTo TOro 4To0b! MBITATHCS
Ja3epoM MTHOBEHHO C)KaTh KpPOXOTHYIO MHUIIEHb M3 Ooraroro BogopoaoM BemiecTBa, ITER
MEJIEHHO C)KMMaeT ra3oo0pa3Hblii BOAOPOA MpH MOMOIIM MarHUTHOTO mojs. BHemrHe peakTop
OYEHb HANIOMMHAET TMTAaHTCKUN MyCTOTENbIN CTaabHON OyONIMK, JBIPKY KOTOPOTO CO BCEX CTOPOH
OKPY)KalOT BUTKM MarHUTHOM KaTymIKH. MarHuTHOE MOJe yAEepKUBAeT ra3o00pa3Hblii BOJOPOJ



BHYTpH OyOIMKOOOpa3HOM KaMmepbl. 3aTeM ra3 HarpeBaloT, MPOITyCKasl Yepe3 HEro 3IeKTPUUECKHi
ToK. OTHOBpPEMEHHOE NPOITYCKaHHE Yepe3 ra3 dJIEKTPUUYECKOrO TOKa M CKATHE €ro IpH IOMOIIH
MarHMTHOTO I0JI Pa30orpeBaeT BOJOPO A0 TEMIIEPATYpbl BO MHOTO MUJUIMOHOB I'PaIyCOB.

Wnest TepMosiIEpHOTO CHUHTE3a B «MarHUTHOM OyThUIKE» HE HOBa, OHA 3apOJWIach €lle B
1950-¢ rr'. Ho moueMy peajbHOE MPUMEHEHHE ITON TEXHOJOTHH CTAJIO BO3MOXHO TOJBKO ceivac?
[Touemy 10 cHUX IOp HE CO3AAHO KOMMEPUYECKUX TEPMOSIEPHBIX PEAKTOPOB 10 3TOMY IPHUHIIUITY ?

[TpoGnema B TOM, YTO MarHUTHOE TOJIe TpeOyeT Ype3BBIYAHO TOYHOM U TOHKOW HACTPOMKH,
VMHa4e ONATh-TAKM HE YNACTCS JTOCTHYb POBHOIO C)KATHs ra3a — OH BBIPBETCS W3 MAarHUTHOMN
JIOBYIIKM MM OyaeT HepaBHOMEpPHBIM MO IIOTHOCTH. [IpencraBbTe, YTO BbI MBITAETECh CXKATh B
pYKax HaAyThIi BO3IYIIHBIM mapuk. Bel yBUIWTE, UTO IIapUK BCE BPEMsS HOPOBUT BCIYUUTHCS Y
BaC MEX/y pyKaMH U YTO C)KaTh €r0 paBHOMEPHO MPAKTHUECKU HEBO3MOKHO. OCHOBHAs mpobiiema
371€Ch — HECTaOMIILHOCTh — OTHOCHUTCS K 00J1aCTH CKOpEee TEXHUKH, YeM (PU3HKH.

Boob6ie, npobiaemsl ¢ TepMOSAEPHBIM CHHTE30M CIIEpBa BBHIIISAAT CTPAHHO — BEb 3BE3/bI
JIETKO CKMMAIOT BOJIOPOJI, 00 3TOM SICHO CBHJIETENICTBYIOT TPUJUTMOHBI 3B€3/1 Hauleil BcenenHoil.
Kaxercs, 4To mpuposa 3aXuraet 3Be3/1bl B HeOecax 0e3 BCIKUX YCHIMN, TaK TOYEMY MbI HE MOXEM
caenarh 310 Ha 3emsie? OTBET 3aK/II0YaeTCs B MPOCTOM M MOHSATHOM, HO IPUTOM (PyHIaMEHTaIbHOU
pa3HULE MEXKYy TPAaBUTALUEN U DJIEKTPOMArHETU3MOM.

I'paBuTanus, kak nokaszan HeroTOH, Tombko nputarusaer. [Ioatomy B 3Be31€ BOAOPOX IMOJ
JeMCTBUEM 3TOM CHJIBI PABHOMEPHO CXXHMMaeTcsl U nmpuHuMaetr ¢opmy chepsl. (MMeHHO mosTomy
MBI BUAMM BOKPYT TOJIBKO KPYIUIbIE 3BE3/bI U IUIAHETHI, @ HE KyOMUeCKUe U He MUpaMHiaibHbIe.) A
BOT 2JIEKTPUUECKUI 3apsij ObIBaeT JIBYX THIIOB: MOJOXKHUTEIbHBIN M oTpuLaTenbHbIN. Eciu cobpath
B KUKy OTpULIATENbHBIC 3aps/ibl, OHU OTTOJIKHYTCS APYT OT APYyra U Pa3jeTATCS B pa3HbIE CTOPOHBI.
Ho ecnu cBecTu BMeCTe MONOKHUTEIbHBIM M OTPULATENbHBIN 3apsA/bl, MOJIYYUM TaK Ha3bIBA€MBbII
«JIUTIONIBY, JJIEKTPUYECKOE I0JIE KOTOPOr0 MMEET CIOXKHYI0 (OpMY, a PUCYHOK CHIJIOBBIX JIUMHUI
HallOMUHAeT TMayTUHY. MarHuTHele 10N TOXKE HMMEKT JUIOIBHYIO CTPYKTYypy; IHO3TOMY
PAaBHOMEPHO CXXUMaTh TOpPSYMM Ta3 — Ype3BBIYAMHO CIOKHasA 3a1a4a. CTporo roBops, TOJIBKO
CYHNEepKOMIBIOTEp CHOCOOEH TOCTPOUTh KAapTy MAarHUTHOTO M 3JIEKTPUYECKOro  TOJIEH,
BO3HUKAIOIIUX BOKPYT KaKOW-HUOYAb HECIIOKHOW KOHPUTypalliu 3JIEKTPOHOB.

CyTp BOT B yeM. ' paBuTanus paboTaeT TOJbKO Ha MPUTSHKEHUE U MOXKET CXaTh ras B cdepy
oueHb paBHOMepHO. I[loaToMy 3Be3/bl BO3HUKAIOT camMu o cebe. Ho anexTpomarHeTsM MoOXeT
pa0oTaTh KaK Ha MPUTSIKEHUE, TAK U HA OTTAJIKUBAaHUE, IIOATOMY Ta3bl P CXKAaTUU BBITYYHBAIOTCS
U 00pa3yloT CIOXKHBIE KOH(UTyparuu, JAeias YNpaBlsIeMbld SIEPHBI CHHTE3 HEOOBIYaitHO
CIIOXHOM 3a1aueii. IMeHHo 3Ta (pyHaaMeHTallbHas pobiiemMa MoJjIBeKa CAepKHUBajla YUEeHBIX.

Ho Teneps curyanms wmsmenwiacb. @usuku yrBepkaartr, uro B npoekre ITER pemrena
npo6ieMa cTabMIIbHOCTH TP MarHUTHOM YJIep>KaHUH TUIa3MBl.

ITER — omuH W3 KpPYNHEMIIHX MEXAYHApOIHBIX HAy4YHBIX IIPOEKTOB B HCTOPHUH
yenoBeuecTBa. Ceplie MallMHbl — MeTajulndyeckas kamepa B gopme Oyonmka Becom B 23 000 T
(T. €. HAMHOTO TsDKeee DideneBoit OanrHu, KoTopas BecuT Bcero 7300 T).

Jletanu ycCTpoHCTBa HACTOJIBKO TSDKENBI, YTO JJIS MX IMEPEBO3KHU IPUILIOCH CHELMAIBHO
YCWJIMBATh HEKOTOpble Joporu. K mecTy cTpouTenbcTBa 4acTH peakTopa, camas TsDKenlas W3
koTopbix BecuT 900 T, a camas BBICOKas JOCTUTAET BBICOTHI YETHIPEXITAXKHOIO JOMa, OyneT
JIOCTaBJIATh KOJOHHA CHEHUAJIbHBIX TPAHCHOPTHBIX MamMH. JleBaTHaguarusTaxkHoe 3aanue [TER
OyleT cTosATh Ha TUTaHTCKOM miargopme pasmepoM ¢ 60 ¢yrOonbHbIXx moneit. I[IpoexTHas
CTOMMOCTh peakTopa cocTaBisieT 10 Mapa eBpo, a (uUHAHCHPOBAHHWE BO3BMYT Ha CeOsI CeMb
rocynapcTB-yyacTHUKOB (EBponerickuii coro3, CIIA, Kurait, Unnus, SInonus, Kopes u Poccus).

Kornma peaktop Oyner HakoHel 3amylieH, OH OyJIeT HarpeBaThb BOAOPOAHYIO IUIa3My [0
Temneparypsl B 150 MiIH rpasycoB, 4TO HAMHOTO NIPEBOCXOANUT 15 MiTH rpaaycoB B 1ieHTpe ConHua.
Eciu Bce moiiner xopomo, oH Oyner BblpabarbiBarh 500 MBT, T.e. B 10 pa3 OGombiie, uem
notpednsath. (HpmHemnuii pexopn uist TepMosiiepHoit sHeprun — 16 MBT, koTopble reHepupyeT
eBporneiickuii peakrop Joint European Torus B KamsmckomM HaydyHOM 1ieHTpe B TrpadcTBe

1 Asropamm ee sBistrorcs coBerckue ydenole O.A. JlaBpentneB, A.Jl. CaxapoB m M.E. Tamm, a mepsas
9KCIIEPIMEHTAIbHAS YCTAaHOBKA 3TOTO THIA OblIa mocTpoeHa B 1955 r. — Ilpum. mep.



Oxchopammp, BenukoObpuranus). [Tocne HekoTopsix 3anepskek Boixoa ITER «B Hynb» 1o Oanancy
MOIIIHOCTH Ha3HaveH Ha 2019 1.

ITER, kak 1 ocTajibHbIE AEUCTBYIOIIUE U CTPOSILIUECS TEPMOSAEPHBIE PEAKTOPHI, — BCE €IIIE
Hay4HbI npoekT. OH He MpelHa3HauyeH JUIsl BBIPAOOTKU 3eKTpodHepruu. OgHako QU3NKHU yxKe
CerofiHA TOTOBAT 0a3zy AJs CIEAYIOIIEro Iara — KOMMEpPYECKOTo MPOM3BOJICTBA TEPMOSIEPHOM
sHeprun. appox Hamxmabaau, pykoBoauTelb pabodel rpynsl 0 aHAINU3Y Pa3IMYHbIX TPOEKTOB
TEPMOSACPHBIX 3JeKTpocTaHlui, npennaraet npoekT ARIES-AT — Tokamak pazmepom MeHblIe
esponeiickoro ITER, koTopslii, mo pacueram, 1oikeH npou3BoanTs 1 I'BT no nene okono 5 nieHTOB
3a KWJIOBATT-4yac, YTO CHENIAET €ro KOHKYPEHTOCIIOCOOHBIM 110 OTHOLIEHHIO K JIEKTPOCTAHIMAM Ha
nckonaemMoMm TtomtuBe. Ho nmaxke Hamkmabamn, OONbIION ONTHMUCT BO BCEM, UYTO CBS3aHO C
TEPMOSIEPHBIM CUHTE30M, IIPU3HAET, YTO BCEPHE3 BBIMTU HA PHIHOK TEPMOSAEPHAS YHEPTUS CMOXKET
HE paHbllle CEPEIUHBI BEKA.

Eme oauH xommepueckuil npoekT — TepmosaepHblii peakrop DEMO. Ecmu ITER, mo
MPOEKTY, JObKeH Oymer mpousBoguth 500 MBT B Teuenme nHe menee 500 c., o DEMO
MPOEKTHPYETCs TaK, YTOOBI T€HEpPUPOBaTh 3HEprut0 HemnpepsiBHO. Kpome Toro, B DEMO nomxen
IIPUCYTCTBOBATh OJAWH JIONOJIHUTEIBHBIN 351eMeHT, kotoporo HeT B ITER. Jleno B Tom, uto mpu
CIIMSTHUM JIBYX SiZIep BOAOPOJIa BOHUKAET JUIIHUN HEHTPOH, KOTOPBIH 3aTeM OBICTPO BBUIETACT U3
KaMmepbl peakropa. Ho MOXHO OKpYXHUTh KaMepy CHEUUAIbHBIM IOKPBITUEM, W3BECTHBIM Kak
ONaHKeT, MpeJHa3HAYeHHBIM HCKIIIOYUTENBHO Ui TOTO, YTOOBl TMOIIOTUTH SHEPTHI0 3TOTO
Hertpona. [lornomas HelHTpoHbl, OaHKeT HarpeBaeTcs. Boga B TpyOax, MpOXOASIINX BHYTPH €TO,
HarpeBaeTcs U 3akumaeT. OOpa30BaBIIMICS Nap HAPABIAIOT B TYpOHHY, KOTOpasi, B CBOIO OYepe/lb,
BpalIaeT 3JIEKTPOTeHepaTop.

Ecnu Bce nmoiiner kak Hano, peaktop DEMO Oynet 3anymien B 2033 r. [Inanupyercs, 4to mo
pasmepam oH Oyzet Ha 15 % kpymaee ITER, a snepruu Oynet BoipabareiBath B 25 pas Oosnbie, 4em
notpedisath. [To npoexkty DEMO 6yner npousBoauts 2 I'BT 3Hepruu, uto cenaer ero CpaBHUMbBIM
C TpaguIMOHHBIMM 3nekTpocTaHiusMu. Ecian npoext DEMO Oyner peann3oBaH yCHEIIHO,
HAYHETCs CTPEMHUTEIbHOE BHEPEHUE OTPAOOTAHHONM TEXHOJIOTHH.

Opnaxo moka HesicHocTel xBaraeT. [IpoOnema ¢unancupoBanus crpoutenbctBa ITER yxe
pemeHa, Ho DEMO HaxonuTcs ellie Ha CTa M IUIaHUPOBAHMS,  3HAYMT, 3a€PKKH HEU30EKHBI.

CrnienMaucTel 0 TEPMOSIIEPHOMY CHHTE3Y YBEPEHBI, UTO pEIIAOIINE CTYNEHH Ha IMyTH K
YIPaBIIEMOMY TEPMOsAY YyXke IpoineHsl. [lociie necsaTKoB J€T HEONpPaBAAHHOIO ONTHUMH3Ma U
Hey/lad OHM pa3jM4aloT BIEpPEIN KOHTYpPbI OyAyIIMX IPOMBILIUIEHHBIX peakTopoB. B Hacrosmuit
MOMEHT MMEEeTCsl He OfiHa, a 1enbIX aBe pasHble KoHCTpykiuu (NIF u ITER), kotopsie MoryT co
BPEMEHEM NIPHUHECTH JHEPIHIO SIEPHOTO CHUHTE3a B Kaxabld noM. Ho moka HM TOT HM Apyrou
MIPOEKTHI HE JI0OBEIEHBI IO YPOBHS YKOHOMHUYECKOH 11e51ec000pa3HOCTH, OCTAETCSI MECTO JIJIsl CaMbIX
Pa3HBIX HEOKUAAHHOCTEM, TAKUX KaK XOJIOAHBIM CHHTE3 WIH ITy3bIPbKOBBIA CHHTES.

HacroabHbIe YCTAHOBKH /IJISI AACPHOI0 CHHTE3a

CTaBKH B 3TO UIpe HACTOJIBKO BBICOKHU, UTO HEJIb3s YIIYCKATh U3 BUY BEPOATHOCTH PEIICHUS
po0IeMbl C COBEPIICHHO MHON, HEOXKMJAHHON CTOPOHBL. MeXaHH3M SIJIEpHOTO CHHTE3a XOpOILO
U3BECTEH, U CYIIECTBYIOT HAay4YHbIE UJIEH, KOTOPbIE COBEPILIEHHO HE YKJIAJbIBAlOTCS B 00IEe PyCIIo
TMTaHTCKUX HAayYHBIX MPOEKTOB ¢ HECMETHBIM (PMHAHCUPOBAHUEM M TEM HE MEHEE MMEIOT CMBICI.
Hekoropble u3 3TUX CTpaHHBIX WM MOTYT KOTna-HUOYAb MPUHECTH IUIOABI B BHUJE HACTOJIBHBIX
YCTaHOBOK XOJIOJTHOTO I/IEPHOTO CUHTE3A.

B ¢unanenoil cuene ¢unbma «Hazan B Oynymiee» Mbl BUAMM, KaKk Oe3yMHbIN yueHbli Jlok
Bbpayn 3ampaBnser CBOIO MallMHY BPEeMEHH — aBTOMOOWIb «Jlenopuan». Bmecto Toro yTtoObI
3anuTh B OaK OEH3HMH, OH POETCS B MYCOPHBIX SIIIMKAaX B MOHWCKAaX OAHAHOBBIX MIKYPOK M JIPYrOro
Mycopa, a 3aTEM 3arpy’kaeT BCe 3TO B MAJIEHbKUI KOHTEHHED Mo/ Ha3BaHUEM MUcTep PbroXkH (T. €.
muctep Cunres).

Bo3MOoXXHO M, YTO B pe3yibTare Kakoro-HHUOY/b HEOXHJIAHHOTO HAyYHOTO OTKPBITUS BCETO
4yepe3 COTHIO JIET IPOMaJIHbIE YCTAaHOBKHU Pa3MEpPOM C MHOTOATaXHBIN JOM CheXarcs IO pa3mepa



Ko(e-mMalmH, Kak B puiibme?

OavH W3 Ccephe3HbIX BapUAHTOB peali3allud XOJIOJHOTO CHHTE3a HOCUT Ha3BaHUE
COHOJIIOMHMHECLIEHIIUA. [[€70 B TOM, YTO CXJIONBIBAHUE Iy3BIPHKOB ra3a B KUAKOCTH NPUBOIUT K
BO3HUKHOBEHHUIO YpE3BbIYallHO BBICOKMX Temmeparyp. IMHorma Takoe sIBI€HHWE Ha3bIBAIOT
aKyCTHYECKHUM, WM MY3bIPbKOBBIM, CHHTE30M. BooOmie, 3TOT 100O0NBITHEINA 3((GeKT H3BECTEH
JaBHO; enie B 1934 1. yueHble KENBHCKOTO yHUBEPCUTETA HKCIIEPUMEHTUPOBAIIN C YJIBTPA3BYKOM H
(doToIIeHKaMu, HaJIesICh YCKOPUThH MPOLIECC UX MPOSBICHUS, U 00paTWIIM BHUMaHHE Ha KPOXOTHBIE
TOYKM Ha IuleHKe. Touyku (UKCHPOBAIM BCHBIIIKA CBETA, BO3HHUKABIIME B KaBUTAI[MOHHBIX
Iy3bIpbKax, KOTOPHIE YIBTPAa3BYK CO3JaBall B KUIAKOCTU. [1o3ke HAIMCTBI 3aMETUIIH, YTO Iy3BIPH,
YXOJSIIME OT BHHTOB, YacTO CBETSATCS, yKa3bIBas Ha TO, YTO BHYTPU MX MOYEMY-TO BO3HHMKAIOT
BBICOKHE TEMIIEPATYPHI.

[Tozxe OBLIO YCTAHOBIEHO, YTO MY3BIPHKU SIPKO CBETHJIUCH IOTOMY, YTO CXJIONBIBAHHE
MPOMCXOJMIIO PABHOMEPHO, M BO3AYX BHYTPU ITY3bIPHKOB, OBICTPO CKMMAsiCh, HarpeBajics 10
HeoObIualfHO BBICOKHUX Temmeparyp. [opsueMy cuHTe3y, KaKk Mbl yXe BHJENIH, OUY€Hb MeELIaeT
HEJIOCTAaTOYHO XOpOIIass CHHXPOHHU3alMs M (OKYCHPOBKA JA3€pHBIX Jyded Ha MMIICHH WIH
HEpPaBHOMEPHOE CXKaThe raza. A IpH CXJONBIBAHUM MY3bIpbKa MOJIEKYJBI JBIKYTCS Tak OBICTPO,
YTO JaBJI€HUE BO3/1yXa BHYTPH Iy3bIpbKa ObICTPO BBIpAaBHUBAETCA BJOJIb €ro CTEHKU. B mpuHuume,
€CJIM CXJIONBbIBAHUE MPOUCXOAUT B TAKMX HICAIbHBIX YCIOBUSAX, HEIb3 JH IMOJYYUTh BHYTPU
Iy3bIpbKa JOCTATOYHBIE YCIOBHS ISl JIEPHOTO CUHTE3a?

B skcnepuMeHTax MO COHOMIOMHHECIEHIIMM YYEHBIM YIaJoCh IOJYYUTh TEMIIEpaTyphbl B
JIECATKH ThICAY IpagycoB. Eciy Mcnonb30BaTe MHEPTHBIE ra3bl, MOXKHO CYIIECTBEHHO YBEJIMUYUTh
SPKOCTh CBETA, U3Iy4aeMoro U3 my3slpbkoB. OIHAKO TTOKAa HEMOHATHO, MOXKET JIU B ATHX YCJIOBHUSAX
OBITh JOCTUTHYTA TEeMIIEpPaTypa, JOCTAaTOYHO BBICOKAs AJIS SIIEPHOTO CHUHTE3a. Macia B OTrOHb
nonnuia crates Py3su Taneitapxana (Rusi Taleyarkhan), paborasmero npexae B HammonamsHO#M
naboparopuu OKpHIK, KOTOpbIi 3asBmi B 2002 I, 4yTO MOMYYMJI PEaKIUIO SJEPHOTO CHHTE3a Ha
CBOEH YNbTPAa3BYKOBOM yCTaHOBKE. OH yTBEpKAajd, 4TO 3apEruCTPUPOBAI B XOJ€ IKCIEPUMEHTa
HEHUTPOHBI — BEpPHBIM MpU3HAK sAEpHOro cuHTe3a. OJHAKO 3a HECKOJIBKO JIET JApYruM
HCCJIEJIOBATENSIM HE YaJoCh MOBTOPUTH €ro paboTy, Ho3ToMy pe3yasrar TaneilapxaHa Ha JaHHBIH
MOMEHT CUHUTAETCS] HEJIOCTOBEPHBIM.

Eme onna Ttemuas mnomaaka — ycraHoBka @uno ®apHcyopra (Philo Farnsworth),
HEeMpU3HAHHOTO com3oOperatens TeneBuaeHus. Eme pedenkom DapHCyopT mpuaymai TeleBU30p,
Habmronas, Kak (hepMep pacrmaxuBaeT CBOE MOJIe, Pl 3a pSJIOM, U3 CTOPOHBI B CTOPOHY. B Bo3pacTte
14 ner oH maxke 3apuUCOBAJl JETAIM CBOETO M300pPETEHUS — U OH K€ MEPBBIM BOIUIOTHII MJCIO B
MOJTHOCTBIO AJIEKTPOHHOE YCTPOMCTBO, CIOCOOHOE BBIBOJIUTH HA KpaH JABIKYIIEecs N300pakeHue.
K HecuacTbio, @apHCyopTy HE 10BEIOCH HACIATUTHCA IJI0IaMU CBOETO 3MOXaJIbHOTO M300peTeHus,
BCE €ro MPEeTeH3UHU MOTOHYIU B OECKOHEUHBIX IMyTaHBIX MAaTEHTHBIX TskOax ¢ xoprnopauueid RCA.
IOpunuueckue Oaranuu OyKBaJIbHO CBENM H300peTarens ¢ yMa, M KOHYWIOCH TE€M, 4YTO OH
JI0OpPOBOJIBHO JIET Ha JIUeHUE B MCUXHATpUUecKyto OonbHULly. Ero HoBaropckue paboTsl B o0nactu
TEJEBU/ICHNS B 3HAYUTEIbHON CTENEHN OCTAINCh HE3aMEUEHHBIMHU.

Mmuoro mnozxe @apHCyopT MNEpeKIouUI CBO€ BHHMMaHHE Ha (bl030p — HeOoNbIIoe
HACTOJIbHOE YCTPONCTBO, CLIOCOOHOE TeHEPHPOBATh HEUTPOHBI MyTeM sifiepHOro cuHTe3a. [Tpubop
COCTOMT U3 JIByX OONBIINX c(ep U3 MPOBOJIOYHON CETKH, OHA U3 KOTOPHIX pacroyiaraeTcsi BHyTpU
npyroid. BremHsst cdepa 3apsikeHa MONOKUTENBHO, BHYTPEHHSS — OTPULATENbHO, TaK 4YTO
BBOJIUMbIE BHYTPh MPOTOHBI OTTAJIKMUBAIOTCSA OT BHEUIHEHW CETKH U MPUTATUBAIOTCS K BHYTPEHHEH.
3areM NpOTOHBI OOMOApAUPYIOT OOraTyI0 BOAOPOIOM MUIIEHB B LIEHTpPE chep, MOpoXkKaas peaKifio
CHHTE3a U BBIOPOC HEUTPOHOB.

KoHcTpykius ¢pro30pa HaCTOJIBKO MPOCTA, YTO AK€ CTAPIIEKIACCHUKY MOJA CHIIY ClieNaTh
TO, yero He cmornu nobuthecs Puxrtep, Ilonc n ®nednmMaHH: MONY4YUTHh MOTOK HEUTPOHOB B
pesynbrare saepHoro cuHTteza. OJHAKO MaJIOBEPOSTHO, YTO NPU IOMOIIM TaKOro yCTpOWCTBa
MOKHO OyJieT Korga-HUOYIb Oay4yaTh SHEPruio. YNCIo yCKOpsSEeMbIX B HEM IPOTOHOB YPE3BbIYAHO
MaJlo, TaK 4TO U TMOJIyuYeHHast SHeprus OyaeT MUHUMAJIbHOM.

BooO1ie roBopst, peakiuio SIepHOT0 CHHTE3a MOKHO IMOJYyYUTh Ha HEOOJBIION YCTaHOBKE C



UCTIOJIb30BaHUEM CTaHJAPTHOTO YCKOPHUTENS aTOMOB MJIM YacTUL. YCKOpPHUTENIb aTOMOB — Oolee
CIIO)KHOE YCTPOWCTBO, 4eM (BI030p, HO C €ro MOMOIIbI0 TOXKE€ MOXKHO Pa3rOHATh HPOTOHBI U
HalpaBIIsAITh UX B OOTaTyro BOAOPOIOM MHUILIEHB, BBI3bIBAas peakiMio cuHTe3a. Ho omsaTh e 4ucio
IIPOTOHOB TPU 3TOM COBCEM HEBEJIHMKO, U MPAKTUYECKOTO BBIXOAA SHEPTUHU JOOUTHCS HEBO3MOXKHO.
BeiBox mpoct: mpu momomu (pro30pa WIM aTOMHOTO YCKOPHTEIS MOXKHO MPOBECTH PEAKIIHIO
SJIEPHOTO CHHTE3a, HO 3THU YCTPOWCTBA CIMIIKOM HE3((EKTUBHBI, YTOOBI CIYKUTh MCTOUYHHUKAMU
JIeIEBOM DHEPIUH.

Ho BcnoMHuUM: CcTaBKM B Wrpe HEBEPOSTHO BbICOKHM. HecoMHEHHO, Yy KaXXJIo0ro
NPEANPUUMYUBOIO YUYEHOTO WM WH)XEHepa OyleT HIaHC NMpeBpaTHTh COOpaHHOE B MOJBaJe Ha
KOJIEHKE YCTPOICTBO B OUEPEAHOE MErau300peTeHue.

Hanekoe 6yayuwee
(2070-2100 rr.)

Jpa MarmeTusma

[Ipenpiayniee CTONETHE MOXKHO IO MPaBy HA3BaTh BEKOM JJIEKTPUYECTBA. DJIEKTPOHAMH
HECJIO)KHO MaHUIYJIMPOBAaTh, MIO9TOMY UMEHHO JJIEKTPUYECTBO B IIEPBYIO OYEPEIb CTAlIO IMOYBOMU
JUISL CO3JJaHUsI HOBBIX TEXHOJIOTHN. Bek anekTpruecTBa NpuBEN K NOSBICHUIO PAJUo, TEIECBUICHHUS,
KOMIIBIOTEPOB, J1a3epOB, MATHUTHO-PE30HAHCHON TOMOTpaduu U T. Il. B HacTynuBIIEM Beke yueHbIM
€lle IPEeICTOMT HAaWTH CBOK HOBYHKO CBSITBIHIO, HO OHA HENPEMEHHO MOSBUTCS: pedb HIET O
CBEPXIIPOBOJMMOCTH IIpM KOMHATHOM TeMmIeparype. OTO OTKPBITHE O3HAMEHYET Hadajlo
COBEPILIEHHO HOBOU 3pBbI, 3pbl MATHETU3MA.

[IpencraBbTe cebe MarHUTHBIA aBTOMOOMJIb, MAPSILUI HAJ JOPOTroW M MPEoJO0IECBAIONINM 3a
4ac HECKOJIBKO COTE€H KWJIOMETPOB, MPUYEM IIOYTH HE pacxolys Torumsa. lIpencraBere moesna Ha
MarHMTHOM MOAYIIKE M JaXe JIOAEH, MyTEIIECTBYIOIIMX IO BO3AYXY, HapsIiuX Ka MarHMTHON
«TOABECKE».

Mp1 yacTo 3a0bIBaeM, 4To 0OJIbIIAs YaCTh OEH3MHA B aBTOMOOMIIE UJIET Ha MPEOA0JIEHUE CUITBI
tpenus. B npunnune, or Can-®panmucko 10 Heio-Mopka MOXKHO 6blno GbI 10€XaTh, MOYTH HE
3aTpadnBasi YHEPruu. B peaqbHOCTH BaM MpUIETCS 3aMIaTUTh 32 OEH3MH HE OJIHY COTHIO JI0JIapoB,
MOTOMY YTO aBTOMOOMJIb JIOJDKEH IMPeoosieBaTh TpPEHHUE KOJEC OTHOCHUTEIbHO JOPOKHOIO
MIOKPBITUSL U CONIPOTHUBIICHHE Bo31yXa. Eciu Obl BCIO JOPOTY MOXHO OBUIO MOKPBITH POBHBIM CIIOEM
JbJa U CKOJB3UTH MO HEMY, IyTelIecTBHE OOONUIOCH ObI BaM Topasfo JemieBie. TOYHO Tak xe
KOCMUYECKHE 30HABI MOryT yneTeTb 3a IIIyTOH, M3pacxomoBaB IO JOPOre BCETO HECKOJBKO
JIECATKOB JIMTPOB TOIUIMBA, MOTOMY YTO JIETETh MM IPUXOAMUTCS CKBO3b KOCMHYECKUU BaKyyM.
MarHuTHbI aBTOMOOMIIE Oy/eT BUCETh HaJ 3eMJIe Ha MarHUTHOM MOJBECKE; CTOMT AYHYTh — H
OH HayHET JIBUTAThCS.

K104 kK0 BceM 3TUM TEXHOJIOTHSIM — CBepXIpoBOoAHUKH. Eme B 1911 . cTano nsBecTHo, 4TO
PTYTh NpHU OXJIAXKJIEHUU JI0 YeThIpeX IpaaycoB Mo mkaje KeabBuHa (T. €. 10 YETBIpEX IpaaycoB
BBIIIE a0COIOTHOTO HYJISI) TMOTHOCTBIO TePSET EKTPUUYECKOe CONMPOTUBICHUE. DTO O3HAYAET, YTO
Ha CBEpPXMIPOBOIAIIMX MPOBOJHUKAX BOOOIIE HE TepsieTcss sHeprus. (B HopManbHBIX YCIOBHSAX
JIEKTPOHBI NPU ABM)KEHUU IO MPOBOJHUKY TEPSIOT HPHEPrHI0, CTAJIKHUBasch ¢ aromamu. Ho mpu
TeMmIeparypax, OMM3KUX K aOCONIOTHOMY HYIIIO, aTOMbI MOYTH HEMOJBMKHBI, TaK YTO AJIEKTPOHBI
MPOCKAJIb3bIBAIOT MEX/1y HUMU 0€3 BCAKUX MOTEPh YHEPIUU.)

CBepXNnpoBOAHMKM OOJIAJAIOT CTPAaHHBIMM M YYAECHBIMH CBOMCTBAMM, HO HUMEIOT OAMH
CepbEe3HBbI HEITOCTATOK: MX HAaJIO0 MOCTOSHHO OXJaXXJaTh MOYTH J0 aOCOJIIOTHOTO HYIS JKUAKHM
BOJIOPOZIOM, & 3TO OYEHBb JOPOTO€ yAOBOIbCTBHE.

[TosToMy (pr3MKM MCHIBITATM HACTOSIIMH IIOK, Korza B 1986 1. 66110 00BSBICHO 00 OTKPHITUH
HOBOTO KJlacca IMOJYNPOBOAHUKOB, HE HYXIAIOMIUXCS B OXJAXKIACHUHM O TaKUX OE3yMHO HM3KHX
TeMIeparyp. B ominune oT yke M3BECTHBIX CBEPXIPOBOJSIIMX BELIECTB, TAKUX KaK PTYTh WIIU
CBUHEI], HOBbIE€ CBEPXIPOBOJHUKU OBLIM KepaMHUYECKUMHU (a KepaMHMKa HUKOIZAa HE CUMTajIach



Cepbe3HbIM KaHJIUJATOM B CBEPXIPOBOAHUKHU!) M OOpeTanu CBOWCTBO CBEPXIIPOBOJUMOCTH YXKe
npu Temnepatype 92 kenbBuHa (-181 C). Ilpexne cuntanoch, 4To CBEPXIPOBOIAUMOCTH MPH TAKOM
TEMIIEPATyPe TEOPETUUECKU HEBO3MOXKHA'.

Ha Texymmii MOMEHT MHPOBOU pEKOpA A1 KEPAMHUUYECKUX CBEPXIPOBOAHUKOB COCTABIISIET
138 K. DT0 o4eHb Ba)KHO, TaK KaK XHJIKUN a30T (KOTOPBI CTOMT HE JOPOXKE MOJIOKa) oOpasyercs
npu 77 K wm, cimegoBarenpHO, € €ro INOMOLIBI0 MOXHO 3Ty KEpaMUKy NOJJEPKHUBATH B
CBEpPXIPOBOJIAIIEM COCTOSIHUU. OIHOTO 3TOro (hakTa OKa3ajJoCh JOCTATOYHO, YTOOBI PE3KO CHU3UTD
CTOMMOCTh CBEPXIIPOBOJHUKOB. Tak 4YTO BBICOKOTEMIIEpATypHas CBEPXIPOBOIANMOCTh — OYEHb
IIPAKTUYHOE OTKPBITHE.

OpHako, 1O MpaBze roBOps, KEPAMUYECKHAE CBEPXIPOBOIHUKH JINIIb Pa3Ipa3HUIN alleTUThI
¢u3ukoB. Benp moka cienaH TMTAaHTCKUM, HO HEJOCTATOUHBINA IIAr B MPAaBUILHOM HaIpaBICHUH.
Bo-niepBbIX, HECMOTpsi Ha JEUIEBU3HY >KUIKOTO a30Ta, HCMOIb30BaTh €ro 0e3 Kakoro-imdo
XOJIOAMIILHOTO 00OpYAOBaHMS BpsSA JH BO3MOXKHO. BO-BTOpBIX, W3 KEpPaMUKU TPYAHO J€NaTh
npoBoza. B-TpeTbux, QU3MKKU 10 CHUX MOp HE 10 KOHIA MOHUMAIOT IMPUPOAY ITON KEpaMHKHU U He
MOTYT C YBEPEHHOCTBIO CKa3aTb, IMOYEMY B HEH BO3HHMKAET CBEPXIPOBOAMMOCTb. KBaHTOBbIE
YpaBHEHUsI KEPAMHYECKHUX CBEPXIPOBOAHUKOB CIIMIIKOM CJIOXHBI, M PEIIATh MX B HACTOSILEE
BpeMs HE NPEACTaBISIETCS BO3MOXKHBIM, TO9TOMY HUKTO HE 3HAE€T HABEPHSKA, KaK OHU PabOTaloT.
Ou3uKu B HEAOYMEHHH. YUYEHOTO, KOTOPBIM CMOXET OOBSACHUTh TEOPETHUYECCKH MPHUPOTY
BBICOKOTEMIIEPATYPHOI CBEPXIIPOBOAMMOCTH, kJ1eT HoOeneBckas mpemus.

C npyroii cTopoHbl, KaXxabli (PU3UK MPEKPACHO MOHUMAET, KaKoe IPOMaTHOE 3HaYCHHE UMena
Obl CBEPXMPOBOIUMOCTh IMpPH KOMHATHOM Temmeparype. OTKpBITHE TaKOTO SIBIEHHUS CTajno Obl
TOJTYKOM K HOBOW IIPOMBIIUIEHHOM DPEBOMIOLMH. Benp U1 CBEPXNPOBOJHUKOB IPH KOMHATHOU
TeMIeparype He Hy)KHO HUKAKO€ XOJIIOJWIbHOE 000pyAOBaHHe, TaK YTO OHHU CTalU Obl HCTOUHUKOM
MTOCTOSTHHOTO MarHUTHOTO I0JIS1 HEBEPOATHON MOIIIHOCTH.

Ecnu 1mo MenHOM NpPOBOJIOYHOM pPAMKE TEYET TOK, €r0 JHEPIHs pacceuBaeTcs 3a JOJII0
CEKYH/bl U3-3a CONIPOTUBIIEHUS NPOBOJIOKH. OJJHAKO SKCIIEPUMEHTHI ITOKA3aJIH, YTO 3JIEKTPUUIECTBO
B CBEPXIPOBOASALICH pamMKe MOXET Tedb 0Oe3 TMOANUTKM OSHEprueid  JOoirue  Tofbl.
OKCIEPUMEHTAIbHBIE JTAHHBIE CBHUJAETEIBCTBYIOT, YTO BPEMS KU3HH TOKAa B CBEPXIPOBOISILEM
komb1e MoxkeT focturars 100 000 net. HexoTtopele TeopuM Jake YTBEP)KIAIOT, UTO MaKCUMaJIBHOE
BpeMs JKU3HH DJIEKTPUUYECKOTO TOKA B CBEPXIIPOBOJHUKE OTPAHUYUBACTCA JIUIIb BPEMEHEM KU3HU
U3BECTHON HaM BceneHHOM.

B camom XxyamieM ciydae «KOMHATHBIE» CBEPXIPOBOJHUKHA MOIIU Obl PE3KO YMEHBIIHUTH
MOTEpU DJIEKTPUYECTBA B BBICOKOBOJBTHBIX JMHHUSAX M CHH3UTh TakuM 00pa3oM CTOMMOCTb
aneKTpuuecTBa. M3BECTHO, YTO AMEKTPOCTAHLMU BCEra CTPOSATCS BOJIM3U KPYIHBIX TOPOJIOB;
IIPUYMHA, B YaCTHOCTH, B TOM, YTO B JIMHMSX 3JIEKTpolepenaun MoxkeT Tepsatbes 10 30 %
BbIpabarbiBaeMoOi dHepruu. MIMeHHO Mo3TOMy OmacHble aTOMHBIE CTaHIMM MPUXOJUTCS CTPOUTH
pPAAOM € KPYIHBIMH TOpOJAaMH, a BETPSHBIE JJIEKTPOCTAHLMU HEBO3MOXKHO CTPOUTH TaM, L€
OoJBIIIE BCETro AyeT BETep.

Cebiie 30 % DIEKTPOIHEPruu, NPOU3BOAMMOM AIIEKTPOCTAHLIMEH, PACXOAYETCs IIpH
nepenaye. [IpoBona, obnanaromme cBepXnpoBOIASIIMMUA CBOWCTBaMU MPU KOMHATHOW TeMIieparype,
MO OBl TOJHOCTBIO M3MEHUTh KapTUHY. YMEHbBIIEHHE IOTeph CHU3MUIO OBl CTOMMOCTh
AIEKTPUYECTBA, CEPHE3HO YMEHBIIWIO 3arpsA3HEHUE OKpYXKaloled Cpeapl W ONACHOCTH
100aJIbHOrO MOTersieHus. Pa3 MUpoBoe MPOU3BOJACTBO YITIEKUCIOTO T'a3a ONpEAeseTcs YpPOBHEM
sHepronoTpednaeHus, a OoJplIas 4YacTh DHEPIMM PACXOAYETCS Ha MPEoJoJeHHE TPEHUs, TO
HACTYIUJICHHE 3Pbl MarHeTH3Ma MOIJIO Obl HaBCErZla CHU3UTh M dHEpronorpedieHue, U BhIpaboTKy
YIIIEKHUCIIOTO rasa.

1 B nagane 1986 r. I'eopr beanopir u Kapn Mromiep Hamuig cBepXmpoBOISINYIO KEPAMHUKY C TEMIIEpaTypoi mepexona
35 K — na 12 K Brlmre, yem y JIydIIero u3 M3BECTHHIX 0 3TOro coenuHeHnil. B 1987 1. 1Be rpynmsl aMepHKaHCKAX
HCCIIeIOBaTeNel CyMeNH CAearh enle 0ojee MOITHBIN PRIBOK — 10 otMeTkH 92 K. — Ipum. mep.



MarsuTHbIe ABTOMOOWJIH U 10e3/1a

be3 BCAKHMX [IONOJIHUTENBHBIX 3aTpaT DSHEPIUM CBEPXIPOBOJAHMKM IPU KOMHATHOMN
TEeMIIepaType JaayT YeJOBEYECTBY MOIUIHBIE CYIepMarHuThl, CIIOCOOHBbIE YIEep)KUBATh B BO3/AyXe
aBTOMOOWJIM U J1aXke Moe3/a.

[IpocTyto memoHcTparuio 3Toro 3¢ dhexra MOKXHO MTPOBECTH B JI0O0H taboparopun. S u cam
He pa3 mpoBoaun ee B mepernadax BBC-TV u kamama Science. 3aka3aTh HEOONBIIONH Kycouek
KEpaMHUYECKOTO BBICOKOTEMIIEPATypHOTO MOJIYNPOBOAHMKA MOXKHO B KOMIIAHUH, TOPTYyIOLIEH
HayYHBIM M y4eOHBIM 00OpyaoBaHuEM. JTO OyleT cepblil Kycouek TBepAoil KepaMUKU CaHTUMETpa
3 B MOMNEPEYHHKE. 3aT€M MOXKHO KYIUTh HEMHOIO HUIKOTO a3zoTa. [lomecTuTe kepaMHUYeCcKyro
IUIACTUHKY B IUIaCTHUKOBYIO TapelKy M OCTOPOXKHO 3alieliTe JKUIKUM a3oToM. [lpu
COIPUKOCHOBEHUH C KEPAMUKON a30T BCKUMHUT. JloxauTech, 4TOObI KUIIEHUE MPEKPATUIIOCh, a 3aTEM
MOJIOXKUTE HAa CBEPXIPOBOAHUK HEOONBIIOW MarHUTHK. MarHuT BOJIIEOHBIM 00pa3oM 3aBHUCHET B
Bo3Ayxe. Ecu 0CTOPOXKHO MOATONIKHYThH €T0 MasiblieM, OH HauHeT Bpaiarbes. He uckimodeHo, 4ro
B ATOM HEOOJIBIION Tapenke — Oy/yliee MUPOBOrO TPaHCIIOPTa.

[TpuunHa, M0 KOTOPOIl MarHUT 3aBHCAET B BO3JyXe, MPOCTa. MarHUTHbIE CUJIOBBIE JINHUU HE
MOTYT BOWTH B CBEpPXIPOBOJHHUK. DJTO siBIeHUE HasbiBaeTcs 3(pdexkrom Meiicuepa. (Korma x
CBEPXITPOBOJIHUKY MPUKIIAABIBAIOT MarHUTHOE I10JIe, HA €r0 MOBEPXHOCTH BO3HMUKAET KOJBIEBOU
TOK, KOMIEHCHUPYIOIIMHA €ro, Tak YTO MAarHUTHOE IMOJ€ MOJHOCThIO BBITECHSETCS U3 Oo0ObemMa
CBEPXIIPOBOJIHMKA.) Bbl momeraere MarHuT Ha KepaMHUYECKHI CBEPXIIPOBOAHUK, U €r0 CUJIOBBIE
JUHUM CMUHAIOTCS, TaK KaK MPOHMKHYTH B CBEPXIPOBOAHMK OHHM HE B COCTOSIHMM. Bo3HuKaeT
«TIONYIIKa» W3 CXKaTbIX BMECTE JIMHUA MarHUTHOTO TIOJSl, KOTOpas OTTajJKWBAaeT MAarHuT OT
KEpaMMKH M 3aCTaBJIET €T0 IJIaBaTh B BO3IYyXE.

OTKpBITHE CBEPXIIPOBOJUMOCTH TPU KOMHATHOM TemIieparype, MOMHUMO BCEro IMpOYEro,
MOJKET MOCIY)KMTh HayaJoM 3pbl CyIIEpPMarHUTOB. MBI y:k€ BUAEIH, YTO alaparsl JIsl MarHUTHO-
pe30HaHCHOW ToMorpaduu YpPE3BHIYAMHO TIOJE3HBI, HO HYXIAIOTCA IS PabOThl B MOIIHBIX
MarHuTHbIX NOJsIX. «KOMHaTHbIE» CBEPXIPOBOIHUKU J3aAyT BO3MOXKHOCTH YYEHBIM JIELIEBO U
MIPOCTO CO3/1aBaTh MAarHUTHBIE IOJII HEBEPOSITHOM MOIIHOCTU. [IOHATHO, YTO 3TO MO3BOJIUT
MUHUATIOpU3UpoBarh anmnaparsl 111 MPT. Vke cerogHs MOXHO ¢ HCIIOJIb30BAaHUEM HEOJHOPOAHBIX
MarHuTHbIX Tojieil co3gaBate MPT-amnapartel pasmepom c¢ HeOombliold uyemonaH. Eciom ke B
pacopsDKEHNN YUYEHBIX MOSBATCS CBEPXIIPOBOIHUKM IIPU KOMHATHOW Temneparype, MPT-anmnapar,
BO3MOYKHO, YIaCTCS YMEHBILUTH J0 pa3Mepa MyrOBULIbI.

B Tpetneit wactu ¢unbma «Hazang B Oynymee» Maiikn ®okc (Michael J. Fox) cuar na
«J1eTajnke» — J0CKe Bpoje ckelTOopaa, cnocoOHOM JeTath o Bo3ayxy. [locne mpembepsl ¢puinbma
Ha Mara3uHbl OOPYIIMJICS HACTOSILIMI IIKBaJ 3BOHKOB OT MOAPOCTKOB, MEUTABIIMX MPUOOPECTH
TaKyl JIETAIOUIYI0 JO0CKY. K coxkaneHuro, «JIeTaJok» MOKa HE CYIIECTBYET, HO IMOCIE OTKPBITHSA
CBEPXIIPOBOJIHUKOB IIPY KOMHATHOM TEMIIEpaType OHU, BO3MOXKHO, MOSBATCA.

IToe3na v aBTOMOOMJIN HA MATHUTHOMN NMOABECKE

B mepByto odepenn aemieBbie U yaOoOHBIE CBEPXMPOBOIHUKU HAWAyT ceOe NMpUMEHEHHE Ha
TpaHCTOpTe, TAe Hen30eKHA HACTOSIIAs PEBOIIOLMUS; MOSBSATCS aBTOMOOWIM M IMOE3[a, KOTOphIe
OyayT MapuTh HAJ TOBEPXHOCTHIO, a 3HAYUT, ABUTATHCS 0€3 BCAKOTO TPECHHUS.

[IpencraBbTe cebe MOE3NKY B MAIIWHE, CACIAHHOW ¢ MPUMEHEHHEM CBEPXIIPOBOIHHUKOB MPH
KOMHATHOHW Temmepatype. [{oporu Torna OynyT mOKpbeIBaTh HE achaabToM, a CBEPXIIPOBOJHUKOM. B
MaluHe OyneT JIMOO MOCTOSHHBIM MarHuT, JTUOO COOCTBEHHBIH CBEPXIIPOBOJHHK, T€HEPHPYIOLIHUI
MarHuTHoe mojie. MammHa OyneTr maputh Ham goporoil. J[ims Toro 4TtoObl HadaTh JABWIKEHUE, €i
OylIeT IOCTaTOYyHO Ja)XXe CHJIBI C)KaToro Bo3ayxa. Pa3 HabpaB ckopocTh, OHa (eciu Iopora
TOPU30HTAJbHA) OYIET CKOJNB3UTh BIEPEN TMOYTH OCCKOHEUHO. DJEKTPUUYCCKHH IBUTATENb WIN
CTpyS CKaToro BO3Aayxa OyAeT padoTaTh TOJNBKO HA MPEOJOJICHUE COMPOTHBICHUS BO3yXa — U 3TO
Bce!

Jaxe Tenepb, KOrja y4eHbIM HEM3BECTHBI CBEPXITPOBOJHUKH MPU KOMHATHOM TeMmneparype, B



HEKOTOPBIX CTpaHax JEHCTBYIOT KEJIE3HbIE JOPOTH IS TIOE3/10B HA MarHUTHOW MOJIBECKE, MapSIILIUX
HaJ penbcaMH. 37eCh JIEBUTAlMS OCHOBaHA Ha TOM, YTO OJWHAKOBHIE (K NPUMEPY, CEBEpPHBIE)
IIOJII0OCa MAarHUTOB OTTAJKUBAIOTCA JAPYr OT Apyra. MarHutel B penbcax M B JHMIIE [O€31a
OpraHU30BaHbI TAKUM 00Pa30M, UTO MMO3BOJISAIOT MOE3AY NApUTh HaJl CaMOil TOBEPXHOCTHIO PENBCOB.
Jlunepamu B 3TOM HamnpasineHuM sBistoTcs lepmanuda, Snonms m Kwurail. Iloesma Ha
MarHMUTHOM TIOJBECKE YyCHENu YK€ IMOCTaBUTh HECKOJIbKO MHPOBBIX pekopaoB. IlepBbiM
KOMMEPUECKHUM I10€3/I0M Ha MarHUTHOM MOABECKE CTAJl JOBOJIBHO MENJIECHHBIN YETHOYHBIN MOE3],
COEIMHMBIINM MEXIyHApOJHBIN a3pONoOpT U JKEIE3HOAOPOKHBIN BOK3al B bupmunreme; Mapupyr
Hauan JjedctBoBarh B 1984 Camas BbICOKass CKOpPOCTh I0€3[la Ha MAarHUTHOW IIOJBECKE,
coctasisitomas 581 kv/4, 3apeructpupoBana B Anonnu Ha moezne MLXO01 B 2003 r. (PeakTuBHBIC
CaMOJIEThI JIETal0T OBICTPEE OTYACTH MOTOMY, YTO Ha OOJIBIIMX BBICOTAX COINPOTHBIEHHE BO3IYyXa
MeHbIIe. [lockonbKy moe3n Ha MarHUTHOM IOJIBECKE MapUT B BO3JyXE, SHEPTUI0 OH TPaTUT B
OCHOBHOM Ha IIpeoiojieHHe TpeHus o Bo3nyX. Eciu Obl Takoil moesn e31ui1 B Bakyyme, OH MOT Obl
pa3BuBath ckopocth 10 6500 km/4.) Ho Takue moe3ga o0OX0ASTCS OYEHb JAOPOTo U BPsA JIM HalyT
IIMPOKOE pacnpocTpaHeHne B Mupe. CBEpXIPOBOJHUKH MPU KOMHATHOHN Temreparype MOIIH Obl
MOJTHOCTHIO U3MEHUTh CUTYallHI0. B 4aCTHOCTH, OHM MOTIIN OBl O)KUBUTH CUCTEMY >KEJIE3HBIX JOPOT
B CIIIA ¥ yMEHbIIUTHh TaKMM OOpa30M SMHUCCHIO MAPHUKOBBIX Ta30B OT JBUraTejeil peakTUBHBIX
camoseToB. CoITIacHO OIlEHKaM, CaMOJIETHbIE JBHMraTelld OTBETCTBEHHBI MpUMepHO 3a 2 %
MApHUKOBBIX TA30B, U TI0€3/]a HA MArHUTHOM MOJIBECKE MOTIIU ObI CEPbE3HO YMEHBIIUTD ITY JI0JTIO.

JHeprus ¢ Helec

K koHIly Tekyllero Beka MOSIBUTCS, BEPOSATHO, U €I1€ OJUH MCTOYHHUK SHEPTUU — DHEPIHUs
KOCMHUYECKHX COJHEUHBIX aNieKTpocTaHuuid. Ee noObrya mompa3dymeBaeT OTIPaBKYy B KOCMOC U
BBIBEJICHHE Ha OKOJIO3€MHYIO OpPOUTY COTEH CIIyTHHKOB, KOTOpble OylyT MOIVIOIIATh COJHEYHOE
M3JIy4eHHE W TEPEaBaTh DHEPTUI0 Ha 3€MJI0 B BHJE MHUKPOBOJHOBOIO H3iIydeHHs. CIyTHHKH
Oynyt GasupoBarbcs Ha paccTtosHUM 36 000 KM HajJ 3eMHOM MOBEPXHOCTHIO, HA T€OCTAMOHAPHOM
opbute (3TO O3HA4YaeT, YTO OHU OyayT JAenaTh OAMH OO0OPOT BOKPYr 3eMJId POBHO 3a CYTKH H,
COOTBETCTBEHHO, Oy/yT BCe BpeMs BHCETh HaJl OJJHOM U TOM k€ TOUYKOM moBepXxHOCTH). [TocKoNbKY
HU3BCCTHO, YTO OO MOBEPXHOCTHU SeMitn J0XOAUT JIMIITb BOCbMaAs 4acCTh COJTHEUHOM OHEpPTHHU, TaKoH
MOJXO/1 PEACTABIISIETCS BIOJIHE PEATLHBIM U JJa’KE BHITOTHBIM.

B HaCcTOAIIESC BPEMA ITIaBHBIM KaMHEM MPETKHOBCHUA B ACJIC }1061:1‘11/1 KOCMHUYECKOMI OHEPTUn
ABJIIETCS CTOMMOCTb IIPOEKTa U, IVIaBHOE, CTOMMOCTb 3allyCKa BCEX OTUX KOCMHYECKHX
KOJIJICKTOPOB. Hwuuaro B 3akoHax IpHUPOJAbl HE 3alpeiacT )106I)IBaTI) SHEPTHUIO HETIOCPEACTBEHHO OT
ComnHIa, HO AJIS pean3alii MacHITaOHOTO MPOEKTa TaKoro pojia MOTpedyeTcss PelIuTh OrPOMHOE
MHOXKXECTBO TEXHHYECCKHUX N 3KOHOMHYCCKUX HpO6J'I€M. Ho ecmm x KOHIY BC€Ka IIOABATCA HOBBIC
JIeIIeBble CIIOCOObI KOCMHUYECKUX MYTEUIECTBUN, €r0 BIIOJHE MOXKHO OyleT OCYIIECTBUTh, KaK MBI
yoenuMcs B TiiaBe 0.

[TepBoe cepbe3HOe MpeaokeHue o 100bYe KOCMUYECKOM COJIHEUHON SHEPTHH MPO3BYYAJO B
1968 r., xorga Ilutep I'neitzep (Peter Glaser), mpe3uaeHT MexayHapOaHOTO 00IIEeCTBa COTHEUHON
SHEPIUH, MPEJIOKUI BHIBECTH HAa OpPOUTY CIYTHUKH pa3MepoOM C COBPEMEHHBIH Topoj, KOTOpbIE
3aTeM repenaBaiu Obl SHEPrui0 Ha 3emilto sHepreTuueckuMm jydoM. B 1979 r. yuensie NASA
MIPOAHATU3UPOBAIN €T0 NPEAJIOKEHUE M BBIICHUIIM, YTO CTOUTh TAKOW MPOEKT OYJIET HECKOIBKO
COTE€H MIJITHAPIOB J0/UTapOB. ECTECTBEHHO, MPOEKT ObLT OTBEPTHYT.

OpHako B KOCMHMYECKOH OTpAciM MOCTOSHHO IPOUCXOAAT IOJBHMXKKH, TOSIBIISIFOTCS HOBBIE
TexHonoruu, mo3romy c¢ 1995 mo 2003 . NASA mnpopomxkano ¢uHaHCHPOBaTh HEOOJIbIINE
HCCJIEIOBATENIbCKUE TIPOEKThl MO0 KOCMHYECKON 3HepreTuke. E€ CTOPOHHUKM YTBEp)KIOAlOT, 4YTO

peanu3anys NpOeKTa — BCEro JIMIIb BONpOC BpeMeHH. «Kocmuueckas sHepreTuka Ipelaraer
MOUCTHHE HAACKHBINA, TIOOANBHBIM M HE 3arpsA3HSIONMI OKpYXKAIOIIyI0 Cpely HCTOYHHMK
aneKTpudecTBa», — roBopuT Maptun Xoddept (Martin Hoffert), dusuk, paboraBmmii npexzae B

Hpro-NopkckoM yHUBEpCUTETE.
Takoli aMOWIIMO3HBIA TPOEKT HEW30EKHO CTOIKHETCS C CEPbEe3HBIMU MpoOIeMaMH, Kak



peanbHbIMHU, TaK W BOoOOpaxkaeMbIMHU. HeKOTOpble HCHBITHIBAIOT MEpel HUM CTPax, MOTOMY YTO
SHEPreTUYECKUN JIyd, TI0 KOTOPOMY SHEprusi OyJeT mepenaBaThCsi U3 KOCMOCAa Ha 3eMIII0, MOXKET
OBITH CITy4aifHO HaNpaBJIeH B HACEIEHHYIO MECTHOCTb, YTO BBI30BET IpoMajiHbIe skepTBbl. Ha camom
Jiene MogoOHbIe CTpaxu CHUJIIBHO MpeyBenudeHbl. Eciu paccuuTarh peaqbHOE H3ITYYEHHE, KOTOpoe
OyZleT MPUXOJUTh HA 3€MJII0 M3 KOCMOCA, OHO OKAXXETCS CIIMIIKOM ClIa0bIM M HE ONAaCHBIM JUIs
3m10poBbsi. Tak 4TO 00pa3 B3OECHBINETOCS CITyTHUKA, MOCHUIAIOIIETO C OpOMTHI Ha 3€MITIO JIYIH
CMEPTH U MOJKAPUBAIOILETO 1IENIbIE TOPOAA, IPUTOAEH TOJIBKO JUISl TOJUIMBYICKMX KOIIMapOB.

B 2009 . mucarens-dantact ben bosa n3noxmin B razere Washington Post coGmazautensayo
HSKOHOMHUKY COJHEYHOTO HHEPreTHUecKoro crnyTHUKa. OH OLEHWJ, YTO KaXKAbIH CIyTHUK Oyner
npousBoauTh 5—10 I'BT sHepruu (310 HaMHOro 60JbILE, YEM MPOU3BOAUT TPAAULIMOHHAS YTOIbHAs
ctanmus) mo neHe 8—10 1meHToB 3a KBT-4, 4TO cAemaeT 3Ty SHEPryui0 KOHKYPEHTOCIOCOOHOM.
Kaxnapiii cnyTHuk OyneT orpomeH, okoio 1, 5 kM B momepedHuke, U 00o0iieTcs MPUMEPHO B
MWIIHAP] A0JIIapoB (MPUOIU3UTEIHHO BO CTOJIIBKO OOXOAUTCS CPE/IHSS aTOMHAs CTAHIIHS).

UroObl 3amMyCTUTh 3Ty TEXHOJIOTHIO, OH TMpPEIJIOKHWI HBIHEIIHeW aJMHUHHCTpAluu
MHUIMMIPOBATh JIEMOHCTPAIIMOHHBIA MPOEKT U 3alyCTUTh CIIYyTHUK, KOTOPBIA OyIeT reHepHUpOBaTh
10-100 MBT. ['unoreTnyecku, €Ciau Ha4aTh peaIM3alMI0 IPOEKTa HE MENIKas, TAKOW CIyTHUK MOT
ObI OBITH 3aMyIIEH K KOHIy BTOPOTO MPE3UIEHTCKOrO CpoKa npe3uaenta O0amsbl.

byato oT3biBasich Ha KOMMEHTApUU aMEPUKAaHCKOrO (aHTacTa, SIMOHCKOE MPaBUTEIHCTBO
03BY4WJIO KpynHyto uHUIMatuBy. B 2009 . MUHHCTEpCTBO TOProBIM OOBSBWIO O IUIaHAX IO
M3YYCHHUIO PEaTM3yeMOCTH MPOEKTa KOCMUYECKUX 3MekTpoctanimii. Mitsubishi Electric u npyrue
ATIOHCKHE KOMITAHUU COBMECTHO MPO(GHUHAHCUPYIOT HMPOTrpaMMy CTOMMOCTBIO 10 MiIpI 0JU1apoB;
BO3MOXXHO, B KOCMOC OyJeT 3amylleHa COJHEYHAasl JJIEKTPOCTaHIMs MomHocThio 1 I'Bt —
IPOMAJHBIM  CIOYTHUK IUIOHIAJbI0 B  HECKOJIBKO KBAJpPaTHBIX KWJIOMETPOB, IOJHOCTHIO
00JIMIIOBaHHBINM COTHEUHBIMH OaTapesMu.

«IToxoxxe Ha (haHTACTUUECKHHA MYIBTHK, HO MPOHM3BOJCTBO COJHEYHOW PHEPTrUU B KOCMOCE
yepe3 100 ner, Korma WCKONMAeMOE TOIUIMBO 3aKOHYMTCS, MOMKET CTaTh 3HAYUTEIIbHBIM
aJIbTePHATUBHBIM MCTOYHHUKOM 3Heprum», — roBoput Kencyks Kamskué (Kensuke Kanekiyo) u3
HNHCcTUTYyTa 5KOHOMUKH SHEPTETUKU — MPABUTEIHCTBEHHOMN HCCIIEI0BaTENbCKOM OpraHU3aIuu.

YuuTeiBasi pa3Max 3TOro aMOMIIMO3HOTO MPOEKTa, AMOHCKOE MPAaBUTEILCTBO MOKa BeeT ceds
O4eHb OcCTOpokHO. Cleayromue 4YeTblpe Trojia UCCIeoBaTeNbckass rpynmna OyaeT Hu3ydarh,
HACKOJIBKO ATOT MPOEKT peajan3yeM ¢ HaydyHOH M SKOHOMHYECKOH Touek 3peHus. Ecinum 3ta rpynna
JacT 100po, MUHUCTEPCTBO TOProBIU U ADPOKOCMHYECKOE HCCIIEI0BATEIbCKOE areHTCTBO AMOHUN
IUIAaHUPYIOT 3anycTuTh B 2015 . HEOONBIIONW CHYTHUK Ui UCHBITAaHUS TEXHOJOTHH Iepenayu
SHEPTHUH U3 KOCMOCca Ha 3eMIIIO.

BeposiTHO, OCHOBHOE TIpensATCTBHE 3[eCh OyneT He Hay4YHbIM, a SKOHOMUYECKHM. XHUPOCH
Ecupma (Hiroshi Yoshida) n3 Tokwmiickoii kommanuu Excalibur KK, 3aamMaromeiicss KoCMHYeCKUM
KOHCAJITUHTOM, TIpenynpenu: «Pacxoapl HEOOXOIUMO CHU3HUTh B CTO pa3 OTHOCUTENILHO HBIHEIIHUX
orieHok». OnHa U3 mpoOiIeM COCTOMT B TOM, YTO PACCTOSHHUE O T€OCTAllMOHAPHBIX CITyTHHKOB
(36 000 kM) o4yeHb Benuko, ropaszo 6onbire, yem 300—-800 kM 10 HU3KOOPOUTANIBHBIX ANNapaToB, U
HOTEPH TIPH TIEpeIade SHEPTUH JIyYOM HA TAKHE PACCTOSHHS MOTYT OKa3aThCsl OTPOMHBIMU .

U Bce e ocHOBHas mpoliieMa — CTOMMOCTB 3alyckoB. IMEHHO 371eCh camoe y3Koe MecTo,
MMEHHO 3TO TOPMO3HT BCe IUIaHbI Bo3BpalleHus Ha JIyny u nmoneros Ha Mapc.

Ecnu cTouMOCTh pakeTHBIX IMyCKOB HE OyeT KapHHAJIbHO CHUKEHA, JIIOObIE IJIaHbl Pa3BUTHS
KOCMHYECKOM dHEepreTuKu oOpeyeHbl Ha Heyaady.

B ToM ciywae, ecnu BCE CIIOKUTCS yNAa4yHO, SITIOHCKMM IJIaH MOXKET BCTYIUTBH B JEHCTBHE
MPUMEPHO K CEpellMHEe CTOJETHs. YUUThIBas, OJHAKO, MPOOJeMy C 3alyCKaMH, €ro pealu3aluu
CKOpee BCEro MpHUAETCsA XKAaTh 0 KOHIA BEKA, KOIAA IOSBSATCS HOBBIE IOKOJEHUS PakeT M
CTOMMOCTh 3amyckoB ymaaer. C Jpyroil CTOPOHBI, €CIW TJaBHas MpoliemMa KOCMHYECKON
OHEPreTUKN — CTOMMOCTb PAKETHBIX 3aITyCKOB, TO BO3HUKAET CIEAYIOLIUN BOIIPOC: MOYKEM JIU MBI
CHU3UTh CTOUMOCTh KOCMUYECKHUX MYTEIIEeCTBUN TaK, YTOObI KOTAa-HUOYIb JOCTUYD 3BE3/1?

1 Bropas npoGirema COCTOUT B TOM, YTO KOCMHYECKAsl HIIEKTPOCTAHIINS MOCEUIAET Ha 3eMITIO YHEPTHIO0, KoTopas 0e3
Hee mpomnuia Ok MUMO 3eMIIH, T. €. BHOCUT CBOM BKJIaJ( B pa3orpeB Iu1aHeTsl. — [Ipum. mep.



6. Byayuiee KOCMUYECKUX NyTeLlecTBUMN
K 3Besgam

Mot 0ocmamouno 00120 MeOIuUnU, OCMABAACHL Ha  Oepezax
KocMuuecko2o okeana. Tenepb mbl HaKoHey 20moebl NOOHAMb NApyca u
OmnpasUMbCsl K 36€30aM.

Kapa Caran

boru npeBHHX MU(OB pazbekaan M0 HeGecHbIM NoiasiM OMMIa Ha BOJIIEOHBIX JIETAOIIUX
konecHunax. boru CeBepa xonuiau mo HeOecHbIM MoOpsiM B Acrapl Ha OBICTPBIX CEBEPHBIX
KOpaOJIsx-IpaKkoHaX.

Touno tak »ke u Mbl — K 2100 r. yemoBeuecTBO OyHeT CTOSTh Ha IMOPOre HOBOM ApbI
KOCMHMYECKHX MCCIIEI0OBAaHUIL: MTOJIETOB K 3Be3/aM. YenoBeKk n3aBHA MEUTAJl O 3BE3/aX; HOUbIO ATH
HeOeCHbIE OTOHBbKM KaxyTcsi TakuMu Onuskumu! Jlo cux mop noOparbes 10 HUX MOXKHO OBLIO
TOJIBKO B MEUTaX, HO K KOHITy BeKa MIMEHHO 3Be3/1bl OyIyT HAXOIUTHCS B (DOKYCe BHUMAHUS YUECHBIX-
PaKeTUYUKOB.

Opnnako Jopora Kk 3Be3faM OyneT Henerkoil. YenoBeuecTBO MOAOOHO JIET€HJApPHOMY TepoIo,
KOTOPBIH roJI0BOM AOCTUTAET 00JAKOB, @ BHITIHYTBIMU PYKaMH JIOTATHBAETCS /10 3BE3/1, HO HOTH €ro
Ho-npekHeMy B IpsA3d. C OOHOM CTOPOHBI, A3TOT BEK CTAHET CBUJETEIEM HOBOW 3pBI
POOOTHU3MPOBAHHOTO OCBOEHHUSI KOCMOCa: Mbl OylneM IOChUIaTh ammaparbl B KOCMOC Ha TOUCKHU
3eMJIETIOIOOHBIX TJIAHET, UCCIIeA0BaTh JyHbl FOmuTepa 1, BO3MOXKHO, J1aXKe MOJyYHM JI0CTOBEPHYIO
KApTUHY NEpBBIX MHUHYT mocie bonbmoro B3peBa. C Apyrodl CTOPOHBI, YTO HUIOTHPYEMOE
OCBOEHHE JJAJIbHETO KOCMOCA, O KOTOPOM JTyMajd MHOTHE IOKOJIEHUS NPOPOKOB U MedTaresei,
MHOTUM IPUHECET pa3odapoBaHUeE.

Bnwvxanwee 6yayuiee
(c HacTosiLwero momeHTa Ao 2030 r.)

BHecoyiHeuHbI€ IJIAHEThbI

OnHUM U3 caMbIX MOPA3UTENbHBIX JOCTHKEHUH KOCMUYECKOH MporpaMMsbl 0 CUX MOp ObLIO
UCCIIEIOBAaHUE KOCMOCa IMpPH TOMOIIM pOOOTOB, HEBEPOATHO pPACIIUPHUBILIEE TOPU3OHTHI
4eJI0BEUECTRA.

[lepBoit 1 TIaBHOHW 1ENTBI0O POOOTU3UPOBAHHBIX MUCCHUN OyIyIIero JOHKEH CTaTh TMOWCK B
KOCMOCE 3eMJICMIOIOOHBIX IIJIaHET, NPUTOAHBIX JJIS JKU3HU, — CBsIIeHHOro Ipaans Bceit
KOCMHUYECKON Hayku. J[o cuX Mmop mpH MOMOIIM KOCMHYECKHX M Ha3eMHBIX TEJIECKOIOB YUEHBIM
yAaI0Cch OOHAPYKUTh B JAJEKHX 3BE3IHBIX cUCTeMax okoio 500 ruiaHeT; Tenepb HOBBIE IJIAHETHI
HAXOJAT IOCTOSHHO, C HMHTEpPBAJIOM B OJHY-IBE Henenu. JKamb TOJIBKO, YTO COBPEMEHHBIE
MHCTPYMEHTHI TO3BOJISIIOT OOHAPYKUBATh MCKIIOYMTENBHO TMIAHTCKUE TUIaHeTsl Bpojae HOmutepa,
KU3Hb Ha KOTOPBIX — I10 KpallHEN Mepe, Takasi, Kakoil Mbl €€ 3HaeM, — HEBO3MOKHA.

YroObl HaAWTH oOuepeiHyI0 IUIAHETy, ACTPOHOMBI HIIYT 3Be31y, B JABIKEHHMH KOTOPOH
HabmroatoTed Jerkue kosnebanus. Ckopee Bcero, Takas 3Be3/a MpeacTaBiseT co0oil cuctemMy AByX
TeJ, BpALAIOIIUXCsS BOKPYr OOIIEro IEHTpa Macc; OJHO M3 Tell — 3Be3/a, SICHO BUAUMAs B
TEJIECKOII, IPYyroe — IUIaHeTa-TUraHT pa3MepoM ¢ FOmuTep, cBeT oT KOTOpoii (0TpakeHHbIi) ciadee
3BE3AHOI0 IIPUMEPHO B MUJUIMApA pa3. TaM, Iie MECTHOE CBETHJIO M IUIAHETA-TUTAHT BPAIlalOTCs
BOKpPYT OOIIETO LIEHTPA MAcC, 3€MHBIE TEJIECKOIIbI Pa3INYaroT JUIIb CJIerka KOJIEeOMIOIyIOCs 3BE3 /Y.
[Tpu momouM 3TOro MeTo/la YYEHbIM yIajJoch OOHApYXHUTh B KOCMOCE HE OJIHYy COTHIO Ta30BBIX
TUTaHTOB, HO JUISI TOMCKA HEOOBIINX TUIAHET 3€MHOTO THIIA OH CIIMILIKOM Ipyo0.

Camast ManeHbKas TIUIaHEeTa, KOTOPYIO YAAJoCh OOHAPYKUTh MpPHU TOMOIIM HA3EMHBIX
TeJecKomoB, Oblna 3apeructpuposaHa B 2010 r; mo mMacce oHa mpeBocxoAuT 3emito B 3—4 pa3sa.
[TpumeuaTenbHO, YTO 3TA «CBEPX3EMIIsD» — IepBas U3 0OHAPYKEHHBIX IUIAHET, HaXOAAIIasCs B 30He
KU3HU CBOEW 3BE3bl, T. €. Ha PACCTOSHUHU, KOTOPOE JOIMYCKAeT CYIIECTBOBAaHHE HAa HEHM MKUAKOM



BOJIBL.

Curyamus m3MmeHwiach ¢ 3anmyckoM B 2009 I aMEpHMKAaHCKOIO KOCMHUYECKOTO TeJIECKOIa
Kepler, a B 2006 . — ¢paniysckoro annapara COROT. Ot o0cepBaTopun 3aHUMAIOTCS] TOUCKOM
KPOXOTHBIX (ykTyauuii B Onecke 3Be3l, KOTOpPblE MOTYT OBITh BBI3BAHBI IPOXOKIECHUEM
HEOOMNBIION IUTaHeTHl TMepel]] JMCKOM CBOEH 3Be3/bl, — B 3TOT MOMEHT €€ CBET B KaKoH-TO
HeOONbIION cTeneHn Onokupyercs. TiiaTeabHO MPOCKAHWPOBAB THICSYM 3BE3] B MOMCKAX 3THUX
KpPOXOTHBIX M3MeHeHui spkoctu, Kepler u COROT cmoryt, BeposiTHO, OOHAPYXUTh B JaJbHEM
KOCMOCE COTHM 3€MJICNIOJJOOHBIX TUIaHET. 3aTeM KaKIyI0 M3 HUX MOXKHO OyJIeT MpOoaHaTu3UpOBaTh
Ha IPEIMET HAIWYMS TaM JKUIKOM BOJBI — IOJKaJdyW, CaMOro LIEHHOIO BelllecTBa BO BceneHHOM.
Bona — yHuBepcanbHBIH pacTBOPHUTENb M BOJNIIECOHBIM KOTEN, B KOTOPOM, BEPOSTHO, BO3HHUKJIA
nepsas JIHK. Ecin Ha HEKOTOpBIX SK30IUIaHETax OyayT OOHapy:KeHbl OKEaHbl M3 MKHJKOW BOJBI,
HAIIIM [IPEJICTAaBICHUS O KU3HU BO BcerneHHON MOTyT H3MEHUTHCS.

JKypHanucTel — OXOTHHMKM 3a CKaHAalaMu roBopar: «Cieayi 3a AeHbraMm», HO aCTPOHOMBI,
3aHUMAIOIIMECS TOMCKAMU BHE3EMHOM KU3HM, CKaXXyT nHave: «Ciemxyit 3a BOJo.

[To3xxe Kepler Oymer 3ameHeH ApyruMH, Oojee UYBCTBUTEIBHBIMU KOCMHYECKUMHU
armaparamu, TakuMu Kak «Mckarens 3emienono0usix mianet» (TPF)'. Xors mara samycka 3Toro
anrmapara OTKJa/bIBaJIach YK€ HECKOJIBKO pa3, OH MO-NPEKHEMY OCTAETCS HAMIYYIIMM KaHIWIaTOM
Ha TIPOJI0JKeHHE B OyayiieM nccienoBannii Kepler.

[Tpeanonaraercsi, yto onTuka Ha «lckarene» OygeT HaMHOro Jydile M HUCKaTb B KOCMOCE
JIBOMHMKOB 3eMJld eMy CTaHeT mpoiie. Bo-nepBbix, Ha HeM OyJeT BUeTBEpO OoJbIlee 10 pa3Mepy U
B CTO pa3 GoJiee YyBCTBUTEIBbHOE” 3epKalio, ueM Ha KocMuueckoM Teseckone umeHn Xaooma. Bo-
BTOPBIX, OH OyleT cHaOxeH MHPPAKPACHBIMH JaTYMKaMH, IPU MOMOIIH KOTOPBIX MOXKHO OCIIa0UTh
M3ITy4EHUE 3B€3/Ibl B MUJUIMOH Pa3 U BBISIBUTH, COOTBETCTBEHHO, IPUCYTCTBUE PSAJOM C HEU TyCKIION
rwianeTsl. (Utobbl noOuthest Takoro 3¢ddexra, ammapar HU3MepseT H3IydyeHUE 3Be3/Abl Ha JBYX
pasHbIX JJIUHAX BOJH W OMNpPEICNCHHBIM 00pa3oM KOMOMHHpPYET HMX, YTOObI OHM B TOYHOCTH
KOMIIEHCUPOBAJIN JIpyr JIpyra; TakuM oO0pa3oM MOXHO Kak Obl yOpaTb C KAapTHHKHU JIMIIHEE
n300pakeHne — 3BE3Y.)

Wtak, B caMoM HefaslekoM OyayIleM y Hac MOSIBUTCS KaTajior U3 HECKOJIbKUX THICSY IUIAHET,
U3 KOTOPBIX, BO3MO)KHO, HECKOJIBKO COTEH OKaXYyTCA BEChbMa IOXOKMMHU Ha 3€MIIIO 1O pa3Mepy U
cOCTaBy. DTO, B CBOIO OYepe/lb, MOJOTpeeT MHTEpeC K OTIpaBKE B JAJIbHHM KOCMOC 30HAOB JUIS
MCCIIEIOBAaHNS TaKHX IUIaHET. MHOXXECTBO YYEHBIX COCPEIOTOYaT CBOM YCHJIUSI HA TOM, YTOOBI
OTIPEAENUTh, €CTh JIU Ha ITUX IUIAaHETaX OKEaHbl U3 JKUIKOW BOJbI M KAKOE-TO PaJAMOU3TyYEeHUE —
BO3MO)KHO, CUTHAJIBI Pa3yMHBIX (POPM KHU3HH.

EBpona — BHE€ «30HBI KU3HN»

Hano 3ameruts, uro u B mpenenax CoOMHEYHOW CUCTEMBbI UMEETCS BEChbMa MHTEPECHBIA U
coOMa3HUTETBHBIN 00BEKT M1 Oymyrux uccieaoBanuii: EBporna. MHOTo fAecATUIETHI CUNTAIIOCH,
YTO KU3Hb B JI000W COJIHEYHOIN CHUCTEME BO3MOXKHA TOJIBKO B TaK HA3bIBAEMOM «30HE JKHU3HHU», T. €.
Ha ONpPENEICHHOM PAacCTOSTHUM OT CBETHWJIA, I7I€ HA TUIAHETaX HE CIIUIIKOM >KapKO W HE CIUIIKOM
XOIIOMIHO M TJE CYIIECTBYIOT NOAXOASIIME g obutaHus ycnoBus. Ha 3emiie Tak MHOTO
JIParoIieHHOM >KUJKOW BOJBI, TOTOMY YTO OHA HaxomuTcs oT CoJiHIIa HA TIPABUILHOM PACCTOSHHM.
Ha mutanere Bpone Mepkypus Kuakas BoJa MTHOBEHHO BCKHUIENa Obl, MOCKOIBKY Mepkypuit
HaxoauTtcs ciauikoM Onu3ko kK Comuiy. Ha FOmutepe — 3amepsna Obl, Tak Kak OH PacloIOKeH
CIIUIIIKOM JaneKko. A ToCKonbKy mepBblie Monekynsl JJHK u OenxoB 3apoauimnch, CKOpee BCETO,
MMEHHO B JKHMJIKOM BOJIE, JOJITO€ BpeMsl BCe ObUIM YBEpEHBI, 4TO XU3Hb B COJTHEUHOU cHUCTEME

1 Tlpoext TPF neiicTBuTENBHO MOATOE BpeMs (PUTYpUpPOBAI B IIEPCIEKTUBHBIX TaHax NASA, HO Bcerga ocraBaiics
«OyMa)XKHBIM IIPOEKTOM», IAJIEKUM OT 3Talla IPakTU4eCcKoi peannsauu. B npoekre Oromkera Ha 2012 ¢puHaHCOBEIN TOA
HET HU €r0, HW BTOPOTO NPOEKTa U3 TOTO K& TeMaTH4eckoro HampasieHus — «Dororpad 3emienonoOHBIX MUIAHET
(TPI). Bo3moxno, ux HacneanukoMm Oyaer muccusi New Worlds s monmyuenusi n3o0pakeHHH UM CHEKTPOCKOIHMH
3eMJICHIOIO0HBIX IUIAHET, OJHAKO O CPOKax ee 3allycka HHYEro CKa3aTh Henb3s. — [IpuM. mep.

2 B neiicTBUTENFHOCTH pedb HIIa HE O YyBCTBUTEIBHOCTH, a O Ka4eCTBE M3TOTOBJIECHHS MMOBEPXHOCTU 3€pKana. —
[Tpum. nep.



MOJKET CYILIECTBOBATh TOJBKO Ha 3eMJI€ U, BOBMOXKHO, enie Ha Mapce.

Opmnako acTpoHOMBI omubanuck. [locie Toro kak mumo KOmuTepa u ero ayH mpoJeTeny 1Ba
MEXIUIAHETHBIX annapara «Bosikep», CTalo O4€BUJHO, UYTO B HAILIEH CHUCTEME CYLIECTBYET €IIE
OJTHO MECTO, rJe Momia Obl ¢ KOM(OPTOM CYLIECTBOBATH KW3Hb: MOJ| JEISHBIM MOKPOBOM JIYH
Onutepa. Ouenp OBICTPO BHHMMaHHE AacTPOHOMOB IpHBJIEKIa EBpoma, OIMH U3 YETBIPEX
KpynHerdmux cnyTHUKOB FOmmrepa, oTkpbIThiX B 1610 . ['anuneem. [IoBepXHOCTB 3TOTO CIyTHUKA
BCErJa MOKpBITA JIEASTHON KOPKOM, 3aTO MoJ Hel — XuJIKui okeaH. Okeansl Ha EBporie HamHOTO
IyO’Ke 3€MHBIX, MMO3TOMY CUYMTAETCS, YTO MO0 CyMMapHOMY OObEMY OHH IPEBOCXOISAT OKEAHbI
3eMJIu B/IBOE.

VYyeHble UCIBITAIN HACTOSIIMN IIOK, OCO3HAaB, YyTo B COJIHEYHOU cucTeMe CYLIECTBYET eIlle
OJIMH CEpbE3HBIN UCTOUYHUK dHepruu, nomumo Comnnia. [loBepxHocTs EBpombI 0[] JIEASHON KOPKOM
HENPEPBIBHO IPEIOT MpHIKMBHBIE cuilbl. [lo Mepe IBMKEeHMs CITyTHHUKA BOKPYT IUIAHETHI-TUTAHTa €e
NPUTSHDKEHUE CIUTIOMIMBAET JIYHY B pa3HbIX HAalpaBlICHHSX, BbI3bIBAs TPEHUE TIIYOOKO B spe.
Tpenue nopoxkaaer Tersio, KOTOpoe, B CBOIO OUepe/ib, IJIaBUT JieJ U 00ecTeUrBaeT CyIlleCTBOBaHNE
CTaOMIIBHOTO OKeaHa >KUIAKOH BOJIBI.

OTO OTKpPBITHE 03HAUYAET, YTO JIyHbI Aajekux oT CojHIla ra30BbIX TUTAHTOB MOTYT OKa3aThCs
Oonee MHTEPECHBIMU OOBEKTAaMH JUIsl MCCIEIOBAaHMs, YeM caMH IiaHeTsl. (BeposTHo, MMeHHO
nosromy Jhxeiimc KsmepoH BbeiOpasn B KayecTBE MecTa JAeWCTBUA (aHTacTUYecKoro (uiabma
«ABarap» 2009 r. CIyTHUK Ta30BOTO TWraHTa, CXOXKEro mo pasmepam ¢ FOmurtepom.) BuesamHo
YHCIIO MECT BO BeeneHHOM, MOTEeHIMANBHO MOAXOAAINX IS dKU3HU, MHOTOKPAaTHO YMHOXKHUJIOCh.

Pe3ynpratoM 3TOro 3aMedareiabHOro OTKPBITHS CTajl HOBBIA NMPOEKT — «MHUCCHS B CUCTEMY
FOmurep — Espona» (EJSM), 3amyck KOTOpOIro TpeABapHUTENbHO 3amuianupoBan Ha 2020 r'.
[Tpeanonaraercsi, 4yTo anmapaT BbliizeT Ha opouty EBpombl M, BO3MOXXHO, TPU3EMIIUTCS Ha Hee.
VY4eHble, KOHEUHO, MEUTAIOT U3y4uTh EBpomy nomnonpoOHee U nepenpaBUTh Ha HEE MHOTO CIOKHOMN
TEXHUKHU. YK€ pa3paboTaHO HEMasjo METOAOB MOMCKA >KU3HU M0N0 JbA0OM. OAMH U3 BO3MOXKHBIX
npoektoB — Ice Clipper; aBTOpbl mpeayiaraioT oTnpaBuTh K EBpome opOuTanbpHBIN anmapar,
KOTOpBIN OyneT cOpachlBaTh Ha JieJl METAJUIMYECKHE MIapbl, a 3aTeM TIIATEJIbHO HCCIIe0BaTh
MOJHSATHIE BBEPX TyuH mapa u oomomkoB. Emie 6osnee aMOMIIMO3HBINA MPOEKT — 3aMyCTUTh O] JIeA
MOJIBOJTHYIO JIOJIKY-po0OTa.

Wutepec xk EBpone moporpeBaercss U MOCIECAHUMH OTKPBITUSIMU Ha JIHE 3€MHBIX OKEaHOB.
Tak, 10 1970-x rI. y4yeHble B OOJBLIIMHCTBE CBOEM CUYHMTAIHM, YTO €JMHCTBEHHBIH HMCTOYHUK
*u3HeHHOUW sHeprun Ha 3emsie — Comnme. Omnako B 1977 . cyomapuna Alvin oOHapyxwia
CBHJIETEJILCTBA HOBBIX ()OPM KU3HU, MPOLBETAIOIINX TaM, IJIe HUKTO MpeXe He Mojo3peBas 00 ux
cymectBoBaHuu. Mccnenys [Manmamarocckuit pudt, cyOMapuHa oOHapyKuja Ha JHE TUTAHTCKUX
CUJITYMX YepBeW, MMM, pakooOpa3HbIX, JIByCTBOPUATHIX MOJUIFOCKOB U ApYyrue (hopMbl KHU3HH,
HCIOJIb3YIOIINE B KaueCTBE MCTOYHHMKA HEPIMM ByJIKaHHWYecKoe Teruio. Besne, rae ecth sHeprus,
MOXeET OBITh M XH3Hb; a MOJIBOJHBIC BYJIKAHUYECKUE BBIXO/bI, KOTOPHIE HA3BIBAIOT €Ie «UYEPHBIMU
KypUJIBIIMKAMID», TPEACTABIAIOT COOOH HOBBIM HCTOUYHHUK OSHEPrUM B YEPHUIBHOM TEMHOTE
OKeaHCKuX I1yOuH. bonee Toro, HekoTopble yueHsle npeamnoiaratoT, yto nepsast JJHK obpazosanach
HE B KAKOM-HUOYJb IPUIMBHOM BOIOEME Ha Oepery TpOIMUYECKOro OKeaHa, a IyoOKo B MOpE BO3JIE
YepHOro Kypuibliuka. HekoTopble U3 caMbIX NPUMUTUBHBIX (U, BO3SMOXKHO, CAMBIX JPEBHUX) (GOPM
JHK nHaiinensl ”MEHHO TaM — Ha JHE okeaHa. MoxeT ObITh, W Ha EBporie Bo3ie ByJTKaHUYECKUX
BBIXO/IOB Ha JHE INI00AIbHOTO OKeaHa MOIVIO 3apouThes 4yTo-HuOyab Bpoae JJHK.

[Toxa MBI MOXKEM JIMILb TagaTh O TOM, Kakue (OpMBbI )KM3HH MOIIIM CPOPMHUPOBATHCS MO0
abnamMu EBpomnbl. Eciau jku3Hb TaM Bce e CYIIECTBYET, TO BBICHIMMHU (popMamu ee, BEpOsiTHO,
JIOJOKHBI SIBIIATBCS BOJHBIE JKMBOTHBIE, HE 3HAIOIIME CBETAa U OPUEHTHUPYIOIIMECS NpU TMOMOIIU
COHapa; UX BCEJIEHHAsI OTPaHUYCHA JIEJSTHBIM «HEOOM.

1 Drtor npoekt Obu1 BhIOpaH B (eBpane 2009 r. s coBMecTHOM peanusauuu cuiamMd NASA u Eporneiickoro
KOCMHYECKOTO areHtcrtBa. B Havanme 2011 r. amepuKkaHIBI BBHINIIM M3 MPOEKTa M3-3a HEXBAaTKU CpeAcTB, a EBpoma
OTIIOKUIIa CBOE pelIeHne 00 ydactu B HeM 10 ¢eBpans 2012 r. Ymomsnyteiid nanee npoekt Ice Clipper mpemarasics
Ha KoHKypc NASA eme B 1997 . u He 6bu1 ipuHAT. — [IpuM. mmep.



LISA — uTt0 06110 10 BoabIOro B3pHIBa?

A BOT elle OJJMH KOCMHUYECKUH MPOEKT, KOTOPBIl MOT' ObI EPEeBEPHYTh HAIIM MPEICTaBICHUS
00 okpykarIieM Mupe. ITo JazepHas nuatephepomerpuueckas kocmuueckas antenra (LISA) u o,
4YTO MpUIET Beiesd 3a Heil. He umckimroyeHo, 4To ammaparbl, HOAOOHBIE HTOMY, CMOTYT CIENaTh
HEBO3MOXHOE: BBISICHUTH, YTO IPOUCXOAMIIO 10 bombiioro B3phiBa.

ACTpPOHOMBI JI0BOJIBHO JITAaBHO CYMENIM HU3MEPUTh CKOPOCTb, C KOTOPOW OT HAcC OTAAISAIOTCS
nanexue ramnaktuku. (M3mepsieTcst ata BelMYuHA 10 TONIUIEPOBCKOMY CHBHTIY, T. €. [0 U3MEHEHHUIO
JUIMHBI CBETOBBIX BOJIH OT OOBEKTOB, KOTOPHIE OBICTPO MPUOIMIKAIOTCS K HaM WJIM OBICTPO OT Hac
yaanstores.) Takum o0pa3om, HaM KW3BECTHA HBIHEIIHSS CKOPOCTh paciumpeHus Beenennoi. Ecnu
K€ «OTMOTaTh IUIEHKY Ha3aj», MOKHO BBIUMCIIUTH, KOTZla UIMEHHO OHO Hadaynoch. VIMEHHO Takum
CHIOCOOOM y4YeHble oOmpeAenwiv, 4to bonbpmioi B3peB uMmen mecto 13, 7 miupn neT Hazaml.
[Tpobnema, omgHako, B TOM, YTO CaMblii MPOJIBUHYTHIA HbIHEeHIHMN anmmapar — WMAP (30H7
MUKPOBOJHOBOM aHU30TPONHMM HMEHHM YMJIKUHCOHA) — CIOCOOEH 3amisHyTh B MPOLUIOE U
IIOCMOTPETH, YTO TBOPMIIOCH BO Beenennoit nmpumepno uepes 400 000 et mocine B3pbiBa. O TOM XKe,
noyemy npowusoien bonpioii B3peIB, UTO €ro BbI3BAJIO M YTO UMEHHO B30PBaJIOCh, HE MOXKET MOKa
CKa3aTbh HUKTO.

Nmenno nostomy npoekt LISA BrI3bIBaeT Takoi uHTepec. [Ipeanonaraercs, 4To 3Ta aHTEHHA
OyZieT perucTpupoBaTh COBEPIICHHO HOBBIM THIT U3JIyUY€HUs: IPAaBUTAIIMOHHbBIE BOJIHBI, POXKICHHbIE
HEMOCPEACTBEHHO B MOMEHT boJbIIoro B3phiBa.

Kaxxaplii HOBBIM BHJ W3Iy4EHUs, KOTOPBHI 4YEJIOBEYECTBY YAABAJIOCH IPEBPATUTH B
WHCTPYMEHT MO3HAHMsI, MEHSUT HE TONBKO (u3nueckue GopMyibl, HO U Hall B3msA Ha mup. Korma
lNanwiieli BHEpBBIE HCIIONB30BA] ONTHYECKUH TENECKON M M3Y4YEHMs] 3BE€3J W IUIaHET U
COCTaBJIEHUSI KapThl 3BE3HOro Heba, poawiiachk coBpeMeHHas acTpoHoMus. Korma Bckope mocie
Bropoii MupoOBOI BOWHBI MOSIBWINCH PAaUOTENECKOIBI, IIEpe] HaMU BO3HHMKIA BceneHHas
B3pBIBAIOIIMXCS 3BE3]1 U YEPHBIX JbIp. Tenepp ke mMpUIuIo BpeMs TPEThEro MOKOJIEHUS TEIECKOIOB;
BIIOJIHE BO3MOXKHO, YTO 3TH ammaparbl, CIIOCOOHBIE PETUCTPUPOBATH TI'PAaBUTAIIMOHHBIE BOJIHBI,
packpoloT TIepel HaM emie Oosee 3axXBaThIBAIOIIME MEPCIEeKTHBBI W MBI  YBHJAUM MHP
CTAJIKMBAIOIIMXCS YEPHBIX JbIP, BBICIINX NU3MEPEHUN U Jake MyIbTUBCEIEHHOM.

[IpenBapuTenbHO 3aIMyCK 3TOr0 KOCMHAYECKOTO arapara 3arlaHupoBad Ha nepuos ¢ 2018 mo
2020 r'. Cormacuo mpoekty LISA GymeT cOCTOSTh M3 TPEX alaparoB, COSAUHEHHBIX Ja3epHBIMU
JyyaMu U o0pa3yrolnx B KOCMOCE TUTaHTCKUI TPEYroJbHUK CO CTOPOHOM okoyio 5 MitH kM. Takum
o0pa3zoM, 3T0 OyaeT caMblii KpymHBIA NpHOOp, KOrna-mudo BHIBEIEHHBIH B KOCMOC. ANMaparsl
cuctembl LISA OynyT cnerka nokaunBaThCsl Ha IPaBUTALIMOHHBIX BOJIHAX, 10 CUX MOP Oy IaIoLuX
no Beenennoit nocne bonpmioro B3psiBa. JlazepHble qy4yH, COEIUHSIONINE alllapaThl, IOYYBCTBYIOT
m000€ BO3MYILIEHHE, a ClelualbHble JATYMKU MO3BOJSAT 3aperUCTpUpOBAaTH YaCTOTy U Jpyrue
XapaKTEPUCTUKH 3TOTO BO3MYLIEHUs. Eciu Bce MONyduTCs, Y4EHbIE CMOTYT YBHJIETh MUD TaKuM,
KakiUM OH OblI cpasy mocie bonplioro B3pbiBa, — CKaXkeM, uepe3 OAHY TPUUIMOHHYIO OO
cexyHbI mocie Hero. (ITo DiHiTelny, IPOCTPAHCTBO-BPEMS MOJKET PacTATMBATHCS U U3TUOAThCS U
HallOMUHAeT MO CBOMM CBOWMCTBaM HaTsSHyTOe MOJOTHO. JII000oe cephe3HOe BO3MYILEHHUE BO
BcenenHol, Takoe KakK CTOJKHOBEHHE YEpPHBIX IbIp WIM bBOJbIION B3pHIB, POXKAAET HA ITOM
MoJI0THE PsiOb, KOTOpasi pa3deraercst B pa3Hble CTOPOHBL. JTa psiOb, WM IPABUTALIMOHHBIE BOJIHBI,
CIIMIIKOM MaJjbl, 4YTOOBl MX MOXHO OBUIO 3aMETHTh NPH MOMOIIM OOBIYHBIX MHCTPYMEHTOB, HO
cuctema LISA Oymer nmocrtaroyHo OOJBIION W YYBCTBUTEIBHOHM, YTOOBI 3aceyb BHUOpaIUH,
BbI3BaHHbIE [PABUTAIIMOHHBIMH BOJIHAMH. )

Ho LISA He TONBKO CMOXKET 3aperuCTPUpPOBaTh M3IYyYEHHE OT CTAJIKMBAIOIIMXCS YEPHBIX
JBpIp: HE HCKIIOYEHO, YTO IPH IOMOIIM 3TOr0 HMHCTPYMEHTAa HaM YyAAacTCs 3alisiHyTb U B
JIOB3PBIBHYIO 3TI0XY, YTO PaHbIIEe CYUTAIOCH TPUHIUITHAIBHO HEBO3MOKHBIM.

1 VBBI, 1 B 3TOM TeKcT yctapen. Kak u EJSM, aToT coBMecTHBINM mpoekT Jaummics B Hadaje 2011 1. mommepkku
CIIIA u HaxomuTCs B CTaJWH IEPECMOTpa, MPETCHAys Ha Te ke cpernctBa B Oromkere EKA, uto m EJSM u
MexnayHaponHas peHTreHOBcKas obcepBaropus [XO. JIume oguH 13 3THX TpeX MPOEKTOB B YPE3aHHOM BHIEC MOXKET
OBITH yTBEepKIeH K peanu3anuu B 2012 r., a 3amyck Moxet coctosaThes nmocie 2020 . — [Ipum. mep.



B Hacrosiiiee BpeMs CyIIecTByeT HECKOIBKO TEOPUH O TOM, YTO MPEACTaBIsiIa coOOW Amoxa
1o Bombiioro B3pwIBa; 9TH TEOpUHU MO OONBIICH YaCTH MOCTPOEHBI Ha OCHOBE TEOPUU CTPYH —
MOeil HaydHOH CcHerualbHOCTH. B omHOM crieHapuu Haina BceneHHas mpeacTaBiseT coOoi
TMTAHTCKUAN Iy3bIph HEMOHSATHOM MPUPOABI, KOTOPBIA HENPEPBIBHO pacmupsercs. Mbl )KUBEM Ha
000JI0YKEe ITOTO0 THUTAHTCKOTO IMy3bIps (MBI MPUKIEEHBI K HEW, Kak MyXu K jumkoil Oymare). Ho
Hama BeeneHHas-my3bIph CYIIIECTBYET B OKEaHE IPYTUX IMy3bIpel-BCEIICHHBIX, 00pa3yIOIMNUX BMECTE
TaK Ha3bIBa€MYK MYyJBTUBCEIIEHHYI0 — YTO-TO BPOJIE€ BCEJIEHCKOM IMEHbL. BpeMs OT BpeMeHU 3TU
My3bIPU MOTYT CTAJIKUBATHCS (J1aBasi HAM TEOPHIO «OOJBIIOTO IUII0Xa)), @ MOTYT JAETUThCS Ha OoJee
MEJKUE My3bIpU M 3aT€M CHOBA PACIHIMPATHCS («BeuHas WHOIAUUs»). Kaxknas w3 JOB3pHIBHBIX
TEOpUN TPEICKa3bIBACT CBOM BapHUAHT MOBeneHHUs BceneHHol mocie bospmioro B3pbiBa U CBOiM
XapaKTep TPaBUTAIIMOHHBIX BOJH B HeW. LISA cMoxxeT u3MepuTh rpaBUTALIMOHHOE HU3Iy4Y€HUE,
BO3HUKIIIEE TOC€ BbonbIIoro B3phiBa, U CPAaBHUTh €r0 C PA3TUYHBIMU MPEICKA3aHUSIMH TECOPHUHU
cTpyH. Takum oOpa3oM, BIIOJTHE BO3MOXKHO, YTO 3TOT MPOEKT MOMOXKET (PU3UKAM HCKIIOYHUTDH WIIH,
Ha000POT, MOATBEPAUTH HEKOTOPHIE U3 ITUX TCOPHUH.

Ho nmaxe ecnu LISA okaeTcss HEIOCTaTOYHO UYBCTBUTEJIBHOW JJIsI 3TOM TOHKOW 3aJaud, C
HEW, MOXKET OBITh, CIIPABATCSA JETEKTOPHI CIETYIONIETO TMOKOJIeHHs — Takue kak «Habmromarens
Bonemioro B3peiBa» (BBO).

Ecnu Bce momyduTcs, 3TH KOCMHUYECKUE CUCTEMBI IOMOTYT YEJIOBEUECTBY MOIYYUTh OTBET HA
BOIIPOC, KOTOPBIA MYYMJI YYEHBIX HE OJJHO CTOJIETHE: OTKY/a BO3HMKIA Hama Bceenennaa? Tak dro
y)ke B 0003pHMOM OyayIIeM BO3MOXXHOCTh TIOJYyYWTh JOCTOBEpPHBIE JaHHBIE O BOJbIIIOM B3pHIBE
MOXET CTaTh PEAIBLHOCTBIO.

HHJIOTI/lpyeMLIe KOCMHUYECCKHC IT0JICTHBI

Ecnu poGotu3upoBaHHbIE KOCMUYECKHE almaparhbl, M0 BCEHl BUAMMOCTH, U JAajbllie OyayT
OTKpBIBAaTh JJIsl HAC HOBBIE TOPU3OHTHI KOCMHUYECKHX HCCIEOBaHHM, TO MWIOTHPYEMbIM MOJETaM
NPEACTOAT TPYAHbIE BpeMeHa. J[eJ10 B TOM, YTO B CPABHEHUH C MUIOTHUPYEMBIMU MUCCUSIMHU POOOTHI
JIENIeBbl U YHHUBEpCAIbHBI; MX MOXHO IMOCHUIATh ISl MCCJIEJOBAHMS B OINACHBIE MECTa; UM HeE
HYXHBI JIOPOTOCTOSIIIIME CUCTEMBI KH3HEOOECIIeUeHHs, U caMOe IIIaBHOE — MM COBEPIIEHHO He
00s13aTeIbHO BO3BpAILaThCsl.

Korna-to naBHo, B 1969 1., Ham BceM Ka3ajaoCh, YTO aCTPOHABTHI BOT-BOT HAUHYT MCCIIEN0BATh
Conuneunyto cucremy. Hunn Apmctponr u bassz Ongpun Tonbko yTo nporymsuinck no Jlyne, a moan
y)K€ MedTanu o nojere Ha Mapc u paneuie. Kazanoch, 4TO 4eI0BEYECTBO BBIXOAWUT Ha JIOPOTY K
3Be€3/1aM. 3aHMMaJIach 3apsi HOBOU 3pbl!

A 3areMm MeuTa pyxHyna.

Kax namumcan mozxe ¢antact Aizek A3MMOB, MBI BBIIIIN Ha TOJIE, 3a0WJIA TOJI, B3SUTH MY
MOJT MBILLIKY M yuuiu oMoid. CerofHs crapbie pakeTbl-HOcUTeNn «CaTypH» CKy4aroT B My3€siX WU
MONPOCTY THHUIOT Ha cBajikax. llenoe mokojieHWe TydlINX YYEHBIX-PAKETYMKOB PACIyCTUIIU I10
JIoOMaM. DHEprus KOCMUYECKOM TI'OHKM IOCTENEHHO Hccskia. CeroaHs 3HaMEHHTas IMpOrylka I10
HOBEPXHOCTH JIyHBI YIIOMHHAETCS TOJILKO B MBLILHBIX HCTOPUYECKUX KHUTAx ',

UYro npousonuio? MHoro 4ero, B TOM 4uciie BoilHa BO BbeTHame, YorepreWtckuil ckanjan u
T. 0. Ho ecnu mocMoTpeTh B KOpeHb M M30aBUTHCS OT BCETO BPEMEHHOTO M HECYIIECTBEHHOTO,
BBISICHUTCSI, YTO MMPUYMHA HA CAMOM JIEJI€ OJHA: ACHBIU.

WNuorna mpl 3a0bIBaeéM, YTO KOCMHYECKHE ITyTEIIECTBHSI — [0 OYEHb JIOPOTOCTOSIIEE.
BriBenenne Bcero ogHOro (hyHTa 4ero yroJHo Ha Okojo3eMHyto opouty ctout 10 000 mommapos.
[IpencraBere cebe craryro J>oHa [TIleHHA M3 YKCTOro 30J70Ta B HATYpaJbHYIO BEJIMYHUHY — U BbI
MOJTY4YUTE HEKOTOpOE TPEACTABIEHUE O CTOMMOCTH NOAOOHBIX mpoekToB. Ilomer nHa Jlyny
notpebdoBain 661 okoso 100 000 mommapoB 3a GyHT mosne3HOTO Tpy3a. A moneT Kk Mapcy oborrencs
Ob1 B 1 MJTH 07171apoB 32 QyHT (MpUOIU3UTEIHHO Ha BeC OPUIIMAHTOB).

Torma, B 1960-x, BompocC IIeHBI MPAKTHYECKA HE PAacCCMATPUBAJICS: BCE MOKPBIBAIO 00IIEe
BOOJYUIEBIICHUE ¥ HApPAaCTaHUE KOCMHUYECKONM TOHKM C PYCCKMMH. 3pEIMILHBIE JOCTHIKEHHUS

1 Y B HEKOTOPBIX U3 HUX MOJIBEPTaeTCss COMHEHUI0. — [IpuM. ep.



XpaOpbIX aCTPOHABTOB CKPAAbIBAIN ILIEHY KOCMHUYECKHUX MOJETOB, TeM Oojee 4TO 00e CTOPOHBI
TOTOBbI OBLIM Ha MHOTOE, 4TOOBI MOJIepKaTh HAIMOHANIBHYIO YyecTh. Ho naxe cBepxaep:kaBaM He
0] CUJTy HECTH TAaKOW I'py3 B TEUEHHE MHOTHX JECITUIIETHI.

I'pyctHo 310 Bee! [pomwno yxe 6ombiie 300 net ¢ Tex mop, kak c3p Mcaak HetoToH BiepBhie
3amucalt 3aKOHBI JBM)KEHHSI, @ MBI ITO-TIPEKHEMY HaXOAUMCS B IJICHY MPOCTHIX BhIYMCICHUNA. UTOOBI
3aKMHYTh OOBEKT Ha OKOJIO3EMHYIO OpOUTY, €ro HeOOXOAMMO Pa30rHaTh O CKOPOCTH 7, 9 KM/ceK.
YrtoObl OTIIPABUTH OOBEKT B MEKIUIAHETHOE ITyTELIECTBHE W BBIBECTH 3a MpENEeibl ASHCTBHS MO
TATOTeHMs] 3eMJIM, HaJa0 IpujaaTb eMy ckopocTh 11, 2 kM/c (A 9TOOBI TOCTHYD ATOM BONIIEOHON
mudpel — 11, 2 kM/c, MBI JOJDKHBI BOCIIONB30BATHCS TPETHUM 3aKOHOM JMHaMUKH HbroToHa:
KOKI0€ JIEUCTBHE TMOPOXKIAET PAaBHOE MNPOTHUBOJAEHUCTBUE. DTO O3HAYAET, YTO paKeTa MOXKET
YCKOPATHCS, BHIOpAchiBas B NMPOTHBOIOJIOKHOM HAlpaBlIeHUHM PAaCKaJeHHBIE ra3bl, IPUMEPHO TaK
e, Kak JeTaeT 1o KOMHaTe IIapHK, €CIM HaJlyTh €ro M OTHYCTUTh KiamaH.) Tak 4To paccuuTarb
CTOMMOCTbh KOCMHUYECKHUX ITyTEIIECTBUN 0 3akoHaM HproTOHa coBcem HecnoxHO. He cymecTtByeT
HU OJTHOTO 3aKOHAa MpHpOIbl (HU (pU3MUEeCcKOTro, HU MHXKEHEPHOT0), KOTOPBIM ObI 3amperian Ham
uccienosars COMHEYHYI0 CUCTEMY; BCE €TI0 B CTOMMOCTH.

Ho storo maino. Pakera gomkHa HECTH Ha cebe TOIUIMBO, YTO CYIIECTBEHHO YBEIMYUBAET €€
Harpy3ky. CaMoneTbl MOTYT OTYacTH OOOUTH 3Ty MpoOiIeMy, 3aXBaThIBasi KUCIOPOJ U3 aTMOC(hepsl U
Hanpasyss B Asurarenu. Ho B kocMoce HET Bo3/yXa, M pakeTa JI0JKHA HECTH ¢ co0Oi Bech CBOM
KHCIIOPOJ ¥ BOAOPOA.

[TomuMo TOro, 4to JOaHHBIK (aKT JenaeT KOCMUYECKHE MYyTEHIeCTBUS BechbMa JOPOTUM
YIAOBOJIBCTBUEM, OH SBIISIETCS IVIABHOM NPUYMHOM TOTO, YTO y HAC HET DPAKETHBIX PaHLEB M
netaromux aBTomMoOwmnel. Ilucarenu-ganractel (HO HeyueHbIE) JIOOAT PacHUCHIBATh JEHb, KOTIA
BCE MBI HAJICHEM paKeTHbIe PaHLbl U MOJETUM Ha paboTy — WIJIM OTHPAaBUMCS HAa BOCKPECHBIH
NMUKHUK HAa CEeMEWHOW JeTaronmeld wmamuHe. JIIoIM YacTo MCHBITHIBAIOT pa3ovyapoBaHUE B
byTypHcTax, IOTOMY YTO MX MpeACKa3aHusi HUKOIa He cObIBatoTcs. (MIMeHHO MO3TOMY BOKpPYT Tak
MHOTO CTaTel M KHUT C IIUHUYHBIMHA Ha3BaHUsIMHU Bpoje «[ne Mol pakeTHbil panen?».) Ho 4To06st
MOHATHh IPUUYMHY, OCTAaTOYHO IPOBECTU MPOCTOE BBIUMCIIEHUE. PakeTHbIE paHILbI CYIECTBYIOT;
Oosiee TOTrO, HALIUCTHI JaXKe MBITAIMCh MCIONb30BaTh X BO Bpemsi Bropoit mupoBoit BoiiHbl. Ho
MEPEKUCh BOJOPO/IA, OOBIYHOE B TAKHMX CIIyYasiX TOIUIMBO, OBICTPO 3aKaHYMBAETCS, TaK YTO CPEIHUIN
MIOJIET Ha PAKETHOM paHILIE JJIUTCS BCEr0 HECKOJIbKO MUHYT. TOYHO Tak e JIeTarol1e aBTOMOOUIIH C
BEPTOJIETHBIMM BHMHTAaMH C)KMTalOT JKYTKOE€ KOJMYECTBO TOIUIMBA, YTO JENAET WX CIUIIKOM
JIOPOTHUMHU JJIS1 OOBIYHOTO YETIOBEKA.

Konen JiyHHO# porpaMmmbl

HmenHO 3a005auHble LEHBl HA KOCMHUYECKHE MyTELIECTBUS BUHOM TOMY, YTO B HacTosllee
BpeMs Oyayliee MWIOTUPYEMOHl KOCMOHABTMKH IPEACTABISETCS HACTOJIBKO HEOIpeaesIeHHBIM.
Jxopmk bymr, Oynyun mpesumentom, B 2004 1. mpeacTaBuil SICHBIM, HO JTOBOJBHO aMOMITMO3HBIN
NPOEKT KOCMHMYECKOM rmporpammbl. Bo-mepBeix, kocMmuueckuii dvemHok Space  Shuttle
MpEAnoIarajioch OTnpaBuTh B oTcTaBky B 2010 1, a k 2015 . 3aMEeHUTh HOBOW PaKETHOW CUCTEMOM
nox HaszsanueM Constellation («Cossesnue»)'. Bo-Bropsix, k 2020 I. mpeanonaraiock BEPHYThCSA Ha
JIlyny u co BpeMeHeM OCHOBATh Ha CIyTHHMKE Halllel IJIaHEeThl MOCTOSHHYI0 oOuTaemyro 6asy. B-
TPEThUX, BCE 3TO JOJDKHO OBUIO MPOJIOKUTH JOPOTY K MUIIOTHPYEMOMY ToJsieTy Ha Mapc.

Opnako naxe 3a BpeMs I[IOCJIE BBIABI)KEHHS IUTaHa byla sKOHOMHMKa KOCMOHABTHKH
CYLIECTBEHHO U3MEHWIACh, B OCHOBHOM M3-3a TOT0, 4TO Bennkas peneccust omycTolmIa KOmeleKk
Oynymux KocMudeckux mytemectBuid. B mokmane Komuccum Oractuna, npeacraBieHHoM B 2009 T
npe3useHty bapaky OOGame, TroBOpHUTCS, YTO MpPHU JOCTYITHOM YpOBHE (DPUHAHCHUPOBAHMS
nepBoHauajgbHas mporpamMMa HeBbimogHuMa. B 2010  mpesuaent OOama ocyliecTBUI
COOTBETCTBYIOIIME MPAKTUYECKHE IIard, 3aKpbIB OJHOBPEMEHHO U mporpammy Space Shuttle, u
pa3paboTKy 3aMeHbl JJI1 KOCMHYECKHX YEJIHOKOB, KOTOopasi JOJKHA Oblia MOATOTOBUTH MOYBY JUIS

1 Crporo roBops, Tak Ha3pIBasiach mporpamma NASA, mpu3BaHHas BBHIIOJHHUTH TpeOoBaHWs byira, ocHOBHEIE
MOJIOKEHHUSI KOTOPOM OMUCaHbl aBTOpoM Hrke. — [Ipum. mep.



Bo3BpauleHus Ha Jlyny. B Ommxaiimee Bpemst NASA, He uMes COOCTBEHHBIX pakeT Ul OTIPAaBKH
HaIIMX aCTPOHABTOB B KOCMOC, BBIHYKJEHHO OyeT mojararbcsi Ha pycckux. C Ipyroil CTOpOHBI,
TakKas CUTYyalsi CTUMYJIUPYET YCHJIUS YaCTHBIX KOMIIAHMM MO CO3ZaHUIO PAKET, HEOOXOIUMBIX IS
MIPOAOIDKEHUS MUIIOTUPYEMOM KocMudeckor mporpaMMbl. NASA, 0TKa3aBIIMCh OT CBOETO CIaBHOTO
IPOLIJIOTO, YK€ HUKOTJA HE OYIET CTPOUTH PAKETHI JIs MHIOTUPYeMOit mporpamMmbl'. CTOPOHHHUKH
r1ana O6aMbl TOBOPAT, YTO OH O3HAYAET HAYaJl0 HOBOW 3pbl OCBOEHHUSI KOCMOCA, i€ BEPX BO3bMET
yacTHasg WHULMaThBAa. KpUTHKM TOBOpAT, 4TO peanu3anus 3TOro ImiaHa npeBpatut NASA B
«areHTCTBO 0€3 IeNn.

ITocagka Ha acTepouj

B noxnane Komuccuu OractrHa mpeniarajics Tak Ha3bIBa€MbIM THOKUN MyTh, BKIIFOUAIOIIIANA
HECKOJIBKO JIOCTaTOYHO CKPOMHBIX IIeJiel, He TpeOyronmx 0e3yMHOr0 pacxojia paKeTHOTO TOTIIMBA:
K IpUMEpY, 3TO MyTEIIeCTBHE K HEJAIEKOMY acTEpPOUIy, KOTOPOMY CIYUYHUTCS MPOJIETETh MHUMO
3emin, WM IyTELWIECTBUE K JyHaM Mapca. B noknazne ykasslBaoCh, YTO aCTEPOMA-LIEND MOXKET
MIOKa MPOCTO OTCYTCTBOBATh HA HAIIUX KapTax: ObITh MOXKET, 3TO HEM3BECTHOE ONyKIaroliiee Telo,
KOTOPOE MPEICTOUT OTKPBITh B OJIIKaiIeM Oyyiem.

[TpoGnema, yka3biBajoch B Aokjiaae Komuccuu, COCTOUT B TOM, YTO pPAaK€THOE TOIUIMBO JJIS
nocaaku Ha JIyHy, 1 ocobeHHO Ha Mapc, a Takke Ha B3JI€T M BO3BpAILEHHE OKAKETCS YPE3MEPHO
noporuM. Ho mockonpKy rpaBUTallMOHHOE TI0JI€ HA acTepOUJIe U CIyTHUKaXx Mapca oueHsb ciaboe,
ToIJIMBa MOTpeOyeTcss BO MHOTO pa3 MeHblie. B gokmame OracTMHa YINOMHHANACh TaKxke
BO3MOXKHOCTh TOCEIIeHUs Touek Jlarpamka, T. €. TakKMX MECT B OTKPBITOM KOCMOCE, TIJie
IPaBUTALlMOHHOE NMPUTSKEHUE 3eMiH U JIyHbI B3aMMHO KOMIIEHCUPYIOTCs. (BrionHe BO3MOXHO, 4TO
ATH TOYKH CITy>KaT KOCMHUYECKOW CBAJKOM, IJie CKAIlJIMBAEeTCs C JAPEBHEHIINX BPEMEH BECh MYCOD,
coOpanHbIii COMTHEYHON CHUCTEMOW M TMOMABIIMI B OKPECTHOCTH 3€MJIM; acTPOHABTHI MOIVIM OBl
HaWTH TaM WHTEPECHbIE KaMHH, JaTHUpyeMble BpeMeHeM (popMHUpoBaHus cucTeMbl 3emits-JlyHa.)

JleficTBUTENBPHO, MOCagKa Ha acTepouj] — 3ajJada HeLoporas, I[OCKOJIbKY acTEpOMJbI
001a1at0T Ype3BbIYaifiHO cIaObIM TPaBUTALMOHHBIM mosieM. (B 3ToM Takske 3akirouaeTcss mpUyrMHa
TOTO, YTO aCTePOM[bI, KaK MPaBUJIO, HE OKPYIVIbI, a OTIMYAIOTCA HeNpaBHIbHOU (opmoil. Bce
KpyTHble 00beKThl BO BceneHHol — 3Be3/bl, MIIaHEThl U CIIYTHUKU — KPYIIIbl, TOTOMY YTO CHJIa
TATOTEHUs] PAaBHOMEPHO CTATMBAaeT WX K LEHTpy. Jlobas HenmpaBMIBHOCTH (OPMBI IIIAHETHI
MOCTENEHHO criiaxuBaeTcs. Ho cuiia TskecTr Ha acTepouie HacTOIbKO ci1ada, 4To HE MOXKET CHKaTh
acTepouJ B 11ap.)

OpHa 13 BO3MOXHBIX IIeJIel Takoro mnosuera — acrepou] Anoduc, kotopsiit B 2029 1. nomkeH
IpoiiTH yrposatorie 6au3ko k 3emie. Jta kaMeHHas ribida okono 300 M B monepedHuke, pasMepoM
c Oonpuoe GyTOOIBHOE MOIE, IPORHAET TaK OJIM3KO K IUIAHETE, YTO OCTABUT CHAPYKU HEKOTOPHIE U3
HAIllUX HMCKYCCTBEHHBIX CIYTHUKOB. OT B3aMMOJEHCTBUA ¢ Hamleil miaHeToil opbuTa actepouia
W3MEHUTCS, U €Cli He MoBe3eT, B 2036 I. OH MOKET BHOBb BEPHYTHCS K 3eMJIE; CYIIECTBYET Jaxe
kpoueynbiii mance (1 u3 100 000), yto oH 1Mo Bo3BpalieHUH nomnazneT B 3emiro. Ecnu Obl Takoe
JIEWCTBUTEIILHO MPOU30IIII0, MOITHOCTE ymapa paBHsuiack Obl 100 000 xmpocumMckux O60mO; mpu
TOM OTHEHHBIE CMEpYM, YyAapHble BOJHBI M pacKaJeHHble OOJIOMKH MOIIM Obl TOJHOCTBHIO
OMYyCTOIINTh Tepputopuio pasmepom ¢ Dpanrnumro. (s cpaBHEHHS: ropa3no MeHee KPYITHBIN
OOBEKT, pa3MepoM, BEpOATHO, C MHOTOKBApPTUPHBIM JOM, ymaja B paiioHe CHUOUPCKOM pekH
[Tonkamennas Tynrycka B 1908 . 1, B30pBaBIIKUCH C CHUJIOW OJHOW THICSYM XHUPOCUMCKUX OOMO,
noBasninn 2500 kM2 neca. YimapHas BoOJHAa OT 3TOrO B3pblBa YYBCTBOBAJIACh HAa PACCTOSHUU
HECKOJIbKUX ThICSY KuiioMeTpoB. Kpome Toro, majenue nopoausio HeOObIYHOE CBEUeHHE Heba Hal
Asueit u EBpono#, Tak yTo B JIOHI0HE HOUYBIO HA YIIUIIE MOXKHO OBLIIO UHUTATh Ta3€Ty.)

Busut k Anogucy He OKakeTCsl CIIMIIKOM TSHKKUM Tpy3oM i Oromkera NASA, mocKonbKy

1 Pakersi-To Kak pa3 y CLIA ecTh ¥ UX HE HaJO NMPUAYMBIBATh C HYJISL: KOpadiab «OpHOH» MOXET OBbITh 3allyIeH
TSDKETIBIM BapraHnToM — HocuteneM Delta IV, a 6oee nerkue wactable kopabimu — Ha pakerax Atlas V mmm Falcon-9. A
BOT HU OJIHOT'O TOTOBOTO MIJIOTHPYEMOTO KOpadis HeT U B Onvkaifime Tpu-4eTsipe rofa He Oyner. — Ilpum. mep.



acTEpOM/l TaK M TaK JODKEH MPOJETETH COBCEM PSAOM', HO MOCAJKa Ha HETO MOXKET OKa3aThCs
npobnemoit. M3-3a cmaboro rpaBUTAIIMOHHOTO TIOJISI aCTepOuaa KOpallib JOKEH OyAeT He CECTh Ha
HEro B TPaJAWIMOHHOM CMBICIE, a CKOpee NpHUCThIKOBaThCs. Kpome Toro, oH Bpamaercs
HEPaBHOMEPHO, TaK 4TO IMepeT MOCaIKOW HeoOX0aUMO Oy/IeT IPOU3BECTH TOYHBIC U3MEPEHUS BCEX
napameTpoB. BooOriie, HTepecHO OBLIO ObI MOCMOTPETH, HACKOIBKO TBEPABIM SIBIISIETCS aCTEPOUSI.
HekoTopple ydeHbIE MONArarT, YTO OH MOXET OKa3aTbCid IPOCTO Kyded KaMHEW, KOTOpbIE
VAEPKUBAET BMECTE C1aboe IMoJie TSATOTeHUS; APYrue CUUTAIOT €ro TBEPAbIM. B ouH mpekpacHbIi
JCHb 3HAHUA O IIJIOTHOCTHU aCTCPOUJIOB MOI'YT OKa3aTbCA XU3HCHHO BaAXHBIMU JJIA YCJIOBEYCCTBA,
HE HWCKIIOYEHO, YTO KOTrJa-HUOYIh HaM MPHUAETCS APOOUTH acTepOU] HAa KYCKH TPU TMOMOIIU
AACPHOTO OPYIKHA. Ecmu JETAIIad B KOCMHUYECKOM IMPOCTPAHCTBC KaMCHHasA FJ'II)I6a, BMECTO TOTO
9TOOBI PACCHINMATHCS B TIOPOIIOK, PACKOJETCS HAa HECKOIBKO KPYIMHBIX KYCKOB, MX TaJIeHUE Ha
3eMITI0 MOXKET OKa3aThCsl JIaAXKe OlacHee, YeM MaJCHHe acTepouja IMeTukoM. MokeT OBITh, JIydIle
OyleT MOATONKHYTh acTEpPOU] CIeTKa M3MEHHUTh €ro OpOUTY paHbIIe, YeM OH CMOXET MOJIeTEeTh
ONM3KO K 3emiie.

Ipusemienue Ha cnyTHuk Mapca

Xotss Kommccusa OracTuHa HE pPEKOMEHJOBajla K pealu3alu MPOEKT, CBSI3aHHBIA C
MAJIOTUPYEMBIM MOJETOM Ha Mapc, y Hac ocrtaercs JIpyras O4eHb MHTEPECHAs BO3MOKHOCTb —
OTIIPaBUTh aCTPOHABTOB Ha cnyTHUKU Mapca, @oboc u JleliMoc. DT CIyTHUKM HAMHOTO MEHBIIIE
3eMHOU JIyHBI U MO3TOMY TaK k€, Kak M acTepOU[bl, 001a/1al0T OueHb CIa0bIM TPaBUTAIMOHHBIM
noneM. [loMUMO OTHOCHUTENBHOW [ICIIEBU3HBI, y BHU3UTa HAa CHOYTHUK Mapca umeercs emne
HECKOJIBKO MTPEUMYILECTB:

1. Bo-nepBbIX, 3T CIIYTHUKH MOXKHO ObUIO OBl MCHOJIB30BaTh KaK BPEMEHHBIE KOCMUYECKHE
cranuuu. C HUX MOXHO 0e3 OCOOBIX 3aTpaT aHaJIM3UpPOBATH IUIAHETY, HE OIyCKasiCh Ha e
MIOBEPXHOCTb.

2. Bo-BTOpBIX, KOTZa-HUOYAb OHM MOTYT HPUTOAUTHCA KAaK MPOMEXKYTOUHAs CTYNEHb IS
skeneauuuu Ha Mape. Ot ®oboca 1o nentpa Kpacuoit muanetst mensme 10 000 kM, Tak yTO
OTTYJla MO>)KHO BCET0 3@ HECKOJIBKO YacOB CJIETaTh BHU3.

3. BeposiTHO, B 3THX CITyTHUKaX UMEIOTCS MeUIepbl, KOTOPbIE MOKHO ObUIO OBl HCIOJIB30BAThH
JUTsL OpraHu3ally MOCTOSIHHOM 00HuTaeMoi 6a3bl U JUIS 3alIUTHl €€ OT METEOPUTOB U KOCMUYECKOTO
m3nydenus. Ha ®oboce, B yacTHOCTH, MMeeTCsl TpoMaHblid kparep CTHKHH; BEpOSATHO, 3TO CIIEN
yAapa TPOMaJHOIO METEOpHTa, €/1Ba HE pPACKOIOBHIETrOo CHyTHHK. OJHaKo MHOCTENEHHO CHila
TSHDKECTH BHOBB coOpaiia 00JIOMKH BOEAMHO M BOCCTAHOBWJIA CITyTHUK. BBITH MOXET, 1OCIE 3TOro
JTABHETO CTOJIKHOBEHUs Ha P000Ce 0CTAIOCh MHOXKECTBO MELIEP M TPELIUH.

Bo3spamenue Ha Jlyny

B noxsane OractiHa roBOpUTCS U O HOBOW AKcnenuuuu Ha JIyHy, HO TOJBKO B TOM Cilydae,
eciin (PMHAHCUPOBAaHME KOCMUYECKUX MPOrpaMM Oy[eT yBEJIUYEHO U €CIIM Ha JIeCATh CIeIYHOIIUX
JeT Ha 3Ty mporpamMmy OyneT BBIAEICHO MO KpaiiHedl mepe 30 Mipi I0UIapoOB JOMOTHUTENBHO.
ITockonbKy 3TO BeCbMa MaJOBEPOSTHO, JIYHHYIO IIPOrpaMMy, IO CYyIIECTBY, MOKHO CYHTaTh
3aKpBITOM, 110 KpalHEel Mepe Ha OIMKaNlIIie TO/bI.

OTMeHeHHas JlyHHas Tporpamma, HocuBmias Ha3BaHue Constellation, BKIO9aia HECKOIBKO
OCHOBHBIX KOMIIOHEHT. Bo-mepBbIX, 3TO pakeTa-HOCUTENb «Apec V», NEPBBIH CBEPXTKEIbBIN
Hocutenb CIHIA mocne orcraBku «CartypHa» B Haudane 1970-x rr. Bo-BTopwiX, TsbKemas pakera
«Apec I» u kopabmp «OpuOH», CHOCOOHBIM HECTH IIECTEPBIX ACTPOHABTOB K OKOJO3EMHOM

1 Jleno, pa3ymeercs, He B pacCTOSHHUM, a B HA0OpPEe W CHIKEHHH TpeOyeMoit a1 mepenaeroB ckopoctu. JKemarenbHo
TaKXEC Ol“paHl/I‘-II/ITb HpOI[OJ'DKI/lTeJ'II)HOCT]: OKCIICAUIINH, LITOGI:-I CBCCTU K MHHUMYMY pa)maunonﬂoe BOS}I@ﬁCTBH@ Ha
9KHMNaX. B cymMMe 3T OrpaHHYeHHs MOTYT BBUIMTHECSA B CXE€My IIOJIeTa C BECbMa OONBIIMM PacXoIoM TOIUIMBA H,
COOTBETCTBEHHO, BHICOKON MacCOl 3KCIEAUIIHOHHOTO KOMIJIEKCA U ero ctouMoctbio. — [lpum. nep.



KOCMMYECKON CTaHIMM Wiu 4eTBepblXx — K JIyHe. U, HakoHel, mocagouHblii MOAYIb «AJIBTaup»,
KOTOpBIH, COOCTBEHHO, U AOJKEH ObUT OMMYCKaThCs HAa MOBEPXHOCTH JIYHBI.

VY KOHCTPYKIIMOHHOM CXEeMbl MIaTTia, IJe Kopabib Kpemnuscs Ha OOKy, ObLIO HECKOJIBKO
CYLIECTBEHHBIX HEJIOCTAaTKOB, B TOM YHWCJI€ U TEHACHLHS HOCHUTENS TEpsTh B Ipoliecce MojeTa
KyCKH Terutonsonupytomeid nensl. s xopadns «KomxymOus» 310 00epHYIoCch katacTpodoii: oH
cropei MpH BO3BpAIlEHUH Ha 3€MIJII0, YHecs ¢ coOOM ceMmephiX XpaOphIX acTpOHAaBTOB, — M BCE
IIOTOMY, 4TO BO BpEMs CTapTa KyCOK IEHOM3O0JSLUH, OTOPBABIIMICSA OT BHEIIHETO TOIUIMBHOTO
0aka, yroauwia B KPOMKY Kpblia U mpoOmi B Hell nwipy. Ilpu Bxome B armocdepy ropsiuue rassl
BOpBaIUCh B Kopryc «KomymOum», yOWIM BCeX BHYTPH M BBI3BAIM paspylieHue kopabis'. B
npoekte Constellation, re oOuTaeMbIii MOIYITb TPE/ITONIATaIOCh PA3MECTUTh HETIOCPEACTBEHHO Ha
BEPXYILKE PAKEThl, TAKOW MPoOIeMbl ObI HE BO3HHUKIIO.

IIpecca oxpectuna mpoekt Constellation «mporpammoit Apollo Ha cTepongax» — OUYEHb YK
OH HaroMHUHAN JyHHYI0 nporpamMmy 1970-x rr. [lnuHa paketsl «Apec I» nomkHa Obuia cCOCTaBUTh
nmoutu 100 M mpotuB 112, 5 M y «Carypua V». [Ipennomnaranocs, 4To 3Ta pakera OyneT BHIBOAUTH B
KOCMOC MUJIOTHpPYeMBbIH Kopabinb «OpHOH», 3aMEHHMB TaKUM 00pa3oM ycTapeBIIWe MaTTiIbl. J{is
3amycka Monynsl «AusbTaump» W 3amaca TorumBa A nonera Kk Jlyne NASA mpenmomnaraio
UCTIOJIb30BaTh pakeTy «Apec V» BbicoToi 118 M, cHOCOOHYIO BBIBECTH Ha OKOJIO3EMHYIO OpOUTY
188 1 rpy3a. Pakera «Apec V» nomkHa Obuia cTaTh OCHOBOH JIF00OM mporpaMMel nosneta Ha JIyHy
wi Mapce. (Xots pazpaboTka «Apeca» mpekpaiieHa, XOpouo ObiI0 Obl COXPaHUTh U3 MPOTPAMMBI
XOTb YTO-HUOYAb JIJIs 1ajbHEHIIero NCIOoNIb30BAHUS; PA3rOBOPHI 00 3TOM UAYT.)

IMocTosinnas JyHHas 0a3a

3akpeiB mporpammy Constellation, mpesupent OGama oOCTaBUI OTKPBITBIMH HECKOJBKO
BapuaHTOB. Kopabnbp «OpHOH», KOTOpBIA JOMKEH OBIT BHOBb JOCTAaBUTh aMEPUKAHCKUX
acTpoHaBTOB K JIyHe M 00paTHO, CTalu CUMUTaTh cHacareIbHbIM CPEICTBOM sl MexXIyHapoIHOM
KOCMMYECKOM cTaHiuu’. Bo3MoXkHO, B Oy/1yIieM, KOrja S9KOHOMUKA BOCCTAHOBUTCS MOCIE KPU3HCA,
Kakas-HUOyIb Jpyras aAMHHHUCTpAIUs 3aXO4eT BHOBb BEPHYThCA K JIYHHOW MporpamMme, B TOM
qucIe U K IPOEKTY CO3/1aHus JIyHHOM Oa3bl.

Co3nanue nocTOSTHHOW oOutaemoii 6a3pl Ha JlyHe HeH30eXHO BCTPETUT MHOXKECTBO
npernstcteuid. IlepBoe u3 HUX — Mukpomereoputsl. Ilockonbky Bo3nyxa Ha JIyHe HeT, KaMHH C
HeOa MasaloT Ha €€ MOBEPXHOCTh OeCHpPensTCTBEHHO. B 3TOM Jierko yOeauThesi, MpoCTo B3MISHYB
Ha TOBEPXHOCTh HAILIETr0 CIyTHHMKA, CIUIOUIb HCIEHIPEHHYIO CIENaMH JAaBHUX CTOJIKHOBEHHMH C
METEOpUTaMH; HEKOTOPBIM U3 HUX MUJUIAAP/IBI JIET.

MHoro net Ha3zal, Koraa s yuwics B YHuBepcutere Kamudopuuu B bepkiu, MHe n0Benoch
B3MJISHYTh HA 3Ty OMACHOCTh COOCTBEHHBIMU Ivia3amu. [IpuBe3eHHBIII acTpoHaBTaMH B Hauaje
1970-X IT. TyHHBIA TPYHT NPOU3BET B HAYYHOM MHUPE HACTOSLIYIO CEHCAlUo. MeHs NpUIIacuiu B
1a0opaTopuio, I1e 3aHUMAINCh aHAJU30M JIYHHOTO I'pyHTa MO MUKpockonoM. CHavana sl yBHeNn
KaMeHb — KaK MHE I0Ka3aJloCh, COBEPIIEHHO OOBIKHOBEHHBI KaMeHb (JIyHHbBIE MOPOJBI OYEHb
HAIllOMUHAIOT 3€MHbIE), HO CTOWJIO B3IVITHYTh B MUKpOCKOII... S Obu1 oTpsiceH! Bech kameHb ObL1
MOKPBIT KPOIIEYHBIMU METEOPUTHBIMH KpaTepaMu, BHYTPH KOTOPBIX MPOCMATPUBAIIUCH €lle Ooee
Menkue Kparepel. Hukornma mnpexnae s He BHAeT HHUYEro moaoOHoro. S moHsu, 4To B
6e3arMocepHOM MHpe Jake Mellpyaiiias MbUIMHKA, YIapuB co cKopocThio 6oibine 60 000 km/4,
JIETKO CIOCOOHa yOUTh — a €CJIM He YOUTh, TO MPOJBIPABUTH cKadaHap. (YUeHble NpencTaBisioT

1 O1o HeBepHO. [opsune ra3pl IPOHUKIN BHYTPh JIEBOTO Kpbta «KomymOum» u mocie nponomKUTEN»HOTO Harpesa
UMM ero npodHoctH. Kpsuto pedopmuposanocs, kopalilb MOTEPsT €IMHCTBEHHO NMPABWIIBHYIO OPHEHTALUIO IPH
TOPMOXXEHHH B BEPXHUX CIIOSX arMoc(epsl U ObII pa3pylIeH a3poIMHAMHYCCKHIMHU CHIAMH. ACTPOHABTOB HOT'YOHIIH
pasrepMeTH3anus 1 HeBEIHOCUMBIE ylapHbIe reperpysku. — [Ipum. nep.

2 B ¢despaxne 2010 r. axmuauctpanust O6ambl 00BsIBHIIA O MTOJTHOM 3aKkpbiTHU nporpammel Constellation, Brutouast u
kopabib «OpHOHY», OHAKO Y)K€ B ampeiie Coracuiach COXpPaHUTh ero B BapuaHte kopabis-cracarens misi MKC. B
2011 r. ObUT JOCTUTHYT KOHCEHCYC KacarelIbHO HEMEICHHOTO Havyajia (PMHAHCHPOBAHUS CBEPXTSDKENOro Hocuresst SLS
Ha 0a3e AIIEMEHTOB IMIaTTia U MPoRonKeHHs padot mo «Opuony» 6e3 popManbsHOTO 0OBABICHHUS IIeNei TepCIIeKTHBHON
NUI0TUpYyeMoi nporpammel. — ITpum. nep.



ceOe rpoMa/iHbIN yiepO, HAHOCUMBIH MHKPOMETECOPHUTAMH, TIOTOMY YTO OHHU MOTYT UMHTHPOBATh
CTOJIKHOBEHHMs ¢ HUMHU. B naGoparopusix cheuuandbHO Ui H3YYEHMs XapakTepa TaKux
CTOJIKHOBEHMH MMEIOTCS TPOMaJiHble MYIIKH, CHOCOOHbIE BBICTPENUBATh METAJUIMYECKUMHU
[IapUKaMy C TPOMaJHBIMU CKOPOCTSIMHU. )

OnHO M3 BO3MOXKHBIX peIIeHUl — MOCTPOUTH JYHHYIO0 0a3y Moja MOBEpXHOCThIO. M3BecTHO,
4yTO0 B JpeBHOCTH JlyHa Obula ByJKaHMYECKH aKTUBHA, M aCTPOHABTAM, BO3MOXKHO, YAAacTCs HallTu
JIABOBYIO TPYOKY, YXOASAIIYyI0 TIyOoKo mox 3emito. (JIaBoBble TpyOKH — clieibl JPEBHUX JABOBBIX
MMOTOKOB, BBITPBHI3ABIINX B TIYOWHE TMEMEpPOnogoOHbIe CTPYKTypbl W TyHHenu.) B 2009 r.
aCTPOHOMBI JECWCTBUTEIBHO OOHapyxwiu Ha JlyHe naBoByio TpyOKy pa3smepoM ¢ HeOOCKpeo,
KOTOpasi Moryia Obl MOCTYXUTh OCHOBOM ISl TIOCTOSIHHOM JTyHHOI 0a3bl.

Takass ecrecTBeHHas Memiepa Mora Obl 00ECIEYUTh AaCTPOHABTAM JCUIEBYIO 3alUTy OT
KOCMHYECKMX JIy4e€ld M COJIHEYHBIX BCHbIEK. Jlaxke BO BpeMsl mepernera ¢ OAHOr0 KOHIA
KOHTMHEHTa Ha Jpyroii (k mpumepy, u3 Hoio-Hopka B Jloc-AHmKenec) Mbl IOIBEpraeMcs
JNENCTBUIO paJualudyd C YpPOBHEM NPUMEPHO OAMH MWUIMOap B Yac (YTO 3KBUBAJEHTHO
PEHTTEHOBCKOMY CHHMMKY Yy crtoMmarosiora). Ha Jlyne panmanmss MOXKeT OKa3aTbCsi HACTOJIBKO
CWJIBHOM, YTO KWJIbIE TIOMEIICHUS 0a3bl MPHUAETCS pa3Melarh TITyOOKO MO MOBEPXHOCTHIO. B
YCIOBHSX, TZIe HET arMocdepbl, CMEpTENbHBINA JAOKIb M3 COJTHEUHBIX BCIBIIIEK M KOCMHYECKHX
JTy4yel MOoABEprHET aCTPOHABTOB MPSIMOMY PUCKY MPEkKIEBPEMEHHOTO CTAPEHHUS U JaXKe paka.

HeBecomocTh — TOXE MpoOiiemMa, 0COOEHHO NMpH JUIMTENBHBIX CpoKax. B TpeHHpoBouHOM
neatpe NASA B Kiusnenge, mrar Orailo, HaJ acTpOHaBTaMU IIPOBOASAT PAa3JIMYHBIE
SKCHEpUMEHThl. OOHaXIbl s BHUJAET, KaK IOJBEIICHHBI B TOPU30HTAJIbHOM IIOJIOKEHUM IIPU
MOMOIIM CHEIUAIbHON cOpyH HCIBITYeMbId Oeran Mo yCTaHOBJIEHHOW BEpTHUKAJIbHO Oerymieit
JIOPOXKKE. YUEHBIE MBITATUCH ONPEIEIUTh BEIHOCIUBOCTh CYOBEKTa B YCIOBHSIX HEBECOMOCTH.

[ToroBopuB ¢ Bpadamu n3 NASA, s MOHSII, YTO HEBECOMOCTh TOPa3a0 MeHee 0e300HIHa, YeM
KaxeTcss Ha mepBblii B3nAA. OaMH Bpad OOBSCHWI MHE, YTO 3a HECKOJBbKO JeCATHIICTHH
JUINTETIbHBIE TOJIEThl aMEPUKAaHCKUX AacTPOHABTOB M PYCCKUX KOCMOHAaBTOB B  YCJIOBHUAX
HEBECOMOCTH $ICHO IIOKAa3aJM: B HEBECOMOCTU B TE€J€ YEJIOBEKA MPOMCXOAST CYIIECTBEHHBIE
M3MEHEHUSs, JIerpaupyroT MbIIIEYHbIE TKAaHU, KOCTU M CEeplIeUHO-cocyaAucTas cuctema. Harie Teno
— pe3ylbTal MWIIMOHOB JIET pa3BUTHS B TIpaBUTAlMOHHOM Ioie 3emiu. B ycnoBuax
MPOAOJDKUTENIBHOTO HAXOXKIEHHsT B Oosiee ciaboM TIpaBUTALMOHHOM TI0J€ B OHMOIIOTMYECKHUX
npoleccax MPOUCXOAUT COOM.

Pycckue KOCMOHABTHI MOCJIE€ MPUMEPHO Trofa B HEBECOMOCTH BO3BpAIIAIOTCS Ha 3EMIIIO
HACTOJILKO CJIa0bIMH, YTO €Ba MOTYT MON3TH'. B KocMOCe Haxe MpH €XKEeIHEBHBIX TPEHUPOBKAX
MBIl aTPOPUPYIOTCS, KOCTU TEPSIOT KaJbILUH, a cepliedHo-cocyaucTas cucrema cinabeet. [locie
1oJeTa HEKOTOPBIM TpeOyeTcss Ha BOCCTAHOBIIEHHE HECKOJIBKO MECSIEB, @ HEKOTOPhIE M3MEHEHHS
MOTYT OKa3aTbcs U HeoOpaTuMbIMu. [lyTemecTBue Kk Mapcy MoXeT 3aHSTh JBa rofia, U aCTPOHABTHI
NPUIETAT HA MECTO HACTOJIBKO OciablIeHHBIMH, YTO He cMOryT paborarh. (OfHO U3 pelieHuil 3Toi
po0IeMbl — 3aKpyTUTh MEXIUIAHETHBIM KOpallib, CO37aB B HEM HCKYCCTBEHHYIO CHUITY TSXKECTH.
MexaHu3M 37€Ch TOT K€, YTO MPU BpAIICHUU BEAEpKa HA BEPEBKE, KOTJA BOAA HE BBUIMBAETCA U3
HEero Jake B TOJOKEHHWU BBepX AHOM. Ho 3TO odeHb AOpOro, motomMy 4TO JUIsl MOJIEepKaHHS
BpAalIeHUs OTPEOYETCs TsHKeas ¥ TPOMO3/IKasl TEXHHUKA®, a KaXIbIH (QYHT JOTOJIHUTENBHOTO BECa
O3HavaeT yBenudeHue ctoumoctu npoekra Ha 10 000 gomrapos.)

1 Hugero momob6Horo! Bo-nepBhIX, JeTaromue ceifdac BMECTe 10 MOIToAa PyCCKHe U aMepUKAHIIBI IPU3EMIISIFOTCS B
0OpOM 37ApaBHM M YK€ B JIeHb MOCAIKU CIOCOOHBI XOTS W C OMACKOW, HO XOAWTh. BO-BTOpPBHIX, TakuM ke OBLIO
COCTOSIHUE COBETCKHUX U POCCUHCKUX KOCMOHABTOB IIOCJIE PEKOPAHBIX MOJIETOB NPOJOJIKUTENLHOCTBIO 366 1 438 cyTOK,
TakK Kak pa3paboTaHHBIC y HAC CpeAcTBa OOPHOBI C BO3ACHCTBHEM (PaKTOPOB KOCMHUYECKOTO TIOJIETa JOCTATOYHBI U JIJIS
TaKuX CpOKOB. B-Tperbux, ensa moriu non3tu AHapusiH HuxonaeB u Butanuii CeBacTbsIHOB MOCj€ PEKOPAHOTO Jis
cBoero BpeMeHH 18-cyrounoro nonera Ha «Coro3e-9» B 1970 r., korna npakTHYeCKd HUKaKUX Mep NMPOQHIaKTHKH elle
He npuMensuiocs. — [Ipum. nep.

2 3akpyTka KopaOJis WJIM €ro 4YacTH BOKPYT OCH peajHu3yeTcs IOCTAaTOYHO IMPOCTO U IIOYTH HE Tpedyer
JIOTIONTHUTEIBHOTO pacxoa ToIumBa. J[pyroe nemo, 9to paboTars SKHUIMAXy B TAKUX YCIOBHIX MOXKET OBITh HE CIHIIKOM
yao6Ho. BripoueM, 3kcriepuMeHTaIbHBIX JaHHBIX Ha cei cueT (paktuaecku HeT. — Ilpum. mep.



Boaa na Jlyne

OnHO U3 HEIaBHUX OTKPBITUH MOXET CEPbE3HO MU3MEHUTH YCJIOBHS JTYHHOW Urphl: Ha JlyHe
0OHapyXeH IPeBHUM JIE/I, OCTABIIHIACS, BEPOSTHO, OT JABHUX CTOJIKHOBEHHUM ¢ komeTamu. B 2009 r.
nyusblil 3001 NASA nmon nazBanuemM LCROSS u ero pasronssiii Onok «lleHTaBp» Bpeszamuch B
Jlyny B paifone ee rokHOro moiroca. CKOPOCTh CTOJKHOBEHHsI cocTaBmia modtu 2500 m/c; B
pe3yibTaTe BEUIECTBO C MOBEPXHOCTH OBLJIO BHIOPOIIEHO Ha BHICOTY Oojiee KMIOMETpa M BO3HUK
Kpatep okojo 20 M B momnepedHuke. Tene3purenu, BEposSTHO, OBITM HEMHOTO pa304apOBaHbBI TEM,
YTO MPH CTOJIKHOBEHUHU HE OBbLIO 0OEIIAHHOTO KPaCHBOTO B3PHIBA, HO YYEHBIE OCTAJHCh JOBOJBHBI:
CTOJIKHOBEHHE TIOIYYHJIOCh BechbMa WH(MOpPMATUBHBIM. Tak, B BBIOPOIIEHHOM C TOBEPXHOCTH
BemiecTBe OblI0 oOHapykeHo okono 100 mutpoB Bompl. A B 2010 . mpo3Bydaso HOBOE
HIOKHpYIOIllee 3asBJICHHE: B IYHHOM MaTepuaje Bojia cocTasiseT 6onee 5 % Mo Macce, Tak 4To Ha
Jlyne, moxxanmyii, Baru 0oJbliie, 4eM B HEKOTOPBIX paiioHax Caxaphl.

OTO OTKpHITHE MOXET HMETh I'POMaJHOE 3HAu€HHUE: BIOJHE BO3MOXKHO, 4YTO Oynymiue
aCTPOHABTHI CMOTYT BOCHOJIb30BaThCS MOJTYHHBIMHU 3aJI€KaMU JIbJia ISl IPOU3BO/ICTBA PAKETHOTO
TomMBa (IyTeM H3BJIEUYEHHUS U3 BOJbI BOJOPOJA), AJIs JAbIXaHUS (IIyTeM IOJIy4eHHUs KUCIOpoAa),
JUTSL 3aUThl (TOCKOJIBKY BOJAA TOIVIONIAET PAgUAINI0) U JUIS MHUThs (€CTECTBEHHO, B OYHUIIEHHOM
BUjJE). Tak 4TO ATO OTKPBITHE MOMOXET COKPATUTh B HECKOJIBKO pa3 CTOMMOCTH Jit00O# JTyHHOI
MIPOTrpaMMBl.

[Tomy4yeHHBIE pe3ysbTaThl MOTYT O3HAYaTh TAKXKE, YTO MPH CTPOUTEIHCTBE U B JajJbHEUIIEM
npu cHaOxeHuH O0a3bl aCTPOHABTHI CMOTYT TOJBH30BATHCSA MECTHBIMH pecypcaMu — BOJOH U
BCEBO3MOXKHBIMU MUHEpaJIaMH.

CepeauvHa Beka
(2030-2070 rr.)

IMoser na Mapc

B 2010 r. mpe3unent O6ama, nocetuB Dmopuay, HE TOJIBKO OOBSBWI O 3aKPHITUU JIYHHOM
IIPOrpaMMbl, HO U MOJJIEpKal BMECTO 3TOro mojieT Ha Mapc u puHaHCHpOBaHNUE HEONPEAEIEHHOTO
MOKa TSDKEJIOTO HOCUTENs, KOTOPBIH CMOXKET KOrJa-HUOyIb JOCTaBUTh aCTPOHABTOB B JAJIbHUI
KOCMOC, 3a Ipezesibl JyHHOI opOuThl. OH HAMEKHYJ, YTO HaJeeTCs AOXKIAThCs THS — BO3MOXKHO,
rae-HuOyne B cepeaune 2030-X, — Korga aMEepUKaHCKHE acTPOHABTHI CTYISIT HA MOBEPXHOCTD
Mapca. Hekoroprie acTpoHaBThl, Kak ba33 Onmpun, ropsuo mojaepxainu mian O6aMbl, mpuyem
UMEHHO noToMy, uto JlyHy npemaranock npomyctuTb. ONJIpUH Kak-TO CKazajl MHE, YTO, pa3 Ha
Jlyne amepuKaHIIbI y)ke ObLIH, TENEpb HACTOSALINM JIOCTH)KEHUEM Oy/IeT TolIbKo nojieT Ha Mapc.

N3 Bcex nuaHer CoMHEYHOM CHCTEMBI TOJIBKO Mapc KaXeTcs IOCTaTOYHO IIOXOKHMM Ha
3emitio, TaM MoOTIJIa 3apOAMTHCS Kakas-To (popma xu3Hu. (Mepkypuii, oOxuraempiii CoiHIIEM,
BEPOSITHO, CIIMIIKOM BpakaeOeH, 4ToObl Ha HEM MOTJIA CYLIECTBOBATh KHM3Hb, KAKOH MBI €€ 3HAEM.
I'azoBeie Turantel — IOmurep, CarypH, Ypan u HentyH — CHOMIIKOM XOJOJHBI, YTOOBI
NOJAEPKUBATh KU3Hb. BeHepa — BO MHOIOM JBOMHMK 3€MJIM, HO Pa3Ty/ISBLIMICS MapHUKOBBIN
ahdexT caenan ycioBHs TaM MPOCTO aacKUMU: Temrieparypa gocturaetr +500 °C, coctosiias B
OCHOBHOM H3 yIIeKucioro raza armocgepa B 100 pa3 ruioTHee 3eMHOM, a ¢ HeOa JOXKIEM JIbET
cepHas kucioTa. [lonsITaBmKCh IPOryNATHCSA 110 BEHEPUAHCKON MOBEPXHOCTH, BBl 3aJI0XHETECH U
Oynere pa3aBiIeHbl HACMEPTh, a Ballld OCTAHKHU MPOXKAPSATCS U PACTBOPATCS B CEPHOI KHCIIOTE. )

Mapc, ¢ apyroii CTOpOHBI, KOT/Ia-TO OBLT IOBOJILHO BJIQKHOMW IIaHETOM. Tam, kKak Ha 3emiie,
ObUIM OKEaHbl U PEKH, JaBHO Mcue3HyBIIMEe. CerofHs 3To mpomMep3iias Oe3KH3HEHHAs MyCTbhIHS.
Bo3moxHO, OIHaKo, 4TO KOIma-T0O — MWIIMApAbl JIeT Ha3zag — Ha Mapce mnpouseraia
MUKPOXKU3HB; HE HMCKIIOUYEHO Jake, YTO M celyac rae-HuOyAb B TOPSYUX HCTOUYHUKAX IKHUBYT
OakTepum.

[Tocne Toro xak CIIIA TBepmo pemar ocymecTBUTh MUIOTHUPYEMYIO SKCIEAUIUI0 Ha Mapc,



Ha ee peanmuszaiuio yiaer eme 20-30 sner. Ho Henmb3s He OTMETUTH, U4TO M j00parhcsi 10 Mapca
YeJIOBeKy OyneT ropaszmo TpyaHee, yem g0 Jlyael. Mapc mo cpaBHenuro ¢ JlyHO — 3TO
Kaue€CTBEHHBIN CKa4OK CI0KHOCTH. Jlo JIyHBI MOJKHO foneTeTh 3a Tpu 1HA — 10 Mapca npuaercs
JIOOMpaTHCS OT MOTYToa JI0 TO/a.

B utone 2009 1. yuenoie NASA NpUKUHYIIH, KaK MOXKET BBIVISIIETh peajbHas MapCHAaHCKasl
skcriequiisa. OKOJIO IIECTH MECAIEB acTpOHABTHI OyayT JeTeTh K Mapcy, 3areM mpoBeayT 18
MecsleB Ha KpacHoll 1uiaHeTe, 3aTeM elle ECTh MECALIEB YUIET Ha BO3BpaLICHHE.

Bcero x Mapcy mpuaercs ornpaButTh okoino 700 T obopymoBaHus — 3TO OoOsbIle Yem
MexayHapoaHas KoCMUYecKas cranius neHoi 100 mipa goswiapos'. YToObl COKOHOMHTD Ha TIHILE
U BOJIE, BO BpeMsl IyTeliecTBHsI U paboThl Ha Mapce acTpoHaBTaM MPUIETCS OYHUILATh COOCTBEHHbBIE
MPOJYKTHI )KU3HEACITEIBHOCTH M MCIOIBb30BaTh UX Ui ynoOpeHus pactenuil. Ha Mapce HeT HM
KHUCTIOpOJia, HU TMOYBbI, HU BOJbI, HU XUBOTHBIX, HU PAaCTEHHI, MO3TOMY BCE MPHUJETCS BE3TH C
3emin. MeCTHBIMH pecypcaMu BOCIOJIb30BaThCsl He yaactes. ATMocdepa Mapca MouTH IETUKOM
COCTOUT M3 YIJIEKUCIIOTO ra3a, a arMocepHOe JaBJIeHHE cocTaBisieT Bcero 1 % 3emHoro. Jlrobas
npopexa B ckadanpe Oyner o3HauaTh OBICTPOE MaJCHUE IaBICHUS U CMEPTh.

Oxcneaunust OyneT HAaCTONBbKO CIOXKHOM, UTO ee MpHIETCs pa30UTh Ha HECKOJIBKO 3TaIoB.
[TockonbKy BE3TH TOIJIMBO HA OOPATHBIHN IMyTh ¢ 3eMJIU ObLIO OBl CIMIIKOM J0POro, HE UCKIIIOUEHO,
yro Ha Mapc mnpuaercs OTHOPaBUTh OTAEIbHYIO pakeTy C TOIUIMBOM JJiss  J103alpaBKH
MeXIUIaHeTHoro amnmnapara. (Minm, ecam U3 MapCHaHCKOIO JibJa MOYKHO W3BJIE€Yb J0CTATOYHO
KHCIIOpOJIa ¥ BOAOPO/IA, MOXKHO OyJeT UCII0JIb30BaTh B KAYECTBE PAKETHOTO TOIJIMBA UMEHHO HX.)

Job6paBimmce 10 Mapca, acTpoHaBTaM, BEpOSTHO, TPHUAETCS HECKOIbKO Heelb
a/IalTUPOBAThCS K KU3HU Ha Apyrod rutanere. L{Mki 1HA ¥ HOYM TaM PUMEPHO TakKoH ke, KaK Ha
3emiie (MapcHaHCKUE CYTKH YyTh JIOJIbILIE M COCTaBIAIOT 24, 6 yacoB), a BOT rojg Ha Mapce BIBoe
JUIMHHEE 3eMHOro. Temmeparypa MOYTH HHUKOT/Aa HE MOAHMMAETCS BBIILE TOYKU 3aMmep3aHus. Tam
OymIytoT *ecTokue neuieBsle Oypu. Ileckn Ha Mapce Menkue, Kak Tajlbk, a MblJIEBbIe Oypu HEpeIKo
OXBaTHIBAIOT BCIO IUIAHETY.

TeppadopmupoBars Mapc?

[Ipenmonoxum, 4To K cepeuHEe BeKa acCTPOHABTHI MOOBIBAIOT HA Mapce U OpraHu3yroT Tam
npuMuTHBHYIO 0a3y. Ho storo mano. BooOrie roBopsi, uenoBeyecTBO HaBepHsKa OyleT BCEpbes
paccmarpuBarh MPOEKT TeppadopMupoBaHus Mapca — MpeBpalleHus: ero B 6osiee NpUATHYIO s
JKU3HU TU1aHeTy. PaboThl 10 3TOMYy MPOEKTY HaYHYTCS B JIydllleM ciiydae B camoM KoHie XXI Beka,
CKOpee Jjake B HayaJle CIEAYIOIIETO.

Vxe ceifuac yuyeHble YCIENIM paccMOTPETh HECKOJIbKO CHocoOoB caenate Mapc OGonee
TOCTETIPUUMHBIM MeCTOM. BeposiTHO, mpocTeimmii u3 Hux — 100aBuTh B arMocdepy Kpacnoit
IUTAaHETHl METaH WM JPYrol MapHUKOBBIA ra3. MetaH — Oosiee MOIIHBIA MApHUKOBBIN ra3, 4yem
JIBYyOKHCH yTIIepoAa, TaK 4YTO MeTaHoBas arMocdepa OyAeT yaep:KWBaThb COJHEUHBIM CBET U
IIOCTETNIEHHO HArpeBaTh IIOBEPXHOCTh IUIaHETHL. TeMmmeparypa NOAHMMETCS BBIIIE TOYKH
3amep3anuda. Kpome meTaHa, B kKadecTBe BaApUAaHTOB pacCMaTPUBAIOTCA U JIPYTHe MapHUKOBBIE T'a3bl,
TaKHe KaKk aMMHUaK U (PEOH.

Kak Tonpko Temmeparypa MOWIET BBEpX, HAYHET — BIEPBbIE 3a MUJUIMAP/BI JIET — TasATh
BEUHas Mep3J0Ta, OJarogaps 4eMy pedHble pyciia BHOBb HamoiHATCS Bogoid. Co BpeMeHeM, Korja
arMocgepa craneT Oosiee III0THOM, Ha Mapce MOTyT BHOBb 00pa30BaThCs 03€pa U Jlake okeaHbl. B
pe3ynbTare BBICBOOOIUTCS elle 0OoJIbIle YITIEKUCIIOTO ra3a — BO3HUKHET MOJIOKUTENbHAast oOpaTHas
CBSI3b.

B 20091. Obuto oOOHapyXeHO, YTO C TIOBEPXHOCTH Mapca eCTEeCTBEHHbIM 00pa3oM
BbIJIENIACTCS MeTaH. VMICTOYHMK 3TOro rasa mo-mpexHeMy ocTaercs 3araakod. Ha 3emne meran

1 Dra nomynapuas ounenka croumocty MKC HeBepHa, Tak Kak B Hee MCKYCCTBEHHO BKIIIOUEHBI 3aTpaThl Ha BCE
MOJIETHI IIATTIOB 3a IEPUOJ €€ CTPOUTEIbCTBA M 3KCIUTyaTaluu. IIpoekTupoBaHME M H3TOTOBJICHHE KOMIIOHEHTOB
CTaHIINY, HAYJHOH almaparypsl, a TAKXKE yIPaBJICHHUE ITOJIETOM OLICHHUBAIOTCS CeHYac MPUMEPHO B 58 MIIpJ I0IIapoB 3a
moutu 30 met (1984-2011). — Ipum. mep.



BO3HMKAE€T B OCHOBHOM IpU THHUEHWU OPraHUYECKHX MaTepHajioB, HO Ha Mapce OH MOXET ObITh
MOOOYHBIM MPOAYKTOM KaKHX-TO T€OJIOTMYECKUX IMpoleccoB. Ecnu ydeHbIM yIacTcsi YCTaHOBHUTH
MCTOYHHUK 3TOTO Tasa, TO, MOXET OBbITh, yNAaCTCS M YBEIMYUTH €r0 BBIXOJ, a 3HAYUT, U3MEHUTDH
arMocdepy MIaHETHI.

Eme onHa BO3MOXHOCTP — HampaBUTh B armocdepy Mapca kometry. Ecnm ymactes
MEePEXBaTUTh KOMETY JIOCTaToyHo Aajieko oT CoiHIa, Aa)ke HeOONbIIOro BO3AEUCTBUS — TOMYKA
CHELMAJIBHBIM PAKETHBIM JIBUraTeJEM, CTOJIKHOBEHHS IO HYKHBIM YIJIOM C KOCMHYECKUM
anmapaToM WIH Jake MPOCTO IPABUTAIIMOHHOTO MPUTSHKEHUS 3TOTO afmapaTa — MOXKET 0Ka3aTbes
JIOCTATOYHO, 4YTOOBI HYXHBIM 00pa3oM H3MEHUTh OpPOUTY KOCMHYECKOTO CKHUTaibla. KomeTb
COCTOSIT B OCHOBHOM U3 Bonbl, U B ConHeyHoW cucteme ux Hemano. (K mpumepy, siipo koMeTsl
lannes mo ¢gopMe HaOMHMHAET apaxUCOBBIM operiek okoso 30 KM B MOMEPEYHUKE U COCTOUT B
OCHOBHOM U3 JbAa U kKamHsl.) [lo mepe mpubnmkenus kK Mapcy koMeTa HauHET UCIBIThIBATh TPEHHUE
00 armochepy M TOTHXOHBKY pa3pylIaThCsi, BHICBOOOXKIash BOXYy B BHJAE Mapa B arMocdepy
IUTAHETHI.

Ecnu noxpxonsmield KOMeThl He HalAeTCsl, MOKHO OyJeT 3a/1efiCTBOBaTh BMECTO Hee OJIHY W3
nengHpix ayH HOnwurepa umm, ckaxkeMm, coaepiKallui jen actepoun, Takoil kak Llepepa (ydenbie
cuuTalT, uto oHa Ha 20 % cocrtouT u3 Boxbl). KoHeuHo, JNyHY WM acTepou;l TpynHee Oyaer
HalpaBUTh B HY)XHOM HaM HalpaBlIeHHM, IOCKOJIbKY, KaK IpaBWJIO, TaKhe HeOeCHble Tesa
HaXo#iATCsd Ha CTaOWIbHBIX oOpOuTax. A Janblle JBa BapuaHTa: MOXHO OyleT OCTaBUTH
MIPUBEJICHHYIO KOMETY, JIYHY WJIH acTepou Ha opoute Mapca U 1o3BOJIMTh MEIJICHHO pa3pylliaThCs,
BBICBOOOJK/1as BOJISIHOM map B aTMocdepy, Wi 0OOpyIIUTh 3TO HEOECHOE TEJIO Ha OHY U3 MOJIAPHBIX
marnok Mapca. Ilonspasie obmactu KpacHoil TutaHeThl TPENCTaBIAIOT COO0OM 3aMOPOKCHHBIN
YIJIEKUCIIBIM ra3, UCUE3alOIUN B JIETHUE MECSLBI, U JIE], COCTABISIIOIIMI OCHOBY M HHKOIZA HE
Taromuil. Eciy komeTa, JTyHa Wiiu acTepou]l ynaayT Ha JISASHYIO MIANKy, BRICBOOOIUTCS] TPOMAIHOE
KOJIMYECTBO PHEPTUH U CyXoi jes ucnaputcs. [lapHukoBbIif ra3 nmonager B atMocdepy U YCKOPHUT
npouecc miodalbHOrO moTeruieHuss Ha Mapce. B 3ToM BapuaHTe Takke MOXET BO3HUKHYTh
MOJIOXKUTENIbHAST 0OpaTHas CBsi3b. UeM Oobllle YITIEKHCIOro ra3a BRICBOOOIUTCS U3 MPUTIOISPHBIX
oOnactell MiaHEeThl, TEM BBILIE MOJHUMETCS TEMIIepaTypa M, CII€IOBaTEIbHO, BHICBOOOIUTCS €Il
OoIbIIIe YITIEKUCIIOTO Ta3a.

Eme oaHo mpennoxeHne — B30pBaTh Ha MOJSPHBIX JIEASHBIX LIANKaX HECKOJIBKO SIE€PHBIX
60om0. HerocTaTok Takoro MeTo/ia O4€BH/ICH: HE UCKIIFOUYEHO, YTO BHICBOOOXKICHHAS BOJIa OKAXKETCS
paanoakTUBHOM. T MOYKHO MOMBITaThCS MOCTPOUTH TaM TEPMOSAEPHBINA peakTop, KOTOpHIi Oyrer
TUTaBUTH JIE/l IPUTIOJISIPHBIX 00acTel.

OCHOBHBIM TOIIJTUBOM JJIsl TEPMOSIJIEPHOTO PEAKTOPA CIYKUT BOJA, @ 3aMOPOKEHHON BOJIbI Ha
Mapce gocrarouHo.

Korna temmeparypa mojgHMMETCS BBIIIE TOYKHM 3aMEp3aHUs, HAa MOBEPXHOCTH 00pazyroTcs
MEJIKHE BOJOEMBI, KOTOpPbIE MOXKHO OyJIeT 3acelluTh HEKOTOPHIMU (POpMaMHU BOJOPOCIEH, KOTOPhIE
Ha 3emuie MpeKpacHo cedst UyBCTBYIOT B AHTapkTuke. AtMocdepa Mapcea, Ha 95 % cocTosmas u3
YIJIEKUCIIOT0 Ta3a, UM, BEPOSTHO, MOHPABUTCSA. MOXKHO TakXKe TeHETHYECKH MOAU(DUIIMPOBATH
BOJIOPOCIH, YTOOBI 00€CTeYnTh MaKCHUMaJbHO OBICTpPBIM HMX pocT. Bomoembl ¢ BomopocismMu
YCKOPAT TeppagopMUpOBaHHE B HECKOJIBKHUX OTHOIICHUsAX. Bo-mepBeix, Bomopocian OyayT
IpeBpallaTh yIIEKUCIbIA Ta3 B KUCIOpoa. Bo-BTOphIX, OHM M3MEHSAT LIBET MoBepxHOCcTH Mapcea u,
COOTBETCTBEHHO, €ro OTpaXkaTelbHYI0 CHOCOOHOCTb. bonee TemMHass MOBEpXHOCTh CTaHET
MOMJIOIIATh OOJIBIIE COTHEUHOTO M3My4YeHUs. B-TpeTbuX, MOCKOIbKY pacTH BOAOPOCIH OyayT caMu
no cebe, 0e3 BCAKOW MOCTOPOHHEW IMOMOINM, Takoil croco0 M3MEHHTh OOCTAHOBKY Ha IUIaHETe
OyleT OTHOCHUTEIBHO JELIEBbIM. B-ueTBepThIX, BOAOPOCIM MOXKHO HCHONb30BaTh B mumly. Co
BPEMEHEM TAKHE 03€pa C BOAOPOCISAMU CO31aAyT NOYBEHHBIN CIOM M MUTATENIBHBIE BEIIECTBA; S TUM
CMOTYT BOCIIOJIb30BaThCsl paCTEHUS, KOTOPBIE elle OO0JIbIIe YCKOPSAT BBIPAOOTKY KHCIOpPO/a.

VY4eHble pacCMaTPUBAIOT TAKXKe BO3MOKHOCTb OKPYXXHTh Mapc CIIyTHHKaMH, KOTOpbIE OyIyT
coOMpAaTh COJTHEUHBIN CBET U HAIIPABIIATh €0 HA MOBEPXHOCTH IJIaHeThl. He uckioueHo, 4To Takue
CIIYTHMKH Ja)k€ caMH Mo ce0e CMOTyT MOJIHATh TEeMIIepaTypy Ha MOBEpXHOCTH Mapca 10 TOUKH
3aMep3aHus U Beile. Kak TONbKO 3TO MPOM30MAET W HAYHETCs TasHHWE BEUHOIN MEp3JOThl, Janblie



u1aHeTa OyJeT pa3orpeBaThCcs cama, eCTECTBEHHBIM 00pa3oM.
IKOHOMHUYECKAS BbIToaa?

He crout nurtats WUIIO3UN U JyMaTh, 4YTo KosoHu3auus JlyHsl 1 Mapca cpa3y ke MpUHECET
YeJloBeueCcTBy HecueTHble skoHomuueckue 6mara. Korga Konym6 B 1492 r. ormiein B HoBwiii Caer,
TEM CaMbIM OH OTKpBUI JOCTYH K HEBHJAHHBIM B MCTOpUM COKpoBHIIaM. (OueHb CKOpO
KOHKHCTAJIOpbl HayaJld MPHUCHUIaTh U3 BHOBH OTKPBITBHIX MECT Ha POJIMHY 30J0TO, HarpabjaeHHoe y
MECTHBIX MHJEHIEB, B TIPOMAJHBIX KOJIMYECTBAX, a IIOCEJIEHIbI — IIEHHOE CBhIpbE U
CEeJICKOXO03SIICTBEHHBIE MPOYKTHI. 3aTpaThl Ha dkcnieauiini B HoBeiit CBeT Oosiee 4eM OKynaiauch
HECMETHBIMU COKPOBHIIIAMH, KOTOPbIE MOYKHO OBLIO TaM 00pecTH.

Ho xonmonum Ha Jlyne m Mapce — neno mHoe. Tam HeT BO3ayxa, KHUJIKOHM BOIBI WA
IUIOJIOPOJIHOM TOYBBI, TaK YTO BCE HEOOXOAMMOE MPUIETCS JOCTaBIATh ¢ 3eMJIM pakeTaMmu, a 3TO
HEeBeposATHO naoporo. bomee Toro, B komoHuszaumu JlyHbI, TO KpailHeil Mmepe B Omkaiiieit
NEepCHEeKTHBE, HET 0COOOro BOEHHOro cMbicia. YToOsl gobparbest ¢ 3emnu Ha JIyHy uiu oOpartHo,
TpeOyeTcs B CpelHEM TPOE CYTOK, a siiepHasi BOWHA MOXKET HauyaThCsl U 3aKOHYUTHCSI BCETO yaca 3a
MOJTOpa — C MOMEHTa 3allycKa MEpPBBIX MEXKOHTHMHEHTAJIBHBIX OalTUCTUYECKUX PAKEeT U JI0
nocyieHUX B3pbIBoB. Kocmuueckas kaBanepus ¢ JlyHbI IpOCTO HE ycIieeT NPUHATh CKOJIbKO-HUOYAb
peanpHOE y4yacTue B coObITHSX Ha 3emie. BenenctBue storo Ilentaron He ¢puHaHCHPYET HUKAKHX
KPYIHBIX ITPOrpaMM Mo MUIUTapu3auuu JIyHsl.

OTO 03HaydaeT, YTo Jr00ble KpymHOMAcIITaOHbIe ONEpaIlii O OCBOSHHIO MHBIX MUPOB OYyIyT
HampaBiieHbl Ha Oyaro He 3eMiIM, a HOBBIX KOCMHUYECKMX KojoHmi. KomoHucTam mnpumercs
JOOBIBaTh METAIUIBI M JIPYTHE IMOJIe3HbIE UCKOMAaeMble Il COOCTBEHHBIX HYXJ, TOCKOJIBKY BO3UThH
ux ¢ 3emud (7@ ¥ Ha 3eMITIO TOXKE) CIIHMIIKOM J10poro. J[oObua Moje3HbIX MCKOMAEMBIX B IOSICE
aCTEpOMJIOB CTAHET YKOHOMUYECKH BBITOJHON TOJIBKO NMPU HAIUYMHM CaMOJOCTAaTOYHBIX KOJIOHH,
KOTOpbIE CMOTYT CaMH HCIIOJIb30BaTh JOOBIThIE MaTepHallbl, a 3TO MPOU30MIET B JyYIlIeM cllydyae B
CaMOM KOHIIE 3TOTO CTOJIETHSI WJIH, UTO Oojiee BEPOSTHO, TIO3KE.

KocMmuueckuii Typusm

Ho xorma oObIuHBIN TpaKJaHCKHUHM YE€ITOBEK CMOXKET MOJIETETh B KocMoc? HekoToprie yueHsle,
takue Kak mnokoiHb Jlkxepapn O’Hein(Gerard O’Neill) u3 IIpuHCTOHCKOTO YHHBEpPCHUTETA,
MeuTajJd 0 KOCMMYECKOM KOJOHWUHU B BUJE TMTAHTCKOTO KoJieca, IJe Pa3MECTITCS KUJIble OTCEKH,
($abpyKy TO OUMIIEHUIO BOJBI, OTCEKH JUIsl pEreHepauuu Bo3ayxa U T. . CMBICT TOAOOHBIX
CTaHIIMA — B pemieHuH mpoliemsbl nepeHaceneHus. Omnako B XXI Beke MBICIh O TOM, 4YTO
KOCMUYECKHE KOJIOHHM MOTYT PEUIMTh WM XOTA OBl OONErduTh 3Ty HpoOIeMy, MO-TIPEeKHEMY
ocranercs ¢antazueit. Jlis OONBIIMHCTBA TPEACTABUTENCH deloBedYecTBa 3eMis  Oymer
€IMHCTBEHHBIM JIOMOM €11 110 kpaitHeil mepe Ha 100-200 ner.

OpHako CyHIECTBYET BCE K€ CIOCO0, IMPU MOMOUIM KOTOPOrO OOBIYHBIM YeIOBEK MOXKET B
caMOM JieJie TIOJIeTeTh B KOCMOC: B KayecTBe TypHcTa. Hamumice mpennmpuHuUMAarenu, KOTopble
KpuTukytoT NASA 3a cTtpamHyio Hed()PEKTHUBHOCTh U OIOPOKPATHIO M TOTOBBI CaMU BIIOKHTH
JEHbId B KOCMHMYECKYIO TEXHHKY, CUHUTas, YTO PHIHOYHbIE MEXAaHU3MBI IOMOTYT YaCTHBIM
WHBECTOpPaM CHHU3UTHh CTOMMOCTh KOCMHYECKHX myTemiecTBuii. bept Pyran (Burt Rutan) m ero
MHBECTOPHI yke Beiurpanu 4 oktsi0pst 2004 r. mpu3 Ansari X Prize B 10 MuiH goi1apoB, 3amyCcTUB
cBoil SpaceShipOne nBaxnbl B TE€UEHHE NBYX HEJENb Ha BBICOTY uyTh Oosbmie 100 kM Hax
MOBEPXHOCThI0 3eMin. SpaceShipOne — mepBbIil pakeTHBI KOpaldib, YCHEIIHO COBEPLIMBILUI
MyTEIIECTBUE B KOCMOC Ha 4acTHbIe JIeHbru. Ero paspaboTka obOonuiach MpUMEpHO B 25 MITH
nomnapoB. [lopyuurteneM mpu ModydyeHMHM KPEOUTOB BBICTYNMI MuuiHapaep u3 Microsoft [Ton
Annen (Paul Allen).

B HacTosiiee Bpemst IOYTH TOTOB KOCMUYECKHH Kopabns SpaceShipTwo. Pyran cumnraer, 4ro
OYEHb CKOPO MOXKHO OyJeT HayaTh HCIBITAHUSA, IOCJIE 3aBEpPLICHHUS] KOTOPBIX KOMMEpUECKHUil
KOCMUYECKHI KOpabib CTaHeT peajbHOCThI0. Muumapaep Puuapn Bpsncon u3 Virgin Atlantic



coznan komnanuto Virgin Galactic ¢ kocmonpomom B Helo-MeKCHKO M JUIMHHBIM CIIMCKOM JTOIEH,
rotoBeix notpatuTh 200 000 monmapoB Ha peaau3alvio JaBHEH MEUTHI O ToJieTe B KocMoc. Virgin
Galactic, koTopasi cTaHeT, BEpOSITHO, NIEPBOI KPYIHOM KOMIaHMUEH, Mpelaraioneii koMMepyeckue
MOJIETHI B KOCMOC, YK€ 3aka3zana TsiTh Kopabmedt SpaceShipTwo. Ecmu Bce molizmer, kak
IUTAHUPYETCS, CTOMMOCTb KOCMUYECKOTO ITyTEIIECTBUSI YIIaAET pa3 B IECATh.

Ha SpaceShipTwo wncronp3oBaHO HECKOIBKO CIMOCOOOB CIKOHOMUTH. BMECTO TOro 4TOOBI
UCIIOJIb30BaTh IT'POMAJHbIE PAKETBI-HOCUTENH, ITPU3BAHHBIE 3aKHU/IBIBATH MOJIE3HBIA IPy3 B KOCMOC
HENOCPEeACTBEHHO ¢ 3emiin, PyTan nmomeraer cBoil kKocMUYeCKHii KOpallib Ha CaMOJIET U Pa3roHsET
IIPY TOMOIIY OOBIYHBIX aTMOC(EPHBIX PeaKTUBHBIX JBUTaTenei. [Ipu 3ToM B peaenax arMocgepsl
UCIIOJIb3yeTCS KHUCIOpPOJ. 3aTeM Ha BBICOTE OKOJO 16 kM Hanx 3emiiell kopalOib OTAeNsieTcsl OT
camoJieTa W BKJIIOYAaeT COOCTBEHHBIE PEaKTHBHbBIC IBUrareilv. BBINTH Ha OKOJO3EMHYIO OpOUTY
KOpalJib HE MOKET, HO MMEIOIIETOCs] Ha HEM 3araca TOIIMBa XBaTaeT, uToObl moaHsAThes Ha 100 ¢
JMIITHUM KHJIOMETPOB HaJ TMOBEPXHOCTHIO 3eMJIM — Tyla, IJIe MOYTH HET arMocdepsl W IJe
MacCaXMpbl MOTYT YBUIETb, KaK HEOO MOCTENEHHO CTAHOBUTCS YEpHBIM. /[BuUrarenu crocoOHbI
pa3orHarb kopalib /10 CKOPOCTH, COOTBETCTBYIOIIEH M=3, T. €. 10 TpPEeXKpaTHOM CKOPOCTH 3BYyKa
(oxomo 3500 km/4). ITOrO, KOHEUHO, HEAOCTATOYHO, YTOOBI BBIBECTH €r0 Ha OpOUTY (37€Ch, KaK yxke
rOBOPWJIOCH, HYXHa CKOpocTh He MeHee 28 500 km/4, 4TO COOTBETCTBYeT 7, 9 KM/c), HO MAJs
JIOCTaBKU MAacCaKUPOB Ha KPOMKY 3€MHOM aTMocepbl M OTKPHITOTO KOCMOCa XBaTHUT. BromHe
BO3MO)KHO, YTO B caMOM OnrkaiiiiieM OyayIieM TYpUCTHYECKHUN MOJIET B KOCMOC OyZleT CTOUTh He
Oombiie, ueM cadapu mo Adpuke.

(Onnako 4ToOBI OONETETH BOKPYT 3€MIJIM, BaM MPHJETCS 3alUIaTHTh Tropas3lo OoJiblie U
COBEpUIMTh TOJET Ha OOpPT KOCMHMYECKOM CTaHIMH. S OAHaXAbl CIPOCHI MUWUIMApAepa W3
Microsoft Yapns3za CumoHBH, B Kakylo cymmy oborencs emy owiner Ha MKC. B cooOmenusx
npecchl Menbkana mudpa 20 miuH mommapoB. OH OTBETHJI, YTO HE XOTeN Obl HA3bIBaTh TOUHYIO
CYyMMY, HO YTO Ta3eTHbIE OTYEThI OMIMOAIOTCS HE CUIIbHO. EMy Tak mOHpaBMIIOCH B KOCMOCE, YTO
HEMHOTO I03X€ OH CJIeTall Ha CTaHIUIO enle pa3. Tak 4To KOCMUYECKU TYypHU3M, J1aXe B HeJJaJIeKOM
Oynyiiem, OCTaHeTCsl IPUBWIETHEN JII0iel BeChbMa COCTOSITEIbHBIX. )

B cenra6pe 2010 . KOCMHYECKHI TypH3M MOJYYWJ JONOJTHUTEIBHBIM CTUMYA B JIUIE
Koprniopauuu Boeing, koTopast 00bsBHIa O CBOEM BBIXOJI€ Ha ATOT PHIHOK U 3aIUIAHUPOBAJa NEPBbIe
MOJIETHI JUIsl KOCMUYECKUX TYpHUCTOB yke Ha 2015 . DTo BHOJHE COOTBETCTBOBAJO OBl IJIaHAM
npe3usieHTa OGambl Iepeaars NUIOTUPYEMYI0 KOCMOHABTUKY B 4YacTHble pyku. Ilman Boeing
MIPELYCMaTPUBAET 3alyCKM K MexXIyHapOqHOW KOCMHUYECKOM CTaHIMM ¢ KOCMOJPOMa Ha MBICE
KanaBepan Kamcynbl € 4eTHIpbMS WIEHAMM OHKUNaXa M TpeMs CBOOOJHBIMH MeCTaMH JUIs
KocMHuueckux TypucTtoB. OnHako Boeing nocraroyHo mnpsMo BbICKazasics O (PMHAHCUPOBAHUU
YaCTHBIX ~ KOCMHYECKHMX  IPOEKTOB:  OONBIIYI0O  4acTb  JIeHer  NpUAeTcs  3aljiaTuTh
HaJIOTOIUIATENbIIUKaM. «JTO HEHaJeXHbIH pBIHOK, — ToBOpUT JIkoH Onbon (John Elbon),
PYKOBOJIUTENb MPOrpaMMbl KOMMEPYECKUX KOCMHUYECKHUX 3amyckoB. — Eciau Obl Ham IpH Bcex
uMeronmxcs (pakropax pucka MpHILIOCh paCCUUTHIBATh TOJIBKO Ha cpeicTBa Boeing, Mbl He cymenu
ObI YCTIELTHO 3aBEPIUIUTD JAETIO».

TeMHBI€e JOIIAAKH

Upe3BpluaiiHO  BBICOKas  CTOMMOCTb ~ KOCMHMYECKHMX  IIYTECLIECTBUM  CHEPKHUBAET U
KOMMEPYECKUH, U HAYYHBIN MPOrpecc, TaK 4TO YEIOBEYECTBO B HACTOSIIMKA MOMEHT HYKIAE€TCSA B
COBEPILIEHHO HOBOM, peBOMIOIIMOHHON TexHomoruu. K cepeinne Beka yueHble U UHXKXEHEPbI JOKHbI
JIOBECTHU JI0 yMa HOBBIE PAKEThI-HOCHUTEINN, YTOOBI CHU3UTh CTOUMOCTh 3aITyCKOB.

Ousuk Opumen [[alicoH BBIIEIWI CPEAU MHOXKECTBA NPEMIOKEHUN HECKOJIIBKO TEXHOJIOTHM,
KOTOpbIC B JIaHHBIH MOMEHT TPOXOIAT CTAIUI0 SKCIIEPUMEHTA, HO KOTna-HUOYIb, BO3MOXKHO,
CIETAIOT KOCMOC JOCTYIHBIM JlaXe NIl OOBIYHOTO uenoBeka. Hu olHO M3 ATHX MpenIoKEeHUN He
rapaHTUPYyeT ycrexa, HO B CIy4ae yAaud CTOMMOCTH JIOCTaBKM I'PY30B B KOCMOC PE3KO yHaeT.
IIepBoe U3 3THX NPEITIOKEHUN — JIa3EPHBIE CUCTEMBI PEAKTUBHOM TATH: MOLIHBIN JIA3€PHBIA JIyd
OT BHEITHETO UCTOYHHUKA (K MpUMeEpy, ¢ 3eMJIN) HAMpPaBIseTCs HA OCHOBAHHUE PAKETHI, T BBHI3BIBACT



MUHH-B3pBIB, ylapHas BOJIHA KOTOPOTO W TPUBOAUT pakeTy B JBHKeHHe. CTaOMIbHBIA MOTOK
Ja3epHbIX UMIYIBCOB HCMApsieT BOAY, M MOJYYMBLIMIICS Map TOJKAaeT pakeTy B KocMoc. [TaBHOe
IIPEUMYIIECTBO JIA3€pPHOTO PEAKTUBHOIO [BUTATENsl COCTOMT B TOM, YTO DJHEPrus sl HEro
MOCTYNAEeT U3 BHEUIHEr0 MCTOYHMKA — CO CTAI[MOHApHOro Jiazepa. JlazepHas pakeTa Mo CymecTBy
He HeceT TommBa. (B mpoTuBoBec 3TOMY XMMMUYECKHE PAaKEThl 3HAUUTENBHYIO 4acTb SHEPTUU
TPATAT Ha MOABEM U TPAHCIOPTHUPOBKY TOIUIMBA IS CBOUX e JIBUTATENei.)

TexHONMOTUsl Ja3epHOTO PEaKTHUBHOIO JBIDKEHHsS Yyxe ObUla TNpPOJEeMOHCTPUPOBAHA B
nabopatopuu, rae B 1997 . mpomnuia ycnernrasie ucneitanus moaenu. Jleiik Mupa6o (Leik Mirabo)
u3 PeHcCenepoBCKOTO TONTHTEXHHYECKOTo MHCTHTYTa B Hblo-Mopke cosman paGoumii mpoToTHIn
1oJ00HOM paKeThl U Ha3Baj €ro AEMOHCTPATOPOM TEXHOJIOTMH cBeTOKopabis. OfHa U3 NEPBBIX €T0
jeraronmx Mojeneil Becwsia 50 rpaMMOB M NpeACTaBisIa cOOOM «Tapeiky» AMaMETPOM OKOJIO
15 cm. Jlazep momHOcThIO 10 KBT reHepupoBai cepuro Ja3epHbIX B3PHIBOB B OCHOBAHUM PAKETHI;
BO3/1yILIHbIE YJJapHBIE BOJHBI Pa3TOHSIM €€ ¢ YCKOPEHUEM 2 g (Y4TO BIBOE MPEBOCXOAMUT YCKOPEHUE
cBOOOJIHOTO Ma/ieHus1 Ha 3eMJjie U COCTaBIsIeT npuMepHo 19, 6 M/c2) u 3BykaMu, HaIOMUHAIOLITUMU
aBTOMaTHble ouepenu. CBetopakeTsl Mupabo mogHMMaIMch B Bo3ayx Oonee yem Ha 30 M (4uTO
MIPUMEPHO COOTBETCTBYET MEPBHIM KUJIKOCTHBIM pakeraM Pobepra ['onnapaa B 1930-x rr).

JlaiicoH MedTaeT 0 TOM JHE, KOT/a Ja3epHbIE CUCTEMbI PEaKTUBHOM TSATM CMOTYT BBIBOJIUTH Ha
opOuTy 3eMiln TsKelble TPY3bl 10 LEHE BCETO IMATh J0JIIapoB 3a QYHT, YTO, O€3yCIOBHO, CTANO ObI
HACTOAIIEH peBoitonMel B KocMuueckod orpacnu. OH mpenctasnsier cebe rurantckuit 1000-
MEraBaTTHBIH (YTO COOTBETCTBYET MOUIHOCTH CTaHIAApTHOIO aTOMHOTO 3HEproOiioka) Jiasep,
CIOCOOHBIN BBITOJIKHYTh Ha OpOUTY JIBYXTOHHYIO PAKETy, COCTOSIIIYIO U3 MOJIE3HOTO Ipy3a U 0aka C
BOJIOM B ocHOBaHMU. Boja MemyieHHO MmpocayuBaeTcsl CKBO3b KPOXOTHBIE MOPHI B HUYKHEH CTEHKE
6aka. 1 monesnsblil rpy3, u 6ak BecAT no ToHHe. Korma nazepHblil 1yd majaeT Ha JHUIIE PaKeThl,
BOJIa MTHOBEHHO HCHapseTcs, MOPOXKJas CEpUI0 YIApHBIX BOJH, KOTOpBIE TOJIKAIOT pakeTy B
kocMmoc. Pakera pocturaer yckopeHMs 3 g M 4epe3 LIECTb MHHYT BBIXOAMT Ha OKOJIO3EMHYIO
opouTy.

[TockonpKy cama pakeTa TOIUIMBAa HE HECET, OTCYTCTBYET M ONACHOCTh KaTacTpO(PHUUECKOro
B3pbIBAa HOCUTEINS. JlJII XMMUYECKHUX pakKeT Jaxke ceronHs, yepe3 50 sner nocne [lepBoro crnyTHuka,
BEPOSATHOCTh OTKa3a cocTaBisieT okoio 1 %. M oTka3bl 3TH, Kak IpPaBWJIO, CMOTPSTCS OUYEHb
BIIEYATIIAIOIIE — KHUCIIOPOJ ¥ BOJOPO] B3PHIBAIOTCS TMTAHTCKUMH OTHEHHBIMU IIapaMH, a 0OJIOMKH
JIOKJIEM CHIITIOTCSI Ha CTapTOBYIO IUIOIIAAKY. JlazepHas cucTeMa, HalpoTUB, MPOCTa, Oe30MacHa U
MOJKET UCMOJIb30BAThCS HE OJIMH pa3 ¢ OUY€Hb HEOOIBIIUMHU MPOMEXYTKAMU; HYKHBI [ €€ paOboThI
TOJIBKO BOJIa U JIa3ep.

bonee Toro, co BpemeHeM 3Ta cucTeMa OKynHTcs. Eciaum ¢ ee MOMOUIbIO 3amycKaTrh IO
MOJIMUJJIMOHA KOCMUYECKHX allapaToB B IO, IJIaTa 3a 3aIlyCK JIETKO MEPEKPOET U ONEPAL[IOHHBIE
pacxoibl, U CTOMMOCTb pPa3pabOTKU U CTpPOUTENbCTBA. JlaliCOH, OAHAKO, MOHMMAET, YTO JI0
peanu3ani 3TOH MeUThl JOJDKHO NPOWTH eme He onxHo aecsatuierne. Ha ¢yHmameHnranbHble
HCCTIEIOBaHMSI B 00JIACTH MOIIHBIX JIA3€POB MOTpeOyeTcs Topas3ao OOJbIIe ICHET, YeM B COCTOSTHUU
BBIICNIUTh J11000H yHuBepcuter. Ecnm (uHaHcHMpoBaHue pa3pabOTKH HE BO3bMET Ha ce0s
MIPABUTENBCTBO WM KaKas-HUOYAb KpYyMHas KOpPHOpalus, Ja3epHbIE CUCTEMbl PEaKTUBHOW TATU
HUKOI/Ia He OYIyT MOCTPOEHBHI.

3nech Morya Obl OKa3aThCsl O4YeHb KcTatu mpemusi Gonmax Prize. S omHaxkaer GecemoBat ¢
[Tutepom [Imamanaucom, ocHoBaBUIMM ero B 1996 1., m yOenuics, 4yTo OH HPEKPacHO CO3HAET
OTpaHUYEHHOCTh XUMHUUeCcKuX pakeT. [laxke co SpaceShipTwo, npu3Haicst OH MHE, Mbl CTOJIKHYJIUCH
C TE€M, YTO XMMHYECKHE PAKEeThl — 3TO OY€Hb JOPOroi crmocol yOexkaTb OT AECUCTBUS 3€MHOTIO
TaroTeHus. BenencTeue atoro cienyromas npemusi X Prize qoctaHeTcs Tomy, KTO CyMeeT CO3/aTh
pakeTy, IBWXKMMYIO JydoMm HHepruu. (Ho BmecTo nasepHoro my4a 37ech Npeanojaraercs
WCIIOJIB30BaTh JPYTrOM, NOXOXKMM Ha JIA3€pHBIM IIy4OK DJJIEKTPOMAarHUTHOM OSHEPIUM —
MHUKPOBOJIHOBOM JIy4.)

[Iymyxa BOKpYr MNpeMHM W caMa MHOTOMIUIJIMOHHAs Harpajaa, BO3MOXKHO, OKaKyTCs
JIOCTATOUYHBIMU NMPUMAaHKaMU JUUIsl pa3KUTaHUsl MHTEpeca K MpobieMe HEXMMUYECKUX PAKEeT, TAKUX
KaK MUKpPOBOJIHOBasI pakeTa, Cpeiy MpeIrpuHuMaTesield u n3o0perarenei.



CymiecTBylOT U JIpyrue 3KCIIepUMEHTAJIbHbIE pPAaKeTHbIE KOHCTPYKIMH, HO UX pa3paboTKa
COMpsi’KeHa ¢ MHbIMH puckamMu. OAUH W3 BapHaHTOB — ra3oBasl IYIKA, BBICTPENMBAIOIIAs U3
IPOMaJIHOTO CTBOJIa HEKHE CHApsbl, — YTO-TO Bpoje cHapsana B pomane XXromnst Bepna «C 3emnn
Ha Jlyny». Cuapsg Bepna, ognako, He goneren Ob1 10 JIyHBI, MOTOMY YTO MOPOX HE B COCTOSIHUU
pa3orsarb ero 10 ckopoctu 11 km/c, HEOOXOAMMOM Ui BBIXOJA U3 MOJI MPUTSDKeHUs 3emin. B
ra3oBOH ITyIIKE BMECTO IOPOXa CHApSAIbl C OTPOMHOM CKOPOCTBIO OyJIeT BBITAIKUBATh I'a3, CXKAThIM
nozi OOJIBIIMM JaBJIeHHEM B AMUHHOM TpyOKe. [TokoitHbiit Abpaxam I'epubepr (Abraham Hertzberg)
n3 YHuBepcuteta BammHrrona B Cuamie mOCTpOWI NPOTOTHIT TAKOM MYIIKKM JUAMETPOM OKOJIO
10 cMm 1 quuHOM okosto 10 M. I'a3 BHyTpM myHIKM HpeacTaBiseT co0oi cMech METaHa M BO3JyXa,
cxkaryto 110 25 armocdep. ['a3 mompkuraercs, U cHapsig pa3roHseTcs B cTBoje ¢ yckopenuem 30 000
g, IpY KOTOPOM OOJBIIMHCTBO METAIITHUECKUX MPEIMETOB PACTUTIOIIHBAIOTCS.

I'epubepr nokaszan, 4To razoBas IMylika MokeT paborarb. Ho 4TOOBI 3akMHYTH CHapsij B
KOCMOC, CTBOJI €€ JIOJDKEH OBbITh ropaszio AJHHHEee, okojo 230 M; KpoMe TOro, BJOJb TPACKTOPUU
pasroHa B CTBOJIE IMYIIKH JIOJDKHBI paboTaTh pa3Hble ra3bl. YTOOBI MOJE3HBIN Ipy3 HaOpasl nepByro
KOCMUYECKYIO CKOPOCTh, B CTBOJIE HEOOXOMMO OPraHU30BaTh MATh YYACTKOB C Pa3HBIMH pabOuUMH
razamu.

CronMoOCTh 3amycka W3 ra3oBOM IYHIKM MOMKET OKa3aTbCs AAK€ HUXKE, YeM IPU IOMOILU
nazepHoi cuctembl. OnHAKo 3almyckaTb TakUM OOpa3oM B KOCMOC MHJIOTUPYyEMbIE ammnapaTsl
CIJIMIIKOM OTIaCHO: TOJIKO TBEP/BIN IPy3 CIOCOOEH BBIAEP)KAaTh HHTEHCUBHOE YCKOPEHHUE B CTBOJIE.

TpeTbsi sKCHepUMEHTalIbHasi KOHCTPYKLHS — «CIUHTAaTPOH», KOTOPBIM, MOJOOHO mparie,
JIOJKEH pacKpy4uuBaTh Ipy3, a 3aT€M BBIOPACHIBATh €r0 B BO3AYX.

[Tporotun srtoro ycrpoiictBa Obul moctpoeH Jepekom Tunmanom (Derek Tidman); ero
HACTOJIbHAsE MOJIENb CIIOCOOHA 332 HECKOJBKO CEKYHJ PacKpyTUTh MpeaAMeT M OpoCUTh €ro co
ckopoctbio 10 100 m/c. IlpoToTun ciuHrarpoHa mpeacTasisieT coboil TpyOKy B Bujae OyOnmka
IuaMeTpoMm okosio Metpa. Cama TpyOKa MMEeT JHaMeTp OKOJO 2, 5 CM M COAEP)KUT HEOOIbIION
ctanbHOI mapuk. [llapuk xaraercs mo KojpLEeBOl TpyOke, a HEOOIbIINE MOTOPYMKHU MOATAIKHBAIOT
€r0 U 3aCTaBISAIOT PA3TOHSITHCS.

HacTosimuii cnuHratpoH, 3ajgadeil KoToporo OyaeT 3abpachiBaTh Ipy3bl Ha OKOJO3EMHYIO
OpOuUTY, AOJKEH OBITh 3HAYUTENLHO OOJIBILE MO pa3Mepy — AUAMETPOM OKOJIO COTHH KHJIOMETPOB;
KpOM€ TOTO, OH JIOJDKEH HaKauMBaTh B IIap HEPIHIO 0 Te€X IOp, MOKa TOT He pa3roHutcs 1o 11,
2 km/c. Illap Oyner BbUIETAaTh M3 CIMHrarpoHa ¢ yckopenuem B 1000 g, 4To TOKe OYEHb MHOTO.
Jlaneko He KaXXIblii Ipy3 CMOXET BBIIEp)KaTh Takoe yckopeHue. [Ipexne yem OyneT mocTpoeH
HACTOSIIMI CIMHTATPOH, NMPEICTOUT PEIINTh MHOXXECTBO TEXHUUECKUX MPoOiIeM, camasi BaKHas U3
KOTOPBIX — MUHUMH3UPOBATh TPEHUE MEXKTY IAPOM U TPYOKOH.

Ha nopaGoTky KakJ10ro U3 TpeX Ha3BaHHbBIX MPOEKTOB Ja)Ke B CAMOM JIyUIIeM cliyyae yHier
HE OJIUH JIECATOK JIET, U TO TOJIBKO €ciu (PMHAHCUPOBAHUE BO3bMET Ha ceOsl MPaBUTENHCTBO WIIU
YacTHBI Ou3Hec. B mMpoTHBHOM cilydae STH NMPOTOTHUIBI HaBCErZla OCTAHYTCA Ha CTOJNAX CBOUX
n3o0peTarenei.

Hanekoe 6yayuwee
(2070-2100 rr.)

Kocmuyeckuid tugpr

He uckiroueHo, 4To K KOHILY TEKYIIEr0 BeKa pa3BUTHE HAHOTEXHOJIOTHI CAENIAET BO3MOKHBIM
Jake 3HAMEHUTHIM kocmuueckuil mudt. Yemnosek, moqodHo [[xkeky Ha 6000BOM cTebie, CMOXKET
MOJTHATHCS TI0O HEMY JI0 OOJIAKOB U BbIe. MBI OyneM BXOIUTH B TU(PT, HAKUMATh KHOTIKY «BBEPX» U
MOJTHUMATBHCS 10 BOJIOKHY, MPEACTABISAIONIEMY COOOHM YIMEpOAHYI0 HAHOTPYOKY JUTHHON B TBHICSYU
KiIoMeTpoB. [IOHATHO, 4TO Takas HOBMHKAa MOIJIA OBl MEPEBEPHYTh IKOHOMHUKY KOCMHUYECKHX
IYTELECTBUNA U IIOCTABUTH BCE C HOT HA T'OJIOBY.

B 18951 pycckuit ¢uszuk KoncrantuH [[nonkoBCkuii, BIOXHOBICHHBIH CTPOUTEIHCTBOM



DideneBoii OAIHU — caMOTr0O BBICOKOTO Ha TOT MOMEHT COOPYKEHHsI B MUpE, 3ajiall cebe MpocTon
BONPOC: TOYEMY HeNb3sl MOCTPOUTh TakKyk OaiHIO BbicoTOM A0 kocmoca? Ecnu ona Oyner
JIOCTATOYHO BBICOKA, MOACYMTAJ OH, OHA, COINIACHO 3aKoHaM (M3MKM, HUKOrga He ymaneT. OH
Ha3BaJl TAKYI0 KOHCTPYKILHUIO «HEOECHBIM JIBOPLIOM.

[TpencraBeTe cebe mapuk. Ecnu Bbl HauHEeTe KPYTHTh €r0 Ha BEPEBOYKE, TO IIEHTPOOEKHOU
cuiibl OyZeT BIIOJIHE JOCTATOYHO, YTOOBI y/ep)KaTh MIApUK OT majieHus. TOYHO Tak ke, eclid TPoc
OyzeT JOCTaTOYHO JJIMHHBIM, TO LIEHTPOOEKHAas CUJIa YACPKUT T'Py3, 3aKPEIUICHHBIN Ha €ro KOHIIE,
OT majicHusl Ha 3eMito. Bpamenus 3emin OymeT A0CTaTodyHO, YTOOBI yrepxarh Tpoc B HebOe. Kax
TOJBKO TPOC KOCMHYECKOro Ju@Ta MpOoTSHETCS B Hebeca, J000€ TPaHCIOPTHOE CPENCTBO,
CIOCOOHOE MEePEBUTATHCS IO HEMY, CMOYKET CIIOKOMHO BBIEXaTh B KOCMOC.

Ha Oymare Ttakoii ¢okyc, moxoxe, pabdoraer. Ho, K HecwyacTplo, eciu BBl MOmpolyere
MIPUMEHUTH HHIOTOHOBBI 3aKOHBI JIB)KEHHUS U PACCUMTATH MO HUM HATSDKEHUE TPOCa, TO OKaKeTCs,
YTO 3TO HATSDKEHHE MPEBBIIIAET MPOYHOCTh CTAJM: JIFOOOH TPOC MPOCTO MOPBETCS, UTO JENIAeT
KOCMHYECKHH TU(DT HEBO3MOXKHBIM.

Ha npoTspkeHHr MHOTHX JIET M JJaKe IeCATHIICTHH ness KOCMUYECKOTo JU(Ta TO 3a0bIBaIaCh,
TO CHOBa 00CYy»/1ajach, 4YTOObI B OU€peIHOM pa3 ObITh OTBEPrHYTOM IO TOM ke mpuuuHe. B 1957 .
pycckuil yueHblii FOpuii ApilyTaHOB NpPEAJIOKWI CBOM BapHaHT IPOEKTa, IO KOTOPOMY CTPOUTh
TUQT Mpeanonaraiock He CHU3Y BBEPX, a HAao0OpoT, cBepxy BHU3. llpemraranock mocnaTh Ha
OpOUTY KOCMHUYECKHH KOpabib, KOTOPBIA 3aTeM CIyCTUT OTTyAa TPOC; HA 3e€MJIe €ro OCTaHeTcs
JUIIb 3aKpenuTh. PaHTACThl TOXKE NMPUWIOKUIN PYKY K MONYISIPU3ALMU 3TOTO MpoekTa. ApTyp
Knapk BbiBen kocMuueckuii 11t B cBoeM pomane 1979 r. «@onTansl pasi», a Pobept Xaiinnaitn —
B pomane 1982 r. «®puna».

VYrepoaHble HAHOTPYOKH BHOBb BO3POJIWIIN 3Ty uzaeto. Kak Mbl yxe BUAEIH, OHU 00Ja1atoT
camMoil 0OJBIION NPOYHOCTHIO M3 BCEX HW3BECTHBIX MarepuanoB. OHM TpoYHEe CTalId, U
MOTEHIMAIBHO M0 MPOYHOCTH HAHOTPYOKH MOIIIM OBl MPOTHUBOCTOSATH HArpy3KaM, BOHUKAIOIIUM B
KOHCTPYKIIMM KOCMUYECKOTo JuQTa.

[Tpobnema, oHaKo, B TOM, YTOOBI CO3/aTh TPOC U3 YUCTHIX YINIEPOAHBIX HAHOTPYOOK JATUHOMN
80 000 kM'. DTO HEBEPOATHO CIIOXKHAs 3aja4a, BEAb JO CHX [OP YYEHBIM YAaJIOCh MONYYUTh B
71a00paToOpuu JIMIIb HECKOIBKO CAHTUMETPOB YMCTOM YINIEpOIHOW HAHOTPYOKH. MOXKHO, KOHEUHO,
CBUTh BMECTE€ MUJUIMAP/Ibl HAHOBOJIOKOH, HO 3TH BOJIOKHAa HE OynyT LEJbHBIMHU. 3ajada B TOM,
4yTOOBI CO3/1aTh JUIMHHYIO HAHOTPYOKY, B KOTOPOH KaXKAbIi aTOM yriieposa OyaeT HaXOIUuThCs CTPOTo
Ha CBOEM MecCTe.

B 2009 . yuensle u3 YuuBepcutera Paiica oOBSBHIM O BaXHOM OTKPBITHH: MOJyYEHHBIE
BOJIOKHA HE YHUCTbIE, a KOMIIO3UTHBIE, HO MMHU pa3paboTaHa IOCTAaTOYHO T'MOKas TEXHOJIOTHs,
MO3BOJISIIONIAS CO3JaBaTh YIIEPOJHbIE HAHOTPYOKH 000N uMHBL. MetogoM mpo0 M ommbok
uccienoBaren  OOHapyXWJM, 4YTO  YIVIEpOJHbIE HAHOTPYOKH MOXHO  pPacTBOPUTH B
XJIOPOCYAL(POHOBOM KUCIIOTE, a 3aT€M BbIIaBIMBaTh M3 HOCHKA, KaK W3 LIMNpHUIA. TaKUM METOAO0M
MOKHO M3TOTOBUTH BOJIOKHO W3 YIVIEPOJHBIX HAHOTPYOOK IIO0OW [UIMHBI, a TOJIIMHA €ro
cocTaBisieT 50 MUKpPOH.

OaHO M3 KOMMEpYECKHUX NPUMEHEHHH BOJIOKHA U3 YIJIEPOAHBIX HAHOTPYOOK — JIMHHH
ANIEKTpoIepeiay, Beb HAHOTPYOKHU JIydllle MeIU MPOBOJAT IEKTPUUECTBO, OHH JIeT4e U MpOUHEe.
[Ipodeccop wuHKEHEPHBIX IUCHUIUIMH W3 YHuUBepcutTeTa Paiica Marreo Ilackyanu (Matteo
Pasquali) roBoput: «Jlyisi nuHMIA 37eKTponepead Takoro BOJIOKHA TPeOyroTCs TOHHBI, a Crocoba
cenarhb ero noka HetT. Hy)XHO mpuymMaTh BCEro OHO YyHo».

XOTs TMOJy4eHHbIE BOJIOKHA HEOCTATOYHO YMCTHI M HE TOAATCS JJIi KOCMHYECKOro Judra,
ATH UCCJIEJIOBAHUS TO3BOJSIOT HAESITHCS, YTO KOTNa-HUOYIb Mbl HAy4YUMCSl BBIpAIlMBaTh YUCTHIE
yIIIepoIHbIe HAHOTPYOKH, TOCTATOUHO MIPOYHBIE, YTOOBI MMOIHATH HAaC B Hebeca.

Ho naxe ecnm mpeamosioXuTh, 4TO MpoOieMa MPOW3BOACTBA JUIMHHBIX HAHOTPYOOK Oymer
pelieHa, Tepel Yy4YeHBIMH BCTaHYT Jpyrue ImpakTHueckue mnpoodinemsl. K mpumepy, Tpoc

1 Kocmudeckuii TU(PT HE MOXET KOHYATHCS Ha BBICOTE I'€OCTAIIMOHAPHON OPOUTHI — JJISl TOTO, YTOOBI OH BHCEI
HETOJBIIKHO M MOT' CITY)HTh OIOPOU JUIsl ABMKEHHS TPAHCIOPTHBIX KaOWH, CUCTEMY HaJ0 OCHACTHThH IPOTHBOBECOM
Ha BeicoTe 10 100 000 kM. — IIpum. mep.



KOCMUYECKOro Jura JomKeH OyJeT MOAHATHCS ropas3/lo BhIIIE OPOUT OONBIIMHCTBA CIYTHHUKOB.
OTO 3HAUUT, YTO OpOWTa KAKOTO-HUOYIh CIyTHHKA KOTJa-HUOYIb HENPEMEHHO Mepecedercs C
Tpaccoil KocMHueckoro judTa M BBI3OBET aBapHio. [IOCKOIBbKY HHU3KHME CIYyTHUKU JIETAIOT CO
CKOpPOCTBIO 7—8 KM/C, CTONKHOBEHHE MOXKET OKa3aThCs KaracTpodudeckum. M3 3Toro criemnyet, 4To
TU(T NpUAETCS OCHALIATH CHEIHAIbHBIMU PAKETHBIMHU JBUTaTeIsIMHU, KOTOpPbIE OYIyT OTOJIBUTAThH
Tpoc TudTa C MMyTH MPOJETAIOIINX CIIYyTHUKOB U KOCMHUUYECKHX O0JIOMKOB.

Eme ogna npoGiiema — moropa, T. €. yparassl, Tpo3bl U CHiIbHBIE BeTpa. Kocmuueckuit mudr
HE0OXOJMMO 3aKpeNnuTh Ha 3eMJIe, MOXKET ObITh, Ha aBUaHOCIE WK HePTsIHOM ardopme B Tuxom
OKeaHe, HO, YTOOBI HE MOCTPaJaTh OT pasryiia CTUXUH, OH JIOJKEH ObITh THOKUM.

Kpome toro, B kaOuHe J1ofkHa ObITh TPEBOXHAS KHOIKA M cracareibHasi Kalcyna Ha cirydai
obpbiBa Tpoca. Ecnu ¢ TpocoM uTo-HHOYas mMpou3oiinet, kaOMHKa audTa I0MHKHA CIIAHUPOBAThH
WM OMYCTUTHCS Ha MapalroTe Ha 3eMIII0, YTOOBI CIIACTH MacCaXKUPOB.

YroObl yCKOPUTH Hayajao MCCIENOBaHUN B 00MacTu KocMuueckux JudToB, NASA o0bsaBUIO
HECKoJbKo KOHKypcoB. Ha Tonkax kocmuueckux nu¢ToB moa 3rugoii NASA pasbrpbIBaroTCs
npu3bl Ha o0mIyro cymmy 2 MiiH fosiapoB. ITo mpaBuimam, 4ToObl BBIMIPaTh KOHKYpPC JTHU(TOB,
paboTaronux 3a cyeT MepeJaHHOM MO0 JIydy SHEpruH, CIeAyeT NOCTPOUTH YCTPONHCTBO Maccoil He
6onee 50 k1, crtocoGHOE 3a0paThbes MO TPOCY Ha BHICOTY 1 KM co ckOpocCThio 2 M/c. CIOXKHOCTh B
TOM, YTO 3TO YCTPOMCTBO HE AOJDKHO HMMETh TOIUIMBA, Oarapedl WM 3IeKTpUYecKoro Kabes.
DOHeprus i €ro IBWKEHUS JI0JKHA IIEPEAaBaThCsl ¢ 3EMIIH T10 JIy4y.

Sl cBoMMM a3aMu BUJAEN DHTY3Ma3M M SHEPrui0 HMH)KEHEPOB, KOTOpble pPabOTal0T Haj
KOCMUYECKUM JH(PTOM U MEUTAIOT 3aBoeBaTh mpu3. S gaxe jeran B CHITI, YTOOBI BCTPETUTHCS C
MOJIOABIMUA TPEANPUUMYNBBIMA HH)KEHEpaMU TPYIIbl Moj Ha3BaHueM LaserMotive. VYcibliias
«TecHIO cupeH» — npu3blB NASA, OHH B3sJIHCh 3a pa3pabOTKy MPOTOTUIIOB YCTPOUCTBA, KOTOPOE,
BIIOJIHE BO3MOXHO, CTAHET Cep/ilieM KOCMHYECKOro JU(Ta.

S Bomien B OONBINON aHTap, apeHAOBaHHBIM MOJOABIMU JIFOABMU AJIs UCHIBITaHUNA. B ogHOM
KOHIIE aHrapa s yBUZeN OOJbIIOH Jia3ep, CHOCOOHBIM M3IydyaTh MOIIHBIA dHEpreTHueckuil yd. B
JPYTOM HAXOJMJICS COOCTBEHHO KOCMHUYECKHMHA TU(T. ITO OBLI SAIMIMK OKOJIO METpa IIUPHUHOM C
OOJBIIMM 3€pPKaJIOM. 3epKajio OTpakaJio MOMABIIUN Ha HETO JIa3epHBIM JIyd Ha IENyr Oarapero
COJTHEYHBIX 3JIEMEHTOB, IPEBPAILABILINX €0 YHEPTHIO B 3JIEKTPUUECTBO. DIEKTPUUECTBO MOCTYNAIIO
Ha JBUTarenb, U KaOWHKa JudTa MEIIEHHO MOoj3ja BBEPX MO KOPOTKOMY Tpocy. Ilpu Takom
YCTPONCTBE KAaOMHKE C 2JEKTPHUUECKUM JIBUTATENIEM HE HYXHO TAIIUTh 32 COOOHM AJIEKTPUUYECKUI
kabenb. JlocTaTrouHO HAmpaBUTh HA HEE JIA3EPHBINA JIyd C 3eMJIU, U JUPT caM COOO# TMOMO3ET MO
TpOCY.

Jlazep B aHrape Obl1 HACTOJIBKO MOIIHBIM, YTO JIOJSM BO BpeMsl €ro pabOThl MPUXOIUIOCH
3allMIIATh IV1a3a CHEHUAIbHBIMU O4YKaMmH. [locie MHOXeCTBa MONBITOK MOJIOJABIM JIFOASIM YIaJ10Ch
HAKOHEI[ 3aCTaBUTh CBOIO MAIIMHY MOJ3TH BBepX. OAMH acmeKT MpobiaeMbl KOCMUYECKOTro JH(Ta
ObUI pelleH, Mo KpailHell Mepe B TEOpUH.

[lepBoHauanabHO 3aJaHUE OBLUIO TAaKUM CIOKHBIM, YTO HUKTO M3 YYaCTHMKOB HE CyMeJl €ro
BBHITIOJIHUTH M 3aBOeBaTh oOemranHblii mpu3. OxHako B 2009 r. LaserMotive moiy4mnia-Taku Mmpus.
CocTs3anust MpoXoAWIN Ha aBuabasze DaBapac B KanudopHHiickor mycTeiHe Moxase. Beptomer ¢
JUIMHHBIM TPOCOM BHCEJI HaJl IYCTBIHEHW, a YCTPONCTBA YYaCTHHMKOB IBITAJIUCH IO 3TOMY TPOCY
nogHAThCs. JIugTt xomanasl LaserMotive cymen 3To chenaTh YETHIPEKIbl 3a JIBa JIHA; JIydllee
MIOKa3aHHOE MM BpeMs cOoCTaBWIO 228 cekyHA. Tak 4TO Tpyabl MOJIOJBIX MHXEHEPOB, KOTOPBIE S
HaOJII0/1aJ1 B TOM aHTape, NPUHECITH TUIO/IBI.



Kocveraecsmii madT B Hebeca MoOEeT OMHATEER! MEHOTOKPATHO
YMEHBIIHTH CTOHMOCTE KOCMHYECKHX myTemecTerid. Kmoa
K CO3JAHHIO KOCMHIECKOIo MTH(TA - HAHOTEXHOIOTHH.

Pacynox Taedidpr Yopaa (Jeffrey L. Ward)

3Be310J1€ThI

K xonity atoro cronerust Ha Mapce U, BO3MOXKHO, T/ie-HUOY/Ib B TOSCE acTEPOUIIOB, CKOpee
BCEro, MOSIBATCS HAyYHBIC CTAHIMHM, HECMOTpPS Jake Ha HBIHEIIHUH KpU3HuC (HUHAHCHPOBAHUS
NUWIOTHPYeMOi KocMoHaBTHKU. Cremyromieil B ouepenu OyaeT yke Hactosmias 3Be3na. CeromaHs
MEXK3BE3/IHbIN 30H]T ObLT OBI COBEPIIEHHO OE3HAICHKHON 3aTeeH, HO Yepe3 CTO JIST CUTYaIHs MOXKET
WU3MEHUTHCS.

UroObl wWaes MEX3BE3IHBIX ITYTCIIECTBHI CTajlia pPEaTbHOCThIO, HEOOXOIMMO pEUINTh
HECKONBKO (hyHIaMEHTaNbHBIX 3ajad. llepBas M3 HUX — MOUCK HOBOTO MPUHIUIA JIBHXKEHHUS.
TpaaWIMOHHONW XWUMHYECKOH pakeTe Ha IMyTh K OJDKaWIed 3Be3ne MoTpeOOBaNOCh OBl OKOJIO
70 000 net. K npumepy, nsa «Bosipkepay, 3anyiieHasie B 1977 1., HOCTaBUIN PEKOPJ MO YAAIEHUIO
Ha MaKCHUMaJIbHO€ paccTosHue oT 3emun. B Hactosimee Bpemsi (mMait 2011 1) mepBolid U3 HHX
ynanwicst ot Connua Ha 17, 5 Muipa KM, HO IPOIIGHHOE UM PACCTOSIHUE — JIMILb KPOILlIeYHas JOJIs
MyTH JIO 3BE3/.

[IpennoxeHo HECKOIbKO KOHCTPYKIMA M MNPUHIMIIOB JBUXKECHUS JUISI MEXK3BE3IHBIX



anmnaparoB. JTO:

*COJTHEUHBIH Tapyc;

esiIepHAs paKeTa;

*pakeTa ¢ MPSIMOTOUYHBIM TEPMOSICPHBIM JIBUTATEIIEM;
*HaHOKOPaOIH.

briBas Ha cranuuu NASA Ilnam-bpyk B Knusnenae, mrar Oraifo, s BCTpedasics ¢ OJHUM U3
MedTaTesieil U ropsuMxX CTOPOHHMKOB HJEHM COJIHEYHOro napyca. Ha sToM momurone mocrtpoeHa
camas Oonbliasi B MHpe BaKyyMHasi Kamepa Ui UCIBITaHWs CIYTHUKOB. Pa3mepnl 3TOW Kamephl
MOpakaloT BOOOpaKeHHE; 3TO HACTOsIIAs remiepa okosno 30 M B monepedyHuke U 38 M B BBICOTY, B
KOTOpPO# 3ampoCcTO pPa3MECTHIIOCh Obl HECKOJbKO MHOTO3TAXKHBIX JKHIBIX J0MOB. OHa Takke
JIOCTATOYHO BEJIMKA, YTOOBI UCIIBITHIBATH B YCIOBUSAX KOCMHUYECKOTO BaKyyMa CIIyTHUKHA M YacTH
pakeT. Macmtab npoekta nopaxaert. S mouyBCTBOBaJI, UTO MHE OKa3aHa 0c00ast YECTh: 1 HAXOAMIICS
B TOM CaMOM MECTE, IJ€ HCHBITBIBAJINCh MHOTME BAXXHEWIINE aMEPUKAHCKHE CITyTHHKH,
MEXKIJIAHETHBIE 30H/IbI U PAKETHI.

Wtak, s BCTpETWICA C OJHUM M3 BEAYLIUX CTOPOHHUKOB COJIHEYHOIO Mapyca, YYEHbIM M3
NASA Jlecom [Ixonconom (Les Johnson). On pacckaszan MHe, 4TO C JI€TCTBa, ynuTas (PaHTACTHUKY,
MeuTaJl CTPOUTh PAKETHI, CIIOCOOHBIE TOJIETETh 0 3Be3/. JIPKOHCOH Ja)ke Hamucal 0a30BbIi Kypc IO
YCTPOICTBY COJHEYHBIX MapycoB. OH CUMUTAET, UTO ATOT MPUHIUI MOXKET ObITh pEan30BaH ykKe B
OmKaiIme HECKOJIBKO JIECATHIIETHI, HO TOTOB K TOMY, YTO pEaJIbHBIN 3BE310JI€T OyAET MOCTPOEH,
CKOpee BCETro, 4epe3 MHOTO JIET mociie ero cMeptu. [1og00HO KaMeHIMKaM, CTPOMBIIUM BEJIMKHE
CpelHEeBEKOBbIe cOOOpPbI, JKOHCOH MOHMMAET, YTO Ha CO3/aHUE ammapara JUid MojieTa K 3Be3aM
MOJKET NMOTPeOOBATHCS HECKOIBKO YETOBEUECKHX )KU3HEH.

[TpuHIMn neficTBUS COTHEYHOTO Mapyca OCHOBAaH Ha TOM (DakTe, YTO CBET XOTA U HE MMEeT
Macchl MOKOs, HO 00JIaZlaeT UMITYJILCOM, a 3HAYHUT, MOXKET OKa3bIBaTh JlaBieHue. /laBinenue, kotopoe
COJIHEUHBIH CBET OKa3bIBAET HAa BCE BCTPEUEHHBbIE OOBEKTHI, UPE3BBIYAIHO MajiO, MBI TIOMPOCTY HE
OIIlYILIa€M €ro, HO €CJIM COJHEYHBIN Mmapyc OyneT JOCTaTOYHO BEJIMK M Mbl TOTOBBI OyAeM XIaTh
JIOCTATOYHO JOJITO, TO 3TO JaBJIEHHME CMOXET pa3orHaTh MEK3BE3/AHBIH Kopaliib (B KocMoce
MHTEHCUBHOCTb COJTHEUHOTO CBETA B CPETHEM B BOCEMb pa3 BhIIIE, YEM Ha 3eMJIE).

JI)KOHCOH CKa3al MHE, YTO €ro Lelb — CO3[aTh TMI'AHTCKUM COJIHEYHBIN Iapyc U3 OYEHb
TOHKOTO, HO 3JIACTUYHOTO U YIPYTOro MJIaCTHKa. JTOT Mapyc AOJKEH OBITh HECKOJIBKO KUIOMETPOB
B TONEPEYHUKE, U CTPOUTH €ro IMpeanoiaraercs B OTKPHITOM KocMoce. bynyun coOpaHHBIM, OH
Oynet MmemeHHO oOpamiarbesi BOKpyr ConHila, HaOUpasi MOCTENEHHO BCE OOJBITYI0 CKOPOCTh. 3a
HECKOJIBKO JIET pa3roHa napyc BBIMJET MO cupaiy 3a npenesbl ColHEUHOM CUCTEMBI U YCTPEMUTCS
K 3Be3naM. BooOmie, comHewHbId Tapyc, Kak pacckazan MHe J[KOHCOH, cmocoOeH pa3orHaTh
Mex3Be3aHbIN 30H7 10 0, 1 % cKOpOoCTH cBeTa; COOTBETCTBEHHO, J0 OiMKailiieil 3Be3/bl OH MpHU
TaKHX ycJaoBHsX gobepercs jet 3a 400.

JIKOHCOH TMBITaeTCsl MPUAYMATh YTO-HUOYIb, YTO MO3BOJMIO OBl MPHIATh COJTHEYHOMY
napycy JIOMOJHUTEIbHOE YCKOPEHHE M COKpaTHTh BpeMms mnosnetra. OAuH U3 BO3MOXKHBIX MyTeH —
pasmectuth Ha JlyHe Oarapero MOIIHBIX Jla3epoB. JlazepHble nay4M, momajaas Ha mapyc, OyayT
nepeaaBarb €My JOTOJHUTENbHYIO SHEPTUI0 M, COOTBETCTBEHHO, JIOTIOJHUTEIbHYIO CKOPOCTh MPHU
IIOJIETE K 3BE3/7aM.

Opna u3 npoOeM 3Be370J1€Ta MO/ COTHEUHBIM I1apyCOM COCTOUT B TOM, UTO UM YPE3BbIUANHO
TPYIHO YIPaBIATb, a OCTAHOBUTb M HAIIPABUTh B IPOTUBONOJIOKHYIO CTOPOHY IpPaKTHYECKH
HEBO3MOXXHO, TIOTOMY YTO COJHEYHBIH CBET pPAcCHpOCTpaHseTcsl TOJbKO B OJHY CTOPOHY — OT
Comnniua. OnHO U3 pemeHuit 3Toi mpodaeMbl — pa3BepHYTh Napyc U MCIIOIb30BATh ISl 3aMEIJICHHS
CBET OT 3Be3Abl-lienu. Eie o1Ha BO3MOXHOCTh — COBEPIIUTH I'PABUTALIMOHHBIK MaHEBP OKOJIO
9TOM Jasiekol 3Be31bl M, UCIOIB30BaB (PQEKT mpaly, pa3orHarbes A1 0OpaTHOTO MyTEIIeCTBUS.
Tpetuil BapuaHT — cecThb Ha KakKyr-HHOyIb JIYHY TOM 3BE3/IHOM CHCTEMbI, IOCTPOUTH HAa HEH
OaTtapero J1a3epoB U MYCTUTHCS B OOPATHBIN MYTh, MOJIB3YACh CBETOM 3BE3/Ibl U JIA3EPHBIMH JTyYaMH.

JI>KOHCOH MeuTaeT O 3Be3[aX, HO MOHMMAET, YTO PEalbHOCTh HA JAHHBIH MOMEHT BBIIJISIIUT



Kylia ckpoMmHee ero MeuraHuil. B 1993 r. pycckue pas3BepHyln Ha Kopallie, OTCTHIKOBAHHOM OT
ctaniuu  «Mwupy», 25-pedrnextop W3 JaBcaHa, HO IEJBIO JKCIEPUMEHTa OblIa BCETO JIWIIh
JIEMOHCTpAIMsl CUCTEMBI pa3BepThiBaHMs. BTopas mnomnbiTka 3akoHumiace Heyaadeil. B 2004 r.
ATOHI[Bl YCIIENIHO 3alyCTWJIM JBa MPOTOTUIIA COJIHEYHOIO Iapyca, HO OISTh K€, LIeJbl0 ObLIO
UCTIBITAHUE CUCTEMBI pa3BepThIBaHUs, a He ABWkeHus. B 2005 r. 6buta nmpeanpuHsaTa aMOUIIMO3HAs
IIONBITKA Pa3BEPHYTh HACTOSIIMN COJHEYHBIM mapyc noja HazBanueM Cosmos 1, opranu3oBaHHas
[TnanetapusiM oO0mmecTBOM, oOmecTBeHHON opranuzanueii Cosmos Studios u  Poccuiickoii
akamemuel Hayk. [lapyc ObuT 3amylieH ¢ pOCCHHCKON IMOABOJHOM JIOAKW, HO 3alyCK PaKeThl
«BonHay oxa3zaiicsi HeyIauHbIM, U 10 OpOUTHI COTHEYHBIH Mapyc He go0paics.

A B 2008 1., xorma komanaa w3 NASA momnbITanachk 3alyCcTUTh COJMHEUHBIA mapyc NanoSail-
D', ta e uctopus npousonuia ¢ pakeroi Falcon 1.

Haxonenr B mae 2010 . SImOHCKOE areHTCTBO a’3pPOKOCMHUYECKHX HCCIIEIOBAHUI YCHENIHO
anyctuiio IKAROS — mepBblii KOCMHMUYECKHMM ammapar, KOTOpbI JOJDKEH MCIIONIb30BaTh
TEXHOJIOTHIO COJHEYHOIO Mapyca B MEXKIUIAaHETHOM MpOCTpaHCTBe. Armmapar ObL BbIBEIEH Ha
TpPacKTOpHIO mosieTa K BeHepe, ycnemHo pa3BepHYN KBaJpaTHBIA Napyc ¢ auaroHanbio 20 M u
MIPOAEMOHCTPUPOBAJT BO3MOXKHOCTh YIPABIATH €0 OpUEHTAIMe M MEHATh CKOpOCTh mojera. B
JaNbHEUIIEM SIOHLBI IUIAHUPYIOT 3aIlyCTUTh €I€ OJUH MEXIUIAHETHBIM 30HJ C COJHEYHBIM
napycom Kk Onurepy.

SnepHas pakera

VYyeHble paccMaTpuBalOT TaKKe BO3MOXKHOCTb HCHOJNb30BAHMS SAEPHON SHEPrum s
Mex3Be31HbIX nepeneroB. Eme B 1953 . Komuccus no aromuoi sHepruun CIIIA Havyana ceppe3Hble
pa3paboTKu pakeT ¢ aTOMHBIMH pEeaKTOpaMu, Hayauo KOTOPhIM ObLIO MOJI0XKEHO poekToM Rover. B
1950-e n 1960-e IT. KCIIEPUMEHTSHI C SACPHBIMH PAKETaAMH 3aKaHUMBAJINCh B OCHOBHOM HEY/Ia4yHO.
SnepHble ABUraTenu Benu cedsd HECTAOMIBHO U BOOOINE OKAa3bIBAJIUCH CIUIIKOM CIOXHBIMU IS
TOINAUIHUX CUCTEM ympasieHus. Kpome Toro, HECIOXKHO IMOKa3aTh, YTO YHEPTrETHUECKHUM BBIXOJ
OOBIYHOTO AaTOMHOTO peakTopa JIeJIeHHs] COBEPIIEHHO HEIOCTATOYeH [UIsl MEX3BE3AHOI0
KocMuueckoro ammapara. CpenHuii IMPOMBILUIEHHBI aTOMHBIN pPEaKTOp MPOU3BOAUT NPUMEPHO
1000 MBT 3Hepruu, a 3TOro HeAOCTATOUHO, YTOOBI JOOPATHCS 10 3BE3]I.

Opnaxo emte B 1950-e . yueHble NPEAIOKWIN UCIIOIB30BaTh JUIsl MEX3BE3AHbBIX allllaparoB
aTOMHBIE ¥ BOJIOPOIHBIE OOMOBI, a He peakTophl. B mpoekte «OpnoH», K IpUMepy, MPeAnoaaraioch
Pas3rOHATH pakeTy B3pPHIBHBIMHM BOJHAMHU OT aTOMHBIX O0MO. 3Be3moyieT AoJkKeH OblT cOpachiBaTh
no3aau ceds Cepuro aroOMHBIX OOMO, B3pBIBBI KOTOPBIX MOPOXKJIAdN Obl MOIIHBIE BCIIBIIIKH
PEHTI€HOBCKOTO M3IY4YEeHHUs. YIapHas BOJHA OT 3TUX B3PHIBOB JIOJKHA Obljia Pa3srOHATH 3BE3/I0NIET.

B 19591 ¢usuku u3 General Atomics OIeHWIIM, YTO MpOABHHYTast Bepcus «OpuoHa»
nuameTpom 400 M JOKHA BECUTh 8§ MITH T, @ SHEPTHUIO el JoimkHa obecnieurnBarh 1000 BOTOpOaHBIX
o6oMO0.

[opsiunM cTOpoHHHUKOM TTpoekTa «Opuony» Obu1 Gusnk Opumen Jaiicon. «lns mens ,,Opnuon®
O3Ha4aJI TI0CTYIMHOCTh Bcel CONMHEYHON CUCTEMBI JUIsl pACIPOCTPAaHEHUs )XKU3HU. OH MOT U3MEHUTH
xon uctopuu, — roBopuT JlaiicoH. Kpome Toro, 3To Obln OBl yHOOHBINA crIOCOO M30aBUTHCS OT
aTOMHBIX 00MO. — 3a oauH noJieT Mbl n30aBminch 061 OT 2000 60MOY.

Konrmom mpoekra «Opuon», O1HaKO, CTall 3aKiIo4eHHbIA B 1963 1. JloroBop 00 orpanuyeHun
SJIEPHBIX MCIBITAHUM, 3alpeTHBIINNA Ha3eMHbIE B3pBIBbl. be3 HCHBITaHUI HEBO3MOXKHO OBLIO
JIOBECTH KOHCTPYKIMIO «OprHoHa» A0 yMa U MPOEKT 3aKPbLIH.

IIpAMOTOYHBIA TEPMOSIACPHBIN IBUTATEIb

Eme ommn mpoekt simepHoit pakeTsl BbIABUHYNI B 1960 1. PoGepr byccapm (Robert W.
Bussard); oH mpeanoxun cCHaOOUTh pakeTy TEPMOSICPHBIM JBUTATENIeM, MOXOXXUM Ha OOBIYHBIN

1 Bropoii sx3emmursip storo KA, NanoSail-D2, 6pm 3anmymen 20 HosOps 2010 r. BMecte co cmyrHmkoM Fastsat,
otaenmics oT Hero 17 saBaps 2011 1. u ycnemHo pa3BepHy!T KOcMU4eckuid mapyc iomansio 10 m2. — Ilpum. mep.



aBHALIMOHHBIM peakTUBHBIN ABHUraresnb. BooOre, mpsIMOTOUHBIN JBUraTeb 3aXBaThIBAET BO3IYX IO
X0y TOJIeTa W yXe BHYTPH CMEIIMBAET €r0 C TOIUIMBOM. 3aT€M TOIUIMBHO-BO3IYIIHAS CMECh
MOJPKUTAETCS, U TPOUCXOAUT XMMUYECKHH B3PbIB, KOTOPBIM CO3/1aeT ABWXKYIIYIO0 cuiy. byccapa
NPeIOKUIT MPUMEHUTh TOT K€ MPUHIUI K TEpMOSIEpHOMY JBHUrarento. Bmecto Toro 4roObl
3a0uparb BO3AyX U3 arMmocdepsl, Kak JelaeT aBUAIMOHHBIA JBHUrareib, MPSIMOTOUHBIN
TEPMOSIACPHBIM JBUraTenp OyneT coOuparb B MEXK3BE3AHOM IPOCTPAHCTBE HMEIOUIUIICS Tam
Bojopoa. CoOpaHHBIN Ta3 mpeanojiaraeTcst CkaTb M HAarpeTh MpPU TMOMOIIM JIEKTPUUYECKUX H
MarHMTHBIX TOJIEH /0 Hayajla TEPMOSIEPHONW peakluu CHUHTE3a TelHsl, P KOTOPOW BbIIEITUTCS
IPOMaJIHOE KOJIMYECTBO SHEPrHUH. BO3HMKHET B3pbIB, M paKeTa IMOJYyYUT TONYOK. A TOCKOJIBKY
3amackl BOZOpPOAA B MEX3BE3HOM IPOCTPAHCTBE HEHUCUYEPHAEMbl, MPSIMOTOYHBIA sIEPHBIN
JIBUTATENb CMOXKET, IPEIIOJIOKUTEIHHO, pab0oTaTh BEYHO.

Koncrpykuust kopabmsi ¢ IpSMOTOUYHBIM TEPMOSIEPHBIM JIBUTaTeNIeM HAIIOMUHAET POXKOK IS
MOpOKEHOro. BOpoHKa 3axBaThIBaeT TIa3000pa3HbIl BOAOPOJ, KOTOPBIM 3aTeM IMOCTYNaeT B
JIBUTATelb, HATPEBAETCA U BCTYNaeT B PEaKkLMIO CHHTE3a C APYrMMHU aToMamH Bogopozaa. byccapn
paccuMTai, 4To NMPsIMOTOYHBIN sAepHBIN aBUTraTesb BecoM okoiio 1000 T criocoGeH mojiep:KuBaTh
MMOCTOSTHHOE yCKOopeHue okojio 10 m/c2 (T. e. mpuMepHO paBHOE YCKOPEHHIO CBOOOIHOTO TMaIeHUs Ha
3emiie); B 9TOM CIlydae YK€ 4epe3 IOl 3BE€3/10JIET pa3TOHUTCS MPUMEPHO 10 77 % CKOpOCTH CBETA.
[TockonbKy MPSAMOTOYHBIA SIACPHBIA JBUTATENIb HE OTPAHWYEH 3alacaMH TOIUIMBA, 3BE3J0JIET C
TaKKM JIBUTaTeJIeM TEOPETUYECKH MOT OBl BBIWTH 3a Mpesensl Hamel ['anakTuku u Beero 3a 23 roga
10 KOpabesIbHbIM yacaM A00pathes 10 TyMaHHOCTH AHIpOMEbI, paclo0KEHHON Ha pacCTOSHUU B
2 MiIH cBeToBbIX JieT OT Hac. (CormacHO TEOpUHM OTHOCHTENBHOCTH OMHIITEHHAa BpeMs B
yCKOpsifoliemMcsi kKopablie 3aMesIsieTcsl, TaK YTO aCTPOHABTHI B 3BE3/10JIETE MOCTAPEIOT BCEro Ha 23
rojia, Ja’ke €ciiy Ha 3eMJie 3a 3TO BpeMs POUIYT MUJUIUOHBI JIET.)

OpHako M 37ecCh CYIIECTBYIOT Cepbe3Hble MpoOiembl. Bo-mepBbIX, B MEX3BE3AHOM cpere
BCTPEYAIOTCS B OCHOBHOM OT/IEJIbHbIE MTPOTOHBI, TAaK YTO TEPMOSICPHBIN JIBUTATENb TOJKEH OyleT
’KeUyb YMCTBIM BOJAOPOA, XOTS 3Ta peaklus JaeT He TakK Y MHoro sHepruu. (Bomopoansliii cunres
MOXET MJITH pa3HbIMU MyTsIMH. B Hacrosmiee Bpems Ha 3emiie Y4eHbIe MPEANOYUTAIOT BapUaHT
BIIMSIHUS IeHTepus U TPUTHS, IPU KOTOPOM BBIAEISAETCS 3HAUUTENbHO Oosblie sHepruu. OqHako B
MEX3BE3/IHOM Cpeie BOJOPOJ HAaXOAUTCS B BUIE OTAEIBHBIX IIPOTOHOB, IIO3TOMY B MPSIMOTOYHBIX
SJIEPHBIX JIBUTATEJISIX MOXHO MCIIOJIb30BaTh TOJBKO MPOTOH-MPOTOHHYIO PEAKIHUI0 CHHTE3a, MPHU
KOTOPOH SHEPrHH BBLACISAETCS TOpa3io MEHbIIE, YeM MPH JAeUTepui-TpUTHEBON peakuuu.) OqHaKo
Bbyccapa mokaszan, 4to eciu MOAM(PHUIMPOBATH TOIUIMBHYIO CMECh JO0AaBICHHEM HEKOTOPOIo
KOJIMYECTBA YIIepoja, TO YIiaepoj], padoTas Kak KaTajau3aTrop, MO3BOJIUT MOJIYYUTh I'POMaJHOE
KOJIMYECTBO YHEPTHHU, BIIOJIHE JOCTATOYHOE JIJIsl 3BE€3/IHOTO KOPaOJIs.

Bo-BTOpHhIX, BOpOHKA BIEpEI 3BE370JI€Ta, YTOOBI COOMpATh JTOCTATOYHO BOAOPOIA, TOKHA
OBITh OrPOMHON — AraMeTpoM nopsiaka 160 kM, Tak yTo coOupaTh ee MPUIETCs B KOCMOCE.

CymectByeT W eme oaHa HepemleHHas npoOinema. B 1985 . umxenepsl PobGepr 3yOpun
(Robert Zubrin) u eiina Duaproc (Dana Andrews) moka3anu, 4To CONMPOTUBIICHUE CPEIbl HE ACT
3BE3M0JIETYy C MPSIMOTOYHBIM TEPMOSJEPHBIM JBUTATEIEM Ppa30rHATBCA JI0 OKOJIOCBETOBBIX
ckopocteid. CoNpoTUBIEHHE 3TO OOYCIIOBIEHO ABM)KEHHEM KOpaliii M BOPOHKM B IOJIE aTOMOB
BoJopoa. OHAKO MX pacdeThl OCHOBAaHBI HA HEKOTOPBIX MPEANONOKEHHIX, KOTOpble B OyaylieM
MOTYT OKa3aThCsl HEMPUMEHUMBIMH K KOPaOJIsIM € TIPSIMOTOYHBIMH JBHUTATEIISIMH.

B HacTosiiee BpeMs, IOKa y HaC HET YETKHUX NPEJCTABIECHUH O MPOLECCe MPOTOH-IIPOTOHHOTO
CHUHTe3a (a TaKKe O COINPOTUBICHMH HOHOB BOAOPOAA B MEXK3BE3THOW Cpefe), MEepCHeKTUBBI
IPSIMOTOYHOIO SIIEPHOTO JIBUraTelsl OCTAlOTCS HeomnpeneneHHsIMU. Ho ecim 3T MH)KEHEpHbIE
pOoOJIEMBI pelIaeMbl, Takas KOHCTPYKIIUS HABEPHSKA OKa)KEeTCS OJTHOM U3 JTyUIIHX.

Pakernl Ha anTHBeEIECTBE
EHI@ OOUH BapI/IaHT — HCIIOJIB30BaTh JIs1 3BE30JIETA aHTUBCIIIECCTBO, B@J’II/I‘-I&f/iHII/Iﬁ HNCTOYHUK

sHepruu Bo BcenleHHOW. AHTUBENIECTBO INPOTUBOIOJIOKHO BEUIECTBY B TOM CMBICIE, YTO BCE
COCTaBIISIOIIME YacTH aroMa TaM HMEIOT MPOTHBOIOJIOXKHBIE 3apsanbl. K mpumepy, 31ekTpoH



00y1a1aeT OTPULIATEIBHBIM 3apsA0M, HO aHTURJIEKTPOH (IIO3UTPOH) MMEET MOJIOKHUTEIBHBIN 3apsil.
[Ipy KOHTaKTe ¢ BEIIECTBOM AHTHUBEIIECTBO AHHUTHIMPYET. DHEPrHH MPH 3TOM BBIIEISETCS Tak
MHOTO, UTO 4aifHOM JIOXKH aHTHBEIECTBA XBATHIIO GBI, YTOOH YHHUTOXUTE Bech Hpro-Mopk.

AHTHUBENIECTBO — HACTOJIBKO MOIIHAs IITYyKa, YTO 37107eu B poMaHe J[sHa bpayna «AHrens! u
JIEMOHBI» COOPYKAIOT U3 HEero 6oMOy U coOMparoTCs B30pBaTh BaTukaH; aHTUBEIIECTBO 1O CIOXKETY
OHM KpaJyT B KPYIHEHIIEM €BPONENCKOM LeHTpe sAnepHbIX nccnenoBannii CERN, pacrionoxenHoM
B [lIBeiinapun Hemaneko ot JKeHeBbl. B oTianuue ot BonopoaHoit 60MObI, 3¢h(peKTHBHOCTD KOTOPOiA
coctaBisieT Bcero 1 %, sddextuBHOCT O0MOBI M3 aHTHBemecTBa coctaBuia Ob1 100 %. Ilpwm
AHHUTWISIOMYM BEIIECTBA W AHTHUBELIECTBA DHEPIHs BBIICIAETCS B IIOJHOM COOTBETCTBUHU C
ypaBHeHUEM ODHHIITeHa: E=mc2.

B npuHIune, aHTUBENIECTBO MPEICTaBIsAET cOO0i HaealbHOE pakeTHOE TOIIHBO. CorIacHo
ouenke Jxepampna Cmurta (Gerald Smith) u3 VYuuepcurera mrara IlencunbBanusi, 4 mr
aHTHBEIIEeCTBA OBUIO OBl JOCTATOYHO, YTOOBI JOJETETh 0 Mapca, a COTHS IpaMMOB JIOHeca Obl
Kopabap a0 Ommpkaimmx 3Be3d. [Ipym aHHUTWIISIIMM aHTUBEIIECTBAa BBIJCNIAETCS B MUJUIMApH pa3
OoJbIlle PHEPrHH, YEM MOXKHO TMOJYYUTh M3 TAKOTO € KOJHMYECTBAa COBPEMEHHOI'O PaKETHOIO
TOIUIMBA. JlBuUrareiab Ha aHTHUBEIIECTBE BBIIAEN OBl JOBOJBHO NPOCTO. MOXKHO TPOCTO
BIIPBICKMBATh YaCTHUIbl aHTUBEILIECTBA, OJIHY 3a APYrol, B CIIELUAIbHYIO KaMepy pakeTsl. Tam oHU
AaHHUTWIMPYIOT ¢ OOBIYHBIM BEIIECTBOM, BBI3BAaB TUTAHWYECKUW B3pbIB. Harperbie raspl 3arem
BBIOPACKHIBAIOTCS C OTHOTO KOHIIA KaMEpbl, CO3/1aBasi PEaKTUBHYIO TATY.

Mpl moka OYeHb [JajeKH OT BOIUIOIICHHS OJTOH MEUThl. YYEHbIE CyMeNIu IOJIY4YUTh
AHTURJIEKTPOHBl M AHTUIPOTOHBI, @ TAK)KE€ AaTOMbl AHTHUBOJOPOAA, B KOTOPBHIX AHTHUAIEKTPOH
HUPKYJIUPYeT BOKpYr aHTurnporoHa. Jto Obuto caenaHo u B CERN, um B HaumonanbHoit
ycKopuTenbHOU Jaboparopun uMenn @epmu (KOTopyro vaiie Ha3biBatoT depMminal) HeAaneko oT
Yukaro Ha TeBaTpOHE, BTOPOM IO BEIMYMHE YCKOpPHUTENE YacTUIl B MHUpe (KpyHmHEe HEro TOJbKO
Bonpmoit anponnsit komnaiinep B8 CERN). B o6enx nabopatopusx ¢GU3MKK HanpaBWJId Ha MHUILIECHb
MOTOK BBICOKOPHEPTeTUYECKUX YACTHUI] M TOJYYUIU TOTOK OCKOJIKOB, CPEIM KOTOPHIX OBLIU M
AHTUNIPOTOHBI. [Ipy MOMOIIM MOIIIHBIX MAarHUTOB AHTUBEILIECTBO OTJEIMINA OT OOBIYHOTO BEILECTBA.
3areM MOJTy4YeHHbIE aHTUIIPOTOHBI 3aMEIIMIIA U TO3BOJIMIN UM CMEIIaThCs C aHTUAJIEKTPOHAMH, B
pe3ynbTaTe yero MOoIy4YHIMCh aTOMbl aHTUBOAOPO/A.

IbitB Makl'wnnauc, omma u3 ¢uszukoB depmunaba, O4eHb MOATO W MHOTO JyMmMald O
IIPAKTUYECKOM HCIIOJIb30BAaHUM AHTHBEIIECTBA. MBI C HUM CTOSJIM PSAOM C TEBaTpoHOM, U [[piiB
OOBSCHSNT MHE OOECKYpaKHMBAIOIIYI0 JKOHOMHUKY AaHTHBENIECTBA. EIWHCTBEHHBIH W3BECTHBIN
Croco0 MOMyYUTh CKOJIBKO-HUOYIb CYIIECTBEHHOE KOJTMYECTBO aHTUBEIECTBA, TOBOPUI OH, — 3TO
BOCIIOJIb30BaThCsl MOLTHBIM KOJIJIaiiIepoM BpoJie TeBaTPOHA; HO 3TU MAIMHBI YpEe3BbIYaHO JOPOTH
Y TO3BOJISIIOT NOJy4YaTh aHTUBELIECTBO JIMIIb B OYEHb Majblx KoiuuectBax. K mpumepy, B 2004 r.
koiutaiiiep B CERN BbIlalm y4E€HBIM HECKOJIBKO TPWUIMOHHBIX JIOJIEH IpaMMa aHTUBEIIECTBA, U
000IIIOCH 3TO YAOBOJILCTBHE yueHBbIM B 20 MuiH gosapoB. [Ipu Takol 1ieHe MHUpOBasi S5KOHOMHKA
00aHKpPOTUTCS TPEXkKIE, YeM YIAacTCsl MOJYYUTh JOCTAaTOYHO AHTHUBEIIECTBA Ha OJIHY 3BE3HYIO
skcnequnuo. Camu 1o ceOe JBUTaTelld Ha AaHTUBEIIECTBE, MOAYEpKHYT MakluHHUC, He
MIPEJCTABISIIOT U3 ce0d HUYEro OCOOEHHO CIOXHOIO M YX HaBEepHSKa HE MPOTHUBOpEYaT 3aKOHaM
npupoabl. Ho cToumocTs Takoro ABHrarens He MO3BOJIUT PEalbHO MOCTPOUTH €ro B Ommkaiiiiem
OymyiieM.

OnHa M3 OpUYMH Takoi OEIIeHOW JOPOTrOBH3HBI AHTHBEIIECTBA — TIPOMAHBIE CYMMBI,
KOTOpPBIE MPUXOAUTCS BBIKJIAbIBATh HA CTPOUTENIBCTBO YCKOPHUTENIEH U KoJutaiaepoB. OHAKO caMu
no cebe YCKOPUTENM — MAIIWHbl YHUBEPCAJIbHBIE M HCHONB3YIOTCS B OCHOBHOM HE s
MIPOM3BO/CTBA AHTUBELIECTBA, a JJIS MMOJYUYEHHUS BCIKUX SK30TUYECKUX DJIEMEHTAPHBIX YacTHIl. DTO
MHCTPYMEHT i1 PU3NUECKUX MCCIIEJOBAaHUM, a HE IPOMBIIIICHHBIN armapar.

MOXXHO TNpeANnoNoKNUTh, YTO pa3paboTKa HOBOrO THIIA KoJlaiifepa, IMpelHa3HaYeHHOTO
CIELMAIBHO JJIsl TPOU3BO/CTBA AHTUBEILECTBA, MOIVIa Obl HAMHOTO CHU3UTh €r0 CTOMMOCTb. 3aTeM
MaccoBO€ MPOU3BOJCTBO TAKMX MAIIUH MO3BOJWIO OBl TMONYYUTh 3HAYUTEIBHOE KOJIMYECTBO
antuBemiecta. Xapoup] [xeppumi(Harold Gerrish) u3 NASA yBepeH, 4To ILileHa aHTHBEIECTBA
MOXET CO BpeMeHeM onycTUThea 10 S000 qomapoB 32 MUKPOTpamMM.



Eme onHa BO3MOXXHOCTH BOCIIOJIB30BaThCsl AHTUBEIIECTBOM B Ka4€CTBE PAKETHOIO TOILJIMBA
3aKJTI0YAETCS B TOM, YTOOBI HAaWTH B OTKPBHITOM KOCMOCE METCOPUT W3 aHTHUBeEIIecTBa. Eciu ObI
Takol OOBEKT HaIIeNCs, €ro DHEePrHH, CKOpee BCero, XBaTWiIO Obl HE Ha OAWH 3Be3nonieT. Hamo
ckazath, 4To B 2006 T. B cocTtaBe poccuiickoro crmyTHuka «Pecypc-JIK» 3amymien eBpomeiickuii
npubop PAMELA, HazHaueHHE KOTOPOr0 — IMOUCK €CTECTBEHHOTO aHTHBEIIECTBA B OTKPHITOM
KOCMOCE.

Eciu B xocMoce yaacTcsi oOHapy:KUTh aHTHUBEHIECTBO, TO JJIs €ro cOopa dYelOBEUECTBY
MPUACTCS IPUAYMaTh YTO-HUOYIHh BPOE SJIEKTPOMATHUTHOM CETH.

Tak 4T0, XOTS MEX3BE3JHbIE KOCMHUYECKHME amnmnaparbl Ha aHTHUBEIIECTBE — HJIEd BIIOJIHE
peanbHas M He IPOTUBOPEUYHUT 3aKOHaM MpUposl, B XX Beke OHU CKOpee BCETO HE TOSIBATCS, Pa3Be
YTO B CAMOM KOHIIE BEKa yY€HBIE€ CMOTYT CHHU3UTh CTOMMOCTh aHTHBEIIECTBA JO CKOJIbKO-HUOYIH
pasymHoii BenmuuHBL. HO ecnmu 3T0 ymactes caenaTh, TMPOEKT 3BE370J€Ta HAa aHTHBEIIECTBE
HaBepHsIKa Oy/leT paccMaTpHUBATHCS OJJHUM M3 TEPBHIX.

[IpsvoTouasii TepMOSASPHEIH JBHTATENE CODHpasT
BOJOPOM H3 MEKIBE3IHOTO IPOCTPAHCTEA, IO3TOMY
TEOPETHYIECKH OH MOUKET pabOTATE BETHO.

Pucynox Jocegpypu Vopoa (Jefrey L. Ward)

Hanoxopa0an

Mpbl 1aBHO NpUBBIKIK K crieipddexram B puinbMax Bpoae «3BE3AHBIX BOMH» U «3BE3IHOIO



IyTH»; TPU MBICIH O 3BE3J0J€TaX BO3HUKAIOT 00pa3bl I'POMAJHBIX (YTYpPUCTHUECKHX MAIMH,
OILIETUHUBIIMXCS CO BCEX CTOPOH MOCIEAHMMH H300peTEeHUSIMHU B cepe BHICOKOTEXHOJIOTHUYHBIX
NPUCIIOCOONEHNH. A MeXay TeM eCTh U Jpyras BO3MOXKHOCTB: CO37[aBaTh IIPU TOMOIIH
HAHOTEXHOJIOTMI KPOXOTHBIE 3BE3/I0JIETHI, HE KPYITHEEe HAaNepCTKa WK UIJIbI, @ TO U €lll€ MEHbIIUX
pa3mepoB. MBI 3apaHee yBEpEHbI, UTO 3BE3/I0JIE€THI JOJIKHbBI ObITh OTPOMHBIMHU, KaK « DHTEPIIpaii3»,
Y HECTH ILEJNbIi SKHUIMax acTpoHaBTOB. Ho mpu moMomy HaHOTEXHOJOTHUN OCHOBHBIE (YHKIIMH
3BE3/10JIETa MOXKHO OYJeT 3aJI0KUTh B MUHMMAJbHBIM 00beM, W TOINA K 3Be3/laM OTIPaBUTCS He
OJIUH TPOMAJHBINA KOpallib, B KOTOPOM 3KHMaXX JOJKEH Oy/IeT >KUTh MHOTHE TOfbl, a MUJTUOHBI
KPOXOTHBIX HaHOKOpabiei. Jlo MecTa Ha3HauEHUs TOJIETUT, BO3MOXKHO, JIMIIL HEOObINAsk UX YacTh,
HO IVIaBHOE OyleT cjaejaHo: AOOpPaBIIMCH /10 OJHOTO U3 CIYTHUKOB CHUCTEMbl Ha3HAYEHUS, ITH
KopaOJIn TOCTPOSAT 3aBOJ M obecreyar MpPOM3BOACTBO HEOTPAHWYEHHOTO YHCIIA COOCTBEHHBIX
KOTIWH.

Bunt Cepd cunrtaet, 4o HaHOKOpPaOJIM MOXKHO HCIIOJIb30BaTh Kak Juisd uzydeHus CoaHeuyHOH
CUCTEMBI, TaK — CO BpeMeHeM — M Ui moinetoB K 3Be3gamM. OH roBopuT: «Eciam Mbl
CKOHCTPYUPYEM MaJICHbKHE, HO MOIIHbIE HAHOYCTPONCTBA, KOTOPbIE HECTIOKHO OYyJIeT MEePEeBO3UTH U
JIOCTABIIATh Ha IMOBEPXHOCTb, IMOJI MOBEPXHOCTh M B arMoc(epy COCEIHHUX C HaMH IUIaHET U
CITyTHHMKOB, uccienoBanue CONHEUHOW CHUCTEMBl CTAaHEeT 3HAYUTEIbHO Oojiee 3PPEeKTUBHBIM. .. DTH
K€ BO3MOKHOCTH MOXKHO PaclipOCTPaHUTh Ha MEX3BE3/IHbIE HUCCIIEIOBAHUS.

M3BeCTHO, YTO B MHPHUPOJE MIICKONMTAIOIINE IPOU3BOAAT HA CBET BCETO IO HECKOJBKO
OTIIPBICKOB U 3a00TATCS O TOM, 4TOObI BCE€ OHM BbDKMUIU. Hacexkomble, HalpOTUB, MPOU3BOAAT Ha
CBET OTPOMHOE KOJIMYECTBO JETEHBINICH, HO BBDKMBAeT M3 HHUX JIMIIb HeOonbiias vacts. O6e
CTpaTeruy JOCTATOYHO YCHEINIHbI, YTOOBI MMO3BOJIUTH BUJAM CYLIECTBOBATh Ha IUIAHETE B TEUECHUE
MHOTMX MMJUIMOHOB JIeT. TOYHO Tak € Mbl MOXEM II0CIaTh B KOCMOC OJIMH OYEHb J10POroi
3BE€30JIET — WM MWIUIHOHBI KPOXOTHBIX 3BE3JI0JIETHKOB, Ka)Jbli U3 KOTOPHIX OYyIeT CTOUTh
KOIIEHKHU 1 MOTPeOIATh COBCEM HEMHOTO TOILTUBA.

Cama koHIeNIMsi HaHOKOpabielt OCHOBaHa Ha OYEHb YCIEIIHON CTpaTeruu, KOTopas IUpPOKO
UCTIOJIb3YETCsl B TIPUpPOJIE: cTpareruu ctau. IIThIel, muensl U Apyrue nofoOHbIe UM YacTo JIETAloT
CTasiMU WU posiMU. Jled0 He TONbKO B TOM, YTO OOJBIIOE YUCIO COPOIMYEH TrapaHTUpyeT
0€30macHOCTb; KpOME TOT0, CTasg paboTaeT Kak CUCTeMa paHHEero mpeaymnpexaeHus. Ecau B onHoM
KOHIIE CTau MPOUCXOJUT YTO-TO ONACHOE — K MPUMEPY, HalaJJeHNUe XUITHUKA, BCS CTasi MTHOBEHHO
noiy4yaer uHpopmarmioo o0 stoM. Cras BechMa 3(QQeKTHBHA M dHepreTuuecku. IITuiml, neras
XapakTepHOU V-o0pa3HoW (GUTYpOl — KIMHOM, HCIOJB3YIOT TypOYJICHTHBIE TOTOKHM OT KpbLIa
cocefla BIIEPEH U TEM CaMbIM 00JIer4aroT cede moser.

VYyeHble TOBOPAT O poe, CTae WIM MYypaBbHUHON CEMbE KaK O «CBEPXOpPraHU3MeE», KOTOPHIA B
HEKOTOPBIX CiIydasx o0JajaeT COOCTBEHHBIM pa3yMOM, HE 3aBHCALIMM OT CIOCOOHOCTEH
OTJEJIbHBIX COCTABISIIOIIMNX ero ocodeid. HepBHast cucteMa MypaBbs, K IPUMEPY, OUEHb MPOCTa, a
MO3TI OYeHb MaJl, HO BMECTE MYPaBbHHAsl CEMbsI CIIOCOOHA MOCTPOUTD CIOXKHEHIIee COOpyKEHNE —
MypaBeHHUK. YUeHble Ha/Iel0TCS BOCIOIb30BATHCSA YPOKaMU MPUPOABI MPU pa3pabOTKe «CTalHBIX»
pPOOOTOB, KOTOPHIM OJIHAXAbI, BO3MO)KHO, MPEACTOUT OTHPABUTHCS B JAJEKUH MyTh K HHBIM
IUTAHETaM U 3Be3/1aM.

B d4em-TO BCe 3TO HamOMHHAeT KOHUEMIMIO «PAa3yMHOM MbUIN», pa3pabOTKoOi KOTOpoOH
3aHuMaetcs [leHTaroH: MUUIMapabl YacTULl, CHA0KEHHBIX KPOXOTHBIMU JTaTUNKAMU, PACCEUBAIOTCS
B BO3/1yX€ M OCYLIECTBISIOT pa3BeAKy. Kaxxaplii JaTunk cam mo cede pa3yma He UMeEeT U JaeT JIMIIb
KPOXOTHYIO KPYNUHKY MH(pOpMAaIMH, HO BMECTE€ OHH MOTYT OOECHEeYUTh CBOMM XO35iI€BaM TOpbI
BCEBO3MOXKHBIX JTaHHBIX. DARPA crnoHcupoBano ucciaenoBaHusi B 3TOM 00JacTH C MPULEIOM Ha
BOEHHOE NMPUMEHEHHE B OyyIlleM — K MPUMEPY, MPU MOMOIIH pa3yMHON MbUIM MOXKHO CJIEIUTh 3a
BpakeCKUMH no3uiusamMu Ha mnoie 0os. B 2007 u 2009 rr. BBC CIIIA BbImycTHIN NOAPOOHBIE
IUTAHBI BOOPYXXEHHS Ha OJIMKailllve HECKOJIBbKO JEeCATUIIETUN; TaM €CTh BCe — OT MPOJBUHYTHIX
Bepcuil OecnimyiotHoro camoneta Predator (cerogust oH cTout 4, 5 MJIH JI0JUIapOB) IO OTPOMHBIX
CTall KPOXOTHBIX JICIIEBBIX JATYMKOB Pa3MEPOM C OyJIaBOYHYIO FOJIOBKY.

VY4yeHbIX Takke HHTepecyeT 3Ta koHuenuus. Crau pa3yMHON MbUIM MPUTOJUIUCH ObI s
HaOJIOIEHUs B peajbHOM BPEMEHHU 3a yparaHoM C ThICSY Pa3IMYHBbIX TOUEK; TOYHO TaK K€ MOXHO



Obuto OBl HaOMIOmaTh 3a TIpPO3aMH, BYJIKAHHUYECKHMHU M3BEPKEHUSMH, 3EMIIETPSICEHUSIMH,
HABOJHEHUSIMHU, JIECHBIMU MOJKapaMH U IPYTMMHU NPUPOAHBIMU sBIeHUsIMU. B dpunbme «Cmepu», K
npuMepy, Mbl HaOlll0aeM 3a KOMaHAOH OTBA)KHBIX OXOTHHMKOB 32 yparaHaMH, KOTOPbIE€ PHCKYIOT
KHU3HBIO U 3J0POBBEM, pa3Melias 1aTYMKU BOKPYT TOPHaI0. Majo Toro 4yTo 3T0 04eHb PUCKOBAHHO,
HO M emle He CIUIIKOM 3(dekTuBHO. BMECTO TOro 4ToOBI ¢ PUCKOM JUIS JKU3HU PACCTABIATDH
HECKOJIbKO JITaTYMKOB BOKPYT BYJIKAaHHYECKOTO KpaTrepa BO BpeMs H3BEPKEHHS MM BOKPYT
T'YJSIONIETO 1O CTEeNH CToI0a TOPHAAO0 H MOJIyYaTh ¢ HUX HH(POPMALIMIO O TeMIepaType, BIaXKHOCTH
U CKOPOCTH BeTpa, ropazno 3p¢ekTuBHee ObLI0 Obl paccesTb B BO3IyXE pa3yMHYIO MbUIb U
MOJYYUTh JAHHbIE OTHOBPEMEHHO C THICSY Pa3IMYHBIX TOYEK, pa30pOCaHHBIX IO IUIOLIAN B COTHU
KBaJIpaTHBIX KHMJIOMETPOB. B KOMIIbIOTEpE 3TH JaHHBIE CIOXKATCS B TPEXMEPHYIO KapTUHKY, KOTOpast
B peaJlbHOM BPEMEHM MOKaXET BaM pa3BUTHE yparaHa WIM pas3ndHble (a3bl W3BEPIKEHUS.
Kommepueckue npennpusitus yxe padoTaroT Haj oOpasimaMu MOJ0OHBIX KPOIIEYHBIX JaTYUKOB, U
HEKOTOpbIE U3 HUX Pa3MepaMu JAEUCTBUTEIHHO HE MIPEBOCXOAAT OyIaBOUHON TOJIOBKH.

Eme ogHO mpeuMylnecTBO HaHOKOpabiell COCTOUT B TOM, YTO MM, 4TOOBI 0Oparbes 0
KOCMUYECKOTO0 MPOCTPAHCTBA, TpeOyeTcsi COBCEM HEMHOIo TOIUIMBA. Ecim rpomajiHble pakeThl-
HOCHUTENU CIOCOOHBI pa3orHaThCsl JMIIL 0 CKOpocTH 11 Kkm/c, TO KpolieyHble OObEKThI BpOJIE
HaHOKOpaOJieif OTHOCUTEIBHO HECIIOXKHO BBIBECTH B KOCMOC C HEBEPOSTHO BBICOKMMU CKOPOCTSIMHU.
CkaxkeMm, JIEeMEHTapHbIE YAacTHUIIBI MOXKHO Pa3rOHATh JO CYOCBETOBBIX CKOPOCTEH IMPH MOMOIIH
OOBIYHOTO 3JIeKTpHUecKoro nois. Ecnu nmpugate HaHOYACTHIIAM HEOONBIION SIEKTPUUYECKHNA 3apsi,
UX TOXKE JIETKO MOXHO OyJeT pa3roHsATh dJIEKTPUUECKUM IOJIEM.

BMecto TOro uytoObl TpaTUTh OTPOMHBIE CPEJCTBA Ha OTIPABKY MEXKIJIAHETHBIX 30HJOB,
MOKHO HaJIeNIUTh KaXKIbl HAHOKOPAOIb CIOCOOHOCTHIO K CaMOKOIHMPOBAaHHIO; TaKUM 00pas3oM,
Jla’ke OJMH HAHOOOT CMOXKET MOCTPOUTH (haOpUKy MO MPOU3BOJICTBY HAHOOOTOB MJIH JIaXKe JIYHHYIO
6a3y. Ilocie 3TOro HOBbIE CaMOKOMMPYIOIIHMECS 30HIbI OTIPABITCS HUCCIEIOBAaTh WHBIE MHPHI.
(ITpobnema B TOM, 4TOOBI CO31aTh MEPBOr0 HaHOOOTA, CIIOCOOHOTO K CaMOKOIUPOBAHMIO, a 3TO
MoK eIIIe JIeTI0 OYCHb TaJIEeKOTO OymyIIEro.)

B 1980 . NASA BoCcnprUHUMAIO UK CAMOKOMHPYIOIIErocs po0oTa JOCTAaTOYHO CEPhE3HO,
9yTOOBl 3aKa3arb B YHuBepcutere Canrta-Knapsl cnenuanbHOe HCCl€OBaHHE MOJ] Ha3BaHUEM
«I[IponBuHyTass aBTOMaTHKa M KOCMMYECKUX 3a7ad» M TOAPOOHO pacCMOTPETh HECKOIBKO
BO3MOXKHBIX BapuaHToB. OAMH U3 CLIEHApHUEB, PACCMOTPEHHBIX yueHbIMU NASA, npeaycMaTpuBai
OTHpPaBKy HEOONBIINX caMoKomupyromuxcs pob6oroB Ha Jlyny. Tam poOOTBI JOMKHBI OBLIH
HaJIaIuTh IPOU3BOICTBO ceOe MOAOOHBIX U3 MOAPYYHBIX MaTEpPHAIIOB.

OTueT 1o 3Toi mporpamme ObLI MOCBAIIEH B OCHOBHOM CO3JIaHMIO XMMHUYECKOTO 3aBOjia I10
nepepaboTke JyHHOTO TpyHTa (peronuta). [Ipeamonaranock, k mpuMepy, 4T0 poOOT MPU3EMIIUTCS
Ha JIyHy, pas;menuTcsi Ha COCTaBJSIOIIME €ro 4YacTd, a 3aTeM co0epeT Hu3 HHUX HOBYIO
KOH(UTrypaluio, — B TOYHOCTU KaK WUIpyIIeYHbIH poOoT-TpaHcdopmep. Tak, podOT Mor cobparth
Oonpie mapabonuyecKkue 3epkajia, YToObl CPOKYCHpPOBAaTh COJNIHEUHBIH CBET M HauaTh IJIAaBHUTh
peronuT. 3areM OH MpH TOMOIIM IUIABUKOBOW KHUCIIOTHI H3BIIEK OBl W3 pacijiaBa perojuTa
NPUTO/IHBIE K HCIOJb30BAaHUIO METAUIbl M Jpyrue BemecTBa. V3 MeTanaoB MOXKHO ObLIO Obl
MOCTPOUTH JyHHYIO 0a3zy. Co BpemeHeM poOOT coopyausi Obl U HEOONBIION JIYHHBIN 3aBOAMK I10
MIPOM3BOJICTBY COOCTBEHHBIX KOIHUH.

Hcxonst n3 maHHBIX 3TOro ordera, MHCTUTYT mepcrneKTUBHBIX KoHIenuid NASA 3amycTui
LIEJIYI0 CEPUI0 TNPOEKTOB, OCHOBAHHBIX Ha HCIIOIB30BAHUU CaMOBOCIPOU3BOAIIMXCS POOOTOB.
Meiicon Ilex (Mason Peck) u3 Kophemickoro yHuBepcuTeTa ObLT OIHUM M3 Te€X, KTO BCEphE3
IIPUHSIT UACI0 KPOLIEYHBIX 3BE3/10JIETOB.

S noOwBann y Ileka B naGopaTtopuu ¥ CBOMMH IVIa3aMH BHJEN BEpPCTaK, 3aBaJICHHBIN
BCEBO3MOKHBIMU KOMITOHEHTAMH, KOTOPBIM OJHAXJIbl, MOXXET OBITh, CYXJEHO OTIIPABUTHCS B
KocMoc. PsaioM ¢ BepcTakoM nMenach U HeOOJIbIlas YUCTasi KOMHATa ¢ IUIACTUKOBBIMU CTEHAMM, /1€
COOMpaNNCh TOHKUE KOMITIOHEHTHI OyIyIIUX CIIyTHHKOB.

[IpencraBnenue [leka 06 nccaenoBaHMM KOCMUYECKOTO MPOCTPAHCTBA OYEHb OTIUYAETCS OT
BCEro, YTO MbI BUJMM B TOJUIMBYJICKUX ¢mibMax. OH MpearnosaraeT BO3MOXHOCTh CO3JaHMA
MHUKpPOCXEMbl pa3MEpPOM CAHTUMETP Ha CAaHTUMETP M BECOM OJUH TpaMM, KOTOPYI0 MOKHO



paszornats 10 1 % ckopoctu csera. K nmpumepy, OH MOXKET BOCIIOIb30BaThCs 3(h(heKkToM mpariu, npu
oMoy Kotoporo NASA pa3roHsieT CBOM MEKIIJIAHETHBIE CTAHIIUU JJO OTPOMHBIX CKOPOCTEU. DTOT
rpaBUTALIMOHHBIN MaHEBp MpeAycMaTpUBaeT OOJET IIaHEThl; MPUMEPHO TaK e KaMeHb B Ipallle,
YAEPKUBAEMBI PEMHEM-TPaBUTALIMEN, Pa3TOHSETCA, JIETS MO KPYTY, U BBICTPEIUBACT B HYKHOM
HalpaBlI€HUMU. 31€Ch TATOTEHUE IIJIAHETHl IIOMOTaeT IpHAaTh KOCMHYECKOMY ammapary
JIOTIOJTHUTEIBHYIO CKOPOCTb.

Ho Ilex BMecTO TATOTEHHs XOYET MCIIOJIB30BaTh MAarHUTHblE CWiIbl. OH pPacCUUTHIBAET
3aCTaBUTh MHUKPO3BE3/I0JIET OMMCaTh NMETII0 B MarHUTHOM nojne fOmurepa, koropoe B 20 000 pa3
IIPEBOCXO/UT 110 MHTEHCUBHOCTH MAarHUTHOE I10JI€ 3€MJIM U BIIOJIHE CPABHUMO C MOJISIMH B 36MHBIX
YCKOPHUTENSAX, CIOCOOHBIX PA3TOHATH OJJIEMEHTApHBIE YAaCTUIBl JIO HHEPruil B TPUIUIMOHBI
AJIEKTPOHBOJIBT.

OH mokazanm MHE o0pasell — MHUKPOCXEeMY, KOTOpasi, IO €ro 3aMbICTy, MOTJIa ObI OIHAXKIIBI
OTHPABUTHCS B JI0JITOE MyTeniecTBUe BOKpyr FOmuTepa. D10 ObLI KPOIIEUHBINH KBaPAaTHK pazMepoOM
MEHbILE KOHYMKA Tajblla, OyKBaJbHO HAOWTHIA BCAKOW HAydHOW BCAuMHON'. BooOue,
Mex3Be3HbI ammapar Ileka Oyger odeHb npocTbiM. C OHON CTOPOHBI Ha YHUIE HMEETCs
coimHeyHasi Oartapes, KoTopas JO/DKHAa OOeCHeurMBaTh €ro SHEeprueil Iuisl CBsI3u, C JIpyrom —
paguvonepenaruyik, BHJEOKamMepa W Jpyrue JIaT4uKh. OTOT amnmapaT HE HMMEET [BWrarens, a
pa3orHath ero JoKHO Oyaer marHutHoe moie FOmutepa. (K coxanenuto, B 2007 . MHCTUTYT
nepcrnekTUBHbIX KoHIenuuid NASA, ¢ 1998 r. ¢punaHcupoBaBIIMii 3TOT U Jpyrue WHHOBAIMOHHBIE
MPOEKTHI IS KOCMUYECKOM MpOrpamMMmbl, ObUI 3aKpbIT B CBA3M C COKpAIEHHUEM OOKETHBIX
pacxoyioB.)

Mps1 BuguM, yTo mpezacrasineHue Ileka o 3Be3noneTax CHIBHO OTIIMYAETCsl OT MPHUHSTOTO B
HayyHOW (aHTacCTHKe, IJie TPOMaJHbIe 3BE3AHbIE KOpabmu OOpo3IsAT mpocTopsl BceeneHHOH mof
yIpaBjIeHNEM KOMaH[Ibl OTBaXHBIX acTpoHaBTOB. K mpumepy, ecnu Obl Ha onHOM U3 ayH OnuTepa
NosIBUJIAcCh HaydHas 0a3a, Ha OpOMTY BOKPYI Ta30BOrO THMIAaHTAa MOXHO ObUIO Obl BBITYCTUTbH
JIECATKH TaKUX MaJIeHbKUX kopabneit. Eciau Obl, MOMUMO BCEro Mpoyero, Ha 3TOH JyHe MOSBUIIACHh
Oatapesi Ja3epHBIX MYIIEK, KPOXOTHbIE KOpabiIM MOXKHO ObUIO OBl pa3orHaTh 10 CKOPOCTH,
COCTAaBIISIOLIEH 3aMETHYIO JOJNI0 OT CKOPOCTH CBETa, IMPUAAB WM YCKOpEHHE IpHU IOMOIIU
JIa3€pHOTO JIyya.

UyTe nozxe s 3anan [leky mpocToi BOIPOC: MOKET JIM OH YMEHBIIUThH CBOM YHUII 10 Pa3MepoOB
MOJIEKYJIBI ITPH ITOMOIIK HaHoTexHonorui? Torna He moTpedyercs qake MarHuTHOe nose FOmurepa
— HUX MOXHO OyZIeT pa3orHaTh JI0 CYOCBETOBBIX CKOPOCTEH B OOBIYHOM YCKOPHTENE, IIOCTPOSHHOM
Ha Jlyne. OH cka3a, 4To 3T0 BO3MOXXHO, HO ITOJJPOOHOCTH OH €ellle He MpopadaTkiBall.

Tak 4Tr0 MBI B3sUIM JUCT OyMarn M BMECTE€ Hadald HUCHHCHIBaTh €ro YPaBHEHUSIMH H
NPUKHUIBIBATh, YTO U3 3TOro noiyuyurcsa. (MMeHHO Tak Mbl, yueHble, o0IIaeMcsi MEXIy coboil —
UJEM C MEJOM K JIOCKe WK OepeM JHUCT Oymaru U MbITaeMcsl PEelIuTh MpoOiIeMy MpH MOMOLIN
pa3nu4HbIX (opmyil.) Mbl Hanucanu ypaBHeHHe A cuibl JlopeHua, koropyro Ilek mpeamonaraer
UCIIONIb30BaTh Ul pa3roHa CBOMX Kopabieil Bosne FOmutepa. 3aTeéM Mbl MBICIIEHHO YMEHbBIINUIN
KopaOJii 70 pa3MepoB MOJIEKYJ U MBICICHHO € MOMECTHJIM MX B TUIOTETHMYECKUH YCKOPHUTENb
Bpone bombmoro agpoHHoro koimanaepa. Mul OBICTPO TOHSUTH, YTO TPH IMOMOIIH OOBIYHOTO
YCKOpUTENs, pa3MelleHHoro Ha JIyHe, HammM HaHO3BE3IOJETHI MOXHO 0e3 0coOBIX mpoliemM
pa3orHaTh J0 CKOpPOCTEH, ONM3KUX K CKOPOCTH CBETa. YMEHBUIMB pa3Mepbl 3Be3/0JieTa C
CaHTUMETPOBOH TUIACTUHKH J0 MOJIEKYIIbI, MbI TIOJIYYHUIH BO3MOXKHOCTh YMEHBIIUTh HEOOXOAUMBIN
JUTSL UX pa3rOHa YCKOPUTENh; Terneps BMecTo KOnurepa Mbl MOIIN BOCTIOIB30BATHCS TPAIUIUOHHBIM
yCKOpHTENEM JacTull. Mes nokasanach HaM BIIOJIHE PEATILHOM.

OpnHako, NpoaHAIM3UPOBAB YpPaBHEHMS €Il€ pa3, Mbl MPHUIUIM K OOIIEeMy BBIBOIY:
eIMHCTBEHHAs MpobieMa 31ech — CTaOMIBHOCTh U MPOYHOCTh HAaHO3Be3/107eToB. He pa3zopseT ju
YCKOPHUTENb HAIU MOJIEKYNbl Ha yacTu? [lonoOHO MSYMKy Ha BEpeBOUYKe, 3TH HAHOKOPAOIM IMpHU
pasroHe /10 OKOJIOCBETOBBIX CKOPOCTEH OyayT MCHBITHIBATH Ha cede JeHCTBHE IIEHTPOOEKHBIX CHIL.
Kpome Toro, oHn OyAyT SJEKTPHUUECKH 3apsDKEHBI, TaK 4TO JlaXe JSJIEKTpUYEeCKHe CHIIbI OymyT

1 B mae 2011 1. Tpm 3KCIIepUMEHTANBHBIX «UHUIOCIYTHHKA» KoMaHnael [leka Opum moctaBmensl Ha MKC s
PECYPCHBIX HCTIBITAHUH B YCIOBUAX OTKPHITOro KocMoca. — [Ipum. mep.



yIpoXKaTh MX HENOCTHOCTH. OOmuil BBIBOA: Ja, HAHOKOPAOJIN — 3TO peaibHas BO3MOXHOCTh, HO
NoTpeOyIOTCS IeCATUIIETUS UCCIIEIOBAHUMN, Mpexae yeM uun Ileka MOXKHO OyJleT yMEHBIIUTh J10
pa3MepoB MOJIEKYIIbI M YCUIIUTh HACTOJIBKO, YTOOBI Pa3roH J0 OKOJIOCBETOBOM CKOPOCTH HE MOT My
HUYEM MOBPEIUTh.

A moka Meiicon Ilek meuTaeT OTHpaBUTh POl HAHO3BE3JOJNETOB K Onmkaliiel 3Be3ne B
HAJEXK/JE Ha TO, 4TO XOTS Obl HEKOTOpBhIE M3 HUX IMPEOAOJICIOT paz/elifiollee Hac MeEX3BE3IHOE
npocTpancTBo. Ho uto onHum OynyT Aenare, Korna npuOynyT Ha MECTO Ha3HAuUeHHs?

3neck Ha cueHy BeixoauT npoekt [Isit Uxana (Pet Zhang) u3z Yuuepcurera Kapnern —
Memnon B Kpemuuesoii gonune. OH co3iai Henyro (GpIoTHINI0 MUHHUBEPTOJIETOB, KOTOPBIM KOT/Ia-
HUOY/Ib, BO3MOXXHO, CYXJEHO TOAHAThCA B armochepy uyxkoil twianetel. OH C TOPAOCTBIO
MOKa3bIBAJI MHE CBOW PO MHUHMOOTOB, HANOMHHAIOUIMX HIpYIIEUHble BepToNeTHKH. OJHaKo
BHEUIHSS IpOCTOTa 0OMaH4MBa. S mpekpacHo BUAEI, YTO B KaXKIOM M3 HUX UMEETCS YUIl, HAOUTHIN
CIIOXKHEHIIeH AMeKTpoHNKoM. OHUM HaXkaTheM KHONKK YKaH MOAHSAT B BO3AYX YEThIpe MHHUOOTA,
KOTOPBIM TYT K€ pa3jeTeNuch B pa3Hble CTOPOHBI U HAa4allu MeperaBaTh HaM HHPopMmanuoo. O4eHb
CKOPO 51 OBbLIT OKPY’KEH MUHUOOTaMH CO BCEX CTOPOH.

Takue BepTONETUKH, paccka3an MHE YkaH, JOKHBI OKa3bIBaTh MOMOIIb B KPUTHYECKUX
00CTOsITebCTBAX BPOJAE MOXapa WM B3pbIBa; UX 3a1adya — cOop uHpopmanmu u passeaka. Co
BpEMEHEM MMHHUOOTHI MOXKHO Oy/leT OCHACTUTh TelleKaMepaMu M JaTdyukaMu TeMIleparyphl,
JTaBJICHUsSI, HAMpaBJIEHUS BeTpa U T. JI.; B clydae MPUPOAHOM MM TEXHOTEHHOM KaTacTpo(bl Takas
nHGbOpMaIUs MOXKET OKa3aThbCs KU3HEHHO Ba)KHOM. ThicsuM MUHMOOTOB MOXKHO Oy/IeT BBIMYCKaTh
HaJl TIOJIEM CPa)KeHMs, JIECHBIM T0XKapoM W (TouemMy Obl HeT?) HaJl HeU3yuYeHHBIM HHOIUIAHETHBIM
nauamagpToM. Bce oHM HEMpephIBHO TMONACPKUBAIOT CBSI3h MEXIAy cobor. Eciam oguH MuUHHOOT
HaTaJKUBaeTCs Ha MPENITCTBUE, OCTAIbHBIE Cpa3y ke y3HAIOT 00 3TOM.

Wtak, onMH W3 CIIEHApHUEB MEX3BE3/IHbIX IyTEIIECTBUM — BBICTPEINTh B HAlpaBICHUU
Omkaiiieil 3Be3/bl ThICAYaMU JICIIEBBIX OJHOPA30BBIX YMIIOB, MOXOXKMX Ha yun Meiicona Ileka,
JETSIIUX C OKOJIOCBETOBOM CKOpocThio. Eciu xoTs Obl HeOombIIas UX YacTh 00epeTcs 10 MecTa
Ha3HAYCHUS, MUHU3BE3/10JIETHI BBITYCTAT KPbUIbs WJIM BUHTHI U, IOTOOHO MeXxaHu4eckoMy poro [1it
UsxkaHa, MONETAT HaJ HEBUJAHHBIM HMHOIUIAHETHbIM JaHamadpTtoM. MHbopmanuio onu OymyT
MOCKUIATH 1O Pajgro mpsAaMo Ha 3emitro'. Kak Toibko OynyT 0OHApY>KEHBI EPCIIEKTUBHBIE TUIAHETHI,
B IyTh OTIPABUTCS BTOPOE MOKOJEHHE MUHHU3BE3/I0JIETOB; MX 3a/Jauyei yxe Oyner MmocTporka y
JIAJIEKOH 3BE3/bl 3aBOJIOB 110 BBIMYCKY BCE TEX K€ MMUHU3BE30JIETOB, KOTOPHIE 3aTEM OTIPABATCA K
cnenytomiei 3sesze. [Iporecc Oymer pa3BUBaThCS OECKOHEUHO.

Hcxon ¢ 3emuan?

K 2100 r. MBI, cKkOpee Bcero, OTIpPaBUM aCTPOHABTOB Ha Mapc M B MOSAC aCTEPOUJIOB,
uccienyeM nyHsl FOnurepa u Bcepbes 3aiiMeMcst 3a1aueld OTIIpaBKU 30HAA K 3BE37aM.

Ho kak xe yenoseyecTBo? [losBATCS MM y HAC KOCMHUYECKHE KOJOHUM W CMOTYT JIH OHH
pemuTh npobieMy nepeHaceneHHocTu? Haliem i Mbl HOBBIM J0M B kocmoce? Hauner sn pon
yejgoBedeckui k 2100 . moxkumathk 3eMiro?

Her. VYuuThiBas CcTOMMOCTh KOCMHYECKHMX IyTE€UIECTBHH, OOJBIIMHCTBO JIONEH He
MOJHUMYTCS Ha OOPT KOCMUYECKOTO KOpaliis M He YBUAAT Aanekux miaHeT HU B 2100 ., HU naxe
MHOTI'O 103K€. BO3MOXKHO, rOPCTOYKA aCTPOHABTOB YCIIEET K DTOMY BPEMEHHU CO34aTh HECKOJIBKO
KPOXOTHBIX aBAHIIOCTOB YEJIOBEYECTBA HA JPYIMX IUIAHETAaX M CIIyTHHUKAX, HO YEJIOBEYECTBO B
LIEJIOM OCTAaHETCsl IPUKOBAaHHBIM K 3eMIIE.

Pa3 3emns Oyner moMOM ueoOBEYeCTBa €lle HE OJHO CTOJIETHE, 3aJaJMMCS BOIPOCOM: Kak
Oyner pa3BUBaThCs denoBeueckas nuBuinzanua? Kakoe BiusHHe Ha 00pa3 >KU3HU, TPyl H
oOuecTBo OyneT okasbIBaTh Hayka? Hayka — ABHUraTenp MpouBeTaHUs, IO3TOMY CTOMUT MOAYMAaTh O
TOM, KaK OHa MU3MEHUT B OyIyIlleM 4eJIOBEUeCKYIO [IMBUIM3AIMIO U Hallle OJIaT0COCTOSIHUE.

1 Takas nepemada cama 1o cebOe mpeCTaBIseT cO00H CIIOKHEHITYI0 3anaqy. — [lpum. mep.



7. Byayuee 6oratcTBa
Nobeautenu n npourpasLimne

Texnonocuss u uoeono2us compsicaion 6 XXI e6exe ocHosbi
Kanumanuzma.

Texnonozusi Oenaem yMeHUs: U 3HAHUS EOUHCIBEHHBIM UCHOYHUKOM
YCMOUUUBO20 CIPAMESUYECKO20 NPEeUMYUecmad.

Jlectep Typoy (Lester Thurow)

B mudonornu pacuser M majaeHue UMIEPHHA OINpenensuics CHIOW M MacTepcTBOM apMHii
umneparopa. Benukue pumckue BOEHauaJbHUKU IEpel PeUIaollMMU CPaXEHUSIMH MOJWINCH B
xpamax Mapcy, Oory BoitHbl. Jlerennapusie noasuru Topa BIOXHOBISUIM BUKUHTOB HAa FeépONYECKHE
cpaxxeHus. B mamsaTh 0 moOenax Hajx BparaMu JpeBHHE CTPOUIIM TPOMAJIHbIE XpaMbl U MAMATHUKU U
MOCBSIIAIN X Ooram.

Ho ecnu npoananu3upoBark peaibHble IPUUKUHBI PaCcLBETa U THOENN BETUKUX UBUIN3AMMH,
0OHApPYKUTCS COBCEM ApYrasi HCTOPHUSL.

[IpencraBbTe, uTO BBl MHOIUIaHETSHUH ¢ Mapca u nocerunu 3emito B 1500 . Kakyro u3
BEJIMKMX LUBWIM3ALUIl TOro BpeMeHH Bbl Obl mnpeamowin? Kaxoil mpeapexnu Obl Oymyiiee
rocroJcTBO HaJ MuUpoM? OTBET NPOCT: KAaKOW YTrOJHO, TOJILKO HE €BPONEHUCKOIL.

Ha BocCTOKe BbI BUANTE BEIMKYIO KUTAWCKYIO LIMBUIIM3ALIMIO, CYLIECTBOBABIIYIO YK€ OOJbIe
TBICSTYM JIeT. JITUHHBIN CIMCOK M300pETeHUH, CIeTaHHBIX KATAWIIaMH, HE UMEET cebe paBHBIX: ITO
OyMmara, neJaTHblil IIpecc, MOpox, KOMIIAC U T. 1. — MEPEUUCIATh MOXKHO Aoiro. Kuralickue ydensie
— nyuuie Ha rianere. CTpaHa eivHa, M Ha MaTepuKe LapuT MUp.

Ha rore Bbl BUguTe OCMaHCKYI0 UMIIEPHIO, KOTOpasl €/1Ba HE 3aBoeBaia Bcro EBpony. Benukas
MyCyJIbMaHCKasl IMBUIN3aLKs u300pesna anredpy, 3a Hel Takke MHO)KECTBO JJOCTUKEHHUI B ONTHKE
U (u3MKe; MMEHHO OHA Jiajla 3Be3/laM COBPEMEHHbIE Ha3BaHUs. B ummnepuu npouseTaroT UCKYCCTBa
u Hayku. Ee Benukue apMuM MpakTHUYECKH HE BCTpedaroT corpoTuBieHus. CtamOyn — OAMH U3
BEJIMYANIINX MUPOBBIX LIEHTPOB HAYYHOI'O 3HAHUS.

A ¢ Apyroil CTOpOHBI — JaJKHE E€BPOINEUCKHE TOCYIapCTBa, HCTEP3aHHBIE PEITUTHO3HBIM
(byHaaMeHTaIN3MOM, UHKBU3UIMEH U IpolieccaMy Haj BeAbMaMu. 3anaaHas EBpomna B ynaake yxe
ThICSIUY JIeT, ¢ MOMeHTa rubenn Pumckoil mmnepuu. OHa HACTONBKO OTCTajka, YTO IOCTOSIHHO
3aMMCTBYET TEXHOJIOTUHU y IPYIMX. DTO HacTosAlas yepHas aAbipa CpeqHeBEKOBbs. 3HaHUsI Pumckon
UMIIEPUA B OCHOBHOM YTpay€Hbl, CMEHUBUINCH YIYIIAIONIEH PEeNTUruo3Hoi aormMon. Onmno3umus
WIM HECOINIaCHE 3a4acTyl0 BCTPEYAIOTCs IBbITKAaMM MM Jaxe Xyxe. boiee Toro, eBponeiickue
ropo/ia-rocynapcTBa HEMPEPHIBHO BOIOIOT APYT C IPYTOM.

Ho uro xe npousonwno?

Bcxkope nocine 1500 r. u Kuraiickas, 1 Ocmanckas umnepuu Betynuiu B S00-1eTHUN niepuos
TEXHOJIOTMYECKOT0 3acTosi, Torna kKak B EBpore Hayanoch OecnpelelieHTHOe Pa3BUTHE HAyKd U
TEXHUKH.

Eme B 1405 r. umneparop Kutas FOHm» cobpan rpoMazHyr0 MOPCKYIO apMaay — CaMylo
KpPYIHYIO 3a BCIO HUCTOpuI0o dyenoBeuecTBa. C ee MOMOIIBIO OH XOoTen uccienoBarb mup. (Tpu
KPOXOTHBIX KOJIYyMOOBBIX Cy/IEHBIIIKA IPEKPACHO pa3MECTHIUCh Obl Ha nanyde OAHOTO M3
KOJIOCCAJIbHBIX KOpabOyed apmaipl.) BpuIo OpraHM30BaHO CeMb SKCIETUIIMN, OIHA MaciuTaOHee
npyroit. Kutaiickuii ot nporen Broiabs OeperoB FOro-Bocrounoit Asum, nobpancs no Adpuku,
Maparackapa, a BO3MOXHO, 3aXOAWI U Jajibiie. /oMol MOpsSKM NPUBO3UIM OOraryro 1o0buy —
BELIY, DK30THMUECKHE IPOAYKTHI M 3BEPEH CO BCEX KOHLOB cBeTa. B 3BepuHue nuHactuu MuH
BBICTABJICHBI UyJIECHBIE APEBHUE N300pakeHUsT ahpUKAHCKUX KUpadoB.

Opnaxo npasurenu Kurass ocramucs HenoBonbHbl. M 310 Bece? I'me e Benmkue apmuu,
KOTOpbIE€ MOINIM OBl IPOTHUBOCTOATHh KUTaickuM? Heykenu SK30THUECKUE KylIaHbsl U TUKOBHUHHbBIE
JKUBOTHBIE — 3TO BCE, YTO MOXET NpemsIokuTh Mup? llorepsiB nHTEpEC, ciaeayromue IpaBUTeIn
Kuras no3ponuian BenukoMy (UioTy NpUNTH B YIIAJ0K; B KOHIIE KOHIIOB OH IIEpecTaj CylleCTBOBATh.
Kurail nocrenenHo 060coOuiIcs OT OCTalbHOTO MMpa; B HEM Hayajcsl 3acTOi, Torna Kak MHD,



HaIpOTHUB, PBaHYJI BIIEPEL.

Uro-to moxoxkee mpoucxoamwsio M B (OCMaHCKOH HWMIIEpUHU. 3aBOEBAB OOJBIIYIO YacTh
U3BECTHOIO MM MMHpA, OCMaHbl OTBEPHYIHUCH OT HErO0 U YCTPEMUIM CBOE€ BHMMAaHHUE BHYTPb,
MOTPY3UBIIKCh B PEIUTHO3HBIM (QyHIAaMEHTAaNu3M U Ielble Beka 3actos. Maxarxup Moxaman
(Mahathir Mohamad), ObBmMii npembep-MHHUCTp Manaiizuu, Kak-To ckazan: «Benmkas
UCIaMCKas [MBWIM3alMs TpUOUIA B YHNAJOK, KOIZa MYCYIbMAHCKHE YYE€HbIE CTald
MHTEPIIPETUPOBATh MOMCK MCTHUHBI, KaKk M IpeanucaHo KopaHoMm, B UMCTO PEIMTHO3HOM CMBICIIE;
BCE MPOYEE 3HAHUE JUIS HUX CTaJl0 HEMCIAMCKUM. B pe3ynprare MmycylbMaHe OTKa3aluCh OT HAYKH,
MaTeMaTUK{, MEIUIMHBI M APYTUX TaK HA3bIBAEMBIX CBETCKUX AUCLMILIMH. BMmecTto 3TOro OHuM
MOCBSIIIAJIN CBOE BpeMs cropaM 00 YYeHHMHM HcllaMa W €ro TOJKOBAaHUAX, 00 HCIaMCKON
IOPHUCIIPYIEHIIMHA U MCIAMCKOW MPAKTHKE, YTO B KOHEYHOM WTOTE TPUBENO K pacraay yMMbl' u
00pa30BaHNIO0 MHOTOUHCIICHHBIX CEKT, KYJIbTOB U IIIKOJ.

A Bor B EBpome HaumHancs BenuKUd mombeM. Toproeist mpuHecia ¢ coOOi cBexHe
PEBOJIIOLMOHHBIE HJIEM, PACHPOCTPAHEHUIO KOTOPBIX CIOCOOCTBOBAl W TI€YaTHBIM Mpecc
I'yrenbepra. Bnacte mepkBu mociie ThICAYM JeT O€3yCJIOBHOIO INIABEHCTBA Haudana ociabeBats.
VYHUBEpCUTETHl TOCTENEHHO MEPEeXOAUIN OT TOJKOBAaHUS HEMOHATHBIX maccaxed bubmun k
NPUKIAJHBIM HayKaMm: 3T0 U ¢usuka HetoToHa, n xumus JlaneroHa, U apyrue paboTbl MHOXKECTBA
yuensix. Mctopuk ITon Kennean u3 Mensckoro yHUBepCHTETa 0OBACHSIET CTPEMUTENBHbII TTOIBEM
EBpomnbl eme onHuUM (aKTOPOM: HeENpephIBHbIE BOWHBI MEXAYy MOYTH OJUHAKOBBIMU IO CHJIE
€BPOINENCKNMH JIepKaBaMU, HA OHOW M3 KOTOPBIX HU pa3y HE yIaJOCh 3aXBaTUTh BIACTh HaJ BCEM
KOHTUHEHTOM. MOHapXu, HENpEephIBHO BOIOIOLIME JPYyr € ApyroM, (pUHAHCHPOBAIM HAy4HbIE
UCCIIEJIOBAaHUA U HWHXEHEpPHble pa3pabOTKH, HAJEsACh KOINa-HUOyAb YAOBIETBOPUTH CBOM
TeppuTopuanbuele amOuiy. Hayka Torna Oblia HE MPOCTO MHTEIUIEKTYaJIbHBIM YIIPaKHEHUEM, HO
CIIOCOOOM CO3/1aHUsI HOBBIX THUIIOB OPYXHS M HOBBIX CIIOCOOOB 3apa0aTbIBaHUs JICHET.

[TocTeneHHO MOIBEM €BPOMNENCKONW HAYKH M TEXHUKU MpUBEN K ociabnenuto momu Kutas u
OcMmaHckol uMmnepuu. MycynbpMaHCKas ULUBHIM3AlMsA, BEKAMM NpOLBETaBOIas 3a CYET
IIPOMEKYTOYHOTO TIOJIOKEHHMST M TOPrOBOIO IOCpPEIHMYECTBA Mexay Bocrokom u 3amanowm,
BIIEPBBIE [TOKAYHYJIACh, KOT/IA €BPOIEHCKUE MOPSAKH IPOJIOKWIN ToproBele myt B HoBblli CBeT u
Ha TOT *e BocTok — ocobenHO Bokpyr Adpuku, B ooxon bimxnero Bocroka. A Kuraii Bapyr
0OHapyXuJ1 cedst Mo/ TylTaMHU MyIIeK eBpONeHCKUX KaHOHEPOK, KOTOPhIE TI0 UPOHUU CYIbOBI BOBCIO
M0JIb30BAIMCH ABYMSI SMIOXaJIbHBIMH KUTAHCKUMH H300PETEHUSMU — MOPOXOM U KOMITACOM.

OtBer Ha Bompoc «Urto ke ciaydminocs?» odeBnaeH. Ciydminch Hayka U TexHuka. Hayka n
TEXHUKAa — JIBUTATENIM NpoLBETaHUsA. Pazymeercs, Kaxablii BOJEH MTHOPUPOBAaThH MX — HO MOJ
CBOI0 OTBETCTBEHHOCTb. Mup HE CTaHET CTOATh Ha MECTE€ TOJBKO MOTOMY, YTO BBl YUTAETE
PENUTrHO3HbIN TEKCT. ECIM BBl HE CyMeeTe OBIIAJETh OCIEIHUMHU JOCTUKCHUAMU HAYKU U TEXHUKH,
3TO CIAENAOT Ballll KOHKYPEHTHI.

BnacTb Hag 4YeTbIpbMSA cUnamm

Ho xak umeHHOo cymena EBpoma — TeMHas JiomIagka — IIOCJIE€ CTOJIETHIl HEBEXeCTBa
BHE3AIMHBIM PBIBKOM oOorHaTh Kurtaiti u wmycynbMmaHckuii mup? 3Aech ChITpald pojib Kak
COLIMaJIbHbIE, TAK U TEXHOJIOTHYECKUE (PaKTOPHI.

ITpu ananusze mupoBoi uctopuu nocie 1500 r. ctanoBUTCA siIcCHO, 4TO EBpoma B TOT MOMEHT
Obl71a TOTOBa K HOBOMY OOJIBIIIOMY CKauyKy, 4eMy CIOCOOCTBOBaIM ymaJoK ¢eomaan3Ma, MoIbeM
KJIacca TOPTOBIEB U CBeXHe BeTpbl Bo3poxkaeHus. OpHako GU3UKU pacCMaTpUBAIOT 3TOT BETUKUIH
Mepexon 4Yepe3 MpHU3My dYeTbipeX (yHAAMEHTaJbHBIX B3aUMOJCHCTBUI, KOTOpbIE MpPaBsT
BcenenHol. OTH YeThIpe CUIIBI JIEKAT B OCHOBE BCET0, YTO Mbl BUJIUM BOKPYT, — OT MAIlIMH, PAKET
n O60oM0 nmo 3Be3n u BcemenHnoit B menom. Bo3MokHO, MOYBY i Tiepexoja MOATOTOBUIIN
COLlMAJIbHBIE TE€pPEeMEHbl W HOBbIE TEHICHLMH, HO 0€3 OBIAJCHHUS CEKpeTaMH 4YeThIpex
(dbyHIaMeHTaIbHBIX B3auMoieicTBUI EBpore HUKOra He yaanoch Obl BHIMTH Ha MEPEIHUN TUIaH U
BBIJICIUTHCS CPEU APYTUX AEPKaB MHUpA.

1 MycynesMaHCKas pelIuruo3Has oomuHa. — [Ipum. mep.



IlepBoe B3auMoaeiCTBHIE, UM NIEPBasi CUJIa, — 3TO TPaBUTALMS, KOTOpas yIepKUBAeT HAC HA
MOBEPXHOCTU 3eMJIH, He faeT CONHIly B30pBaThCs U MpuAaeT cTabmibHOCTh COTHEUHOU cucTeme.
Bropoe gyHnamentanbHOe B3aMMOJIeiiCTBHE — 3JIEKTPOMArHuTHAas CUjla, KOTOpasi OCBEIAeT Hallll
ropojia, BpalaeT ABUTaTeiu, ITAET JIa3epbl U KOMIBIOTEPHL. TpeThe N 4eTBEPTOE B3AMMOAECHCTBUSA
— 3TO cyabble M CUIIbHBIE SJEpHBIE CHIIbI, KOTOPBIE HE IMO3BOJISIOT PaclacThCs sipaM aTOMOB,
3QKHTAIOT 3BE3/bI HA HEOecax M MOPOXKIAIOT TEPMOSIEPHBIN OTOHB B 1leHTpe Hamrero Comuia. Bee
4yeThlpe (PyHIaMEHTAJIbHBIX B3aUMOJICHCTBUS ObUIH OTKPHITH B EBporie.

Kaxaplit pa3, korna puszrkam yaBaaoch 0OHApYKUTh U MOHATH AEHCTBUE OJHOM U3 3TUX CHJI,
HCTOpHS YEIOBEYECTBA MEHsIA CBOM XoA, W EBpona mjaeanbHO NMOAXOAWIA AJI UCCIEAOBAaHUN U
obperenus HOBBIX 3HaHUH. Micaak HproTOH, Habmonas manenue sionoka u Buas Jlyny B HeOe, 3aman
ce0e BOIpOC, KOTOPBIi HaBceraa U3MEHWII HCTOPUIO LIMBUIIM3ALIMK: €CJIU S0JI0KO MAJaeT, TO IoYeMy
He nagaet Jlyna? brnectsiee o3apeHue, MOCETUBIIEE €r0 B BO3pacTe 23 JIeT, MOMOIVIO MOHSTh, 4TO
S0JIOKO 3aCTaBIIAIOT MaJaTh Ha 3€MIIIO T€ )K€ CHUJIBI, YTO YNPABIISAIOT JIBUKEHUEM IUIAHET U KOMET B
HeOecax. HbIOTOH cymen MNpPUMEHHTHh TOJBKO YTO MNPUIAYMAaHHYIO MM HOBYIO MaTeMaTUKy —
muddepeHIraIbHOe M UHTETpabHOE CUUCIIEHHE — IS pacueTa TPAeKTOPU ABMXKEHUS TUTaHET U
CIIyTHUKOB U MEPBBLIM paciindpoBan HeGecHy0 MexaHuky. B 1687 1. on onybnukosan «Havana» —
KHUTY, KOTOpas, MOXalyW, NPUHAUIEKUT K YMCIy BaXKHEHIIMX HAYYHBIX TPYAOB B HCTOPUHU
YeJI0BEUeCTBa, OKAa3aBIINX HAHOOJIbIIIee BIUSHUE Ha €0 HCTOPHUIO.

Yro emie BaxxHee, HpI0TOH BBeN B 0OMXO/ HOBBIN CIIOCOO MBIIIICHHUS U 3aKOHBI MEXaHUKH, 110
KOTOPBIM MOKHO paccuuTaTh JBHKEHHE JIFOOBIX TEJ uepe3 JeHCTBYIOIIME Ha HUX CHIIBI. YenoBek
nepectan ObITh OECIOMOIIHON HWIPYHIKOH JE€MOHOB M HEBEJIOMBIX JyXOB; Telepb OOBEKTHI
JIBUTAJIACH 10 CTPOTUM 3aKOHaM I0J1 IeHCTBUEM YETKO OMPEEICHHBIX CHJI, KOTOPblE MOYKHO ObLIO
W3MEPUTH U NMOKOPUTh. BO3HMKIIA HBIOTOHOBA MEXAHMKA, MOJIb3YsACh KOTOPOH YUEHBIE MOIVIM TOYHO
IIPEICKa3aTh MOBEICHWE MAIIWH; IMPUIIEN] 4Yepe] IMapoBOro ABWTaTeNss M MmapoBo3a. CIOXHYIO
JUHAMUKY TapoOBbIX MAIlMH M CTAHKOB TeNephb, CONIACHO 3akoHaM HpIOTOHa, MOXHO OBLIO
CUCTEMATHUYECKH PA3J0KUTh — BUHT 332 BUHTOM, PbIUar 3a ppl4aroM. Tak 4TO 3aKOH TATOTEHUS,
OTKpBITEI HBIOTOHOM, B 3HAYUTENBHOW CTENEHU IIPOJIOKUI IIyTh €BPOINEUCKON [IpomblieHHOR
PEBOJIIOLIUN.

3arem B XIX Beke, onath ke B EBpone, Maiikn ®@apaneii, xeitmc Knepk Makcsemn u
JIpyTe OTKPBUIM BTOPOM BUJ (DyHIaMEHTAJIbHOTO B3aUMOJCHCTBHUS — 3JEKTPOMArHeTU3M. JTO
COOBITHE TOXE MPOU3BENIO B HAyKE HACTOSIYIO PEBOMIOIMIO. ToMac DIMCOH, MOCTPOUB IeHEPATOPHI
Ha ctanumu «llepa-ctput» B HuxHem ManxaTreHe U 21ekTpuuIrpoBaB MEpBYI0 B MHUpE YIIHUILY,
OTKPBUI J0pOTYy 3MeKkTpudukanuu Bced miaaHeTsl. CerogHs M3 KOCMOCa HOYHast 3eMJIsl BBITVISIHUT
OYEHb MPA3THUYHO: II€JIbIe KOHTUHEHTHI YCEsSHbI SIPKUMH MATHAMU OCBEIIEHHBIX ropoaoB. JIro0oi
MHOIUTAHETSIHUH, YBUJEB 3TO, MTHOBEHHO MOHSJ Obl, YTO 3€MJISIHE MOCTABUJIM 3JIEKTPOMAarHeTH3M
cebe Ha ciayx0y. Mbl OCTpO OLIyl[aeéM CBOIO 3aBHCHUMOCThH OT HETO BCAKHI pa3, KOrjga B CUCTEME
MPOMCXOIAT cOOM U MBI Ha KaKoe-TO BpeMsi ocTaeMcsi 06e3 alieKTpuyecTBa. B 01HO MIHOBEHHE MBI
OKa3bIBaeMcsl OTOpPOIICHHBIMH B mpouuioe Oonbiie yeM Ha 100 ymetr um momazaeM B mup 0e3
KPEIUTHBIX KapTOYeK, KOMIIBIOTEPOB, JIEKTPUUYECKUX JIAMIOYEK, JIU(PTOB, TEIEBUIACHHS, PaaMO,
HNutepnera u T. 1.

HakoHen, siiepHbIe CHUIIBI, TAKXKE OTKPHITBIE €BPONEHCKUMHU YUYEHBIMU, B HACTOAIIEE BpeMs
BHOBb MEHSAIOT MHpP BOKpPYT Hac. MBI CErofHs MOJYYWIM BO3MOKHOCTh HE TOJIBKO PaCKpBIBAaTh
TaliHbl HeOeC ¥ UCTOYHMKH SHEPIHU 3B€3[, HO U 3aNNIAHYTh BHYTPh CaMUX ce0sl; MEIUIIMHA JaBHO
yKe He 00xoauTes 6e3 (u3NYecKUX 3HaHU, CBA3aHHBIX C AEPHBIMHU CUJIAMU: 3TO Pa3IUYHbIE BUJIbI
ToMorpa@uu — W MarHUTHO-PE30HAHCHAs, M aKcHajbHasg, W MO3UTPOHHO-IMHCCHUOHHAS;
paauoTepanus; sjAepHas MenuluHa. SljepHble B3aMMOAEWCTBUSA MpaBsAT Oandl BHYTPH aroMa M
YIOPABISAIOT 3aJ0KEHHBIMA TaM KOJOCCAJIBHBIMM CHJIAMH, a IIOTOMY MOTYT B KOHIE KOHLIOB
OnpeAenuTh cyabOy denmoBeuecTBa. UTo *kAeT Hac: MPOLBETAaHUE U HEOTPAaHWYEHHAs IHEPrHs
AJIEPHOTO CUHTE3a WM CMEPTh B SIIEPHOM any?



Bnunxanwee 6yaywee
(c HacTosiwero momeHTa no 2030 r.)

Yerpipe cTaIMU PA3BUTHS TEXHUKH

VnauHoe coueTaHuWE COLMANbHBIX [EPEMEH W  OBJAJEHUA  YEThIpbMs  TUIIAMU
(byHIaMeHTaIbHBIX B3auMozeWcTBUI BeIBeso EBponmy Ha muaupytomue no3unuud B mupe. Ho
TEXHOJIOTMH TUHAMUYHBI, OHU TO U JIeJI0 MeHI0TCS. OHU pOXKIatoTCsl, pa3BUBAIOTCS, PaCLBETAIOT U
rUOHYT. YTOOBI MOHATH, KAK KOHKPETHBIE TEXHOJOTHU B OMMKaiiiiee BpeMs U3MEHSAT MUp, MOJE3HO
MIOCMOTPETh, KAK OHU MOAYUHSIOTCS HEKOTOPBIM 3aKOHAM 3BOJIIOIHH.

B pa3BuTHM MaccoOBBIX TEXHOJOTMH, KaK IPaBWJIO, MOXHO BBIACIUTh YETHIPE OCHOBHBIX
sTana. B aToM HeclokHO yOenuThes, B3MISIHYB Ha UCTOPHIO OymMaru, BOAOIPOBO/IA, AIEKTPUUYECTBA
U KOMIbloTepoB. Ha mepBoM 3Tame MpOAyKTHI 3TOW TEXHOJIOTUH OOXOIATCS Tak JOPOro, 4To UX
HEYCBHIMMHO OXpaHstoT. bymara B Buje mamupyca, n300peTeHHass JPeBHUMU ETUNTSHAMU, U TO3XKe
Oymara, mpuayMaHHas KUTaHIaMH, THICSYM JI€T Ha3ad ObUIM HACTONBKO JIPAroleHHBI, YTO OJHMH
ManUpPyCHBIA CBUTOK MOINIM OXPAHATH JECATKU JKpEHoB. OTa TEXHOJIOTHs, XOTd U ObLia
IIPUMHUTHBHOM, J1aja MOIIHBIN TOJYOK Pa3BUTHIO IPEBHEN LIMBUIIN3ALINN.

Bropoii atan ans 6ymaru Hactynui okono 1450 r., korna ['yrenGepr nzobpen cnocob nedatu
NOABMKHBIMU JHTepaMu. [losBUINMCH NEpBBIE <«JIUYHBIE KHHUTH»; YEJIOBEK MOT MPUOOPECTH IS
ce0sl KHUTY, COJEPKaBIIYI0O MYJIPOCTh HE OMHOW COTHH ApeBHUX CBUTKOB. [lo 'yrenOGepra Bo Bceit
EBpomne enBa HacuuthiBamoch 30 000 TomoB, a k 1500 . KHUT OBUIO YK€ NEBSATh MHJUTHOHOB;
JIOCTYIIHbIE KHUTH OKUBWJIM MHTEIIEKTYaJIbHYIO *U3Hb EBPOIBI M CTAIM MOIIHBIM CTUMYJIOM IS
Bo3spoxnenus.

Ho oxono 1930 r. ans Gymaru Havalyics TPETHl 3Tar, Korja €€ CTOUMOCTh yIajla HEBEpOSITHO.
Bo3nuknm nuuHbie OMOMTUOTEKH, OJJMH Y€JIOBEK MOT BIAJIeTh COTHAMU KHHUT. bymara mpeBpatuiach
B OOBIYHBII MOTPEOUTENBCKHI TOBAp, €€ CTalH MpojaBarb ToHHaMu. Ha atoMm sTame Gymara Oblia
BE€3JI€ U HUTJE, OHA HEBUJMMA U Be3Jecylla. Tenepp ke Mbl HaXOIUMCS Ha YETBEPTOM dTaIle, Koraa
Oymara craja BOmpocoM Mojabl. Mbl ykpamiaem cBOM Mup Oymaroil BCEBO3MOMKHBIX PacCIBETOK,
dopm u pasmepoB. OTPOMHYIO YacTh TOPOACKOM CBajJKH COCTaBisieT MMeHHO Oymara. bymara
MpolUIa MyTh OT THIATEIHHO OXPAaHAEMOH JIparolieHHOCTH 10 Mycopa.

To e MOXHO OTHECTM W K BOJONpPOBOAY. B npeBHOCTH, Ha mepBoM i3Tame, Bojxa Oblia
HACTOJIBKO JparoleHHa, YTO OJHUM KOJIOIEM MPUXOIMIOCH IMOJIb30BAaThCS 1ENoN AepeBHe. Tak
IIPOAOJKANIOCH THICSIUM JIET, U TOJIBKO B Hadase XX B., HA BTOPOM 3Talle, MOCTENEHHO Haydaj
MOSIBIIATHCS HACTOSAIIMI BogonpoBo. [Tocie Bropoit MupoBOi BOMHBI 71 BOJIOMPOBOIA HAYAJICS
TpETUit ATall, BoJa cTaja JIEHIeBO 1 JOCTYIHOM Bce Oosiee yBETUUNBAIOIIEMYCS CPETHEMY KIIAcCy.
CeroaHst BoJla HAXOJUTCSI HA YETBEPTOM 3Tarle, 3TO BOIIPOC MOJIbI; BOJIAa JOCTYIIHA B CAMBIX Pa3HBIX
dopmax, pasMepax U TNPHIOKEHUAX. MBI yKpaliaeM CBOH MHp BOAOH B BuAe (POHTAHOB H
BCEBO3MOKHBIX MHCTAILISIUH.

DJNEeKTPUUECTBO TaKXKe IMPOILIO Yepe3 BhlleonucaHHble craauu. Ilocae HoBaTopckux pador
Tomaca DnucoHa W Jpyrux Ha nepBoM »dTame nenas ¢abpuka Momia paboTaTb C OAHOMN
WIEKTPUUECKOM JIAMIIOYKOM Ha OZHOM 3yekrpomorope. llocne IlepBoii MupoBOM BOMHBI MBI
BCTYNUJIM BO BTOPOHM 3Tarl, KOrla MHOTHE MOINIM cebe MO3BOJIUTh 3JIEKTPUUECKOE OCBEIIEHUE U
npubopsl ¢ 3aekTpoMoropamMu. CeroiHs SIEKTPUYECTBO BCIOAY W HUIZE, JaXe CaMoO CJIOBO
ynotpebnsiercst Bce pexxke. Ha PoxkecTBo Mbl pa3BeninBaeM COTHU MUTAIOLIUX JIAaMIIOYEK, yKpalas
CBOM JI0OMa. MBI YBEpPEHBI, UTO IEKTPUYECTBO CKPHIBAETCS B CTEHAX, YTO OHO BE3/ECYIIIE.

N snexTpudecTBO — BOMPOC MOJBI, OHO OcCBemaeT bponBeil BOMIMIEOHBIMH OTHSIMH H
yKpalaeT Halll MUp.

Ha yerBepToM 3Tame U BOja, U ANIEKTPUUECTBO MPEBPATHIINCH MPOCTO B ynoOcTBa. OHU Tak
JIeIIeBbl ¥ MBI IOTPEOISiEM UX TaK MHOTO, YTO M TO U JAPYrOo€ MPUXOIUTCS U3MEPATH MPH MOMOIIU
CUETYHKOB.

KoMIbloTeps! MOBTOPSIIOT Ty K€ CXeMY. Te KoMIaHUH, KOTOPbIE 3TO IOHUMAIOT, Pa3BUBAIOTCS
U TPOIIBETAIOT; T€, YTO HE MOHUMAIOT, MPUXOAAT B yMaJI0K U OMu3KkM K OaHKpoTcTBY. B 1950-€ T,



Ha nepBoM dTane, IBM co cBouMM yHHMBEpCaIbHBIM KOMIIBIOTEPOM JTOMMHHpPOBaJa Ha pbiHKE. OauH
TaKOM KOMIIBIOTEP CTOMJI HACTOJIBKO JOPOTO, YTO UM MPUXOIUIOCH MOIb30BATHCS COBMECTHO COTHE
Y4eHBIX U UHKeHepoB. OgHako pykoBoAcTBO IBM Henoouenuno 3akoH Mypa, u B 1980-e rr., korna
HayaJsicsl BTOPOH 3Tall ¢ €ro NepcoHaIbHBIMU KOMIIBIOTEpAMHU, KOMITAaHUS €/1Ba HE 00aHKPOTHIIACh.

Ho mozxe 1 mpou3BOJUTENHN EPCOHATBHBIX KOMITBIOTEPOB YCIIOKOMINUCH. OHU TOTOBBI OBLITH
HaIllOJHUTh MHUpP MEPCOHAIbHBIMU KOMIBIOTEpAMHU, HHMKAK HE CBA3aHHBIMH MEXAYy COOOH, u
HACTYIUIEHHE TPEThEro JTana, 3pbl HMHTEPHET-TEXHOJOTMM, 3acTajio MX Bpaciuiox. Ceromss
M30JINPOBAHHBIH, HE TIOJKIIOUEHHBIM HU K YeMY KOMITBIOTEP MOJKHO HAMTH pa3Be 4TO B MYy3e€e.

B OyayiieM KOMITBIOTEpPBHI TOXKE JKIET YETBEPTHIH 3Tam, Ha KOTOPOM OHM CTAaHYT MOIHBIM
akceccyapoM. Mbl OyieM ykpamarh KOMIBIOTEpaMU CBOW MHP, a CJIOBO «KOMITBIOTEP) MOCTENEHHO
MCUEe3HeT. boMbIllyl0 4acTh TOPOJCKOI CBaJKM OyJeT COCTaBIIATh yxe He Oymara, a 3JIeKTPOHHbIE
yunbl. byayiiee koMIpioTepa — HCYE3HYTh M MPEBPATUTHCS B MPOCTOE YA0OCTBO, MpoO/iaBaeMoe,
N0Z00HO BOJIE WITH JIEKTpUUecTBY. KOMIBbIOTEpHBIE YHITBI TOCTETIEHHO UCUYE3HYT U3 Hallleil KHU3HH,
a BBIYUCIIEHUSI OyAYT IPOBOJIUTHCS «B 0OIaKax».

Mexy Tem komnbtorep 1 HTEpHET Bee ele pa3zBuBaroTca. DkoHoMHCT [[xoH Crun I'opaon
(John Steele Gordon) Ha Bompoc 0 TOM, 3aKOHUMJIACH JIM KOMIBIOTEPHAS PEBOIIONHNSA, OTBETHIL: «O
rocriogy, koHeuHo Her! Ilpoiimer eme ner cTo, MOKa OHAa IIOJHOCTBIO HCUEPHAET CBOM
BO3MOKHOCTH, KaK 3TO IPOMU30ILIO C apoBbIM ABurareneM. Ceituac IHTEpHET IPUMEPHO B TOM XKe
MOJI0)KEHUH, B KAKOM OBLIH KeJle3Hble oporu B 1850 1. D10 TONBKO HavaIo.

Crnenyer OoTMETUTh, YTO HE BCE TEXHOJOTHHU JIOCTUTAIOT TPEThEro M yeTBepToro 3tamoB. K
IIpUMEpPY, BO3bMEM JIOKOMOTHUBBI. JlJI1 MEXaHU3UPOBAHHBIX CPEICTB MEPEABHKEHUS MEPBBII dTal
Havasica B Hadane XIX Beka ¢ mosiBieHHeM mapoBo30B. OJIMH MMapoBO3 MOI MEPEBO3UTH COTHIO
4esoBeK. Bropoil atan Hadancs B Hayaie XX BeKa C MOSIBIEHUEM «II€PCOHAIBHOTO JIOKOMOTHBAY,
MHaye M3BECTHOTO Kak aBToMoOmwib. Ho M 710KkOMOTHB, W aBTOMOOWIb (YCIOBHO TOBODS,
JBIKYIIUICS SIIIMK Ha pejbcax WM KOJecax) 3a IMOCJIEIHUE NECATWIECTUS NPUHIUINAIBHO HE
M3MEHWINCh. [1osIBMIIHCE THIIB HEKOTOPBIE YTyUIlIeHUs], TaKue Kak 0osee MOIIHbIN 1 3(()eKTUBHBIN
JIBUTATENb WM MHTEJUIEKTyaJbHasi CUCTEMA yIpaBieHus. Tak 4To TEXHOJIOTHH, KOTOPbIE HE MOTYT
BCTYNUTh B TPETUN U UETBEPTHII 3Tambl pa3BUTHUs, OyIyT MPOCTO YIydIIaThCs; BO MHOTUX U3 HUX
MOSIBSITCSI YUUIIBbI, KOTOPBIE CETIAI0T MEXaHU3MBbI «pa3yMHBIMW». TeM HE MEHee SICHO, UTO HEKOTOPbIE
TEXHOJIOTMH TPOXOAT IMOJHBIM UK Pa3BUTHA, a JAPyrue OCTAHABIMBAIOTCS Ha MPOMEKYTOUHOMN
CTaJIMH, JINLIb IPOJOJIKAas IOTUXOHBKY Pa3BUBATHCSL.

Hoquy BO3HHKAKT H JIOIIAIOTCH l'[y3l>lpl/l?

Ho ceronns, nocne cepresneiimero kpuszuca 2008 I. JOBOJIBHO TPOMKO 3By4aT roioca Tex,
KTO CUMTAET, YTO MPOrPECC — HWILTIO3MUS, YTO YEJIOBEUYECTBY CIEAYET BEPHYTHCS K MPOCTOM JKU3HU
MPOILJIOT0, YTO ¢ CUCTEMOM YTO-TO TPUHIIUIIUAIBHO HE TaK.

Ecnm kak cremyeT BCIIOMHHUTH HCTOPHIO, HECIOXXKHO 3aMETHUTh, YTO BPEMs OT BPEMEHH
KalUTaINCTUYEeCKass CHUCTeMa Kak OyaTro cama mo cebe, 0e3 BCSIKOH NPUYUHBI TMOPOXKIAET
TUTAaHTCKUE Ty3bIPpH, KOTOPHIE 3aTEM JIOMAIOTCSI CO CTPAIIHBIM TPECKOM M TPOXOTOM. DTH COOBITHS
KaXyTcs OCCIPUYMHHBIMU M MOPOXKIAIOTCS, HAa TIEPBBIA B3IV, HECYACTIIMBOW CIIY4alHOCTBHIO U
YEJIOBEYECKON TyNmocThio. VICTOpUKM M IKOHOMUCTHI YCIIENIM HAmucarh HEMajo TOMOB O Kpaxe
2008 1., mBITasich Pa3o0paThCs B ATOM COOBITMM M TEPEUHCIsisi MHOXKECTBO MPHUYMH: 3TO U
YeJIoBeYeCKasi MPUPO/Ia, U ATYHOCTh, U KOPPYIIUS, U HEIOCTATKA 3aKOHOJATENIbCTBA, M CIab0CTh
KOHTPOJIS, U OOT 3HAET UTO elle.

OnHako s CMOTPIO Ha O9TOT BEJIUKHM KPH3WC WHaAue, Yepe3 MpU3My HaAyKH, — Belb B
JIONITOCPOYHOI TMEepPCIeKTUBE MMEHHO Hayka obecreunBaeT mporBetanue. K mpumepy, Oxford
Encyclopedia of Economic History mutupyer mccienoBanusi, kotopbie «o0bsicHs0T 90 % pocta
noxonoB B AHmuu ¢ CHIA mocne 1780 . TEXHOJOTMYECKMMH HOBHHKaMHU, a HE MPOCTOM
KOHLICHTPAIIMEN KaUTasa.

be3 Hayku MBI MTHOBEHHO OKa3ajHCh Obl OTOpOIIEHBI HAa THICSUETETHE Ha3al, B TYMaHHOE
nponuioe. Ho Hayka He ofHOpoAHA; OHAa pa3BuBaeTcs BoJHAMH. OOUH-€IUHCTBEHHBIN



IUIOJIOTBOPHBINA MPOPBIB (TaKOH Kak M300peTeHHe MapoBOrO JABUraTessl, JMEKTPUUECKON JIAMIOUYKH
WIM TPaH3UCTOpA) YacTo BJeyeT 3a cOOOM Kackaja BTOPHUYHBIX M300pETeHMI, KOTOpbIE B CBOIO
o4epeb BBI3BIBAIOT HACTOALIYIO JaBUHY MHHOBaLMN U mporpecca. IIockonbKy Bce NEPEYMCIEHHOE
MOPOKAAaeT 00IEeCTBEHHOE OOraTCTBO, BOJHBI OTKPHITHH JOKHBI OTPA’KaThCsl U B SKOHOMHUKE.

IlepByto BenMKy0 BOJIHY TaKOIO poja BbI3BaJI IAPOBOM JBUraTellb, 32 KOTOPBIM IOCIIEI0BAI U
nokomoTuB. Cumina mapa nutana [IpOMBIIUIEHHYIO DPEBONIOLHIO, TMEPEBEPHYBUIYIO HE TOJIBKO
MPOMBIIIJIEHHOCTh KaK TaKoBYIO, HO U obOmecTBo. Cuila mapa nopoauiia ckazouHsle Oorarctsa. Ho
MpU KanmuTaju3Me OOrarcTBO HHMKOTJA HE JICKHT Oe3 Jiesia, OHO 00s3aTeNIbHO JIODKHO paboTarh.
KamuTtanucTsl HEyCTaHHO TyMaroT O CIEAYIOLIEM MPOPBIBE U [0 MEPE CHJI OXOTATCS Ha HETO; OHU
TOTOBbI BKJIQJ[bIBaTh HAKOIJIEHHOE OOrarcTBO B elle Oosee CHEeKYISITUBHbIE CXEMbI, MHOILJAa C
KaTacTpo(hUUEeCKUMHU Pe3yabTaTaMH.

B mawame XIX Beka 3HauMTenbHas YacTh M3JIMINKOB OOTrarcTBa, MOPOXKICHHOTO
MPOMBIIIJICHHOW peBOIIIOLIMEH, ObUIa BIIOYKEHA B aKIIMK JIOKOMOTHBHBIX KOMIaHui Ha JIoHAOHCKOM
oupyke. Ctporo roBopsi, Hauaa GOPMHUPOBATHCS My3bIpb: Ha JIOHIOHCKOM OWpIKe BAPYT MOSIBUIHCH
JIECSATKH JIOKOMOTHBHBIX KoMmnanuil. Bupmxunus [octpen (Virginia Postrel), 6u3Hec-koMMmeHTaTOp
The New York Times, numet: «CTo €T Ha3aJ MOJIOBMHA LIEHHBIX OyMar, 3aperUCTPUPOBAHHBIX Ha
Hrro-Mopkckoii Gupsxke, GblIa COCPENIOTOUEHA B JKEJIE3HOTOPOXKHEIX KOMIAHMAX». Ho Keme3Hble
JIOpOTH U JIOKOMOTHBBI JIJISI HUX B TOT MOMEHT TOJIbKO Hadaji pa3BUBAThLCS, U MY3bIPb OKa3ajcs
HECTaOWJIbHBIM; B KOHIIE KOHIIOB OH JIOMHYJ, MOopoauB kpax 1850 . — oxHy W3 KpymHEHMIIMX
OMpKeBBIX KaTacTpod B HCTOPUHU KamuTajgu3Ma. 3a HUM IOCJeNoBajlia Cepus MHUHHKPHU3HCOB,
KOTOpBIE MPOUCXOAWIM €/1Ba JIW He KaK[Ible JIeCATh JIET; MPUYMHA OblIa BCE Ta ke — M3IIHUIIEK
CPEACTB, MOPOKICHHBIX [[POMBIIIIIEHHON PEBOIOIIUEH.

B 3TOM ecTh cBO€0Opa3Hast HpOHUS: PACLBET JKeJIe3HbIX Aopor mpuiesncs Ha 1880-e u 1890-¢
rr. [lonydaercsa, yto mpuumHOM Kpaxa 1850 . crama cHekylsiITUBHAs JUXOpajka M M3JIHILIEK
KanuTaja, CO3JJaHHbIM HayKoi, a HacToslas padoTa, B pe3yibrare KOTOpOil MUP MOKPBUICA T'YCTOM
CEThIO JKEJIE3HBIX JOPOT, MPOAJINIACh HAMHOTO JIOJIbIIE U 3aHsAJIa HE OJTHO JECATUIIETHE.

Tomac ®@punman (Thomas Friedman) mnumer: «B XIX Beke B Amepuke Obul
KEJIE3HOIOPOKHBIM OyM, My3BIph M KpaX... HO 3TOT my3bIph, JaXke JIOMHYB, OCTAaBHJI AMEpHKE
UHQPACTPYKTYpy JKENE3HBIX JOpPOI, CJHENaBIIMX TPAaHCKOHTHMHEHTAJIbHBIE MYyTEIIeCTBUS U
MEPEBO3KM HAMHOT'O MPOIIIE U JCLIEBIIEY.

Kanuranuctel He yCBOWIM YPOK, U BCKOpe LMK noBTopwics. IIpokatuiace BTopas BoiHa
TEXHUYECKON PEBOJIOIUH, ABWKYIIEH CHUIION KOTOPOM Ha 3TOT pa3 CTAIU AJNEKTPUUECTBO DAUCOHA
u apromoOunun @Doppa. OnekTpudukanus NPOM3BOACTBA M ObITa, a TakXkKe MIHUPOKOE
pacnpocTpaHeHue «mozaenu T» cHoBa mopoawiu cka3ouHble OorarctBa. Kak Bcerma, M3numIKu
KamuTajga HaJo ObLJIO KyAa-TO BKJIA/IbIBaTh. B JaHHOM cilydae OHM MOCTYNAaIu Ha OUPXKY, TOPOKIast
My3bIPh U3 MTOTPEOUTETHCKUX U aBTOMOOMIIBHBIX IIEHHBIX OyMar. JIroau 61aronoyqHo 3a0bUTH YPOK
1850 ., Benp Bce 370 ciryunsoch 80 jeT Ha3al, B TyMaHHOM npouuioM. B nepuoa ¢ 1900 mo 1925 .
YUCJIO aBTOMOOWJIBHBIX KOMIIAHWHW, TMOSBUBIIMXCS W3 HHOTKyAa, AocTurio 3000, u pHIHOK,
€CTECTBEHHO, HE CMOT MX BCE MPOKOPMHUTH. I1y3bIph onATh Oka3aincst HecTabuiIbHBIM. [ToaToOMy — 1
10 IPYTUM MPUYMHAM — OH JIONHYN B 1929 1., mopoaus Benukyro nenpeccuto.

Ho upoHus 3akiouaeTcst B TOM, YTO JOPOKHOE CTPOUTENBCTBO M 3JEKTPUPHUKANI AMEPUKH
n EBpomnsl mpon3o1m ye B OCHOBHOM Iociie Kpaxa, B 1950-e u 1960-e rr.

HenaBHO MbI ObUTM CBUIECTEISIMH TPEThEeH BOJHBI HAyYHON PEBONIOLUU — MPHUXO/1A BHICOKUX
TEXHOJOTHA B BHUJAE KOMIIBIOTEPOB, JIA3€pOB, CIIyTHUKOB, IIHTEpHETAa M BCEBO3MOXKHOU
aneKTpoHUKH. CKa30uHbIe OOraTcTBa, HOPOXKICHHBIE STUMU BBICOKMMHU TEXHOJIOTUSMH, HAJ0 ObLIO
Ky[a-T0 BKJaJbIBaTh. B JaHHOM cilydae W3IHUIIEK CPEACTB IMOIIEN B HEIBUKHUMOCTb, MOPOJIUB
O4epeHONW T'POMaJHBIM My3bIpb. LIeHbI Ha HEIBMKMMOCTH MOJACKOUMWIM A0 HeOec, JIOIU Hadaiu
3aHUMAaTh JEHbIU O]l CTOMMOCTh CBOUX JOMOB, HCIOJb3YS UX KaK KOMWIKU U YCKOPSISl TEM CaMbIM
poct my3bipa. becnpuHuIMIHBIE GAaHKUPBI MOANMUTHIBAIM 3TOT MY3bIpb, C TOTOBHOCTBIO pa3jaBast
unoteuHble kKpenuTsl. Jlronu onsath 3a0bmu ypoku 1850 u 1929 rm. — nocie ogHoro kpaxa mnpouuio
yxke 160, mocne apyroro 80 sner. Kak 0ObI4HO, My3bIph MOJTYYMIICS HEYCTOMUYMBBIN; pe3ylnbTaT —
kpu3uc 2008 . ¥ CHIIbHENIIINI SKOHOMAYECKUN criaj.



Tomac ®punman numer: «Hagano XXI Beka ctano cBuigerenem Oyma, My3bIpsi U, HAKOHEL,
Kpaxa ¢uHaHCOBOM cdeprl. Ho s 00rOCh, WTO TOCIIE HEro OCTAHYTCS TOJBKO Kyda ITYyCTBIX
KOHIOMHUHUYMOB BO Drnopue, KOTopble BOOOIE HE HAA0 ObLJIO CTPOUTH, MOTPENaHHbIE YaCTHBIE
CaMoJIeThl, KOTOpble OOrayu y:ke€ He CMOTyT ce0e MO3BOJIUTh, U HENEHCTBUTENbHbIE KOHTPAKTHI C
JIepUBaTHBaMH, KOTOPbIE HUKTO YK€ HE B COCTOSIHUM OYJIET MOHATH.

Ho HecMoTpss Ha Bce MIyNOCTH, KOTOPBIMU COINPOBOXKAAJCS HEJAaBHUN Kpax, HPOHHS
3aKJIIOYAeTCsl B TOM, YTO BPEMs MOJHOW KOMIbIOTEPHU3ALMU HAIIETO MHUpa U OOBbeTUHEHHE €ro B
onHy MH(GOPMAIIMOHHYIO C€Th HAcTynmuT mociie kpaxa 2008 r. Beicmumii mogseM nH(DOpMAITMOHHON
PEBOJIIOLUY €111 BIEPEIH.

B cBsi3u ¢ 3TUM BO3HHUKaeT CIeNyIOUIMI Bonpoc: Kakoi Oyaer yerBepras BoiaHa? Bo3MokHoO,
3T0  Oyger  Kakasg-To  KOMOMHAIMs  MCKYCCTBEHHOIO  WHTEJUIEKTa,  HAHOTEXHOJOTHH,
TeJIeKOMMYHUKaUN U OnorexHonoruil. Kak v B mpeapiayux HUKIax, MOXKHO PacCUYUTHIBATh, YTO
Ha pa3BUTHE CUTyallUN YWIET elle JIeT BoceMpieciaT. OcTaercs TOJIbKO HAAESIThCS Ha TO, YTO B
2090 r. 1roM CTaHYT YMHEE U BCIIOMHSAT YPOKH HCTOPHH.

CepeauvHa Beka
(2030-2070 rr.)

IoGenuTesm u mpourpasmmue: npogeccun

Pa3BuBasich, TEXHOIOTMH W3MEHSIOT SKOHOMHYECKYIO CHUTYaIllMI0 W WHOTAA HApYIIAIOT
colMaJibHOEe paBHOBecHe. BooOmie, B 11000l peBoMOLMU €CTh MOOEAMTENH M MPOMTPABIIHE.
WudpopmanmoHHasi peBONIONHNS BBIIBUT CBOMX TOOETUTENCH M HEYNaYHUKOB TNE-TO K CEepelrHe
TEKyILero cToieTHs. JlaBHO MpOIUIM Te BpeMeHa, Korja B KaKJIOW JepeBHE 00s3aTelbHO ObLI
Ky3HEIl ¥ TEJISKHBIX Jie] MacTep. boree Toro, HaM coOBCeM HE Kalb MHOTHX YIIEIIINX Tpodeccuid.
Ho Bompoc BHOBb CTOMT OCTpO: Kakue mpodeccun OynyT mpolBeTaTh B cepeanHe Beka? Kak
pa3BUTHE TEXHUKH M3MEHUT HAIIA TPYIOBBIC IPUBBIYKA?

OTBeTUTh Ha MEPBBIA M3 3THUX BOMPOCOB MOXHO, 3aJ[aB €€ OJMH IMPOCTOH BOMPOC: YeM
poOOTHl ycTymatoT dYenoBeky? Kak MbI yke BUAETH, pa3BUTHE HMCKYCCTBEHHOTO HWHTEJUICKTA
CIEP’KUBAIOT JBE (yHAaMEHTaJIbHbIE NPOOJIEMBbI: paclo3HaBaHHE OOpa30B M 31paBbI CMBICIH.
BriBox mpocT: B Oymyiiem yIeneroT B OCHOBHOM Te MPOo(eCcCHy, KOTOPBIE HE O] CHITy podoTam, —
T€, B KOTOPBIX TPEOYIOTCSI IMEHHO ATH JBa KaueCTBa.

Cpenn paboumx mpodeccuii TOCTpamalT Te, YTO TPeOYyIOT TOBTOPEHHUS HECIOKHBIX
onepauuil (K mpumepy, cOOpIIMKM Ha aBTOMOOMJIBHOM KOHBEHepe), MOCKOIbKY KakK pa3 B 3TOM
pPOOOTHI BENMKOJIETTHBL. KOMIBIOTEPH! MPOU3BOAAT BIEUATIICHUE PAa3yMHOCTH, HO TOJBKO TOTOMY,
YTO YMEIOT CKJIaJbIBaTh YMCJIa B MHJUIMOHBI pa3 ObICTpee, ueM Mbl. MBI Hepelnko 3a0bIBaeM, 4TO
KOMIIBIOTED — BCETO JIUIIb OYEHb CIOKHBIH apu(MOMETp W JIydIle BCETO OH YMEET BBIOIHSITH
MMEHHO MOBTOpsIOIIMEcs onepauud. VIMEHHO MO03TOMY MEPBBIMH OT KOMITBIOTEPHOM PEBOIIOLUU
nocTpajganu cOOPIIMKA Ha aBTO3aBO/ax. DJTO O3HA4aeT, yTo Jito0as paboTa, KOTOPYIO MOXKHO
NpPEACTaBUTh KaK IOCIEI0BATENbHOCTh MOBTOPSIOIIMXCSA AJITOPUTMU3UPYEMBIX OIEpaluui, co
BpeMeHeM OyJIeT BBINOIHATHCS POOOTaMU.

Kak HHM ynuBHTENBHO, cpean pabouux MpodeccHii Hemaao TaKuX, KOTOphle HE TOJBKO
VIIETICIOT, HO W OyIyT NpOIBETaTh B pe3ylbTare KOMITBIOTEPHOW peBoitonuu. Jlydmre Bcex OymyT
YyBCTBOBaTb ce0sl Te, Ubsig paboTa HE COCTOMT M3 TOBTOPAIONIIUXCS oOmepauuil u TpelyeT
pacriozHaBaHusi o0Opa3oB. [Ipodeccun Mycopiyka, MMONMHIICHCKOTO, CTPOWTEIBHOTO pabodero,
CaJloOBHMKA M CAHTEXHUMKAa HaBEpHsKa OyIyT CyllecTBOBaTh MU B OyaymeMmM. MyCOpIIMK JOJKEH
pacro3HaTh MEMIOK ¢ MyCOPOM, ITOTPY3UTh €ro B MAIllMHY M OTBE3TH Ha cBajKy. Ho Mmycop Tpebyer
coptupoBku. Ha cTpoiike kaxkaasi oneparysi BbIIOIHSAETCS CBOMMU MHCTPYMEHTAMHU, M0 YepTexam
U YKa3aHWSAM apXUTEKTopa M au3aiiHepa. Kaknmas cTpolka M Kaxaas CTPOMTENbHAs OIlepanus
yHUKaJIbHBL. llonuueickuil 1omkeH aHalIW3MpOBaTh CUTYAlMIO, paclo3HaBaTh CaMble pa3HbIE
MPaBOHAPYIICHUS B CAMBIX Pa3HBIX 0OCTOSATENLCTBAX. boee Toro, OH JOMKEH MOHUMATh MOTHUBEI U



METO/Ibl IPECTYIMHUKOB, a 3TO HE MO/ CUIY HU OAHOMY KOMITbIOTEpY. TOUHO Tak e KaXIbli caj u
Kak/asi BaHHAs KOMHATa YHUKAJbHBI, CAJIOBHUK M CAHTEXHHK BHIMOIHSIIOT MHOXECTBO Pa3HBIX
orepauuii 1 NoJab3YITCS MHOKECTBOM Pa3HbIX HHCTPYMEHTOB.

Cpenu ciyxamux [POUTPaOT B TMEPBYIO OdYepenb Te, KTO 3aHiAT IOCPEAHMYECKOU
JeSITeTbHOCTHI0 M BCEBO3MOXKHBIM YUETOM. DTO areHThl U OpOKepbl HMKHETO 3BE€HA, KaCCUPbI U
OaHKOBCKHE CIyXaIue, OyxXrajarepbl M T. 1. — B OO0IIEeM, Te, KTO OOECIeYMBACT «BPAIICHUE
IIECTEPEHOK KalUTAIu3May. YKe CerofHs MOKHO KyNHUTh aBHaOuieT yepe3 MHTepHeT, 63 BCAKUX
MOCPETHHUKOB.

Komnanus Merrill Lynch, k npumepy, He pa3 myOiaM4yHO 3asBisula, YTO HUKOTJA HE MPUMET
OHJIaH-peXUM OUpP>KEBOM TOProBiiM, HO Bcerga OyneT BecTd Jella TPaJUIUOHHBIM CIOCOOOM.
Jbxon Credpdene (John Steffens), maBa Opokepckoro otneneHus (GUPMBI, OAHAXKIBI CKa3al:
«Mopenb UHBECTHUPOBAHMUS ,,ClIeNal caM’, MHTEPHET-TOPTU U Ipouee CIeIyeT pacCMaTpUBaTh Kak
CEPbE3HYI0 yrpo3y (HMHAHCOBOM XU3HH AMepuKkmn». OgHako B 1999 1. peIHOK 3acTaBUI KOMIAHHUIO
BBeCTH Yy ce0si omnaiiH-onepanuu. «Peako korma B HCTOpuUM OH3HEC-IUAEPY HPUXOAUIIOCH
pa3BOpayMBaThCs KPyroM U OyKBaJlbHO 32 OJMH JIeHb NMPUHHMATh COBEPIIEHHO HOBYIO, IO CYTH,
Oou3Hec-Mozenby, — Hanucan torga Yapne3 acnapuno (Charles Gasparino) Ha HOBOCTHOM caiiTe
ZDNet.

OTO O3HaYaeT TakXke, YTO KOPHOopaTuBHAs MUpaMuia JOJKHA OyAeT 3HAYUTEIbHO «IIOXYAETHY.
Ecnu  Tom-MeHemkepsl MOTYT B3aUMOJEHCTBOBAaTb HEMOCPEACTBEHHO C TNpOJaBIAaMH U
MPEICTaBUTENIMA Ha MECTax, MpomajaeT HyXJa B NOCPEAHMKAX, 3aJjada KOTOPBIX — IepeaaBaTh
NpUKa3bl CBEpXy BHHU3 M o0ecrneuyuBaTh HCIONHEHHE. DaKTUYECKH COKpallleHHe IO100HBIX
JOJDKHOCTEH HayaJloch OJHOBPEMEHHO C TOSBIEHHMEM B OQuCe MEepBOTr0 IMEePCOHATBHOIO
KOMIIBIOTEpA.

Uro ke aenars nmocpeanukam? MM mpuaeTcs MOBBICUTH CBOIO IIEHHOCTH I paboTomaress,
IpUBHECS B pabOTy TO €JMHCTBEHHOE, YEro HEeT Y poOOTOB: 3/IpaBblil CMBICI.

[IpencraBumM, K mpumepy, 4To B OynyiieM MoXHO Oyner mpuoOpecTH noM uepe3 MHTepHET
Py TOMOIIM HAapYYHBIX YacOB MJIM KOHTAaKTHBIX JMH3. HO HHMKTO He OyaeT NOKymarh TaKUM
00pa3oM J1I0M, MOCKOJIBbKY MOKYIKa J0Ma — OJ{Ha U3 BaXXKHEUIIUX (PMHAHCOBBIX ONepaluii, KOTOPYIO
YeJIOBEK OCYIIECTBISET B XU3HHU. [lepen Takol MOKYHNKOH XOdeTcss MOTOBOPHUTH C YEJIOBEKOM,
KOTOPBIM pacckaszas Obl BaM, I7i€ pAOM €CTh XOPOIIHE IIKOJIbL, /1€ HU30K YPOBEHb MPECTYITHOCTH,
Kak pa0oTaeT KaHamu3alMs, B KOHIIE KOHIIOB. XOpOIUMI areHT Mo HEIABMKUMOCTU PACCKAXKET
MOKYIIaTeNt0 000 BCEM, IIOMOXKET BHIOPATh — M MOMYYUT IOCTOWHOE BO3HArpaXKICHUE.

TouHO Tak e Macca OUPIKEBBIX OPOKEPOB HU3IIETO 3BEHA JUIIMIACH PAa0OThl M3-3a PAa3BUTHUS
OHJIaliH-CepBHCA; TEM HE MEHee yciIyru Opokepa, CIIOCOOHOTO JaTh B3BEIIEHHBIH U pa3yMHBII
COBET, Bceraa OyayT Mojb30BaThcs cupocoM. Paboune mecta B OUpKEBOI TOprosie OyayT TasTh U
Jlanblile, OCTaHYTCS JIMIIb T€, KTO CMOXKET MPEATIOKUTh YTO-TO MO-HACTOSILIEMY LIEHHOE: MYAPOCTh
JTYYIIUX aHATUTHUKOB PhIHKA M SKOHOMUCTOB, COOCTBEHHOE MAacTEPCTBO U OIIBIT.

WTak, cpemy cioyKampx BBIMTPAIOT T€, KTO MOXKET NMPUBHECTH B pabOTy IOJIE3HBIA 3paBbIi
cMmbicil. Peub wmzmer o mpodeccusx, CBSI3aHHBIX C HCKYCCTBOM, TEaTpOM, 3CTPajaoi,
POTPaMMHPOBAHUEM, JTUICPCTBOM, AHAIMTHUKON, HAYKOH W TBOPUYECTBOM — CO BCEM TEM, YTO
«JIeNaeT HAC JIIObMUY.

Jltonu uckyccTBa He aMIIATCS pabOThI, BEIb BO BCEM, UTO KacaeTcsl «KpeaTuBay, MIHTepHeT
HeHachITeH. KoMIbIOTepsl XOpOIlK, KOrJa HaJl0 4TO-TO CKONHPOBATh MM MOMOYb TEXHHYECKUMHU
CpEICTBaMM, HO CO3/1aBaTh HOBbIE (POPMBI MCKYCCTBAa MM HE Moj cuiry. MICKycCTBO BIOXHOBIISET,
CTaBUT B TYIHUK, MPOOYKIAeT 3MOIIMU U BO30YX/1aeT; KOMIIBIOTEp Ha 3TO HE CHOCOOEH, MOCKOIbKY
HU OJIHA U3 3TUX 3a/la4 He pemraeTcs 0e3 3paBoro cMbIcia.

PomaHMCTBI, CLIEHApUCTBI M JpaMaTyprd TOXe He OCTaHyTcs O0e3 paboThl, MOCKOJIBKY
JIOCTOBEPHOE OMMCAHUE YEJIOBEUECKHX YYBCTB U KOH(IMKTOB, MOOEN U MOpak€HUH Takke He MO
CHJIy KOMIIBIOTEpPY, KaK He TOA CHJIy M BOOOIIE MOJEIUPOBAHHE 4YeOBEYECKOM IMPHUPOIbI,
MOHMMAaHHE MOTUBOB M HaMepeHHi. KoMnbploTep HEe MOXKET ONpenenuTh, YTO 3aCTaBIsIeT YeIOoBeKa
IUIaKaTh WM CMESThCS, MOCKOJIBKY CaM OH HM TOTO HU JPYroro He yMEeT W He MOHHMMAET, YTO
CMEIIIHO, a YTO TPYCTHO.



Jlronu, nmpodeccrn KOTOPBIX CBA3aHBI C YEJTOBEYECKUMHU OTHOIIECHUSIMH, K TIPUMEPY, FOPUCTHI,
TaKXe He OCTaHyTCs 0e3 paOboThI.

Koneuno, poOOMOpHCT CMOXKET OTBETUTh Ha TMPOCTEHIIME BOIMPOCH IO 3aKOHAM H
IOPUINYECKON TPOUEAYypE, HO 3aKOHbl IOCTOSHHO M3MEHSIOTCS BMECTE€ C COIUAIbHBIMHU
CTaHJapTaMH W MOpajiblo. B KOHEYHOM HMTOre MHTEpHpeTalus 3aKOHA CBOJAUTCS K LEHHOCTHOM
OIICHKE, B KOTOPOUM KOMITHIOTEPHI HE CUITbHBI. Ecii Ol 3aK0H Bcerja ObUT TOHATEH U HEM3MEHEH, a
€ro TOJKOBAaHUSI YETKU U OJHO3HAYHBI, CYbI, CYAbH U MPUCSIKHBIE BOOOIIE HE OBLIM OBl HY)KHBI.
Po6oT HE MOKET 3aMEHUTH TPUCSKHBIX, IIOTOMY YTO T€ JOJKHBI MIPEICTABIATH 3IPABBIA CMBICT U
MOpaJIbHbIE IPUHLIUIIBI OMPENIEIEHHON IPYNIbI JI0/IEH, a OHU MEHSIOTCSI CO BpeMeHeM. Tak, Cynbio
BepxoBraoro cyma Ilorrepa Crroapra (Potter Stewart) ogHa)kabl MONPOCHIM J1aTh OINpPEACIICHHUE
nopHorpaduu. OH HE CMOT 3TOTO CJeNaTh, HO CKa3al: « YBUAEB, g €€ 0e3 Tpy/na y3HAIO».

Kpome Toro, mo 3akoHy poboTam Bpsia Jin Oy/ieT pa3penieHo y4acTBOBaTh B OTIPABICHUH
MPaBOCY/MS, TOCKOIBKY B HEM coOmroaeTcst GyHIaMeHTANbHBINA MPUHITUI: MPUCSKHBIME JTOJKHBI
OBITh OOBIYHBIC JIFOMTM, YBaXKaeMble 4ieHbl 001ecTBa. [10CKOIBbKY KOMITBIOTEPHI HAM HE POBHSI, TSI
HUX 9Ta 00NacTh Oy/leT 3aKphITa.

Ha mepBbIit B3MIsI1 3aKOH MOKET MOKA3aThCsl CTPOTOM CHCTEMOM ¢ YeTKUMH (OPMYITUPOBKAMH
u onpeneneHussMu. Ho 3To nuie Ha nepBbId B3I, MOCKOJIBKY TOJIKOBAHHME KaK ONpPEAeSIeHU, TaK
M TIOJIO)KEHUU 3akoHa mocTosHHO MeHsercs. Koncrtutymus CIIA, x mpumepy, mpeacTaBisieTcs
YEeTKUM M OJHO3HAUYHBIM JIOKYMEHTOM, T€M He MeHee BepXoBHBIA Cyal TO W JeN0 JeIUTCs
MPAKTUYECKH TIOTOJIaM M HE MOXET NMPUUTH K €IUHOMY MHEHHWI0. EMy HEmpepbIBHO MPUXOAUTCS
3aHOBO HWHTEPIPETHPOBATh KaXI0€ CJIOBO M Kaxkayro ¢pasy Koncturymun. YenoBeueckue
[IEHHOCTH OYE€Hb HM3MEHYHBBHI, B ITOM HECJIOKHO YOEAWTHCS, €CIM BCIOMHHTH, 4TO B 1857 I
BepxoBubiii cyn CIIIA moctaHoBui, 4To paObl HUKOTAA HE CTaHYT TrpaxaaHamMu CoeTuHEHHBIX
[ratoB. UToObI M3MEHUTH 3TO pelleHue, norpedoBanack [pakgaHckas BOWHA M CMEpPTh ThICAY
JIFOJIEH.

CrocoOHOCTh PYKOBOJIUTH U OBITH JUACPOM B OYIyIIEM TaKXKe COXPAHUT CBOIO IIEHHOCTD.
JlugepcTBO — 3TO yMEHHE OIEHUTHh BCIO HMMEIOIIYIOCS HH(OPMAIMIO, BCE BAapPHAHTHI U TOYKHU
3peHUsI U TNPHUHATH PENIEHHE, KOTOPOE JIYYIIE BCEro COOTBETCTBYET MOCTABICHHON IHenH. BhITh
JTUIEPOM OUEHBb HETPOCTO, BE/Ib JUAEP AOJDKEH BIOXHOBIATH U BECTH 3a CO00I paOOTHUKOB-TIIONIEH,
KOKJBI M3 KOTOPHIX 00JajaeT COOCTBEHHBIMU JOCTOMHCTBAMH M HeIOCTaTKaMu. UTOOBI OBITH
XOpOIIMM PYKOBOJUTENEM W JHACPOM, HYKHO TOHHUMATh M pa3OUparbCs KaK B YEIOBEYECKOMN
MPUPOZIC, TaK U B PHIHOYHBIX MEXaHU3Max W BO MHOXKECTBE JIPYTUX Belled. DTO HE IMOJA CHIY HU
OJTHOMY KOMIIBIOTEDY.

bynyuiee pasBiiedeHuit

Bce 310 03Havaert, 4To 1ebIe OOJACTH YEIOBEYECKOH IEATENIbHOCTH, TaKUe KaK MHAYCTPHUS
pasBieueHuil, >KAyT DiyOouaiimue mnepemeHbl. K mpumepy, My3bIKalbHOE HCKYCCTBO C
HE3alaMsATHBIX BPEMEH OMNMPAJIOCh Ha OTACIBHBIX MY3bIKAHTOB, KOTOPbIE IyTEIIECTBOBAIA W3
ropoja B TOpoJ U BBICTYNanu mepea myOnukoil. bponsume axkteppl U MY3BIKAHTHI BCIO KU3Hb
MPOBOAMIIN B MYTH, U >KU3HB 3Ta ObuIa HeJerkod. Jla u Bo3Harpaxaaics ux Tpya O4eHb CKPOMHO.
OcBsiieHHbIE BEKaMH OObIYaW M3MEHWINCh B OfHOYAche C m3o0pereHneM TomacoM DaucOHOM
HOBOTO 4Yyla TeXHUKH — ¢oHorpada. BHe3anHo 3ammcu 3HAMEHUTOTO MEBLA CTAIM JIOCTYITHBI
MUJUIMOHAM, a €r0 JIOXOJbl HEBEPOATHO BBIPOCIH. Bcero 3a 0qHO MOKOJIEHHE POK-TIEBIBI CTAIH
CHMBOJIOM ycriexa U 0orarcTBa. 3Be3/Ibl, KOTOPhIE BCErO MOKOJIEHUE Ha3a TUXO MPOXKHIIN Obl XKHU3Hb
MPOCTHIMU O(UIIMAHTAMU, BAPYT MPEBPATHINCH B KYMUPOB MOJIOJEKH.

K HecuacTpro, My3bIKaJbHas HMHIYCTpUS HE IpHUCIyllanach K MPEICKa3aHUAM YYEHBIX,
TBEPAMBIIUX O TOM, UYTO KOIZIa-HUOYAb MY3BIKY MOXKHO Oyaer 0Oe3 Tpyaa mepefaBaTh depes
WuTepHeT, mogo0HO IeKTPOHHBIM MUchbMaM. KpyHble KOMIIAHWH, BMECTO TOTO YTOOBI TOTOBUTHCS
K OHJIaMH-TIpoAa’kaM U Y4YHMTbcs 3apalaTbiBaTh ACHbIU B IHTepHETe, mbITanuch NMpPUBJIEYb K CYIy
(UPMBI-BBICKOUKH, MpelaraBIline MY3bIKy rOpa3ao JelleBie, YeM Ha JIa3epHbIX JUCKaX. 3aHATHE
3TO OBUIO Tak XKe Oe3HaJeKHO, KaK IIOMbITKA OCTAHOBUTh OKEaHCKHM mnpmiuB. VMeHHO



HEJIaTbHOBU/IHOCTBIO OOBSICHAETCS HBIHEIIHSS Hepa30epHxa B My3bIKaJIbHON UHIYCTPHUU.

(OnHako B 3TOM ecTh M Xopomias cTopoHa. CerofHs HEW3BECTHBIH HCHOTHUTENb MOXKET
NOAHATHCS HA CaMyl0 BEpIIMHY TMONYISIPHOCTH B 00X07 (aKTHUECKOM LEH3Yphl KPYITHBIX
MY3bIKQJIbHBIX KOMMNaHWi. B mponuioM My3blKadbHBIE MarHaThbl MPakTHYECKH CaMU BBIOMpaH
KaHAuJaTa Ha posib Oymymied 3Be3zibl. OueBHIHO, B OyaylIeM BBIOOP JyYIIUX MY3bIKAHTOB OyneT
MIPOXOJUTH OoJiee IEMOKPATUYHO — Yepe3 PhIHOYHBIE MEXAHW3Mbl M TE€XHOJIOTUH, a HE 10 BOJe
MEHEeKEpOB I10y-On3Heca.)

["azeThl OKazayMCh ceivac mepea TOM ke auieMMon. TpaaulMOHHO OHU 3apalaThIBaid HE
CTOJIBKO Ha MpoJake THpaka, CKOJbKO Ha peKjaMe, OCOOCHHO B TEMaTHMUYECKUX PEKIAMHBIX
pyopukax. Ho ceiiuac kaxaelii MOkeT ckadaTh u3 MHTepHETa CBEXHME HOBOCTH COBEPIICHHO
OecIutaTHO U pacckas3arh 0 cede Ha JIFoOOM M3 MHOXKECTBA CaliTOB YaCTHBIX 0ObsIBICHUN. Pesynbrar
3aKOHOMEPEH: y Tra3eT IO BCEeH cTpaHe CHUKAIOTCS 00bEMBI U THPAKU.

Ho aToTt nmporecc He MOXKET NMPOIOIDKAThCA Be4HO. B MIHTepHETE MHOIO Ci1y4allHOIO LIyma U
BCSKOW YeNyXH... TaM MHHMBIE IPOPOKHU €KEITHEBHO IyTalOT CBOIO ayJIUTOPHIO, 4 BCEBO3MOXKHBIE
HENIPU3HAHHBIE TE€HUU IBITAIOTCS IPOTOJIKHYTH B MAacChl CBOM AHTHHAY4YHBIE HJEU; PAHO WU
MO3/IHO JIFOAY HAYHYT LIEHUTh HOBOE Ka4eCTBO: pa3yM M 3/1paBblil cMbici. CitydaiiHble (akThl IJI0X0
KOPPEeJIUPYIOT C Pa3yMOM; YCTaB OT JEMaroruu MYyCTONMOPOXXHUX OJOITepoB, JIIOIU 00paTiITCi K
COJIMJIHBIM CalTaM, MpeJIararoiiM 3TOT PEAKUN TOBAp.

Oxonomuct Xamuin MakPeit (Hamish McRae) ropoput: «Ha npaktuke orpoMHasi 4acThb 3TOM
~AHbOpMAIMu®“ mpeAcTaBiseT coOOM MONHYI 4Yyllb, BapuUaHT ,,MaKylIaTypHOM MOYTHI s
MHTEJUIeKTyanoB. — OJHAaKO OH YTBEpXKAaeT jaajee: — 3IpaBblil CMbICT M Jajiblie OyIeT BBICOKO
LHEHUTHCS: yCleulHble (UHAHCOBBIE AHAIUTUKH, K TpUMEpPY, MpUHAAIEKAT K CaMbIM
BBICOKOOIUIAYMBAEMBIM CIIELIUAIIUCTAM B MUPE».

Marpuna

Ho «kakas cynp0a oOXuIaeT TOJUIMBYACKHUX akTepoB? Heyxkenu 3HaAMEHHTOCTH,
0o0ecTieunBarOIINe KAaCCOBBIM yCIEX W HEU3MEHHO NPHBIICKAIONINE BHUMAHUE MYyOIHKH, BAPYT
OKaXyTcsi B odepenan Oe3paboTHbIX? [locnenHue ycmnexu KOMMBIOTEPHON aHMMAallMd HACTOJBKO
BEJIMKH, a Ka4eCTBO M300paKEHUS YEJIOBEUYECKOTO TeJla HACTOJIBKO MOBBICHIIOCH, YTO B 3TO IMOUYTH
MOXKHO TOBEPUTh. MyNbTAILIHBIE Tepou OOpEeTaroT 00BEM M HAUMHAIOT OTOpPAchIBaTh TeHb. Tak
HEYXKEJIN aKTEPhl U aKTPUCHI CKOPO CTaHYT HE HYKHBI?

BeposiTHO, 3TOrO BCE K€ HE MPOU30HAET. B KOMIBIOTEPHOM MOJAEIMPOBAHUHU YEIIOBEYECKOTO
JUIa eCcTh (PyHIaMEHTalbHbIE TIPOoOieMbl. YeIoBeK B MPOIECCE DBOMIONMN HAYYHIICS Pa3Indarh
JUIA — OT ATOTO MOAYAC 3aBUCENA €ro *Ku3Hb. Hammm npenkam npuxoJuioch MTHOBEHHO pellarh,
JIpYT TIepel HUMU WK Bpar. Mbl HAydIJIHCh 32 HECKOJIBKO CEKYH/T ONIPEIEISATh BO3PACT, MOJI, CHITY U
HAaCTpOEHHUE YesoBeka. Te, KTO He OCBOWII 3Ty HAayKy, IPOCTO HE BBDKWIM M HE CMOIVIM NEpenarhb
CBOM TEHBI 10 HACJEICTBY. Tak YTO YEIOBEYECKHA MO3T 3HAYUTEIbHYIO OO CBOCH MOIIHOCTH
TPaTUT HAa PACIIO3HABAHUE U OLIEHKY JIUII.

Bonee Toro, OosnblIyt0 YacTh CBOEH 3BONIOIMOHHON MCTOPUU JIOAM, HE YMES ellle TOBOPHUTD,
O0IIaNMCh MEXAY COOOM KECTaMU M SI3IKOM Tella M OYeHb BHHMATENIBHO JIOBWJIHM MaleiIme
W3MEHEHUS BBIpAKEeHHS Jula. Ho KoMIbIOTEpH MOKa TUIOXO0 YMEIOT Paclo3HaBaTh JIaXKe MPOCTHIC
OOBEKTHI; €Ile XYK€ MM yAaeTcsl M300paKeHHWEe M aHUMAIUS MPaBAONOJ00HOTO YeIIOBEUYECKOTO
nuna. Jletn, K mpuMepy, MTHOBEHHO Y3HAIOT, HACTOAIIEE TEpell HUMH Ha SKpaHe JIMIO WA
KoMIibtoTepHas cumynsiius. (Bemomuum [punHnun memepHoro yenoeka. M3 HacTosIero KMHO ¢
JTOOMMBIM aKTEPOM W MYIBT(PIIbBMAa ¢ KOMIBIOTEPHOW aHWMAIIMEW MBI, KaK MPaBUIIO, BIOWpaeM
NepBoe.)

Temo MomenupoBaTh Ha KOMITHIOTEPE TOpPA3l0 Mpolie, uyeM Jmio. Boobiie, mpu co3nanuu
PEATMCTUYHBIX MOHCTPOB U (PAHTACTUYECKHUX CYyIIECTB B (uibMax [ONTUBYIN HEMHOTO XUTPUT.
Kaxkoli-uuOynp aktep HajmeBaeT Ha ceOs OOTATMBAIOMIMK KOMOWHE30H C JaTYWKaMH JIBIDKCHUS Ha
CycTaBax; MpHU KaXXJIOM JIB)KEHUHM COOTBETCTBYIOLIMW JATYMK MOCHUIAET CUTHA B KOMIIBIOTED,
KOTOPBIA 3aCTaBIISICT HAPUCOBAaHHYIO (UTYpKY NPOACIBIBaTH HA OSKpaHE B TOYHOCTH TE IKE



JIBJKEHUS, KOTOpbIEe coBepIIaeT aktep. [I[pumepHo Tak cHUMancs «ABarap.

S omHaxawpl BBICTYHAJd Ha KOH(GEpPEHIMH, KOTOpYyl croHcupoBana JluBepmopckas
HaIlMOHaNbHas Jabopatopusi, e pa3pabaTbiBaeTcs SIEPHOE OpYKHE, U 32 00eoM OKasalcs 3a
OJTHUM CTOJMKOM C YEJIOBEKOM, NMPUHUMABIIUM ydacTHe B CheMKkax (umibma «Marpuma». OH
MPU3HAJICS, YTO HA CO3JaHHE MOPA3UTENbHBIX CeIP((PEKTOB y HUX YIUIO OTPOMHOE KOJHMYECTBO
MalTuHHOTO BPEMEHH.

OnHoM M3 caMBIX CIIOKHBIX CIICH ObLIa CIIeHa IMoJieTa Ha BepTonere. BooO1ie, ckaszan oH, eciu
Obl MOHAJA00MIIOCH, OHM MOIVIM HapucoBaTh B MOAPOOHOCTIX Iienblil (anTtacTuueckuit ropoa. Ho
JIOCTOBEPHO CMOJIEJTUPOBATH YEJIOBEUECKOE JIULIO UM HE MOoA cuily. Jleno B ToM, 4TO CBET, Nomajas
Ha JIMII0, PACCEMBAETCS BO BCEX HAMPABICHUSX B 3aBUCUMOCTH OT TEKCTypbl Koku. W mims mo-
HACTOSIIIEMY PeaTUCTUYHOTO N300pakeHUsI KOMIBIOTEPY MOTPEeOOBATOCH ObI OTCIEAUTH JBHKEHUE
Kaxaoro (orona. [TodToMy KakIyr0 TOYKY Ha KOXKE JIMIA MPHUILIOCH OBl OMHCHIBATH CIIOKHOU
MaTeMaTU4eCKON (PyHKIIMEW — HACTOSIIAst TOJIOBHAsL OOJb [T TI0OOTO MPOrPaMMHUCTA.

S 3ameTw1, 9TO BCE 3TO OUYEHb HAIIOMHUHAET MO0 CIEIUATBLHOCTh, (PU3UKY BBICOKHX SHEPTHIl.
B yckoputensx 3meMeHTapHbIX YaCTUIl MbI CO3/1a€M MOIIHBIE YUK MPOTOHOB U HAIPABIISIEM UX Ha
MUIIIEHb;, B pE3ylIbTaTe OOJOMKH SJIep pa3jeTaloTCs BO BCEX HAMpaBlICHUSX. MBI BBOANM
CHEIHMAbHYI0 MaTeMaTHdecKyro (yHKIUIO (Tak Ha3biBaeMblil (GopM-(akTop), OMHCHIBAIOIIYIO
JIBIDKEHHUE KaXKJO0M YaCTHIIE.

S cnpocua MONYIIYTS, HET JIM CBSI3U MEXKAY YEOBEUECKHM JIUIOM M (U3UKOM YaCTHUI
BbICOKUX dHEpruii? Ecth, oTBeTHI OH. KOMIIBIOTEpHBIE aHUMATOPBI UCITONIB3YIOT MPH CO3JAHUH JIUI]
Ha JKpaHe TOT XK€ MaTeMaTHUYeCKHil ammapar, KOTOphIi paboTaeT M B (U3HMKE BHICOKUX SHEPTHit!
MHe HUKOT/Ia HE TIPUXOIUIIO B TOJIOBY, YTO C MIOMOIIBIO 3ayMHBIX (POPMYI, KOTOPBIMH TTOJTH3yEeMCsI
MBI, (PU3UKH-TEOPETUKHU, KOTHA-HUOYAb, BO3MOXKHO, YAACTCS PEIIUTh MPOOIeMy MOJACTHUPOBAHUS
yenoBedeckoro juma. [lomydaeTcs, 4To 4eloBEeK pacmo3HaeT JMIla MPUMEPHO TaK K€, KaK MBI,
(bU3KKY, aHATH3UPYEM TPEKU DIIEMEHTAPHBIX YaCTHIL.

Hanekoe Gyayuiee
(2070-2100 rr.)

Kakum cTaHeT KanmuTaJu3M

HoBble TeXHOIOTUH, O KOTOPBIX Mbl TOBOPUJIM B 3TOM KHUTE, HACTOJIBKO MOIIHBI, YTO K KOHILY
CTOJIETUSI M3MEHST 4YeJoBeYyecKoe OOIIECTBO M Jake SKOHOMHYECKYIO CUCTEMY — KallUTaJIM3M.
3akoHBI CIIpOCca U MPEAJIOKEHHSI BCE TE€ K€, HO PaCLBET HAYKHM U TEXHUKU U3MEHWJ KAlUTAIU3M
Anama CMUTa BO MHOTHX OTHOIIEHUSX — OT CIIOC00a pacupeneeHus 10 Ipupoabl kanmurana. Bort
HECKOJIBKO CaMbIX OYEBUIHBIX TPUMEPOB.

*NeaibHBIH KAIUTAJIN3M

Kanmutanu3sm Apama CMmuTa OCHOBaH Ha 3aKOHAX CIOpOCca W NPEMIOKEHUS: 1eHa
CTaOMIIN3HpPYETCs, KOTJia CIIpoC U MpeUIOKeHHE Ha KaKoH-TO TOBap BhIpaBHHBaIOTCA. Eciu ToBap
PENOK U MOJb3yeTcs CIPOCOM, lIeHa Ha Hero pacteT. Ho morpeOutens U Mpou3BOAUTEND BIIAJICIOT
JMIIb OTPAaHUYEHHONW MH(pOpMalMel 0 Crpoce W MPeUIOKEHUH Ha TOBap, MOITOMY lieHa Ha HETro
MOJKET BapbUPOBAThCS B IIUPOKUX mpeaenax. Tak yto kanutanu3Mm Anama CMUTa HECOBEPILIECHEH.
B Oynymiem, onHako, cuTyanus OyJeT MOCTENEHHO MEHSAThCS.

«neanbHBI KaMTaIU3M» — 3TO KOTJA IMPOU3BOAMTENb U MOTPEOUTENb BIalEiOT MOTHOU
uH(pOpMaIeil 0 prIHKE U IIEHbl HAa TOBap COBEPIIEHHO CTAOMIIbHBI U MOJIHOCTHIO 000CHOBaHBL. K
puMepy, B OyAylieM moTpeOuTens B JII000H MOMEHT CMOXET 3alIsIHYTh B VIHTepHET NMpu MOMOIIH
CBOUX OYKOB WJIM KOHTAKTHBIX JIMH3 U MOTYYUTh HEOOXOIMMYIO HH(POPMALIMIO O IIEHAX U KaueCTBe.
Vxe ceifluac MOXHO HaliTu B MIHTepHETE, MPEANOI0KIM, aBHaOUIIEThl IO ONTUMAaNIbHBIM IleHaM. Co
BpEMEHEM TaM MOXHO OyAeT MONy4YUTh MOJIHYI0 MH(pOpMaiuio o io0oM ToBape B Mupe. [lpu
MOMOIIIM MHTEPHET-OYKOB, HAaCTEHHOTO 3KpaHa WM COTOBOIO TelepoHa MOTpeOuTenb B 1000



MOMEHT CMOXET Y3HaTh O TOBape BCE, UTO 3axoueT. Tak, B MpOAYKTOBOM MarasuHe MHTepHeT npu
MTOMOIIIM KOHTAKTHBIX JIMH3 TOJICKAKET BaM, CTOWT JIM TOKYNaTh JAHHBIA MPOAYKT MO YKa3aHHOU
neHe. [IpeumyiiecTBo 37€Ch SBHO Y MOTPEOHTENs, TTOCKOJIBKY OH CMOXXET MIHOBEHHO Y3HAThH O
MIPOJYKTE BCE — €r0 MCTOPHIO, OT3BIBBI O KaYECTBE, IIEHY OTHOCUTEIBHO JIPYTUX TOYEK MPOTAKH,
€ro CUJIbHBIC U CIIa0ble CTOPOHBI.

[Ipon3BoaHTENH TOXKE KOE-UTO BBIMUTPAET: OH CMOXKET 0€3 0CO00TO TPyAa U JTOMOJTHUTEIHHBIX
3aTpar BBIICHITH BKYChl M MOTPEOHOCTH MOTpeOuTENed, Aa W CpaBHUTENbHBIA aHAM3 ILIEH Ha
aHAJIOTUYHBIE TOBAaphl €My HE TOMEIIaeT. YCTAaHOBUTH pa3yMHBIE II€HbI Ha CBOW TOBap OydeT
HamMHOTO mpoire. OAHAKO B 1EJIOM B BBIUTPHINIE OCTAaHETCS MOTPeOUTENh, KOTOPHIA MIHOBEHHO
CMOJKET TOJTy4YaTh CPAaBHUTEIBHBIC JAaHHBIC O JIFOOBIX MPOAYKTaX M KOTOPHIA BCETa 3aMHTEPECOBAH
B MUHMMaJIbHOW I1ieHe. [Ipom3BoguTento mpupercs pearupoBaTh Ha TMOCTOSHHO HM3MEHSIOIIMECs
TpeOoBaHUS OTPEOUTEIS.

*OT MaccoBOro Npou3BOJACTBA K MACCOBOI KACTOMU3ALMHU

OcHOBHas yepTa Hallell 3MOXM — MacCOBOE IMPOU3BOACTBO MOTPEOUTENHCKHX TOBAPOB.
I'enpu dopa koraa-To MpOU3HEC 3HAMEHUTYIO (Ppazy O TOM, UTO KIMEHT MOXKET NMpuoOpecT (opn
mozenu T omo0oro 1BeTa, €ciM, KOHEYHO, OH OyneT uepHbIM. MaccoBoe NpOHU3BOACTBO
MHOTOKPAaTHO CHW)KAeT IIEHBI, 3aMeHss Hed(PPEeKTHUBHYIO CTapyl0 CUCTEMY TWIBAUM W PY4YHOIO
Tpyzna. Ho koMIproTepHast peBostoLns U3MEHHUT U 3TO.

CeropHs, ecny KJIUEHT BUIUT B MPOJiaXe IUIaThe UIeadbHOW MOAEIN U YyJE€CHOTO I[BETa, HO
HE TOTO pasMepa, MOKynka He cocrouTca. OnHako B OyayiieM Mbl OyneM XpaHuTh To4uHyto 3D-
MEpPKy €O CBO€Hl (Urypbl Ha KpEIUTHOM KapTOYKe WM B 3JIEKTPOHHOM Komenbke. Ecmm
MIOHPABUBILASCA MOAEIb OACKIbl HE IOAOHAET IO pa3sMepy, YEJIOBEK CMOXKET OTIPAaBUTh I10
AIIEKTPOHHOM mouTe Ha (adpuKy CBOM pa3Mephl, M IUIaThe MO0 HUM OyaeT TyT ke moumuto. B
Oymyrem Bce OyZIeT MPeKpacHO CUIETh.

CeronHs MaccoBasi KaCTOMM3AlUsl HENPAKTUYHA: CIMILIKOM JOPOTO H3TOTaBIMBATh HOBBIN
NPOIYKT Uil OAHOTO KiueHTa. Ho korja Bce, BKIIIOYas KJIMEHTOB U pOOOTH3MPOBAaHHYIO (habpHKYy,
OynyT mnoakiroueHbl K VHTepHeTy, MpOW3BOACTBO TOBapa IO HWHAMBHIYaJbHOMY 3aKa3y IIO
ce0eCTOMMOCTH CPaBHIETCS C MACCOBBIM IPOU3BO/ICTBOM.

*MaccoBble TeXHOJIOTMH KaK BONPOC y100cTBa

Korma TexHOMOTHHU MOMyYaroT MIUPOKOE PaCIpOCTpPaHEHHUE, KaK, K MPUMEPY, MICKTPUIECTBO
WJIM BOJIONIPOBOJ, OHU MOCTENEHHO CTAHOBATCSI MPUBBIUHBIM U €CTECTBEHHBIM 3JIEMEHTOM JKU3HHU.
PriHounsle MeXaHHW3MBI KalUTAJIUCTHYECKOM CHCTEMEI YCUIMBAIOT KOHKYPCHIUIO W 3aCTaBJISAIOT
MPOU3BOAMTENICH CHIDKATh IIEHBI; TEXHOJIOTUW HAYMHAIOT MPOJaBaThCs KaK OOBIYHBIE OBITOBBIE
ynobctBa. Hac, morpebureneii, He MHTEpECYeT, OTKyAa OHU OepyTCs, KTO M KaK MX 00eCTeUnBacT;
MBI TPOCTO IJIaTUM, KOIZa HYXJAaeMmMcsi B HHUX. B 3Ty KaTeropuio O4Y€Hb CKOpPO MOMAJET U
KOMIIbIOTEpHOE Bpemsi. HaOuparoT momyiasipHOCTh TaK Ha3bIBa€MbIE «OOJIAYHBIE TEXHOJOTHUMY, T/IE
Oonplllasi 4acTh HWCIOJb3yeMbIX KOMITBIOTEPHBIX MOIIHOCTEH HaxXoauTcs rae-To B HHTepHere.
OOnayHble BBIYMCIEHUS MPEBpAIIAIOT pacdyeThl B aHAJIOr OOBIYHOW KOMMYHAJIbHOW YCIyTU —
YCIIyTH, 32 KOTOPYIO MBI TUIATUM TOJBKO TOTNA, KOTZa B HEH HYXIaeMcs, B O KOTOpOoW 3a0bIBacM
cpasy xe nociue 3Toro. Ceroans Bce oOCTOUT MHaue. B OONBUIMHCTBE CBOEM KaXK[Ibli caM mevyaraer
U 00pabaThiBaeT CBOM TEKCTHI, CaM PHCYET Ha HACTOJBHOM WJIM TMOPTaTUBHOM KOMIIBIOTEpE, a
HNHTepHeTOM MONB3yeTCsl TONBKO TOT/IA, KOT/Ia HY)KHO HaWTH Kakyro-To MH(popmarmio. B Oymymem
MBI CMOXEM TIOCTETIEHHO BOOOIIE WCKIIOYUTh KOMITBIOTED U3 OJTOW IEMOYKH U TMOJIydaTh
nH(pOpMaII0O HENMOCPENCTBEHHO W3 MHTepHeTa, a 3areM IIaTUTh 3a HWCIIOJIb30BAaHHOE BpEMS.
BceBo3MOXKHBIE pacdeThl CTaHYT OOBIYHOW YCIyrod, moTpeOieHne KOTOPO MpUAETCS U3MEPSTh,
KaK oTpeOIeHre BOJbl UM AIEKTpUUecTBa. MBI OyZieM XKHUTh B MUpPE, 7€ BCE BOKPYT — OBITOBBIE
npubopkI, MeOeIb, OfIeXkIa U T. . — OYyIeT pa3yMHBIM; KOTJa HaM MOTpedyeTcs OT Belled 4TO-TO
KOHKpETHOe, Mbl OyleM pasroBapuBaTh ¢ HUMH. [loBciogy OyayT CKpbITbIE MHTEPHET-3KpaHbI, a
KJIaBUATypa CTaHET MOSABISATHCS BCAKHM pa3 1Mo mepBomy TpeboBaHuio. OYHKIHS 3aMEHUT (OpMY,
TaK 4YTO, KaK HU CTPpaHHO, KOMIIBIOTCPHAA PCBOJIIOLNA B KOHIIC KOHIIOB IMMPHUBCACT K NCYC3HOBCHUTIO



KOMITBIOTCPOB «B oOIaKaxy.

*TouHnbIii NpuLe] HA IOTPeOUTE ISt

MpI1 3HaeM, 4YTO KOMITAHWH BCET/Ia pa3MeIAId PEeKJIaMy B ra3eTtax, Ha paJauo, TEJICBUICHUH U
T. 1., YaCTO HE MMesl HU MAaJICUIIero MOHATUS O €€ JEeHCTBEHHOCTU. DPPEKTUBHOCTh PEKIAMHOMN
KaMITaHUU MOXHO OBLJIO OLIEHUTH TOJBKO MO POCTY MPOJaX WM YBETUYEHUIO YUCIA KIMEHTOB. B
OyzylieM KOMITaHUH TOJIy4aT BO3MOXHOCTh Y3HaBaTh MOYTH MIHOBEHHO, CKOJIBKO JIIOIEH CKayalslo
nHbOpMaIMIO ¢ UX caiiTa wiu nocmorpeno B MuTepHere Ha ux ToBaphl. K mpumepy, eciu Baie
MHTEPBBIO MOSBUTCS HAa MHTEPHET-pajnocaiiTe, MOXKHO Oy[eT TOYHO y3HaTh, CKOJIBKO YEJIOBEK Bac
ciymanu. KoMmmanuum monydar BO3MOXKHOCTH MPHUIEIBHO U OYEHb TOYHO BBIOMpPATh CBOIO
ayIUTOPHIO.

(3mech, omHaKo, BCTAeT NPYrol BOMPOC: TOHKHM BOMPOC KOH(DHICHIIMAIBHOCTH YaCTHON
JKU3HHU, KOTOpPBIK B OyaylleM, MO BCEHl BUIMMOCTH, CTaHET OJHUM M3 ocTpeimmx. B mpormuiom
OBLITH OIMAaCEeHMs, YTO KOMIBIOTEPHBIE TeXHOJMOTUM mopoAsaT bomemoro bpara. B pomane [xopmxka
Opyamna «1984» wa 3emsie HApuT TOTAJIUTAPHBIA PEXHUM: BCIONY IIIMHOHBI, BCE CBOOOJIBI
MOJABJICHBI, a KU3Hb MPEJCTaBIsIeT co0ol OeckoHeuHylo 1enb yHuxkeHuil. Korma-to MatepHeT u
npaBla MOT MpeBpaTuThCsl B MOmoOHOro Besfecymiero mmuoHa. Ho B 1989 r, ¢ manenuem
coBeTckoro Omoka, HarmumoHanbHbIH HayuHBIM (DOHJ, HANPOTUB, OTKPBLI €ro, MPEeBpaTUB W3 B
NEPBYI0 OuYepelb BOCHHOI'O MHCTPYMEHTa BO BCEMHUPHYIO CE€Th, OOBEAMHUBLIYIO B cebe U
YHUBEPCUTETHI, 1 KOMMepueckne npeanpuatus. 1990-e . ctanu CBUAETENSIMU HACTOSAILETO B3pPbIBA
uHTepHeT-TexHonoruil. Cerogus bombmoii bpar HeBo3MoXkeH, 3aT0 HacTosIIEeH MPOOIEMOl cTamu
«MaJieHbKHE OpaTbsh» — CIUIETHUKH, MEJKHE MOILIEHHUKH, JKeNTasl Mpecca M Jake KOpHopaluw,
KOTOpBIE COOMPAIOT B CETH JITaHHBIE, MBITASICh ONPEASIUTh HAIM JIMYHbIE BKYChI M IpeanodTeHus. B
ClIeIyIollel IaBe Mbl IOTOBOPUM O TOM, YTO 3Ta MpoliieMa B Onukaiiliee BpemMsl HE peuIuTcs, a
Oyner numb pactu. Ckopee BCero, HayHETCs OECKOHEYHass Wrpa B KOUIKH-MBIIIKA MEXIY
pa3paboTunKaMy MPOTPaMMHOTO OOeCHeueHus JUIsl 3allMThl NEPCOHANBHBIX JAHHBIX U TEMH, KTO
CO3J1a€T MPOrpamMMmBbl JJIsl B3JIOMA MEPBBIX.)

OT1 kanuTaau3zma Bemeﬁ K HHTCJJICKTYAJbHOMY KallTUTAJTU3MY

Jlo cux mop MBI TOBOPMJIM TOJBKO O TOM, YTO HOBBIE TEXHOJIOTHH MEHSIOT CIOCO0
(GYHKIMOHUpPOBaHUS KanuTanu3ma. Ho nelcTBYIOT JM OHM Ha MPUPOAY CaMOro KamnuTajau3Mma, U
€CJIM JIEHCTBYIOT, TO Kak MMEHHO? Bce moTrpsiceHusi, NopoXkaaeMble KOMIIBIOTEPHON PEBOIIOLUEH,
MOXKHO  OXapaKTepu3oBaTb OMHOM  ¢pa3oil: mepexoa OT BEIHOTO KamuTajdu3Ma K
UHTEIJIEKTYaIbHOMY.

Bo Bpemena Anama CmuTa 60rarcTBO M3MEpSIOCh B MOTpeOUTENbCKUX TOBapaX. LleHbl Ha
HUX MTOCTOSIHHO KOJICOIOTCS, HO B cpeiHeM IieHbl nocieanue 150 net crabunbHo naganu. CeroaHs
BbI MOXKETE MO3BOJIUTH ce0e 3aBTpaK, KOTOPOTO CTO JIET Ha3aJl HE MOT MO3BOJIUTH ce0e Jake KOpOoib
AHIHN. DK30THYECKHUE JIEIMKATEChl CO BCETO MUPA CErOHs MPOAAIOTCS B JTI0OOM CynepMapKere, 1
HUKOTO 3T0 He yauBiseT. [laneHne morpeOUTENbCKUX 1EH OOBSCHAETCS MHOXKECTBOM DPA3IMYHBIX
(bakTOpOB, KaK TO: Jy4Ille OPraHM30BaHHOE MAaCCOBOE IPOU3BOJICTBO, KOHTEHHEpH3alUs TEPEBO30K,
CBSI3b U KOHKYPEHIIHSL.

(K mpumepy, ceromHsIIHME MIKOJBHUKH C TPYJOM HOHUMaOT, noyemy Komym6 rotoB ObLI
PHUCKOBaTh KM3HBIO U 37I0POBHEM paJUIIONCKa 0o0Jiee KOPOTKUX TOPTrOBBIX MyTeH K MPSHOCTIM
Bocroka. Ilouemy 0oH HE MOT POCTO MONTH B CYNEPMapKET, CIPAIIUBAIOT JAE€TH, U KYIIUTh AKETUK
operano? Ilpuxonurcs oObsSICHSTH, 4TO BO BpeMeHa Koimymba mpstHocTH ObUIM HEBEPOSITHO AOPOTH
Y LEHWINCh OYEHb BBICOKO, IOTOMY YTO IOMOTAJIM COXPAHATh MSCO M K TOMY K€ CKPBIBAJIU BKYC
MOJIIOPUYEHHBIX MPOAYKTOB — BEb XOJOJMIBHUKOB M KOHCEPBOB B T€ BpeMeHa He Obuto. MHorna
Jla’ke KOpPOJISIM U UMIIepaTopaM MPUXOIMIOCH €CTh Ha 00ex npoTyxiiee Msico. He Ob1o HU MammH-
pedprkepatopoB, HU KOHTEHHEPOB, HU MOIXOMALIMX CYIOB JJIsi MEPEBO3KU MPSHOCTEH uepe3
OKeaH.)

Ha cmeHy kamuTanu3smMy MaTepuajbHBIX IIEHHOCTEH HAET KallUTaIu3M HHTEJUIEKTyallbHbIN.



WHTennexTyanbHblii KalluTal — 3TO B 3HAYUTENIBHOM Mepe MMEHHO TO, YETO MOKa HE MOTYT JaThb
pOOOTHI M MCKYCCTBEHHBIM HMHTEIJIEKT: paclio3HaBaHWE 00pa3oB W 31paBblii cMbici. Kak ckazain
skoHomuct u3 MIT Jlecrep Typoy, «ceromHs 3HaHUS U YMEHHMS — €IUHCTBEHHBIH HMCTOYHHK
KOHKYPEHTHOTI0 npeumyniectsa... CerofaHs oHO TaM, IJie HaXOATcs JTydiline Mo3ru. Bee octanbHoe
HE CUUTAETCS.

Ho moyemy 3TOT ncTOpuYecKuil mepexoj MoTpscaeT OCHOBBI KanuTanuiMa? OyeHb MpOCTo:
MO3TU HeE TMOJyIekKaT MacCOBOMY INPOU3BOJCTBY. JIt0OyI0 TEXHHUKY MOXKHO NPOU3BOJIUTH MAaCCOBO U
MPOAaBaTh TOHHAMH, HO C YEJIOBEYECKUM MO3IOM HHMYEro MOAOOHOrO MpoAeNaTh HENb3s. JTO
3HAUUT, YTO BaJIOTOM Oymaymiero OyaeT 3ApaBblii CMBICI. B oTianume OT MOTpeOUTEeNbCKUX
LEHHOCTE!, MHTEIJIEKTYa IbHbIA KallMTal MOKHO MOJYYUTh TOJIBKO Yepe3 pOoXKACHHE, BOCIIUTAaHUE U
00y4eHHUEe YeJIOBEYECKOTO CYyIIeCTBa.

K npumepy, B OynymieMm nporpaMMHoe oOecliedeHHEe CTaHEeT ropasfo Oojiee BaKHBIM, YeM
KOMIBIOTEPHOE U Tpodee <«keyne30». MHUKpocxembl OyayT NMpojaBaTbcs KOHTEHHepamH, X LieHa
MIPOAOJDKUT CTaOMIIBHO MajaTh, HO MPOrpaMMHOE OOeCIeueHUe Mo-MpeKHEMY MPUAETCS CO3/1aBaTh
YeJIOBEKY MPU MOMOIIM TaKUX «CIOKHBIX» MHCTPYMEHTOB, Kak KapaHjam u Oymara. K mpumepy,
(aiinbl, KOTOpBIE XPAHATCS Ha BallleM KOMITbIOTEPE, MOTYT COAEPKaTh LIEHHbIE IIaHbl, PYKOIIUCH U
JJaHHBIE U MOTOMY CTOUTH COTHHU TBICSY JOJJIAPOB, HO CaM KOMIIBIOTEP CTOUT BCETO HECKOJBKO
coreH. KoneuHo, mporpamMmHOoe oOecrieueHHE MOXKHO JIETKO KONMHUPOBAaTh M Pa3sMHOXKATh B
HEOTrpaHUUYEHHBIX KOJIMYECTBAaX, HO CO3JaHME HOBOM NpOrpaMMbl MEXaHU3UPOBAaTb HEBO3MOXKHO.
Jnist 3TOr0 HEoOX0AMMA YeIIOBEUECKast MbICIIb.

CormacHo OpuTaHckoMy 3koHOMHUCTY Xamuiny MakPero, «B 1991 rony bpuranus nepsoit u3
CTpaH Mupa 0oJblie 3apaboTana Ha HEBUANMOM 3KcropTe (yciayrax), 4eM Ha BUAUMOM.

Ecin nona npoussonctea B skoHoMmuke CIIIA 3a mocnennue necsSTUIETHS yMEHbIINIACH B
HECKOJIbKO pa3, JOJI CEKTOpa, BKIIIOYAIOIIETO HWHTEJUIEKTYaJbHbIM KanmuTanu3Mm (TOJUIMBYIACKUE
(GWIBMBI, My3bIKaJIbHAs HMHIYCTPUS, BUICOUIPbI, KOMIBIOTEPHI, TEICKOMMYHHMKALUU M T. I.),
HamnpoTHB, B3jerena a0 Hebec. [lepexonx OT BemHOro KamuTaau3Ma K HHTEIUIEKTYyaJbHOMY
IIPOUCXOJUT MOCTENEHHO, OH HayaJICd €lI€ B MPOLUIOM BEKE, HO C KaXJIbIM JIECATUIETHEM ITOT
nporiecc yckopsiercs. Typoy mumet: «C monpaBkoi Ha HHAIISIINIO IIEHBI Ha TIPUPOTHBIE PECYPCHI C
cepenunsl 1970-x no cepenunnl 1990-x rr. ynanu noutu Ha 60 %».

Hexoropsie rocynapcTBa 310 noHUMaroT. Bo3bmuTte mocieBoeHHyo SlnoHuio, rjae HeT NOYTH
HUKaKHX IPUPOJHBIX PECYPCOB; TEM HE MEHEE CErOJHS €€ DKOHOMHUKA — OJHAa U3 KPYNHEHIINX B
mupe. CerofusiiHee 60rarcTBo SMOHUM — CBHUIETENBCTBO TPYAOTIOOMS, MPEANPUUMUUBOCTH U
eIMHCTBA €€ Hapo/ia, a He pe3yNbTaT MPOJaku ee MOJ3eMHBIX OOraTcTB.

VYBbI, MHOTHE CTpaHbl HE OCO3HAIOT 3TOM (PyHIaMEHTaIbHOH OCOOEHHOCTH M HE TOTOBST
CBOUX TpakKAaH K OyayIiemy, rmojarasich BMECTO 3TOTO Ha MaTepHalibHble IEHHOCTH. JTO 03HAYaeT,
YTO TOCYAapCTBa, Oorarble MPUPOAHBIMU pECypcamMH, HO HE IMOHUMAIOIIME MPOUCXOASIIEro, B
Oyny1ieM, BO3MOXHO, CKaTATCs K OSTHOCTH.

Hudposoe paccioenne?

HexkoTopsble ocyx1atoT MHQOPMAIIMOHHYIO PEBOJIOLIUIO ¥ TOBOPST, YTO B Oy/1yIleM BOSHUKHET
MIPOMNACTh MEXIY «IHPPOBBIMU OorayamMm» U «UU(POBBIMU OCAHSIKAMI», T. €. MEXKAY T€MHU, KTO
UMEET JOCTYH K KOMIIBIOTEPHBIM MOIIHOCTSIM, M TE€MH, KTO TaKoro JOCTyla HE HMMEET. JTa
PEBOJIOLHUSA, YTBEP)KIAIOT OHHU, TOJBKO PACIIMPUT NPOOJEMHBIE 30HBI M CO3AACT HOBOE
HEpPaBEHCTBO, YPEBATOE MOJIHBIM Pa3phIBOM TKAaHHU OOIIECTBA.

Ho 310 numbe o4yeHb y3KHMil B3DISIL Ha peaibHyo MpobieMmy. KoMmmbroTepHble MOIIHOCTH
YABAMBAIOTCS KaX</ble TOJITOpa rofa, Tak 4To Ja)ke JETH U3 OelHBIX CeMeil MOoIydaroT JOCTYI K
KoMmInbloTEpY. JlaBilieHMEe cpeapl W HU3KUE 1€Hbl BBIHY)KJAIOT OTHUX JETeH I0JIb30BaThCs
KoMIbloTepoM U HMHTepHeToM. B OIHOM M3 3KCIepUMEHTOB OBLIM BBIJICJIEHBI CpEICTBA Ha
proOpeTeHNe MOPTATUBHOTO KOMIIBIOTEPA B KaXKIbIi Kiacc mKoyibl. HecMoTps Ha camble stydiinue
HaMepeHHs SKCIEPUMEHTATOPOB, MporpamMma, Mo oOIieMy NpU3HaAHHUIO, TPOBAIWIACk. Bo-nepBhIX,
KOMIIBIOTEP OOBIYHO CTOsUT Oe3 Jiena rae-HUOyab B YroJKe, HOTOMY YTO YYUTENb CaM 3a4acTylo He



3HaJ, KaK ¢ HUM oOpamiarscsi. Bo-BTOPBIX, OONBIIMHCTBO YUAIIUXCS UMENIN TOCTYN K KOMIBIOTEPY
JIOMa WJIX 4Yepe3 JIpy3el U MOMpOCTy UTHOPUPOBAJIH IIKOJIbHBIN JIIITOIL.

Opnnako HacTosimas mpobneMa — 3To paboune Mecta. PeIHOK paboueil CHIlbl MpeTepreBaeT
MIEPEMEHBI, U MIPOLBETaHUE B OyAYIIEM KIET T€ CTPaHbl, KOTOPbIE CyMEIOT 3TUM BOCIIOJIb30BATHCS.

s pa3BUBarOIIMXCSl CTPAaH €IUHCTBEHHAsl JOCTYIIHAs CTPATerusi — IOCTPOUTH IPOYHBIN
GbyHIaMEHT TpU TOMOIIM MaTepUalIbHOTO MPOU3BOACTBA, a 3aT€M BOCIIOJIB30BATHCA UM JUIS
Iepexoila K MHTEJUIEKTyaJbHOMY KanuTanu3my. Kurail, K mpuMepy, yCHEIIHO HAET IO JTOMY
HENPOCTOMY IYTH: CTPOUT THICSYU 3aBOJOB M MPOU3BOAUT CaMbI€ Pa3HbIE TOBAPHI JJII MUPOBOTO
pBIHKA, MPU ATOM HCIHOJIb3YyS MOJYYEHHBIE JOXOAbl UL CO3JaHHUsA CEKTOpa YCIYr U3 cdepsl
MHTEJJIEKTYyaldbHoro Kamutanusma. 50 % acnupantoB-pusukoB B CIIA — wuHOcTpaHus! (B
OoCHOBHOM motoMy, uTto B CIIIA mpocTo He XBaTraeT COOCTBEHHBIX BBIITYCKHUKOB). BONbIIMHCTBO
WHOCTpPaHHBIX acnupaHToB mpuexanu u3 Kurtas u Wnaun. Hekotopele u3 stux pedsT yxe
BEPHY/IHMCh Ha POJMHY, YTOOBI CO3/1aBaTh TaM COBEPIIEHHO HOBBIE MHTEIJIEKTYaJIbHBIE OTPACIIH.

HexBanupuuupoBanHbie padoune MecTa

Ilepexon K MHTEUIEKTYaJIbHOMY KalUTAJIW3My 3HAYUTEIBHO COKPATUT KOJIUYECTBO
HEKBaTM(UIUPOBAHHBIX pabounx MecT. HoBble TeXHOIOTMHM, BOSHHMKABIIME B KaXKIOM CTOJIETHH,
CO3/1aBajJil B DKOHOMHMKE WM B XXHM3HU JItoAeH uynoBuuiHble auctponopunu. K npumepy, B 1850 .
65 % amepukaHckoil paboueil cuiIbl OBLIO 3aHSTO B CEJIBCKOM XO3SHCTBE, a CEroiHs Ha Qepmax
pabotaert Bcero 2, 4 %. CxoaHble Mporecchl OyyT NPOUCXOIUTh U B 3TOM CTOJICTHH.

B XIX Beke B CIIIA xmbiHyna HOBasi BOJHA MMMHIPAIMHU; OBICTPO pacTymias 3KOHOMHKA
CTpaHBI O3BOJSIA IPUHATH U 3aHATH BCEX STHX joneil. B Helo-Mopke, K mpuMepy, IMMHUTPAHTEL
MOINIM HaWTU paboTy B JIETKOW MPOMBINIIEHHOCTU. B pactymieil skoHOMHKe J11000# 4YeoBek,
HE3aBUCHUMO OT YpOBHsS 0Opa3oBaHMs, MOI HaiiTu ceOe 3aHATHE, ObUIO OBl JKEJaHUE YECTHO
paborars. CymiecTBoBall Kak Obl KOHBEHep, MPUHUMABIIMM UMMUTPAHTOB U3 €BPOMNEHCKUX I'eTTO U
TPYLI00 U MpEeBpaIIaBIINI UX B MIPEJCTaBUTENIECH MPOLBETAIOIIETO CPEIHEro Kilacca AMEPUKH.

OxoHomuct [xeiimc I'pant (James Grant) ckazan: «IIpomomkurenbHass MUTpanus pyK U
MO3TOB C TOJEW Ha 3aBOAbl, B OQHUCHl M KIAaCCHbIE KOMHATbl — 3TO TMOCTOSHHBIH pOCT
IIPOU3BOJIUTEIBHOCTH. .. TEXHUYECKUN INpOrpecc — OIUIOT COBPEMEHHOM 3KOHOMMKH. Ho 37O
BepHO yxe nouTt 200 ner».

CeroiHs 3HaYUTENHLHOM YacCTH HEKBATH(DHUIMPOBAHHBIX pabouMx MecT yxe HeT. bonee Toro,
U3MEHMJICST XapakTep SKOHOMHUKHM. MHOruMe HeKBaJu(pHUIMpOBaHHbIE paboyne MecTa € I0Jauu
KOpIHopanuii, UIIyImux JeHIeByl0 pabouyio CHITy, Mepeexail 3a OKeaH. 3aBOJbl, Ilie TpeOOBaIiCh
paboume, JaBHO UCUE3IH.

Muoro ner momu noOuBamuch it ceOsi paBHBIX BO3MOXKHOCTEH, Oe3 ¢aBopuTH3IMa U
muckpumuHanuu. Ho ecnn paboune mMecta MOXKHO OJHHUM POCUYEPKOM Iepa OTIPABUTH 3a OKEaH,
IIOJIY4a€eTCsl, 4YTO PaBHBIE BO3MOXKHOCTH TENEPh pacpoCTpaHstoTes Takxke Ha Kurtait u Unauro. 9to
XOpOILIO JUIsI TaMOIIHUX pabo4yMX, KOTOpbIE MOJYYalOT BO3MOXKHOCTH BOCIOJB30BAThCS 3TUM
colMajgbHbIM KoHBelepoM, HO B CIIIA moxxeT BbI3BaTh 00paTHbBIN 3P PEKT: ropoia OMmyCTeroT.

[Torpebutens oT 3TOoro BhIUTPBIBaeT. Ilpu m100anbHOM KOHKYpEHIIMHM TOBAapbl M YCIYTH
CTAHOBSITCA JIEUIEBJIE, a MPOU3BOACTBO W pactpeneneHne — Oonee sdpdexruBHbIMU. [lOTBITKH
MOJ/IepKaTh YCTAapeBIINI OM3HEC M CIUILKOM BBICOKOOIUIAYHMBAaEMble pabouue MecTa MOpOXKAAeT
JUIIb CAMOYCIIOKOEHHOCTb, HaIlpacHble pacxonbl U HedpdextuBHOCTh. CybcuaupoBaHue
HEYCIELIHBIX TPOU3BOJICTB JIUIb OTTATUBAET OOJNIE3HEHHBIN KPax U TOJIBKO YXY/IIAET CUTYaIHUIO.

B cekrtope yciyr BBICOKOOIUIaYMBAaE€MbIE€ BaKaHCUU JUISl KBAJIM(ULIHMPOBAHHBIX pPaOOTHUKOB
3a4acTyl0 OCTAlOTCs HE3aHATBIMM M3-32 HEXBAaTKU IIOATOTOBIEHHBIX crenuanuctoB. Cucrema
00pa3oBaHMs TOTOBUT HEJOCTATOYHO CIIELMAIUCTOB B TOW WJIM MHOM 00JacTH, TaK YTO KOMIIAHUSM
MPUXOTUTCS OOXOTUTHCS MEeHee 00pa30BaHHBIMM COTpyIHUKamMH. Kopriopamuu ocTpo HyXJIaroTcs B
paboTHHKaX, KOTOPBIX CUCTeMa 00pa30BaHUsI UM BOOOIE HE TOTOBUT, UJIM TOTOBUT CIUIIKOM MaJlo.
Jlaxxe B KpU3HUCHON SKOHOMHKE €CTh paboune MecTa, KOTOpble IPOCTO HEKOMY 3aHSATh.

Tem He MeHee sicHO oHO. B mocTuHAyCTpHanbHOM SKOHOMHKE MHOTHE padouue mecTa (B



OCHOBHOM 3TO pabouue JODKHOCTH Ha 3aBOJIaX) MCYE3TH HaBCETAa. DKOHOMUCTHI HE OIHMH TOJ
UTPAJIA MBICITBIO O «PEUHIYCTPHATH3AIMNA AMEPUKNY, TIOKA HE TIOHSJT OKOHYATEIBHO, UYTO «KU3HBb
HEBO3MOXXHO MOBepHYTh Hazaq». CIIA u EBpona yxe HECKOJIBKO AECCATUIETHH KaK COBEPUINIH
MepexoJi OT MHAYCTPUATHHOM B 3HAYUTEILHOW CTEMEHW SKOHOMHUKHU K SKOHOMHKE YCIIYT, U C ITUM
y>K€ HUUETO HeNb34 MojieNaTh. PaciBeT MpOMBIIINIEHHOCTH MUHOBAJT HABCET/IA.

BmecTto TOro 4roOBI MBITAaThCS BEPHYTH BUEpANTHUN J1€Hb, HYXHO MEPEOPHUEHTHUPOBATH
SKOHOMUKY W BKJIAJbIBaTh JCHBIM B T€ €€ CEKTOpa, KOTOPble MAKCHUMAJIbHO YBEIMYHUBAIOT
WHTEJUIeKTYanbHbIN KanmuTal. B XXI Beke aTta 3amada Oymaer OJHOM M3 CaMBIX CJOXKHBIX IS
MPABUTENHCTBA, M MPOCTBIX PEIICHUN 37ech ObITh HEe MOXeT. C ONHOI CTOPOHBI, OHA O3HAYAET
KapAMHAIBHYIO TEPEeCTPONKY BCEH CHCTeMBl OOpa3oBaHUs, TaK YTOOBI JFOOOW YETOBEK MOT
CMEHHUTH MpodeccHio, a BHIMYCKHUKU HE IMOMaaaau Obl MPSMO CO MIKOJBHOW CKaMbU B OUY€peId
0e3paboTHBIX. IHTENEKTyaIbHBIN KalmMTaIM3M HE O3HadaeT padoTy TOJIBKO JJI MPOTPaMMHUCTOB 1
VYEHBIX; B HEM IMOJHO pabouux MeCT B CaMbIX pPa3HBIX BHUJAX JEATEIBHOCTH, CBA3aHHBIX C
KPEaTUBHOCTHIO, XY0KECTBEHHBIMU CTIIOCOOHOCTSIMU, WHHOBAIIUSMH, JIUJIEPCTBOM M aHATHU30M —
T. €. 37paBbIM cMbIcioM. OOpa3oBaHKEe JTOJDKHO TOTOBUTH MOJIOJBIX JFOfIel K BbhizoBaM XXI B., a He
MpeBpaliath UX B HEYTAaYHUKOB. B mepByro odepenp mepecMorpa TPeOYIOT MpOrpaMMbl OOYUICHHS
M0 €CTECTBEHHBIM HayKaM. YUYHTEIsM TOXXe MPHUIETCS NPOXOAWTH MEPErmoArOTOBKY, YTOOBI B
TEXHOJIOTUYECKOM O00IIecTBe OymyIiero oxkaszarbcs Ha cBoeM Mecrte. (OueHb medyaabHO, YTO B
AMepuke Ha ciyXy crapas noropopka: « Tot, kTo MoxeT, nenaeT. ToT, KTo He MOXKET, YUUT».)

Jlectrep Typoy kak-To ckazai: «YCIex WM Heydada 3aBHCSAT OT TOrO, HACKOJBKO YCIHEHIHO
CTpaHa COBEpIIAeT MePeXoj] K WHTEIJICKTyaTbHOMY MPOHU3BOJCTBY OYIyIlEro, a He OT pa3MepoB
KaKOTO-TO KOHKPETHOTO CEKTOPa YKOHOMUKH.

DTO 03HAUYAET, YTO Mbl HY)K/Ia€MCsI B HOBOW BOJIHE MPEANPUHUMATENIECH-HOBATOPOB, KOTOPBIM
MPEACTOUT CO3/aBaTh HOBYIO TPOMBIIUICHHOCTh W HOBBIM KamuTajd Ha 0a3e HOBBIX
TEXHOJIOTHYECKHUX JOCTIKeHnH. HeobxomnMo pa3OyauTh SHEPTUI0 M DHTY3Ma3M OTHX JIOACH U
MO3BOJINTh UM CTaTh HA PBIHKE BEAYIEH CHUIIOM.

Crpanbl nodeauBIINE M IPOUTPABIIHE

K HecuacTbro, MHOTHE CTPaHbI HE XOTAT UATH MO ONMMCAHHOMY IYTH, IOJIArasch BMECTO 3TOTO
UCKJIIOYUTEIBHO Ha MaTepUalibHblE IEHHOCTH. HO MOCKOIBKY 1IEHBI HAa TOBAphl B CPEJHEM NAJatOT
yxke 150 jet, 5JKOHOMUKH 3TUX CTpaH CO BPeMEHEM OyIyT COKpallaThCs; B KOHIE KOHIIOB CAMbBIM
YIOPHBIM U3 HUX CYXKJIEHO OCTaThCsl HA 000YMHE ITyTH, IO KOTOPOMY IPOWUJIET BECh MUP.

Takoil ydyacTh MOXHO HU30€xaTh; 4TOOBI yOEAUTHCS B 3TOM, JOCTaTOYHO B3MISAHYTh Ha
IOCJIEBOCHHYIO I epManuio u SAnonuro.

3a BpeMs KU3HHM BCEr0 OJHOTO TNOKOJICHWS OHM CYMEJIW BBINTH B IEPBBIE Ps/Ibl KOJOCCOB
MHUpPOBON 3KOHOMUKM. Wnm B3misHUTE Ha ceropHAmHui Kural, S5KOHOMHKa KOTOPOTO HECETCS
Briepen u pacteT Ha 8—10 % B rox, kommeHcupys 500 JeT PIKOHOMUYECKOTO 3acTosl. [ocymapcTBo,
KOTOpPO€ TPEeXJEe MPEe3PUTEIIbHO WMEHOBAIM «a3MAaTCKUM OOJBbHBIMY», €lle 4Yepe3 IMOKOJIECHUE
MIOTIOJIHUT PSIZIbI Pa3BUTHIX CTPaH.

VY Tex MepevyucICHHBIX OOLIECTB €CTh HeMajo OOIIMX YepT: 3TO CIUIOYEHHBIE CTPaHBI C
TPYIOMIOOMBBIM HApOJOM, NPOU3BOJAILINE BEUIM, KOTOpbIE IOJIB3YIOTCS B MHpPE OrPOMHBIM
cnpocoM. Bce oHM penaoT ynmop Ha oOpa3oBaHHe, OObEAMHEHHE CTpaHbl M HapoAa M Ha
SKOHOMHYECKOE PA3BUTHE.

bpuranckuil skoHOMHUCT U KypHanucT MakPei mumer: «lIpexxnue nurarenun pocra —
3eMJIsl, KaluTajl, IPUPOJHbIE pecypchl — OOJIbIIe HE MMEIOT 3HAYeHUs. 3eMJIsl MOYTH HUYEro He
3HAYUT, NIOTOMY YTO POCT YPO’KaWHOCTH M NIPOMBIIUIEHHBIE TEXHOJIOIMH B CEJIBCKOM XO3SIICTBE
MO3BOJISAIOT MIPOU3BOAUTH ropas3io Ooble MPOIYKTOB, yeM Tpedyercs. Kanuran notepsiin 3HaueHue,
IIOTOMY 4YTO Ha IEPCHEKTHBHBIE IPOEKTHI €r0 MOYKHO IOJIY4YUTh B IOYTH HEOTPAHUYEHHBIX
KOJINYECTBAX HAa MEXKJYHApPOAHBIX KPEIUTHBIX PBIHKAX — pa3yMeeTcs, 3a ONPEACICHHYIO M31Y...
OTH KOJMYECTBEHHbIE IOKa3aTeNid, KOTOpbIE TPAJUIUOHHO OOECIeYrBaal OOrarcTBO HalWH,
CMEHSIOTCS LIEJION Ceprel KayeCTBEHHBIX YEpT, KOTOPbIE CBOAATCS B KOHEYHOM HTOTE K KaueCTBY,



OpPraHM30BaHHOCTH, MOTHBHPOBAHHOCTH M CaMOJUCLMIUIMHE JKMBYIIUX B CTpaHE JIOACH. ITo
MOATBEP)KIAETCSI TEM, YTO YPOBEHb YEIOBEUECKUX YMEHUN U HABBIKOB B ITPOU3BOCTBE, B CEKTOPE
YaCTHBIX YCIYT U B OOIIECTBEHHOM CEKTOpEe MPUOOpETaeT Bce OOJIbIIEe 3HAaUCHUEY.

Opnako He Bce TrocyaapcTBa HAYT MO 3ToMy MHyTH. HekoTopbIMU cTpaHamHu PYKOBOZST
HEKOMIIETEHTHBIE JIAEPHI, APYrHe HACTOIBKO OrpaHUYEHHBI B KYJIBTYPHOM M 3THHYECKOM IUIAHE,
YTO CTAHOBSITCS MPOCTO HEAEECHIOCOOHBIMHU, TPETHH HE MPOU3BOJAT HUYETO, YTO MOJIB30BATIOCH ObI
crpocoM B Mupe. BMecTo Toro yToObl HHBECTHPOBATH B 00pa30BaHUE, OHU BKIIAJIBIBAIOT JCHBIU B
cofiepaHhe OTPOMHBIX apMHUH M MPOU3BOJICTBO OpPYXKHS, LIEIb KOTOPOro — JepikaTb B CTpaxe
HapoJ M OXPaHATh MPUBUJIETUH BIACTh UMYIIUX. BMECTO TOro utoObl MHBECTHPOBATH CPEICTBA B
UHOPACTPYKTYPY U YCKOPSATh MHAYCTPHAJIU3ALMIO CTPAHbI, OHU YBSA3aIOT B KOPPYILUU U JIETAIOT
BCE, JIMIIB ObI OCTAThCS Y BIACTH. BO3HUKAaeT HE MEPUTOKPATHS, a KIIENTOKPATHSl.

[ledanbHO, HO 3TH KOPPYMIIMPOBAaHHBIE MPABUTENHCTBA MPOMOTAIN 3HAYUTEIBHYIO 4YacTh
3amaJiHOM TMOMOIIM, Kakoi Obl Mmanoil oHa Hu Obuta. Dytypuctel Anbdpen n Xeiau Toddmrep
(Alfred Toffler, Heidi Toffler) ormeuator, uro ¢ 1950 mo 2000 r. 6GenHbIe CTpaHbl MOMYYMIH OT
Oorateix O6osnee 1 TpiH momtapoB nomoinu. Ho, 3amevaror onu, «BcemupHbiii OaHK TOBOPUT Ham,
YTO OKOJIO 2, 8 MIIpJI YeJIOBEK — €]Ba JIM HE IOJIOBUHA HACEJIEHUS IUJIAHEThl — MO-TPEKHEMY
JKUBET Ha J[Ba JoJjlapa B JIeHb WIM Jaxe MeHbiie. M3 Hux 1, 1 Mapa 4enoBeK BBDKMBAIOT B
Ype3BBIYAITHON WM aOCOTIOTHON HUIIIETE, MEHBIIIE YeM Ha OJIWH J0JUTIap B ICHBY.

PazymeeTcs, pa3BuTble CTpaHbl MOTYT HEMajo CIenarh Uil Pa3BUBAIOIIUXCS, M SICHO, YTO
OecKoHEeUHOe O0CY)XJIeHHE 3TOM MpoOsieMbl Majo 4To jaeT Juisl ee pewmeHus. Ho, oTkpoBeHHO
rOBOpsl, OCHOBHYIO OTBETCTBEHHOCTh 3a PAa3BUTHE KaXJI0M CTpaHbl JOJKHO HECTH €€ PYKOBOJCTBO.
Bcenomuaum crapyto nocnosuity: «Jlaiite MHe peiOy, U s Oyay chIT ceroans. Hayunre MeHs JIOBUTh
pbIOy, U s Oyny CHIT Bcerga». OTO O3HAYaeT, YTO BMECTO IMPOCTONW MOMOIIM Pa3BUBAIOIIMMCS
CTpaHaM yIop Hajao JAelaTb Ha o00pa3oBaHHME U TOIJAEPKKY B pa3BUTHUM HalMOHAJIbHOMN
IPOMBILIEHHOCTH, YTOObI 3TH CTPAHBI MOIJIU CTATh CAMOIOCTATOUHBIMH .

Hcnoabn3oBarb AOCTUIKEHU S HAYKHN

He wuckioueHo, 4TO pa3BUBAIOIIMECS CTPaHbl CMOTYT BOCIOJB30BATHCS JIOCTHKECHUSIMHU
MHPOPMAIMOHHOW PEBONIONMHU. B mpuHIHMIE, Y HAX €CTh MIaHC OOOTHATH Pa3BHUTHIC CTPaHBI BO
MHOTMX OTHOLIEHHMAX. B pa3BuroM wmupe TeneOHHBIM KOMIIAHUSAM TPHUXOAUIOCH TSIHYTh
TeneOoHHbIE MPOBOAA K KaXIOMY JIOMY M K Kaxnaoil ¢epme, uro Tskeno u Henemeno. Ho
pa3BUBAIOIIEHCS CTpaHE CEroJHs HET HYXX/Ibl ONyThIBaTh ceOs OECKOHEYHBIMHU MPOBOAAMH, BEIb
TEXHOJIOTUS COTOBOM CBSI3W TIPEKpPacHO paboTaeT B JIFOOOW MECTHOCTH 0€3 BCSKHX JOpOT U
UHPPACTPYKTYPHI.

Kpome TOro, pasBHBalonIMMCS CTpaHaM He3a4eM IIepecTpanBaTh WIH PEMOHTHPOBATH
ycTapeBmue oObekThl MHbpacTpykTyphl. K mpumepy, momsemkam Heio-Hopka u Jlonnona yxke
OoInpIlle cTa JIET, ¥ OHU JAaBHO HYKIAIOTCS B KalHMTaJIbHON pEKOHCTpyKIwH. VX OOHOBIEHUE
cerofHs OyJeT CTOUTh OOJIbIle, YeM CTOMIIO OBl CTPOUTEIHCTBO HOBOW CUCTEMBI. A pa3BHBaIOLIAsICS
CTpaHa MOXET CO037aTh MOA3EMHYI0O TPAHCIOPTHYIO CHUCTEMY C HYyNIs, Ha 0a3e HOBEHIINX
TEXHOJIOTHi, ¢ MPUMEHEHHUEM HOBBIX MAaTEpUAJIOB U CTPOUTENbHON TeXHUKU. HoBast TpaHcOpTHas
CUCTeMa U B OOCIY)KMBAaHUU OKaXETCS Topa3fo JCILIeBie, YeM METPOIOJUTEHbl CTOJIETHEN
JTAaBHOCTH.

Kuraii, kK mpumepy, U3BIEK YPOK U3 BCEX I'PaJOCTPOUTEIHHBIX OMMOOK 3araaa U MOCTPOUIT
[Texun u lanxail ropa3fgo JemieBnie, YeM CTOUT HAM CTPOMTENHCTBO KpymHOro ropoja. CeromHs
[TexuH CTpOUT ONHY M3 KPYMHEUIIINX U CAMBIX COBPEMEHHBIX TO/I36MHBIX TPAHCIIOPTHBIX CUCTEM B
MUpE; KUTAUIBI C YCIIEXOM IMPUMEHSIOT CO3aHHbIe Ha 3araje KOMIbIOTEPHbIE TEXHOIOTUHU, YTOOBI
KaK MOXKHO JIy4IlIe 00CITy’KHBaTh CTPEMUTENBHO PACTYIIEe TOPOJCKOE HACEJIEHHUE.

1 ABrop TiiarenbHO 00XOqUT CTOPOHOI TOT dakt, yro camu CILIA He SBJISIOTCS CaMOIOCTaTOYHBIMU M IPOCTO HE
MOTYT CBECTH KOHIIbI ¢ KOoHIIaMH. [locine HacTymienus kpusnca 2008 . pacxoabl aMepUKAHCKOTO OFOKETa MOCTOSHHO
mpeBeImaioT goxons! Ha 50—70 %, a Mecs4HbIN 00beM 3aMMCTBOBAHUH MPEBOCXOAUT MECSIHBIN K€ JOXOA OromkeTa B
Tpu-yeThipe pasza. — [Ipum. nep.



WuTepHeT — emie oHa 001acTh, /1€ pa3BUBAIOIIMECS CTPaHbl MOTYT YHTH BIiepea, n30exan
Bcex omuOok 3amaaa, ocoOeHHO B cdepe Hayku. llpexae ydeHbIM W3 pa3BHUBAIOIIUXCA CTPaH
NPUXOIWIOCH TONArathCsi Ha MPUMHUTHBHYIO TMOYTOBYIO CHUCTEMY, NPH KOTOPOMl ajpecar xkuail
IMOJTYYCHH A BBIIMTMCAHHBIX HAYYHBIX XYPHAJIO0B HCCKOJIBKO MECAICB. }KypHaan 9TH OBUIH A0POruMu
U Y3KOCHEIHaIU3UPOBAHHBIMHU, TaK YTO TOJBKO KpyMHEHIIHe OMOIMOTEKH MOIJIHM MO3BOJIUTH cebe
HUX BBIIIUCHIBATH. COTp}I)IHI/I‘-IeCTBO C 3alagHbIMHU Y4YCHBIMU OBLI0 MMPAKTUYECKHU HEBO3MOKHO.
Tonbko oueHb OoraTble WM Ype3BbIUANHO aMOHMIIMO3HBIE MOIVIM MOJIYYHTh MECTO B 3arajHOM
YHUBEPCUTETE U paboTaTh MOJ PYKOBOACTBOM 3HAMEHHUTHIX YUEHbIX. Tereph 1000 kenaomuii B
J000M KOHIIE CBETa MOXKET MOJIydaTh Hay4yHbIE XYpHajbl OyKBaJbHO B MOMEHT MX BBIXONA, U
nputoM OecruiaTHO. A depe3 HTepHET MOXKHO COTpYAHHYATh C 3alaJHBIMH YUYEHBIMH JJa)kKe€ B TOM
cllydyae, €CJIM JMYHO Bbl HUKOT/IA HE BCTPEYAIIUCH.

Byayee skaer 3aBoeBareliei

bynymee otkpeito BceM. Kak Mmbl yxe roBopuiu, KpemHueBas nonuHa B Omkaiimiue
HECKOJIBKO JECATHUIIETUN MOXET CTaTh O4epEeNAHBbIM PKaBbIM IOSICOM; BEK KPEMHUS 3aKaHYMBAECTCS,
U T0Ka HE SICHO, KaKue CTpaHbl B OyAylleM 3aiiMyT JuAMpYyIollee nojokeHue. B amoxy xonomHoi
BOITHBI CBepXJepKaBaMu ObUIH T€, KTO MOT' OKa3blBaTh BOCHHOE BIMSIHME 110 BceMy mupy. Ho mocie
paszBasia CoBetckoro Coro3a cTajo SCHO, 4TO B OyJyIlleM Ha BepUIMHY OyIyT NOJHUMATHCA TE, KTO B
IIEPBYIO OYEpE]b 3aHMMAETCS CTPOMUTENIILCTBOM CBOEH 3KOHOMMKH, KOTOpas, B CBOK OYEpPE.b,
OIPENEIISIETCS YPOBHEM Pa3BUTHS HAYKU U TEXHUKH.

Wrak, KTO OHM, JUAEpPHl 3aBTPAlIHETO JHA? OTO CTpaHbl, KOTOPbIE CYMEKOT OLEHUTH
CUTyallUl0 W IpPaBWJIBHO BBICTPOUTH cBoro noiauTuky. K npumepy, CIIIA cymenn ynepxarth
JUAEPCTBO B HAyKe M TEXHUKE, HECMOTPS Ha TO YTO IPH OLIEHKE 3HAHWM IO OCHOBHBIM IPEAMETAM,
TaKUM Kak (pU3MKa U MaTeMaTHKa, aMepPUKaHCKHUE IIKOJIbHUKNA OOBIYHO OKa3bIBAIOTCS JAJIEKO HE Ha
nepBbix Mectax. B 1991 r, xk npumepy, mo pesyiapraraM 3K3aMEHOB |3-JIeTHHE aMepHUKaHCKHE
IIKOJIbHUKU OKa3aluch Ha 15-M MecTe mo mareMartuke U 14-M mo (usnke — HEMHOTO JydIle
HMOPJIAHCKUX IIKOJIBHUKOB, KOTOPBIE MO 000MM mpeameTam okazaimch Ha 18-m mecre. (Cremyer
OTMETUTH, KCTATH, YTO MECTA 3/1€Ch PACHIPEAEIAIOTCS IPUMEPHO 10 YUCITY YUeOHBIX THEH B IIKOIaX
coOoTBeTCTBYIOIMX CcTpaH. B Kurae, 3aHsaBIIEM nepBOE€ MECTO, MIKOJIBHUKH ydarcs B cpeaHem 251
JieHb B rofy, Torna kak B CIIIA — Tonpko 178.)

Kaxerca wynoMm, 4ro mpH Takux BecbMa CKpOMHBIX pesynsratax CIIA mnpomomxkaror
yAEPKUBAaTh MEKIYHApPOAHOE JIUACPCTBO B HAyKe U TEXHUKE, — HO JMIIb 0 TE€X IIOp, IIOKa HE
coo0pa3uillb, YTO CIOJla TPUBJIEKAIOT YYEHBIX CO BCErO0 CBETa M 4YTO OOJbIIasl WX YacTb —
MMMUTIPAHTBI, PE3YJIbTAT TaK HAa3bIBAEMOMN «yTeuku Mo3roB». Y CIIA ecTh «CeKpeTHOE OpyKHe»,
u3BecTHoe kak Bu3a Hi B, wnu «Buza g renusi». Eciu Bbl MoXkeTe 0Ka3zaTh, 4To oOnagaere
0COOBIM TaJlaHTOM, CITIOCOOHOCTSIMM MJIM HAyYHBIMHU 3HAHHUSIMU, BBl MOXKETE BHE O4Yepe/lu MOIYIUTh
Takylo Bu3y. VIMeHHO TakuM 00pa3oM TIOCTOSHHO TIOMOJHSAIOTCA HallM Hay4yHble psiabl. B
KpemHueBoit gonuHe, 10 NPHOJU3UTENBHBIM  OLIEHKAM, OKOJIO IOJIOBHHBI ~ COCTAaBISIOT
MMMHTPAHTBI, TAM MHOTO criennanuctoB 3 TaiBans u Muauu. 1o Bcelt ctpane 50 % acrnupaHTOB-
du3nkoB mpuexamu m3 apyrux crpan. B Toponackom yruBepcutere Huio-Hopka, rme s paGoraro,
ATOT TOKa3arens npubmmkaetcs k 100 %.

HexkoTopble KOHrpeccMeHbl BBICTYNAIOT 32 oTMeHYy BHU3bl HiB, moroMy uTo, M0 MX MHEHHIO,
OHM OTHMMAIOT paboyMe MecTa y aMEepUKAHIIEB; 3TU JIOIM MPOCTO HE MOHUMAIOT €€ MCTUHHOM
pomu. Kak mpaBuio, HailTh aMepHKaHLEB, JOCTATOYHO KBAIU(UIIMPOBAHHBIX UIs pabOTHl Ha
BBICHIMX JOJDKHOCTAX B KpemMHHEBON 0MHE, HEBO3MOYKHO, M 3a4acCTyl0 3TH JOKHOCTH IPOCTO
OCTalOTCsd He3aHATbIMU. beiBmmil kaHiep I'epmanum I'epxapn Illpénep mnbiTancs BBECTH B
MMMUTPALIMOHHBIN 3aKOH CBOEH CTpaHbl MOJOKEHHE 00 aHAJIOTMYHOW BH3€, HO 3TOMY MOMEIIAIH
T€, KTO CYUTAET, YTO Takas Mepa OTHsu1a Obl paboune mecta y HemieB. OnsTh ke, MPOTUBHUKH
npemioxenus lpénepa He MOHSIM, YTO HEMIIEB HA 3TH paboure MecTa YacTO HAWTH HEBO3MOXKHO,
¥ OHHU OCTAa0TCs He3aHAThIMU. MIMMurpanTsl o Busze HiB He 3aHuMaroT uyyxux pabouux MecT, OHU
CO3/1at0T HOBBIE OTPACIIN.



Ho Bu3a HiB — nume BpemenHas mepa. CIIIA He MOryT 10 GECKOHEYHOCTH KUTh 3a CUET
MHOCTPAHHBIX YUYEHbIX, MHOTHE U3 KOTOPbIX HaYMHAIOT Bo3Bpamiarscs B Kurait u Mnauio (mo mepe
TOTO KaK 5SKOHOMMKAa OSTHX CTpPaH CTAaOMJIM3UPYETCS W pacTeT). YTedka MO3TOB — BEllb
HeHalexHass. I1o o3HadaeT, uto CIIA npuaercs co BpeMEeHEM MOJHOCThIO MEPECTPAUBATh CBOKO
apXauyHyl0 U KOCHYIO cucTeMy oOpa3oBaHMs. Tenepb ke IUIOXO MOATOTOBJIEHHBIE BBITYCKHUKH
IIKOJI HAaBOAHSIIOT PBIHOK TpyAa M YHUBEPCUTETHI, CO3[aBasi MOMNPOCTy 3arop. Paboronarenu
MIOCTOSIHHO CTOHYT: UM MPUXOJUTCS LIENbI rol HATACKUBATh CBOMX HOBBIX pAOOTHUKOB, YTOOBI OHU
MOTJIM BJIUTHCA B OOIIMH PUTM. A YHHUBEPCUTETHI IOJIy4alOT JOMOJHUTENIbHYIO HArpy3ky —
HEOOXOIMMOCTh CO3[aBaTh BCE HOBbIE KOPPEKIIMOHHBIE KypChl, €AMHCTBEHHAs 3ajjada KOTOPBIX —
KOMITEHCHUPOBAaTh HEJJOCTATKH LHIKOJIBHOTO 00pa30BaHusl.

K cuacTpro, cO BpEMEHEM HalllM YHUBEPCUTETHl U KOMIIAHMHM HEIUIOXO MCIPABISIOT TO, YTO
yCHeBaeT UCHOPTUTh CPEIHss IIIKOJa, HO IO CYIIECTBY BCE 3TO — HaIpacHas Tpara BPEMEHU U
cnocoOHocTelt. YToOb1 CILIA u B OyayiieM ocTaBalvuCh KOHKYPEHTOCHOCOOHBIMM, HEOOXOAUMO B
KOpHE U3MEHUTh CUCTEMY Ha4aJIbHOTO U CPEIHEro 00pa3oBaHUsl.

T'oBopst mo crnpasemnuBoctd, CIHA 10 cux mop o6JaiaroT cepbe3HBIMU MPEUMYIIECTBAMHU.
OpHaxxpl Ha KOKTEHJIE B HBIO-HOPKCKOM My3ee €CTEeCTBEHHOM HCTOPUU s BCTPETHII
npeAnpuHUMaTens B oOnactu OuoTexHonoruid u3 benbrum. S crnpocun, modemy OH yexan H3
CTpaHbl, BeOb B belbruM aKkTUBHO pa3BUBAIOTCS M OWOTEXHOJOTMHM, W COOTBETCTBYIOLIAs
IIpOMBIIUIEHHOCTh. OH cKa3all, yTo B EBpone mpakTudecku HepeaabHO IMOJYyYUTh BTOPOM ILIAHC.
[TockonbKy Bce 3HAIOT U TE€Os, 1 TBOKO CEMbBIO, OAHOW OMIMOKHK JOCTAaTOYHO, YTOOBI MOTEPATH BCE.
Kyna Obl TbI HM Moexall, TBOUM OIIMOKH BCIOAY ciedyloT 3a Toboi. A B CHIA, cka3an oH, MOXHO
9YyTh HE KaXKIbIH J€Hb MEHATH ceOs M HauMHATh Bce 3aHOBO. JItongM HET Jena 70 Toro, KeM ObLIn
TBOM MpeaKu. X MHTEpecyeT TOJIBKO, YTO Thl MOXEIIb JUISl HUX CeNaTh. ITO OYeHb OOJIPHT, CKa3all
OH, IMEHHO IT03TOMY MHOTHE €BpOIEHCKHE yueHble ye3xkatT B CoennHenHsle LIITarTer.

Ypok Cunramypa

Ha 3anane cymecTtByet BoipaxkeHnue: «Ckpuiryyee kojieco cMa3biBaroT». Ho Ha BocToke ecth
Ipyroe BbIpaxeHue: «I'BO3ab, KOTOPBI TOPYMT Hapyxy, 3abuBalOT». OTHU JBE IOTOBOPKHU
JIMaMEeTPaJIbHO IPOTHUBOIIOJIIOKHBI TI0 COAEP/KAHHUIO, HO JOBOJBHO TOYHO OTPAKAIOT OCHOBHBIE
YepThI 3aM1aJHOTO ¥ BOCTOUHOTO MEHTAJIUTETA.

[Io mIKONBHBIM OLEHKAM a3UMaTCKHE IIKOJIBbHUKH, KaK IMPABUIIO, HAMHOTO IIPEBOCXOJAT CBOUX
3amajHbBIX POBECHUKOB. OHAKO UX 3HAHUS — KHIDKHBIC M TIOMYYEHBI B pPE3yibTaTe 3yOpeKKH, a
TaKMMH METOJJaMU MOXXHO IMOJHATHCS JIMIIL 10 ONpEAeIeHHOro ypoBHA. YToObl nocTuub Oojee
BBICOKOTO YPOBHS B HayKe M TEXHHUKE, YeJOBEKYy IMOTpeOyeTcsi KpeaTUBHOCTb, BOOOpaXKEHUE H
M300peTaTebHOCTh, KOTOPhIE BOCTOYHASI CHCTeMa He pa3BuBaeT BooOmie. Tak uto Kuraii, XoTs u
JIOTOHUT CO BPEMEHEM 3allaJIHbIE CTPAaHbI MO IPOM3BOJCTBY JEUIEBOM MAaCCOBOM MPOIYKLIUU —
TOYHBIX KOMHMU 3alagHbIX pa3pabOTOK, BCE paBHO COXPAaHUT OTCTaBaHWE OT 3amaja Ha HECKOJIbKO
JIECSATKOB JIET MO0 KPEaTUBHOCTH, YMEHHUIO pa3padaThiBaTh HOBBIC M3METHS U MPUIYMBIBATh HOBBIE
CTpATEruu.

OnHaxxas! 1 ObUT yaacTHUKOM KOH(epeHnu B CayoBCKOM ApaBuH, r1ie BRICTyMAN Takxke JIn
Kyan 1O, mpembep-munuctp Cunranypa c¢ 1959 mo 1990 r. B pa3BuBaromuxcsi cTpaHax OH
MOMYJISIpEH HE MEHbIIe, YeM Kakas-HHUOyIb pOK-3B€37da, — C €ro Y4acTHeM KOBAJICS HOBBIN
coBpeMeHHbI CHHramyp, 3aHMMAarOIIMI OJHO W3 IEPBBIX MECT B HaydHOM mupe. Kpome Toro,
CuHranyp cerogHss — ImsTas MO0 YPOBHIO OJAarocOCTOSHHS CTpaHa, €CIM TOBOPUTH O BaJOBOM
HallMOHAJIbHOM IIPOAYKTE Ha AYIy HaceleHus. AyquTopus CTapajiach pacciblllaTh KaKJI0€ CI0BO,
IIPOU3HECEHHOE 3TUM JIET€HJaPHBIM YETIOBEKOM.

OH roBOpPWI O JIaBHUX BPEMEHAX, BCIIOMUHAJ IOCIEBOCHHBIE TONbI, Korga Ha CuHramyp B
MHpE CMOTpEIM KaK Ha 3allTaTHbId TOpPT, 3HAMEHUTHIA B MEPBYIO OYEpenb MUPATCTBOM,
KOHTpaOaHI0M, MbSHBIMU MaTPOCaMU U JAPYTUMHU HETIPUIVISIHBIMH BellaMU. A TpyMia ero Kojier
MedTajga O TOM JIHE, KOTZAa 3TOT KPOIIEYHBI MOPCKOM MOPT CMOXKET MOPABHATHCS C 3amnagoM. Y
CuHramypa HeT 3HAYMTEIbHBIX NMPHUPOJHBIX PECYPCOB; €ro INaBHBIA pEeCypc COCTaBISUIM JIIOIH,



TPYAOII00MBbIE, HO MajooOpa3oBaHHBIE. [ pyrma MOJOABIX MOJUTUYECKUX JUAEPOB Ipeojosena
HEBEPOSTHBIA MyTh, B3sJIa COHHYIO 3aIlITAaTHYIO CTpaHy M 3a OJHO TIOKOJICHHE TpEBpaTHiia €¢ B
HACTOAIIMM OIJIOT HayKd. OTO, BO3MOXKHO, CaMblii HHTEpECHBI TNpPUMEpP COIMAIBHOIO
WH)XAHUPUHTA B ICTOPUH YEIIOBEYECTBA.

JIu Kyan O u ero mapTusi Ha4ajau CHCTEMAaTHYECKH MepecTpauBarh CTpaHy, Jenas yrnop Ha
HayKy ¥ 00pa3oBaHHE M COCPEIOTOUMBIIMCH HAa BBICOKOTEXHOIIOTHYHOM MpPOM3BOJACTBE. Bcero 3a
HECKOJIBKO JiecaTuiieTuil B CHHranype rnosiBUJIOCh MHOKECTBO BBICOKOOOPA30BAHHBIX TEXHUUECKUX
CTIEMAIIMCTOB, YTO TIO3BOJIMJIIO €My CTaThb OJHMM U3 BEIYIIUX OJKCIIOPTEPOB AIICKTPOHHKH,
MPOIYKTOB XMUMHYECKOTO MPOM3BOJCTBAa U OMOMeAUIMHCKOro obopynoBanus. B 2006 r. Cunramyp
npou3Boaii 10 % BceXx MHPOBBIX IOJMYMPOBOJHHUKOBBIX IUIACTHH JIUISI  KOMITBIOTEPHOM
MPOMBIIIIJIEHHOCTH.

[TpoGnem mepen HUMU Ha TYTH MOJAEPHU3ALUHU CTPAHBI CTOSIIO MHOKECTBO, Npu3Haics JIu.
YroObl 00eciednTh OOIIECTBEHHBIN MOPAAO0K, MPUILIOCH BBECTH JPAKOHOBCKHE 3aKOHBI, 3alPETHB
BCE, OT IUICBAHWS HA YAHMIAX (YTO HAKa3bIBACTCS IMyONMYHON MOPKOW) O MPOAXH HAPKOTHKOB
(HakazaHue — cMmepTh). Ho OH OTMETMJI Takke OJHY OYeHb Ba)KHYIO Belllb. BBISICHWIOCH, YTO
BeIyIllMe MUPOBBIC YUEHBIE C TOTOBHOCTHIO MocematoT CHHTaIyp, HO MMOYTH HUKTO HE COTIAIIAJICs
octatbes. [lozxe JIu y3Han mouemy: B CuHramype He ObUIO KYJIBTYPHOHM KH3HH M Pa3BIICUEHUH,
KOTOpBIE MO OBl yIepKaTh HHTEJUICKTYaJIOB. DTO HABEJIO €r0 Ha MBICIH IIEJICHAIPABICHHO
CTUMYJIMPOBaTh pa3BUTHE BCEBO3MOXKHBIX KYJIBTYpHBIX OJar, JOCTOWHBIX COBPEMEHHOIO
rocynapcTBa (0ajeTHble TPYHIbl, CHM()OHUYECKUE OPKECTPHI U T. I1.), YTOOBI JIyUIlINe yUYeHble MUpa
3axoTenu myctuTh B CHHramype KOpHU. B MrHOoBeHHE OKa B CTpaHe MOSBHINCH BCEBO3MOXKHBIC
KYJIBTYpPHBIE OpPTaHW3allMi M MEPOTPHUATHS, W BCE 3TO C EIWHCTBEHHOW IETbI0 — YAEepKaTh
HAyYHYIO JJIUTY.

JHanee oH moHsw1, 9yTo AeTr B CHHTAIype CIIETo TOBTOPSIOT 332 YUUTEISIMU CJIOBA, KOTOPBIC HE
MOHUMAIOT, U HUKOI/Ia HE MOJBEPraloT COMHEHHUIO OOIIENPUHATOE MHEHUE, HE BBIJIBUTAlOT HOBBIX
uaeit. Oco3HaB, 4to BocTok BeyHO OyleT TalIUThCA B XBOCTE 3amajaa, €cil ero ydeHble OymyT
CIOCOOHBI JIMIIb TOBTOPSATH JOCTHXKEHUS Jpyrux, JIM yCTpOHJ HACTOSIIYI0 PEBOJIOLHIO B
00pa30BaHNM: KPEATUBHBIX YUYAIIUXCS BBIICISUIM HA CaMBIX PAaHHUX CTAUSAX W TO3BOJISUTA UM
JIBUTATBCS BIIEPE] 32 MEUTOM B cOOCTBEHHOM Temre. Oco3HaB, YTO HECTAHIAPTHBINA YUEHUK BpPOJE
bunna I'efitca mnmu CtuBa [[xo0ca Obut OB HaBepHsKa pa3faBieH yayllaromeld o0pa3oBaTeIbHON
cucremMoir CUHramypa, OH MOMPOCHJI YUUTeNlel 3aHATHCS LIeJeHANPABICHHBIM OTOOPOM OymyIIuX
T'€HUEB, CITOCOOHBIX OKMBHUTH YKOHOMHKY CTPaHBbl CBOUM HAyYHBIM BOOOPaKECHHEM.

VYpok CuHramnypa NOAXOAUT HE AJIS BCEX. DTO BCETO JHMIIL HEOOJBIION ropoA-rocyaapcTBo,
I7Ie TOPCTKE MedTaTelieil OKa3aloch IMOJ CHITY IMOJTHOCTBIO TEPEeCTpOnTh cTpaHy. Kpome Toro, He
BCSKUI 3aX04eT, YTOObI €ro MOpoJH 3a KXl IJIEeBOK Ha ynuue. Tem He MeHee CuHramyp —
HAISIHBI TIPUMEpP TOTO, Yero MOXXHO JOOUTHCS, €CIH IO-HACTOSIIEMY 3aXOTeTh TOCTaBUThH
MH(POPMALIMOHHYIO PEBOMIOLINIO cebe Ha CITYKOY.

Brb130BbI Oynymiero

Kak-to B IHCTUTYTE NEpCNEKTUBHBIX UCCIeAoBaHUl B [IpuHCTOHE MHE TOBEJIOCH 3aBTPAKaTh
¢ ®pumenom [laliconoM. OH mycTWiICS B BOCIIOMHUHAHHsS O CBOEW JOJITIOM HAaydyHOM Kapbepe M
YIOMSHYA OIUH (akT, KOTOPBI MEHs JOBOJBHO CHJIBHO BCTpeBOXMI. llepen BOiHOHM, y4yach B
OpuTaHCKOM yHUBepcuTere, JlaiicoH 0OHapy»KWi, YTO JIydlline YMbl AHIJIUU HE XOTIAT 3aHUMAThCS
TOYHBIMA HayKaMH Bpoje (PHU3MKKM WIM XUMHUHU, a TMPEANOYUTAIOT MM BBITOIHYIO paboTy B
(¢uHaHCcOBOM M OaHKOBCKOU cdepe. Ecam mpenpiayiee MOKOICHUE CO3/IaBaI0 KamuTal B Gopme
ANEKTPUYECKUX M XMMUYECKUX 3aBOJIOB, M300pETalio HOBBIE INIEKTPOMEXaHUYECKHUE MAIIHHBI, TO
HOBOE MOKOJICHHE CTPEMUTCS YIPABIATh I€HbraMH JIpyrux jrofeil. /lalicon ceToBan 1 roBOpHII, 4TO
3TO OBUIO MpHU3HAKOM ymajka Benukod bpuranckoir mmnepuu. IlorepsB HaydHyio 6a3y, AHIIHS
ObLIa HE B COCTOSIHUM U JaJIbIIIE COXPaHATh CTaTyC MUPOBOI! JIepKaBbl.

Cnenyromiast ppasa, ckazaHHas UM, MPUBJIEKIa Moe BHUMaHue. OH 3aMeTHII, 4To cedvac OH
HaOJIIOIaeT TaKyI0 CUTYAIMIO BTOPOH pa3 B xku3HU. Jlydmme ymbl [IpuHCTOHA HE TIBITAIOTCS OOJbIIE



pa3duparbCcsi CO CIOXKHBIMHM TpoOieMaMu (PU3MKM M MaTeMaTHKH, a BCEMHM CHJIAMH CTPEeMSTCS
clienath Kapbepy B WHBECTHIIMOHHO-OAHKOBCKOW cdepe. Bo3MOXKHO, 3TO TOXKe MpHU3HAK YIIAIKa,
Jauzepbl o0IIecTBa YK€ HE B COCTOSHMM CTUMYIMPOBaThb MHHOBAIIMM M TEXHUYECKHUE HOBHHKHU,
KOTOpbI€, COOCTBEHHO, U 00ECIeUnIN MPOIBETAaHUE OOIIECTRA.

3TO BBI30B, HA KOTOPBIN HAM BCEM NPHUJIETCS] OTBETUTH B OYIyIIEM.

8. byayuiee yenoBeyecTBa
MnaHeTapHas uMBuUNU3auma

Kueywum ce2o00Hs 100sAM 008€10CL HCUMb 8 Nepuood, KOMOpblil
MOJCHO paccmampueams KAk mpu Uiy Yyemeipe CamblX HeoOblYAlHbIX
cmonemus  UCOPUU Yen08eyecmed.

Moxynuan CaiiMmoH

be3 omkposenus ceviute Hapoo Heoby30aH.
putum 29:18

boru npeBHuX MH(OB XWIM B POCKOIIM Ha Hebecax, HE OMYCKasCh O HE3HAYUTEIIbHBIX
3a00T, KOTOPBIMU 3aHATHI IPOCThIE CMEPTHBIE. [ pedeckue 60ru BecenuIuch U (GpaupToBaiu B CBOMX
HeOeCHBIX BIIaIeHUsAX Ha rope OIuMIT; ceBepHble OOTH, CpaXkaBIIMECs Pay YECTH U BEUHOMU CIIaBbl,
MUPOBaJM B CBSIICHHBIX CTeHax Banbramnel ¢ gyxamu naBmmx BouHOB. Ho ecnu yenoBeky
cyxJeHo K koHIy XXI Beka oOpecTu cuity ApeBHHX Ooros, kak Oyner BoiafeTs B 2100 . Hama
nuBrin3anusa? Kyna 3aBenyT uenoBe4ecTBO TEXHUYECKNE HOBUHKU?

Bce TexHrueckue peBoIOIMH, OIMCAHHBIE B 3TOW KHUTE, MO)KHO CUMTATh dTAllaMu OOJIBIIOTO
MyTH K ONHOW BEJIMKOW LEJU: CO3JIaHUI0 IJIAHETAapHOW nMBWiIM3anuu. llepexox K Hell IOMKEH
CTaTh, BEPOSTHO, BEIMYAHIIUM COOBITHEM B HCTOPUM YelOBeuecTBa. Masio TOro, MOKOJIEHHE
KUBYIIMX CETOJHS JIFOJEH MOXXKHO CMEJIO CUMTaTh CaAMbIM 3HAUUTENIBHBIM M3 BCEX, YTO KOINIa-Iu00
JKWIM Ha Halled ruaHeTe. MIMEHHO OHM JOJDKHBI ONPENENINTh, JOCTUTHET JIM YEJI0OBEYECTBO ITOM
BEJIMKOM 1enu uiau OyneT BBEpPrHyTo B IMyunHy xaoca. C TOro MOMeHTa, KOrJa Halld IPEeaKu
BIiepBble BN U3 Adpuku okono 100 000 ner nazax, muHOoBano okoiao 5000 mokoneHui, HO
JIUILB OJTHO MOKOJIEHHE — CErO/IHALIHEE — ONPEENIUT Cy/Ib0y HaIllero Mupa.

51 yOexieH, 4yTo eciiy He MPOoU30iiieT KakoH-11u00 NpUpOJHON KaTacTpodbl MUPOBOTO YPOBHS
U €CIM JIIOJCKAs DIIYNOCTb HE JOCTUTHET BCEJIEHCKUX MAaclliTa0OB, 4YEJIOBEYECTBO HEM3OEKHO
BCTYNUT B 3Ty ¢a3y Hamell ucropuu. HarmsgHee Bcero B 3TOM MOXKHO YOEIUTHCS Ha NpUMEpe
UCTOPUH MUPOBOM IHEPIETUKH.

LLikana pa3BuT1a LMBUNU3aLUUn

Korna mpogeccuonanbHble UCTOPUKM NMUIITYT 00 HCTOPUH, OHU PAacCMaTpUBAIOT €€ depes
IIPU3MY YEJIOBEUECKOIO OIbITa M YEJIOBEUECKOM INIYNOCTM — T. €. 4epe3 JesSHUS KOPOJIEH,
collMaJbHbIE ABM)KEHUS U pacripocTpaHeHue ujaeil. ®u3nku BUAST HCTOPUIO COBEPIIEHHO MHAYeE.

@uU3MKHM OLICHUBAIOT JIIOOOH OOBEKT, Jake IMBHIM3ALMIO, MO0 KOJIMYECTBY MNOTpeOIsieMoit
sHepruu. Ecinu roBoputh 00 MCTOPUM YEIOBEYECTBA, TO SCHO, YTO Ha MPOTSIKEHUH OECCUETHBIX
TBICSIYETIETUH DHEPIHUsl, KOTOPOH MOT paclopsKAaThCs OIMH YEJIOBEK, OTPaHUYMBAIIACH OJHOU IISITON
JIOLIAJAMHON CHJIBI, T. €. CHJIOW OJHOW MHapbl YEJIOBEYECKUX PYK; UMEHHO IO3TOMY JIIOAU BEIU
KOYEBYIO JKU3Hb B MAJECHbKUX OpOASIIUX IJIEMEHaX, IbITAsICh J0OBITh ceOe MPOIUTaHUE B CYpPOBOM
U BpaxaeOHOM mupe. Llensle s1oXu 4enoBeka, Mo CyLIECTBY, CI0KHO ObUIO OTIIMYUTH OT Boika. He
ObUIO HUKAKHX 3aIllUCEH, TOJIBKO YCTHBIE MPEIaHusl, epe1aBaBUINeCcs U3 OKOJICHUS B TIOKOJICHUE Y
OJIMHOKHUX CTEMHBIX KOcTpoB. CpenHsisa oxuaeMasi poJoKUTEIbHOCTD )KU3HH cocTaBisiaa 1820
net. Bce umyiecTBo 4esoBeka OrpaHMYMBAJIOCh TEM, YTO OH MO YHECTH Ha Iuiedax. bonburyro



YacTh KU3HHU YEJOBEK CTpajaj OT rojoja, a Mocie CMEepTH Ipomajan OeccieaHo, HUYero mocie
cebsl He OCTaBUB.

Ho 10 000 ner Ha3an mpou3ounulo COOBITHE, MOATOJIKHYBIIEE IUBHIM3ALMIO K Pa3BUTHUIO:
3aBEpPIINIICA OYEPEIHOW JIEAHUKOBBIM mepuod. [lo mpuumHam, HaM 10 KOHIIA HE TOHSTHBIM,
ThICSYENICTHEE OJIEJICHEHUE 3aKOHUMIIOCh, OTKPBIB JIOPOTY CEIbCKOMY XO3siicTBY. Bckope Obuin
OJIOMAIITHEHBI JIOIAN ¥ OBIKH, U SHEPTHsI, KOTOPO MOT PacIopsDKaThCsl YeTOBEK, YBEINIHIIACH JI0
1 n.c. Temepb OOMH YenoBEK MOr 00pabaThIBaTh HECKOJIBKO TE€KTapOB 3eMIIM M K TOMY K€
BbIpa0aThIBATh M3IUIIKK DHEPTUH, JIOCTATOYHBIE, YTOOBI TPOKOPMHUTH OBICTPO pacTyIee
HaceneHue. O1oMaIIHUBaHUE KUBOTHBIX MTO3BOJIMIIO YEJIOBEKY HE MoJarathesi OOJIbIIe Ha OXOTY Kak
WCTOYHUK TIHIIN; CPETU JIECOB U paBHUH BO3HUKJIH MTEPBBIE MIOCTOSHHBIE ITOCEIICHHS.

W3nuiky, BO3HUKIINME B PE3YJbTaTe CENbCKOXO3SIMCTBEHHON PEBONIOLNH, MOPOIAMIN HOBBIE
HETPUBUAIBHBIE CIMOCOOBI COXpAaHEHUS M TNPUYMHOKEHHUS OoraTcTBa. BO3HHMKIIM Maremarthka M
MUCbMEHHOCTb, MO3BOJMBIINE OpPraHU30BaTh y4eT OnarococtosHus. IloTpeboBanuchk KajaeHaapw,
4TOOBI ONPENENATh CPOKU ceBa U cOopa ypoxkasi; MOTpeOOBaIUCh MUCIBI M CYETOBObI, CIIOCOOHBIE
CIIEIUTh 3a KalMTajJoM W o0jaraTh €ro HajoroM. 3a CYeT M3JHUIIKOB ObUIM CO3/aHbl OOJNbIINE
apMHH, KOPOJIEBCTBA, UMIIEPUH, BO3HUKIIA PAOCTBO M JPEBHUE IMBUITH3AIINH.

Crenyromiasi — IpOMBIIUIEHHAs — peBotonus mpousonuia okono 300 et Hazaa. BuesamnHo
0KAa3aJI0Ch, YTO KalMTaJl, HAKOTUICHHBIN YEJIOBEKOM, MOXKET OBITh CO3aH HE TOJIBKO TPYIAOM JFOICH
WIN JKUBOTHBIX; €r0 MOTYT CO3[aBaTh MAaIIMHbI, @ MACCOBOE MPOM3BOJCTBO — MYTh K CKa30YHOMY
OorarcTay.

Oxka3zanock, YTO MapoBOil JBUTATENb CIIOCOOCH MPUBOIUTH B JABM)KCHHE MOIIHbIE MAIIWHBI U
JIOKOMOTHUBBI, TaK YTO KaIUTAJl MO)KHO CO3/1aBaTh Ha (haOpukax, 3aBOAAX M IIaXTaX, a HE TOJBKO B
noisix. KpecTesiHe, M3ronopaBmivecs B OUEpEAHON HEypOXKaWHBIM Tol U M3MOTaHHbIE TSKKUM
TPYIOM Ha TIOJNISAX, OeXalli B TOpoJa W INPEeBpAIIaIich B MPOMBIIUICHHBIX padounx. Ky3HeroB u
MacTepOB-TEJIEKHUKOB ITOCTETIEHHO CMEHHUIIM aBToCiecapy. /[Burarens BHyTPEHHETO CrOpaHus 1al
B PYKH YeJIOBEKa COTHH JIOMAANHBIX cril. Oumaemast poJoIDKUTEIbHOCTh )KU3HN Havalla PacTH
B 1900 r. nocturna 49 ner.

Haxoner, cerofHst Mbl HaOIIOaeéM TPETHIO BOJIHY, KOTJa UCTOYHUKOM KaluTalla CTAaHOBUTCS
uHpopmalusa. borarcTBo cTpaH Teneps U3MEpSETCs AEKTPOHAMH, OETAIOIIMMU 110 BCEMY MUPY I10
OINITUKO-BOJIOKOHHBIM CETSIM, M OaiTaMi WH(QOpPMAaIlUHM, TPUHAMAEMBIMH W H3Iy4aeMBIMH OT
CIIyTHHMKOB; PaHO HJIM MO3AHO BCE OHM MOSBISIOTCS HAa SKpPaHAaX KOMITBIOTEPOB YOJUI-CTPUT WM
Ipyrux (UHAHCOBBIX CTONUIL. Hayka, KOMMepHusi W pa3BICYCHHS CETOAHS ITyTCIIECTBYIOT CO
CKOPOCTBIO CBETa; 4YeJOBEK, IJe Obl OH HM HAXOIWICA, B JII0OOE BpeMS MOXET IONYyYUTh BCIO
HE0O0X0IMMYI0 HH(POPMAIIHIO.

Uusunusauum |, Il n lll Tuna

MokeM JIi MBI OTBETHTb, KaK 3TOT HKCIOHEHIUAIBbHBIN POCT YHEPrOBOOPYKEHHOCTH OyIeT
NPOJIOJDKAThCS B ONMMOKalIIMe CTONEeTUs U ThicsueneTusi? DOU3MKH, MBITasCh KIacCUPHUIMPOBATH
UMBUIN3AIUH, OLIEHUBAIOT UX BCE 110 TOMY K€ KpUTEpHUI0: MoTpednsemMoit sHeprun. [lepBeiM Takyro
KJaccu(uKauio BBel pycckux actpodusuk Hukomaih Kappamés, pasMbinuisgs o0 uccieq0BaHUH
HOYHOTO HeOa B MOMCKaX CUTHAJIOB OT BHE3EMHBIX (pa3yMeeTcs, IPOABUHYTHIX ) [IMBUIIN3ALINHI.

KapnaméBa He ycTpanBajo pacIUIbIBUATOE€ M HEOIPEIEICHHOE IIOHATHE «BHE3EMHBIC
UUBUIN3ALUN», U OH NPEUIOKUI KOJUYECTBEHHYIO KAy, IO KOTOPOW acTPOHOMBI MOIIU OBl
opueHTHpoBaTbca. OH NMPEKpacHO NMOHMMAJ, YTO LUBUIM3ALMU MOTYT KapJWHAJIbHO pa3IndarbCs
0 KYJIBTYp€, 00I1I€CTBEHHOMY YCTPOWUCTBY, IPUHIIMITY YIIPABJIECHUS U T. M., HO CYIIECTBYET TO, YEMY
BCE OHM JOJDKHBI MOAYMHATHCA: 3aKOHBI IpHUpoasl. KpoMe Toro, sICHO, 4To ¢ 3eMJIM MBI MOXKEM
3aperucTpUpoBaTh M H3MEPUTH JIMLIb OAHO — TMOTPEOJIeHHE SHEpPruu, M KiaccuuurupoBaTh
LUBWINA3ALUU CIEYET UMEHHO I10 3TOMY KPUTEPHIO.

Wrak, Kappameés npennokui JenuTh BHE3EMHbIE IUBWIN3ALUU HA TPU TEOPETUUECKHUX THIIA.
[MuBminzanuu | THNa — MMBUIM3AMHU IJIAHETAPHbIE, MOTPEOISIOINE U TY JOTI0 U3TydaeMou
CBETHJIOM JHEpPIruM, KOoTopas mnpuxonutcs Ha riaHery (okoimo 1017 Br). Ko II tumy ortHocsTCs



3BE3IHBIC ITUBUIIH3AINH, OHU MOTPEOISIOT BCIO SHEPTHIO, H3lTydaeMyro cBeTwiioM (okono 1027 Br).
K III Tumy oTHOCSTCS TallaKTHYECKHE ITUBWIN3AINH, TIOTPEOIISIONINE YHEPTHIO MUJUIMAPIOB 3BE3]1
(oxono 1037 Br).

JlocTOMHCTBO 3TOM KiIacCU(PUKAIMK B TOM, YTO MBI MOXKEM KOJMYECTBEHHO OILIEHUTH MOIIb
0001 MBUIN3AIIMN, BMECTO TOTO YTOOBI CTPOUTH OOIIIME TIPEMONOKEHHsSI U TalaTh Ha KoeiHoi
ryme. Mbl 3HaeM SHEPreTHUYECKUN BBIXOJ COOTBETCTBYIONIUX HEOECHBIX OOBEKTOB U B COCTOSTHUU
OTPaHUYMTh KaXIbI U3 HUX KOHKPETHBIMHU YMCIEHHBIMH paMKaMHU.

Tumns! paznuyaroTcss Mexay co0oil Ha IecsTh MOPSAKOB, T. €. B 10 mupa pa3: nusunmzanust 11
tuna mnotpednser B 10 mapa pa3z Oombiie sHeprud, yeM mnuBuiauianus Il Tuma (motomy 4yTto B
INanaktuke nmpumepHo 10 mipz 3Be3x), a OHa, B CBOIO ouepelib, norpedmser B 10 mupa pa3 Oonblie
SHEPTuu, YeM IuBUIM3anus | tumna.

[To sToit KnMaccubuUKaMKM HaIla CETOMHSIIHSIS MUBWIM3aUsS OTHOocHTCS K kiaccy 0. Hac
BOOOIIE HET Ha JTOW IIKaie, BEAb MBI JI0 CHX TOp MOJYy4aeM JHEPTHUI0 U3 OCTATKOB MOTHOIINX
pactenui, T. €. u3 Hetu u yrisa. (Kapn Caran, 00001mas 3Ty KiaccuUKaIiio, MONbITaICS Oolee
TOYHO OLIEHUTH HAllle TMOJOKEHHWE Ha ATOW KOCMHUYECKOW IIKajne. Y HEro MOJy4YHJIOCh, YTO MBI
ceityac ruBmM3anys tana 0, 7.)

[lo »sToil mIKame MOXHO OIEHMBATh TAaKXKE UMBWIM3AIMU, BBIBEJICHHBIE MHCATEISIMU B
(haHTaCTUUECKUX MPOU3BEACHUAX. TUMUIHON ITUBUIM3aNKeH | TUITa mpencTaBaseTcs MBHIIA3AIUS
baka Pomxepca nnu @mdmia [opaoHa, rae oasM MOJABIACTHBI SHEPTETUUECKUE PECYPCHI 1IN0
rmiaHeThl. JIIoaM KOHTPOJIUPYIOT BCE IUIAHETAPHBIE HMCTOYHHKH JHEPTUU, MOTYT TIO JKEIaHHIO
YCTaHABIIMBATh WJIM U3MEHSATH MOTOAY, OHU OBJaJENId SHEPrueil yparaHoB U MOCTPOMIM Topoja B
okeane. x pakeTsl 60po3asT KOCMOC, HO MX UCTOYHUKH YHEPTUU B OCHOBHOM OTPaHUYCHBI POTHOM
IJIAHETOM.

K muBuwmmzanusam 11 tuma moxkHo otHectn OObeauHEHHYIO (denepanuio IJIaHeT U3
«3Be31HOTO MyTH» (€CIK 3a0BITh O BapI-JIBUTATENE), KOTOpasi CMOTIIA KOJIOHU3UPOBATH OKOJIO COTHH
Oonmusnexanmx 3Be3n. OmHaKo TEXHOJOTHS OSTOW IMHMBWIM3ALMUA €IIe TOJBKO MOAOUpaeTcs K
BO3MO)KHOCTH MaHUIYJTUPOBAHUS SHEPTUEH 11eJI0M 3BE3/Ibl.

[uBunuzanuen III Tuma MoxHO, MOXKanyid, Ha3BaTh MMrmepuio u3 caru «3BE3[IHbIE BOMHBI)
WIH, MOXET OBbITh, OOProB U3 «3BE3MHOTO MyTH». Te W JIpyrue KOIOHU3UPOBAIH 3HAYUTEIHHYIO
YacTh CBOEW rajlaKTHUKH, 3aXBaTUB MIJIJTMOHBI 3BE€3IHBIX cUCTeM. OHM MOTYT MyTEIIeCTBOBATH TIO
raJIaKTUKE KaK YTOIHO.

(Xotsa xnmaccudukarnus KapnaméBa ocHOBaHA Ha IUIAHETax, 3BE3/laX W TajaKTUKaX, CIEIyeT
yKa3arb Ha TEOPETUYECKYI0 BO3MOXXHOCTb CYIIECTBOBaHUS HUBWIM3auuu [V Tuma, depnaroieit
SHEPTUIO U3 BHETAJTAKTUUECKUX UCTOYHUKOB. ETMHCTBEHHBIN N3BECTHBIN HAM UCTOYHUK SHEPTHH 32
npenenaMy Hameid ['anakTUKu — 3TO TeMHasl dHeprusi, cocrapiswomas 73 % Marepuu BUAMMON
Bcenennoii, Torga kak Ha BUAWNMBIA MUP 3BE3] W TaJaKTUK MPUXOauTcs Bcero 4 %. Bo3mMoxHbIiM
KaHIUAaT Ha poib UuBwim3amuu [V Tuma — OoromomoOHbi Q U3 «3BE3THOTO MYTH», Ybe
MOTYIIIECTBO OTPEEICHHO UMEET CBEPXTAIAKTHYECKHAE MACIITAOBI. )

Vcnone3ys TNpeaioKeHHYI0 KiIacCHU(DHUKAIMIO, MOXHO OICHUTh, KOTJa YeJIOBEYECTBO
JIOCTUTHET KaKJI0M M3 MepeyrciIeHHbIX cTyneHel. [Ipeqnonoxum, uro cymmapssiii BBII mupoBoit
LIMBWIN3AIMU €XEerogHO pacteT Ha | %. DTo pasymMHOE NpEIoNIoKEeHHE, €ClId paccMaTpuBaTh
Pa3BUTHE YEJIOBEYECTBA 32 MOCIEAHUE HECKOIBKO CTONETHI. COracHO 3TOMy IPEIIIOIOKEHHIO, Ha
MEPEXo/l C OJHOW CTYMEHU Ha cleAyromulyo TpedyeTrcs npumepHo 2500 net. Exeromuslit 2 %-Hblii
POCT TIO3BOJIMIT OBI COBEPIINTH ITOT mepexon 3a 1200 ser.

Ho MOXHO Takke MOJICYMTATh, CKOJBKO HAIICH MHMBWIM3ALMU TMOTpeOyeTcs BpPEeMEHH Ha
noctuxenue [ ypoas. HecMoTpst Ha KpU3KCHI ¥ TIEPHOABI OBICTPOTO POCTA, MOXKHO MaTEMaTHIECKU
OLICHUTB, UTO MPH CPEIAHEN CKOPOCTH POCTA SKOHOMHKH OH OyAeT NOCTUTHYT mpuMepHo 3a 100 ser.

OT HyneBoOro Tuna K nepBomy

Bcesakumii pa3, OTKpbIBasA ra3c€Ty, Mbl BUIUM BCC HOBLIC CBUACTCIILCTBA TOTO, YTO YCJIIOBCUYCCKAA
OUBUIIN3alIUs )ICfICTBI/ITCJ'II:HO HaxXoJUTCA Ha JTare IeEpexoJa OT YCIOBHOIO THIIA 0kl THITY.



MHorue 3arojloBKM — HACTOSIIEe CBUACTEILCTBO «POAOBBIX CXBATOK» IUBUIIN3allUU I THIIA,
KOTOpas poXxXaacTCsd Ha HAIIMX IT1a3ax.

*/IHTEpHET — WCTOYHHWK BCEIUTAHETHOM CUCTEMBI CBS3H, 00S3aTENIbHON IS MUBWIM3ANUU |
Tuna. BriepBble B MCTOpUU UYENIOBEK, HAXOIAIIMNACSA HA OIHOM M3 KOHTHHEHTOB 3eMJIH, MOXKET 0e3
BCAKMX YCWJIMHA OOMeHMBaThcsi HH(pOpManuell B HEOrpaHUYEHHOM KOJMYECTBE C YEJIOBEKOM,
HaXOASIIMMCS B JIIOOOM JApYroM MecTte. MHOTHE JIIOAM YK€ CUMTAIOT, YTO y HUX OoJjbIlle OOLIero ¢
KEM-TO Ha JPYroM KOHIIE CBETa, 4eM C coceaoM o aomy. I1o mepe mpokiIagKu HOBBIX ONTHKO-
BOJIOKOHHBIX CETEH M 3alyCcKa HOBBIX CIYTHHKOB CBSI3M 3TOT INPOLECC OyAET TOJIBKO YCKOPSATHCS.
OcTanoBuTh ero HeBo3MOkHO. Jlaxxe ecnu Ob1 mpe3uaeHT CIIIA nmonsitasncs 3anpetutsh MHTEpHeT,
ero cioBa ObuIM OBl BCTpEUYEHBl CMEXOM. B Mupe cerogHs modTd MUIUIHApPA NEPCOHATIBHBIX
KOMITBIOTEPOB, M IPUMEPHO YETBEPTh BCETO UEJIOBEUYECTBa ycrena noowsiBaTth B IHTepHeTe X0Ts Obl
OJIUH pa3s.

*HekoTopsle 3bIKM — B MEPBYI0 OYEpENb AHIIMMCKUMN, 3aT€M KUTAaUCKUM — CTPEMUTEIIBHO
pa3BHUBaIOTCs B HanpasieHUM A3b1KoB | Tuna. K npumepy, 29 % nocerureneit BcemupHoi nayTHHbI
PETUCTPUPYIOTCS B HEW HA aHIVIMIICKOM $I3bIKE, 22 — Ha KUTANCKOM, 8 — Ha HCIIAHCKOM, 6 — Ha
AMOHCKOM M 5 % —Ha (paHIly3cKOM. AHINIMICKHIA YyKe CEeroiHs Je-(pakTo CTaJl BCElJIaHETHBIM
S3BIKOM HayKH, (DHMHAHCOB, OM3HECA U pa3BJeUeHUi, CaMbIM MOMY/ISPHBIM HHOCTPAHHBIM S3bIKOM Ha
riaHeTe. [e Obl s HU IyTEHIeCTBOBAJ, BE3/l€ MOXXHO OOBSICHUTHCS Ha aHIIMKUCKOM si3bike. K
npuMepy, B A3MM, KOIZIa BCTPEYAIOTCSl BbETHaMel|, SMOHEN M KWUTael, OOLIAIOTCS OHHU IIOo-
aHnmiickyu. B HacTosmee BpeMs moau 3emiu ropopAart npumepHo Ha 6000 s3pikax, u 90 % u3 HuX,
no MHeHuto Maiikia Kpaycca (Michael E. Krauss) u3 LleHTpa KOpeHHBIX SI3bIKOB YHHMBEpPCUTETA
Ansicki, OOpeyeHbl HAa  HCYE3HOBEHHME B  ONMMKalIIMe  HECKONbKO  JIECATKOB  JIET.
TereKOMMyHUKAIlMOHHAST PEBOJIIOLUS JIMIIb YCKOPSIET 3TOT MPOLECC, MOCKONBKY JIHOAH, )KUBYLIUE
Jlake B CaMbIX OTJNAJCHHBIX pallOHaX, MOJy4aroT CBOOOAHBIA JOCTYIl K pecypcaM Ha aHIIMHCKOM
sa3pike. OHaA TakKe YCKOpSieT SKOHOMHMYECKOE pa3BUTHE, TaK KaK CTpaHbl Bce Oolblle
UHTETPUPYIOTCS. B MHPOBYKO DKOHOMMKY, 4YTO TIOAHMMAeT B HHUX CTaHAApThl KU3HU U
SKOHOMHYECKYI0 AKTUBHOCTh HacejeHus. KoMIbrOTEpHAs peBOMIOLNSA TapaHTHPYET, YTO JPEBHUE
S3bIKM, BBILIENIINE U3 yHoTpeOseHus, He nponaayT oOeccienHo. B MHTepHeTe OHM coxpaHsATCs
HaBCET/A.

*Mbl ¢ BamMM SIBISIEMCSl CBUJETENSAIMU 3apOXKJICHUS IUIAHETAPHON AKOHOMMKH, O YEM SICHO
CBUJETEILCTBYET MoabeM EBpomeiickoro corws3a M JIpyrux TOProBbIX O10koB. M3 ucTtopuu Mbl
3HaeM, YTO Hapojabl EBpOIIBI ThICAYM JIeT BOeBaIu Mexay coboil. PasrpomuB Pumckyro nmneputo,
IUIEMEHa MPOJOJDKAIU UCTPeONATh Ipyr npyra; B EBpore MHOXECTBO coceneil-COnepHUKOB U
cocefieli-BparoB. TeM He MeHee HEIaBHO BCE ATHU Bparuk M CONEPHUKU HEOXHJAHHO, OTOPOCHB
NpexkHue cropbl, oObenuHmwiInch B EBpomneiickuii Coro3, B KOTOPOM B HACTOSIIEE Bpems
COCPE0TOYEHO OOJbIIE BCErO KAaUTANOB Ha miaHere. [IpuunHa oObeanHeHNs] — HEOOXOAMMOCTD
KOHKypHpOBaTb €  JPYTMM  JKOHOMMYECKMM  MOHCTPOM,  CTpaHaMH, MOANUCABIINMH
CeBepoamepukaHckoe coramienue o cBoooanoit roprosie (NAFTA). B OyayiieM Mbl yBUAMM, Kak
(bopMUpPYIOTCSI HOBbIE SKOHOMHYECKHE OJIOKU IO MEpE TOTO0, KaK CTPaHbl 0CO3HAIOT HEBO3MOXHOCTD
COXPaHATh KOHKYPEHTOCIIOCOOHOCTh B OJJUHOUKY.

B sTOoM MOXHO HamIsigHO yOemuThes, ecim mpoaHanusupoBarh kpuszuc 2008 r. Beero 3a
HECKOJIbKO YacOB OT3BYKM (DMHAHCOBBIX TMOTPSCEHUH, HCXOASAIIMEe C YOJUI-CTPUT, BOJHOH
MPOKaTIIINCh N0 (prHAHCOBBIM yupexxaeHusMm Jlonnona, Tokuo, I'onkonra u Cunramypa. Ceronus,
HE MPHUHMMAs B pacyeT OOIMIMX TEHAECHIUH MHUPOBOW IKOHOMHKH, HEBO3MOXKHO PacCMaTpHBATh
SKOHOMUKY OJTHOHM OTIENIBHO B35TOM CTPaHBI.

*Mpb1 HaOnmofaeM BO3HMKHOBEHHE W Da3BUTHE IUIaHETapHOro cpefaHero kiacca. CoTHH
MWJUTMOHOB Jrozied B Kurae, IHIuM u Ipyrux Mecrtax MOCTENEHHO MOIOJHSIOT 3Ty KaTeropuio;
BEPOSATHO, 3TO BEIMYAWIINI COLMAIbHBIA MOABEM IOCIEIHErO IMOIYBEKA. DTHU JIIOAU IPEKPACHO
pa3buparoTcs B KyJIbTYPHBIX, 00pa30BaTeIbHbIX U SKOHOMHUYECKUX TEHACHIIMSX, CYIIECTBYIOLINX Ha
riaHeTe. [1aBHOE 711 HUX — HE BOWHBI, PEJIUTHs WM COOJIIOIEHUE CTPOrOro MOpPaJIbHOTO KOZIEKCa,
a MOJMUTHYECKas U colMallbHasg CTaOWJIBHOCTh M MoTpebieHue. Mpeonornyeckue W IUIEMEHHBIE



CTpacTH, BJIAJEBIIME MX NPEAKaMH, 3HAuaT JJs MPENCTABUTEIEH 3TOr0 CPEAHEro Kiacca O4YEHb
Majo, UX Lelb — 003aBEeCTUCh JOMUKOM B IMPHUropoje W JByMs MamuHamu. Ecnm ux npeaxu
IIPa3IHOBAJIN JI€Hb, KOTZIa CHIHOBbSI OTIIPABIISIIMCH HA CBOIO NIEPBYIO BOMHY, TO OJHA M3 INIABHBIX UX
3a00T — MPUCTPOUTH JETEH B XOPOIIMHM KOJJIEIK. A JIFOIU, C 3aBUCTHIO HAOIIOAIONINE 32
ycrexaMu JIpYTHX, JyMaroT TOJbKO O TOM, Koraa ke mpuaer ux Bpemsa. Kenuntu Omas (Kenichi
Ohmae), ObBImMiA crapmmii maptHep kommanuu McKinsey &amp; Company, numer: «JIroau
HEM30€XKHO HAYHYT OIIISAABIBATHCS BOKPYT M 33J1aBaThCsl BOIIPOCOM, IIOUYEMY OHU HE MOTYT UMEThH TO,
YTO UMEIOT JApyrue. BaxHo Takxe, YTO OHM HayHYT 3aJaBaThbCsl BONPOCOM, NTOYEMY OHHM HE MOIJIU
MUMETH 3TOTO PaHbIIIEY.

*DKOHOMHKA, a HE OpYyXHe, — BOT HOBBIM KpuTepuil cBepxaepxkasbl. Ycrnex EC u
CeBepoaMepHKaHCKOM 30HBI CBOOOJHON TOPTOBIM MOJAYEPKHBAET OUEHb BAXKHBIM MOMEHT: C
OKOHYaHHMEM XOJIOAHOW BOWHBI CTaj0 SICHO, YTO MHpOBasl Jep>KaBa MOXET IMOAJEP>KHUBaTh CBOE
JIOMHUHUPYIOLIEE IOJIOKEHUE B OCHOBHOM IIPH IOMOULIM SKOHOMMUYECKOM MOIIHU. SInepHble BOMHBI
MOTIPOCTY CIIMIIKOM OMNAacHBI, MO3TOMY cyab0a Haluil OyeT 3aBUCETh OT SKOHOMHMKH. OIHUM W3
daxTopoB, npenonpenenuBmmx kpax Coserckoro Coro3a, ObIJIO IKOHOMHUECKOE MEepeHarnpsHKeHue
ot roHku BoopyxeHnuit ¢ CIIIA. (Kak ognaxxas! 3ametunu coBeTHUKHU npesuneHta CIIIA Ponanpaa
Peiirana, ctparerueit CILIA 6buto 3actaButh Poccuio TpaTuth Oolbllie, 4eM OHAa MOXET cele
MO3BOJIUTh, T. €. 0€3 KOHIIa YBEIWYMBATh BOEHHBIE PACXObl, TaK YTOOBI PYCCKHE, HSKOHOMHKA
KOTOpbIX YycTynana skoHomuke CIIIA B 1gBa ¢ JMIIHMM pasa, BBIHYXJEHBl OBLIM JEpiKaTb
COOCTBEHHBIH HaApoj B YEpHOM Teie.) SIcHO, 4To B OyAyllem cBepxAepKaBa CMOXKET COXPaHATh
CBOH CTaTyC TOJBKO 4Yepe3 HKOHOMHYECKYIO MOIlb, KOTOPYI0 00€CHeurBalOT NepeloBble HayKa U
TEXHHKA.

*Poxxnaercs enuHas miiaHeTapHasi KyJabTypa, OCHOBAHHAs Ha MOJIOJEKHOM KynbType (pOK-H-
pOJT W MOJIOACKHAsT Moja), KuHemarorpade (TOJUTMBYICKHE OJIOKOACTEphl), BBICOKOH MOjIE
(penMeThl POCKOIIN) M MUTAaHUM (MAacCOBBIE CETHU MPEANPHUATHNA OBICTpOro muTanus). Ine Obl BbI
HU IyTeIIeCTBOBAIM, BE3/IE 3aMETHBI T€ )K€ KYJIbTYpPHbIE TEHJCHIIMH B MY3bIKE, HCKYCCTBE U MOJE.
K npumepy, T'omnuByn, oueHuBas Oyaymuidi ycmex MOTEHIMAIbHOrO Onokbactepa, TIIATEIbHO
MIPOCUYUTHIBAET BIIEYATIIEHHE, KOTOPOE TOT JODKEH IPOM3BECTH Ha IMpPEICTaBUTENEeH pPa3HBIX
KyapTyp. [71aBHBIMM MCTOYHMKaMM Joxozna [uisl lomnMByga — W CBUIETEIBCTBOM 3apOXKICHHS
IUTAHETapHOW KYIbTYpbl — ciyXaT ¢GuibMbl (00€BUKM M JHOOOBHBIE HCTOpPUM) Ha Kpocc-
KYJIBTYPHBIE TEMBI C yYaCTUEM MEXKTYHAPOIHBIX 3HAMEHUTOCTEN.

Hauvano sToro mpouecca npuxoguTcs Ha IEpUOX Iociae BTopoll MHUpOBOW BOWHBI, KOIZa
BIIEPBBIE B MCTOPUHU MOSBMUIIOCH II€JI0€ MOKOJEHHE MOJIOMABIX JIO/eH, 00aaBIIUX J0CTATOYHBIM
JMYHBIM J0XOOM, 4YTOOBI MOBIUATH HA IJIABEHCTBYIOIIYIO B 0OLIeCTBE KyabsTypy. llpexne
MOJAPOCTKH TPOCTO OTHPABISUIMCH B Mojie paborarb BMecTe ¢ pomutensMu. (OTcioma, KcTaTh
roBopsi, OepyT HayaJlo TpexMecsuHble JieTHHE KaHuKyibl. B CpeaHue Beka AeTH, KakK TOJIBKO
HEMHOTO MOJIpacTalii, JOJKHBI OblIM BCe JIETO BKajbiBaTh B mosie.) Ho GmarococrosiHue cemeit
pOCII0, ¥ MOCIEBOECHHBIE JETH OKAa3bIBAJIIMCh BMECTO Mo Ha yiuie. CerogHs Mel BUIUM, KaK 3TOT
MpOLIeCcC OXBaThIBa€T Bce OOJbIIE CTPaH, MO MEPE TOTO0 KaK 3KOHOMUYECKOE Pa3BUTHE IMOBBIIIAET
JMYHBIA 10X0J] oApocTKoB. Co BpeMeHeM, MOCKOJIbKY OOJNBIIMHCTBO JIOeH Ha IJIaHeTe nepeiier
B CPEIHMM KJIacc, OT UX PACTYyLIUX JOXOJOB MEPenajeT YTo-TO U UX JETSIM, MOAMUTAB B KOHEYHOM
UTOT€e IJIAHETAPHYIO MOJIOAEKHYIO KYJIBTYpY.

Pox-H-poiI, TONIMBYJICKOE KHHO M T.II. — HADISIIHbIE MPUMEPBl TOTO, KaK BEIIHbIN
KalMTaJIN3M CMEHSETCS WHTEJUIeKTyaJdbHbIM. B Onmkaliine HECKONBKO IEeCATUIETHH pOOOTHI
TOYHO HE Haydyarcs CO03/1aBaTh MY3bIKy U (WIbMBI, CIHOCOOHBIE MOTPSCTH MEXIYHAPOIHYIO
ayIUTOPHIO.

To e npoucxonut u B chepe MOabl, I7Ie HECKOIBKO OPEHIOBBIX UMEH IPEMAT Ha BECh MHUP.
Bricokas Monia, npeHa3zHavyaBILAsCs KOTA-TO JIUIIb JJIsl apUCTOKPATOB M Ooravyeld, CTpeMHUTEIbHO
pacrpoCTpaHsieTCsl MO MHUPY; Bce OOJbIle JIIOAeH, BOWIS B CPEOHUN Kiacc, MPHOOIIAIOTCA K
HacTosleMy aMypy. Beicokas Moaa Tenepb TOCTyIIHA HE TOJIBKO MIPUBHIETUPOBAHHON AIINTE.

Ho poxnenune ruiaHeTapHOW KyJIbTYpbl HE O3HA4aeT, YTO MECTHBbIE KYIbTYpHBIE TpaIUINH



ucuesHyT 0e3 cnena. Her, monu npocto cranyT OuKynsTypHbIMH. C OJHON CTOPOHBI, OHM OyIyT
MOJAEPKUBATh M COXPaHATh COOCTBEHHBIE KYNbTYpHbIE Tpaauuuu (a VIHTepHET rapaHTupyert, 4To
namsTh 00 3TUX TPATULMAX COXPAHUTCS HaBEUHO). boraroe KynpTypHOE pazHOOOpa3ue COXpaHUTCS
u B OynyiieM, Jaxe pacipeTeT. bojee Toro, kakue-To MajJoOW3BECTHbIE YEPThl MECTHOM KYIBTYpbI
yepe3 MHTEpHET MOTYT paclpOCTPaHUTHCS MO BCEMY MHUpPY M OOpecTH TakuM 00pa3oM HOBBIX
ctopoHHUKOB. C JApyroil CTOPOHBI, JIOAUM OyAyT NpPEeKpacHO pa3duparbcs B W3MEHUYMBBIX
TEHICHIMX [00anbHON KyabTyphl. [T100anbHas KyabTypa CTaHET CBSA3YIOIIUM 3BEHOM B OOIIEHUU
Jrofied pasHbIX KYJIBTYp. DTO yXe MPOU30ILLI0 CO MHOTHMHU MECTHBIMH JIUTaMU MUpPA. DTU JIOIU
TOBOPAT Ha CBOEM S3bIKE M COONIOAAIOT CBOM TPAIMIIMU, HO NMPH OOIIEHUWH C JIOABMH JAPYTHX
KYJBTYp TOBOPST MO-aHIIMUCKHU U CIEAYIOT MEXKIYHAapOAHBIM IMpaBWJIaM MOBEACHHS. JTO MOJEIb
3apoXxaarolleics uuBuau3anuu I tumna.

*HoBoctn Taxke cTaHOBATCA IUIaHETapHbIMH. CIyTHUKOBOE TEJIEBUJEHUE, COTOBBIE
teneonbl, UHTEpHET U T. M. HE MO3BOJISIIOT HU OJTHOMY TOCYIapCTBY MUpa KECTKO (QHIBTPOBaTh U
KOHTPOJIUpOBaTh HOBOCTU. COOOIEHHSI O COOBITUAX, HEJOCTYIHBIE 1IE€H30paM, IPUXOIAT U3 BCEX
yroyikoB mupa. Ecim re-1o paspakaroTcsi BOWHBI U PEBOJIONNH, CTpaiIHble GoTtorpadun cpasy xe
pasieTaroTcs 0 MUPY, a penopTaxu B CeTn BeqyTcs NPaKTUUYECKU B PEaIbHOM BpeMeHU. Bennkum
nepkaBaM  XIX B. ObLJIO OTHOCHUTEIBHO HECJIOXKHO BHYIIATh HApOAy HYXKHBIE ILIEHHOCTH U
MaHMITYJIMPOBaTh HOBOCTSMU. CErojiHsl 3TO TOXE BO3MOXKHO, HO B TOpa3[ 0 MEHBIIMX MaciuTabax
Onmarojapss CTPEMUTENIBHO pPa3BUBAIOLIMMCS TexHoJorusM. Kpome Toro, Bo BceM MHUpPE pacTeT
ypOBeHb 00pa30BaHMs — a 3HAUUT, U ayAUTOPHs Ui MUPOBBIX HOBOCTeH. [lonuTuku, oO6aymbIBas
CBOM JIEHCTBUS U UX MOCIEACTBUSA, BEIHYK/IEHBl YUUTHIBATh MUPOBOE OOIIECTBEHHOE MHEHHE.

*CHopT, KOTOpBIH B MPOILJIOM HUIpajl BaXKHYIO pPosib B (DOPMUPOBAHMU IJIEMEHHOW M TO3XKE
HAIlMOHAJIbHOW WIEHTHUYHOCTH, CErojiHs (HOpMHUPYET MJIEHTHYHOCTh IUIaHETapHYylo. J[OMUHHPYIOT
31ech eporneickuilt ¢pyroon nu Omumnuiickue urpbl. Onumnuana 2008 r., k nmpumepy, MHOTMMHU
paccMaTpuBaeTCsl Kak MUPOBOH J1e0r0T KuTas, KOTOpHhIid TOCHIe CTONETHI W30S KaXKIET 3aHATh
JIOCTOMHOE MECTO B MUPOBOM KyJbType. DTO TakXke nposiBieHue lIpuHnunna nemepHoro yenoBeka,
MOCKOJIbKY CITIOPT — COCTSI3aHUE B CUJIE U JIOBKOCTH — MPEKPACHO ceOsl YyBCTBYET B MUPE Xaii-TeK.

*DKOJIOTHYECKHE YIpO3bl TaKkKe IIUPOKO 00CykaaroTcs B MHUpoBOM Macimtabe. CTpaHsl
ITIOCTENIEHHO OCO3HAIOT, YTO 3arpsi3HEHHE OKPYKAOLIEH Cpelpl HE 3HAET HAMOHAJIBHBIX TPAHULl U
MOXET OBITh MPUYUHON MEXKIYHAPOTHBIX KPU3UCOB. BriepBbie MBI cTaly CBHIETENSIMH MOJ0OHOTO
aBieHus1, korga Haja FOKHBIM MoirocoM oOpaszoBanach TMraHTcKas 030HHas Jblpa. V3BecTHO, 4YTO
O30HOBBIH CIIOW HE MPOMYCKAeT K 3eMiie BpelIHOE YAbTpapHOIeTOBOE M PEHTTEHOBCKOE U3ITyUCHHUE;
TOrna CTpaHbl OOBEAUMHWINCH U JOTOBOPWIIMCH OTPAaHUYUTH IPOU3BOACTBO M TNOTpelieHue
(bpeoHOB, KOTOPHIE UCTIONB3YIOTCS B XOJOAMIBHUKAX U MPOMBIIIICHHBIX cUcTeMaX. MOHpeaIbCKHii
IIPOTOKOJI, MOAMMCAHHBII B 1987 I, CyIIECTBEHHO YMEHBIINI MCIOJIb30BAHUE XUMHUYECKHUX
BELIECTB, Pa3pyLIAIOLIUX O30HOBBIA CJIOW. 3aKpemysis JOCTUTHYTBHIM MEXIyHApOOHBIH YCIIEX,
OonpmiMHCTBO cTpaH B 1997 moanucano KuoTckuil mnpoToKon, HampaBiIeHHBbIA MPOTHUB
100aJIbHOTO MOTEIUICHHsI, KOTOPOE YIpoXkKaeT Mpupoje 3eMiu Kyla CUiIbHEe, YeM pa3pylleHue
030HOBOTO CJIOS.

*Typusm — oJHa M3 caMbIX OBICTPOpACTYIUX OTpaciiell Ha miaHere. Ha mporskeHun Bceit
HCTOPHH YEJIOBEYECTBA JIFO/IM B OOJIBIIMHCTBE CBOEM MPOKUBAJIM BCIO KHU3Hb B TEX K€ MECTax, I1e
MOSIB/SUINCh HAa CBET. beCHpHHLMIHBIE BOXIU JIETKO MAaHUIIYJIUPOBAIM HApOAOM, KOTOPBIN
MIPAKTHYECKH HE 00IIaNCs C MPeACTaBUTENIIMU APYTUX KynbTyp. OJHAKO CErofHsS MOXHO 00beXaTh
BECh CBET, pacroJsiaras JI0BOJBHO CKPOMHBIMH cpeAcTBamMH. CerofHsIHAE MOJOABIE JIOAU C
pIOK3aKaMH, HOYYIOIIME B CKPOMHBIX CTYICHUECKMX OTEISX II0 BCEMY MHpY, 3aBTpa CTAHYT
NOJUTUYECKUM JIMJEpaMU U TOBEAyT 3a co0oi Hapoabl. Koe-KTo yTBepXkaaeT, 4TO TYpPHUCTBHI
MOJTyYaloT JIMIIb caMoe Tpy0oe Mpe/CTaBIeHHe O MECTHON KyNbType, UCTOpUH U nonutuke. Ho He
CTOMT 3a0bIBaTh, YTO B MPOIIJIOM OTJaJIEHHBIE KYJIbTYphl IIOUYTH HE KOHTAKTUPOBAIN MEXKIY cOO0Oi
(pa3Be 4TO BO BpeMs BOITHBI, U, KaK MPaBUJIO, C TPATMYHBIMU MOCJIEICTBUSIMHU).

e[laneHne 1eH Ha MEXKOHTHMHEHTAJbHBIE IEPENIEThl TAK)KE PACIIUPSIET KOHTAKThl MEXAY
pa3IMYHBIMM HAPOJAMH M MIOMOTAET PaCHpPOCTPAHATh UIEU IEMOKPATUH; TENEPh ropa3ao TPyIHeEe,



YyeM INpeske, pa3BsA3bIBaTh BOMHbBI. HermoHnMaHne mopoxaaeT Bpaxxe0HOCTb, HO TIOBOJIBHO TPYAHO
3aTesiTh BOWHY MPOTUB HApOAa, C KOTOPHIM OJIM3KO 3HAKOM.

[Ipupona BONHBI TOXKE MEHSETCS, OTpaykas HOBbIe peanuu. Vcropus mnokasana, 4ro B
JIEMOKpPATHUHU MOYTH HUKOTJAa HE BOIOIOT JIpyr ¢ ApyroM. [louTu Bce BOWHBI MPONLIOTo BEJIH JUOO
HEJIEMOKpAaTUYeCKHEe  CTpaHbl  MeXIy  co0oH, Jub0  JeMOKpaTH4ecKHe  CTpaHbl  C
HEIEMOKpaTUYeCKUMH. B 11eToM BOEHHYIO JIMXOPAJKy Jierde BCEero pas3BsA3bIBAIOT JIEMaroru,
cozfarommue obpa3 Bpara M IpeACTaBIAIONINE €ro B IeMOHHYeCkoM cBeTe. Ho B 1eMokpaTnyeckom
001IeCTBE ¢ KUBOU Mpeccoil, ONMO3UIUOHHBIMU NAPTUAMU U MHOTOYHCIIEHHBIM CPETHUM KJIaCCOM,
KOTOpBIM B BOMHE MOXKET MOTEPSTHh BCE, BOEHHYIO JIMXOPAJIKY KYJIbTUBHUPOBATh IOpa3Jo0 CIIOKHEE.
D10 BOOOIIE TPYIHO J€jaTh, €CJIM IMpecca BBICKA3bIBAETCS CKENTHYECKH, a MAaTe€pPH XOTAT 3HATH,
3a4e€M UX CBIHOBEW IOCBHUIAIOT HA BOMHY.

Boiinbr B Oymymem He mpekpatsaTcs. Kak omgHakmbl cka3ajd MPYCCKUN BOCHHBIA TEOPETHK
Kapn ¢on KnayseBuil, «BoifHa — 3TO MPOMOKEHUE MOJUTHKH JIPYTUMHU CpEICTBAMHU». TeM He
MeHee, XOTd BOWHBI OyIyT, MX XapaKTep HM3MEHHUTCS M0 MEepe PaclpOCTpaHEHHUs IEMOKpAaTUU B
MUDE.

(CymiecTByerT eliie oHa MpUYHHA, 10 KOTOPOW BOMHBI CTAHOBUTCS BCE TPYAHEE BECTH B MHPE,
rae 01arocoCTOsIHUE pacTeT, a JIOIAM ecTh uTo TepATh. [lomurnyeckuit Teopetuk DnBapy JlyrTBak
(Edward Luttwak) o0bscHseT 3T0 TeM, 4TO CEMbU CTalld MEHbIIE. B mponuioM B ceMbe B cpeiHEM
ObUIO IO JIeCATh WJIM OKOJO TOTO JIeTeW; cTapIiuii HacienoBal (gepMmy, a MIaIIIie CTAaHOBUIHCH
CBSIIICHHUKAMH, BOCHHBIMU WJIM MPOCTO OTHPABISUIMCH HA MOMCKM Jydiuei gonu. CeromHs, Korna
CeMbsl UMEET B cpeiHeM 1, 5 pebeHka, HEKOMY C TaKOW JIETKOCTBIO MOMOJHATh apMHIO U IIEPKOBb.
[TooToMy BOWMHBI BECTH BCE€ TpyIHEE, OCOOCHHO €ClIHM JEMOKpPaTHUECKOH cTpaHe NPUXOJUTCS
BOEBATh C MAapTU3aHAMU TPETHETO MUPA.)

*[ocymapctBa ocinabHyT, HO moka OyayT cymiectBoBath. B 2100 . oHM mo-TipexkHEMY OyIyT
HYXHBI 7151 00eCIeUeHUs] 3aKOHHOCTH U PELICHUs] MECTHBIX MpobieM. OfHAKO BIACTh U BIUSHUE
rocyl1apcTBa CHJIBHO yYMEHbIIATCs, KOTJIa SKOHOMHKA CTaHET CHayalla pEerMOHaJbHOM, a 3aTeM M
rmobansHOi. K mpumepy, B konne XVIII — nauane XIX B., B MOMEHT pa3BUTHUS KallUTaIU3Ma,
roCyAapcTBO ObUIO HEOOXOIUMO, YTOOBI 0OECTIeYBaTh €IMHYIO JEHEKHYIO CUCTEMY, SI3bIK, HAJIOTH,
NPUBOJUTH B UCIIOJIHEHUE 3aKOHBI O TOPTOBJIE U MareHTax. HalroHalbHble TPaBUTENbCTBA OBICTPO
n30aBUINCH OT (eOJAIbHBIX 3aKOHOB M TPAIULUI, CASPKUBABIINX Pa3BUTHE CBOOOJHON TOPTOBIU
U (uHAHCOB. B OOBIYHBIX YCIOBHSX 3TOT MPOLIECC MOT MPOJOKATHCS JIET CTO, HO MbI BUJAEIH U
YCKOpPEHHYIO0 ero Bepcuio, korma Otro ¢on bucmapk, xene3nblii kanmiep, B 1871 r. cosman
coBpeMeHHYI0 [epmannto. TouyHO Tak K€ NBWKEHHE K LUBWIM3ALMM | TUMa MEHsSeT NpUpoOay
KaluTaau3Ma, a 5KOHOMUYECKasl BIACTh MOCTENEHHO MEPEXOAUT OT HAllMOHAJIBHBIX NPaBUTENIBCTB K
PETrMOHATBHBIM BJIACTSM M TOPTOBBIM OJIOKaM.

D10 He 00s3aTeabHO MPUBEIET K BOZHUKHOBEHHUIO MHUPOBOTO IpaBHUTeNbCTBa. [lnmanerapHas
[IUBUIIN3AIUS MOXKET ObITh OpPraHU30BaHa CaMbIMHU pa3HbIMU crioco0amu. SICHO, YTO HallMOHAJIbHbIE
MIPABUTENBCTBA MOTEPSAIOT YaCTh BJIACTH, HO Kakas BJIACTh 3alOJIHUT OOpa30BaBILUNCSA BaKyyM,
OyleT 3aBHCETh OT MHOXKECTBA HCTOPUYECKHX, KYJIBTYPHBIX M HAllMOHAJIBHBIX TEHICHIIUH,
MPeICKa3aTh KOTOPbIE OYEHB CIIOXKHO.

*boprba ¢ OoneznssiMu Oyaer BecTUCh B IUIaHETapHOM MacmTabe. B npeBHOCTH
nH(eKIMOHHbIe 3a00/eBaHusl OBUIM Ky/la MEHEee OIAaCHbI, YeM TeNephb, M3-3a HU3KOHM MIIOTHOCTH
HaceneHus. K mnpumepy, Bupyc 20ona, MOpOXKIAIOUIMA HEU3JIEUUMYI0 OOJe3Hb, SBISETCS,
BEPOSTHO, JIOCTATOYHO JPEBHUM, HO 3a THICAYM JIET €My YJAaloCh 3apa3uTh U YHHYTOXKUTH BCETO
HECKOJIBKO JI€pEBEHBb. MEXKy TEM B CBA3M CO CTPEMUTENBHBIM PACIPOCTPAHEHNEM LIMBUIIN3ALlUU B
HeoOuTaeMble MPEXJe palloHbl U POCTOM TOPOJOB BUPYCHI, MOJOOHBIE BHpYycy D00ia, TpeOyroT
HEYCBIITHOTO HAaOJIOIEHUSL.

B ropoac, HaCCJICHUC KOTOPOTO COCTABJISACT HCCKOJIBKO COTCH ThICAY YCJIOBCK, Ooie3HH MOTYT
pacupoCTpaHATECA OYCHBb 6I)ICTp0 M BBI3BIBATh HACTOAIIMEC DITMACMUH. Tor (baKT, 4TO Y€pHasd CMCPTh
— YyMa — YHHUYTOXWJIA CJIBa JIX HC IMOJIOBUHY HACCJICHUA EBpOHBI, CBUIACTCIILCTBYCT, KaK HU
CTpaHHO, O IpOorpecce: MIOTHOCTb HACCIICHHA AOOCTHUIIIA KpHTH‘IeCKOfI MacCCbl, a MOPCKHE IIYTH



CBSI3aJIM IPEBHUE TOpOJa M0 BCEMY MHUPY B €IMHYIO CETb.

Henasuss Benbimka rpunna HiNi, TakuMm 00pa3oM, ToXe MOXKET CIY>KUTb MEPHJIOM HaIIero
nporpecca. Bo3HMKHYB, ckopee Bcero, B Mexuko, 3Ta 00ie3Hb OBICTPO PaCHpOCTpaHMIIACH IO
BceMy wmupy. Ho eme BaxkHee, 4YTO NOTPeOOBAJIOCH BCErO HECKOIBKO MECALEB, 4YTOOBI
pacmdpoBaTh T'€HOM BHpYyCa M CO3[aTh BaKIMHY, KOTOPOH CMOINIM BOCIIOJIb30BATHCS JECATKH
MWIIHOHOB YEJIOBEK.

Teppopu3m u guKTaTyphbl

OpnHako CymIeCTBYIOT TPYIIIBI JOAEH, KOTOPbIE HHCTUHKTUBHO COIPOTHUBIISIOTCS IBMXKEHHIO K
TUTaHETapHOW HUBWIN3ALUUKM | THMA, MOCKOIBKY MOHMMAIOT, YTO OOIIECTBO B HEW IOIKHO OBITH
MIPOTPECCUBHBIM, CBOOOHBIM, HAyYHBIM, MPOLBETAIOMINUM U 00pa30BaHHBIM. DTH CHJIBI JJaJI€KO HE
BCEIJIa OCO3HAIOT NMPUYUHBI MPOTUBOCTOSIHUS M MMOYTH HUKOIZIA HE MOTYT UX C(OPMYIUPOBATH, HO
[0 CYHIECTBY OHM CpPaKarTCs MMEHHO TNPOTHB JBMKEHUS 4YEJIOBEYECTBA K IUIAHETApHOU
nuBrmin3anuu [ tuna. K ux unciy otHocsTes:

*HICIIAMCKHE TEPPOPUCTHI, KOTOPHIE, BMECTO TOrO 4TOOBI kUTh B XXI B., mpeamounun Obl
BEPHYTHCS Ha THICSTY JeT Ha3ajd, B XI B. Cyas 1mo uX cOOCTBEHHBIM 3asBIICHHUSIM, OHU MPEATIOWIN
Obl )XKUTh B TEOKPATUYECKOM TOCYIapCcTBE, TJe HayKa, JUYHOCTHBIC OTHOIICHUS W TIOJUTHKA
MOJIBEPTraloTCs JKECTKOMY penurno3HoMy KOHTporo. (IIpu sTom oHM 3a0BIBAIOT, YTO UCTOPUIECKH
BEJIMYME WMCIIAMCKOW IUBUJIM3AIUN, HAYYHbIE M TEXHUYECKHE €€ JOCTIIKEHUS ObUIM CPaBHHMBI
JIMIIb C €€ K€ TEPIHUMOCTHIO K HOBBIM HAESM. TeppOpUCThl HE MOHUMAIOT MCTUHHBIX MPUYUH
MPOIJIOTO BEJIMYUSA UCTIaMa.);

*JUKTATYyphl, I COXPAHEHMWS BJIACTH B KOTOPBIX HApOJ HAIO0 JEp>KaTb B HEBEIACHUU
OTHOCUTEJIBHO IIPOLBETAHUS W IMporpecca BHeEmHero Mupa. IlopasurtensHbli npumMep —
JIeMOHCTpanuu, 3axjectHyBmme HMpan B 2009 r., Korma mpaBHUTENBCTBO NHITAJIOCh IMOAABUTH
HEIOBOJILCTBO HApOJa, a AEMOHCTPaHTHI ucnonb3oBanu Twitter u YouTube, utoOb1 qOoHECTH CBOM
WJICH JI0 BHEIIIHETO MUPA.

B npouutoM mronu roBopuiM, YTO NEpO CUibHEe Meda. B OyaymieMm cuiibHee Mmeua Oyner
MHUKPOCXEMa, KOMITBIOTEPHBIN YHII.

Opna u3 npuyuH, Mo kotopoil Humui Hapoa CeBepHoit Kopeu He OyHTYeT, COCTOUT B TOM,
YTO JIIOAM TaM IPAKTUYECKU HM30JIMPOBAHBl OT BHEIIHEIO MHpAa U CYUTAIOT, YTO JKU3Hb BE3JE
onrHakoBa. OHM HE NOHMMAIOT, YTO BBIXOJI €CTh, U TEPIIAT HEBEPOSATHBIE CTPAIAHHUS.

UuBunusauum Il TMNna

K momeHTy, koraa obmiecTBo oOpeTaeT craryc ruBuian3amnuu I tTuna (eciau roBoputs 0 3emiie,
TO 3TO MOXET MNPOU30MTH HE paHblIe YeM Yepe3 HECKOJIbKO ThICSY JIET), OHO CTaHOBUTCS
HEYSA3BUMBIM. YHHUYTOXXUTH IUBUIW3aNui0 Il Thma HEe B COCTOSIHMM HHUYTO, M3BECTHOE HAayKe.
[TockonbKy K OTOMYy MOMEHTY LMBHMIHM3AlMsA 00s3aTeIbHO HAYYUTCS YNPaBISITh IOTOAOH,
OJIE/ICHEHNH MOXKHO OyAeT u30exaTb — WM U3MEHHUTh UX YCJIOBUSA. METEOpPUT Wi KOMETY MOXHO
Oymer 3apaHee OTKJIOHUTh OT oOmacHoro myTu. Jlake eciau CBEeTWIO TakoW IMBHIIM3AINH
MIPEBPATUTCS B CBEPXHOBOE, JIFOU CYMEIOT dBaKyUPOBATHCS B JAPYTYIO 3BE3IHYIO CUCTEMY — HIIH,
BO3MOXKHO, TIPEJOTBPATUTh B3pBIB 3Be3/bl. (K mpumMepy, eciii uX CBETHIIO MPEBPATUTCS B KPACHBIHA
TUTaHT, OHH, BO3MOXXHO, CMOTYT TIIOJIOTHaTh HECKOJIBKO aCTEPOUJIOB H, OCYIIESCTBUB
IpaBUTALlMOHHBIA MaHEBP, YBECTU CBOIO IJIAHETY JIAJbIIE OT HETO.)

OnuH U3 crocoOoB, TIPH MTOMOIIX KOTOPHIX ITuBWiIK3amus [l Thma cMoXKeT HCToab30BaTh BCIO
U3ITy4aeMyI0 COJTHIIEM DHEPIHI0, COCTOUT B CO3/IaHUU BOKPYT CBETHIIA TUTAHTCKOU cepbl, KoTopast
1 OyZieT ToTIoNaTh U3IydeHue 3Be3pl. Takas chepa momyumia Ha3BaHue cheprl Jlalicona.

[usunm3zarus 1l Tuma, mo Bceld BUAUMOCTH, OyaeT >KuTh B mupe. [lockonbKy KocMHUUYecKue
MyTEIIECTBUS YPE3BBIUAHHO CIIOKHBI M 3aTPATHBI, JTFOOAs MMBHIIM3AITUS JOJKHA OyZIeT MTPOBECTH Ha



NIEPBOI CTYMEHU HE OIHO CTOJIETHE, TaK YTO BpeMEHHU Ha 0ObequHEeHue oluiecTBa y Hee xBaTtuT. K
MOMEHTY Iepexojla Ha BTOPYIO CTYNEHb LIMBWJIM3ALMS YCIEET KOJOHU3HPOBATh HE TOJBKO CBOIO
COJIHEUHYIO CHCTEMY, HO M ONM3NeXaIIne 3Be3/bl, BO3MOXHO, 10 PACCTOSHUS B HECKOJIBKO COTEH
CBETOBBIX JIET, HO HE OobIe. CKOPOCTh CBETa MO-NPEKHEMY OyIeT €€ OrpaHNIUBaTh.

Uusunusauus lll Tuna

K mMomeHTy mepexoma Ha TpPEThIO CTYNEHb NMBWIM3AIMsA, MO BCEH BUIUMOCTH, YCIEET
UCCIIeNIOBAaTh OOMNBIIYI0 4YacTh cBOeW rajgakTHKd. Cambplii yooOHBI CcmOCOO TOCETUTh COTHHU
MUJUTMAPJOB IUIAHET COCTOMT B TOM, YTOOBI pa3ociiaTh MO TaJaKTHKE CaMOBOCIPOU3BOASIINUXCS
po6otoB. 3oH7a ¢oH Heitmana — 3To poOOT, crOCOOHBIM KOMUPOBaTh ce0S B HEOTPAaHHMUEHHBIX
KOJIMYECTBAX; ITOT POOOT calUTCs Ha KaKylo-HHOYIb JyHY (MIOCKOJIBKY Ha HEH HET P)KaBUMHBI U
9PO3UHU) U CTPOUT TaM U3 MECTHBIX MaTepHalIOB 3aBOJI, I1e OyAyT M3TOTaBIWBATHCS THICSYU TOYHO
TakuX ke po6oToB. Kaxkaplii HOBBIN POOOT CTapTyeT K CIEAYIONIEH JaJeKON 3BE3THON CHUCTEME U
TaM BHOBb W3TOTaBIMBAE€T MHOXECTBO COOCTBEHHBIX Komui. HayaB ¢ OJHOTO Takoro 30HIa, MBI
OBICTPO TMOJYYUM pPACIIMPSIOUIYIOCS TIOYTH CO CKOpPOCTbIO cBeTa cdepy H3 TPUUIMOHOB
CaMOBOCITPOM3BO/ISIIIUXCS 30HJ0B, KOTOPbIE UCCIAEAYIOT M HAHECYT Ha KapTy Hamy [amaktuky —
Mieunsiii [Tyte — Bcero 3a 100 000 net. [Tockonbky Bo3pacT Beenennoit coctasiser 13, 5 mupa
JIeT, BpEMEHHN Ha BO3MO)XHOE BOSHUKHOBEHHE (M MAaJCHHE) TAKUX [UBWIM3AIUN OBLIO JOCTATOYHO.
(Hano cxa3zarb, 4TO 4KCI0 BUPYCOB B HAIllEM OPraHU3ME TOXKE PACTET 10 SKCIIOHEHTE. )

Cyl1iecTByeT, OJHAKO, U JIpyrasi BO3MOXHOCTb. K MOMEHTY NOCTHMXEHUS TPEThEW CTyNEeHU
UMBUIN3AIUS HAKAIJIMBAET TAKO€ KOJIMYECTBO SHEPreTHUYECKUX PECYpCOB, YTO MOXKET MO3BOJIHUTH
cebe TMONCTYNMUTHCA K TaK HA3bIBAEMOW «IUIAHKOBCKOM »Heprum» B 1028 31IEKTpOHBOIBT —
SHEPruH, IpU KOTOPOH caMO MPOCTPAHCTBO-BpeMsl TepsieT cTaduinbHOCTh. ([1naHnkoBckas sHeprus B
KBaJIpUJIbOH pa3 MPEBOCXOAUT SHEPIHI0, KOTOPYID MOXET MPHUAAaTh YacTUIE HaIll KpymHEWIIuH
YCKOpHUTENb, BONBIION aXpOHHBIM KOJUIaiep. DTO SHEPrus, NpU KOTOPOM HAKOHEI PYLIUTCS
SUHIITETHOBA TEOpHUsl TpaBUTALMHU. TEOPETUYECKH MpPU 3TOM DHEPruu TKaHb MPOCTPAHCTBA-
BPEMEHHU PBETCS, CO3/IaBasi KPOIIIEUHBIE TIOPTAJIbl, KOTOPHIE, OTISITh K€ TEOPETUUECKH, MOTYT BECTH B
JpyTHe BCEJICHHbIE WK B APYrHe TOYKU HAIIETO MPOCTpPaHCTBa-BpeMeHH.) UToObl 00y31aTh TaKyrO
SHEPTUIO, TTOTPEOYIOTCSI KOJIOCCATBHBIE MAIIMHBI HEBOOOPA3UMBIX MACIITa00OB, HO HE MCKIIOYECHO,
YTO, €CIIM ITO YIACTCs, CKBO3b TKaHb MPOCTPAHCTBA-BPEMEHH MOXKHO OylET MPOIOKHUTH KOPOTKHUE
yTH, TUOO0 C’)KUMasi MPOCTPAHCTBO, JINOO MPOXOJIs CKBO3b KPOTOBbIE HOPHI. KOHEUHO, BCe 3TO B TOM
cilyyae, €Clid YIacTcsl MPEeoJ0JIeTh MHOXKECTBO CEPbE3HEUIINX TEOPETHUECKUX U MPAKTUYECKHUX
MPENSTCTBUMA (K MPUMEPY, MOIYIUTh JOCTATOUHOE KOJUYECTBO TOJOKUTEIHLHON M OTPHUIATEIbHON
SHEPrUM W YCTPAHUTh HECTAOWIBHOCTH). 3aTO €CIAM TOJMYYUTCS, IUBWIH3AIUS CMOXKET
KOJIOHU3MPOBATh LENTYIO FAJIaKTUKY.

[Togo6HbIe paccyXIeHHs IOHEBOJIE 3aCTABIAIOT 331aThCsl BOMPOCOM: eciii OHH CYIECTBYIOT,
nouyemy He nocemaroT Hac? «['ne OHu?» — cupammnBarOT KPUTHKH.

OnauH 13 BO3MOXKHBIX OTBETOB COCTOUT B TOM, YTO OHHU, MOXKET OBITh, YK€ ObIBAJIM HA 3eMIle,
HO MBI CJIMIIKOM TPHUMHUTHBHBI, 4YTOOBI HMX 3aMeTUTh. (CaMOBOCIPOM3BOSAIINECS 30HIBI (HOH
Heilimana — caMblii IpakTHYHBINA coco0 wccnenoBanus ['anmakTuku — He 00s3aTeNbHO JOKHBI
ObITh OONBIIMMH. MOXET OBITH, 3TO ammapaThl JJIMHONW BCETO B HECKOJIBKO CAHTHUMETPOB, BEIb
HUKTO HE 3HAeT, HACKOJIbKO MpOJBHHYIWCh Yy HHUX HAHOTEXHOJOTHU. BO3MOXHO, OHU Jaxe
HaxO/SITCS Ha BHUJIY, HO MBI HE MOXXEM HMX y3HaTh, MIOTOMY YTO OXXHJIa€M COBEPIICHHO WHOTO —
TPOMAaJHBIX Kopabneil ¢ MHOIUIaHeTSHaMU. A 1ITO, CKOpee BCEro, MOJHOCTHIO aBTOMATHYECKHE
30H/IbI, HAMIOJIOBHHY OPTaHWYECKHUE, HATOJOBUHY 3JEKTPOHHBIC, U HUKAKWX WHOIUIAHETSH B HUX
HET.

Korma Mpl BCTpeTMMCesT HaKOHEIl ¢ MPEACTABUTEISIMU MHBIX ITUBHIM3AINN, HAC, BO3MOXHO,
JKAET HacTosiee noTpsiceHne. KTo 3HaeT, Kak OHHM YCIIENH U3MEHUTh CBOIO OMOJIOTHIO TIPH MTOMOIIN
POOOTOTEXHUKH, HAHO- U OMOTEXHOJIOTUN?

Bo3MOXHO Takke, 4TO 3TH IUBUIM3ALMM CAMOYHMUYTOXUIUCH. Kak Mbl yXe TOBOPHIIH,
CaMbIM OIAaCHBIM IPEJCTABIIAETCA MEPEX0]l OT HYIEBOW CTYNEeHH K MepBOM — Ta camasi cTajausi, Ha



KOTOpOH ceifuac HaXOJUTCS YeIOBEUECTBO. Y HAC €Ile COXPAHWIHUCH TUKOCThb, (YyHAAMEHTAIIU3M,
pacu3M U JIpyrue nepexuTK mpouuioro. He uckitoueHo, 4to korga-HUOYb YelI0BEeK OOHAPYKUT B
MHBIX 3BE3/IHBIX CUCTEMax cielbl HMBUIM3auui ( TUIa, KOTOpBIE HE CyMENIH MEPENTH Ha MEPBYIO
CTyNeHb (K MpUMepy, arMocepa ITUX TUIAHET MOXKET OKa3aThCsl CIUIIKOM ropsideid MM CIHMILKOM
paZiMOaKTUBHOM JUIsl )KU3HN).

lNMpoekT no noucky BHe3eMHbIX uuBunusauuu (Search for extraterrestrial
intelligence, SETI)

B Hacrosiee Bpemsi 4eIOBEYECTBO, pa3yMeeTcs, HE JyMaeT O JIBKEHHHM 4YeJOBEYeCTBa K
crarycy uumBuimzauuu | tuna. Ha mulaHeTe HET KOJUIEKTHBHOIO OCO3HAHMSI TOTIO, 4YTO 3TOT
UCTOpPUYECKHI mepexon BooOmie npoucxonut. Eciau mpoBecTH ompoc, OKaXercsl, 4TO KOE-KTO
CMYTHO TMOHHMMAeT, YTO HJET Mpolecc MoO0aNn3aluu, HO 3a HUCKIIOUEHHEM 3TOT0 HET YETKOIOo
MIPEJICTaBICHUS O TOM, YTO IIUBMIIM3ALMS 3EMIIU JBUKETCS K KAKOH-TO OIPEeIeHHON 1IeNu.

CuTyanusi MOKET BHE3AITHO U3MEHUTHCS, €CIIM MUP BAPYT MOJIYYUT pEaIbHbIE CBUIETEIBCTBA
CYIIECTBOBAHUS BHE3EMHOM KU3HU. MBI cpazy CpaBHUM YPOBEHb Pa3BUTHS HaIIeH IUBWIN3ALNHU C
YPOBHEM HHOIUIAHETSAH. Y4YEHblE, B YACTHOCTH, IONBITAIOTCS NPEACTaBUTh, 4YEro JOCTHUIVIA
MHOIUJIAaHETHAs IMBUIIN3aLMs U B KAKUX UMEHHO OOJIACTSIX TEXHUKH.

KoneuHo, Henb3s cKa3aTh HaBEpHsAKA, HO, YYUTHIBas OypHOE pa3BUTHE TEXHHUKH, MBI,
BEPOSATHO, €III€ B 3TOM CTOJIETUN OOHAPYKUM B KOCMOCE Pa3BUTYIO [IUBUIIM3AIIHIO.

OTO CcOOBITHE CTAN0 BO3MOXHBIM Onaronaps ABYM TEHAEHIMSAM. Bo-mepBbIX, 3TO 3aIyck
CITyTHHUKOB, 3aj7lada KOTOPBIX — IMOWUCK HEOOIbIMX KaMeHHBIX BHecomHeuHbIX miaHeT (COROT u
Kepler). Oxunaercs, uro Kepler cmoxer oOHapyXuTh B JanbHeM KocMoce 10 600 malleHbKUX
3eMJIenofo0HbIX MmuaHeT. CleAyromuil mar — HalpaBUTh Ha OOHApYXEHHbIE IUIAHEThl CPEICTBA
MIOMCKA U3JIyYE€HUHN, XapaKTEPHBIX AJIS Pa3BUTON UBUIIM3ALUH.

B 2001 r. munnnapaep u3 Microsoft [Ton Annen Havan BBIIEIATh CPEACTBA (CETOMHS 3TO YKe
6onpire 30 MIIH J0JIApOB), KOTOPBIE JIOJDKHBI TPHJATh HOBBIM HMMITYJbC 3aTOPMO3UBIIEH
nporpamme SETI. K ceBepy ot Can-®panmucko B pagnoodbceparopun X31-Kpuk coopyxaercs
cucrema Allen Telescope Array; mo 3aBepiieHud paOoT, korma B Hel yctaHoBaT 350
PaJINOTENIECKOTIOB, 3TO OYJIET camasi MOIIHAsl CHCTEMa PaJHOTENECKONOB B Mupe'. Eciti B ipoIiom
acCTpPOHOMaM YIaJIOCh MPOCKAHUPOBATH B IMOMCKAX PasyMHOM >XU3HU JHIIb 4yyTh Oombine 1000
3BE€3/l, HOBas cHcTeMa yBeJWYWT 3TO ynciao B 1000 pa3 M MO3BOJUT AOBECTH YHUCIO 3BE3N 110
MUJUTHOHA.

XOTsl ydeHble YK€ TOJBeKa Oe3yCHelIHO MbITAI0TCs MoMaTh CHUrHajibl BHE3EMHOMN
[UBUJIN3AIUH, JTUIIb HEAABHO J[Ba HAa3BAaHHBIX BhIIE (aktopa mpumanu nporpamme SETI ctomnb
HeoOXoMMoe yckopeHue. MHorue acTpOHOMBI CUMTAIOT, YTO ATOM 3aJadye MPOCTO YIAENSUIOCH
CIIMIIKOM Majl0 BHUMaHMs, BpEMEHM U cpelacTB. bimaromaps HOBeIM pecypcaM M gaHHbIM SETI
CTaHOBUTCS CEPHE3HBIM HAyYHBIM ITPOEKTOM.

He uckiroueHo, 4To yKe€ B 9TOM CTOJIETUU MBI BCE-TaKH MPUMEM KOCMHUYECKHE CUTHAJIBI OT
nuBmin3anuu pazyMubeix cymectB. Cer Illocrak (Seth Shostak), mupekrop Wncturyra SETI,
CKa3aJl MHE, 4YTO paccuuThiBaeT B TeueHue 20 OmmkalIIMX JIeT YCTAaHOBUTh KOHTAKT C TaKoM
nuBUIM3aMend. BepodaTHO, OH CIMIIKOM ONTUMUCTHYEH, HO MOXKHO CO 3HAYUTEIBbHOW 0N
YBEpEHHOCTH CKa3aTb: OYJIeT CTPaHHO, €CIIM Mbl HE IPUMEM B OJIIDKAMIINE CTO JIET CUTHAIOB HU OT
OJTHOW KOCMHYECKOH ITUBWIIN3AIINH.

Ecnu Takue curHanel OyayT MOJy4YeHbI, 3TO COOBITHE MOXKET CTaTh OHOM M3 BaKHEHIIMX BEX
B HUCTOpUU 4YeJloBeuecTBa. [ OJUIMBYICKHE pexXHUccepbl 000)KalOT MOKa3bIBaTh, KAKOM XaoC MOXET
MOPOANTH Ha 3eMJIe TaKoe€ M3BECTHE: BCEBO3MOXKHBIE NMPOPOKH, 3aMyTHBAIONIUME HAPOA ONHU3KUM
KOHIIOM CBETa, O€3yMHBIE PEIIUTHO3HbBIE KYJIbTHI. ..

PeanbHOCTB, OHAKO, OKakeTcs Kyna Oonee OynHuuHoil. He OyneT Hukakoro moBoja Jyis

1 B anpene 2011 r, mocne BBO#a B CTPOM MEpBOM oyepenu cucTeMbl u3 42 TeleckonoB, ee paboTa ObLia
NPHOCTAHOBJIICHA H3-3a HENOCTaTKa CpeACTB B Oromkere YHuBepcurera Kammdopuum B Bepkim, orBewaBmiero 3a
skcruryatannio ATA. — Ilpum. mep.



HEMENJIEHHOW IaHUKM — BEAb MPEACTABUTENM 3TOM LMBWIN3ALMM, CKOpEE BCEro, AAXKE HE
MOJIO3PEBAIOT O HAIllEM CYIIECTBOBAaHHWU M O TOM, YTO MbI IMOJCIYIIMBAEM HX pa3roBophl. Bo-
NEPBbIX, HA TMOJIHYIO PacIMPpPOBKY COOOLICHUS MOXKET YHUTH HEe OJUH MECSI], a TO U HE OAMH TOJ;
3areM elle HaJlo OyAeT OLEHUTh YPOBEHb 3TOM UBUIM3AINH, IOCMOTPETh, YKIIaAbIBAECTCA JIU OHA B
knaccupukanuio Kapnameésa. Bo-BTophix, mpsiMoe oOlieHHE C HEHl MaloBEpOSTHO, BElb HAIIH
IUTAHEThl pa3/eNiieT MHOXKECTBO CBETOBBIX JIET — CIMIIKOM MHOTO Ul HEMNOCPEICTBEHHOIO
KOHTakTa. Tak YTO MbI, CKOpee BCEro, CMOXEM TOJBKO CO CTOPOHBI HaOIIOmaTh 3a ATOM
HUBWIM3anMell, HO He obOmarscsi ¢ Hed. KoHeyHO, MBI TOMBITaeéMCS MOCTPOUTH OrPOMHBIE
panuonepenaTduky, CIOCOOHbIE OTNPaBUTh OTBETHOE cooOmieHue. Ho peanbHO mNOHam00sTCS
CTOJIETHUS, YTOOBI YCTAHOBUTD C ATOM IIUBHIIM3ALIMEH TBYCTOPOHHIOO CBSI3b.

HoBble knaccudunkaumm

KapnaméBckas xraccudukanus nUBUIN3aNNNA Oblia mpeaiokena B 1960-e 1T., korjaa Gru3uKoB
O4YEHb OECIOKOMJIO MPOM3BOACTBO 3HEpruu. OJHAKO SKCIIOHEHIHAIBHBIH POCT KOMIBIOTEPHBIX
MOIIHOCTEH 3acTaBmil 00paTuTh 0c000€ BHUMAaHHE HAa MHPOPMAIIMOHHYIO PEBOJIIOLINIO, B KOTOPOil
oobeM HH(pOpMaIMK, KOTOPYIO CHOCOOHA mepepaboTaTh MMBUIIM3AlMSA, CTAHOBHTCS HE MeEHee
BaXXHBIM, UEM €€ DPHEPTOBOOPY>KEHHOCTb.

K npumepy, mpeacraBuM cebe IUBHIM3ALMIO Ha IUIAHETE, 7€ KOMIIBIOTEPHl B MPUHIUIIE
HEBO3MOXHBI, TIOCKOJIbKY €€ arMocdepa XOpoIlo MPOBOAUT 3NIEKTpudyecTBO. B  mobom
AIIEKTPUYECKOM YCTPOWCTBE B TAKHUX YCIOBHAX OBICTPO MPOM30HAET KOPOTKOE 3aMbIKaHHE U
BO3HUKHYT HCKpPBI, TaK YTO 3TOW IUBWIM3ALMMU OyAYT NOCTYIHBI TOJIBKO CaMbleé NPUMUTHUBHBIE
(OpMBI 2IMEKTPUUECKUX TPHOOPOB.

JIto60¥i MOUIHBIN FeHepaTop WM KOMIBIOTEP ObICTPO CroputT. MoXKHO BOOOpPa3UTh, YTO TaKas
LUBUIN3ALUSA CMOXKET PAHO WM MO3JHO OCBOUTH ITPOU3BOACTBO SHEPIUU U3 UCKONIAEMOI0O TOIIMBA
U JaXe [JIepHOM SHEpruM, HO HE HaydyuTcs oOpalarbiBaTh Oosblue oObembl MHGpopMmanuu. Ha
TaKOW IUTaHeTe TPYIHO co3AaTh VHTEpHET WM MIo0aJbHYIO CHCTEMY TEIEKOMMYHHMKAlLUH, YTo,
€CTECTBEHHO, OyAeT TOPMO3UTh pa3BUTHE HIKOHOMUKH W HayKd. Takas HUBUIM3ALUS CMOXKET
MOJHATHCS 10 KapAalmEBCKOM IIKae, HO 6€3 KOMITBIOTEPOB MPOABIKEHNUE €€ OyAeT MEUIEHHBIM U
0O0JIE3HEHHBIM.

Kapn Caran mnpemioxusn Jpyryio KiacCH(UKAIMIO, OCHOBAaHHYIO Ha HH(pOPMAIMOHHBIX
BO3MOXHOCTX. OH pa3paboTtan cucteMy, B KOTOpoil OyKBbI aHIIMiickoro andasurta, oT A 10 Z,
COOTBETCTBYIOT OINpeNeleHHbIM o0beMaM uHpopmauuu. I[luBmimzanus Ttunma A crnocoOHa
00pabaTpIBaTh JIMIIb MUJUIMOH €AUHHI HWHGOpPMAIMH, YTO COOTBETCTBYET IMBWJIM3ALMU O€3
NUCbMEHHOCTH, Te MH(popManus nepenaercs Toiabko ycTHo. Ecnu colparh BClo HMH(OpMAIUIO,
Joueamy 10 Hac u3 JpeBHeil I'perun — HMBUIM3aLUU C Pa3BUTHIM IMUCHMEHHBIM SI3BIKOM U
Ooratoil uTeparypoi, Mbl MOJYYHM OKOJIO MHJUIMApAA €IUHUIl WHPOPMALMHU, YTO COOTBETCTBYET
nuBmin3anuu tuna C. J[Burasch mo Imikajge BBEPX, MOXKHO OLIEHHUTh KOJIMYECTBO MH(pOpMaIuu, C
KOTOPOM MMEET /Ie]I0 COBpeMeHHas IuBuian3aiys. CortacHO KBaTu(pUIUPOBAaHHOMN OIIEHKE, CEeTOIHS
yenoBeuecTBO cooTBeTcTBYeT Ty H. CoBMECTHUB 3HEPreTHUECKyl0 U MH(POPMAIIMOHHYIO OLEHKH,
noayuuM tun 0, 7H.

B mocnennue roapl Ha MepBHIN TJIaH BHIMIEI €Ile OUH (PaKTOp: 3arps3HEHUE OKPYXKAIOIIeH
cpeabl W OTXOIbl. DHEPrUM W HHGOPMALMU HEAOCTAaTOYHO, YTOOBI BCECTOPOHHE OLEHHUTH
nuBHIM3aIuioo. bonee Toro, yem Oombliie 2HEPruM TOTPEONSET NUBWIM3AIMSA W YeM OOJIbIe
MHpOpPMALMM TPOM3BOAMT, TEM CHIbHEEe CTpajaeT OKpyxkamomas cpega. Bompoc He
aKaJeMHUYECKHM, MOCKOIbKY OTX0AbI IuBMiM3anui | win II Tuna MoryTt ux nmonpocTy noryouTh.

K npumepy, musunmzanus Il Tuma norpebnseT BCIO HHEPIUIO, H3IIy4aeMyIO 3BE3J0M.
[Ipeamonoxum, 9TO ABUTATENIH, KOTOphIe OHA wucnonb3yeT, uMmeroT KIIJ 50 %, T. e. momoBuny
noTpedisieMOl PHEPTUU MEPEBOAAT B MOJIE3HYIO padoTy, a BTOPYIO MOJOBUHY BBIIEISIOT B (hopme
Oecrone3Horo Tera. OTO MOXET NPUBECTH K HacTosimen karactpode, Beab TemmepaTypa Ha
riaHeTe OyneT pacTH, moka oHa He paciutaButcsi! IlpeacraBere cebe miuaHeTy ¢ MHJUIHApAaMH
YTOJBHBIX CTAHIMM, BBIAEISIOUIMX Ta3bl U TEIUIO B IPOMAJHBIX KOJMYECTBAX, /10 TE€X IOp, MOKa



JKU3Hb Ha TUIAHETE HE CTAHET HEBO3MOXKHOI.

@pumen JlalicoH OIHaXIbl Ja)ke Mpeiarajl UCKaTh B KocMoce nuBwimsanuu Il thma kak
OOBEKTHI, OT KOTOPHIX UCXOAMUT NMPEUMYILECTBEHHO HH(PPAaKpaCHOE U3IyUYEHUE, & HE BUIUMBII CBET
U He pEeHTreHOBCKHE Ny4yu. Jleno B Tom, yto nuBmimsanus Il tuma, naxe eciu Obl XOTelna CKPBITh
CBOE€ MPUCYTCTBHE OT BHEIIHET0 MHUpa M MOCTPOUIIA BOKPYT CBOEH 3BE3/bl 3aMKHYTYIO cepy, Bce
paBHO Mpou3BoAMJa Obl JOCTAaTOYHO MApa3UTHOIO TeIlla, YTOObI 3Ta cdepa SpPKO CBETHIACh B
uH(pakpacHOM auamna3zoHe. JlalicoH MpemIoKuil acTpOHOMaM IOMCKAaTh 3BE3JAHBIE CHUCTEMBI C
nH(paKpacHbIM B OCHOBHOM u3llydeHueM. (Takux cucreM, OHAKO, HE HAILIOCh. )

Ho 31eck BO3HMKAET HOBBIM TPEBOXKHBIN BONPOC: OECKOHTPOJIBHBIN POCT SHEPronoTpeOIeHus
JUTSL TF000W IIMBMIIM3AIMKM O3HayaeT caMmoyouiicTBo. TakuM oOpa3oM, Mbl BUAMM, YTO SHEPrus U
UHpOpPMaLUs — HE BCE, B YEM HYXIAeTCsl UBWIN3ALUS [l YCHEIIHOTO MPOABMKEHHS TI0 IIKaje
mporpecca. HyxHa HOBas mikaia, KOTopas TNpUHHMala Obl BO BHHMaHHE 3((HEKTUBHOCTB,
MapasuTHOE TEIJIO0 M 3arpsA3HEHUE OKpyxaromed cpeapl. Takas mkana pa3paboraHa, U
OCHOBBIBAETCS OHA Ha KOHIEHIIMH SHTPOIHUH.

Knaccudumkaumsa umBunusaumm no aHTponum

B uneane Ham Hy)XHa LIMBUJIM3aLMs, PacTyIlas B IJIJaHE YIHEPrOBOOPYKEHHOCTH U 00pabOTKU
uH(bOpMAIK, HO JeTarolias 3TO pa3yMHO, TaK YTOOBI TUITAHETa HE MPEeBpPATHIACh B HEBBIHOCHMO
KAPKYIO 3aMYCOPEHHYIO ITYCTHIHIO.

OdeHb HAITISAHO BCE ATO MOKAa3aHO B TUCHEEBCKOM MynbThuibMe «Bami-Uy», B koTopom 1o
CIOKETY B OTJAJICHHOM OyIylIeM YesIOBeK TaK 3araJujl U UCIOPTUII IUIAHETY, YTO OpOoCHI ee Kak
€CTh U MEePECENTHIICS Ha POCKOIITHBIE KOCMUYECKHE KOpadliu, Iie BEAET JETKYIO U MPUSTHYIO KU3Hb.

NMenHo 37€ech B UTPY BCTYMNAIOT 3aKOHBI TepMoanHaMuKkH. [lepBoe Hauamo yTBEpXkKAaeT, uyTo
HEBO3MOXKHO TOJIYYUTh YTO-HUOYAbL AapoM, T. €. OecIIaTHOTO chipa He ObIBaeT. IHBIMU clOBaMu,
CyMMa BEIIIECTBa U Hepruu Bo BceneHHoll mocTtosHHa. B maBe 3, ogHako, Mbl BBISICHWJIH, YTO
BTOPOIi 3aKOH TEPMOJMHAMHKY TOPa3/I0 UHTEPECHEE TIEPBOTO U, Oojiee TOro, Koraa-HuOynb NMEHHO
OH MOXET OINpEeACIUTh Cynb0y TPOABMHYTOW IUBWUIM3aMK. [lompocTy TOBOps, BTOpOM 3aKOH
TEPMOJAMHAMUKH YTBEPXkKAAET, YTO IMOJHOE KOIUYECTBO JHTpomuu (Oecrmopsiika, WM Xaoca) BO
Bcenennoli pacteT. DT0 03HadaeT, YTO HE MOXET OBITh HUYETO BEYHOTO; BCE IOJKHO THHUTH,
pasznararbCs, p>KaBeTh, CTapeTh WM pa3BanuBarbcs. (HeBO3MOXXHO yBHIETh, YTOOBI SHTPOMUS
yMeHbIanack. Tak, HI OMH YeJI0BEK HE BUJIET, YTOOBI )KapeHOe SUII0 CIIPBITHYIIO CO CKOBOPOJKH U
yIaKoBaJoCh 00OpaTHO B cKopaymy. HUkTo He BUIeN, 4TOOBI paCTBOPEHHBIEC B Yae KPYIMHHKHU caxapa
BIPYT OOpaTHO 3amphITHYIH B JIOKKY. BeposSTHOCTH Takoro COOBITHS HACTOJIBKO Majla, YTO JIaXe
BBIPA3HUTh ITO CIIOBAMU HEBO3MOXKHO.)

Wrtak, ecnu rumoTeTHdecKkas IUBWIN3AMS OyIylmiero HadyHeT Oe3MyMHO MPOW3BOIUTH
SHEPTHUI0, pa3BuBasich u nepexoas k tuny Il wmum III, oHa MOAYyYUT Tak MHOTO Mapa3UTHOTO TEILIa,
YTO €€ pOoJiHas TUTAaHEeTa CTAaHET HEMPHUTOIHOMN NS )KU3HU. DHTpONUs B (JOpMe Mapa3uTHOTO TEIlIa,
Xaoca U 3arpsi3HEHUs] OKPYXKAIOIIEeW Cpelibl, M0 CYHIECTBY, YHHUUTOXHUT IIUBUIM3ALMI0. TOYHO Tak
XKe, €CJIM payl IPOU3BOJACTBA HH(MOPMAIINH ITUBUIN3AINS Oy/IeT BRIpyOaTh Jieca M TPOMO3IUTH TOPHI
OyMa)KHBIX OTXOJIOB, OHA OKXKETCS MOrPeOCHHON M0 COOCTBEHHBIM HH(POPMAIIMOHHBIM MYCOPOM.

[IpuaeTcs BBeCTH emie OMHY IIKATy IS ONEHKH W KiIacCHU(UKAIMU IUBHIM3AIMid. BBenem
JIBa HOBBIX TUINA LMBWIM3aUUU. [IepBbIil THI — LUBUIM3ALMS, CACPKUBAIOIIASL POCT SHTPOIUH U
WCIIONIB3YIONIasi BCE CPEACTBA, HAXOMSIIMECS B €€ PACTOPSIKEHUH, JJII OTPAaHHYCHHS BBHIOPOCOB
TeIIa ¥ HaKOIUIeHUs 0TX0J0B. [1o Mepe pocTa (3KCIOHEHITUAIBHOT0) €€ YHEPTeTUIECKUX 3aIPOCOB
Takas IHUBWIM3AIMS HEW30€KHO OCO3HAET, YTO JAIBHEWININNA POCT DHEProNnOTPEOICHUS MOXKET
cAeNaTh IUIAHETY HENPUTOAHOM i KW3HU. KOHEYHO, MOJHYI0 SHTPOIMIO, BO3HUKAIOIIYIO B
pe3yabTaTe JIesATeIbHOCTH MPOJBUHYTON IMMBWIM3AIIMN, OTPAHUYUTh HEBO3MOKHO, OHA U JAJIbIIE
OyleT pacTu MO SKCIOHEHTEe, 9T0 Hen30ekHO. Ho MEeCTHYI0 HHTPONHUIO HA TJIAHETE MOXKHO Jae
YMEHBIIUTh, €CIIH Pa3yMHO HWCIOIb30BaTh HAHOTEXHOJOTHH ¥ BO30OHOBIISIEMBbIE HWCTOYHUKU
SHEPrUH, UCKIIOYHUTD JIUIIHUE TTOTEPHU U HEIPPEKTUBHOCTD.

BTtopoii Thm — 3T0 MUBUIM3AINS, KOTOpasi, HE 3ayMBIBAsCh O POCTE YHTPOIUH, MMPOIOJKAET



pacIIupsiaTLCA U 0e3 KOHIIa yBCJINYHBATH 3Hepron0Tpe6neHHe. Co BpPEMCHCM, €CJIM pOoAHad IJIaHCTa
CTaHOBUTCA HerPIFOJIHOfI JJId )KU3HHU, TaKasd OUBUIIN3alWs IIbITACTCA OCTAaBHUTh €€ U IICPECCINUTHCA
Ha APYruc IJIaHCTHI. Ho CO3aaHHUC KOJIOHUH B OTKPBITOM KOCMOCC — JOpOroc yIOBOJIbCTBUC, a
BO3MOXHOCTHU 3KCTCHCHUBHOT'O paCIIUPCHUA He6eCHpe}16J'H)HI)I. Ecmu OKaXXETCs, UTO POCT DHTPOIIHUHU
OIICPCIKACT CIIOCOOHOCTH OUBUIIN3alIlHU K DKCIIAHCHH, en 6yI[eT I'pO3UTH ruoenb.

CtaTb He BnactutensamMmu npupoabl, a ee XpaHUTendamMm

Kak yxe ynoMHuHanoch, B IpEBHOCTH YEJIOBEUYECTBO IMACCUBHO CO3€PLAJIO TaHEL MPUPOABI, B
M3YMJIEHUU B3Upas Ha OKPYXKAIOLIUE €ro CO BCEX CTOPOH 3araJku W TaiHbl. CeromHs 4eraoBeK
CKOpee HallOMUHAeT xopeorpada, OH TO U JEJI0 BMEIINBACTCS B TaHEll, KOPPEKTHPYS CUIIbI IPUPOJIBI
TO TaMm, TO 31ech. K 2100 . 4yenmoBeKk CTaHET BIACTEIIMHOM HPHUPOJIbI, HAYYUTCS CUIIOW MBICIIH
JIBUTATh MPEMEThI, 00pPETET BIACTh Ha/l KHU3HBIO U CMEPTHIO U MOTSIHETCS K 3BE3/1aM.

Ho cTaB BnacTenuHOM NpupoO/bl, YeIOBEK JOHKEH ObITh U ee XpaHuTeneM. CTOUT JOMyCTUTh
HEYMEPEHHBII pOCT SHTPONUU — U 3aKOHBI TEPMOANHAMHKH MOTYOST yesnoBeuecTBo. LluBumm3anms
II Thna no omnpeneneHno NOTPEOISIET IHEPTHUH CTONBKO, CKOJIBKO BBIJENSAET 3B€3/1a, U €CIIU BCE 3TO
notpebieHre OyeT NMPOUCXOAMTh Ha 3emile, €€ MOBEPXHOCTh Pa3orpeercs 10 BeCbMa BBICOKHX
temmeparyp. Ho cnoco6bl KOHTPOJIMPOBATH SHTPOIHUIO U CAEPKUBATH €€ POCT BCE JKE CYIIECTBYIOT.

K mpumepy, ecnm mocMoTpeTs B My3ee Ha mapoBo3 XIX B. ¢ €ro OrpoOMHBIM KOTIOM U
BaroHaMH YEpHOTO YT, MOKHO YBUJETb, HACKOJIbKO OH Obl1 Heddp¢dekTuBeH. OH MpPOU3BOAMI
MOJIe3HYI0 paboTy, HO TePSUI IIPHU STOM OTPOMHOE KOJIUYECTBO SHEPTUH B BUJIE MTAPA3UTHOTO TEIIa U
BpeIHBbIX O0TX0n0B. Eciaum cpaBHuUTh ero ¢ 0e33BydyHBIM U OOTEKaeMbIM COBPEMEHHBIM
AIIEKTPOMOE3/I0M, HECIIOXKHO YOEIUTBhCS, YTO OSHEPrHi0 MBI CErOJHS HCIOJIb3yeM TopasJio
spdextuBHee. HeoOXOMMMOCTh B TMTaHTCKUX YTOJBHBIX 3JIEKTPOCTAHIUAX, BBIOPACHIBAIOLINX B
BO3AyX T'POMaJHOE KOJMYECTBO TEIUIA U 3arps3HSAIOIIMX BEIIECTB, MOKHO CEPHE3HO CHU3HUTH 3a
cueT NoBbIIeHNs 3((HEKTUBHOCTH MAIlllMH U MPUOOPOB, 3a CYET HUCIIOIB30BaHUS BO30OHOBIISIEMBIX
VCTOYHMKOB 2HEPIUHM M MUHHaTIOpu3anuu. HaHoTexHomornu, ymeHslllasg MallMHbBI JO aTOMHBIX
pa3MepoB, AaI0T HaM BO3MOXHOCTD €IIIe CUJIbHEE OIPaHUYHUTh TEIUIOBOE 3arps3HEHHUE.

Kpome Toro, eciiu B 3TOM CTONIETHH OyIyT CO3[aHbl CBEPXIPOBOIHUKH, COXPAHSIOIIUE CBOU
CBOMCTBA NMPU KOMHATHOW TeMIlepaType, NOTPEOHOCTH YelIOBEUECTBA B YHEPIHUH HEOOXOAUMO OyaeT
MIOJIHOCTBIO TepecMOTpeTh. IlapasuTHOE Temno, BO3ZHUKAIOLIEE B OCHOBHOM OT TPEHMs, IMOUYTH
ucye3HeT, 3(p(EeKTUBHOCTh MAIIMH PE3KO BBIPACTET. MBI YK€ TOBOPWIIM O TOM, YTO OOJIbIIAs YacTh
HHEpPIUH, OCOOCHHO B TPAHCIOPTHBIX CHUCTEMAax, TPATUTCS Ha MpeoposieHue TpeHus. MmenHo
MO3TOMY HaM MPUXOIUTCS HAMOJHATH OCH3MHOM OaK aBTOMOOWIISA, XOTA, €ciM Obl HE TpEHue,
noexars ot Kanudopuuu 1o Hero-Mopka MoxHO GbLI0 TIOuTH Ge3 3aTpar sueprun. CKopee BCero,
MPOABUHYTAs LMBUIM3ALUS CMOXET BBINOJIHATH Tropa3fo Oojee cepbe3Hble 3aJayd, YeM MbI
CEroJHsA, C TOpa3J0 MEHBIIMMM DHEPreTUYECKHMHU 3aTpaTaMd. OJTO O3HAuYaeT, YTO 3HTPOIIHIO,
MMATAEMYIO TAKOW IUBUIIN3AIIUEN, MOXKHO OTPAHUYNT.

Cambin onacHbIW nepexopn,

[Tepexon ot ceromusimmHed muBuiau3anuu 0 Tuma K Oymymied nmuBuiau3amuu | Tuma — 37O,
BO3MOXKHO, BeNHYaiiliiee coObITHE B UCTOpHH. VIMEHHO B 3TOT MOMEHT ONperensercs, OyaeT Iu
YEJIOBEYECTBO MPOIBETATh U PAa3BUBATHCA JANBIIE WM MOTHOHET OT COOCTBEHHOM MIIYMOCTH. DTOT
MEPEX0]] YPE3BBIYANHO OIACEH, MOCKOJBKY YEIOBEK IO-IPEXKHEMY OCTAETCS 3aJ0KHUKOM TOM
BapBapCKOM JMKOCTH, YTO COMPOBOXKJAAJa €ro MEUIEHHBIM U Ooje3HeHHbIM mnoabeM. CopBuTe
TOHKUH TIOKPOB UMBWJIM3AIMU — U BBl YBHIWUTE (yHIAMEHTAIU3M, CEKTaHTCTBO, pPAaCH3M,
HETEPIUMOCTh W TOI00HBIE UM CHWIIBI B AeiicTBuuU. [Ipupona denoseka 3a mociuemuaue 100 000 jet
MOYTH HE U3MEHUJIACh, HO ceiuac y HaC €CTh SJIEPHOe, XUMUIECKOE U OMOIOTHUECKOE OPYKHE.

Ho ecnmu mepexon x | Tumy Bce e MpPOM30MAET, y HAacC BIepeau OyleT MHOTO BEKOB Ha
yAa)XXuBaHHUE BceX pasHornacuid. Kak Mbl BUAENU B NPEIbIAYHIMX IJIaBaX, KOCMUYECKHE KOJIOHUU
enie HaJO0Jr0 OCTAaHYTCS YPE3BBIYAWHO JOPOTHM YIOBOJBCTBHEM, TaK YTO BpSA JHA MOXKHO



IIPENONIOKUTh, YTO CYLIECTBEHHAs YacThb 4YEJIOBEUECTBA IOKMHET 3€MIII0 U OTIPAaBUTCA Ha
KOJIOHM3aMiw Mapca wnm mosica acrepouaoB. Iloka He NOSBHATCA NPUHIMIMAIBHO HOBas
KOHCTPYKIIMSI PaKeThl, KOTOpast CMOXKET MHOTOKPAaTHO CHU3UThH IIEHbI, UM TIOKa HE OyeT MOCTPOeH
KOCMHYECKHH TU(PT, myTemecTBUsl B KOCMOC OynyT OCTaBaThbCs MPEpPOraTuBoOil MPaBUTEIbCTBEHHBIX
opraHuzanuii 1 oueHb Oorarbix jgroouteneit. Jnst OompIIMHCTBA obuTaTenei 3emMiin 3TO O3HAyaer,
YTO M 1ocje OOpeTeHUsl YeJOBEYEeCTBOM CTaTyca IUBWIM3aLMM | THIAa OHM OCTaHyTCsS KUTh Ha
pOIHON IIaHeTe. DTO O3HAYAeT TAKXKeE, YTO B COCTABE €IUHOMN IJIAaHETAPHOW LMBWIN3ALMU Yy Hac
OyleT JOCTaTOYHO BPEMEHH Ha TO, YTOOBI MOHATH APYT ApYyra U pa3pelinTh CTapble CIIOphI.

NMouck myapoctu

Mp1 xuBeM B MHTEpecHeiee BpeMs. Hayka ¥ TeXHMKa OTKpBIBAIOT MEPE] YEI0BEYECTBOM
HOBBIE MUPBI, O KOTOPBIX MPEXKIE Mbl MOINIM TOJBKO MeUTaTh. [T/ Ha Oyayliee HayKu, CO BCEMH
ee pobIeMaMH U ONaCHOCTSMH, S MCTIBITHIBAI0 UCKPEHHIO HaAexkAy. B Ommkaiiiume necaruinerus
MBI y3HaeM 00 OKpy)KarollleM MHpe OoJbllle, 4eM y3HaJIMd 3a BCIO HCTOPHIO YeJIOBEYECTBA, — BO
MHOTO pa3 Oosble.

Ho tak ObL10 HE Beerna.

Crout nmonymars Haj cioBamu benmkamuHa @paHKIMHA, TOCIEIHETO BEIMKOIO YYEHOTO U
rocynapctBeHHoro aesrens CILIA npenckazaHue KOTOPOro OTHOCUTCS HE K CIEAYIOLIEMY BEKY, a 110
KpaliHe Mmepe K cienyromeMy Teicsdenetnio. B 1780 . oH 3ameTws ¢ coXaJeHUeM, 4TO JIOIH
4acTo BeAyT ceds MO OTHOLICHMIO JPYT K JAPYTY Kak BOJKH, B OCHOBHOM IIOTOMY, YTO K 3TOMY
BBIHY/IA€T UX KeJIaHUE BBIKUThH B 3TOM CYpOBOM MUDE.

@pankinuH nucan: «HeBo3MOXKHO MpencTaBUTh, HA KAKUE BBICOTBHI MOMKET IOJIHATHCS UEPE3
THICSIUY JIET BJIACTh YesloBeKa Haja MaTepuei. MokeT ObITh, Mbl HAyYUMCS JIMILIATh BEC TSKECTH U
NpUaBaTh €My aOCOJIIOTHYIO JIETKOCTh, YTOOBI jierde Obu1o mepeBo3uTh. Cenbckoe XOo3scTBO,
BO3MOXHO, OyzneT TpeboBaTh MEHbIIE Tpyda W JaBaTh YIBOEHHBIM MpoaykT. Bece Oone3Hn MokHO
OyzneT mpenoTBpaTUTh WM BBUICUUTh, HE MCKIIOYasl JaXe M CTapoCTh, a >KU3Hb MPOJUIUTH HA
CKOJIBKO YTOJHO, /10 IONIOTOIHBIX MEPOK U Jjake Ooseey.

@paHKIUH NUcal B T€ BPEMEHA, KOTA KPECThSIHE BJIAYMIIN KAJIKOE CYLIECTBOBAHHME MU €11BA
cebs MpoKapMIIMBAaJIK, KOTJIa TEJIETH, 3alpsHKeHHbIE MEeJUTUTEbHBIMU ObIKaMH, BE3JTH UCIIOPUYEHHBIE
IOPOXYKTHl Ha PBIHOK, KOTZa TOJOA UM SIUAEMUH OBUTM TPHUBBIYHBI W JIMIIb HEKOTOPHIM
CYACTIIMBYMKAM yaaBajioch MpoxuTh Oosbiie 40 set. (B Jlonmone B 1750 r. 1Be Tpetu neteit He
JOKMBAJIO A0 IATH JeT.) DpaHKIuH XU BO BpeMeHa, Korja TPYIHO ObUIO HaJesThCs, YTO KOT/a-
HUOYIb YEIOBEK CYMEET PELIUTh 3TU BeKOBble mpolnembl. Miu, kak nmucan B 1651 . Tomac ['060c
(Thomas Hobbes), »u3Hb OblIa «OMUHOKOM, OETHOM, OTBPAaTUTENBHOM, KECTOKONU U KOPOTKOM».

Ho ceromus, XoTs Thicsiua JieT, 0 KOTOpoi ropopust OpaHKIMH, elle Aajleko He MHHOBaja, ero
npeacKa3aHus yxKe CObIBAIOTCS.

Bepa B TO, 4TO 37paBbIii CMBICH, HayKa W pa3yM Korna-HHUOyAb OCBOOOIAT HAC OT TSKKOTO
rpy3a IpoIUIOro, Mpo3Bydaja U B KHure mapkusza ne Konmopce «Habpocok k ucTopuueckoit
KapTUHE O MpoTrpecce denoBedeckoro pazymay (1795). HekoTopbie CYMTAIOT, YTO 3TO CAaMO€ TOYHOE
U3 BCEX KOrja-au0o HalMCaHHBIX MpeJcKa3aHuil Oyaymiero. B 3Toif KHuUTe Mapku3 caenan
MHOKECTBO CaMbIX Pa3HBIX Mpe/ICKa3aHMIi; BCE OHUM B MOMEHT HalMCaHUA 3By4Yall epeTUYEeCKH, HO
Bce cObutuch. OH mpezackasai, yto KosoHuu HoBoro CBera co BpeMeHEM OCBOOOMSATCS OT BIIACTH
EBponbl u HayHyT OBICTPO pa3BUBATBhCS, C YCIEXOM BOCIHOJIb30BAaBIIMCH EBPONEHCKUMU
texHonorusiMu. OH TpezcKas3all, 4YTo padCTBO BO BceM Mupe Oyaer yHuutoxkeHo. OH mpenckasan
pe3Koe YBETMUYECHNUE YPOXKaHOCTH CEJIHCKOTO XO3SIICTBA M KauyecTBa MPOAYKTOB; OBICTPOE pa3BUTHE
HayKHd M BEJIMKYIO TOJIb3Yy, KOTOPYIO IIPUHECET OHa yesoBeuecTBy. OH mpezackasani, 4Tro, OMHMO
Ka)XJI0JAHEBHOM paOOTHI B MOTE JIUI[A, Y YEJIOBEKA MOSIBUTCSI CBOOOTHOE BPEMS, KOTOPHIM OH CMOMKET
pacropsKarbCsi 0 CBOEMY YCMOTPEHHIO, U UTO KOTJIa-HUOYIb IIUPOKOE pACIPOCTPAHEHHE TIOTYUUT
KOHTPOJIb HaJl POXKJIA€MOCTHIO.

B 1795 r. paccuuthIBaTh Ha TO, YTO 3T MPEICKA3aHUS UCTIOTHATCA, ObUTO OBl CTPAHHO.

benmkamun @panknuH U Mapku3 jge KoHmopce xwim B T€ BpeMEHa, KOTJa XH3HBb ObLia



KOpPOTKOM M JKECTOKOM, a HayKa HaxoAWJach B 3a4aTOYHOM COCTOSHMM. OIsSIbIBasCh CEroiHs Ha
3TH NpPEICKa3aHUs, Mbl MOXKEM IIOJIHEE OLIEHUTh MPOrpecc HAyKh M TEXHUKH, KOTOPHIM 3a
nocieaare 200-300 et co3man JOCTaTOYHO MAaTepUaIbHBIX ONlar, YTOOBI BBITALUTH MUJUTAAP/IBI
Jrofied U3 Mpaka U TUKOCTH npouuioro. OmisibiBasch Ha3al, Mbl IOHUMAEM, YTO U3 BCEX TBOPEHUN
YeJI0BEUECKOT0 yMa HayKa — CaMO€ Ba)KHOE U IoJyie3HOe. VIMEHHO HayKa BBITSIHYJIA YEJIOBEKa W3
TPSICUHBI HEBEXKECTBA U HAIpaBUJIa Ha MyTh K 3BE3/1aM.

Ho nayka He crout Ha Mecte. Kak Mbl yxe ynomuHanu, k 2100 r. uemoBek oOpeter
MOTYILIECTBO, JJOCTOIHOE JAPEBHUX OOTrOB, KOTOPHIM OH KOIZA-TO MOKJIOHSJICS M Tepe KOTOPBIMU
TpeneTtal. B 4acTHOCTH, KOMIBIOTEpHAs PEBOJIOLMSA IO3BOJUT HAaM MBICICHHO YIPABIATH
MaTepualbHBIMU OOBEKTaMH, OHOTEXHOJIOTUYECKas PpEBOJIIOLMS HAayuyuT CcO37aBaTh >KHUBbBIE
CyLIECTBA C HY)KHBIMM CBOMCTBAaMHM Ha 3aKa3 M MPOUIMT JKU3Hb, A& HAHOTEXHOJIOTHYECKAs
PEBOJIOLHS 1aCT BO3MOKHOCTh U3MEHATH (GopMy OOBEKTOB M Jake co3laBaTh X «u3 HU4ero». Co
BPEMEHEM BCE 3TO CIEJIAET HAC MJIaHETApHOW HuBUIM3anuen | tuna.

Ho cama mo cebe Hayka 3THYECKHM HEWTpajdbHA. DTO YTO-TO BPOjE 0OOIO00CTPOTO Meua.
OnHa ero cTtopoHa OopeTcs MPOTHB OeqHOCTH, OONEe3HEH M HEBEXKECTBa, a Apyras MOXKET ObITh
HampasjeHa npoTuB Jroael. Kak u xoro OyneT pyoUTh 3TOT Med, ONpPEesioT T€, B UbUX PyKax OH
HaXOJIUTCS.

DWHINTEeWH OMHAXKIBI cKkazal: «Hayka MoxkeT onpenenuTs JIHIilb, 9TO €CTh, HO HE 4TO Oy/IeT; a
BHE I[ApCTBa HAyKu INO-IpeXHEMY HeoOXoauMa MopalibHas oOleHKa». Hayka pemaer oxHU
poOIeMBbl, IPU 3TOM CO3/1aBas Apyrue, Ho Ha 0oJiee BBICOKOM YPOBHE.

Bo Bpems IlepBoii u BTopoii MuUpoBBIX BOWH MHp B ykace HaOmrofal, Kak Hayka HeceT
paspylieHre W Tubellb B HEBUAAHHBIX Mpexjae MacumTabax; BCIIOMHMM OTpPAaBISIONINE Ta3bl,
yJIeMeThI, KOBPOBbIe OOMOAPIUPOBKHU TrOpo/IoB U aToMHYyt0 60oMOy. IlepBas nmonoBuna XX B. cTana
CBUJIETEJIEM MEPBOOBITHON AUKOCTU M HEBEPOATHOM JKECTOKOCTH.

Ho »T0 He Bce. Hayka no3Bosinia 4eoBeUeCTBY NOAHATH Pa3pyLIEHHbIE TOPO/ia U CTPaHbl U3
PYUH BOMHBI, 00€CTIEYNTh MUP U MPOLIBETAHNE MUJUIMAp/AaM Jitoiel. VIcTHHHOE MOTYyIIeCTBO HayKU
B TOM, YTO OHA YBEJIMYHMBAET HAIIM BO3MOXXHOCTH M MpPUIAET CHIIbI, IPeAoCcTaBisis HaMm BbIOOp. C
OJTHOM CTOPOHBI, HayKa CIOCOOCTBYET M300pETaTeIbHOCTH, TBOPUYECTBY U TEPIEHUIO, MPUCYLTUM
YeJI0BEUECTBY, HO C APYTOl — YCHUJIMBAET U HAIIIM SBHBIE HETOCTATKH.

Knrou k 6yaywemMy: Myapoctb

Takum 00pa3oM, UeIOBEUECTBY OUEHb BaXXHO OOPECTH MYAPOCTh M HAIpPaBUTh MeY HAyKH B
HY)XHYI0 cTopoHy. UMManyun KanT omHaxkael ckazan: «Hayka — 3TO opraHu3oBaHHOE 3HaHUE.
MynpocTb — 3TO OpraHu30BaHHas >KM3Hb». Ha MOH B3MIAJ, MYyIpOCTh COCTOUT B TOM, YTOOBI
pasmIsAeTh BayKHEHIINe YepThl BpEMEHH, TIIATEeIbHO NMPOAHAIU3UPOBaTh UX, a 3aTeM BBIOpATh TO,
YTO HECeT B ce0e KaKyro-HUOYAb OJIarOpoHYIO 1eb MU MPUHLIKII.

B namem obmiectBe TpyaHO oOpecTd MyapocTh. Alizek A3UMOB OfHaKIbl ckazai: «Camoe
neyasbHOE B HBIHEIIHEM OOIIECTBE TO, YTO HayKa aKKyMYJIHpPYeT 3HaHHs ObICTpee, yeM OOIIecTBO
oOpeTaeT MyApocTh». B ominune ot nHpopmanuu, MyapocTh HEBO3MOKHO PaclpoOCTpaHsITh yepe3
O7oru M MHTEpHET-yaThl. Mbl TOHEM B TOTOKE WH(POpPMALMU, U MOTOMY CaMoOe€ ILIEHHOE B
COBPEMEHHOM 00111eCTBE — MYAPOCTH U 3paBblii cMbIC. be3 MyapocTu u o3apeHus HaM MpUeTcs
IUIBITh O€CLENBHO IO BETPY M OLIYTUTh IYCTOTY BHYTPH, KaK TOJIBKO HPOUIET ONbsSHEHUE,
BbI3BAaHHOE HEOTPAaHUYEHHOI NH(OpPMALIMOHHON CBOOOIOM.

Ho otkyna Gepercst myapocth? OTyacTu M3 apryMEHTHPOBAHHBIX M HH()OPMHUPOBAHHBIX
JIEMOKpPATHYECKUX J1€0aToB, B KOTOPHIX yYacCTBYIOT NMPOTUBOOOPCTBYIOIINE CTOPOHBI. JTU OypHbIE
nebaThl 4yacTo ObIBAaIOT MyTaHBIMU U HEMIPUIVISIHBIMU, HO B JIBIMY U IPOXOTE CJIOBECHBIX CpaKeHUH
4acTo poXKIaeTcsl HacTodllee o3apeHue. B Hamem oOmiecTBe momoOHbIE 1e0aThl UIYT B paMKax
JIEMOKpaTrudeckoro mnpouecca. Kak 3ametnn ogHakasl YUHCTOH Yepuwiuib, «I€MOKpaTus — 3TO
xyamast ¢opma mpaBiieHHS, HE CYHMTash BCEX OCTAJbHBIX, YTO KOraa-iubo mpoOoBaio
YeJI0BEUECTBOY.

Kute npu nemoxparun Henpocto. Han Het Hamo padorars. [Ixxopmk bepuapn [lloy ogHax bt



ckazal: «JleMokpaTusi — 3TO rapaHTHs TOTO, YTO HaMHU OyAyT YyNpaBisATh HE JIyYIlIE, YeM MBI
3aCIyKUBAEM».

CerogHsi TrapaHTOM JIEMOKpaTHMYECKUX CBOOOJ CTaHOBUTCS VHTEpHET €O BCEMH €ro
He/l0CTaTKaMM U dKcleccaMu. Borpockl, KoTopble KOraa-To 00CyKIaINCh 3a 3aKPBITBIMU JIBEPSAMU,
CEerOHA MPENapUPYIOTCs U aHAIM3UPYIOTCS Ha ThICsUax BeO-calfToB.

JIuKTaropsl )KMBYT B IOCTOSSHHOM CTpaxe nepen MHTepHeToM, ¢ ykacoM 0Kujasi HapOogHOTO
BoccTaHus. CerofHs KolMap, ONHUCaHHBIM B pomaHe «1984», yxe He yrpokaeT ueloBEYECTBY, a
WNHTepHEeT U3 HHCTpYMEHTa Teppopa NPEBPAIIAECTCS B UHCTPYMEHT JEMOKPAaTHH.

B mMHororonocse crnopa poxaaerca uctuHa. Ho camplil BepHbI criocod moOynuTh JTroaen K
SHEPTUYHBIM JIEMOKPATUYECKUM CIIOpaM — 3TO oOpa3oBaHue. Tolbko 00pa30BaHHBINA H30UpaTesb
croco0eH MPUHUMATh PEIIECHHs O TEXHOJIOTUSAX, KOTOPhIE ONpPEAeNsIT CyIp0y Hallel HUBUIN3ALUH.
B xoHEYHOM UTOTre JIOM AOJKHBI PEIIUTD i ce0sl, Kak J1aJeKo U B KaKOM HallpaBJIeHUU pa3BUBaTh
3Ty TEXHOJIOTHIO.

K HecuacTbio, MHOTME HaxomATcs B OJIaXXCHHOM HEBEIEHUU OTHOCHUTEIHLHO TI'POMAJHBIX
npo0ieM, KOTOpble OKMIAIOT Hac B OymaymieM. Kak co3naBaTh HOBbIE OTpacid MPOMBIIUIEHHOCTH,
KOTOpBIE€ JOJDKHBI IPUWTH Ha CMEHY cTapbiM? Kak roToBUTH MOJIOIBIX JIOIEW K PBIHKY Tpyda
Oynymero? Kak maneko MOXXHO 3aliTH B T€HHOM HHXKeHepHM uesoBeka? Kak MOXHO 3aCTaBUTH
pasnararonryrocs 1 mioxo paboTaronyr cucTeMy o0pa3oBaHUs JaTh JOCTOWHBINA OTBET Ha BBHI3OBBHI
Oynymero? Kak mnpoTHBOCTOATH TpsAyIIEMYy INOOAJIBHOMY IOTEIJICHHI0O W PACHPOCTPAHEHHIO
SJIEPHOTO OpYyXKus?

3amaya STOM KHUTM — JaTh CTapT JaebaTaM, KOTOPHIE ONpEAENSAT pealbHBIH Kypc 3TOro
CTOJIETHSI.

Byayuiee Kak rpy3oBou noesp

bynymee co3znaBate Ham. HuuTo HE 3ammcaHoO Ha CKPMXKAIAX BPEMEHH M HE BBICEUYECHO Ha
kamHe. lllekcriup B Tparemumn «tOmuii Llesaps» nucan: «He 3Be3nbl, muiblil bpyt, a camu Mbl
BUHOBHBI B TOM, YTO cienaiuch pabamu». Mnm, kak 3amMeTHs OJHAXIbI, XOTS M HE CTOJb
KkpacHopeunso, ['enpu @opa: «McTtopuss — 3T0 B OCHOBHOM B3710p. JTO Tpagunus. Ham He HyxHa
Tpaauuusa. Mbl XOTUM >KUTh B HACTOSIIEM, M €JUHCTBEHHAs TPaJULIUs, KOTOpas 4ero-t1o0 CTOMUT, —
9TO Ta, YTO MBI CO3/1a€M CETOIHS».

Bynymee moxoxke Ha rpoMaaHbI TPy30BOM MOE3], KOTOPBIA HECETCS MO peabCcaM B Hally
CTOPOHY. 3a HUM — IOT ¥ TPY/ ThICSIY YUEHBIX, H300peTaroImux Oyayiiee B CBOUX Ja00paTopusix.

IIpn >xenaHMM MOXKHO YCIHBINIATE TYIOK 3TOrO COCTaBa, B KOTOPOM CIIBIIIATCA CJIOBA:
OMOTEXHOJIOTUH, UCKYCCTBEHHBIN MHTEJICKT, HAHOTEXHOJIOTUH, TeJIEKOMMYHHUKaMU. TeM He MeHee
KOE-KTO BO3paxkaeT: «S cimmkoM ctap. Sl He CMOTy BCE€ 3TO OCBOMTH. S MPOCTO JIATY HA PENbChI, U
NyCTh MOE€31 MeHs 3a1aBuT». OJHAKO peaklusi MOJOMABIX, SHEPTUYHBIX M aMOHUIIMO3HBIX 3BYYHT
nHaue: «Bo3pmute MeHs ¢ coboit! 1ot moe3n — moe Oyayuiee! 310 Most cyabda. [Tycture meHs Ha
MECTO MalIMHHUCTA!»

byneMm HazmeaTsCs, 4TO JIFOAU HOBOTO BEKa CYMEIOT MCIIOJIb30BaTh M€Y HAyKH C COCTPAJaHUEM
U MYIPOCTBIO.

UroObl mpeAcTaBuTh cebe, Kak OyIeT BBINIAACTbh IUIaHETapHas LMBUIM3aLUs, IOJE3HO,
MOXKaIyH, NpoXUTh ofuH JeHb B 2100 I M MOCMOTPETh, KaK M3MEHUTCS NOBCEIHEBHAs XU3Hb
YeJIOBEKa MO/ BIMSHUEM HOBBIX TEXHOJIOTUM, KaK H3MEHATCA €T0 Kapbepa, €ro Ha/IeK/bl U MEUTHI.
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Om Apucmomenss 0o @Dombl AKEUHCKO20 COBEPUIEHCMBOBAHUE
03HAYAN0 MYOPOCHb, OCHOGAHHYIO HA ONbIME U OMHOWEHUAX C JH00bMU,
yepe3 KOmopbvle HaA KOHKPEemHOM npumepe NOo3Haemcs 00OpooemenvHas
JHCU3HD.

B cospemennom mupe cosepuiencmeosanue uyenogeka — 3a0aia He
2EHHOU UHIICEHePUU, d BOCTIUMAHUA.

CrugeH IToct (Steven Post)

[Tocne TpaguMOHHON HOYHOM BCTpeurn HoBOro rosma Bl €1ie cruTe.

BnezanHo 3aropaercss HacTeHHbIM 3KpaH. Ha skpaHe mosiBisieTcs 3HAKOMOE MPUBETIMBOE
nuio. 910 Mo, HOBasi IporpamMma, KOTOPYIO BBl MPUOOpETN cOBceM HemaBHO. Mo 601apo
OOBSIBIISCT:

— JIxoH, mpocHUTECH. BBI cCpoYHO HYKHBI B oprce. JInaHO. ITO BaXKHO.

— B yem npeno, Momnu? Tel, 10MXKHO OBITH, IIyTHIL, — BOpuuTe Bbl. — Ceromus HoBwiii
TOJI, 5 C MoXMeJbs. M BooOIIIe, 4TO TaM MOXKET TIPOU30MTH TAKOTO BaXKHOTO?

Bbl MenieHHO U ¢ TpYOM BbUIE3a€Te U3 MOCTEIN U HEOXOTHO TAlUIUTECh B BaHHYIO. [1oka BbI
yMbIBaeTeCh, COTHU CKpHITHIX JIHK- m OenkoBbIX AaTuymkoB B 3€pKaje, YHUTa3e U PAKOBHHE
0e3MOJIBHO BKJIIOUAIOTCA M TPOBOMSAT aHAJIU3 Ha MOJEKYIIpHOM YpoBHe. [IpuGopsl wHiryT
MaJieHIIe mMpu3HaKi BCEBO3MOXKHBIX 3a00JI€BaHUN.

Beliins u3 BaHHOW, BBl HAJEBaeTe Ha TOJIOBY YCTPOWCTBO C BJIEKTPOJAMH U IMPOBOJAMHU,
MO3BOJISIIOIIEE MBICICHHO YIPaBIsATh BCEH AOMAIIHEH TEXHUKOM: Bbl KOMAHAYETE IOBBICHTH
TEMIIEpPaTypy B KBapTHUpPE, BKIIOUYUTH CIOKOMHYIO MY3BIKY, OTHacTe pOOOTH3UPOBAHHOMY MOBapy
MIPHUKa3 MPUTOTOBUTH 3aBTPAK U CBAPUTHh KOope, a MArHUTHOMY aBTOMOOWITIO — BBIEXaTh U3 Tapaxa
W KOaTb Bac y BOpPOT. Bel mpoxoauTe Ha KyXHIO M BHJAMTE, KaK MEXaHUYECKas pyka
POOOTH3MPOBAHHOTO TIOBapa TOTOBUT IS BAC SiIla — B TOYHOCTH TaK, KaK BbI JIIOOUTE.

[Tocye »TOro BBl HaJIEBaE€TE€ KOHTAKTHBIE JIMH3bI U BXoauTE B MHTEpHET. Jl0cTaToO4HO MUTHYTh
— W Mepen BaMu MOsBIseTCs 3kpaH MHTepHeTa, NpoeunupyemMblil HEMOCPEACTBEHHO HA CETYATKY
m1a3a. Bel meeTe kode u mpocmMarpuBaeTe HOBOCTHBIE 3aTOJIOBKH.

*MapcuaHcKasi CTaHIMs 3allpochia JOMOMHUTEIbHbIE punackl. [IpubmmkaeTcs MapcuaHcKas
3uMa. YToObl yCHEIIHO 3aBEPIIUTh OUEPETHON Tal IIaHa KOJIOHU3ALMH, [TOCEJICHLbI HYK/1al0TCA B
JIOTIOJTHUTENBHBIX pecypcax ¢ 3eMiIH, KOTOpbIE MO3BOIMIN Obl UM 60pOThCs ¢ Xononamu. B mianax
— Hauvajo teppadopMupoBanus Mapca myTeM MOBBILLEHUS TEMIIEPATYPhl €r0 MOBEPXHOCTH.

[IepBble 3Be370J€THl TOTOBBI K IMycKy. MUJJIMOHBI HAaHOOOTOB pa3MepoM ¢ OyJIaBOYHYIO
TOJIOBKY OYyIyT OTIpAaBJIEHBI B IMOJIET C JIyHHOW 0a3bl, mposierat mumo fOnurepa, ncnonwiys ais
pasroHa MarHUTHOE I10JIE IUIAHEThI-TUTaHTa, U HAlpaBsATCs K OJHOU M3 Omkaimux 3Be3a. OqHako
MPOMAYT TOJIbI, IPEKE UYEM HEKOTOPBIE U3 TUX HAHOOOTOB 100€pyTCs JO MECTa Ha3HAUEHUSI.

*B MecTHOM 300mapke 0KUAAETCA MOSIBICHUE OYEPENHOrO BBIMEPLIETO KUBOTHOrO. Ha ator
pa3 pedb UACT O PeIKOM BHJE cabie3ydboro Turpa, BoccranorienHoro no JIHK w3 nHaiimeHHOTO B
TYHJIPE 3aMOPOKEHHOTO TpyIla IPEBHETO >KMBOTHOTO. B CBS3M ¢ NOTEIIEHUEM B PYKH YUYEHBIX
nonanaer Bce Oombuie JJHK BeIMepmMX >KMBOTHBIX, KJIOHBI KOTOPBIX MOIOJHSIOT KOJIJIEKLIUU
300I1apKOB 10 BCEMY MUDY.

*Kocmuueckuid nudT, MNpexae TONBKO JOCTAaBIABIIMKA B KOCMOC TIpy3bl, HAYMHAET
OCYUIECTBIIATH IIE€PBbIE TYPUCTUUYECKHE IMOE3IAKU B OTKPBITBIA KOCMOC. 3a IOCJIEOHHE TOIBI, C
MOMEHTA OTKPBITHSI KOCMHUYECKOTO JIN(Ta, IEHBl HA KOCMUYECKHUE IMyTeniecTBus ymnaiu B 50 pas.

*CrapelluM TEPMOSJEPHBIM CTaHIMAM cKopo ucnonHutcs 50 ner. Yacte M3 HMX mopa
BBIBOJINTH M3 DKCIUTyaTalluy ¥ 3aMEHSITh HOBBIMH.

*YyeHble BHUMATEIbHO HAOIIOJAIOT 32 HOBBIM CMEPTEIbHBIM BHPYCOM, KOTOPBI BHE3AIHO
MOSIBWICA B JUKYHIVISIX AMa30HKH. JI0 CHX MOp €ro pacnpocTpaHeHue, Cyasi 0 BCEMY, OTPAaHUYEHO
HEOONMBIIMM pailoHOM, HO 3a0o0jeBaHUE, KOTOPOE OH BbBI3BIBAET, MOKAa HEU3JICYMMO. YUeHbIE



JTUXOPAZOYHO CEKBEHUPYIOT T€HBI 3araJIOUHOTO BHUPYCa, MBITASCh OMPENEIUTh ero ciabble MecTa u
HaWTH crtocod 00pHOBI C HUM.

Brpyr ogHa u3 HOBOCTEH NIPUBJIEKAET Ballle BHUMAHUE:

*HeoxxuaHHO BBISIBIIEHA KpymnHas Teub B JaM0Oe, mnpukpeiBaromeid ManxatreH. Ecmu
CIIPABUTBLCS C TEUBIO HE YIACTCs, BECh T'OPOJ MOXKET OKa3aTbCs IO BOAOW, KaK YXKe IMPOU30LUIO C
JIECSTKaMU TOPOJOB 10 BCEMY MHUPY.

— Oro! — roBopure BbI cebe. — Tak BOT moueMy MeHs BBI3BIBAIOT B o(uc!

Bb1 6pocaere HenoeeHHbIH 3aBTPaK, MOCHEIIHO O/IEBAETECh U BhUIETAETE 32 IBEPb. Y BOPOT
BaC JKJIeT MAalllMHA, BbIEXaBlIas [0 KOMaH/IE U3 rapaxa. Bbl Tenenarnuecky MpuKa3plBacTe MalIuHE
BE3TH Bac Ha paboOTy Kak MOXXHO OblcTpee. MarHUTHBIM aBTOMOOWIIb TYT K€ CBSI3BIBAETCS C
WuTtepueroM, nomyvaer nanneie co cnytHukoB GPS Block VII u muminuapoB AaT4MKOB, CKPBITHIX
0[] IOPO’KHBIM NMOKpBEITHEM. HECKOIBKO CEKYHI — M MOJHAsI KApTUHA IBUKEHUS IIEPENl BaMU.

MarHuTtHblif aBTOMOOUIIb OECHIYMHO TPOTAETCsl C MECTa, CKOJIb3Sl MO MAarHUTHOM MOJYyIIKe
HaJl CBEPXIPOBOISALINM MOKphITHEM. BHe3armHo Ha T000BOM cTeKIIe MOSABIsETCs U0 MO,

— Jlxon, w3 odwuca mnepeganu: BCeM coOparbcs B KOH(EpeHI-3aje. A eme TMOoaydeHO
BUJICOCOOOIIIEHNE OT Ballleil CecTphI.

MammHa efeT cama, Tak 4TO y BAac €CThb BPEMs NMMPOCMOTPETh BUACOIOUTY, MOJYYEHHYIO OT
cecTpbl. Ee 11110 NosABIsAETCS HAa BallMX HAPYYHBIX Yacax U NIPOU3HOCHUT:

— JIxoH, He 3a0y/b, B 3TH BBIXOAHbBIE Y HAC BEUEPUHKA B YECTh THS poxaeHus KeBuHa, emy
UCTIOJIHSAETCS 1IecTh. Thl 00eIIan KynuTh eMy MOCIIEAHIO Mojielb poboTa-cobaku. M keraTu, ThI ¢
KeM-HUOynb BcTpedaembess? S TyT urpana B Opumk no MHTepHETY M MO3HAaKOMMIIACh KOE C KEM.
Ona Moxet Te0e MOHPaBUTHCA.

— Oro! — roBopwure BHI cebe.

BaMm oueHb HpaBUTCS €3AUTh B MarHUTHOM aBToMoOWie. Hukakux ynapoB, HUKakuX sIM Ha
Jlopore, Be/lb MallliHa MPAKTUYECKH JIETUT HaJl 3eMled. A Jydille BCero TO, YTO 3Ty MALIMHY MOYTH
HE HaJ0 3allpaBIIsATh, BEJb €€ ABM)KEHUIO HE MelaeT TpeHue. (TpynHO MOBEpUTH, TyMAETE BB, UTO
eIle B HavaJie BeKa Ha TUIaHeTe OB SHEPTeTHUECKUN Kpu3nc. Bbl kauaeTe To0BOM, MOHUMAs, YTO
OoJpIIIas 4YacTh SHEPTUH YXOAMIIa Ha TIPEOJI0NICHUE TPEHHUS. )

Bbl moMHMTE, Kak OTKpBIBAJM MEPBYIO CBEPXIPOBOAAIIYIO Jopory. CpeactBa maccoBOU
uHpopMalun HarepeOoil ceToBasii, YTO BEK AJIEKTPHUYECTBA MOAXOMUT K KOHILY, & eMy Ha CMEHY
UIET BEeK MarHetusMa. Ha camoM jerie BaM HUCKOJIBKO HE Kajb YXOJSIIEro JIEKTpuuecTBa. Bbl
BBIIJISABIBAETE B OKHO, BHUAMTE OOTEKaeMble MAIIMHBI, TPY30BUKH M I10€3/1a, MPOHOCAIIMECS IO
BO3/lyXy MHUMO, WU IIOHUMAaeTe, YTO MAarHeTH3M — 3TO BEPHBIM IIyTh, K TOMY K€ OH II03BOJSET
COKOHOMUTB.

MarHuTHbIif aBTOMOOWJIb MMPOHOCUTCS MUMO TOpPOJCKON CcBasIKU. Bbl BuIuTe, 4TO OOMNblIast
4acTh Mycopa — 3TO JETalId OT poOOTOB M KOMIBIOTEPOB. MHUKPOCXEMBI IPOJIAIOTCS TIOUTH AAPOM,
JIelIeBIie BOJbI, M TOPBI yCTApEBUINX 00pa310B KOMATCS Ha TOPOJCKUX CBAJIKaX 10 BCEMY MUDY. Yke
UIYT PasroBOpHI 00 MCIONB30BAaHUH MHUKPOCXEM JUISl MOJbeMa IPyHTa M HACBIIIKUA MCKYCCTBEHHBIX
OCTPOBOB.

Odoumc

Bot Hakonen u o¢uc, mrad-kBapTupa KpynHOH CTPOUTENbHON KOMIaHUU. BXoss, Bbl OYTH
HE 3aMedaeTe, Kak Ja3epHOe YCTPOHCTBO O€33BY4HO IMPOBEpsSET Bally PagyXKHYI OOOJOYKY H
uaeHTuuuupyet Jnno. HUKakux miacTUKOBBIX KapTOYEK-IPOMYCKOB. Bail JokymMeHT — Tedo.

KoH¢epeHn-3a1 modytd MycT, 3a CTOJIOM BCEro HECKOJbKO cOTpynHukoB. Ho 3arem
TpeXMepHble 00pa3bl OCTAIBHBIX YYACTHHUKOB IMOSIBJISIOTCS B BallMX KOHTAKTHBIX JIMH3aX U
3aMOJIHSIOT MyCThIe MecTa. Te, KTo He CMOT IpuexaTh B 0pHc, IPUCYTCTBYIOT roJIOrpadpuyecKu.

Bbr o6Boaute B3mIAOM croi. JIMH3BI MAEHTU(GUUUPYIOT [UIsl Bac MPUCYTCTBYIOIIUX,



3HAKOMAT C UX OuorpaduyeckuMu U NpopecCHOHAIBHBIMU JaHHBIMU. Bbl 3amedaere, yTo Ha
COBEILIAHUH MPUCYTCTBYET HEMAJIO BAXKHBIX LIHUILIEK.

B kpecrne HeoxxuaanHo popmupyercst oopa3s Baiero docca.

— locniona, — 00BsABISET OH, — BBl BEPOSTHO CIBIIAIA O T€YH B MAaHXITTEHCKOH aamOe.
Jleno cepbe3Hoe, HO MBI YCHENIM BOBpPEMsI, OTIACHOCTH HpophiBa yxe HeT. K HecuyacTrio, poboTam,
KOTOPBIX MBI OTTIPABWIIM JUIsl PEMOHTA JaMOBbl, HE yIalloCh BBITIOJIHUTE 3a7a4y.

CBeT B 3aj1e MEPKHET, U BaC CO BCEX CTOPOH OKPYKaeT TPEXMEPHOE U300paKeHNE MOABOIHOM
yactu namObl. Bel B BoJie, mepe BaMu — TUraHTCKasi TpelirHa B Jamoe.

N300pakeHne NOBOpaunBaeTcs, U Bbl BUJIUTE, IJle MMEHHO BO3HHMKJIA Teub. Balle BHUMaHue
IpUBJIEKaeT OOJbIIAsl CTPAHHAS BMSITHHA B TEJIE 1aMOBl.

— PoboToB HemocraTrouyHO, — mpojpoibkaeT Bam  Oocc. — Teub Takoro THUma He
peaycMOTpeHa ux nporpammoil. Heobxonmumo nocnath BHU3 ONBITHBIX JIEO/IEH, KOTOPBhIE MOIIIH OBl
OLICHUTh CUTYalMI0 ¥ HA MECTE PELINTD, UTO JIENaTh. S HaleI0Ch, BaM HE HYXHO HallOMHUHATh, YTO B
ciyuae Haureit Heynaun Hpro-Mopk %iet cyap0a Apyrux BEIMKHX FOpPOJIOB, HEKOTOPHIE U3 KOTOPBIX
MIOJIHOCTBIO YIIUIU O[] BOAY.

Jlronu 3a cTonoM mepenigapiBaoTcs. Bee 3HAIOT Ha3BaHMS TOPOJIOB, TOKUHYTHIX HACEIEHUEM
U3-32 MOABEMA YpPOBHS OKeaHa. XOTSA IMPOLUIO YXE HECKOJIBKO JECATKOB JIET C TeX MOp, Kak
BO300HOBIISIEMbIE UCTOYHUKU M TEPMOSIIEpHAsi SHEPTUSI CMEHUJIM HCKOIaeMOoe TOIUIMBO B KaueCTBE
OCHOBHOI'O MCTOYHMKA SHEPIrMU Ha IUIAHETE, YEJIOBEYECTBO JIO CHX IOp CTpajaeT OT H3JIMLIKOB
YIJIEKUCIIOTO ra3a, MOoMaBUIMX B aTMOc(epy B MEPBOi MTOJIOBUHE BEKa.

[Tocne obOcyxeHusl pemeHo MociaaTh KOMaHAy PEMOHTHBIX pPOOOTOB, KaXJbIM U3 KOTOPBIX
JTUCTAHIIMOHHO YTpaBiseT YeloBeK. JTO Balla 3ajada. Bbpl ydacTBOBaiM B pa3pabOTKe ATHX
po6oToB. CrienmanbHO 00y4eHHBIE JIIOIU pa3MelIaloTcs B SYeMKax W HAJEBaIOT HA TOJIOBBI IUIEMBI
¢ snekTpoaaMu. CHUrHaibl MO3ra MO3BOJISIIOT UM YCTAHOBHUTH C poOOTaMM TEJIENaTUYeCKyIO CBS3b.
Haxozsich B siuelikax B 3JaHMM IITA0-KBApTUPBI KOMIAHWHU, pabouue BUIAT U UYBCTBYIOT BCE, UTO
BUJAT M UYYBCTBYIOT po0OThl. OHM Kak OyITO HaxoAsTcs Ha MecTe COOBITHH, HO B HOBBIX
CBEPXUYEJIOBEYECKUX TEaX.

Bbr o mpaBy ropautech cBoeil pa3zpaboTkoi. Tenenarnyecku ympabisieMble pOOOTHI yxke
MHOTO pa3 J0Ka3ajlu CBOIO MoJe3HOCTb. JIyHHON 0a30if ympaBisiOT B OCHOBHOM JIIOIH, C
KOM(pOpPTOM U B TIOJHOW OE€30MaCHOCTH JIeXKalllMe B CBOMX sueiikax Ha 3emuie. Ho mockombky
panuocurHan uaer ¢ 3emuu a0 JIyHel Gonee ceKyH[Ibl, pabOYUM NPUXOAUTCA YUUTHIBATH ATY
BPEMEHHYIO 3a/IEPXKKY, UTO TpeOyeT Cepbe3HOM MOIrOTOBKH.

(Pa3ymeercsi, BaM OueHb XOTEJOCh ObI OTIIPABUTH CBOMX POOOTOB M Ha Mapc, HO CHTHaITy
uHorna tpedyercs 20 MUHYT Ha myTh Tyaa U 20 — Ha 0OpaTHBINA MyTh, TAK YTO AUCTAHIIMOHHOE
yIpaBlIeHHE MapCHaHCKUMHU poOoTaMu ObulO Obl HEI(PPEKTHBHBIM. YBBI, HECMOTpPS Ha BECh
TEXHUYECKUH IPOrpecc, €cTh OJIHA Bellb, KOTOPYI YEJIOBEK HUKAaK HE MOXXET H3MEHUTh: 3TO
CKOPOCTB CBETA.)

Ho koe-uTo Ha coBelaHUU MO-IPeXHEMY OECIIOKOUT Bac.

Haxkonen BbI coOupaeTrech ¢ JyxXoM U IpephiBaeTe 0occa.

— Cop, MHE HE XOuUeTcCsi 3TOr0 T'OBOPUTh, HO TPEIIMHA BBIVIAUT OYEHb MOJO3PUTEIBHHO.
IToxoxe, OHa OcTaBlI€Ha OJHUM U3 HAILIMX COOCTBEHHBIX POOOTOB.

3aJ TYT )K€ HaOJHSIETCs] HEZOBOJIBHBIMH TOJI0OCaMH.

— Ham po6otr? Heo3moxxkno! 3to abcypa! Hudero momoOHoro Hukorna He ObLio! —
MPOTECTYIOT MPUCYTCTBYIOIIHE.

bocc BoccTaHaBiuBaeT B 3aj1€ TUIIMHY U MPayHO OTBEYAET:

— 51 Gosuicd, 4TO KTO-HUOYAb 00 3TOM CKaXKeT, TaK YTO MMEWTE B BUIY: 3TO OYEHb Ba)KHBII
MOMEHT, 1 HEOOXOIUMO JIepXkKaTh €ro B CTporom cekpere. MHpopmalus He TOKHA BBIMTH U3 ATOM
KOMHATBI JI0 T€X MOp, MOKa Mbl HE TIOATOTOBUM COOTBETCTBYIOIIMI Mpecc-penu3. [la, Teub BO3HUKIIA
10 BUHE OJTHOTO U3 HALIMX POOOTOB, KOTOPBIN HEOKUAAHHO BBIIIEN U3-TI0 KOHTPOJIS.

B 3asie HaunHaeTcs cronnorBopeHue. JIroau HeTOyMEHHO KayaloT TOJIOBAMH: KaK TaKoe MOXKET
ObITH?

— Jlo cux mop Hamm poOOTHI paboTamu OE3yKOPU3HEHHO, — HacTamBaeT 0occ. —



AbcomoTHO Oe3ykopu3HeHHO. Hu oamH poOOT HM pa3y He oTomen OT mporpammbl. Mx
NpEeaAOXPaHUTCIbHBIC MEXaHU3Mbl CHOBA M CHOBA J0Ka3bIBAIOT CBOIO 3(1)(1)6KTI/IBHOCTI). PGHYTaHI/ISI
HaIMX poOOTOB OuYeHb BakHa. HO BBI Bce 3HAETE, YTO B MOCIETHEM MOKOJIEHHWH HAMIMX POOOTOB
CTOAT KBAHTOBBIC KOMIIBIOTEPBI, IIPHYEM CaMbI€ MOIIHBIC, HWHTCIUICKT JTHUX pO6OTOB YK€
npuOIIKaeTCs K yeloBeueckomy. Jla, K 4eoBeYecKoMy HHTEIIIEKTY. A B KBAHTOBOM T€OPUHU BCETa
CYLIECTBYeT HeOosbllasi, HO peajbHas BEPOATHOCTh KAKOTO-TO HEXelaTelbHOro coObiTus. B
JTAHHOM CJIy4ae poOOT MPOCTO B30ECHIICS.
Br1 o6eccriieHHO TajjaeTe B KPECo, OMISIIOMIICHHBIC STOM HOBOCTHIO.

OnaTtb goma

JleHb BbIajCs yXKacHO JTOATMM — CHavalla MPUILIOCh OPraHU30BbIBaTh PEMOHTHYIO Opurany
U3 TUCTAHIMOHHO YIPAaBIsIEMbIX POOOTOB, 3aT€M OTKIIIOYATh BCEX IKCIEPUMEHTAIBHBIX pOOOTOB, B
KOTOPBIX YCTAHOBJIEHBI KBAHTOBBIE KOMITBIOTEPHI, — IO KpallHEel Mepe /10 TeX Mop, MoKa He OyaeT
YCTaHOBJIEHA M yCTpaHEHa NpHunHa cOos. BrIMOTaHHBIE, Bbl HaKOHEIl BO3BpallaeTech IOMOH.
Crout BaM OIYCTHUTbHCS B TIOOMMOE Kpecyio, Ha 3KpaHe BHOBb MOABIsETCS MoOJUTH.

— JIXOH, Bac KJIET BaKHOE cOOOIIeHue OT JokTopa bpayHa.

HoxTop bpayn? Uro emie ckaxxetT Bam pob60oa0KTOp?

— Jlait ero Ha 3kpaH, — roBopute Bbl Moiutn. Ha ctene nosiBisieTcss nuuo Bpava. «Jlokrop
Bpayn» HacTOIBKO peaNMCTHYEH, YTO BBl MHOT/IA 3a0bIBae€Te, YTO ITO BCETO JIUIIL KOMITHIOTEPHAS
[porpamma.

— He xouercs Gecniokouth Bac, [[)KOH, HO 5 JOJKE€H OoOpaTWTh Balle BHUMAaHHME Ha OJIHY
Belllb. [loMHHMTE MPONIIOrOJHUN HECUYACTHBIA Cilydyall HAa TOPHBIX JIbDKaxX, KOIZa Bbl €/1Ba HE
noru0mm?

Hy emie Ob1 He moMHUTH! J10 CHX MOp IpU BOCTIOMHHAHUH O TOM CJIydae Mo CIIUHE Mpoderaer
x0070K. Jlenmo Obuio B Ajbmax — Ha OMHOM W3 HEMHOTHUX OCTAaBIMUXCS TOPHOJBDKHBIX 0a3.
[TockonbKy Oonblliasi 4acTh aJbIMHICKUX CHETOB pacTasiia, MPUILIOCh MOEXaTh Ha HE3HAKOMBIH
BBICOKOTOpHBIM KypopT. He 3Has MecTHOCTH, HE paccuuTan ABW)KEHHE M Ha ckopocTH 60 km/4
Bpe3ascs B 1epeBo. Yx!

A noxrop bpayH npogomxaer:

— S BuKy 10 3amucsiM, 4TO BBl TOTZA MOTEPSUIM CO3HAHUE, NOJYYWIH COTPACEHHE MO3ra U
cepbe3Hble BHYTPEHHHE TPaBMbl, HO Balla ofexja cracia Bac. [loka Bbl Obutn Oe3 co3HaHMS,
B/ICJIAaHHBIE B OJIEKJY YHUIIbI aBTOMATHYECKU BBI3BAIIM MEIUIMHCKYIO TMOMOIb, CKaYalH ISl HUX
Ballll MEIMIMHCKHE JaHHblE W Ha3BaJld TOYHBIE KOOpAMHAThl. B OonbHUIlE POOOTHI MpPOBETH
MUKPOXUPYPIrHUECKYIO OINEPALNI0, OCTAHOBWIM KPOBOTEUEHUE, 3AIININ MOBPEXKICHHBIE COCYNbl U
MOJUIEYMIIN APYTUE TPABMBI.

— Bamn xenynok, nedyeHb ¥ KHIIEYHUK OKA3aJIUCh OUYEHb CHIIBHO NOBPEXACHBI U JICUCHUIO HE
MO AaBaJINCh, — HaroMuHaeT ToKTop bpayH. — K cuacTbio, Mbl ycrienu BbIpacTUTh /1711 BaC HOBbIE
OpraHbl.

BHe3anmHO BBl UyBCTByeTe ce0si HEMHOXKKO pOOOTOM — Belb 3HAUMTENbHAs YacThb BalllUX
BHYTPEHHUX OPraHOB UCKYCCTBEHHO BbIpallieHa Ha 6nogpabpuke.

— Bbl 3Haere, J[XOH, B MOHMX 3amMcsSIX TakXe CKa3aHO, 4YTO Bbl MOIIM 3aMEHUTh
pa3npoObICHHYIO PYKY Ha MOJHOCTHIO MeXaHHuecKyro. PoboTu3npoBanHas pyka nocieqHeid Moaenu
yBeJIMUMiIa Obl Bally CHIIy B ISITh pa3. Ho BbI 0TKa3anuce.

— Jla, — oTBedaere Bbl, — 3HAETE, s MOKA JOCTAaTOYHO CTAPOMOJEH. MHE Kaxercs, 4To
IUIOTh M KPOBb BCEr/a JIy4llle CTaju.

— JKOH, BallM HOBbIE OpraHbl HEOOXOIMMO TMEPUOAMYECKH MpOBepsTh. Bo3bmure,
noxanyiicta, MPT-ckanep v MeIJIEHHO MPOBEIUTE UM BJIOJb TeJIa B 00JIACTH KEITy/IKa.

Bl unere B BaHHYI0, Oepere HEOOJBIIOE YCTPOMCTBO pa3sMepoM MNPUMEPHO C COTOBBIH
Tene(pOH U MEUIEHHO MPOBOAWUTE MM BIOJIb *UBOTAa. Ha cTeHe TyT ke BCIBIXMBAET TPEXMEPHOE
M300pakeHHE BaIllX BHYTPEHHUX OPTaHOB.

— JI)kOH, MBI THIaTEIbHO MpPOAHAIM3UPYEM OTH H300paKEHUS U IMOCMOTPUM, KaK HJIET



saxuBieHne. Kcratu, cerogus yrpom JIHK-matumku B BaHHOW OOHapyKuiawm B  Balleu
ITOJKEITYIOYHOM XKeJle3€e PaK.

— Pax? — BBI pe3ko BeIpsMIsieTeck. Bol B Hepoymenuu. — Ho s gyman, 9Tto pak nmobeaunu
MHOTO JIeT Ha3aJ. HUKTO 0 HEM Tenepb HE TOBOPUT. A TeNepb BAPYT Y MEHS pak?

— Ha camom nene yueHsIM He yaanoch modenuTh pak. OKOHYATENBHO M3JIEYHBATH €TO TaK U
He Haydwmch. Celiyac y Hac C pakoM, CKaXeM TakK, IEpeMUpHe, IaToBas CHUTYaIlHs.
Pa3HoBuagHOCTEHN paka CIUIIKOM MHOTO, TPUMEPHO KAaK pa3HOBUIHOCTEHN npocTyasl. Ee, kctaTu, Mbl
TOXK€ HE HAYYWINCh JIEYUTh. MBI MPOCTO crepkuBaeM ee. S 3aka3aj HAHOYACTHIIBI, YTOOBI
MMOKOHYHTH C PAKOBBIMU KieTkamu. VX Bcero Heckonbko coteH. OObruHas npouenypa. Ho 6e3 atoro
CBOEBPEMEHHOTO BMEIIIATEIhCTBA BBI, BEPOSTHO, YMEPIU ObI JIET 4epe3 CeMb, — HEBO3MYTHMO
3aBepIlaeT Bpau.

— 3Haetb, Thl MEHS TIOPAJI0BAI, — MBICJICHHO KOMMEHTHUPYETE BHI.

— [a, cerogHst MbI MOXXKeM OOHApPYKUTh PaK 32 MHOTO JIET 10 (JOPMHUPOBAHUS OIMYXOIH, —
npoaosmkaeT Joktop bpayH.

— Onyxons? Yto 3107

— O, 3T0 cTapoe cI0BO IS AAJIEKO 3ameamero paka. OHO MOYTH UCUYE3JI0 U3 A3bIKa. MBI UX
Teneph U He BUANM, — J00aBIIsIeT POOOIOKTOP.

Bb1 BApyr BcrioMuHaeTe — a 3a CyeToM JHS yTPEeHHUIl pa3roBOp MpaKTUYEeCKU 3a0buics, —
YTO CecTpa rpO3WIaCh CBECTH Bac C KeM-TO. Bbl cHOBa BhI3biBacTe Mosuiu.

— Momi, 3TH BBIXOAHBIC Y MEHSI CBOOOIHBI. MOXKEIIb OpraHu30BaTh Il MEHSI CBUJAHUE C
JeBymkoi? Thl 3Haelb, KAKOM THUI MHE HPABUTCSI.

— Jla, Bamm npeAnoYTeHUS UMEIOTCS y MeHS B TaMsITH. [logoXauTe MUHYTKY, ST IOCMOTPIO B
WNHurepHere.

UYepe3 muayTy Mot BbITa€T Ha SKpaH JaHHBIE HAa TIOTCHIIMAIBHBIX KaHIUIATOK, KOTOPHIE B
ATOT MOMEHT TOKE CUJIAT Mepe/l CBOUMH HACTEHHBIMH SKPaHAMHM U 33at0T TOT K€ BOIIPOC.

[IpocmoTpeB noche, BB HAKOHEI[ BBHIOMpPAETE OJHY M3 CHUMIIATUYHBIX JEByIIeK. Ee 30ByT
Kapen, u ona nouemy-To KakeTcsi BaM HE TaKOW, KaK OCTaJIbHBIE.

— Mo, ornpaBp KapeH BexJMBO€ COOOIIEHHE ¢ BOIPOCOM, CBOOOJHA JIM OHA B OTH
BbIXO/IHbIE. OTKPBUICS HOBBIN PECTOPAH, U sl XOUy TyAa 3aryIsiHYTh.

Momnnu nocsutaet Kapen Bai npoguib BUI€ONIOUTOM.

B 3TOT e Beuep Bbl yCTpamBaeTe BEUEPHUHKY C MUBOM ISl KOJUIET; Bbl IUIAHUPYETE BMECTE
MMOCMOTPETh CTHOPTUBHBIN MaTtd. KoHedHo, Bamm TPUATETH MOIIM OBl TIOSABUTHCS y Bac
rosiorpadudecky, HO OONIETh 32 MECTHYIO KOMaH]ly IOYeMY-TO MPHUATHEE, NEHCTBUTENILHO HAXOSICh
BMecTe. BBl ynpibaerech, mojaymaB, 4TO TakK K€, HABEPHOE, CHJEIH Yy KOCTpa IEIIEePHBIC JFOIU
TBHICSIYU JIET HA3aJ, CKperIsis GU3NYECKUM KOHTAKTOM JIPYKECKUE U POJICTBEHHBIE Y3bI.

BrezanmHo Bcs TOCTHMHAs OCBENMIA€TCS, W BBl Kak OyITO OKa3blBaeTeCh Ha TIOJIE€ IS
amepukaHckoro ¢yroona, Ha 50-apaoBoii muHUN. CoBCeM psAIOM KBOTEpOEK MepeaeT M4 BIEpe.
Urpa uaer o1HOBpEMEHHO CO BCEX CTOPOH.

Bo Bpems mepeppiBa BBl C MPHUATENSIMH HauWHAeTe OOCYXJaTh WIPOKOB. 3a THBOM U
MTONTKOPHOM BBI TOPSYO CIOPUTE, KTO U3 MTPOKOB OOJBINE BCEX TPEHUPYETCS, HACTOMUYMBEE BCEX
3aHUMAETCS, y KOro JIydlllie TPEHEphl W JIYUIIUHA CHEelHaNIMCT MO reHHoi Tepanuu. C MecTHOU
KOMaHJIOM, COTIAMIAIOTCS Bce, paboTaeT jydmwmid B JIure cnenuaiucT-reHeTHK, Y HTPOKOB —
Jy4IlIne TeHbl, KAKHE TOJIBKO MOKHO KYIUTh 32 IEHbIH.

[Ipusitennn yxomsiT, HO BBl CIHWIIKOM BO30YKIE€HBI, 4TOOBI 3aCHYTh. BBI pernaere chIrparh
IepeJl CHOM B IIOKED.

— Momu, yke Mo371HO, HO MHE X0UeTCs ChITPaTh MapTHIO B MOKEP. S 4yBCTBYIO, UTO CETOIHS
Mot neHb. KTo-To ke He cruT ceituac B Aurmu, Kurae, Uuaum wnu Poccuu. .. MOXeT, KTO-HUOYIHh
3aX0UYEeT ChITPaTh HECKOJIBKO MApPTHUH.

— Hukakux mpobmeM, — oTBedyaeT Mo, W Ha OKpaHE TOSBISETCS HECKOIBKO
MOTCHITHATBHBIX TPOTUBHUKOB 1O WTpe. 3aTeM B Ballell TOCTUHOW (POPMUPYIOTCS TpeXMEpHbIS
00pa3bl UTPOKOB, MOABIISAIOTCS KapThl. IHTEpecHO, MyMaeTe BbI, KTO Jy4lie Bcero omedyet. BooOmie
3a0aBHO, HO BBI JIYYIIIC 3HACTE JIFOJIEH B JAJICKUX CTPaHAaX, YeM coceeii 1o gomy. ['ocynapcTBeHHbIe



IPaHULBI TOYTH ITOTEPSIIA CMBICIL.

HaxkoHer, korna Bbl yKe JIOXKUTECh, MOJIJTM BHOBb NOSIBJISIETCS B 3€pKajie B BAHHOM.

— Jl>xon, Kapen npunsiia Baie npurianieHue Ha BbIXOAHbIE. Sl 3aKaXy CTOJIMK B TOM HOBOM
pectopane. XoTture nmpocMoTpeTh ee nmpoduns? U eme, xoture, s nmposepio B MHTEpHETE, MpaBIy
71 oHa o0 cebe Hanucana? beiBanu cinyyau... Hy, BBl 3HaeTe. .. JIIOAU HHOTAA. ..3-3... JITYT O cebe.

— Het, — roBopure Bbl. — I1yCcTh 3TO OyIeT CIOPIIPU30M Ha BBIXOIHBIC.

ITocie mokepa Bel OCTPO YYBCTBYETE: yaya C BaMH.

BbixogHble

[Ipunuiu BeIXOAHBIE, TOpA KyNUTh Noapok aia Kepuna.

— Mo, nai Ha SKpaH MarasuH.

Ha nacTeHHOM dKpaHe mosBisieTcst n300pakeHne KPyMmHOro yHuBepmara. [lpu momoru pyk u
MaJIbIIEB BBl 3aCTABIISIETE KAPTHHKY JIBUTATHCS U MYTEIIECTBYETE M0 Mara3uHy, Moka He MomnagacTe B
otaen wurpymek. Jla, y HUX €cTh B TOYHOCTH Takod poOOT-cobaka, Kakoil BaM HYKeH. Bbl
TEJENaTHYeCKA TPHUKA3bIBa€Te CBOEMY aBTOMOOWIIIO OTBE3TH Bac B TOT TOPTOBBIM IIEHTP, IO
KOTOPOMY TOJIBKO YTO TYJIsUIM BUPTyasibHO. (KoHEYHO, BBl MOIIH OBl 3aKa3aTh UTPYIIKY MPSIMO IO
WNHTepHeTy WM 3ampoCHTh MO DJIEKTPOHHOM IOYTE YEepPTEXH, MO KOTOphIM Baml (adpukarop
M3TOTOBHJI OBl UTPYIIEYHYIO CO0aKy MpsIMO y Bac JOoMa M3 MporpaMMHpyeMoro BemiecTBa. Ho
MTOJIE3HO MHOT/IA BEIUTH U3 JJOMA U KYITUTh YTO-HUOY/Ib MTO-HACTOSIIEMY. )

[Tpoe3kass Mo ropoqy B MarHUTHOM aBTOMOOWIJIE, BBl CMOTPHTE IO CTOPOHAM M BHUJINUTE
mporyiauBaromumxcs goaei. YynecHnas noroga. Bel BuanTe Takke BCEBOZMOXKHBIX poOOTOB. POOOTHI
JUTsL BBITYNHUBaHUSA c00ak. PoOOThI-KIepkHu, poOOTHI-MOBapa, pOOOTHI-CEKpeTapu U POOOTHI —
nomarraue JiIooumilpl. Co3maeTcs BlieYaTieHUe, 9YTO BCE OMMACHBIE U MOHOTOHHBIE 3aHITHS, a TAaKKe
Jiena, B KOTOPBIX TpeOyeTcs JHINb camMoe MpocToe OOIIeHHe, CTald MPeporaTHBOW pPOOOTOB.
bonpmie toro, poboTel Temepr — 3T0 Oonmbiioi Om3Hec. Kyma HU mocmoTpuilb, Be3/e BUIHBI
oObsIBIIEHUS: TpeOyroTcs, TpeOyroTcs, TpeOyroTcs. TpeOyroTcss Bce, KTO MOXKET PEMOHTHPOBATH,
o0cmykuBaTh, MOIU(MUIIMPOBATH WU CO37aBaTh poO0TOB. Kakgoro, KTo MMEET OTHOIIEHHE K
poOOTOTEXHUKE, KJIET MpekpacHoe Oymymee. UHIycTpusi poOOTOB Temeph HAMHOTO MaciuTabHee,
9YeM aBTOMHIYCTPHsI MPONLIOTO croyieTus. [lpudyem OONBIIMHCTBO pPOOOTOB, BCIIOMHHAETE BBHI,
CKPBITO OT TJa3; 3TH POOOTHl HE3aMETHO U COBEPIIEHHO OECIIYMHO PEMOHTHPYIOT TOPOACKYIO
UHGPACTPYKTYpY U 00€CIeYUBaAIOT TOPO]] BCEM HEOOXOAUMBIM.

BbI moaxoanTe HaKOHEI K MarasuHy UTpyIIeK, U poOOT-KIepK MPUBETCTBYET Bac:

— Y10 g MOTy JUIs Bac CAeyaTh?

— S xouy npuoOpectu podoTa-codaxy.

Bam nemoHCTpUpYIOT ocaenane Moean podboToB-cobak. [Ipocto mopa3uTenbHO, KaK MHOTO
OHU YMEIOT, AymMaeTe Bbl. MeXaHUYeCKue Co0aKu yMEIOT Urparh, Oerath, MPUHOCUTH OpPOIIIEHHBIC
MpeaMeThl — B 001eM, BCe, UTO JIeflaeT HacTosAmas cobaka. Toinpko Ha KOBep HE MUcalOT. MoXeT
OBITh, MYMEHHO IIOATOMY POJUTENHN MOKYMAIOT UX ACTAM, PACCYKIACTE BHI.

3areM BbI TOBOPUTE POOOKIIEPKY:

— 1 mokymaro poOorica /Ui CBOETO MIECTHIETHETO TUIeMssHHUKA. OH Ou€Hb YMHBIM MaJBuUK
u oOmuTenpHbi. Ho nHOTIa OH OBIBA€T CTECHUTEILHBIM U TUXUM. Kakasg Monens codakyu MoIiia Obl
BBITALIUTh €r0 U3 PAKOBUHBI?

Po6ot oTBeuaer:

— IIpocTture, cap, B Moeii porpaMMe HUYETO TAKOro HET. MOXKeT OBbITh, BAC 3aUHTEPECYIOT
KOCMUYECKHE UTPYIIKH?

A BBI U 3a0bUTH, YTO POOOTHI, KAKUMH OBl MPOABUHYTHIMH OHHM HHU OBLIH, TIOKA €IIe OYCHb
JTaJIEKW OT MTOHUMAHHMS TICUXOJIOTHH YeJIOBEKa.

[Tocne 3Toro BbI 3aX0AUTE B OTAEN MYKCKOM ofexbl. [lopa 3aMeHUTh HAIOEBIIYIO OEKIY,
Jla ¥ Ha JIEBYIIIKY XOUeTCS MPOW3BECTH BIeUaTieHHe. Bbl mpuMepsieTe HeCKOIbKO TU3aMHEPCKUX
KOCTIOMOB. Bce OHUM BBIIIAZIAT CTUIIBHO, HO pa3Mep SABHO He Baill. Bwl pazouapoBanbl. Ho 3atem Bbl
JIOCTaeTe KPEAUTKY, Ha KOTOPOM 3amucaHbl BCe Ballld MEpPKU. Baiy maHHbIe BBOAST B KOMIIBIOTED;



KOCTIOM OynieT pacKpoeH M MOUIMT Ha (abdpuke 1 JocTaBieH K BaM toMoil. [logoiier nneansHo.

Haxoneny BbI 3axoaure B cymepmapkeT. IIpocmarpuBaere 4Mmbl, CKpPBITBIE B KaXIOW
IUTACTUKOBOM YIIAKOBKE, M CPAaBHUBAETE B JINH3AX LIEHBI M KAUYECTBO NMPOJYKTOB B Pa3HBIX Mara3uHax
ropona. M He Hazo raate, rae NPOAYKTHI JIYYIIE U JEIIEBIIE.

CBupgaHue

Bcio Henmenmto Bl aymaere o OyaylieM CBUAAHMU M, OTKPOBEHHO TOBODS, JKJIETE €ro ¢
HeTeprieHueM. [oroBschk k BcTpeue ¢ KapeH, Bbl BHOBb oOIlyliaere cedsi MIKOJIbHUKOM — JaKe
YAUBUTENIBHO, BEb HUYEr0 OCOOEHHOTO HE MPOUCXOIUT. Bbl pemaete, 4To eciu mpumiamarh ee
nocie obena JTOMOH, HY)KHO OCHOBAaTeJIbHO IMOJHOBUTH MeOenb. K cuacTbio, OoibInas yacTb
KYXOHHBIX IIKa(UUKOB M ME€OEJIN B TOCTUHOM CZieJlaHa U3 IPOrpaMMHUPYEMOrO BEIIECTBA.

— Mo, — TOBOpHTE BbI, — MOXKEIIb [T0Ka3aTh MHE KaTaJor HOBOM KyXOHHON MeOenu oT
npousBoauTensa? S Xody Koe-4To nepenporpaMMHUpOBaTh. Bee BRIISAUT TakuM cTapbiM!

Ckopo Ha 9KpaHe NOSBISIIOTCA KApTUHKHU ¢ 00pa3liaMy HOBEHIIIEro KyXOHHOTO JU3aiiHa.

— Mo, ckadaii, moXaryicTa, 4epTeXu BOT 3TOM CTOWKH, 3TOTO JAMBaHAa M 3TOTO CTOJA, a
3aTeM UHCTAJUIMPYH UX.

[Toxa BB cobupaeTech Ha cBHAaHUE, MOJUIM 3arpyXaeT M aKTUBHPYET uyepTexu. TyT xe
KyXOHHasl CTOMKa, JIMBaH B TOCTMHOM M CTOJI HAYMHAIOT pacTBOPATHCSA, NPEBpallasch B
O0ecopMeHHYI0O Maccy BpoOJe IIMAKIEBKHU, U3 KOTOPOM 3aTeM IMOCTENEHHO (POPMHUPYIOTCS HOBBIE
npeamersl Mebenu. Yepes uyac Bama KBapTHpa BBINIAOUT Kak HoBeHbKas. (Bel HemaBHO
MIPOCMaTPUBAIIN KaTajoru HeBWKUMOCTH B MIHTepHeTe u oOpaTuin BHUMaHHE Ha TO, YTO B MOJY
BXOAAT JOMa M3 NIPOrpaMMHUPYEMOro BellecTBa. Majo TOro, Ballla WHXXEHEpHas KOMIaHMS
IUTAHUPYET MOCTPOUTH B IYCTHIHE COBEPIIEHHO HOBBIM TOpPOJ IEIUKOM M3 MPOTrpaMMHPYEMOro
BemlecTBa. Haxumaerb Ha KHONIKY — 6ax! — ¥ BO3HUKAET rOpo/l.)

A KBapTHpa BCE-TaKM CMOTPHUTCS HEMHOTO MOTEPTOM, pemaere Bbl. OQuH B3Max pyKou —
I[BET U PUCYHOK Ha 000SIX MTHOBEHHO MeHsieTcs. MmeTh yMHble 000M Jydlle, KOHEYHO, 4YeM
MepeKpalInBaTh CTEHbI, TOBOPUTE BBI ceOE.

Kynus nmo mytu 1BeTsl, Bl 3ae3xkaere 3a Kapen. Bwl mpusatHo ynusnensl. Ha sToT pas
nornajiaHue abCoMOTHO TOYHOE, YTO-TO HECIIBIIIHO HIEIKHYIIO.

3a o6enoM BBl BbIsiCHsETe, uTo KapeH XynoxHuna. B 0ObIYHBIX yCIOBHSAX, IIYTUT OHA, OHA
Oblma OBl HUIIEH, rojojana W MpojaBaja CBOM KapTUHBI y OOJBIION MOpord 3a Trpomm. Bmecto
ATOTO OHA OYEHb YCIEUIHbIN BeO-au3aiiHep. bonee Toro, y Hee cBost kommanus. [Toxoxe, 4Tto Bcem
CPOYHO TIOHAIOOWJICS caMblii coBpeMeHHbIN nu3aitH st Cetu. Ha TBopuecTBO ceituac OemieHbIit
copoc!

Kapen pucyer nanplieM Kpyru B BO3AYyXe, U HEKOTOPBIE €€ JBH)KEHUS OCTABIIAIOT B BO3JyXE
MaTepHUalbHbIN CIIE.

— Bor koe-4To U3 MouX mociaeIHux paboT, — rop/io rTOBOPUT OHA.

Besl oTBeuaere:

— Bbl 3HaeTe, s MHXKEHEp, s NOCTOSIHHO paboTaio ¢ poboramu. HekoTopsle U3 HUX MPOCTO
YyJ10 TEXHUKH, HO J1a)Ke OHM MHOTJIa MOT'YT TIOCTYyNarh MIyno. A kak y Bac? PoGOTHI HE COCTaBIISAIOT
BaM KOHKYPEHIUIO?

— Her, Huckonbko, — otBeyaer Kapen. OHa roBopHT, 4TO paboTaeT HCKIIOUUTEIBHO C
TBOPYECKHUMU JIFOBMHU, IJIABHOE JOCTOMHCTBO KOTOPBIX — BOOOpaskeHUE, KOTOPHIM He 00NagaroT
Jla’ke caMble MPOJIBUHYTHIE POOOTHI.

— Moxer ObITh, s CTAapOMOJHA, HO B MO€W 007acTH pPOOOTHI TOMATCS TOJBKO ISt
M3TOTOBJIEHUS] KONMUM MM CEeKpeTapckoil paboTbl, — TOBOPUT OHA Topao. — Xorena Obl 5
MIOCMOTPETh, KaK POOOT cIeNaeT 4yTO-HUOYAb MO-HACTOAIEMY OPUTMHAIBHOE, MPUIYyMaeT IIyTKY,
HalUIIeT POMaH WM COYUHUT CUMQPOHHUIO.

([la, moka Takoe HEBO3MOXKHO, HO B Oy/IyIIIEM KTO 3HAET, TyMaeTe BbI PO ceOsl.)

IToxa oHa rOBOpHT, Y BaC BO3HUKAET HEOXKUJAHHBINA Bonpoc. CKOJIBKO Ballleil HOBOI 3HAKOMOM
net? IlockonbKy MpoIeCcChl CTApEHUs MEAUKU HAYYMIINCh 3aMeISTh YK€ MHOTO JIET Ha3ajl, BO3pacT



YeJoBeKa Terephb ONpeleNuTh oueHb TpyaHo. Ha ee BeO-caiiTe Bo3pacT He yKa3zaH, a BBIIISIHUT
Kapen net Ha nBaauare nsaTh, He OObIIIE.

[TpoBoaus Kapen nomoif, BbI OT Hedero jaenarb HauMHaeTe QaHTa3upoBaTh. VHTepecHO,
KakoBO ObUTO OBl JKHTHh C TakuM dYenoBekoMm, kak Kapen? IIpoBectn BMecTe BCIO OCTaBIIYIOCS
#u3Hb? Ho uT0-TO Bac Gecnokout. YTO-TO HEONpeeeHHOE He J1aBaJIo BaM MOKOSI BECh JIEHb.

Bb1 060paunBaeTech K HACTEHHOMY SKpaHy U TOBOPHTE:

— Mo, BBI30BH, ITOXKalylicTa, 10KTopa bpayHa.

Kak xopo1ro, uto pobo10KTOp BCerga OTBEYAeT HA BBI3OBBI, JAymaeTe BIpYr Bbl. He BaxkHO,
Kakol ceiyac JileHb U Kakoe BpeMs cyTok. M oH Hukorga He kamyercs U He Ooneer. OH Ha 3TO He
3aponpamMMHUPOBAH.

Ha sxpaHe MrHOBEHHO MOSBIISIETCS TULO JOKTOpa bpayHa.

— Tebst 4T0-TO OECIOKOUT, CBIHOK? — OTEUECKH CIIPAIlIMBAET OH.

— JIOK, s X0uy 3aJaTh BaM BOIPOC, KOTOPBIN OECIIOKOUT MEHS B MOCIIEIHEE BPEMSL.

— Ha, 4rto 3a Bompoc?

— J1ok, cKonbKo, IO BalllEMy MHEHHUIO, 5 IPOKUBY?

— BbI nmeete B BUAY 0KUIAEMYIO MTPOAOKUTENBHOCTD KU3HU? J[eio B TOM, YTO MBI 3TOTO
He 3HaeM. [1o JokymMeHTaM BaM ceMbJECST JiBa rojia, HO OMOIOTHYECKH Balll OpTaHbl TAHYT CKOpee
Ha TpuALaTh. Bbl npuHaanexuTe K NepBOMy MOKOJEHUIO, KOTOPOE Ha TE€HETUUYECKOM YPOBHE OBLIO
nepenporpaMMHUpPOBAaHO Ha JIONTYIO KU3Hb. BbI BEIOpaiu B KadyecTBe CTaOMIBHOTO TPHUIATUIETHUH
BOo3pacT. M3 Bamiero nokojieHus eme Majao KTO yMep, Tak 4TO y Hac IPOCTO HEeT JaHHbIX. Ham
HEOTKY/la 3HaTbh, CKOJIBKO BbI IPOXKUBETE.

— BbnI gymaere, g Oyy ®UTbh BEUHO? — CIIPALLIUBAETE BBI.

— W Oynere OeccmepTHbl? — pokTOop bpayn xmyputcs.— Her, 1 Tak He aymaro.
CymectByer Oomblias pa3HHMIIA MEXKIY YEIOBEKOM, KOTOPBIN KHBET BEYHO, M UEJIOBEKOM,
IIPOAOJKUTENBHOCTD )KM3HU KOTOPOT'O TaK BEJIMKA, YTO €€ I0KA HE YJalI0Ch U3MEPUTb.

— Ho 51 ke He crapero! — Bo3paxkaere Bbl. — Kak ke s, mo-Bamemy, y3Haro, KOrjua... — BBl
OCTAaHABJIMBAeTeECh Ha nonycinoBe. — Hy xopomto... Buaure 1y, s TONBKO YTO BCTPETUIICS KOE C
KeM, 3HaeTe, OCOOEHHBIM, M €CJIM sl BAPYr 3aX04y COEAMHUTHh C HEW CBOIO U3Hb, KaK MHE
COITIaCOBaTh CBOM JKU3HEHHBIE CpoKU ¢ ee? Eciim Moe IOKOJIEHHE NPOXKUIIO €IIE HENOCTAaTOYHO
JIOJIT0, YTOOBI YMUPATh, — MPOAOKAETE Bbl, — TO KaK MHE OINpPENeINTh, KOT/a 1Mopa KEHUTHCS,
KOTJIa 3aBOJIUTH JIeTeH, KOIia yXOAuTh Ha NeHcHto? Booobiie, kak MHE MIIaHUPOBATh KU3HB?

— 41 He 3Ha10 OTBETA Ha ATOT Bomnpoc, J>koH. Buaute iu, pos yenoBedyeckuil celyac B KaKOM-
TO CMBICJIE UTPAET POJIb MOAOINBITHON MOPCKON CBUHKH, — TOBOPHUT JOKTOp bpayH. — M3BuHuTeE,
JI>xoH. 31ech BaM NMPUIETCS ACMCTBOBATh HAYTAl.

Cnepyowme HeCKonbKo MecsiLieB

Crnenyromue HECKOJIBKO MECSLEB MOIHBI U Bac ¢ KapeH dynecHsIX cropnpu3oB. Bel ¢ Hel
UJETE B CAJIOH BUPTYaJIbHON PEAIBHOCTH M PA3BIEKAETECH TaM, KaK JAETH, IPOXKUBAsI LIETYIO JKU3Hb,
ITIYIIYIO ¥ HEBEPOATHYIO. BBl BXOAMTE B IyCTOM 3ai1. 3aIlyCKaeTcsl KOMIIBIOTEpHAs IporpaMMa, 1 3ail
MEHSETCS, OXKUBAET, B BAIIMX KOHTAKTHBIX JINH3aX BO3HUKAET COBEPIICHHO Jpyroi mup. B onHoi
porpaMMe Bbl yOeraere OT JMHO3aBPOB, HO Kyda Obl Bbl HM HAalpaBsUIMCh, U3 KYCTOB Tam
HENIPEMEHHO BBICKAKMBAaeT OYEPEJHON JMHO3aBp. B 1pyroil mporpamme BBl Cpa)XxaeTech C
MHOIUJIAHETHBIMU TPUIIETbIAMU WM C MHpaTaMH, OepyluMu Ha abopaaxk Balle cyqHo. B TpeTneit
BbI PELIAETE U3MEHUTHCSI CaMH U IIPEBpALIAcTECh B JBYX OpJIOB, ApsIUX B Bo3ayxe. Emie B onHOM
IIporpamMMe BBl 3aropaere Ha IUIKE POMAHTHYECKOIO KKHOIO OCTPOBA WM TAHIYETE€ B JIYHHOM
CBETE I0]1 IUIBIBYIIYIO B BO31yXE MATKYIO MY3BIKY.

Yepes HekoTopoe BpeMs BaM ¢ KapeH Hajoenaer KuTh B BUPTYaIbHOM MHUPE BOOOpaskaeMoil
JKU3HBIO, U BBl pelIaeTe MonpoOoBaTh KM3Hb HACTOSIIYI0. Bbl OTHOBpEeMEHHO OepeTe OTIyCK U
pelaere NpeAnpuHATH Typ 1o EBpore.

Be1 obpamiaetech k cTeHe:

— Mo, Kapen u s xotum cmnanupoBarh otnyck B EBpome. Hacrosimuii. [lonGepw,



MOXKAIYHCTa,  aBUAPEHCBhl, TOCTUHUIBI W  BCE  OCTaJbHOE. 3areM  Jall  CIHUCOK
JIOCTOIIPUMEYATeNbHOCTENH, KOTOpble HaM HWHTEPEeCHO ObLIO0 Obl MOcMOTpeTh. Hamm BKyChl Thbl
3HACIlb.

UYepes HECKOJIBKO MUHYT IPOTpaMMa OTITyCKa rOTOBA.

ITo3:xe, npoxons o pyuHaM puMckoro dopyma, Bbl BUIUTE B KOHTAKTHBIX JIMH3aX CLEHBI U3
XKU3HM PuMckoll mMrnepun BpemeH pacigera. [Ipoxoas MHMO pyXHYBIIMX KOJIOHH, KaMHEW M
MEJIKUX 00JIOMKOB, BBl BUIUTE, KaK BCE ATO BBINVISAJIENO KIIPH JKUZHUY.

Jlenatb MOKYNIKM TOXE OYEHb MHTEPECHO W IPHUATHO, HECMOTPS HAa TO YTO TOPIOBaThCS B
MECTHBIX JIABOUKAX MPUXOIUTCS MO-UTaIbsHCKH. Ciymas coOecelHuKa, Bbl SICHO BUANTE B JIMH3AX
cyOTUTpHI ¢ mepeBoioM. I HUKakuX OoJble MyTEeBOAUTENEH, PA3rOBOPHUKOB M HEYJOOHBIX KapT.
Bce B nun3ax.

Beuepom, mising B pumckoe He0O, BBl SICHO BUAWTE B JIMH3aX KOHTYphI CO3BE3IUH. A
IIOCMOTPEB HEMHOTO B CTOPOHY, MOXXHO YBHUJIETh yBeIHMUeHHOe H300paxkeHue koner CaryphHa,
JEeTSIIMEe KOMETBI, UyJleCHbIE Ta30Bble 00JIaKa U B3PHIBAIOIINECS 3BE3bI.

Opnaxnasl KapeH packpblBaeT BaM TaliHy, Ha3blBaeT cBOM BozpacT. lllectbrecar ogun rop.
[Touemy-TO Tenepp ITO KaKETCA COBCEM HE BAJKHBIM.

— Cxkaxwu, Kapen, Tl paga, 4T0 MBI TENEPh XKUBEM TaK J10JIT0?

— Jla, ma! — oTBewaeT oHa, HE 3ayMbIBasCh. — 3HACIIb, MO 0a0yIllKa Kujia B T€ BpEMEHa,
KOTJIa JKEHIIMHBI BBIXOAMIIH 3aMY’K, 3aBOJIMIIM JIETeH U OTHOBPEMEHHO MBITAIUCH YEro-TO TOOUTHCS
B cBoeil mpodeccun. Ho MHe HpaBUTCS CO3HABATH, UTO S TPHIK/IBI IEPEBOILIONIANACH, UCKala ce0s B
Tpex npodeccusx M HUKOIIA He omIsijbiBajachk Hazaj. CHavana s Obula TMJIOM U BO3WJIA TPYIIIIBI
TYpPUCTOB TI0 HECKOJIBKUM CTpaHaM, IyTeliecTBoBajia no mupy. Yynecnas 6buta sxu3an! Typuzm —
rpoMajiHas UHIYCTpHs, TaM MoyiHO paboTel. Ho mo3ke MHe 3ax0Tenoch jAenars 4To-HUOYIs Oonee
KOHKpETHOE U Toje3Hoe. S crana IopuUCTOM, aJBOKATOM, 3allUIlajia JIIoAeH, KOTOopble ObUIM MHE
HeOe3pa3IMyHbl. A 3aTeM s pelinia MOMTH Ha MOBOAY y CBOMX XYIOKECTBEHHBIX CKIOHHOCTEH M
OCHOBaJla CBOIO KOMIIaHMIO BeO-mu3aiiHa. M 3Haems uyto? Sl ropkych TeMm, 4TO HHUKOTZA He
3aHUMaach paboTON, KOTOPYIO MOXKET BBINOIHATH poOoT. Hu oauu pobor He crmocoOeH ObITh
JIUYHBIM TUIOM, BBIMTPATh B CYZAE €TI0 WIN CO31aTh POU3BEICHUE HCKYCCTBA.

Bpewms nokaxer, gymMaere Bbl.

— A 4eTBepTyI0 NMPo(eccHio Thl HE MIIaHUPYEIb? — CIPALINBAECTE BHI.

— YT0 %, MOXKET OBbITb, €CIIU MOABEPHETCS YTO-HUOYb MoaxosIIee, — yinbioaercs Kapen.

— Kapen, — BbI HakOHEl NEPEXOAUTE K NIABHOMY, — €CJIM MBI HE CTapeeM, TO KaK y3HaTb,
KOTJIa HACTYIIUT TOpa. .. HY, CKaXKeM, 3aBECTH CEMbIO U ieTel? bruonornyeckne 4achl BBIKIFOUUINCH
HECKOJIbKO JIECSATKOB JIeT Haszad. Tak 4To s moaymarn, MOXKET ObITh, JIEHCTBUTENBHO IOpa
OCTETIEHUTHCS U 3aBECTU CEMbIO?

— Tbl UMeemp B BUAY JE€T€? — HEMHOTO YAMBJIEHHO chnpammBaeT KapeH. — 3Haenis, 4
HUKora 06 3ToM Bcephe3 He aymana. Hy, mo kpaitHeil mepe, 1o cux mop. Bee 3aBucut ot Toro,
MOJIBEPHETCS JIM TMOAXOAAIINN MYyXUMHA, — FOBOPUT OHA, JTYKaBO YIIbIOASICh.

[To3xe BBl oOCyxjaere cBagp0y M MM, KOTOpOE JAaTUTE€ CBOEMY MEPBEHILY, a TaKXkKe I'eHBbI,
KOTOpBIE BBl XOTEIH OBl EMY MepenaTh.

Bbl moaxoauTe K HACTCHHOMY DKpaHy U IIPOU3HOCHUTE:

— Momnnu, MoXelb JaTh MHE Karajor HOBEHIIMX TeHOB, KOTOpbIE MOJYYHJIM Of00peHue
IIPABUTEILCTBA?

IIpocmarpuBast CIIMCOK, Bbl BHJIWTE TaM pa3jIMYHbIE T'€HbI JUIA IBETA BOJOC, IVia3, pOCTa,
CIIOKEHUS U J1aKE HEKOTOPBIX uepT Xapakrepa. C KaXIbIM IOI0M CIIUMCOK 3aMETHO YBEIMYUBAETCS.
Bbl BuMTe Takke JUIMHHBINA CIHMCOK HACJIEICTBEHHBIX 0OJIe3HEW, OT KOTOPBIX MOXKHO M30aBUTHCS.
VY Bac B pojly Ha IPOTSHKEHUH HECKOJIBKUX BEKOB OBLIH ciydan (puOpO3HO-KUCTO3HOMN JeTeHepaluy,
Y OYEeHb NMPHUATHO, YTO MOXKHO OO0JIbIIIE 00 3TOM HE OECTIOKOUTHCS.

[TpocmarpuBas cIUCOK 0100PEHHBIX T€HOB, BBl UyBCTBYETE €05l HE POCTO OyAyIIUM OTIIOM,
a IoYTH 60TOM, TBOPAIIUM PEOCHKA TI0 CBOeMY 00pasy U 1o 00uro.

3areM Moy roBopur:

— Ectp mporpamma, xotopast moxet npoananuzupoBarh JJHK Oymymiero peGenka u nath



NPUMEPHBIM MOPTPET: Kakoe y Hero OyJaeT JIMIO, CIOKEHHE W Xapakrep. XOTUTe CKayaTb 3Ty
IIPOrpaMMy U MOCMOTPETH, KAKUM MOKET CTaTh Balll peOeHOK B Oyayiiem?
— Hert, — otBeuaete Bbl. — HekoTophie Belln JOJKHBI OCTaBaThCS 3arajKoil.

Nopom no3sxe

Kapen OepemeHHa, HO €€ Bpauu YBEpSIOT, YTO IMOE3/1Ka Ha KOCMHYECKOM JU(TE, KOTOPbIi
HE/IaBHO OTKPBUIN JJIsi TYPUCTOB, HUUEM €Il HE MOBPEIUT.

— 3Haemb, — npu3HaeTech Bbl KapeH, — B JIETCTBE s BCETA XOTEN OTIPABUTHCS B KOCMOC.
Cratb acTpoHaBTOM. HO ofHa)XbI 51 peACTaBUII cebe, KAKOBO 3TO — CHAETh MOBEPX HECKOJIBKHUX
TBICSY TOHH PAaKETHOTO TOIUIMBA, KOTOPOE MOXKET B30pBaThecsl OT JItoOoi MCkphl. [Tocne 3Toro moit
HHTY3Ma3M K KOCMHYECKUM IyTEUIECTBUSAM HECKOJbKO MoaocThll. Ho xocMuueckuit mupt — 310
coBceM Jipyroe. Uucro, 6e30macHo, HUKakoi cyeThl. BOT Kak HaJ0 e3AUTh B KOCMOC!

Bxons Bmecte ¢ Kapen B nmu@t, Bbl BUAUTE oreparopa, KOTOPbIH O4eHb OyIHUYHO Ha)KMMAaeT
YTO-TO BpOJ€ KHONKH «BBEpX». COBCEM Kak B CylepMapKeTe, U Bbl HEBOJBHO JKIETE, YTO NEPE]
OKHOM JIM()Ta MOSBUTCS OTJIEN >KEHCKOro Oenbs. Bmecto 3Toro nudrt pasroHsercs M B3MbIBAET
BBepX. KaOmHKa cTpeMHUTENbHO MOJHMMAETCS BCE BBIIIE U BBIIIE, Bbl YYBCTByeTE€ HEOOIBIIOE
JIOTIONHUTENbHOE yckopeHue. Ha ykazarene cmenstores nuugpsi: 10 kv, 20 kM, 30 kM. ..

Bb1 BuauTE, KaKk BUJ CHApYXHU MEHSETCS OT CEKyHbI K CeKyHZ€e. BOT BBl cMOTpHUTE CBEpXY Ha
OECKOHEUHBIM KOBEp MyXJBIX OONaKoB; 3T0 eme atMocdepa. Bor HeO0 u3 romy0oro CTaHOBHUTCS
CEPBbIM, a 3aT€M M YEPHBIM; HAKOHELl BOKPYT MOSBISIOTCS 3BE3[bl BO BCEM MX BEJIMKOJIEINH. BbI
MBITAETECh PA3IMYUTh 3HAKOMBIE CO3BE3/IMs, HO BBINIAIAT OHU HEMPUBBIYHO, B TAKOM PaKypce BBl
UX HHUKOTZA MpEeXJe HE BUAEIU. 3BE3/bl HE MEPLAIOT, KAK HOYBI0 Ha 3eMile; UMEHHO TakK, Kak
celyac, OHU CBETAT YK€ MUJIIUAP/BI JIET.

JIudt MeaneHHo ocranaBnuBaeTcs nmpumepHo B 160 kM ot noBepxHocTu 3emin. [lox Horamu
— BEJIMKOJICITHBIN BU, KOTOPBIH Mpex]ie BaM MPUXOINUIOCh BUJIETh TOJILKO Ha KapTHHKAX.

Bbl cMOTpUTE BHM3 M BHE3allHO BUAWTE 3€MIII0 B COBEPLIEHHO HOBOM cBeTe. Bbl BuauTe
OKeaHbl, MAaTEPUKHU M OTHU METaIoJIMCOB, SICHO BUUMbIE Jake U3 KOCMOcCa.

Orcrona, cBepxy, 3emisl KaKeTCS TaKOW CIIOKOWHOM, Takoil yMUPOTBOpeHHOU... C Tpyaom
BEPUTCS, YTO JIFOAU KOTJa-TO MPOJIMBAJIM KPOBb U BEJIM BOWHBI M3-3a DIYNBIX rpanuil. Hamuu, na u
roCyl1apcTBa, BCE €IIE CYIIECTBYIOT, HO CErOfHd OHM KaXyTCi TaKUMU MHUPHBIMH H...
HE3HAYUTEIbHBIM, UTO JIU, BEJIb CBSA3b HA IUIaHETE JIEWCTBYET MTHOBEHHO U TOBCEMECTHO.

Kapen kmazer rosoBy Ha Ballle IUIEYO, W BBl BAPYI NOHUMAETE, YTO NPUCYTCTBYETE NpHU
POXJIECHUM HOBOHM IJIaHETapHOM HUBWIM3AIMU. A Baml peOeHOK OylAeT OJHUM U3 MEPBBIX €€
rpaXx</iaH.

3areM Bbl BBIHUMAETE U3 3aJHET0 KapMaHa CTapyro MOTpENaHHyK KHUXKKY U untaere Kapen
CJIOBA, HAlMCAaHHBIE YEJIOBEKOM, KOTOPBIH ymep Oombiie cTa jieT Ha3zaa. OHU HallOMHUHAIOT BaM O
TOM, YTO YEJIOBEYECTBY MPUJIETCS MPEOAOJIETh €llle HEMAIO MPENsITCTBUH, Mpexkae YeM HACTYIUT
30JI0TOM BEK IUIAHETAPHOW LIMBUIN3ALUH.

Maxarma ['ann korpa-To Hanmucan:

Kopnu nacunus:
boeamcmeo 6e3 pabomul,
Y0080IbCMBUSL Oe3 cogecmi,
3HaHue be3 xapakmepa,
buznec be3 mopanu,

Hayka 6e3 yenogeuHocmiu,
monumea be3 dHcepmebl,
nonumuka 6e3 npuHYunos.



BnaropgapHocTu

S xoten ObI MOOJIArOAAPUTH BCEX TE€X, KTO HEYCTAaHHO paboTan paau ycrexa dTOW KHUTH, B
nepByl0 odepens cBoux penaktopoB Pomxepa Illomma (Roger Scholl), pykoBoguBiiero mzganuem
OOJBIIMHCTBA MOMX TMPENbIAYIIMX paboT U MOJCKA3aBILIEr0 MHE HUJCI0 3TOM HEMpPOCTOW KHHUTHU, U
Oneapna Kactenmeiiepa (Edward Kastenmeier), TeprnennBo mpeziaraBuiero MHE O€CUHCIICHHBIC
MOMpPaBKK U HW3MEHEHUs, Omarojapss KOTOpPHIM KHMra crajla HamHOro Jjydme. S Taxke Xxouy
nobmarogaputh Crioapra Kpuuescku (Stuart Krichevsky), Moero maBHero mutepaTypHOTO areHra,
KOTOPBIM HUKOT/Ia HE YCTAeT MOATAJIKUBATh MEHS K HOBBIM, Bce 00Jiee HHTEPECHBIM ITPOEKTaM.

U xoHE4HO, 51 X0Tes Obl Mo0IarofapuTh TPH C JUIIHUM COTHU YYEHBIX, Y KOTOPBIX B Pa3HOE
BpeMsi Opajl MHTEPBBIO U C KOTOPBIMHU OOCYKJal BOIPOCH HayKu. S xoTen Obl M3BUHUTHCSA 3a TO,
4yTO0 Hapyman pabouyuii MOpsSAOK JabopaTopHii, NMpuUBOAS Tyaa cbeMouHble rpymnmnsl BBC-TV,
kaHasoB Discovery u Science, 3a TO, 4YTO COBaJI B JIUII0 MUKPO(OH U Tenekamepy. Bo3amoxkHo, 310
HapylaJo WX TUIaHBl M Ja’ke€ MEIIAJI0 MCCIEeIOBAHUAM, HO, HAJEIOCh, KOHEUHBIA pe3yibTaTr TOro
CTOMIL.
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KHUTH «OO0I11eCTBO pazymay;

I'anc Mopagsek (Hans Moravec), npodeccop YuuBepcurera Kapueru-MemnoH, aBTop KHUTH
«PoboT»;

@unnun Moppucon (Phillip Morrison), HbiHe nokolHbIH, huszuk, MIT;

Puuapn Mromtep (Richard Muller), actpodusuk, Yausepcurer Kanupopuun B bepknu;

oBun Haxamy (David Nahamoo), OsiBmmii corpynnuk IBM, otnen TtexHoioruit
YeJIOBEYECKOTO S3bIKa;

Kpuctuna Hun (Christina Neal), Bynkanonor, Bynkannas oOcepBaropuss Ha AJtscke,



I'eonorunueckas ciyx6a CILA;

Maiikn Hoauexk (Michael Novacek), kyparop oTaena HCKOMaeMbIX MIIEKOTTUTAIONINX,
AMepuKkaHCKUH My3ell ectecTBeHHOM uctopuu; Maiikn Omnmnenreiimep (Michael Oppenheimer),
sKoJor, [IpUHCTOHCKUIT YHUBEPCUTET;

Jua Opaumr  (Dean  Ornish), npodeccop KIMHUYECKOW MEIMIMHBL, YHHBEPCHUTET
Kanmudopuuu B Can-OpaHiucko;

[Tutep Ilanese (Peter Palese), mpodeccop mukpoOuonoruu, MeauuuHckas mkona «lopa
Cumnaiiy;

Yapns3 [emnepun, 6b1BInil ciyxamuit NASA;

Cunnu [lepkoBun (Sidney Perkowitz), mpodeccop ¢usuxu B YHuBepcurere OMopH, aBTOp
KHUTH «[ OJTUBYICKas HayKay,

Jxon Ilaiix (John Pike), nupexkrop GlobalSecurity.org;

xena Ilunkort (Jena Pincott), aBTOop kHuru «IIpaBma nu MKEHTIBMEHBI MPEANOYUTAIOT
OJOHINHOK?»;

Tomaszo [Tomxo (Tomaso Poggio), cnennanuct no HCKycCTBeHHOMY HHTeutekTy, MIT;

Koppwu IMaysmn (Correy Powell), rmaBusiil pegaktop xypHana Discover;

Jlxon ITaysmn (John Powell), ocnoBarens JP Aerospace;

Puyapn IIpecton (Richard Preston), aBrop kuur «lopsuas 30oHa» u «JleMoH B
XOJIOIUIBHUKEY;

Paman [Ipunmxa (Raman Prinja), npodeccop actpodusuxu, FOuuBepcutu-komnemxk, JIoHa0H;

eBun Kammen (David Quammen), Hay4dHbIH >KypHaATUCT, aBTOp KHUTH «HepemmTenbHbii
mucrep Jlapsuny;

Karepuna Pamcnenn (Katherine Ramsland), maronoroanatom;

Jlatiza Ponmonn (Lisa Randall), mpodeccop Teopermueckoir ¢usuku [apBapackoro
YHUBEPCUTETA, aBTOP KHUTH «V3BHIINCTBIE XOIBDY;

cap Maptun Puc (Sir Martin Rees), npodeccop actpopusuku, KeMOpuKckuil yHUBEpCUTET,
aBTOp KHUTHU «Jlo Havyamay;

Jxeitn Puccnep (Jane Rissler), Coro3 00eCITOKOCHHBIX YUEHBIX;

Ctusen Pozen6epr (Steven Rosenberg), HanmonanbHblif HHCTUTYT paka npu HanmonansHoM
HUHCTHUTYTE 3/10POBbSI;

Ixepemu Pudxun (Jeremy Ritkin), ocHoBarens @oH/1a SKOHOMUYECKHUX TEHICHITUH;

oBun Pukbe (David Riquier), nupekrop mo KOpHOpaTHUBHOMY NHapy, MeauanadopaTopus
MIT;

[Ton Caddo (Paul Saffo), dyrypuct, UacTuTyT Oymymiero, KOHCYIBTHPYIOUTUN Tpodeccop
CTrH(OPACKOTO YHUBEPCHUTETA;

Kapn Caran (Carl Sagan), HbpiHe mnokoiHbIH, KopHemnckuil yHUBEpCUTET, aBTOp KHUTHU
«Kocmocy;

Huxk Caran (Nick Sagan), coaBrop kuuru «1 310 Bel Ha3bIiBaeTe OyymumM?»;

Maiikn Canamon (Michael Salamon), nmporpamma NASA «Ilocne DiiHmreitHay;

Anam Coumk (Adam Savage), Benymuii iepemaadn «Pa3zpymurenu nereHmn;

[Turep Bapu (Peter Schwartz), gyrypuct, oqun u3 ocHoBareneit Global Business Network,
aBTOp KHUTH «B3msn Bnaney;

Maiikn [llepmep (Michael Shermer), ocHoBatens O0miecTBa CKeNITUKOB U xKypHana Skeptic;

Honna Hupnu (Donna Shirley), 6piBInit MeHemxep nporpammsl ocBoeHust Mapca NASA;

Cer ocrak (Seth Shostak), Mactutyt SETI,

Hun ly6un (Neil Shubin), mpodeccop Ouonoruu u aHaTOMUM OPraHU3MOB, YHHUBEPCHUTET
Yukaro, aBTOp KHUT'H «BHYTpeHHsIs pb10ay;

[Ton lyx (Paul Shuch), mouetHsrit ucnomuutensHbi qupekrop Jluru SETI;

[Tutep Cunrep (Peter Singer), aBTop kauru «l'otoB k BoitHe», UncTUTYT BpyKuHrca;

Caiimon Cunrx (Simon Singh), aBTop KHUTH «BOJBIION B3pHIBY;

I'spu Cmomn (Gary Small), coaBTop kHuTH «iBrainy;

[Tonn Cniynuc (Paul Spudis), [IporpamMma nmanetapHoit reoorun NASA;



Crusen Ckaaiip3 (Steven Squyres), mpodeccop acTpoHOMHH KOpHEIUICKOTO YHUBEPCUTETA;

[Ton Creitaxapar (Paul Steinhardt), mpodeccop ¢usuku IlpuHcTOHCKOTO yHHMBEpCUTETA,
coaBTop KHUrM «beckoneunas BceneHHas»; Iperopu Ctok (Gregory Stock), YuuBepcuter
Kanudopuuu B Jloc-Anmxenece, aBTop kHUTH «IlepenenbiBas yenoBekay;

Puuapn Croyn (Richard Stone), aBrop crarsu «llocnenHee OoJbIlloe CTOJIKHOBEHHE C
3emuteit», xypHan Discover;

bpaitan CannuBan (Brian Sullivan), 6b1BIIMiA COTpyAHUK XeHIEHCKOTO IIaHETapuUs;

Jleonapn 3ycckuna (Leonard Susskind), mpodeccop duzuku CToHGOPACKOTO YHUBEPCUTETA;

puuen Tommer (Daniel Tammet), renuif-ayTuct, aBTOp KHUTU «POXIEHHBIH ToMyOBIM
TTHEM»;

Jbxeddpu Teitnop (Geoffrey Taylor), pusuk, Yausepcuter MensOypHa;

Ten Teiimop (Ted Taylor), HbiHE TOKOHHBINA, pa3pabOTUMK aMEPUKAHCKHUX SIIEPHBIX
00ETOJIOBOK;

Makxkc Termapk (Max Tegmark), pusuk, MIT;

OnsuH Toddraep (Alvin Toffler), aBrop kuUrK «TpeThbs BomHaY;

[Tarpux Takep (Patrick Tucker), O6mecTBo Oymyrero mupa;

Crancunn Tépuep (Stansfield M. Turner), aamupan, ObBIui J{MpeKTOp LEHTPAIbHOM
pa3BeIKH;

Kpuc Tépuu (Chris Turney), YauBepcutetr Dkcerepa, BenukoOpurtanus, aBrop kHuru «Jlen,
TPSI3b U KPOBBY;

Hun nel’pacce Taiicon (Neil deGrasse Tyson), nupexkrop Xei1eHCKOro IiaHeTapus;

Cem Bemamyp (Sesh Velamoor), ®onn Oymaymiero;

PoGept Yomnec (Robert Wallace), coaBrop kuuru «KopaOiab-1ImuoH», OBIBIIMIA JUPEKTOP
VYnpasnenust Texanueckux ciayxo0 [PV

Kesun Yopsuk (Kevin Warwick), moau-kubopru, Yausepcurer Puannra, Benukooputanus;

®pen Yorcon (Fred Watson), acTpoHOM, aBTOp KHUTH «3BE3709ETY;

Mapxk Buzep (Mark Weiser), HpiHe nokoiinslii, Xerox PARC;

Anan Beiicman (Alan Weisman), aBrop kauru «Mup 6e3 Hacy;

ouuen Beprumep (Daniel Werthimer), nporpamma SETI at Home, VYuuBepcuter
Kanudopuuu B bepxinu;

Maiik Beccnep (Mike Wessler), ObIBIINI HayYHBIH COTPYIHHK JIAOOPATOPUU UCKYCCTBEHHOTO
uaTeekra MIT;

Aptyp Yurrunc (Arthur Wiggins), aBrop kauru «Panocts Gpuznkm»;

Onronu Yunmoy-bopuc (Anthony Wynshaw-Boris), HartmonansHblii HHCTUTYT 310pOBbS;

Kapn [ummep (Carl Zimmer), Hay4HbI KYpPHAJHCT, aBTOp KHUT «DBOJIOLUS» U
«ITapa3ute»;

PoGept [Tummepman (Robert Zimmerman), aBtop kauru «Ilokugas 3eMiioy;

PoGept 3yopun (Robert Zubrin), ocHoBaTens Mapcuanckoro ooiecTsa.

I'Ipep,meTHo-M MEeHHOM YKa3aTternb

«1984» (k. Opyamn)

AOaxk, aToMHast BepcHs

Aobpaxawmc, [Ton

«ABarapy (huabpm)

ABarapsbl

ABTOMOOMIIM Ha MArHUTHOM MOJYIIKE
pOOOTH3UPOBAHHBIC

— DIIEKTPO



Ha TOIUIMBHBIX JIEMEHTAax
poOOTH3HPOBaHHbBIE
Anenosuntpugocdar (ATD)
AsnmoB, Aiizek

Annen, ITon

AHTHBEIIECTBO

Anoguc (actepou)
Apmctponr Hun
Apiyranos, Opuii

Arana, DHTOHH

bamunak, CtuBeH
bamunak, CtuseH
baknu, Yunpsm
be30Oymasknsblii oduc
bendopn, I'peropu
bunnwr, I'epn
buoundopmaruka
buonorunyeckas BoiiHa
bupb6aymep, Hunbc
bucmapk OtTo oH
biromux, bepuxapn
bosa, ben

bonaywn, 3By
bornb11oi B3pbIB, HCCIEN0BAHNE
bpak u cemeitnas xu3Hb B 2100 .
bpayn, IpH

bpayn, Jlectep
bpennep Cunnu
bpusens, Cuntus
bpyxc, Pogau
bpaHcoH, Pruapn
bynymee
IUTAHUPOBAaHUE
Bbyccapa, Pobepr
By, Txopmx

Banawmeiikep, [xoH

Benrep, Kpeiir

Bectdan, Kpucrod
Buneorenedonst

Busep, Mapk

Bukropusi, koponesa AHNIMN
Bwimyr, Sn

Bunmx, BepHon
BupryanbHas peanbHOCTB
Bupryanbnblil petunanbhbiii MonuTop (VRD)
Bupycsr



BUY/CITN

BHeconHeuHble MmIaHeTh

Boiina, naMeHenue cytu

Bocnpusatue okpykaromero Mupa
BoccranoBneHnue BoIMEpIINX

bopM KU3HU

«BcnoMHUTE Beey (huiabpm)
Breimepriie hopMbl )KU3HU, OKUBIICHUE

lanuneit, 'ammneo
lMannesa komera
lNangu, MaxaTma
I'apnunu, ITaono
I"appo, ko031
I'acniapuno, Yapis3
leiimx, duneac

I'eitm, Annpeit

I'ennas nHx)eHepUs
«I'eHoM paka», IpoeKT
«I'eHOM "enoBeKa», MPOEKT
I'eopr 111, xopons AHmIUN
I'epuibepr, AGpaxam
I'ubOcoH, Yunpsam
I'unGepr, AzHuen
['un6ept, Yonrep
I'mrapa atomuas
I'neiizep, [Iutep
['mobanpHOE MoTemIeHne
METaH U MOCIEICTBUS
YIJIEKUCIIBIN a3
TI'o606c, Tomac
Togmapn, PoGept
Tlonacreiin, Cet
T'onorpammet

T'opsuw, I'opBun
T'opnon, Ixxon Crun
I'panr, [Jxeitmce
I'paden

I'punma Bupyc

I'pynu pax

I'yapenre, Jleonapn

na BuHun, poOOTH3UpPOBaHHAS CUCTEMA
Haticona cdepa

Haticon. ®pumen

Jamacrno, AHTOHHO

JlexorepeHTHOCTH podiemMa
Henpeccus, neueHue



JleTeKTopsl KU

et u3 npodbupku
JleTn no cneunpoexTy
[oxeppui, Xapoab
Jxou, bunn

Jxon JIoHOXBIO
J>xoHcoH, Jlec
Jxoncon, Tomac
Hnamanpauc, [lurep
Jukrarypsl
JInHO3aBpOB O’KUBIIEHUE
Hun, Tomac

JIHK-aubt

Hoxun3, Puuapn
JLoNroXXUTENbCTBO
0OMEH BeIeCTB
OTpaHUYEHUE KAJOPUUHOCTHU
IIPOLIECC CTAPEHUS
pecBeparpoi
COXpaHEHUE MOJIOJJOCTH
TEJIOMEPHI KIETKU
SHTPOIIHS

JononHeHHas peanbHOCTh
Hpekcnep. Dpuk

Hyamn, Yapne3

JlaBuc, CtuBeH

Ecuna, Xupocu

JKu3Hb B KOCMOCe, TONCK
Kwusubs mtoma B 2100 1.
JKusnp Ha Mapce, HCKyCCTBEHHOE 3aceieHue

3
«3Be3HbIE BOIHBI» (cara)
«3Be3IHbIN MyTh» (cepuan)
31paBblil CMBICH
3onab! pon Heitmana
3yopuH, Pobept
n

W neanpHbI KanuTaau3M

VIMITaHTBI «yITUTKN»

Nuromnnc, xoH

HMHonnaneTHbIE HIUBUWIA3ALUU

HNucTuTyT nepcnekTUBHBIX KoHuenuil NASA



NHTeekTyanbHblii KauTaIn3M

BEIIHBIA KalTUTAJIA3M, IEPEXO]T

PBIHOK Tpyaa

1 poBoe paccioeHue

WNureprer

HCITAMCKHE TEPPOPHUCTHI

HEBUIUMOCTH

«Mckarenb 3eMIeno00HbIX IIAHET», KOCMUYECKUH anmapar
Hckonaemoe TOILIMBO

HckyccTBeHHOE 3peHne

Kant, UMmmanyun

Kanskué, Kencyxa

Kanop, Mutu

Kappamés, Hukonait

Kacnapos, I'appu

Kaccuo Kam»d

Kacromuzanus ToBapos

Karombl

KBanTOBas treopus

KBaHTOBBIE KOMIIBIOTEPHI
Kgeiik, CtuBeH

Keit, Kenapuk

Kennep, Xenen

Kemmm, Ileiina

Kubeprypusm

Kunapk, Aptyp

Knayzesuu, Kapn ¢on

Knein, Puuapn

KnonunpoBanue
Kuuroneuaranue

Komnmuns, @psucuc

KomeTsl

Kommnsrepsr ogHOpa3zoBbie
aHUMalus

BUPTYyaJIbHasl peaIbHOCTh
MHTEPHET-OYKU U UHTEPHET-JINH3bI
KBAHTOBBIE

Ha KBAaHTOBOW TOYKE
KPEMHHEBBIC YHNITBI

MEIUIMHA U

MOJIEKYJISIPHBIE U aTOMHBIE TPAH3UCTOPbI
HAaHOTEXHOJIOTHH

HACTEHHBIE SKPaHBI

ONTUYECKHE

pOOOTH3HPOBAHHBIE ABTOMOOMIIN
camocOopka

TEJEKUHE3

YHUBEPCAIbHBIE IEPEBOAUNKH
AKCITOHEHITMATIBHBIN POCT MOIIIHOCTH (3aKoH Mypa)



Kocmuueckas conHedHast SHEprus
Kocmuueckue nyremecTBus

BOJIa B KOCMOCE, IIOUCK

BbICA/IKa Ha aCTEPOU T
HEBECOMOCTH MpolsieMa CTOUMOCTb
TypU3M

Kocmuueckuii audr

Kpaycc, Maiikn

KpemHueBple 4nnbl, OrpaHuYeHUS
Kpuk, ®psucuc

Kpyruen, Ilon

Kykec, ®unun

Kypuseiin, Peit

Kamepon, [lxeimce

Kommbemn, JIxeiicon

Ksnton, [xenimc

Jlarpanxa Touku

JlazepHoe oOoraiieHue ypaHa
JlazepHbIil TEPMOSIEPHBINA CUHTE3
Jlanma, PoGept

JleitOuun, 'ordpug

JIeKyn, Ann

Jleno, JIxei

Jleonapno na Bunuu

JIn Kyan O

JImnuentans, 3Bug

Jmoipg, Cer

Jlyna, nmocaka/KoIoHHU3aIHs
Jlypus A.P.

JlyrTBak, DnBapna

Jlytu, PobGept

JIanm, Pansd

«JIronu B yepHom» (pusibm)

MarsuTHas OJIBECKA, O€3/]a U MAIlIMHbI
MarnutHas sHeprus

MarsuTHO€ nosie A TEPMOSAEPHOTO CHHTE3a
MarunutHo-pe3zonancHast tomorpadus (MPT)
KaK TEXHOJIOTUS YTEHHS MbICIIEH

Maec, [>Tt

Maiikn KomnGenn

MaxI unnuc, [[piiB

MakPeii, Xomui

Maxcsenn, [xeiimc Knapk

Mannyk, Tomac

MaMoHTa 0KUBIIEHUE

Mapkecc, Pon



Mapkpawm, I'enpu

Mapc, BeIcaiKa/KOTOHU3AIINS
Maprens, CunpBaH

«Matpunay» (puabMsr)

MrHoBeHHO€E pacrio3HaBaHHE
MenuiHa/6M0TeXHOIOTUN OMOJIOTHYECKasl BOMTHA TEHETUUECKUE YITYUIICHUS
T€HHas Tepanus

TeHOMHasi MeJIMIIMHA

JIETH 110 CHEUTIPOEKTY

JIOTIOJIHEHHAs! PEaIbHOCTh
KJIOHUpPOBAaHHE

JIeYEHUE MO3TOBBIX TPaBM

METOBI JIEUEHUS JENPECCUN

METO/IbI JICUEHUS paKa

METOBI JICUEHUS

TpaBM CIIMHHOTO MO3Ta

[TpyHIMI NEmepHOro YenoBeKa
CO3/1aHHE HOBBIX (POPM JKU3HU CTBOJIOBBIE KIETKH
TKaHeBas MH)KEHEpUs (3aMeHa OPraHoOB)
XUPYPTHS

Meran

Muzen6ék, ['epo

Mukpockon aTOMHO-CHIIOBOM
Muxkpoanextpomexanuueckue cucremsl (MOMC)
Musiep, Be66

MuHckun, MapeuH

Mupabo, Jleiix

Murens, Yonrep

MonynbHble poOOTHI

Monxa, JIxapmeHpa

Mopas! uaRYyCTpHA

Mosr

0a3oBas CTpyKTypa

BbIpalBaHKE

HCKYCCTBEHHBIE OpPraHbl, afanTanus
KOHTaKTHbIE MHTEPHET-JIHH3bI
MOJEINPOBAHNE

napajuienpHas o0padoTka nHpopManuu
PEBEPCHUBHOE NIPOEKTUPOBAHUE

HMOLIMU U KaK HEHpOHHAsI CEeTh

Mosec, DnBapa

Mopagek, ['anc

Mop, cap Tomac

Mopaoyrt, JIunga

Moxaman, Maxarxup

Mynpoctb

Mys3blkanbHast UHIyCTpUs

Mypa 3akoH

Myp, l'opron



«Habpocok k uctopudeckoi KapTUHE O Mporpecce yenoBedeckoro pazyma» (Konmopce)
Hamxmabanu, @appox

«Ha3zan B Oymymiee» (humbmbl)
Hano60TsI

Hano3sse3gomeTsr

HanomarmmHe!

Hanocrepxuu

Hanorexmomorun

KBaHTOBAsI TEOPUS U
MaHUITYJIMPOBAHUE OTACIIBHBIMUA aTOMaMHU
yIIIepOJHbIE HAHOTPYOKHU
HanouacTuiier

Hacrennble 3xpaHbl
Heanpepranbua oxxuBieHue
Heiiman, /[xon don

Heiiponnsle cetn

Hedtp

Huxonemmc, Murens

Huxcon, Puuapg

Hexkxke, Hukomac

Hogocenos, Koncrantun

Hoge1i1 nu3aiin kBaptupsl B 2100 1.
Hrroton, Mcaak

Obama, bapax

OO0ayHble BEIYUCICHHS
«O6nmuk rpsaaymero» (Gpuiabm)
OGpa3zoBanue

OO0patHoe paccestHie PEHTTEHOBCKUX JTy4eit
OracTtrHa KOMHCCHS, TOKIIal
O30HOBOTO CJI0SI UCTOLLIEHUE
OnnpuH, baz3

Owman, Kenuru

O’Heiin, [Ixepapn
OnTHdecKre KOMIbIOTEPHI
OnroreHeTrka

OprasHoB 3ameHa

«OpuonH», MPOEKT

OcmMmaHcKas uMmepus
OTHOCHUTENBHOCTH TEOPUS
Otnyck B 2100 .

[TapannenbHas 06paboTKa JaHHBIX
[TapBu3, babax

«ITapx FOpckoro nepuoaa» (puiabm)
[TapoBoii nBUraresns

ITackyanu, Marreo

[Tactep, Jlyn



IIex, Meiicon

[Mendunn, Yaitnnep

Ilepon, Xyan

ITux, Kum

ITon Kennenu

ITonc Crannm

Ilocanka Ha ciyTHUK Mapca
IToct CruBen

IToctpen, Bupmxunus
«I[IpuBugenue» (Guibm)
[TpuHIMI IEEpPHOTO YeJIoBEeKa
[IporpammupyemMoe BemecTBo
IIponoBOIBCTBYS IIPOU3BOJACTBO
IIporessl

IIporessl

[IpsAMOTOYHBIN TEPMOSAIEPHBIN IBUTATENb
Ilypuens, Ixxeppu

[Ts560, CBanTE

PasBuBaromuecs ctpassl
PasBneuenuil uHayCTpUA
Pa3Bneuenus kak moTpeGHOCTD
PasymHas nblib

Pak

Pax rpynu

PakeTsl n3 ra3o0Boi mymkKku
PacrnioznaBanue o0pa3os

Pacnytun, I'puropuit

Partuep, /xactun

Peiiran, Ponansn

Pexiama

Pentrenosckas nurorpadus
Pentrenosckoe 3peHue

Pernmukaroper —

IUTACTHUKOBOE TPEXMEPHOE M300pakeHue
camocOopka (IoJIX0]T «CHU3Y BBEPX»)
COLIMAJIbHBIE MTOCIIEACTBUS

CLIEHApHil C CEPOI CIU3bIO
Pecseparpon

Peneccus 2006 .

Pus, Kpuctodep

Puxrtep, Ponanbn

PoGoToTexHuka

ASIMO

IpyxectBeHHbI U

3paBbIil CMBICI U paclio3HaBaHue 00pa3oB
PEBEPCHUBHOE NIPOEKTUPOBAHUE MO3Ta
POOOTH3UPOBAHHBIN aBTOMOOUITH
CaMOKOIUpPYIOIIUecs: poOOTHI
CIIMSTHUE YeJIoBeKa 1 poboTa



CO3HaHHE
Cypporarsl U aBaTapsbl
AMOIMOHAIBHBIE POOOTHI

PoGotbI 1 cozHaHue

PoxnaemMocTi KOHTPOIIb

Popep, I'enpux

Poct Bomopocieil, ctumynupoBaHue
Poy3, Maiikn

Py6un, [Ixeppu

Pyka poGoTusupoBanHas

Pyran, bepr

PeiHOK Tpyna

Caran, Kapn

Caiimon, ['epOept
CaiimoH, Jxynnan
CamnBaz, Mapk
CBepXIIpOBOJHUKH
TEJIEKUHES

Ceunanue B 2100 1.
Cesepnas Kopest

Cen, AiirocMad

Cepd, Bunt
Cubupckas si3Ba
CunBa, AmuuHo
Cunranyp
CuUHTYIIpHOCTD
Cunknep, I>Bug
Cuptyussl
CkaHUpYOWNN TYHHEIBHBIA MUKPOCKOIT
CnuHratpoH

«Cmepa» (Gpumbpm)
CMmut, Agam

Cwmur, JIxepanba
Cmomnu, Puuapn
ConHeuHas sHEprus
ConHeuHsli mapyc
CoHOITOMHWHE CITCHITHS
CouuanbHas poOOTOTEXHUKA
Cnopt u urpsl
CpenHuii kacc njaaHeTapHbIN
CraiiHoe noBeneHue
CTBOJIOBBIE KIIETKU
Creddene, Jxon
Crok, I'peropu
CrpartoH, Maiik
Crroapr, Ilorrep
Cypporartsl
«Cypporats» (huiabpm)
Cyccman, Jxxepanba



CILA, sxoHOMHYECKOE OymyIIee

Tanenapxana, Py3u

Tarn, Cycymy

Teiinop, Jopuc

Tewnop, Teomop
Tenenpucyrcreue
«Tepmunarop» (puabMsI)
TepMosiiEpHBIN CUHTES
TeppadopmupoBanue Mapca
Teppopusm

TexHonorust usMeHeHust (popmbl
TexHomorus,

YETbIPE CTAUH Pa3BUTHUS
Tunman, [epex

Tkaneas naxenepuss TKIJI
Tomaszo Ilomxo

Toddnep, Ansdpen u Xeinu
TpaH3ucTopsl

«Tpanchopmepsr. MecTh maamuxy (Husbm)
Tpumaiin-Alsien], aToMHasi aBapus
TyHaps! TassHHAE

Typ, dxeitme

Typoy, Jlectep

Teropunrom, Anan

Tsarorenue

Vaitnba, Ockap

VYriepoaHbie HAHOTPYOKH
VYuncosn 3.0.

Vnam, Cranucias
Vnerpauentpudpyru

«Ymuuna Yuwin XanTuary (Guiabm)
YHHBepcaIbHBIE IEPEBOTUNKH
Yopuep, I'appu

Yorcon, JIxeitmc

Yorcon, Tomac

«YTeuka Mmo3ros» B CIITA
Yronuu

®apanen, Maiikn
®apucyopt, duito
®dapoxzan, Omun
Oelinman, Puuapy
deoganuszm
Onenmmans, MaptuH



«®Dmu ['opron» (Tenecepuan)
®opa, ['enpu

@DopMBbI )KU3HU, HCKYCCTBEHHOE CO3/IaHUE
dortorpadun CHOBHUICHU
dotorpadus MeqThI
®pankivH, benmxamMmua
Opeiin, 3urMmyHg

Opeiirac, Pobept

«Dpunay (P. Xalinnaiin)
®punman, xomrya
®puaman, Tomac

®pumr, Make

Xab6ept, Kunr
Xaitanaita, PoGept
Xaxcmu, Omnoc
Xan, A6xyn Kanup
Xeb06a mpaBuIIo
Xeidnuka npenen
Xexnep, Puuapn
Xennpukc, J>xoH
Xokwunr, CTuBeH
Xododept, Maptun
Xodmranrep, Jdyrmac
Xyz, Jlepoit
Xyceitn, Cagnam
Xna3enTaliH, YUIbIM
Xanryn, ®pen

[{uBHIIM3aIIM WHOTIJIAHETHBIE
paciBeT U MaJCHUE UMIIEPHA
COTIPOTHBIICHHE ITUBHIIMN3AIUH | THITA
THUIIBI, XapaKTEPUCTUKH

SHTPOTIHS

[{vHb, KUTANCKUN UMIIEPATOP
[uonkoBckuii, KoHCTaHTHH
[MudpoBoe paccioeHue odIecTBa

Hsnb, Txo3zed

Yanmepc pBun

Yapmb3, IpuHL Y3IIbCKUI
Yenoseueckuii ropmoH pocta (I'PY)
YepHoObUIbCKAs KaTacTpoda

Yeépu, Txopmx

Yepumiuib, YUHCTOH

Wxan [Ibi



Uxan [[3uHb
Yunpuann, Kpuctnan
YUreHue MbIcIiei

[1IBa6m, Maiik
[IBaprienerrep, ApHOJIb
[IIBapu, ITurep
[lTexcniup, Yunesam
Ilenrar, /I>xepom
[ITonrenraysp, Aptyp
[Honuar B 2100 .
IMocrak, Cet

oy, I>xopmx bepnapn
[[Ipénunrep, DpBUH
Iropmep, Xopcr
[Iynbn, Tans

[yctep, CtuBeH
II>85, BaitMuHb

D0oa BUpyC

OBpHUCTHKA

Onucon, Tomac

Olizenxayap, Jyait
OliHmTeH, Anp0ept
OxkeHcram, Pooun
OKOHOMMKA UHIYCTPHUS pa3BICUEHUN
HayKa U TEXHHMKA KaK JBMKYILUE CUIIBI POLIBETAHHS
PBIHOK TpyZJa

nuBHIM3anys [ tuna
OKCIEPTHBIE CUCTEMBI
On60oH, [[xoH
DIEeKTpOMarHeTu3m
DneKTpoMOOHIH
DMOIMOHATEHBIE POOOTHI
Oujproc, [elina

OHeprus

MarHeTH3M

MOJIEKY/ISIPHBIE MAILIUHBI
HEPTh

COJTHEUHAasi YIHEePIHst
TEPMOSACPHBINA CUHTE3
yIIIepOJHbIE HAHOTPYOKHU
YepHbIE KYPHUIIbILIUKU

KaK UCTOYHHUK SHEPIUH
AIEKTPOMOOMIH

BETpa

AJIEPHOE OPYXKHUE, ONIACHOCTh
OHTponus



DcTporex
O0I" (anexTposHiedanorpamma)

10
KOnkoBckwmii, Dnuesep
IOxka-MayHTuH, eHTp
3aXOpPOHEHUS OTXOJI0B
«¥Ommit Hezapw» (Y. Hlexcrup)
A

SlnepHoe opyxue, OacHOCTh

SnepHble B3auMoencTBUs (ci1abble U CHIIbHBIE)
SnepHble 0TXO/bI

SAnepHbii pacnan

SI3b1KH

Snr, Jlappu

Sur, Jlappu

«41, pobot» (punem)

AIBO, po6or
ASIMO, pobot
ASPM, ren

Blue Gene, xommbroTep
Boeing, koprnopanus
BrainGate ycTpoiicTBo

Chevy Volt

Constellation, mporpamma
COROT, ciiyTHUK

CYC, mpoekr

Deep Blue, xomnbrorep
DEMO, TepMosiiepHbIid peaKTop

GPS-cucrema

HAR, yyacTHUK reHOMa



I KAROS, xocMuueckuii annapar
ITER, MexnyHapoaHblil TEpMOSIIEPHBII
JKCIIEPUMEHTAJIBHBIN PEAKTOD

Kepler, kocmuueckuii Teneckorn
KISMET, po6ot

LAGR, po6ot

LaserMotive, uccienoBareibckas rpymnmna
LCD-»kpanbl

LCROSS, kocMuueckuii annapar

LISA, xocmuueckuil annapar

Merrill Lynch, komnanus
MOUSE, MPT-annapar

New-York Times
NIF, skcriepuMeHTalIbHBIA TEPMOSIEPHBIN PEAKTOP

0]
OLED, opranuyeckue CBETOANOIbI

P
PAMELA, kocMU4Y€ecKHil anmapar
Popular Mechanics, xypHan
Predator, OecIuI0OTHBIM camMoJIeT

R
RP-, MoOuIBHBIN pobOT

S

Second Life, BeO-caiiT

SETI. mporpamma

SixthSense, npoekt

SpaceShip, kocmudeckuii Kopabdib
STAIR, poGor



Tesla Roadster, anekrpomMoOHiIB

Virgin Galactic, koMnaHus

WMAP., kocMuyeckuii anmnapar

X Prize, koHKYpC



