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IlpeguciioBue K TpeTbeMy K3 JaHUIO

B mocrexnue roxnl B xku3HE 00LIECTBA MOCTOAHHO BO3PACTAET 3HAYECHUE WH-
dbopmanmorHOn CcocTaBmAomEen (MHGOPMALIXOHHBIE PECYDPCHI, MH(DOPMAIXOHHEIE
TEXHOJOTHHA W T. [.) ¥, KaK CAeACTBHEe, mHOopManuonaou Gezomacuocru. Cnenn-
aIUCTHL B 06JaCTA MHGOPMAIMOHHON 6E30MaCHOCTY HEOOXONMMEI M B T'OCYap-
CTBEHHBIX CTPYKTYPaX, X B HAYIHBIX YIPEXJeHUAX, I B KOMMepUIeCKux dpupMax.

[na pa3BUTUA CUCTEMBI IOATOTOBKM TAaKMX crmenwaauctoB B 1999-2000 rr.
NPUHATEl JOMOJTHUATENBHBIE MEDBLI: B MEPEeYeHb CIEeNUATLHOCTEN BBICIIETO O6pa-
30BaHUA BKIOUYEHO 6 cmemmaasrocTen 61oka 070000 (mrdopmanmonHas 6e30-
ACHOCTB), B IEPEYEHb AWCCEPTANMOHHBIX CIENUATLHOCTEN — MEX IVCIVILIA-
HapHadA crnenuatbHOCTh 051319. B MockoBCKOM roCcyJapCTBEHHOM YHUBEDCHUTETE
um. M. B. JlomonocoBa ¢ cernrs6psa 2000 r. HasaTo o0ydueHUEe IO CHEIUAII3ALIN-
am «Maremarnieckue MeTOAbI 3amuThl mHGOpManumy u «IIporpammuoe obGec-
meveHue 3amyThl nHGopManuy. HayIHEIN QYyHIAMEHT 3TUX CHEIUATIA3AIAN —
Kpunrorpadus — Hayka O mmdpax.

CucreMaTnIecKkux yIeGHIKOB 10 KpUNTOrpadhuu Ha PYCCKOM s3bIKe IOKA HeT,
OHU OyAYyT MOABIATHCA IO M€pPe CTAHOBIEHUA CHCTEMBI I'DAaXIAHCKOI'O KPHUITO-
rpaduyueckoro obpasoBanusa. B aTux ycroBuax npegraraemas kKHura «Beexenme B
kpunrorpaduior, KOTOpas yxKe BBEIAEDPXKATa NBA W3IAHUA, MOXKET OBITH PEKOMEH-
JOBaHA B KaIECTBE IEPBOr0 YIeOHOr 0 IOCOOUA A1 CTYAEeHTOB-MaTEMATUKOB, CITe-
OUATA3UPYIOMUXCA B 061acTy nHGOopMannorHon 6esonacHocTu. Kuaura namucana
CIEeNUATNCTAMU-KPUNTOrpadaMu € IeIbi0 MOIMYIAPU3ANNY HAY IHBIX OCHOB KPUII-
Torpaduy U MOITOMY AOCTYIHA X MOXET ObITh IIOJE3HA MACCOBOMY IHTATEIIO.

PexTop MI'Y, R
akagemuk PAH % Wu4 W( B. A. Cagosamaun

cerrsa6ps 2000 r.



IIpegucioBue KO BTOPOMY M3 AaHUIO

B HaCTOAIIEM BTOPOM U3 AaHUU NCOPABJICHBI OI€YaTKNW U HETOYHOCTH, 3aMe-
YE€HHbIC B IEPBOM U3 IaHUU.

cenmabpy 1999 e. B. Awenxo

IIpeaucioBue K mepBOMYy M3 TaHUIO

Kpunrorpadus — nayka o mmdpax — goaroe BpeMs ObLIA 3aCEKPEIEHA, TAK
KaK IIpUMEHAIACh, B OCHOBHOM, NOJA 3alIUTHI I'OCYAapPCTBEHHBIX U BOEHHBIX Ce-
kperoB. B macrosmee BpeMs MeTOBI U CPEACTBA KPUNTOrPADUY UCIOIB3YIOTCA
s obecnedeHns MHPOPMALMOHHON 6E30IIaCHOCTH He TOJBKO I'0CYyAapCTBa, HO U
YaCTHBIX JUI, ¥ opraEm3anui. [eao 3aeck coBceM He 06A3aTeIbHO B CEKpeTax.
CIumkoM MHOTO Pa3IUYHBIX CBEICHUN «T'YIAET» TI0 BCEMY CBETY B IU(pPOBOM BU-
ne. I Hag sTrMu CBEIEHUAMU «BUCAT» YIPO3BL HEAPYKECTBEHHOI'O O3HAKOMJIEHU,
HAKOILIEHU, IOAMEHHI, darscudukannu u T. 1. Hanbonree HagexHbIe METOBI 3a-
IUTEl OT TAaKUX YIPO3 JaeT MMEHHO KPHUITorpadus.

Iloka xpunTorpadudeckue aIrOPUTMEL IJIA PALOBOIO MOTPEOUTEN — TallHa,
3a CeMBbIO II€YIaTAMU, XOTA MHOTUM YK€ NPUXOANUIOCH IOIB30BATHCA HEKOTOPBIMU
KpunTorpaguiecKuMy CpeACTBAMM: IUMPOBAHUE DICKTPOHHOU IOYTHI, MHTE-
JEKTYyaJIbHbIC 0aHKOBCKUE KapTOYKU U 1ID. ECTeCTBeHHO, YTO IIPpU 5TOM OCHOBHOI‘/JI
BOIIPOC [JIs MOIB30BaTeENd — OOecrednBaeT AU JaHHOE KPUITOrpaduIeckoe cpe-
CTBO HaAeXHYIO 3amuTy. Ho maxke mpaBumiIbHO CHOPMYINPOBATE DTOT DIEMEHTAP-
HBIE BOIPOC HempocTo. OT KaKoro mpoTUBHUKA 3amuimaeMca’ Kaxue BO3MOXKHO-
ctu y sroro nporusHuka! Kakue nean on moxker npecaenosats? Kak msmepars
HagexXHOCTDb 3aumThl! CHUCOK TAKUX BOIPOCOB MOXHO MPOAOLKUTE. a1 orBera
Ha HHUX IIOJb30BATEIIO HeOﬁXOI{I/IMBI 3HAHUA OCHOBHBIX HOHHTI/II‘;I Kle’ITOl"pa(bI/II/I.

ITomynapHOE M3MTOXKEHWE HAYIHBIX OCHOB KpunTorpaduu (pedb MAeT TOIb-
KO O (HErOCyIapCTBEHHOW» KpUITOrpaduu; Pasgeabl KPUNTOrpaduu, CBA3AH-
HBIE C TOCYJAPCTBEHHOU GE30MACHOCTHIO, JOKHBEI OCTABATHCA CEKPETHBIMU) —
meJab HaCTOﬂH.[eﬁ KHUI'M. Ee MO2KHO HCIIOJNB30BaTh M B KadeCTBe y‘-Ie6HOI‘O II0-
cobusa. Ha pycckoMm sa3bIke aHAJIOTMYHBIX KHHT' IOKa HeT. MaTepmamsl paga
r1aB myOIMKOBAINCH ABTOPAMH paHee B APYruX W3gaHmax (rmasa 1 — B KHE-
re C.A. lopuuenko, B.B. flmenko, «25 sriogos o mmudppax», M.: TOUC, 1994;
raasel 1,2,4,5 — B xypHaue «MareMaTnieckoe IPOCBEIIEHNE), TPEThA CEPU, BbI-
myck 2, M.: MITHMO, 1998; rmasa 7 — B razere «(ludopmaTukay (€xKeHENEIBHOE
npmioxenue x razere «Ilepsoe cenTabpm), Ne 4, ausaps 1998). Ilpu noaroroske
HaCTOAIEr'0 U3 JaHUA 3TU MaTepUaabl OBLIU Hepepa60TaHbI 1 OOIOJHEHBI.

I/IBJIO)KQHI/IQ MaTepuaaa PaCCINTAaHO Ha YUTATEIA C MaTeMaTHUIeCKUM CKJa-
ooM yma. B OCHOBHOM IIaBBI HE 3aBHCAT APYTr OT Apyra (3TO ZOCTUTHYTO 32
CYeT HEKOTOPBIX l'IOB’I‘OpOB) 1 X MOXHO YUTATH B MOPOU3BOIBHOM MNIOPAIKE.
[maBy 1 — BBOAHYI0O — DPEKOMEHAYETCA IMPOIUTATH BCEM, HOCKOILKY B HEU HA



MOy IAPHOM YPOBHE Pa3BACHAITCA BCe OCHOBHBIE MOHATUA COBDPEMEHHOW KPUII-
Torpadum: mmdp, KI0Y, CTOIKOCTb, 3IeKTPOHHAA MUPPOBad IOAIUCH, KPUITO-
rpadguYecKul TPOTOKOI U Ap. B Apyrux riaBax 4acThb MaTepuala IOBTOPAETCA,
HO yxe 6osee yrayOmenno. B ruasax 2, 3, 4, 5 uCHoIp3y0TCA HEKOTOPBIE CBEle-
HUA M3 BBICIIEN MATEMATWKU, M3BECTHHIE YIEHUKAM MATEeMaTUIeCKUX KIACCOB U
crygenTaM. ['1aBa 6 OpMEHTMPOBaHA HA 3HATOKOB KOMIBIOTEPHBIX TEXHOIOTHH.
lmaBa 7 comepxuT MaTepwatsl OIMMINAL [0 KPpUNTOrpaduu NIf IIKOILHUKOB
7 TODTOMY IJA €€ ITEHUA HUKAKWX 3HAHWUU, BBIXONAIINX 33 IPefeabl IIKOILHON
nporpaMMmbl, He TpebyeTcs.

IIpegympex genme: xpunrorpaduieckue CpeJCTBA U IPOrPAMMHBIE IIPOIYK-
THI, YIOMUHAEeMble B KHUI'€, WCIOJIL3YIOTCA TOJIBKO NI WIIIOCTPAnuy OOLImX
KPUNTOrpadhpUIeCKUX MIeU; aBTOPHI HE CTABIIN CBOEU IEbI0 JaBATh OLEHKY VN
CPaBHUBATH MMEIOIIVECA HA PBHIHKE KPUNTOrpaduiecKkue CPeacTBa.

Kpunrorpadusa 6b11a mocTaBreHa HA HAyIHYIO OCHOBY BO MHOI'OM GIarogaps
paboram BeIgaromerocs amepukasHckoro yienoro Kmona Ilemnona. Ero mokman
«MaremaTuveckas TeOpusa KpunTorpadpum GbLT IOATOTOBIEH B CEKPETHOM Bapu-
aare B 1945 r., paccekpeden u omybmumkoBan B 1948 r., mepeBeneH Ha PyCCKUM
a3pIk B 1963 r. Ilockoabky «Pa6oThl mo Teopum MHGOOPMAINM M KUOEPHETHKE)
(1963 r.) K.Illennona cramm 6ubamorpaduiecKOr PeaKOCTBIO, MBI BKIIOTWIA B
npuroxeHue ocHOBHYI0 dacTh cTaThu K. lllermnona «Teopusa cBA3M B CEKPETHBIX
cucTemMax». DTy OCHOBOIOJATAIOULYI0 PafoTy PEKOMEHIYEeTCA IIPOYUTATh BCEM
MHTEPECYIOINMCA KPUITOrpahuen.

[as npodeccnoHATHHOrO0 MOHMMAHUA KPUITOrpadUIeCcKUX AJACOPUTMOB K
YMEHUA OLIEHWBATDH MX CUIbHBIE U CIa0ble CTOPOHBI HEOOXOAMMA YK€ Cepbe3Has
MATEMaTHIeCKas HOATOTOBKA (HAa ypOBHE MAaTEMAaTHIeCKHX (paKyIbTETOB yHHU-
BEPCUTETOB). JTO OOBACHAETCA TEM, ITO COBPEMEHHAA KPUITOrpadgua OCHOBAHA
Ha MIy0OKUX Pe3yabTaTaX TAKAX Pa3eloB MAaTEMATUKU, KAK TE€OPUA CAOXKHOCTHU
BBIYNC/ICHUN, TEOPUA UHCeI, atrebpa, Teopusa umHbopManuy u ap. Keraroumm
CePBE3HO U3y4YaTh KPANTOrPAMDIIO MOXKHO IOPEKOMEHJOBATH 0030PHYIO MOHOI DA~
duto «Kpunrorpadua B 6arkosckom ageme» Amoxumua M.MU., Bapmosckoro H.II.,
Cupgemsuukosa B. M., flmenko B. B.; M.: MUDU, 1997.

oxkmabps 1998 e. B. Awenxo



T'maBa 1

OcHoOBHBIE TOHATUS KPUIITOTpadpuu

1. BBexgenue

Kax nepedamp wyoscnyto undopmayuio nysrcuomy adpecamy 8 matine om
Opyeur? Kaxouin u3 guTaTeser B Pa3HOE BPEMA U C PA3HBIMU LEIAMU HA-
BEPHAKA [BITAICA PELINTD A ce0s 5Ty IPaKTUIECKYIo 3a1ady (/s yno6-
CTBa JaJbHEHIINX CCLLIOK HasoseM ee «3agada TIDy, T.e. zagada Tatinot
ITepedauu). Bribpas mogxonsiiee pelieHue, OH, CKOPee BCErO, OBTOPII
u300peTeHne OMHOTO U3 CIOCOOOB CKPLITOU Meperadu WH(POPMAIUU, KO-
TOPBIM y2K€ He OTHA THICAYA JIET.

Pasmpmisa man 3agaden TII, meTpyaHo NpuUTH K BLIBOAY, 9TO €CTh
TPU BO3MOXKHOCTH.

1. Cozgars abCOMIOTHO HAMEKHBIN, HEJOCTYMHBIN [JIA IPYTUX KaHAT
CBA3U MeX 1y abOHEeHTaMU.

2. Ncmoab30BaTh OOMIEAOCTYIHBIM KAHAT CBA3M, HO CKPHITH caM (aKT
nepenadu HHOOPMAIAN.

3. Ucnonb3oBaTh 06MIEAOCTYIHBIN KAHA CBA3U, HO IEPEIABATE IO HEMY
HYXHY0 TH(OPMAIIIO B TAK NIPe0OpPa30BAHHOM BUIE, YTOOBI BOCCTAHOBUTH
ee MOI' TOJIBKO aJpecar.

[IpokoMMeHTHpYEM 5TU TPU BO3MOXKHOCTH.

1. IIpu coBpeMeHHOM yPOBHE PA3BUTUA HAYKU U TEXHUKU CIEIATH TaAKOU
KAHAJ CBA3U MEXKY yAAJEHHBIMU aDOHEHTAMU /IS HEO THOKPATHOU mepena-
9u 60IHIINX 00BEMOB NH(OPMAIUN IPAKTAIECKA HEPEATIHHO.

2. PaspaboTKou CpeCTB 1 METOLOB CKPLITUA (haKTa Mepesadn COOOIIe-
HUA 3aHUMAECTCA CMe2an02Papus.

TlepBrie caegbl cTeraHOrpapUIECKUX METONOB TEPAITCA B MNIyOOKOU APEB-
HocTu. Hampumep, M3BECTEH TAKOU CIOCO6 CKPBITUA MTHUCHMEHHOT'O COOOLICHMA:
roiroBy paba Opmiam, Ha KOXe T'OJOBBI IHCAIM COOOIIeHWE M IOCIe OTPACTAHUA
BOJIOC paba OTIPABIAIH K aapecarTy.

3 eTeKTUBHBIX MIPOUW3BEAEHIN XOPOIIO U3BECTHBI PA3IMIHbBIE CIIOCOOBI Tau-
HOIINCHU MEX Yy CTPOK O6I:>I"IHOI"O7 HEe3alluIIaeMOr'0 TEKCTa: OT MOJIOKa OO CIOXHBIX
XUMUIECKAX PEAKTUBOB C MOCICAYIOMmER 06paboTKOM.

Takxe um3 AETEKTUBOB M3BECTEH METOd «MUKDPOMOUKU»: COO6H.IeHI/Ie 3alm-
CbIBa€TCsA C IIOMOIIBIO COBpeMeHHOIL/JI TEXHUKN Ha OYeHb MaJIeHI:»KI/IIL/’I HOCHUTEJIb
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(MEKPOTOYKY), KOTOPHII MEPECHLIAETCA C OOBITHBIM NHUCHMOM, HAMPHUMED, MO
MapKOU WX TAe-HuOyAb B APYTOM, 3apaHee 00yCJIOBIEHHOM MECTe.

B macTosmee BpeMa B CBA3M C MIMPOKUM DACIPOCTPAHEHUEM KOMIBIOTEPOB
M3BECTHO MHOTO TOHKUX METOMOB (3AIPATHIBAHUAY 3AUIAIIACMOUN WH(POpPMAUIA
BHYTpH GOJIBIIMX OGBEMOB MHMDOPMALUM, XPAHAMENCA B KoMmbloTepe. Harman-
HEII IIPUMED 3alPATBIBAHUA TEKCTOBOIO (palia B IpadpuIecKUil MOXHO HAUTU B
Nurepuere!); on xe mpusegen B xypuare «Kommbroreppar, Ned8 (225) or 1 ge-
xabpa 1997 r., ma ctp. 62. (Cregyer oTMeTHTD, YTO ABTOPBEL CTATBHH B XKyDHa-
Je OmmGOIHO OTHOCAT CTeranorpaduio Kk kpunrorpaduu. Koreano, ¢ nomonsio
cTeraHorpaduu MOXKHO IPATATH U MPEIBAPATEIHHO 3AIIA(PPOBAHHLIE TEKCTEHI, HO,
BOOOIIE TOBOPA, CTEraHOrpadgua 1 KpUITOrpabdusa — IPUHIUNAATLHO PA3IATHEIE
HAIPABICHUA B TEOPUM W IPAKTUKE 3AMATHL WHHOPMALAIL. )

3. Paspaborkon meTonos npeobpasosanus (wu@posanus) HHOOPMALUY
C LETbIO0 €€ 3AIUTH OT HE3AKOHHBIX MOIB30BATENEN 3aHUMACTC KPUNIMO-
epagus. Taxue METOAB U CIOCOOBI TPeoOpa30BaAHNA UH(POPMAIINY HABLIBA~
0TCA WUPPami.

HTugposanue (3awugposanue) — mnpounecc npumeHenus mudpa K 3a-
MAIAEMOU WH(POPMAIAX, T. €. MPeO6PA3OBAHNE 3AMAIIACMON HHPOPMAIAH
(omxpwvmozo mexcma) B mudposanHoe coobuwenue (wugpmerem, Kpu-
NMOZPaAMMY) C TIOMOIIBIO OMPENEICHHBIX TIPABUI, COAEPKAIIMXCA B IUdpe.

Aewudposarnue — mpomece, 0O6PATHEIN M(PPOBAHUIO, T. €. IPE0GPa3o-
BaHME MIM(PPOBAHHOTO COOOIIEHUS B BAIIUIIAEMY MHMOPMAIMIO C MIOMO-
MIBIO OIPENeJeHHBIX IPABI, CONEPKAIMXCA B MIpDPE.

Kpunrorpadgus — npukaansas Hayka, OHA UCIIOIL3YET CAMBIE TIOCIE-
HUE NOCTWXKEHUsA (PyHIAMEHTANBLHLIX HAYK ¥, B MEPBYIO 09epelb, MATEMA-
tuku. C OpPyrou CTOPOHBI, BCE KOHKPETHLIE 3aJa9u KPUITOrpadun Cyrie-
CTBEHHO 3aBUCAT OT YPOBHS PAa3BUTUA TEXHUKHU W TEXHOJOTHWHU, OT ITPUME-
HAEMEIX CPENCTB CBA3M W CIIOCOO0OB Mepenadyu MH(pOPMAIIN.

2. IIpegmeT xpuntorpadpun

Ymo sce asasemea npedmemom xpunmoepaduu? [na oTsera HA DTOT
Bompoc BepHeMcs K 3agade TII, 9To6bl yTOUYHUTE CATYAINIO U UCIIOIL3Ye-
MBIe TTOHATUA.

[Ipexnme Bcero 3aMeTwMm, ITO 3Ta 3a4a4a BO3HUKAET TOJBKO A WH-
dopmanuu, kKoTopas Hyxkgaerca B 3amure. OOBIYHO B TAKUX CIYIAAX TOBO-
pAT, 9TO MHPOPMAIUA COAEPKUT TAUHY WIA ABIACTCA 2AUUULGEMOT, TPU-
samuot, kKonpudenyuasnot, cexkpemnot. s HanbGOICE TUNUIHBIX, TACTO
BCTPEYAIONIMXCA CATYAIMI TAaKOrO TUIIA, BBENEHLI [aXKe CIeNUAJbLHEIE II0-
HATUA:

— roCyIapCTBEHHAs TaNHA,;

— BOEHHAs TalHA,

1)ht‘cp://r,mw.geoci‘cies .com/SiliconValley/Vista/6001/



10 T'naBA 1

— KOMMepYecKasa TalHa;
— IOPUANIECKAsa TANHA;
— BpaueOHasa TalHa U T. 1.

Mamee MbI OygeM FOBOPHUTL O 3AIUIAEMON WH(MOPMALUYN, UMES B BUILY
CJeMYIONINE TTPU3HAKYA TAKOU UH(OPMAIIUN:

— IMEETCA KAKOU-TO OIPEIeJEHHBIN KPYT 30KONHBIL NOAb30B8aMeEnel, KO-
TOpBIE UMEIOT MPABO BAAIETH DTOU UHMDOPMALIAEH;

— WMEIOTCA He3aKOHHbIE NOAL3068AMEAN, KOTOPEIE CTPEMATCA OBJAANETH
»Tou MHPOPMAIEH ¢ TeM, YTOOLI OOPATUTEL ee cebe BO 6JAr0, a 3aKOHHBIM
TOJTB30BATEIAM BO BPE[.

[l TPOCTOTHL MBI BHAYAJIE OCPAHUYUAMCA PACCMOTPEHUEM TOJBLKO OJI-
HOU Y2p03bl — YTpPO3BI pasraarnenus nudopmaimu. CyIecTBYIOT U Ipyrue
YT'PO3BL IVIA 3AIMUIIAEMON MH(POPMAIMKA CO CTOPOHBI HE3AKOHHEIX IOMB30-
BaTemen: moaMeHa, umMuTanua u 1p. O HUX MBI MOTOBOPUM HUXKE.

Tenepb MbI MOXKEM T300PA3UTh CUTYAINIO, B KOTOPO! BO3HUKAET 33134,
TTI, caenyromen cxemon (cMm. puc. 1).

A B

II
Puc. 1.

3necb A 1 B — ynasennnie 3aKOHHBIE [TOIL30BATEIA 3AIMUIIAEMON MH-
dopManuu; oHU XOTAT OOMEHUBATHLCA UHPOPMAIIMEN M0 OOIIEIOCTYTHOMY
KaHaxy cBa3u. [I — He3aKOHHBIN IOMB30BATEIb (NPOMUEHUK ), KOTOPBIX MO-
JKET TepeXBATHIBATE MEPEIABAEMbIE TI0 KAHATY CBA3YW COOOUICHNS U TEITATh-
€A U3BJIEYL U3 HUX MHTEPECYIOMY ero MHGOPMALMi. DTy (GOPMAILHYIO
CXEMY MOXKHO CUMTAThH MOEIbI0 TUMTUIHON CUTYAIUN, B KOTOPOU MPUMEHSI-
I0TCs KPUIITOrPapUIeCKIe METOMEL 3aUThEL H(POPMAIIUA.

OTMeTnM, 9TO UCTOPUIECKU B KPANTOrPadhuu 3aKPENINCh HEKOTOPhIE BOEH-
HBIE CI0Ba, (MIPOTUBHUK, aTaka Ha mmdp u ap.) OHM HanGOIEE TOTHO OTPAKAIOT
CMBICIT COOTBETCTBYIOIIUX KPHUITOrpadUIeCKUX MOHATHEA. BMecTe ¢ TeM mmpo-
KO W3BECTHAsA BOGHHAA TEPMWHOJOTHUA, OCHOBAHHAA HA MOHATUM KOAA (BOEHHO-
MOpCKue KOnwl, Koael ['eHepanbHoro mraba, KOqOBble KHATHM, KOJOOO3HAYEHUA 1
T.I.), yX&Ke He IPAMEHAETCA B TEOPETUIECKOU Kpunrorpaduu. [emo B TOM, 4TO
3a MOCIeAHUE AeCATUIETHS CHOPMUPOBAIACH MEoPUi KOOJUPOBaHUA — BOIBIIOE
HayvIHOEe HaIlpaBlIeHUe, KOTOpOe pa3pabaThiBaeT U M3yvaeT METOIbI 3aIIUTHI MH-
dopmanuu OT CIyYaUHBIX UCKAXKEHAU B KaHAJIAX CBA3W. U ecaum paHee T€PMUHBI
KOUPOBaHUe 1 MI(POBaHNE YIOTPEOIAINCH KAK CUHOHIMBI, TO TeIepb 3TO HeJ0-
nycruMo. Tak, Hanmpumep, OYeHb PACIPOCTPAHEHHOE BBIPAXKEHUE «(KOJUDOBAHUE —
Pa3HOBUHOCTH IMM(PPOBAHUAY CTAHOBUTCA IPOCTO HEIPABUILHBIM.

Kpunrorpadusa 3anumaerca meTogaMu npeodpa3oBaHusI MHPOPMAIINT,
KOTOpHIE OB HE MMO3BOJWINA IPOTUBHUKY WU3BJIEYHL €€ U3 IEePEeXBATHIBAEMBIX
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coobmernu. [Ipu 5TOM MO KaHALY CBA3M MEPEIACTCA yiKe HE CaMa, 3aIlUIIa-
eMas MHPOPMAIUA, & Pe3yIbTAaT ee IPeoOPA30BAHUA C IOMOIIBIO mudpa, u
UL TPOTUBHUKA BO3HUKAET CJIOXKHAA 3aJa49a 6CKPbIMUAL wWudpa.

Bexprmue (83aambiéarue) wudpa — MpOUECC MOLYICHUA 3ALIUIIACMON
rHGOpMaINY U3 Mu(GPOBAHHOIO COOOMIEHNI 63 3HAHUA IPUMEHEHHOI'O IIIH-
dpa.

O qHAKO TOMUMO TTEPEXBATA U BCKPBITUA MU(pPA IPOTUBHUK MOXKET IIbI-
TaTHCA MOTYIUTH 3aIUIIAEMYI0 THGOPMAIINID MHOIMMU IPYTUMU CIOCO0a-
mu. Haubonee u3BeCTHBIM U3 TAKUX CIIOCOOOB ABIAETCA AUEHTYPHBINA, KO 1A
IIPOTUBHUK KAKAM-IUOO IIyTeM CKIOHAET K COTPYIHUIECTBY OLHOI'O U3 3a-
KOHHBLIX MOJB30BATENEN W C MOMOIIBIO DTOrO areHTa MOIyYaeT MOCTYI K
3AIUIIAEMON nHOpManuu. B Takou curyanun Kpunrorpadus 6eCCuIbHA.

[IpoTUBHUK MOXKET MBITATHCA HE HOJYIUTh, & YHUITOXKUTL WIN MOIH-
GUIEPOBATDL 3AIMIIAEMY0 UHPOPMAINIO B MPOLECCE €€ MePeIadn. DTO —
COBCEM APYTOU THUI YTPOo3 AIA MHPOPMAIMKM, OTJIUIHEIN OT MEPEXBATA U
BekperTHs mmdpa. [Jas 3amuTel OT Takux yrpo3 paspabaTIBAIOTCI CBOU
cnenuuueckKue MeTOIbI.

CuemoBaTenbHO, HA MY TU OT OJHOT'O 3AKOHHOI'O MOJB30BATENI K APYTO-
My rHGOPMAIUA TOMXKHA 3AMIUMIATECA PA3INIHLIMU CIIOCO0AMU, IPOTHUBO-
CTOALIAMY PA3INIHLIM yrpo3aM. Bo3HukaeT cuTyalnusa menu u3 pasHOTUII-
HBIX 3BEHBEB, KOTOPas 3alnuimaeT nHdopManuio. EcTecTBeHHO, IPOTUBHUAK
OyJeT CTPEMUTHLCA HAUTHU CAMOe C1ab0e 3BEeHO, UYTOOLI C HAUMMEHBIITUMUI 3a-
TpaTaMu 106paThCa 10 HHGOPMAIMEA. A 3HAYUT, U 3AKOHHLIE [OJb30BATENN
IOMKHBL yIUTHBATE 3T0 OOCTOATEIBLCTBO B CBOEU CTPATENUN 3AIUTHL: 6ec-
CMBICIEHHO JelaTh KaKOe-TO 3BEHO OYeHb IIPOYHBIM, €CIN €CTh 3aBeIOMO
60usee caabble 3BeHbs ((IPUHINN PABHOIPOYHOCTU 3AILUTHD ).

He cremyer 3abbiBaTh u eme 06 OMHOM BAaXKHOU TpOOIeMe: MpobiaemMe
COOTHOIIEHUA IIeHb MHMOPMAINHN, 3aTPAT HA ee 3AIIATY U 3aTPaT Ha ee
mo6wurBanue. [Ipu cOoBpeMEeHHOM ypPOBHE PAa3BUTUSI TEXHUKU CAMU CPEICTBA
CBA3U, a TakKxXKe pa3pabOTKa CPeLCTB IepexBaTa MHMOPMAIUU U3 HUX U
CPEeACTB 3aIIuTHl nHMOPMAIUKN TPEeOGYIOT OUeHb Ooabmux 3aTpaT. Ilpex e
YeM 3alUIIATL WHGOPMAINIO, 3a1aTe cebe IBa BOMPOCA:

1) saBasercs au OHA NI NPOTUBHUKA OOJIEE LEHHOU, YeM CTOMMOCTH
aTaKu;

2) sBIAETCSA U OHA s BAC 0OJIee LEHHOU, YeM CTOMMOCTD 3AILUTHL.

NMeHHO mEpeducaeHHbBIE COOOPAXKEHUSA W ABAAIOTCA PEIIAIOMIME TIPYU
BBLIOOpE MTOAXOAANINX CPENCTB 3AUTHL: (PU3NIECKUX, CTEraHOIpAPUIECKAX,
Kpunrorpadguieckux u ap.

Hekoropsie noustus xkpunrorpaduu yI00HO WIIIOCTPUPOBATEL UCTOPU-
YeCKUMU IPUMEPAMHU, IIO3TOMY CaelaeM HeOOMbIIOe HCTOPUIECKOe OTCTYII-
JIeHUe.

[loaroe BpeMmsa 3aHATHE KpunTOorpadguen ObLIO yAEJIOM UyIaKOB-OJUHOYEK.
Cpeau Hux ObLIM OJapPEHHBIE YUYEHBIE, NUILIOMATHI, CBALIEHHOCLYXUTEIN.
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W3BeCTHBI cy4dan, KOrja KpUNTOrpadusa CINTAIaCh JaXe YePHOM Maruen. JTOT
nepuoj pasBUTHAA KpunTorpaduu KaK UCKYCCTBA, JJIUICI C HE3AMAMATHLIX BDEMEH
oo Havara XX Beka, KOrJa HOABUINCEH IepBbIe MMGPOBAIbLHbIE MAIMUHBL. [loHN-
MaHEe MATEeMATHIECKOTO XapaKTepa PEelIaeMbIX KPUITOrpaduer 3a4ad TPUILIO
TONTHKO B cepeauHe XX Beka — IMOCTe pabdOT BBIAIOUIEIOCA aMEPUKAHCKOTO yie-
noro K. Illennona.

Vcropus kpunrorpadun CBI3aHa ¢ GOIBLUIMM KOIMIECTBOM AUIMIOMATAIECKIX
¥ BOGHHBIX TAUH U MOPTOMY OKyTaHa TyMaHOM JereHa. HauGouaee momHas KHUTA IO
ACTOpPUY KpUNTOorpadguu cogepkut 6omee Teicadu crpanun. OHA OMyGIMKOBAHA
B 1967 roay m Ha PYCCKUU A3LIK HE nepeBe,qual). Ha pycckom sspike megaBmHO
BBILIEX B CBET (PYHJAMEHTAILHBIA TPYZ IO MCTOpHUE Kpumrorpadgun B Poccm? .

Ceon creq B MCTOPUU KPUNTOTPadUU OCTABWIA MHOTHE XOPOIIO H3BECTHBIE
ACTOPUYECKNUe IMIHOCTU. [IpuBeeM HECKOIbKO HamboIee APKUX MpuMepos. Ilep-
BB CBeJeHUs OO0 KCHOAb30BaHUM WKA(GPOB B BOEHHOM /€€ CBA3aHBL C UMEHEM
cnmapTaHCckoro moakosoana Jlucarapa (mmpp «Couranar). [lesaps ucnoms3osar B
mepenucke mmdp, KOTOPHIX BOwel B ucTopuio kak «umbp llezapa». B apesmen
I'peruu 6b11 W306peTeH BUA Umdpa, KOTOPLIM B NAJbHEMIIEM CTAT HA3BIBATHCA
«kBaapar [lomurusay. Oany u3 mepsBbIXx KHUTr 10 Kpunrorpaduur Hanucar ab6aT
U. Tpuremnn (1462-1516), xwupmmn B epmanmm. B 1566 rony m3secTHBIL MaTe-
maTuk . Kap rano omy6mmkosan paboTy ¢ omucanueM w306pETEHHON UM CUCTEMBbI
umpposanua («pemerka Kappauo»). @panmma XVI Bexka ocTasmia B MCTOpUAU
xpunrtorpaduu mmdper kopoaa [enpuxa IV u Pmmense. B ymomanyTon xuure
T. A. Co60osmeBou moAPOOGHO OMUCAHO MHOT'O POCCAUCKUX MIM(pPOB, B TOM TUCIAE U
«umpupuan azbykar 1700 roga, aBTopom xoropou 6vur Ilerp Bemmxuu. (Hekoro-
pBI€ IPUMEPHI U3 KHUTU IPUBEICHBI Ha Ghop3ame. )

HexoTopere cBenerna 0 CBOUCTBAX MM(PPOB U UX NMPUMEHEHUW MOXKHO HAUTH
7 B Xy[JOXECTBEHHOU JIUTEPATYPE, OCOGEHHO B MPUKIIOYEHIECKON, NeTEKTUBHON
1 BOEHHOH. Xopoliee Togpo0HOe 00bACHeHNE 0COGEHHOCTEN OJHOT0 U3 MPOCTEH-
umx mudpoB — wudpa 3amerb, 1 METOLOB €ro BCKPBITUA COAEPKUTCA B IBYX
E3BECTHBIX PACCKa3ax: «30a0Ton kyk» O. [To n Ilramymme weroseuxm A.Konan
Monma.

PaccmoTpuMm 6onee mogpo6HO gBa IpHMepa.

Iudpp «Cumranar. dToT mmdp W3BECTEH CO BpeMeH Bouabl CmapThl IPOTHUB
A¢pun B V Beke 10 H.3. 14 ero peaimsanny UCIOIb30BATACH CIUTAIA, — KE3II,
rveroumi GopMy nrIrHEAPa. Ha CIUTALy BUTOK K BUTKY HAMATEIBAIACH Y3Kasd Ma-
mupycHas aeHTa (6€3 MPOCBETOB U HAXJIECTOB), & 3aTEM HA DTOU JCHTE BAOIb OCH
CIUTAIBLl 3aIMCLIBAICA OTKPBLITEIA TEKCT. JIeHTa PasMaThIBATACH U MOLYIAIOChH
(A1A HEMOCBAIIEHHBIX), ITO TMOMEPEK JCHTH B OECHOPAJKE HAIMCAHBI KAKUE-TO
OyKBBIL. 3aTeM JeHTa OTIPABIAIACH anpecaTy. Anpecar 6pal Takyio Xe CIUTALY,
TAKUM ke 00pa30M HAMATBLIBAJI HA Hee MOLYIEHHYIO JEHTY W IUTAI COOOIICHWE
B/OJb OCU CIIATAJL.

OrMernM, 4T0 B 3TOM mmdpe npeobpa3oBaHue OTKPLITOrO TEKCTa B mudpo-
BAHHBIN 3AKIIOYAETCA B ONPEIEICHHON NMEPECTAHOBKE OYKB OTKPBITOTO TEKCTA.

1) Kahn David. Codebreakers. The story of Secret Writing. New York: Macmillan, 1967.
2) Co6oaesa T. A. Taitnoruce B uctopun Poccun (McTopus KpunmorpaduHaeckoi ciry -
661 Poccum XVIII — magana XX B.). M., 1994.
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TlosTomy km1acc mmdppoB, K KOTOPEIM O0THOCUTCA U mmdp «CruTanay, HA3LIBAET-
ca wu@Ppamu nepecmanosKu.

Iludpp Lesapa. Dot umdp peammsyeT Clegyomee Ipeodpa3oBaHue OTKPHI-
TOTO TEeKCTa: Kakgad OyKBa OTKPBITOTO TEKCTa 3aMEHAETCA TPETHEHW MOCTe Hee
6ykBoi B auadaBUTe, KOTOPLI CIATACTCA HAMUCAHHBIM IO KPYTY, T.e. Iocte 6y-
KBHI ¢ cleqyeT OykBsa, «ay. OTrveruMm, uTo Ilesaps 3aMeHAT GYKBY TPEThEH MOCTe
Hee OyKBOU, HO MOXKHO 3aMEHATb U KaKOU-HUOy b aApyrou. [raBHOe, 9TO6HI TOT,
KOMy TIOChLTaeTCA mmppOBAHHOE COOOIUIEHUE, 3HAT Ty BETUYUHY casura. Kmacc
mmdpoB, K KOTopbiM oTHOCcuTCA u mmadp Ilezaps, HazbBaeTCa wudpamu 3amenbl.

W3 mpeabiayimero w3gokeHus MOHATHO, UTO NPUIYMBIBAHUE XOPOIIETO
mdpa — gemno Tpynoemkoe. [losTomy xeraTenbHO yBEININTE (BPEMS K13~
HI» XOPOUIEro IMMppa U UCIONB30BATL €ro IIa mMudpPOBAHUA KaK MOXKHO
60JIBIIEro KOMU4IecTBa coobienuu. Ho mpu 3ToM BO3ZHUKAET OMACHOCTD, ITO
IPOTUBHUK y¥XKe pas3ragal (BCKPBUI) ndp U IUTAET 3AIMULIIAEMY0 THDOD-
mvanuio. Eciu ke B mudpe ecTh CMEHHBIN KJIK0Y, TO, 3AMEHUB K0T, MOXKHO
coeraTh TaK, YTO pa3paboTaHHEIE IPOTUBHUKOM METOHI YKe He Tal0T d¢-
dexTa.

Mo ®xatowom B xpunTorpaduu MOHUMAT CMEHHBIM BJIEMEHT Iudpa,
KOTOPBIU IIPUMEHACTCSA [1Js IUPPOBAHUA KOHKPETHOrO coobmmenus. Hampu-
mep, B mudpe «Cruranay KIHIoM ABIAETCI IMaMeTp CIUTAILL, & B mmdpax
tuna mudpa le3aps kiodom spisercs BeindunHa caBura OyKB MmppTeK-
CTa OTHOCUTEJIBLHO GYKB OTKDPBITOI'O TEKCTA.

Onucannasie cOOOpAKEHUs MPUBEIA K TOMY, UTO 0E30HACHOCTDH 3AIlU-
IAeMOU MHMOPMALIMU CTANA ONPENENATHCS B MEPBYIO OYEPEIb KJIIOUYOM.
Cam mmudp, mudpMaIImHa, Wi IPUHIUL Mr(GPOBAHUA CTATN CINTATD W3-
BECTHBIMU IPOTHUBHUKY M NOCTYIHBIMU [ IIPEIBAPUTEILHOIO U3YUeHU,
HO B HUX TOABWICA HEU3BECTHHIN A MPOTUBHUKA KO, OT KOTOPOTO
CYLIECTBEHHO B3ABHUCAT IpUMeHseMble npeobpasoBaHus umHdoOpmarmu. Te-
TIepb 3aKOHHBIE MONB30BATETH, MPEXKae IeM OOMEHUBATHLCA MU(pPOBAHHBI-
MU COOOIIEHUAMHU, JOMKHBI TAHO OT NPOTUBHUKA OOMEHATHCSI KIIOIaMUI
WM YyCTAHOBUTH OJMHAKOBBIM KJIIOY Ha O0OMX KOHIAX KAaHAMA CBA3U. A
OIS TPOTUBHUKA TOABUIACH HOBAA 33JadMa — ONpPENeJUTh KU, MOCTe
9ero MOXKHO JIEIKO IPOYUTATH 3alIM(pPOBAHHLIE HA DTOM KIIOUE COOOIIe-
HUSA.

Bepuemcs kx (popManIbHOMY OMMCAHUIO OCHOBHOI'O OOBEKTA KPUITOIDA-
¢uu (puc. 1, crp. 10). Teneps B HEr0 HEOOXOAUMO BHECTHU CyIIECTBEHHOE
U3MEHeHUe — TO0ABUTH HENOCTYHBIU A MPOTUBHUKA CEKPETHLIN KAHA
cBs3u st obMena kiaodamu (eM. puc. 2). Co3gars TAKOW KaHA CBS3U BIIOJ-
HEe pealbHO, MOCKOIBKY HAarpy3Ka Ha Hero, BOOOIIe TOBOPsA, HEOOIbIIA.

OTMeTrM Temepb, YTO HE CYIIECTBYET EIWHOrO IIudpa, IO0IXO0 A~
ero s BceX ciay4daeB. Boibop crmocoba mudgpoBaHUA 3aBUCAT OT OCO-
OGernocren MHGOPMALMHU, €€ IIEHHOCTH U BO3MOXKHOCTEH BIAJEILIECHB
mo 3ammure cBoed uHpopmanuu. I[Ipexge Bcero mogdepkHeM OOJBIIOE
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.- coobmenuma
A 11T

II
Puc. 2.

pasHoOOpa3ne BUIOB 3allUIIACMOUN UHMOPMAIUN: TOKYMEHTAILHAA, TEIe-
(poHHAsL, TEIEBU3UOHHAsA, KOMIbIOTEPHAA U T. 1. Kaxkae Bujg uHDOPMA-
UM UMeeT CBOM crenuduaeckme 0COOEHHOCTU, U 3TU OCOOEHHOCTU CUJIb-
HO BJIVSIOT HA BBEIOOD MeTOROB mmdpoBanus mHdoOpMmanuu. Boabmoe 3ua-
YeHUE UMEIT O00BEeMbI U TpebyeMas CKOPOCThb mepemadu MmdppOBAHHON
napopmanuu. Beibop Buma mumdpa # €ero mapaMeTrpoB CYIIECTBEHHO 3a-
BUCAT OT XapaKTepa 3allliIIaeMBIX CEeKPETOB WIM TauHLL. HekoTopbie
TauHbl (HAIIPUMEpP, TOCYIAPCTBEHHBIE, BOGHHBIE U [IP.) MTOJKHBI COXPa-
HATBCA AECATWIETUAMHA, 3 HEKOTOpbIe (HampuMep, OUpIKeBLle) — yXKe de-
pe3 HECKOJBKO YaCOB MOXKHO pasriaacuTb. Heob6XoamMoO yuUTHIBATL TaK-
e ¥ BO3MOXKHOCTH TOI'O IPOTUBHUKA, OT KOTOPOI'O 3AIUIIAETCA LaHHAIL

vadopmanusa. OAHO OeI0 — TPOTUBOCTOATH OSUHOYKE WA Haxe OaH-
[ie YLOJIOBHUKOB, a IPYrOe NeJ0 — MOIIHOU T'OCYIapPCTBEHHOU CTPYKTY-
pe.

Cnoco6HOCTE mudpa NPOTUBOCTOATH BCEBO3MOXKHBIM ATAKAM HA, HET'O
HA3LIBAIOT CMOUKOCMbIO wWudpa.

IMox amaxot ne wugp MOHUMAKT MONBITKY BCKPBITHUS 3TOrO MIAMPA.

IMouarue croukocTu mudpa ABIAETCA UEHTPAIBHBIM [ KPUITOrDA-
duu. X0oTs KaYeCTBEHHO MOHATEL €r0 JOBOJILHO JIEMKO, HO [OIyY€Hue CTPO-
MUX [OKA3YEMBIX OIIEHOK CTOMKOCTU [JIA KaXK JOT0 KOHKPETHOrO mmdpa —
npobieMa HepemeHHas. JTO O0BACHAETCA TEM, 9TO 10 CUX HOP HET HeOoO-
XOQUMBIX [Js PEIIeHUsA TaKOU MPOOIeMbl MATEMATUIECKUAX DPE3YJIbTATOB.
(Msr BepreMcs K 06CY XK AEHUIO 3TOr0 Bonpoca Huxe.) [losTomy crorkocTsb
KOHKPETHOI'0 MI(ppa OLEHUBACTCA TOMBKO IIyTEM BCEBO3MOKHBIX TOIBITOK
€ro BCKPBITUA U 3aBUCUT OT KBAIUDUKAIUN KPUNMOAHAAUMUKOS, ATAKY-
omux mudgp. Takyo mpouenypy MHOrIA HA3LIBAIOT NPOSEPKOT cMotiKo-
cmau.

BaxHbIM 0 AMOTOBUTEIBHBIM DTAMIOM [JIs IPOBEPKU CTOUKOCTH MUdPa,
ABIAETCA MPOIYMBIBAHUE DPAJUIHBIX MPEATOJATAEMBIX BO3MOKHOCTEH, C
[IOMOIIBI0 KOTOPBIX MPOTUBHUK MOXeT aTakoBarh mwudp. Ilossienune Ta-
KUX BO3MOXKHOCTEHU y MPOTUBHUKA OOBIYHO HE 3ABUCUT OT KPUMTOTpaduu,
DTO SABJIAETCA HEKOTOPOU BHEITHEN MOJCKA3KOUW U CYIIECTBEHHO BAUACT HA,
cronkocTh mmdpa. IlosToMmy omenku croukocTu mudpa BCErLa COLEPKAT
Te MPEANOIOXKEHUA O HEIAX U BO3MOXKHOCTAX MPOTUBHUKA, B YCIAOBUAX KO-
TOPBIX 3TU OLEHKHU IOJIYY€HBl.
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IIpexme Bcero, xak >TO yXKe€ OTMEYAJOCH BHIIIE, OOBITHO CIUTALTCA,
9TO IPOTUBHUK 3HAET caM IIM(pP U uMeeT BO3MOXKHOCTH [JIA €ro IperBa-
purenbHOro m3ydenus. [I[pOTUBHUK Takke 3HAET HEKOTOPBLIE XapaKTepu-
CTUKM OTKPBLITHIX TEKCTOB, HAMPUMED, OOIIYID TEMAaTUKy COOOIIECHUU, UX
CTWIb, HEKOTOPHBIE CTaHIAPTHL, (OpPMATHL U T. I.

N3 Gomee cnenupuyaeckux MpuUBEIEM elle TPU MPUMEPA BO3MOKHOCTEN
IIPOTHUBHUKA!

— IPOTUBHUK MOXKET IIePEXBATHIBATH BCE MIN(POBAHHBIE COOOIIEHNA, HO
He uMeeT COOTBETCTBYIOIIMX UM OTKDPBITHIX TEKCTOB;

— IPOTUBHUK MOXKET IePeXBATHIBATH BCe MU(MPOBAHHBIE COOOIIEHUA U
IOOBIBATH COOTBETCTBYIOWIXE UM OTKPHITHIE TEKCTHL;

— NPOTUBHUK MMEET NOCTYN K umdpy (HO He K kiaodam!) u mosToMmy
MOXKET 3aIlIu(POBLIBATL U AeMKU(POBBIBATE JIO0YI0 HH(MOPMAIKIO.

Ha mpoTsikeHnr MHOTUX BEKOB CPEIN CIEIUAINCTOB HE YTUXAIN CIOPHI
O CTOUKOCTH MU(PPOB U O BOBMOXKHOCTU MOCTPOEHUA aBCOMOTHO CTONKOT'O
mudpa. [IpuBenem Tpu XxapaKTepHBIX BHICKA3LIBAHUA HA DTOT CUET.

Anrmnckun maremaruk Japass Be6ougx (XIX B.):
«Beaxun 9enoBek, gaxe eCay OH He 3HAKOM C TEXHUKOU BCKPBITHUA HdPOB, TBEP-
O CUYATAET, 9TO CMOXET W306pecTu abCOMIOTHO CTOMKWMK Iudp, U IeM Goixee
yMeH 1 00pa30BaH 3TOT 4YeI0BeK, TeM OoJjee TBepao 310 ybexnenume. fI cam pas-
eI DTy YBEPEHHOCTb B TEYEHNEe MHOI'HMX JEeT.»

«Oren kubepueTukm HopGept Bumep:
«/Tro6ou mmdpp MOXKeT GBITH BCKPBIT, €CAU TOABKO B DTOM €CTh HACTOATEIbHAI
HEOOXOAUMOCTD ¥ MHGOPMALYA, KOTOPYIO IPEAIOIaraeTCA IOLyYUTh, CTOUT 3a-
TPaveHHBIX CPEACTB, YCUINN U BPEMEHMN. . . »

Asrop mmdpa PGP ®. 3ummepmann («Kommbooreppar, Ned8 ot 1.12.1997,
crp. 45-46):
«Kax s, KT0 aymMaeTr, 4TO m300pen HempoOUBAEMYIO CXeMy IIM(pPOBAHUA, —
M7 HEBEPOATHO PEJKHUU MeHUl, WK IPOCTO HAWBEH W HEOUBITEH. . . »
«Kax b1 IpOrpaMMuCT BOOGpaXKaeT ce6sa KpUITOrpadoM, ITo BeJeT K PacIpo-
CTPAHEHUIO UCKIIOYUTEILHO INIOXOI'0 KPUITOOOECIEIEHHUA. . . »

B sakmrouenue faHHOIO pa3gena caeraeM eme OqHO 3aMedaHue — O Tep-
MuHOJOrMN. B mocnenHee BpeMsa HapALY CO CIOBOM «KPUNTOrPadUI» IaCTO
BCTPEYAETCS U CIOBO (KPUIITONOI MY, HO COOTHOIIIEHNE MEX 1y HAMU He BCe-
rIa MOHUMAETCA MPaBUILHO. Cenvac MpOUCXOIUT OKOHUATEIbHOE (POpMU-
pPOBaHUE >TUX HAYYHBIX AUCHUILINH, YTOYHAIOTCA WX TpPEeIMeT U 3aJa4u.

Kpunmoaoeus — HayKa, COCTOAIIAA U3 ABYX BETBEM: KpUOTOrpaduu u
KPUITOAHAINA3A.

Kpunmoepagus — Hayka o cnocobax npeobpasoBanusa (IudpoBaHus)
UHOOPMALINU C HEJbIO €€ 3AIIATHL OT HE3AKOHHBIX MOJb30BATEIECH.

Kpunmoanaauz — Hayka (U IPAKTUKa €€ NPUMEHEHUd) O METOZaX U
criocob6ax BCKPBITUSA HIA(PPOB.
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CoorHoterne KpunTorpaduu 1 KPpUNTOAHATIN3A, OIEBUIHO: KPUITOT DA~
¢us — zammTa, T.e. pa3paboTKa MUdPOB, a KPUITOAHAIN3 — HAIAJEHUE,
T.e. araka Ha mmdpsl. O THAKO 5TU IBE QUCHUILIMHBL CBI3AHBL APYL C APY-
T'OM, 1 He OBIBaET XOPOIINX KPUITOrpadOB, HE BIAICIONINX METOJaMU KPU-
MITOAHAJIN3A.

3. MaTremaTudeckmue 0OCHOBBI

Bouarbiioe Bansume Ha pasBuTue KpUNTOrpaduu OKa3aIu MOSBUABIIAECS
B cepennue XX Beka paboThl amMepumkaHCKoro maremaruka Kuaoma I[len-
HOHA. B pTux padoTax ObLIA 3AJ0KEHBI OCHOBHEI TEOPUM WH(MOPMAIUHL, &
TakXke ObLI pa3zpaboTaH MATEMATHYECKUN ANNAPAT IS UCCAEJOBAHUU BO
MHOTUX O0JACTAX HAYKW, CBA3AHHLIX ¢ uHpOpMaluen. Boaee Toro, npuss-
TO CUMTATh, YTO Teopusa WHMOpMAUWU KaK HaykKa poamaach B 1948 ro-
oy nocae myOmuxamumm paborer K. Illemnona «Maremaruwdeckas Teopus
cBa3m ).

B ceoen padore «Teopus cBsasu B cekperHnix cucremax»y Kiuon Ilennon
0GOOGIIMI HAKOILIEHHBIN O HEro OMBIT pa3paGoTku mmdpos? . Okasanocs,
9TO JaXKe B OYeHb CIOXKHBIX MU(Pax B KAYeCTBE TUIWIHHIX KOMIIOHEHTOB
MOXHO BBHIJIEIUTH TaKWe MIPOCTHIEe HIMGPH KaK wudpbl 3amenvt, wudpol
nePecmanosKy WIN UX COUeTAHUS.

[Tudp 3aMeHsb! ABIAETCS TPOCTEUIINM, HAMO0JEE MOy IAPHBIM M POM.
Tunuauapivu npumepavu siastorca mmdp lesaps, amdupnas azbykay
[Merpa Benukoro u «aumsmymue genosedkmy A. Konan [lonrta. Kax Bugso u3
CaMOro Ha3BaHWs, MM(P 3aMEHBI OCYLUIECTBAAET NPeoOpPa30OBaHIe 3aMEHbI
OYKB WIN APYICUX «IACTEN» OTKPBITOTO TEKCTA HA AHAJOTMYHBLIE (IACTH)
mdpOBAHHOTO TEKCTA. JIErKO HaTh MATEMATUIECKOE OmMuUCaHue mudpa
samensl. Ilycte X u Y — nBa andasura (OTKPHITOrO 1 mud)pOBAHHOTO
TEKCTOB COOTBETCTBEHHO), COCTOSALIME U3 OQMHAKOBOI'O YHCJIA CAMBOJIOB.
Iyctes Takxke g: X — Y — BzaumHOOIHO3HAMHOE OTOOpaxenue X B Y.
Torga mmdp 3aMeHBI JEUCTBYET TAK: OTKPBITBIA TEKCT X1X3 ...T; Ope-
obpasyeTcs B mmdpoBaHHbIN TeKCT g(z1)g(z2) ... g(zy).

[Tudp nepecraHoBKH, KAK BUIHO M3 HA3BAHUS, OCYIIECTBIAET Ipeobpa-
30BaHUE MIEPECTAHOBKU OYKB B OTKPBITOM TEKCTE. TUNUYHBIM IIPUMEPOM
umdpa nepecranopku sapisgercsa mudp «Cruranar. OOBIMHO OTKPBHITHIN
TEKCT Pa3bMBAETCS HA OTPE3KU PABHOU JJIUHBI M KaXKIbIM OTPE30K IIU-
dpyercs wezaBucumo. IlycTs, HATpUMeEp, IJIUHA OTPE3KOB PDABHA 1L U 0 —

B3aUMHOOJHO3HAYHOE OTOOpaxenue MHOXKecTBa {1,2,...,n} B cebs. Torga
mmdp MEPECTAHOBKN NEUCTBYET TAK: OTPE30K OTKPLITOTO TEKCTA, T . . . Tp
npeo6pa3yeTcs B OTPE3OK Mu(POBAHHOTO TEKCTA Ty (1) - - - To(n)-

1) Shannon C. E. A mathematical theory of communication // Bell System Techn. J.
V. 27, Ne3, 1948. P. 379-423; V. 27, Ned, 1948. P. 623-656.
2)Cum. [punoxenue.
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Baxuennum nis pasButua xkpunrorpaduu ObL1 pesyabtar K. [len-
HOHA O CYIIECTBOBAHUU U €IMHCTBEHHOCTH abCOIOTHO CTOUKOrO Imm@pa.
EmuucTBeHHBIM TaKuM IMI(PPOM ABIAETCA KaKasg-HUOyIb (POpPMaA TAK Ha-
3BIBAEMOU AEHMbL 00HOKPAMHO20 UCTLOAb306AGHUA, B KOTOPOU OTKPBITHIN
TEKCT «OG’be,ELI/IHerTCH)) C IIOJIHOCTBIO CJIy‘IaﬁHBIM KJ/IHOYI0OM TaKOﬁ Xe naun-
HBI.

1ot pesyabrar 661 qokasan K. lllernonoM ¢ moMOMIBI0 pa3paboTaHHO-
I'0 UM TEeOPEeTUKO-MH(OPMAIMOHHOI'O METOqa UCCaeqoBanus mudpos. Mbr
ue OyIeM 31eCh OCTAHABINBATHCA HA DTOM MOAPOOHO, 3AMHTEPECOBAHHOMY
qUTATer0 PeKOMeHLyeM u3ydnTb padory K. [lennonal).

O6cyauM 0COGEHHOCTU CTPOEHUSA abCOMIOTHO CTOUKOrO Mudpa U BO3-
MOXKHOCTH €r0 MPAKTUIECKOTO NCITOJIb30BaAHUA. TunuaaeiM 1 HauboJIee opo-
CTBLIM IPUMEPOM peanu3anny abGCOMIOTHO CTOUKOrO MUuppPa ABIAETC P
BepuaMa, KOTOPBIU OCYIIECTBIAET MOOUTOBOE CIOXKEHUE 7-OUTOBOTO OT-
KPBITOI'O TEKCTa 1 n-OMTOBOIO KJII0YA:

Yi=x;Dk;y, t1=1,...,n.

31ech Ty . ..%, — OTKPBHITHIU TEKCT, ki,...,k, — K04, Y1 . ..Y, — K-
(JpPOBAHHBIN TEKCT.

IMoguepkueM, 9TO 4151 AGCOMIOTHOU CTOMKOCTHU CYIIECTBEHHBIM ABIACTCA
KaxX[0€ 13 CIeyIomux TPeOGOBAHUE K JJEHTE O THOKPATHOrO UCIOIB30BAHMUA:

1) monHas cay4arHOCTH (PABHOBEPOATHOCTH) KII04Ya (9TO, B YACTHOCTH,
O3HAYAET, UYTO KJIIOY HETH3S BHIPAOATHIBATL C MOMOIIBI0 KAKOTO-TUOO0 [e-
TEPMUHUPOBAHHOI'O YCTPOUCTBA);

2) PaBEHCTBO IJIMHBI KJIIOYa U JIUHEL OTKPBITOI'O TEKCTA;

3) OIHOKPATHOCTDb UCIOJIB30BAHUA KIHOUIA.

B ciydae mapyiesus XoTsa 6bI OMHOTO U3 DTUX YCJAOBUT 1P MEPECTALT
OBITE AGCOMIOTHO CTOMKUM W MOABIAIOTCA MPUHIUIAAILHEE BO3MOKHOCTH
[JISL €r'O BCKPBITUA (XOTA OHU MOI'YT OBITH TPYIHO PEATU3YEMbIMN ).

Ho, okaserBaeTcs, ”MEHHO 5TH yCJIOBAA W IEJAIOT AOCOMOTHO CTOUKHUN
mmdp OYEHb TOPOrMM M HEMPAKTUIHEIM. [Ipex e 9eM MoIb30BAThCA TAKAM
mpPOM, MBI TOKHBEL 00ECIEeINThL BCEX aDOHEHTOB JOCTATOYHBIM 3aIIacoOM
CAYIANHBIX KIIOYEN U UCKIIOYATH BO3MOXKHOCTD MX IIOBTOPHOI'O IPUMEHE-
HuA. A BTO cuenaTh HEOOBYANHO TPYIHO U TOPOTO.

Kaxk ormeuan /1. Kau: (IIpo6rema co3ganusa, perucTpanuy, pacipoCTpaHeHU
7 OTMEHBI KIIOYel MOXKET IMOKA3aThCA HE CAUIIKOM CIOXKHOU TOMY, KTO HE WMe-
eT OIBITA IMepefadr COOOIIEHUN IO KaHAJIaM BOEHHOWM CBA3M, HO B BOGHHOE Bpe-
MA 06BEM IepPeIaBAEMBIX COOOMIEHUN CTABUT B TYMHUK AaXKe IPODECCHOHATLHBIX
CBA3UCTOB. 33 CYTKU MOr'YyT OBITH 3ammdpOBaHBl COTHU THICAY cI0B. Co3ganue
MUJIKOHOB KJIIOYEBBIX 3HAKOB IOTPe6OBAIO ObI OIPOMHBIX (PHHAHCOBBIX WU3I€P-
XKeK U OBbLIO OBI COMPAXKEHO C GOJBIINMY 33TPATAMU BpeMeHM. Tak Kak KaX Il
TEKCT JOMXKEH UMETb CBOI COOCTBEHHBIN, € IMHCTBEHHLIN U HEIIOBTOPUMBINA KIIOY,

D Cum. Hpunoxenue.
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NMpPUMEHEHNe WAEATHHON CHUCTEMBI MOTPEOOBATO OB Mepenady MO KPAWHEU Mepe
TAKOr0 KOIMIEeCTBA 3HAKOB, KOTOPOE SKBUBAIEHTHO BCEMY 00BEMY IepesaBaeMon
BOEHHOU MH(MOPMAIINN.»

B cuny ykazaHHBIX IpuyauH aGCOMOTHO CTOUKKE HIU(DPHI IPUMEHAIOTCS
TOJBKO B CETAX CBA3U C HEOOJIBIIMM 00BEMOM MepeaaBaeMon mH(pOpMAaInY,
OOBIYHO DTO CETU [ Tepenadu 0co00 BaXHOU rOCYAapCTBEHHOU MHMOD-
MaIuu.

Teneps yxe MOHATHO, YTO Hallle BCErO MJsA 3AIIUTHI CBOEN MHMOPMa-
IIIU 3aKOHHBIE TIOIL30BATENN BEIHY K JEHEI TPUMEHATHL HEabCOMIOTHO CTOU-
kue mmdpel. Takwe mudpbl, 00 KPAUHEN MepPe TEeOPEeTUIECKU, MOLYT
OBITH BCKPBHITHI. BONpPOC TOIBKO B TOM, XBATUT JU Yy MPOTUBHUKA, CHT,
CPEICTB U BPpEMEHU I Pa3pabOTKU U PEATU3AINN COOTBETCTBYIOIIUX aJ-
ropurMoB. OOBLIYHO 3Ty MBICAb BBEIPAXKAKT TaK: NPOTUBHUK C HEOrpa-
HUYEHHBIMU DECYPCAMU MOXKET BCKPBITH JIO00U HEAOCOTIOTHO CTOUKUU
mudp.

Kaxk ke momxkeH NeNCTBOBATH B DTOU CUTYAIIUU 3aKOHHBIA TOJIH30Ba-
Tenb, BeIOUpas mis cebsa mudp? Jlydme Bcero, kKoHeuHO, OBLLTO OB TOKAa-
34Thb, YTO HUKAKOU MPOTUBHUK HE MOXKET BCKPHITH BEIOPAHHBIN MDD, CKa-
xkeM, 3a 10 1eT 1 TeM caMBIM HOLYYUTH TEOPETUIECKYIO OLIEHKY CTOUKOCTH.
K coxamenuio, MaTeMaTudeckas TEOPHUA €Ie He NAaeT HYXKHBIX TeOpeM —
OHU OTHOCATCS K HEPELIEHHOU NPo0AeME HUNCHUT OUEHOK BLINUCAUMEAbHOT
CAOHCHOCTNAY 30004,

IMosToMy y TOMB30BATENA OCTACTCA €IUHCTBEHHBLIN Iy Th— MOy IeHUE
MPAKTUIECKUX OLEHOK CTOUKOCTH. DTOT IIYTh COCTOUT U3 CICAYIOMINAX 3Ta-
TIOB:

— HOHATH U 9€TKO CHOPMYJIUPOBATH, OT KAKOI'O NPOTUBHUKA MBI COOU-
paeMcaA 3alUATh THOOPMAINID; HeOOX0IUMO YACHUTH, YTO UMEHHO IIPO-
TUBHUK 3HAET WIX CMOXKET Y3HATH O cuCTeMe Iu(dpa, a TAKKE KAKAEe CUIBL
¥ CPEICTBA OH CMOXKET IMIPUMEHUTH [JIS1 €r'0 BCKPBITHUS;

— MBICJIEHHO CTATh B MMOJOXEHUE MPOTUBHUKA U MEITATHCA C €0 TO3UIN
aTakoBaTh MIU(P, T.e. pa3pabaTHBATL PAIUIHBIE AITOPUTMELI BCKPBITHUS
mmdpa; Tpu STOM HEOOXOAMMO B MAKCUMAILHOU Mepe 00eCIeInTh MOIEIN-
POBaHME CUII, CPENCTB U BO3MOXKHOCTEN IPOTUBHUKA;

— HAWIYUIIAU U3 Pa3pabOTAHHBIX alCOPUTMOB UCIOIB30BATE I TPAK-
TUYIECKOU OLEHKU CTOUKOCTH Imdpa.

3IeCh MOJIE3HO /A WLTIOCTPAIUN YIOMAHYTE O ABYX MPOCTEUIIAX METO-
JaX BCKPHITWA WMdpa: CLyIalHOe yranblBaHue Ki1oda (OH cpabaThIBAeT C
MAaJIEHbKOU BEPOATHOCTBIO, 32TO UMEET MAJEHBKYIO CJIOKHOCTH) U mepebop
BCEX TOJAPA[ KJIKYEH BILIOTH 0 HAXOXKIEHUA UCTUHHOTO (OH CpabaThIBAeT
BCErfa, 3aTO UMeeT OYeHb OOBILYIO CJIOXKHOCTL). OTMETUM TaKXKe, ITO He
BCEr/a HyXKHA aTaKa Ha KII0Y: IS HEKOTOPHIX MU(POB MOXKHO CPA3y, TaXKe
HE 3Has KIYa, BOCCTAHABIUBATH OTKPBITHIM TEKCT MO MIU(MPOBAHHOMY .
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4. HoBble HanpaBJIeHUA

B 1983 rony B xuure «Koaer u maremarukay M. H. Apumaosa u JI. E. Ca-
noBckoro (6ubtanoredka «KsanTy) 6b110 Hanucaxo: «[IpremMoB TaHOIICH —
BEJIUKOE MHOXKECTBO, 1, CKOPEe BCEr0, 3TO Ta OOJACTD, Te YKe HET HYXK IbI
IPUAYMBIBATE YTO-HUOYAb CYIIECTBEHHO HOBOE.» (IHAKO 3TO OBLIO Ode-
pexHoe 00abIOe 3a0ayXK IeHNe OTHOCUTEIbHO KpunTorpaduu. Eme B 1976
roay ObL1a OmyOIMKOBaHA PabOTa MOJOABIX AMEPUKAHCKUX MaTEeMaTHUKOB
Y. Dupdpu 1 M.D. Xenmmana «HoBble HampasieHnma B Kpumrorpadum '),
KOTOPAs HE TOJBKO CYIIECTBEHHO M3MEHWIA KPUNTOIPapUio, HO U IPUBEJIa
K TOSBICHUIO U OYPHOMY DPa3BUTUIO HOBLIX HAMPABICHUN B MaTEMaTUKE.
[lenTpaJbHBIM MOHATUEM «HOBOU KPUNTOrPADUMY ABIACTCA MOHATHE OTHO-
croponHen GyHkuu (MoAPOGHEe 06 STOM CM. TUIaBY 2).

Oodnocmoponneti HazbiBaeTcsa pyukusa F: X — Y, obunagaomas aByMs
CBOUCTBAaMMU:

a) CyIIECTBYET IOJMHOMUAILHBIN AICOPUTM BEIUUCAeHA 3HadeHul F'(z);

6) He CyIIECTBYeT MOIUHOMUAAILHOIO AINOPUTMA UHBEPMUPOBAHUL DPYH-
kunu F (T.e. pemenus ypaBHeHus F(z) = y OTHOCUTEIBLHO &, TOYHOE
ompenenenue cM. Ha cTp. 30).

OrMeTnM, 9TO OZHOCTOPOHH:AA (PYHKUMA CYUIECTBEHHO OTIMIACTCS OT
QYHKIUY, IPUBLIYHEIX CO IIKOJILHON CKAaMbH, M3-33 OrPAHMYICHUN Ha, CJIOXK-
HOCTBH €€ BLIYUCJICHUA U MHBEPTUPOBAHUA. BOMPOC O CYIIECTBOBAHUU OIHO-
CTOPOHHUX (DYHKIUU MMOKA OTKPHIT.

Erme ogHuM HOBBIM MOHATHUEM ABISAETCA TMOHATUE PYHKUUU C CEKPETMOM.
Nuorga eme ynorpebasercs TepMut Gynkyui ¢ sosyukot. Oynkyuet c ce-
xpemom K nHaswiBaeTcsa dyukuusa Fr: X — Y, 3aBucamas oT mapameTpa
K u obnagaiomas TpeMs CBOICTBAMU:

a) CyIIECTBYET NOJMHOMUAJILHBIN AJTOPUTM BLIYUCICHUA 3HATCHUS
Fr(x) mna mobeix K u x;

6) He CyLUIeCTBYeT MOJIUHOMUAIBLHOIO AIrOPUTMA MHBepTUpoBaHusa Fiy
pu HewsBeCTHOM K ;

B) CYILIECTBYeT MOJIMHOMUAJIBHBIA AICOPUTM MHBepTUpOBaHuA Fy mpu
u3BecTHOM K.

IIpo cymecTBoBanMe QYHKIUU C CEKPETOM MOXKHO CKA3aTh TO XK€ Ca-
MO€, ITO CKa3aHO MPO OJHOCTOPOHHUE (PyHKIUU. [[11 TpaKTUIECKUX IIe-
Je Kpunrorpaduu ObLIO TOCTPOEHO HECKOIBKO (PYHKIUHN, KOTOPHIE MOT'YT
0Ka3aThCA PYHKIUAMU C CeKpeTOM. [[Jisg HUX CBOUCTBO 6) MOKa CTPOrO HE
TOKA3aHO, HO CUATAETCA, UTO 3a1a49a WHBEPTUPOBAHUS DKBUBAJEHTHA, He-
KOTOPOHU [IAaBHO M3y9aeMOHU TPYIHOM MaTeMaTHIecKou 3anade. HambGouee
U3BECTHOU U TOMYJAPHON U3 HUX ABIACTCA TEOPETUKO-IUCIOBAA (PYHKIIVA,
Ha koropon nocrpoer mudp RSA (mozpobuee 06 sToMm cM. riiasy 4).

D Jufdu Y., Xeaaman M.D. 3aMImeHHOCTs W MMUTOCTONKOCTH. BBegeHme B Kpum-
Torpaduio // TUAIP. T. 67, Ne3, 1979.
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[Tpumenenue PyHKIUEI ¢ CEKPETOM B KPUNTOTPa(pUM TO3BOJIACT:

1) opranuzoBaTh 0O6MeH MU(PPOBAHHLIMU COOOLIEHUSAMU C UCIOIb30BA~
HUEM TOJBKO OTKPBITHIX KAHAJOB CBS3U, T.€. OTKA3ATHCA OT CEKPETHBIX
KaHAJIOB CBS3U s [IPEIBAPUTEILHOIO OOMEHA KII0IaMU;

2) BKIIOUWUTH B 3aJa4y BCKPHITUA MDD TPYIHYK MATEMATHIECKYO
3a/ady U TeM CAMBIM MOBLICUTH OOOCHOBAHHOCTH CTOUKOCTH M(Pa;

3) pemaTh HOBLIE KpUOTOrpadgUIecKue 3a1a4du, OTINIHBIE OT UGPO-
BaHUs (2aeKkmponnas yudposas nodnuce u Ip.).

OnuwmeM, HanpuMep, Kak MOXHO peanu3oBars 1. 1). [ToassoBarens A,
KOTOPHIM XOUET MOMYYaTh MU(PPOBAHHBIE COOOIIEHUA, MOMKEH BHIOPATH
kakyio-uubyab pyukmmio Fi ¢ cekperom K. Ou coolmaer BceM 3amHTe-
PECOBAHHBIM (HampuMmep, myOaukyer) onucanue qpyukuuun Fy B KadecTse
cBoero aiaropurma mudpoBanus. Ho mpu sTom 3Hadenue cekpera K ou
HUKOMY HE COOOIIAeT U AEepPXKUT B cekpere. Eciu Teneps momb3oBaTens B
XOYeT MOCIATh MoJab30oBaTeno A 3ammmaemyo uadgopmanuio £ € X, T0o OH
BoancaseT y = Fi (r) u mOCBLUIAeT Y MO0 OTKPLITOMY KAHALY MOJb30BATE-
a0 A. ockonbky A mas cBoero cexkpera K ymeer uuBepTUpoBaTh Fi) TO
OH BBIYUC/IAET T 10 noaydenHoMy y. Hukro apyrou me smaer K u mosromy
B CWIy CBOUCTBA 0) (PYHKIUM C CEKPETOM HE CMOXKET 3 MOIMHOMUAILHOE
BpeMs [0 U3BECTHOMY MupPOBAHHOMY coo0menuio F (x) Beraucaurs 3a-
MAIMIAEMYI0 THPOPMALUIO .

OnucanHyio CUCTEMY HA3BLIBAIOT KPUNMOCUCMEMOT ¢ OMKPLIMbIM KAl0-
Y4OM, TOCKOIBKY aIrOpuTM mudposanusa F ABIAETCA OOMEIOCTYTHBIM WA
OTKPHITHIM. B mocieguee BpeMs Takue KPUITOCUCTEMBI €€ HA3LIBAIOT
ACUMMEMPUYHBIMU, TIOCKOIBKY B HUX €CTh aCUMMETPHUSA B aJCOPUTMAX: AJl-
POPUTMBI MUA(PPOBAHUA U IEMUMDPOBAHUA PA3IUIHEL. B oTaMydme 0T Takux
CUCTEM TPAJUIUOHHLIE MU(MPHI HABBIBAIOT CUMMEMPUUHBLMY: B HAX KIIOT
1A G POBAHUA U A POBAHUA OMUH U TOT XKe. /11 acuMMeTPUIHBIX
CUCTEM AITOPUTM IMUMPOBAHUA OOLIEM3BECTEH, HO BOCCTAHOBUTD 110 HEMY
AITOPUTM Aeu(pPOBAHUA 38 MOTMHOMUATLHOE BPEMA HEBO3MOXKHO.

Omnucannyto Beiue ugeno Juddu u XemwiMman npeioXuin UCIOIb30BATh
TaKXe [UIA DIEKTPOHHOU NU(PPOBOU MOAMUCK COOOIIEHUN, KOTOPYH HEBO3-
MOXHO O JeNATH 33 MOJUHOMUAIBHOE BpeMs. [lycTs noas3oBarento A ne-
00x0IMMO moAIUCATL coobmenue . OH, 3Has cekper K| HAXOIUT TaKoe Y,
uro Fi(y) = z, u BMecTe ¢ cOOOLIEHNEM T MOCBLIAET Y IOJAb30BaTeI0 B B
kadecTse cBoen nudposou noamnucu. [loapbsoBaTens B XpaHUT Y B KAYECTBE
IOKA3aTeILCTBA TOTO, YTO A mommucan cooOIeHne &.

CooObrmenne, MOAMUCAHHOE [TUPPOBON MOANUACHIO, MOXKHO MPEICTABIATH
cebe kak mapy (z,y), roe & — COOOIIEHWE, y — pEIIeHNe ypaBHEHU
Fg(y) =z, Fxk: X — Y — (QyHKumsa ¢ cekperoMm, M3BeCTHAsI BCeM B3a-
uMOIenuCTBYIOIMM aboueHTaMm. W3 onpenenenus Gpyukuun Fy OYeBUTHBI
CIEAYIOUIUE [OJNE3HEIE CBOUCTBRA MU(POBON IO IINCH:
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1) mognucaTs coobImenue &, T.e. peumThb ypaBuenue F (y) = z, MoxeT
TOIBKO aGOHEHT — OOJIaaTenb NAHHOrO cekpera K; IpyruMm CIOBaMu,
O IEJIATE [MOANUCH HEBO3MOXKHO;

2) mpOBepUTH NOMIUHHOCTD HOANUCH MOXKET JI000N a00HEHT, 3HAIOWIUN
OTKPBITHIA K04, T. €. camy QpyHKnmio Fi;

3) npu BO3HUKHOBEHUU CIOPOB OTKA3ATHCA OT IMOLNUCH HEBO3MOXKHO B
CIIy €€ HEIOIETEIBAEMOCTH;

4) noanucanHble coOOMmeHusA (T, y) MOXKHO, HE Omacasach ymepba, mepe-
CBLTATD IO JIIOOBIM KAHAJIAM CBA3M.

Kpome npuammnma mocTpoeHns KPUITOCUCTEMEL ¢ OTKPBITHLIM KJIIOYOM,
Mudpdun n Xearman B TOR ke paboTe MPENIOKUIA EIIE OJHY HOBYIO HIEH —
omxpoimoe pacnpedesenue Kaouet. OHM 3aTATUCH BOIPOCOM: MOXKHO JU
OpraHmM30BaTh TAKYI0 HPOUENypPy B3amMOAENCTBHUA abOHeHTOB A m B mo
OTKDBITHIM KAHAJAM CBA3U, YTOOLI PEIIUTEL CJAEIYIONUINE 32, Jau:

1) Brauane y A u B HeT HUKaKOU OOIIEN CEeKPEeTHOU MH(POPMALUK, HO B
KOHIIE TPOLEAYPLI TaKasa O0Ias ceKpeTHaa uHbopManysa (OO KIH9) y
A m B nosBaseTcs, T.e. BLIPAOATLIBAETCS;

2) MACCUBHBLIA MPOTUBHUK, KOTOPHIA MEPEXBATHIBAET BCE MEPENadn WH-
(opmanum u 3HAET, YTO XOTAT MOAYIUTL A u B, TeM HE MeHee He MOXKEeT
BOCCTAHOBUTEL BLIPAOOTAHHEIN 00IMK Kiod A u B.

Mudpdn u XeiMaH NpeIIoKuIn PEIIaTh 3TH 33,Ia47 C IIOMOIILIO (PYHK-
u

F(z) = o® mod p,
rae p — OOJBIIOE MPOCTOE YUCIO0, & — TPOU3BOILHOE HATYPAILHOE UUCIO,
Q. — HEKOTODPBIU Npumumushbll asemenm noias GF(p). ObmwenpusHanHo,
9TO mHBEpTHPOBaHNE QyHKIUU o mod p, T.e. MUCKPETHOE JorapudMupo-
BaHUe, ABIACTCA TPyAHOU MaTemaTudeckon 3anaden. (llogpobuee cM. ria-
By 4.)

Cama mpoueaypa Win, KaK OPUHATO TOBOPUTD, NPOMOKOL 6bIPGOOMKU
00U,e20 KAKNUA OMUCEIBAETCA CJAETYIOMUM 06Pa3oM.

A6ouenTor A u B He3aBUCUMO APYT OT APYTa CIyIauHO BHIOUPAIOT MO
OMHOMY HATYPAIbLHOMY YHCIy — CKaXeM L4 U Tp. OTH DIEMEHTHl OHU
nepxkat B cekpere. [lanee Kaxk IBIA 13 HUX BLIUUCIAET HOBBIA DJIEMEHT:

ya = a®** modp, yp = a"® mod p.
(Yucna p u « caurarorca obmenoctynubiMu.) IloToM oHE 0GMEHUBAIOTCA

DTUMHU SIEMEHTAMU 0 KaHATy CBasu. lTemepb aGomenT A, moryvwe yp u
3Has CBOU CEKPETHBIN DJIEMEHT T 4, BLIYACAAECT HOBLIM DJIEMEHT:

yg* mod p = (a"?)** mod p.
Amamormaao moctymaer aborenT B:

v’ mod p = (a®4)" mod p.
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Tem cambiM y A 1 B TOABWICA OOIINYU SJIEMEHT TMOJIA, PABHBIA ¥ A¥B . JTOT
JIEMEHT M 00BABIAETCA 00muM KiaodoM A u B.

W3 onucanus mpoTOKOIa BUAHO, ITO MPOTUBHUK 3HAET P, q, a4, a8,
HE 3HAET T4 W Tp W XOUeT y3HATL 478, B macrosmee BpeMs HET aj-
TOPUTMOB JEUCTBUU MPOTUBHUKA, Gojee dP(EKTUBHLIX, I€M TUCKPETHOE
JorapudMupOBaHUEe, & DTO — TPYIHASA MATEMATAIECKAS 33,1394,

Ycmexu, IOCTUTHYTHIE B Pa3paboTKe cXeM MU POBOU TOAMUCA U OTKPHI-
TOrO PACHPENeIeHUs KII0Ued, TO3BOJUIN IPUMEHUTh 3T UIEN TAKKE U K
OPYTUM 3aJadaM B3aWMOMEUCTBUA yIAJEHHLIX aOOHEHTOB. Tak BO3HUKJIO
60JIBbIIOE HOBOE HANPABJIEHUE TEOPETUYECKOU KPUNTOrpadpuu — KPUITO-
rpaduueckue IPOTOKOILL (IIOAPOOHEE CM. TIABY 3).

O6BeKTOM U3yHueHus TeOpu KPUITOrPAPUIECKUAX IPOTOKOIOB ABIIAIOT-
CA yoaTeHHBIe a0OHEHTHI, B3aUMOIEUCTBYIOIINE, KAaK MPABUIO, TI0 OTKPHI-
THIM KaHAJIAM CBf3u. llenbio B3amMomencTBus aGOHEHTOB SABIAETCA PeEIIe-
HUEe KaKOU-TO 3ajgaqdn. MMeeTcss Takxke MPOTUBHUK, KOTOPBIA IIPECIEIYET
cobcTBenHble nen. [Ipy 5>TOM TPOTUBHUK B PA3HBIX 3aa9aX MOXKET UMETh
pa3HbIe BO3MOXKHOCTH: HAIIPUMED, MOXKET B3aUMOIEUCTBOBATL C ADOHEHTa~
MU OT UMEHU IPYTUX aOOHEHTOB WX BMEIIMBATHCA B 0OMEHBI HH(MOPMAIITEn
Mexay aboHeHTamu 4 T. A. I[pOTUBHAKOM MOXKET gaxe OKa3aThCs OQUH U3
abOHEHTOB WIN HECKOJBKO a0OOHEHTOB, BCTYNUBIIUX B CT'OBOP.

[IpuBegem eme HECKOIBKO HPUMEPOB 3a4a4, PEIIAEMBIX yIAJIEHHBIMU
abonenTamu. (Iurareno peKOMEHIyeM 10 CBOEMY BKYCY CAMOCTOATEILHO
OPUIYMATh elle KaKue-HUOYIb IPUMEDEL. )

1. BaauMomencTByOT IBa HE TOBEPAIOIIAX APYT APYry aboHeHTa. OHu
XOTAT NOANUCATH KOHTPAKT. JTO HAAO CAEJIATH TaK, YTOOBI HE TOMYCTUTH
CAEIYIOUIYIO CAUTYAINO: OAWH U3 a0OHEHTOB MOIYYWI HOANUCH APYTOro, a
caM He IIO[IUCAJICS.

IIpoTokon perreHus >TOU 3aJa9M TPUHATO HA3BIBATEH NPOMOKOAOM
nOONUCAHUAL KOHRMPAKMA.

2. BzaumogencTByioT aBa He HOBepsoumx Apyr apyry abouenTa. Ouu
XOTAT OPOCUTDH KPEOUM C MOMOIIBID MOHETHL. JTO HAIO CAEJATH TAK, UTO-
OBI aGOHEHT, MOAOPACHIBAIOIINY MOHETY, HE MOT' U3MEHUTHL PE3YILTAT MO~
OpaCBLIBAHUS [TOCJIE MOLYYEHUS JOTa KN OT A0OHEHTA, yIa JbIBAIOMIEr0 DTOT
pe3yJabTar.

IIpoToKON perieHns dTOU 3aJa9M TPUHATO HA3BIBATH NPOMOKOAOM
nodOPacHL8ARUL MOHEMYI.

OnuiieM 04uH U3 TPOCTEUNINX TPOTOKOJIOB M0 A6PACKIBAHNAA MOHETHI MO TEJIe-
¢dony (Trax maspBaemas cxema Bmoma-Mukamm). [Juaa ero peammsanmm y aboOHEH-
ToB A 1 B nomxHa ObITH 0AHOCTOPOHHAA Pyukuua f: X — Y, y10BICTBOPAIOIIAL
CIeAYIOUMM yCJIOBUAM:

1) X — MHOXECTBO IEIBIX IUCET, KOTOPOE COAEPKUT OIMHAKOBOE KOIMIECTBO
YETHBIX U HEYETHBIX YUCE,;
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2) mrobble wmcaa T1,r2 € X, nmeroume oxuu o6pas f(r1) = f(x2), umeor
OJIHy Y€THOCTB;

3) mo 3agarEOMy 06pasy f(r) «TPYyAHO» BEIMUCIATH I€THOCTH HEM3BECTHOTO
apryMeHTa .

Poab moa6pachiBaHua MOHETHI UT'PAET CIYyYalHBLIA M PABHOBEPOATHLIN BEIGOD
smemeHTa * € X, a pOdb OpJa W PENIKM — YETHOCTb W HEIETHOCTb T COOT-
BeTCTBeHHO. [lycTh A — aGoHEHT, MOAOPACHIBAIOIIUN MOHETY, a B — abonent,
YTaAbIBAIOIIAA Pe3yabTaT. [[POTOKOI COCTOUT M3 CIEAYIONAX IIAT0B:

1) A Beibupaer z («rogGpaceBaeT MOHETY»), 3amUdPOBEIBAET I, T.€. BHIIA-
caser y = f(r), m noceumaer y aGouenty B;

2) B nomydaer y, OBITAETCA yragaTh I€THOCTH I W MOCBLIAET CBOIO IO IKy
aboueHTy A;

3) A momywaeTr moraaky ot B m coobmaer B, yragaa Ju OH, MOCBLIAA €My
BBIOpAHHOE YUCIO T;

4) B nposepsaeT, He OOMaHbIBaeT a1 A, BErauciaa 3Hadenue f(r) u CpaBHUBAA
€ro C MOJIy9IeHHBLIM Ha BTOPOM IIAre 3HAYCHUEM .

3. Bzammogencreytor nBa abonenTa A u B (Tunuusbim npumep: A —
kaueHT Oanka, B — Gank). AGonenT A xoder gokasarb aboHeHTy B, 9TO
OH UMEHHO A, a He TIPOTUBHUK.

[IpoToKOI permeHns STOK 38,1491 TPUHATO HA3EIBATE NPOMOKOAOM UDECH-
mupurayuy abonenma.

4. B3auMOgenCcTBYIOT HECKOJIBKO YIAJEHHBIX A0OHEHTOB, MOJYYHUBIINX
NPUKA3bkl U3 OJHOrO LEHTPa. JacTh abOHEHTOB, BKAIOYASA IEHTP, MOLYT
OBLITH IMpoTuBHUKaMU. Heo6xoauMo BEIpabOTATH €IUHYI0 CTPATErUio Ieu-
CTBUU, BEIUTPLINIHYIO 1711 aOOHEHTOBR.

DTy 3a0a4dy IPUHATO HA3BIBATH 3aJa96d O BUBAHTUUCKUX MEHEPATIaX, a
IIPOTOKOT €€ PEIIEHUS — NPOMOKOAOM BUBAHTNULCKO20 COZAGULEHUSA.

OcMBICTEHTE PABIMYHBIX TPOTOKOMOB U METOAOB UX MOCTPOEHUS [IPUBE-
70 B 1985-1986 r.r. K TOABIEHNIO IBYX IIJI0OTBOPHBIX MATEMATUIECKIX MO-
IeJen — uHmMepaKkmuenoti cucmembl d0KA3aMeEALCMEA U DOKA3AMEALCMEA
¢ nyaesvim pazesdguwenuvem. MaTemMaTudeckre MCCICIOBAHUA DTUX HOBBIX
O0OBEKTOB MO3BOJIIN JOKA3aTh MHOT'O YTBEPXK IEHUN, BECHMA MOIE3HBIX IIPU
pa3paboTke KpUNTOrpahuIecKuX MPOTOKOIOB (MOApOGHEe 06 DTOM CM. IIa-
By 2).

Mox uuTepakTuBHOU cucTemon nokasareabctsa (P,V,S) norumaror
IPOTOKOJ B3aUMOLEUCTBUS ABYyX aO0HeHTOB: P (1oxassiBaromui) u V' (mpo-
Bepsomun). A6onent P xodueT nokasaTh V', 9TO yTBepKAeHUE S UCTUHHO.
IIpu sTom abouent V camocrosTensHo, 6e3 nomomu P, He MOXkeT IpoBe-
puTh yTBepKkaeHue S (mosromy V u HasbIBaeTCA mpoBepsomuM). AGOHEHT
P MoXkeT OBITH U TPOTUBHUKOM, KOTOPHIA XOUYeT A0KA3aTh V, 9TO yTBEPK-
nenue S UCTUHHO, XOTs OHO JOXKHO. [IpOTOKOI MOKET COCTOATH U3 MHOTHUX
payndos oOMeHa COOOIeHuAMYU Mexay P u V u JOMXKeH yIOBIETBOPATL
[OBYM YCJIOBVSIM:
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1) noanoma — ecau S EEUCTBUTEILHO UCTUHHO, TO a0OHEHT P ybenut
abonenTa V mpusHATH DTO;

2) xoppexmmocms — ecau S 10xkHO, TO aboHenT P Bpsg aum ybexur
abomenTa V', 9TO S UCTUHHO.

3IeCh CIOBAMU «BPAMT JW» MBI JJISA IPOCTOTEl 3AMEHMIA TOIHYIO MATe-
MATHYIECKYIO (hOPMYIUPOBKY.

Moguepkuem, uro B ompenerenuu cucreMmbl (P, V) S) me pomycka-
J0Ch, 97O V MOXeT OBIThL mpOTMBHMKOM. A ecaum V' oxasaicsa mpOTUB-
HUKOM, KOTODBLI XOYET (BLIBENATL» y P Kakyo-HHOyAb HOBYIO IOJE3-
Hyo g cebs umapopManumio 06 yrBepxkaenuu S? B srom ciayuae P,
€CTECTBEHHO, MOXKET HE XOTETb, YTOOBI 3TO CIYIWIOCH B PE3YILTATE Pa-
6orer nporokona (P, V,S). Ilporokoa (P,V,S), pemaiomun Takyio 3a-
Iady, HA3BIBAETCSA [MOKA3ATEIHCTBOM C HYJEBBIM DA3IVIAIIEHUEM U [OJ-
XKEH yAOBJIETBOPATH, KPOME YCIOBUM 1) m 2), emle U CJIEAYIOMIEMY YCJIO-
BUIO:

3) nyaesoe pazesawenue — B pesyabrare paboTel nporokoaa (P, V,S)
aboueHT V HE YBEJUYUT CBOU 3HAHUA 00 yTBEPKIEHUHA S WIM, IPYTUAMEA
CJIOBAMU, HE CMOXKET W3BJEYbL HUKAKOU WH(MOPMAIUU O TOM, modeMy S uc-
TUHHO.

5. 3akiroueHue

3a mocaeqHre roabl KpunTorpadusa u KpunTorpadudeckKue MeTOLL BCe
IIMpe BXOOAT B HAINY XU3HL U Jaxe OLIT. BOT HECKOILKO mpumepos. Or-
mpasaas Email, MBI B HEKOTOPBIX CIydYasX OTBEYAEM HA BONPOC MEHIO:
«Hyxen mu pexxum 3ammdpoBanua?y Biagenen nHTeLIeK Ty aIbHON OaHKOB-
CKOU KapTOYIKH, OOPAIIAACE YePe3 TEPMUHAT K OAHKY, BHATAJIE BEITIOJHAET
KpunTorpaduIecKui TPOTOKOI ay TeHTudguKam KapTodku. [loas3osaTe-
au cetu VIHTEpHET HABEPHAKA 3HAKOMEI C IUCKYCCUAMEU BOKPYT BO3MOXK-
HOI'O IPUHATHUA CTAHAAPTA TA(POBOU MONIKUCHA [IJIA TEX CTPAHAI, KOTOPEIE
COIEPKAT (KPUTUIECKYH» HHPOPMANUIO (FOPUIUIECKYIO, TIPAUC-TUCTHL U
ap.). C HejaBHUX [IOD MOJIB30BATENIN CETEU CTAMM YKA3BIBATDH IIOC/IE CBOEH
avmmmmr HapAmy ¢ yxe mpubbkrdEEIM «Email .. .» u MeHee mpuBLIYHOE —
«OTnedaTok OTKPBITOTO KIOYA . . . 5.

C xaxIbIM THEM TaKuX MPUMEPOB CTAHOBUTCA Bce Ooubine. VMeHHO
HOBBIE MPAKTUYECKUE TPUWIOKEHUA KPUNTOrpahuu U ABIAOTCA OHUM U3
HUCTOYHUKOB €€ PA3BUTHA.
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Kpunrorpadusa u Teopusa CJI0XKHOCTHU

OCHOBHOG BHIUMAaHUE B HaCTOHH_IeIK/JI vIaB€ MBI yAeJsaeM Pa3bACHEHNUIO BaXK-
HEUIUX UAEU, CBA3AHHBIX C TMPUMEHEHUEM TEeOPETUKO-CIOKHOCTHOTO MO~
xoja B kpunrorpadun. N3mroxenne mo He06X0 IMMOCTH HETOCTATOIHO (HOp-
MaJbHOE — I MaTeMaTUIeCKOU KPUITOrpapuyu TUIUIHLI MHOOCTPa-
HUYHBIE onpeneneHusa. IIpeanonaraeTcsa 3HAKOMCTBO IUTATENSI C OCHOBAMU
Teopun CJIO0KHOCTHU BBI‘II/ICJIGHI/If/Jli IIOHATUAMN MAIIINHBI TbIOpI/IHFa, KJIaCCOB
P u NP (cum. [2]), a Takxe ¢ ruaBoit 1 HACTOAIIEH KHUTH.

1. BBegenue

B Teoperuveckon kpunrorpadun CymeCTBYIOT IBA OCHOBHEIX MOLXO0A
K ONPENeNeHNI0 CTOUKOCTU KPUITOCUCTEM U KPUNTOIPAPUIECKUX IPOTO-
KOJOB (B JaJbHEUIeM MBI OyIeM TaKXKe UCIOAb30BATH OOMIUN TEPMUH —
KPUOTOrpapuIecKre CXeMBI): TeOPeTUKO-NHMOPMAIMOHHEI U TEOPETUKO-
CIOXKHOCTHOU. TeopeTuko-uHpOPMAIIMOHHBIN MOAXOL MPEATIOIAraeT, ITO
MPOTUBHUK, ATAKYIOUIA KPUTTOIPAPUIECKYIO CXEMY, HE UMEET IaXKe TeO-
PETUIECKOUN BO3MOKHOCTH MOy IUThH UHPOPMAIINIO, TOCTATOYHYIO I OCY-
IeCTBJAEHUA CBOUX Iejen. Kimaccuieckum npuMepoM 316Ch MOXKET CJIyKUTh
umdp Beprama ¢ ogHOpaszoBbIMU KaOYaMu, aOCOMOTHO CTOUKUU MPOTHUB
TACCUBHOT'O TPOTUBHUKA,.

IMoxaBastomiee GOJBUIMHCTBO UCIOJB3YEMBIX HA MPAKTUKE KPUITOPA-
duveckux cxem He o6/amaeT CTOMbL BLICOKOW CTOMKOCTBIO. Bojee Toro,
OOBIYHO OLIBAET HECIOXKHO yKA3aTh aJIrOPUTM, KOTODPHIU BBIMOMHAECT CTO-
AILYIO TIepe] TPOTUBHUKOM 33Jady, HO HE MPAKTUYIECKU, a B MPUHIINIE.
PaccmoTpuM caenyommu mpumMep.

IIpumep 1 (Kpunrocucrema ¢ OTKPBITHIM KI0IoM). Kpunmocuc-
mema ¢ OMKPLIMbLM KAOUOM TOTHOCTHIO OMPEIEIIeTCS TPeMI AIrOPUTMa-
MU: TEeHEepaIn KIHIen, mudpoBanusa u nemudpoBanusd. AJroput™ rexe-
panuu knoden G 00MEeI0CTYIEH; BCAKUN XKETAIOMINN MOXKET MOIaTh €My Ha,
BXOJ CIYyYalHyI0 CTPOKY T HaJeXKAaIled MJIUHLL U IOJIYYUTh Hapy KIHden
(K1, K3). Orkpeitein kiaod K myOGIuKyeTcs, a CeKPeTHbIN Kiod Ko u
CIy4YalHAsA CTPOKA I XPAHATCA B cekpere. AnropurMel mudposanus Fy, u
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nemudgposanus D, TakoBbl, 9T ecau (K1, K) — mapa K/Iro4en, CreHepu-
poBanHasa anropurmoMm G, To D, (Ek, (m)) = m s 1:060ro OTKPLITOro
TekcTa m. [/ IpOCTOTHL U3I0KEHUS IIPEAIOIATAEM, YTO OTKPBITHIU TEKCT
U KPUNTOIPAMMa, UMEIOT OAUHAKOBYIO LMuHy 1. Kpome Toro, canraem, 910
OTKPBITHIM TEKCT, KPUITOrPAMMA U 00a KII0Ya ABIAIOTCA CTPOKAME B TBO-
UIHOM aIdaBUTE.

[IpeamosoxuM Temepb, 9TO MPOTUBHUK ATAKYET DTY KPUITOCUCTEMY.
Emy uaBecTren oTkpobiTh Kiai04d K, HO HEM3BECTEH COOTBETCTBYIOMINN Ce-
kpeTHbin Kai049 K. [IpOTUBHUK mepexBaTuI KPpUNTOrpaMmy d U MBITAETCA
HanTu coobwenue m, rae d = Eg, (m). llockoasky anropurm mudposanus
O0IIEN3BECTEH, IPOTUBHUK MOXKET IIPOCTO MOCJIEJOBATEABLHO IepebpaTh Bce
BO3MOXKHBIE COOOIIEHUA IIWHBI 1, BRIUACIATDL IJIA KaXkKIODO TAKOO CO00-
wenus m; kpunrorpammy d; = Ek, (m;) u cpaBauts d; ¢ d. To coobuienue,
I KOTOporo d; = d, u 6yIeT UCKOMBIM OTKPBITHIM TeKCTOM. Eciu mose-
3€T, TO OTKPBLITHIU TEKCT Oy IeT HAWAEH TOCTATOYHO ObicTpo. B xymmem xe
caydae mepebop OyneT BBIIONHEH 3a Bpema mopagka 27T (n), roe T'(n) —
Bpems, TpebyeMoe 1 BEYuCIeHnsa GyHKIun F, OT COOOMEHNN IJINHEL M.
Ecau coobmenus umeror gimuay nopsigka 1000 6utos, To Takou nepebop
HEOCYIIECTBAM HA MPAKTUKE HU HA KAKUX CAMBIX MOIIHBIX KOMITBIOTEPAX.

Mer paccMOTpesu JUIIb OWH U3 BO3MOXKHBIX CIIOCOOOB aTaKu HA KPU-
MTOCUCTEMY U MPOCTEUIINN AITOPUTM MOUCKA OTKPLITOrO TEKCTA, HA3BI-
BAEMBIA OOBIYHO AJICOPUTMOM MOJHOrO nepebGopa. Ucnonb3yercs Takxke u
IPYyroe Ha3BaHUe: «(MEeTOH T'Pybou CHIbD. [[pyron mMpOCTEUI airOpUTM
MOUCKA OTKPHITOO TEKCTA — YraJbIBAHUE. JTOT OYEBUIHBIA AJITOPUTM
TpebyeT HeOOMbIINX BLIYUCAEHNH, HO CPA0aTLIBAET C IPEHEeOPEKMMO MAION
BEPOATHOCTHIO (Tpu GOMbIIKX AIrHAX TEKCTOB). Ha camMoM gese mpoTUBHUK
MOXET MBITATHCA ATAKOBATH KPUITOCUCTEMY DPA3IUIHBIMUA CIOCOOAMU U
UCTIONB30BATEH PA3JIUIHEE, 00Ie€ U3OMIPEHHBIE ATTOPUTMEI TIOUCKA, OTKPHI-
TOr'O TEKCTa. ECTeCcTBeHHO cCUMTaTh KPUITOCUCTEMY CTOUKOM, €CIN JI000K
TAKOU AJITOPUTM TPEOyeT MPaKTUYECKU HEOCYIIECTBUMOrO 00bEMa BHIUU-
CJEeHUI wiKn CpabaThIBaeT € HpeHeOpexumo Maaou BepoaTHocTbio. (IIpu
DTOM MPOTUBHUK MOXKET UCIOIL30BATEH HE TOJBKO TeTEPMUHUPOBAHHEIE, HO
U BEPOATHOCTHEIE AJIOPUTMBL.) DTO U €CTh TEOPETUKO-CJIOKHOCTHOU TIOI-
XO[ K OHNpeAeNTeHuio CTOUKoCTH. [l ero peaimsanuu B OTHOIIEHUN TOIO
WM UHOT'O TUMA KPUTITOrPAPUIECKAX CXeM HEOOXOAUMO BBIMOJHUTE CJAELY-
omiee:

1) gaTb GopMaTbHOE ONpeIeTIeHrue CXeMBI JAHHOTO TUIIA;

2) maTh POpMAIBHOE ONPEAENEHIE CTOMKOCTU CXEMBL;

3) mOKa3aTh CTOUKOCTH KOHKPETHOU KOHCTPYKIUM CXEMBI JaHHOT'O THU-
ma.

3Iech cpa3y ke BO3HUKAET DA IPOOJIeM.

Bo-mepBLIX, B KpUOTOrpapUIECKUX CXEMAX, PA3yMeeTCs, BCETIa WC-
MOJIB3YIOTCA (PUKCHPOBAHHBIE 3HAYEHUA MapaMeTpoB. Hampumep, Kpumro-
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CUCTEMBI pa3pabaThIBAIOTCA A KIYEeN IIUHBI, CKaxeM, B 256 mim 512
6anToB. A OIpUMEHEHUA XK€ TeOPeTUKO-CJAOKHOCTHOrO MOAX01a HeobXo-
OUMO, ITOOBL 3313498, BEIYUCAUTENILHYI0 CJIOXKHOCTL KOTOPOU IIPEeaIo/iara-
€TCA UCTOMB30BATh, OBLIA MacCOBOU. [I03TOMY B TEOPETUIECKOU KPUIITO-
rpadguu pacCMaTPUBAIOTCA MATEMATUIECKNE MOAEAN KPUITOrPapuIecKuX
cXeM. JTU MOIEMA 3aBUCAT OT HEKOTOPOTO TapaMeTpa, Ha3bIBAEMOTO Tapa-
MeTPOM 6e30IaCHOCTH, KOTOPLIM MOXKET IPUHUMATEL CKOJIb YI'OJHO OOJIbIINE
3HaveHus (OOBIIHO 1JIA IPOCTOTHI IPEANOIAraeTCA, ITO ITapaMeTp 0e30mac-
HOCTH MOXET NPO0eraTh BECh HATYDPAIBHBIN PsL).

Bo-BTOpBIX, OMpenenrenne CTONKOCTH KPUITOrPADUIECKON CXEMEI 3aBU-
CUT OT TOU 3aJa4M, KOTOPas CTOUT Iepe] MPOTUBHUKOM, K OT TOr'O, KaKas
UHDOPMAIINA O CXEMe eMy TOCTYIMHA. [I03TOMY CTOUKOCTH CXEM MPUXO0TUT-
Cs ONPEeNeNATh W KUCCIENOBATH OTAENLHO A KAXKIOrO IIPEAINOJIOKEHUA O
IIPOTUBHUKE.

B-Tperbux, HEOOXOAMMO YTOYHUTEL, KAKOM OOBEM BLIYUCJAEHUM MOXKHO
CUMTATh (MPAKTUIECKN HEOCYIECTBUMBIMY. V3 CKA3aHHOTO BHIMIE CIETY-
€T, YTO DTa BEINIMHA He MOXKET OLITh IPOCTO KOHCTAHTOHU, OHA JOJKHA
OBITH MPEICTABICHA, (PYHKIIMEN OT PACTYIIEro mapamerpa 6e3omnacHoctu. B
COOTBETCTBUU C TE3UCOM DIMOHJCA AJICOPUTM CINTAETCA d(PPEKTUBHLIM,
€CJI BPEMs €0 BLIIOJIHEHUA OrPAHNYEHO HEKOTOPBIM ITOJXHOMOM OT [JIVHEL
BXOJHOT'0 CJI0OBa (B HAIlleM CJIydae — OT mapameTpa 6e3omacHocTu). B mpo-
TUBHOM CJIy4ae [OBOPAT, YTO BBEIYUCICHUS IO TAHHOMY AJCOPUTMY MIpPaK-
TUYECKU HEOCYIIECTBUMBL. 3aMETUM TAaK¥XKe, 9TO CAMU KPUNTOrpahUIeCKue
CXEMEL JOJKHEI OBITh D(P(PEeKTUBHLIMU, T. €. BCE BLIYUCICHNUA, IPEANNCAHHEIE
TOW WM WHOU CXEMOH, JOKHEI BEIIOJHATHCA 38 MOJIMHOMUAILHOE BPEM.

B-ueTBepTHIX, HEOOXOMUMO ONPEIEIUThH, KAKYI BEPOATHOCTH MOXKHO
CYNTATh MPEHeOPEeXKUMO MaIou. B kpunrorpadguu NpuHATO CIATATL Ta-
KOBOU JII0OYI0 BEPOATHOCTL, KOTOPAasA LA JIOOOr0O MOJMHOMA P U [ BCEX
JOCTATOYHO GONBIINX N He mpeBocxoautT 1/p(n), rae n — mapamerp 6e30-
[TACHOCTH.

Nrax, npu HAIMYNK BCEX YKA3AHHBIX BHILIE OIPeIeJeHn, Ipobaema 000-
CHOBAaHUA CTOUKOCTU KPUMTOTPAPUICCKON CXEMBI CBEJACH K TOKA3ATENb-
CTBY OTCYTCTBUA MOJIANHOMUAATHLHOTO AATOPUTMa, KOTOPLIA PEIIaeT 3a1a9y,
CTOAIILYIO Iepe IPOTUBHUKOM. HO 31ech BOBHUKAET elle OqHO U BECHLMa, Ce-
PBE3HOE MPEMATCTBUE: COBPEMEHHOE COCTOAHUE TEOPUM CJIOKHOCTHU BHITU-
C/IEHUH HE IMO3BOJSET NOKA3LIBATL CBEPXIIOIMHOMUAILHLIE HUKHIE OLEHKN
CJIIOXKHOCTH I KOHKPETHBIX 3aJa9 PacCMaTpPUBAEMOro kiacca. U3 »Toro
ClIeAyeT, YTO Ha, JAHHLIA MOMEHT CTOMKOCTL KPUIITOIPAPUIECKAX CXEM MO-
XKeT OLITH YCTAHOBJIEHA, JUIIb C TPUBICICHUEM KAKUX-IU00 HETOKA3AHHBIX
npeanonoxenunt. [[03TOMy OCHOBHOE HAMTPABJIEHUE UCCASIOBAHUN COCTOUT B
noucke HauboJee cJIa0bIX JOCTATOYHBIX YCJIOBUU (B nease — HeOOXOAUMbIX
U MOCTATOYHBLIX) A CYIIECTBOBAHUA CTOMKAX CXEM KaXKIOr'0 U3 TUIIOB.
B ocroBHOM, paccMaTPUBAIOTCS IPEANOIOKEHUS IBYX TUIOB — o0uwme (umiu
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TEOPETUKO-CIOKHOCTHEIE) U TEOPETUKO-IUCIOBLIE, T.€. MPEAION0KEHU O
CJIOKHOCTH KOHKPETHBIX TE€OPETUKO-IMCIOBLIX 3aaad. Bee aTu mpeamodo-
JKEHUA B IATEPATYPE OOLIYHO HABBIBAIOTCA KPUOTOrPA(PUICCKIMA.

Humxe MBI KpaTKO PacCMOTPUM HECKOIBLKO MHTEPECHBIX MaTeMaThIe-
CKIX OOBbEKTOB, BOSHUKIIAX HA CTHIKE TEOPUH CAOKHOCTH U KPUITOTPApU.
Boaee moapobubi 0630p 1m0 3TUM BOIPOCAM MOXKHO HAWTU B KHure [1].

2. Kpunrorpapusa u runoresza PZNP

Kak mpaBumio, 3HAKOMCTBO MaTeMaTUKOB-HECIEIUAIUCTOB C TEOPUEU
CIOXKHOCTHU BLIYUCJACHUN OrpaHnauBaercs kiaaccamu P u NP u smameruTon
runorezon P#NP.

HamomuuM BkpaTume HEOGXOAMMEBIE CBEJEHUs W3 TEOPHUU CIOXHOCTYU BBIUU-
caerni. IlycTs ¥° — MHOXKECTBO BCEX KOHEYHBIX CTPOK B JABOMIHOM AX(DABATE
¥ ={0,1}. IlogmuoxecrBa L C ¥* B T€OpUX CIOKHOCTYU IPUHATO HA3BIBATD A3BI-
kamu. ['oBopaT, 4ro mammuaa Teiopunra M paboTaer 3a HOIMHOMUAILHOE BPEMs
(wmm TPOCTO, ITO OHA MOTMHOMUATBLHA), €CAM CYMIECTBYET MOAMHOM P TAKOU, ITO
Ha 1060M BXOJHOM CIOBE JJIMHBI 7@ MAUHA )M OCTaHABIMBAETCS IOCTE BBIIOJIHE-
Hus He Gonee, vem p(n) omepanmmit. Mamuua Teiopunra M pacnosraer (Zpyromn
TEpMUH — IPUHUMAET) A3BIK L, ecm Ha BCAKOM BXOAHOM CIoBe T € L mammua
M ocraHaBIMBAETCA B HPUHMMAIOMEM COCTOAHWH, & HA BCAKOM caoBe r ¢ L —
B oTBepraomeM. Kracc P — »To kmacc Bcex A3BIKOB, pACIO3HABAEMBIX MAIIMHA-
vu TropuHara, paboTanIIIMA 38 HOTHHOMUATbHOE Bpema. Pyrkmua f: L* — TF
BBIYUCINMA 33 IOIMHOMHUAIHHOE BPEMs, €CIU CYIIeCTBYEeT IOJNHOMMUAILHASL Ma-
mmHa ThIOpUHTA Takas, YTO €CIU HA BXOJ €A MOJAHO CIOBO T € U°, TO B MOMEHT
OCTaHOBA HA JeHTE OyAeT 3anucaHo 3HadeHue f(r). f3bik L mpuHAIIeKUT KIACCY
NP, ecim cymecrsytor npegukar P(z,y): £* x £* — {0, 1}, Berauncanmem 3a no-
JIMHOMUAIBHOE BpeMs, 1 moxuHoM p takue, uro L = {z|JyP(z,y)&|y| < p(|z])}.
Taxkum o6pasom, a3eik L nmpunammexutr NP, ecau nmas Bcakoro caosBa u3 L nam-
HBI 77 MOXHO YraJaTh HEKOTODPYIO CTPOKY MOINHOMHUATLHOW OT N IJIWHBL U 3a-
TeM C HOMOHIBIO mpenukara P y0eiuTscsa B IPABHILHOCTH AOraiku. SIcHO, 4To
P C NP. fIBasercsa m 3TO BKIIOUEHNE CTPOTUM — OJHA U3 CAMBIX M3BECTHBIX He-
PELIeHHEBIX 33139 MAaTeMAaTUKNA. DOIBIIMHCTBO CIIENUAINCTOB CIUTAIOT, ITO OHO
crporoe (Tak HasweiBaemas rumoreza P#NP). B xmacce NP Brrgenen moakimacce
MaKCAMAJIbLHO CIOXHBIX A3BIKOB, HasbiBaeMbIx NP-mommemvu: mo6ou NP-moarbiz
SI3BIK DPACIO3HABAaEM 32 IOIMHOMHUAILHOE BPEMsA TOrJa U TOALKO TOrA, KOU'Ad
P=NP.

[na majgpHeUIero HaM MOTPeOyeTCs elle MOHATYUE BepOATHOCTHOW MAaIIVHEBI
Teiopunra. B o6erausix Mmammuax Teiopunara (MX HA3BIBAOT JETEPMUHAPOBAHHEI-
MU, 9TOGBI OTIAIUTH OT BEPOATHOCTHBIX) HOBOE COCTOAHUE, B KOTOPOE MAIIWHA
IepexXOAuT Ha OYePEeIHOM Iare, MOIHOCTHIO ONPENeIieTCsA TEKYIIMM COCTOSHU-
€M ¥ TeM CHMBOJOM, KOTOPBIX 0603DEBAET I'0JOBKA HA JEHTe. B BEPOATHOCTHBIX
MaIIMHAX HOBOE COCTOSHME MOXKET 3aBUCETH €HIe M OT CIyIalHON BEIUIUHEI, KO-
Topas npuHuMaer 3Hadenus 0 u 1 ¢ BepoaTHOCTBIO 1/2 Kax 10e. AnbTepHATUBHO,
MOXHO CYUTATH, YTO BEPOATHOCTHAA MammHA THIODUHIa HMEeT IOMOIHUTEIb-



KPUNITOIrPA®UA U TEOPUA CJOXKHOCTH 29

HYIO CIyYauHyIo JEHTY, Ha KOTOPOU 3aNnCaHa GECKOHEIHASA NJBOUYIHAA CIyJIarHAs
crpoka. CryJalHas IEHTA MOXET IMTATHCA TOIBKO B ONHOM HAIPABJICHWUA W II€-
PEX0J B HOBOE COCTOSHME MOXKET 3aBUCETHh OT CHMBOIA, 0003PEBAEMOr0 HA HTOU
JIeHTe.

PaccmoTpuM Teneps Creayommi eCTeCTBEHHBIN BOIIPOC: He SABJISAETC 1A
runore3a P#NP Heo6X0IuMBIM U [OCTATOYHBIM YCJIOBUEM VIS CYIIECTBO-
BAHUs CTOMKUX KPUITOrPAPUIECKUX CXEM?

Heo6x0anMOCTh, © B CAMOM [eJie, BO MHOTUX CJAYYaaX MOYTH OUEBUTHA.
Bepuemcsa x mpumepy 1. Onpegenum caegyromun 36K

L = {(K1,d,i) | cymecrByeT coobmenune m taxoe, 9To Eg,(m) =d n
ero i-sit 6uT paBeH 1}.

Acuo, yro L € NP: BMecTo onucaHHOro BO BBEIEHUM [IOTHOIO Iepebopa
MOYXKHO MPOCTO yragaTh OTKPLITHIA TEKCT 11 U TPOBEPUTD 33 TIOIMHOMUATb-
Hoe Bpems, 4T0 Eg, (m) = d u i-vi 6ut m pased 1. Ecau xa, To BxogHoe
caoBo (K1,d, i) IpUHUMAETCA, B IPOTUBHOM CIydae — OTBEPraeTCA.

B npennonoxennun P=NP cymecrsyer nerepMuHUPOBAHHBIN IOJIMHOMU-
ATBHBIN AITOPUTM, PACTo3HaomMy 361K L. 3uasa Ky u d, ¢ mOMOIIBIO 5TO-
O aJCOPUTMA MOXKHO MOCAENOBATENBHO, M0 OUTY, BHIUACIATL OTKPBITHIN
TeKCT m. TeM caMBIM KPUMTOCUCTEMA HECTOUKA.

Tor ke mogx0x: yrajaTh CEKPETHLIN KIIOY U IIPOBEPUTH (3a [OIUHOMU-
AJBHOE BPEMA) MPABUIBLHOCTD NOT'AIKW, IPUMEHUM B IIPUHINAIE U K IPYTUAM
xpunTorpadpuieckum cxemam. O IHAKO, B HEKOTOPHIX CAYYaAX BOZHUKAIOT
TeXHUYIeCKNe TPYIHOCTH, CBA3aHHBIE C TeM, ITO II0 WH(pOpPMaIuu, KOTOpas
UMEEeTCA y TIPOTUBHUKA, UCKOMAS BEININHA, (OTKPBITHIA TEKCT, CEKPETHHIN
KIIOY U T.II.) BOCCTAHABIUBAETCSA HEOLHO3HATHO.

YTo ke KacaeTcs BOMPOCA O AOCTATOYHOCTH mpeamonoxkenus P#NP,
TO 3[€Ch HAIPAIIABALTCSA CJAEAYIOUMA MOIXOM: BHIOpaTh Kakyo-au6o NP-
TIOTHYIO 3348y U TOCTPOUTH HA €€ OCHOBE KPUNTOrPAMGUIECKYIO CXEMY,
3aada B3IOMa KOTOPOU (T.e. 3a4a4a, CTOALAs IePe] IPOTUBHUKOM ) OBLIA
601 NP-mosnou. Takue MONBITKY TPEeINpUHUMAIACL B Hadage 80-X TOI0B,
B OCOOEHHOCTM B OTHOINEHUU KPUITOCUCTEM C OTKPBITHLIM KJIIOYIOM, HO K
ycrexy He npusean. Pe3yibTaToM BCEX STUX MONBITOK CTAJI0 OCO3HAHUE CJIe-
aytomero dgaxkra: gaxe ecau P#NP, To mobas NP-nonnas 3agada Moxer
OKa3aTbCA TPYIHOU JINIIL HA HEKOTOPOU OECKOHEYHOU IOCJAEIOBATEILHO-
CTU BXOJHBIX CJIOB. MHBIMEU ciaoBaMu, B ompenereHue kmacca NP 3amoxe-
HA Mepa CIOKHOCTH «B Xy[IIIEM CIydaes. [[JIs CTOMKOCTU ke KPUITOrDa-
(uueckon cxembl HEOOXOIUMO, ITOOBI 381298 TPOTUBHUKA OBLIA, CJIOKHOU
«mouTH BCIOAY». TakuM o6pa3oM, CTAIO ACHO, UTO NIA KpumTorpadute-
CKOU CTOMKOCTH HEOOXOIUMO CYIIECTBEHHO 00Jee CUIBHOE MPEAIOI0KEHTE,
qem P#NP. A umenno, mpeamnosoxenue o0 CyIeCTBOBAHUN OTHOCTOPOHHUX
dysKIMn.
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3. OgHOoCTOpOHHUE (DYyHKIINHU

l'oBopsa mHedOpMATHLHO, OMHOCTOPOHHAA (PYHKIUI — DTO dPPEKTUBHO
BBIYUCAUMAsA (DYHKIUA, IS 381491 UHBEPTUPOBAHUA KOTOPOU HE CYLIECT-
ByeT >(pPEeKTUBHLIX aaropuTMoB. [loqg nHBepTUPOBaHIEM TOHUMAETCA MaC-
coBas 3a4a4a HAXOXK IEHUA [0 33aJaHHOMY 3HAYEHUIO PYHKIUM OTHOrO (JIo-
60ro) 3HaYEHUA U3 MPoo6pasa (3aMeTuM, 9TO 0OpaTHas (YHKINA, BOOOIIE
COBOPsI, MOXKET HE CYIIECTBOBAT).

IMockoMBKy TOHATHE OTHOCTOPOHHEN (PYHKIINN — [EHTPAJbHOE B MaTe-
MATUYIECKON KPUITOrpahuM, HUXKE MBI JAEM €0 (POPMAIBHOE ONPE/IeJIeHUE.

Iycrs £" = {0,1}" — MHOXeCTBO BCEX ABOMYIHLIX CTPOK [IJIUHEL N.
IMox dyuxumen f Mbl moHMMaeM ceMencTBo {fp}, rge fp: X" — XM
m = m(n). [Jas 0poCcTOTH U3M0KEHUS MBI IPEAIONIAraeM, YTO 1 Ipoberaer
BECh HATYPAILHBIU PAM U 9TO KaKAasd u3 GyHKIUU f, BCIOAY ONpEIeIeHa.

Dyukiua f Ha3BIBAETCA YeCMHUOU, €CIN CYIMIECTBYET MOJMHOM ¢ TAKOU,
aro n < g(m(n)) aaa Beex n.

Omnpepenenue 1. YecTHas pyHKIua f HA3LIBACTCA 00HOCMOPOHKED, €CIU

1. CymecTByeT MOMMHOMUATBHLIN AJITOPUTM, KOTOPBIA [JIA BCAKOTO &
Borauciser f(x).

2. [lna m060U TOJMHOMUATLHOU BEPOATHOCTHON MarmuHbl Thiopuara A
BBITIOJHEHO caeayiomee. [lycTh cTpoka 2 BLIOpaHA Haymady U3 MHOKECT-
Ba X" (o6osmauaerca ¥ €g X"). Torga s 106000 MOJIXHOMA P U BCEX
IOCTATOYHO OOIBIINX N

Pr{f(A(f(x))) = f(z)} <1/p(n).
BeposiTHOCTD 316CH OMpenenseTcs CIy9YalHbIM BEIOOPOM CTPOKHU X U CJIYy-
YAUHBIMU BeJUIMHAMU, KOTOpPEIE A UCTOAB3yeT B CBOEW padoTe.

YcaoBre 2 Ka4eCTBEHHO O3HAYAET caenyioriee. Jlrobas moanHoMuaibHasI
BEPOATHOCTHAA MaIluHa ThoopuHra A MOXET MO NAHHOMY Yy HAUTHU T U3
ypaBreHus f(z) = y JUIIb ¢ IpeHeOPEKUMO MATIOU BEPOATHOCTHIO.

3amMeTuM, 4TO TPeOOBAHUE YECTHOCTU HEMb3s OMYyCTUTH. IIOCKOIBKY
IJIMHA BXOAHOrO cioBa f(x) Mamumuer A paBHa M, e MOXKET HE XBATUTD
[OJIUHOMUAIBHOrO (OT M) BPEMEHU IPOCTO HA BLINUCHIBAHUE CTPOKU I, €C-
au f CIAIIKOM CHJIBHO «CXKUMAET» BXOJHBIE 3HAYCHUS.

ScHO, 9TO U3 IpPeanoONIOKeHUs O CYIIECTBOBAHUN OJHOCTOPOHHUX (DYHK-
mun caenyet, uro P#NP. OgHako, He UCKIOUEHA CICAYIONAA CATYAIU:
P#NP, HO 0qHOCTOPOHHUX (DYHKIUU HET.

CymecTBoBaHUE OAHOCTOPOHHUX (DYHKIIUU SBAACTCSI HEOOXOTUMBIM yC-
JIOBUEM Il CTOUKOCTY MHOTHX TUIOB KPUMTOrpaduIeckux cxem. B Heko-
TOPBIX CAYYagX 3TOT (PAKT YCTAHABIUBACTCA NOCTATOYIHO mpocTo. Ob6pa-
TUMCs OIATh K npuMepy 1. Pacemorpum dyskuuio f rakyio, aro f(r) = K;.
Ona BEMUCIIMA € TTOMOIIBIO aaropuT™a G 3a MOJUHOMUATLHOE BpeMs. 11o-
KaxeM, 9TO eciu f — He OJHOCTOPOHHAA (PYHKIUA, TO KPUITOCUCTEMA
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Hecroukad. [IpeamosoKuM, 9To CyImecTBYeT NOINHOMUATLHEIN BEPOATHOCT-
HEIA aJropuT™M A, KOTOPBLIM MHBEPTUPYET f C BEPOATHOCTBLIO [0 KPAUHEN
mepe 1/p(n) mas HexkoTOpOro moamHOMa p. 3aech n — nauHA Kio4da K.
[IpoTuBHUK MOXKET MOAATHL HA BXOn arroputMmy A kmod K| u moayduThb
¢ YKa3aHHOU BEPOATHOCTBIO HEKOTOPOE 3HadeHue r’ u3 mpoobpasa. aree
OPOTUBHUK TOfaeT r’ Ha Bxon aaroputma G U MOLydaeT mapy KIdIen
(K1, K}). Xora K} me obssarenpuo coBmagaer ¢ Kp, TeM He MeHee, IO
onpenenenmio kpunrocuctembt Dy (Erc, (m)) = m a1 moboro 0TKpeITOro
rexcta m. [lockoneky Kb HallieH ¢ BEpOATHOCTLIO IO Kpanuen mepe 1/p(n),
KOTOpasA B KPUNTOrpadpuy HE CIUTAETCA MPEHEOPEKMMO MAIOKN, KPUIITOCH-
CTeMa HECTOUKAS.

[asa gpyrux KpunTorpadguIecKux CXeM MONOOHBIA Pe3yIbTAT JOKA3HI-
BAETCA HE CTOMb IPocTo. B padore Umnampsauno u Jy6u [7] zokasana He-
06XOIUMOCTE OMHOCTOPOHHUX (PYHKIWU [IJIA CyIIECTBOBAHUA IEIOTO PAIA
CTOUKUX KPUNTOIPAPUIECKAX CXEM.

W3 BCcero cka3aHHOrO CIeqyeT, ITO MPENIONOXKEHHE O CymeCTBOBA-
HUM OQHOCTOPOHHUX (DYHKIWUU ABIAETCA CAMBIM CIa0BIM KPUITOrpadu-
YECKUM IIPETIONOKEHIEM, KOTOPOE MOXKET OKA3ATHCA TOCTATOIHBIM /I
IOKa3aTeJIbCTBA CYIIECTBOBAHUA CTOUKAX KPUITOrPAPUIECKAX CXEM pa3-
JWYHLIX TUNOB. Ha BBIACHEHWE TOrO, ABAAETCA JA DTO YCIOBHE U B Ca-
MOM [I€JIe TOCTATOYHBIM, HAIIPABICHBI 3HAYUTEIbHBIE YCUINA CIeUATUCTOB.
TpyarOCTL 3aa4M MOCTPOEHMA KPUOTOrPAPUIECKAX CXEM U3 OTHOCTO-
POHHUX (QPYHKIMHA MOXKHO IIOSICHATBL Ha Ciremytomem mpumepe. Ilycrs f —
OMHOCTOPOHHAA (DYHKIMA M HAM TPEOYETCS MOCTPOUTH KPUNMOCUCTLEMY
¢ cexpemmubim Ka0uom. B TAKOM KPUITOCHCTEME MMEETCA TOMBLKO OIUH
K09 — CEKPETHBIN, KOTOPLIM M3BECTEH W OTIPABUTENI0, W TOLYIATENTIO
mppoBaHHOro coodbmenusa. AnropurMel mudposanua Ex un gemmdpo-
Bauusa Dk 00a 3aBUCAT OT DTO'0 CEKPETHOro Kiaioda K U TaKOBBI, UTO
Dk (Ek(m)) = m pus 1:060ro OTKpEITOro TekeTa m. fIcHo, 9To ecan kpu-
nrorpamMMmy d cOOOMIEHUsA M BBMUCIATH Kak d = f(m), TO IPOTUBHUK,
MEePeXBATUBIINA d, MOXKET BLIYUCIUTH 771 JULIb C IPEHEOPERUMO MAJIOU
BepOATHOCTLIO. HO BO-IEPBLIX, HEMOHATHO, KAKMM OOPa30M CMOXKET BOC-
CTAHOBUTHL COOOIICHUE 77, U3 KPUITOIPAMMbI 3aKOHHLIN motydarens? Bo-
BTOPBIX, U3 TOTO, 9TO (PyHKIMA f OMHOCTOPOHHAA CIELYET JUIIb, ITO MPO-
TUBHUK HE MOXET BBEIYUCIUTH BCE COOOIIECHWE LEIUKOM. A 3TO — BechbMa
HU3KUU yPOBEHL CTOMKOCTH. 2KenaTenbHo, YTOOBI NPOTUBHUK, 3HAIOMIUN
KpunTorpamMMmy d, He MOT' BHEIYHCIUTL HU OJHOTO OUTA OTKPBITOIO TEK-
cTa.

Ha macToAmui MOMEHT HOKAa3aHO, YTO CYLIECTBOBAHUE OJHOCTOPOHHUX
QYHKIUI ABAAETCA HEOOXONVMBIM U NOCTATOYHBIM YCJIOBUEM [IJA CyIe-
CTBOBAHUA CTOUKUX KPUITOCUCTEM C CEKPETHBIM KIIOUYOM, & TAKXKE CTOU-
KUX KPUMTOrpahrIecKuX MPOTOKOJOB HECKOMBKUX THUIIOB, BKIKYAA IIPO-
TOKOJIBL DIeKTPOHHOU moanucu. C Ipyrou CTOPOHBI, UMEETCS PEe3yJIbTaT
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Nunanesauno u Pyguxa [9], KOTOPBIN ABIAETCSA IOCTATOYHO CUJIBHBIM ap-
IYMEHTOM B IIOJB3y TOrO, YTO [ HEKOTOPHIX TWUIIOB KpUITOrpadute-
ckux cxeM (BKJIOYas OPOTOKOJBL pacupeneneHus kiaoden tumna [uddu-
Xemmmana) TpeOyroTCca 6oNee CUIbHBIE MPEIMONOKEHUA, UeM PEIIoa0-
JKEHUE O CYIIECTBOBAHUU OTHOCTOPOHHMX (pyHKumu. K coxaneHuio, 3T0T
PE3YIBTAT CJAUIMIKOM CJAOKHBIN, YTOOBI M0 MOXKHO OLLIO PA3bACHUTL B Ha-
CTOSAIIEHN TJIaBe.

4. TlceBmocay4anmHbIe TeHEPATOPI

CymecrBennsi HegocTaTok mudpa Beprama cocTouT B TOM, 9TO KO-
YU OMHOPA30BEIE. MOXHO T M36ABUTHCA OT DTOTO HEIOCTATKA 3a CUET
HEKOTOPOro cHkenns cronkocTu?! O QuH u3 crnoco60B PEeIeHus 3TOU Ipo6-
JEMEBI COCTOUT B caenywomieM. OTOpaBUTeIs U MOJydaTeab UMEIOT OOIIUN
CeKpeTHbIN Kiod K [IMHBL N U € HOMOIIBI0 HEKOTOPOrO MOCTATOYHO
(O PEKTUBHONO AITOPUTMA ¢ TEHEPUPYIOT M3 HErO MOCIEIOBATEIHLHOCTD
r = ¢g(K) pmunbl g¢(n), roe ¢ — HEKOTOpBIA mOIuHOM. Takas Kpumrocu-
creMa (0603HauuM ee Cr) no3BoageT mWudpoBaTh coobimeHne m (WK COBO-
KYIOHOCTBL cOOOmeHuin) mauaou 10 ¢(n) 6uTos mo dopmyae d = r @ m,
rae @ — MmopaspagHOE CJIOKEHWe OUTOBBIX CTPOK IO Mmoxayai 2. le-
mudpoBaHue BHIMOIHAETCS 1m0 (opmyae m = d @ r. U3 pesyabTaTroB
[lennona BBITEKAET, YTO TaKas KPUNTOCUCTEMA HE ABAACTCA aOCOMOTHO
CTOUKOWU, T.€. CTOUKOU MPOTUB JIOOOr0 NPOTUBHUKA (B U€M, BOPOYEM, He-
TpyaHO ybemurbes u HenmocpencTBenHo). Ho 4ro Gyger, eciu Tpebyercs
BAIUIIATHCA TOTBKO OT TMOIMHOMUAILHO OTMPAHUYEHHOTO MPOTUBHUKA, KO-
TOPBIM MOXKET ATAKOBATH KPUITOCUCTEMY JUIML C MOMOIIBI) TTOJIUHOMU-
AJTBHBIX BEPOATHOCTHLIX aIropuTMoB?! KakuMm yCroBUAM NOMKHBL yIOBIE-
TBOPATH MOCJAENOBATEILHOCTE 7' U AITOPUTM ¢, ITOOBI KpunTocucrema Cr
6bL1a croukon?! Ilomckm OTBETOB Ha DTU BOIPOCHI IPUBEIA K IIOSABJICHUIO
TMOHATUA TICEBIOCIYIANHOTNO TMeHEpaTOPa, KOTOpOoe OLLIO BBEAEHO BroMoM

Mycts g: {0,1}" — {0,1}%") — Qymkuma, BEMECIAMAS 33 TOIHHO-
muaibHoe (oT ) Bpems. Takas QyHkuus HaswpiBaeTCsa remeparopom. Uu-
TYUTUBHO, TEHEPATOD ¢ ABIAETCA MCEBIOCTYIANHBIM, €CIU TIOPOXK TaeMBIe
UM TOCAEAOBATEIBHOCTU HEOTIMYUMbI HUKAKUAM MOJUHOMUAIBHBIM BEPO-
ATHOCTHBIM AJATOPUTMOM OT CAYYaWHBIX MOCAEIOBATEILHOCTEN TOU ¥Ke
pauHbl ¢(n). PopMaIBHO 3TOT OOBEKT OIPEAENAETCA CAEAYIOUMM O0pa-
30M.

[Iycte A — monuHOMUANBbHAS BEPOATHOCTHAS MalMHA THIOPUHTA, KO-
TOpas MOJTYyvaeT Ha BXOIE IBOMYHBEIE CTPOKU IJIWHBLL ¢(n) U BLLIAET B pe-
3yJabTaTe cBoen paborwl oauH Out. Ilycrs

Pi(A,n) = Pr{A(r) =1 |r eg {0,1}7™},
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BepoaTHOCTDL 31€Ch OMpeaenaeTcs CaAyIauHBIM BHIOOPOM CTPOKU T U CIy-
JalHBLIMY BEINYMHAME, KOTOpEE A ncmoab3yer B ceoen padore. IIycrs

Py(A,n) = Pr{A(g(s)) = 1| s €r {0,1}"}.

DTa BEPOATHOCTDL ONMPEIENACTCA CIYIAUHBIM BEIOOPOM CTPOKU § U CIyJau-
HBEIMH BeJIMYMHAMM, KOTOpEEe A mcmoassyer B csoen pabore. [logaepkrenm,
UTO (PYHKIUA ¢ BHIUUCIAETCA TETEPMUHUPOBAHHBIM AJTOPUTMOM.

Omnpepenenue 2. TemepaTop ¢ Ha3LIBAETCA Kpunmozpapuuecky cmoi-
KuM NCcesIoCAYUATHbIM 2EHEPAMOPOM, €CAU IJIA JIOOON IOJMHOMUAAILHON
BEPOATHOCTHOU MamuHbl Thiopunra A, 11 1006000 TOIMHOMA, P U BCEX T0-
CTATOYHO OOJBIIAX N

|P(A,n) — P2(A,n)| < 1/p(n).

Bcrony Huke MBI 1A KPATKOCTU OyAeM HA3BIBATH KPUMTOrpADUIECKA
CTOUKMKE IICEBIOCIYYallHbIe NeHePATOPEL IPOCTO MCEBI0CIY YJalHLIMU ['eHe-
paTopamu. Takoe cOKpalleHue ABIAETCS OOIIENPUHATHIM B KPUITOTpadu-
YECKOU JUTEPATYPE.

Herpynao y6eauTbes, 9TO 41 CYIIECTBOBAHUS [ICEBIOCAY YANHBIX T'eHe-
PATOPOB HEOOXOIUMO CYIIECTBOBAHUE OTHOCTOPOHHUX (dyHKIMNA. B camom
neJe, caMa (PYHKIA § TOKHA OBITH O THOCTOPOHHEH. [JoKa3aTenscTBO 5TO-
ro mPOCTOro (pakTa MBI OCTABIAEM UUTATENO B KAYECTBE YIIPAKHEHU.
Bompoc 0 ToM, ABAAETCA JU CYMIECTBOBAHUE OTHOCTOPOHHUX (PYHKIIMU OJI-
HOBPEMEHHO U NOCTATOYHBIM YCJIOBUEM, HOJACOE BPEMS OCTABAJICA OTKPBI-
meiM. B 1982 r. flo [10] mocTpomI mceBIOCay<IanHBIN [EeHEPATOD, UCXOM
U3 MPEIIONONKEHUA O CYIMECTBOBAHUU 00HOCMOPOHHUT NEPECTNAHOBOK, T. €.
COXPAHAIIINX [IUHY B3AUMHOOTHO3HAYHEIX OJHOCTOPOHHUX (DYHKIUU. 3a
STHUM MIOCJAENOBANA Cepust pA0OT, B KOTOPBIX JOCTATOYHOE yCJIOBUE BCe Hoee
u 6osee ocaabaLIoCh, moka Hakouell B 1989-1990 rr. Umnanbsiio, JleBun
u Jly6u [8] u Xocrag [6] He HOLyYIMIN CIEAYIOMNN OKOHIATEIBHBIN PE3YIb-
TaT.

Teopema 1. Ilcesdocayuaiinbie 2enepamopsl cyu,ecmeyom mozoa & mosb-
K0 mozda, Ko2da cywecmsyom 00KOCMOPoOHHUE PYNKUUL.

[IceB moCayIanHEIE PEHEPATOPEI HAXOAAT IIPUMEHEHNE HE TOJBKO B KPUII-
Torpaduu, HO U B TEOPUU CJIOKHOCTH, X B APYIUX OOMACTAX TUCKPETHOU
maremaTuku. OOCYXIeHNe >TUX OPWIOKEHUN BHIXOAUT 33 PAMKU HACTOS-
HIEN TVIABBI. 3AECH K€ B KAYECTBE WIIOCTPAUKA MbI PACCMOTPUAM OIMUCAH-
HYIO0 B Ha¥aJje JaHHOrO pasjena kpunrocucreMmy Cr, NCHOIb3YIOUIYIO ICEB-
OOCAYyJIalHBEIN [eHepaTop B KadecTBe ajropuTMa ¢. llpexne Bcero, HaMm
HEOOXOOUMO JaTh OMpeNeNeHne CTOUKOCTH KPUITOCUCTEMBI C CEKPETHBIM
KJTIOYIOM.

[Iycte Ex — aaroput™ mmdpOBAHUA KPUITOCUCTEMBI C CEKPETHBEIM
kmoaoM. O6o3HauuM pe3yabTar ero pabors d = Ex(m), 3nece K — ce-
KPETHBIN KIIOY IJIWHOU 1 OUTOB, & M — OTKPBITHIU TEKCT AauHOu ¢(n)
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6uToB. epes m; 0603HAIAETCA i-bIM OUT OTKPBITOTO TeKCTa. llycte A —
HOJTMHOMUAIBLHASA BEPOATHOCTHASA MAIIMHA THIOPUHTA, KOTOPAsA MOIyIaeT
Ha Bxoj Kpunrorpammy d u Beigaer mapy (i,0), rae i € {1,...,q(n)},
o € {0,1}. IHTYUTUBHO, KPUNTOCUCTEMA SBJIAETCSA CTOMKOM, €CIN HUKAa-
kasa MamuHa TeiopuHra A HE MOXET BLIYUCIUTBL HU OJUH OUT OTKPLITOO
TEKCTa, C BEPOATHOCTHIO yCIeXa, CYIIECTBEHHO OOMBIIEH, YeM TIPYU POCTOM
yraIEIBAHAN.

Ompenenenne 3. Kpunrocucrema HA3BIBACTCA CTOMKOW, €CAM IJIA JIIO-
00U MOJIMHOMUAILHON BEPOATHOCTHON MamnHLl Teropunra A, n1a mo6oro
IOJMHOMA P W BCEX JOCTATOYHO OOJBIINX 7

Pr{A(d) = (i,0) & 0 =m; | K €5 {0,1}", m € {0,1}"™} < % 4

p(n)’
OTa BEPOATHOCTL (BCIOAY HUXKE A KPATKOCTH MBI €€ O003HAYAEM IIPO-
cro Pr) onpegensercsa ciydalHbIM BHIOOPOM cekpeTHOro kiaooda K, ciay-
YAUHBEIM BBEIOOPOM OTKPBITOIO TEKCTA 1M W3 MHOXKECTBA BCEX MTBOMYHBLIX
CTPOK AIuHEBL ¢(Nn) U CAyIalHBIMU BeJIUIMHAME, KOTOpble A UCIOIbL3yeT B
cBoen pabore.

[Mokaxem, aTo kpunrocucrema Cr C ICEB OCIyIalHLIM IEeHEPATOPOM B
KA4eCTBE ¢ ABIACTCA CTOUKOU B CMBICJE JAHHOTO onpeneeHus. [penmoao-
KM MIPOTHUBHOE, T. €. 9YTO CYyMECTBYIOT MOJAHOMUAAILHEIN BEPOATHOCTHEIN
anrroput™ A u noiamHOM p Takue, 9To Pr > 1/2+ 1/p(n) mas 6eckonedHO
mHEOrEX 1. Paccmorpum anropurm B, KOTOpBI MOMyYaeT HA BXOE IBOWY-
HYIO CTPOKY 1 guHb ¢(n), Beioupaet m €g {0, 134" srraucaser d = m@r
1 BLI3LIBAET A Kax mogmporpaMmy, IogaBas el Ha BXOHx cTPOKy d. Iloxyaus
or A napy (i,0), B npoBepser, IeNCTBATENBHO JU M; = 0 U €CJIU A3, TO
BuIgaeT 1, B mpoTuBHOM ciaydae — 0, U ocTaHaBIMBaeTCsA. Jlerko BUaeThH,
4ro B paboraer 3a noammHoMuaabHOe (OT m) BpeMsa. Y6equMcs, 9To airo-
puT™M B oTimdaeT mceBIoCIydanHBe CTPOKH, TIOPOXK IEHHEIE DNEHEPATOPOM
g, OT CIy<dalHBIX CTPOK AauHbl ¢(n). B camom gese, ecau cTpoku 7, mocTy-
MaloIIue Ha, BX0[ B, ABIAIOTCA CIyYalHBIMEA, TO d — KpUITOrpaMma, mmdpa
Bepuawma u, cornacuao reopeme llennona, Pr = 1/2. Ecau crpoku r nopo-
K IEHBI TEHEPATOPOM ¢, TO KPUITTOIPAMMEI d MMEIOT TaKOe K€ PaCIpegene-
HUE BEPOATHOCTEN, KaK B Kpunrocucreme CT, U, CONTACHO IPEANON0KEHUIO,
Pr >1/2+1/p(n) s 6eckoneano muorux n. I[lomxyuennoe nporusope«une
C ONpENEICHUEM TICEBI0CTY IalHOIO MeHEPATOPa JOKA3HIBAET yYTBEPIK ICHUE
o croukoctu kpunrocucremsr Cr.

Pasymeercs, cTOMKOCTH KPUITOCUCTEMEL C CEKPETHBIM KIIOYOM MOXK-
HO OMpefeNaTh PasIuIHLIM 06pasoM. Hampmmep, MOXHO paccMaTpuBaTh
CTOMKOCTH TPOTHUB ATAKA C BLIOOPOM OTKPHITOIO TEKCTA: MPOTUBHUK
MOXKET MPEIBAPUTENLHO BEIOPATH MOJIUHOMHUAIBLHOE KOIUIECTBO OTKPEHI-
TEIX TEKCTOB W TIOMYyYUTH WX KPUITOIPAMMEI, TOCAE 9Yer0 OH ITOIyda-
€T Ty KPHUITOIPAMMYy, II0 KOTOPOU €My TpPeOyeTCs BBIYUCAUTL XOTA OBl
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OIVH OUT COOTBETCTBYIOUIET'O OTKPHITOT'O TEKCTa. HeTpymHo ybGeanTb-
cs, 9o kpunrocuctemMa Cr ¢ MCEBIOCIYyYAWHBIM T€HEPATOPOM B Kade-
CTBE ¢ ABIAETCA CTOUKOU U MPOTUB ATAKUA C BEIOOPOM OTKPBITOT'O TEK-
cra.

Taxum 06pazoM, MbI YOEIUINCH, 9TO C TOMOIIBIO MCEBIO0CTYIaNHBIX
DEHEPATOPOB MOXKHO CTPOUTH CTOUKKE Kpunrocucrembl. OCHOBHOE HAIIDA-
BJIEHUE UCCICIOBAHUN B JAHHOU OOJACTU — TOUCK METOMOB MOCTPOEHU
2 PEKTUBHBIX TICEB IOCTYIAUHBIX MeHEPATOPOB Ha OCHOBE PA3IUIHLIX KPUTI-
Torpadguyieckux npenmnoaoxenn. [lokazarenem 3¢pPeKTUBHOCTH 31€Ch CIy-
KUT KOJUIECTBO ONMEPAIINN, 3aTPATUBAEMBIX Ha BLIYUCJICHUE KAXK IOTO O9e-
pPeqHoro 6uTa ICEeBAOCHY YAUNHON [MOCAEI0BATEILHOCTH].

5. [lokazaTeabCTBa C HYJEBLIM pa3IrJiallleHUEM

[Ipennomoxum, 9To Amnca 3HaeT HOKA3ATENILCTBO HEKOTOPOU TEOPEMBI
u xejgaeT ybequrs Bo6a B ToM, uTO Teopema BepHa. Koredno, Anmca mo-
JKeT IPOCTO IepeIaTh qokasarerbcTBo Boby Ha mposepky. Ho Torma Bmo-
caegcrBun Bo6 cmoxker cam, 6e3 moMomm AJUCHL, NOKA3LIBATH TPETHUM
aunaM 5Ty Teopemy. A moxer au Ammca y6eguts Bo6a Tax, 4TOOB OH HE
TOJYYMT TIPU DTOM HUKAKOU WH(MOPMAIUU, KOTOPAA TOMOMIA, ObI €My BOC-
CTAHOBUTBH JOKA3ATEAbCTBO TEOPEMBI? DTUM IBYM, Ka3aJ0Ch ObI B3AMMHO
HCKIIOYAONIM TPeOOBAHUAM, Y IOBIETBOPAIOT IPOTOKOIL! TOKA3ATEIHCTBA
c myJeBbIM pasriamenueM. [locienuee noustre 66110 BBegeno ['onbgBaccep,
Mukamu u Paxoddom B 1985 r. [4].

PaccmarpuBaercsa caemyiomas MOmeIb IPOTOKOJAA. B pacmopsxeHun
Anucer m Boba umerorca BepoaTHOCTHBEIE MamuHbl Toopuara P u V co-
OTBETCTBEHHO. BurdaucanrenbHbie peCypChl, KOTOPHIE MOXKET UCIOIB30BATH
Annca, HeorpaHWYeHB, B TO BpeMs Kak MammHa V paboTaeT 3a MOJu-
nomuasabHOe BpeMsa. Mammuusl P 1 'V umeroT o6I1yi0 KOMMYHUKAIIMOHHY O
JeHTy mas obMeHa coobmmenusmu. [locne 3amucu coobieHns HA KOMMYHU-
KAIWOHHYIO JIEHTY MAIINHA [I€PEeXOAUT B COCTOSHUE OXKWIAHUS K BBIXOIUT
73 Hero, Kak TOJbKO Ha JEHTY OyIeT 3aIncaHo OTBeTHOe coobmenue. Ma-
mHEE P 1 V uMmeroT Takike o6LIyI0 BXOTHYIO JIEHTY, HA KOTODYIO 3aIluU-
CAHO BXOTHOE CJIOBO . YTBEpPKJAEHUE, KOTOPOe JAOKa3bBaeT Aumca, CyThb
« € L», rme L — HeKOTOpHI (PUKCUPOBAHHBIN (M3BECTHBIM u AJmce,
u Boby) s3pik. YroOb n3bexarTh TPUBUAILHOCTHU, A3BIK L NOIKEH OBITH
TpyaueiM (Hanpumep, NP-nonaeivm), unade Bo6 ¢MOXET CaMOCTOATEILHO
npoBeputh, uTo & € L. Ilo cymecTBy, IPOTOKOI OKA3aTEIHLCTBA COCTOUT
B TOM, 4TO B006, MCHONB3ys CIyYaUHOCTH, BEIOMPAET HEKOTOPHIE BOIPO-
CBI, 3a0aeT X Ajuce u MpoBEpAET MPABUILHOCTL OTBETOB. BuIMoaHEHUE
IPOTOKOJA 33aBEPIIAETCs, KOrQa MAaIlrHa V OCTAHABINBAETCS, IPU DTOM
OHA BHIZAET 1, eciyu QOKA3aTeNbCTBO MPUHATO, u ) — B NMPOTUBHOM CIIy-
Jae.
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Ilycts A u B — nBe UHTEPAKTUBHLIE, T. €. B3AUMOICUCTBYIONINE Tepe3
OO0IIy0 KOMMYHUKAIIMOHHYIO JIEHTY, BEPOATHOCTHLIE MAIIUHEL 1HIOPUHTA.
Yepes [B(z), A(x)] obo3nadaeTcsa CoyIalHas BEIMIUHA — BBIXOIHOE CJIO-
Bo MammHbl A, xorga A u B pafoTaioT Ha BXOLHOM CloBe . ‘lepes |z
0003HAaMAEeTCs AJIUHA CJIOBA .

Omnpenpenenue 4. Unmepaxmusnbim doKa3ametbcmeom das asvika L ua-
3BIBAETCA IAPa WHTEPAKTUBHBEIX MaummH Triopuura (P, V) rakas, aro BbI-
MTOJIHSIOTCS CIEAYIOMINE IBA YCIOBUA.

1. (Tlorrora). dusa Beex x € L

Pr{[P(x), V(2)] = 1} = L.

2. (Koppexktraocts). [lasa awo6on mamuusl Toopunra P*, mia ao6oro
[OIUHOMA P U IS BCeX & ¢ L 10CTATOYHO GOJBIION AIUHLL

Pri{[P*(z),V(z)] = 1} < 1/p(|z|).

[TonmoTa O3HAYaeT, 9TO €CAM BXOAHOE CJIOBO NMPUHANIEKUT S3BIKY L
u 00a yvyacTHUKa, u Anuca, u Bob, CIeIyoT TPOTOKOIY, TO TOKA3ATEIb-
cTBO OymeT Bcerja HpuHATO. IpeboBaHmEe KOpPpPEeKTHOCTH 3amuinaeT Bo-
6a 0T HEYeCTHOU AJMCHI, KOTOPAsA MBITAETCA OOMAHYTH €ro, «IOKA3BIBAIY
JOXHOE yTBepkaenue. [lpu sTom Asmca MOXET KaKUM yrOTHO OOPa3oM
OTKJOHATHCA OT AEUCTBUY, MPEINUCAHHBIX IPOTOKOJOM, T.€. BMECTO Ma-
muHbl Thiopunra P ucnors3oBaTh mobyio apyryio mammuuay P*. TpeoOyer-
cs, 9TOOBI BEPOATHOCTh 0OMaHa ObLIA B JIOOOM CIydae MPeHeOpexnMO Ma-
JIOU.

Ompeaenenne 5. VHTepaKTUBHEIN NPOTOKOJ AOKA3ATENILCTBA IJIS SA3BI-
ka L Ha3bIBaeTCSI d0KA3GMEALCNBOM € AOCOMOTHO HYACEbIM PA3CAGULEHU-
eM, eCIi, KpOMe YCIOBUU 1 U 2, BBINOJHEHO €IIe U CJIeAYIOIIee yCIOBHE.

3. (CeoucTBo HyJIEBOrO pasriaimenus). s 10601 TOINHOMUAILHON Be-
POATHOCTHOU MamuHBL Thiopuara V* CyImecTByeT BepOSTHOCTHAA MAIINHA,
Triopunra My« , paboTalomas 3a MOJIMHOMUAJIBLHOE B CPEIHEM BPEMs, U Ta-
Kas, ITO A1d BCceX & € L

My-(z) = [P(z), V*(z)].

Mammaa My« HasbBaeTCa MOAeIUpPyomen MmamuHon mis V*. Ilpen-
[OIArAeTCS, ITO MATEMATUIECKOE OXKUIAHNE BPEMEHU ee PAaGOTHI OI'DAHU-
YEHO MOJUHOMOM OT [IMHBL Z. DTO O3HAYAET, 9TO B npuuuune My« Mo-
JKET, B 3aBUCUMOCTHU OT TOT'0, KAKUE 3HAYEHUA IPUMYT UCIOIL3YEMBIE B €€
paboTe CIyvarHble MepeMeHHBIe, pA00TaTh JOCTATOYHO Hoaro. Ho BeposT-
HOCTB TOT'0, ITO BPeMs €€ PaGOTHI IPEBLICUT HEKOTOPYIO MOJNHOMUAILHYIO
rpanuiy, Maga. [aa KaxIou MAmHel V* CTPOUTCA CBOSA MOIEIUDYHOMIAA
MAaIIMHA; TOCAETHAS MOXKET MCIONIb30BATh V' Kak moamnporpammy. depes
My (x) o603HaaeTCA CIydanHas BeININHA — BBIXOJHOE CJIOBO MAIIWHEL
My «, KOrja Ha BXOJ€ OHA IIOIYy9IaeT CIOBO I.
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CBOUCTBO HYJEBOr'O PA3IVIAIICHN 3AIIAIIAET AINCY OT HeYeCTHOro Bo-
6a, KOTOPBIN, IPOU3BOIBHO OTKJIOHAACL OT NEHCTBUM, IPEIIUCAHHLIX IIPO-
ToKOoJIOM (rcnoub3ys V* Bmecto V), IBITAETCs U3BIEYb U3 €0 BBIIOJIHEHUS
IOTIOJHUTENbHYIO NH(MOPMAIINIO. YCIOBUE 3 O3HAYAET, ITO Bob MoxeT mpu
DTOM HOIYYUTH TOJBKO TAKYI0 WH(POPMAINIO, KOTOPYIO OH CMOT OBl BBIYU-
CJUTH U CAMOCTOATENBHO (6€3 BLIIOJIHEHUA TPOTOKOJIA) 38 OMNHOMUATILHOE
BpeMs.

[TpuBegem B kattecTBe IpUMeEpa MPOTOKON TOKA3ATEILCTBA ¢ AOCOMIOTHO
HyneBbiM pasraartenueM ris a3eika U3OMOPDU3M I'PAPOB u3 pabo-
o1 [onbapanxa, Mukanu u Burzepcona [5]. BxogubiM caoBom sBiasieTcs
napa rpados G; = (U, Ey) u Gy = (U, Ey). 3mecs U — MHOXKeCTBO Bep-
[IMH, KOTOPOE MOXHO OTOXJECTBATH C MHOXKECTBOM HATYPAJIbHBIX YUCE
{1,...,n}, By nu By — mMHOX)ecTBa pebep Takue, 4to |E;| = |Ey| = m. I'pa-
dur G u Gy HABBIBAIOTCA U30MOP(HBIMU, €CJAU CYIIECTBYET IePECTAHOBKA
¢ Ha mHOXecTBe U Takas, 9To (u,v) € Ey Torga m TOIBKO TOrAa, KO-
raa (p(u),p(v)) € By (o6o3nagaerca G = pGo). 3agada PACIO3HABAHU
m3oMopdusMa rpadOB — XOPOIIO U3BECTHAS MATEMATUIECKAA 3a,1a49a, /I
KOTOPOU Ha JaHHBIA MOMEHT HE U3BECTHO TOJIUHOMUAIBLHLIX aJCOPUTMOB.
C mpyrou cTOpPOHBI, HEM3BECTHO, ABJISAETCA U ATa 3a1a4a NP-mouason, xors
€CThb BECKNE OCHOBAHUSA MPEIONAraTh, YTO HE SBIAETCA.

IIporokox IG

IIycte ¢ — msomopdusm mexay Gp u Go. Cregyomme deTsIpe mara
BBITIOJHAIOTCS B IUKJIE M Pa3, KAXKILII PAa3 C HE3ABUCUMBIMU CJIyIANHBIMA
BEJUTUHAMIY.

1. P BoiOupaer cIydarHyIo IePECTAHOBKY 7 Ha MHOXeCTBe U, BHIYUC/Is-

et H = 7(Gy u mocwutaeT >ToT rpagd V.

2. V BLIOupaeT CIy4auHbi OUT « U mOChLIaeT ero P.

3. Ecmu a = 1, To P nocrvutaer V mepecTaHoBKy 7, B IPOTUBHOM CJIy-
Jae — I[EePEeCTaHOBKY T O .

4. Ecnu mepecTaHOBKa, MOJyUeHHasA V, He SABIAECTCA U30MOPMOU3IMOM
vexay G, u H, To V OCTaHABIMBAETCSA U OTBEPraeT NOKA3aTeJdb-
crBO. B mporuBHOM ciyvae BBINOJIHEHNE IPOTOKOJIA IPOIOIKAETCA.

Ecau mpoBepku n.4 gaam moM0XUTEILHBIN PE3YILTAT BO BCEX M IIUKIAX,
10 V IpUHEMAaET IOKA3aTeIbCTBO.

3ameTum, 9TO ecau B mpoTokoae IG mammua P moay4daer uzomopduzm
¢ B KA4eCTBE MONOJHAUTEILHOTO BXOTHOIO CJIOBA, TO €M [JIA BBLITOJHEHLA
IPOTOKOJIA He TPEOYITCA HEOTPAHMIEHHEIE BLIMACAUTEILHEIE PECyPCHL. Bo-
Jiee TOro, B 2ToM caydae P MOXeT GbITH MOJINHOMUATBEHOUN BEPOATHOCTHOU
Mvamuaon Toropunra.

Teopema 2 ([5]). IIpomoxoa IG sasasemcsa dokazameabcmsom ¢ abco-
AOMHO HYaesbim paszacuenuem das asvika U30OMOPDPU3M I'PADOB.
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IMonuora mporokoaa IG oueBuaHA.

[na mokazaTenbCTBa KOPPEKTHOCTH AOCTATOYHO 3AMETUTD, 9TO OUT «,
koTope V BuIOEpaeT Ha mare 2, ykassiBaerT P, mis kakoro us rpadoB —
Gy wiu G — TpebyeTcs MpoIeMOHCTPUPOBATE n3oMopduaM ¢ rpadpom H.
Eciu Gy u Gy me mzomopdusr, T0 H MOkeT ObITH U30MOP(MEH, B JIydIIeM
caydae, oqHOMY u3 Hux. [lopToMy mpoBepka m. 4 JacT TMOJ0KUTETLHBIN Pe-
3YJIbBTAT C BEPOATHOCTHIO < 1/2 B OZHOM LMKIE U C BEpOATHOCTHIO < 1/2™
BO BCEX 1M IUKJIAX.

[oka3aTeabLCTBO CBOMCTBA, HYJIEBOI'O PA3IVIAIIEHUS 3HAMUTEABHO CJIOXK-
uee. [TosToMy MBI BOCIPOM3BOAUM TOJBKO OCHOBHYIO miero. IIpexmae Bce-
0, 3aMEeTUM, UTO OCHOBHAJA 3aJada MAIIUHBL V¥ — MOIYyYUTL MaKCU-
MAJIBHO BO3MOXHYIO nHpopManmioo o6 uzomopdusme mexny Go u Gp. Ec-
TECTBEHHO MPEANOJOXKUTL, 9TO OHA, B OTinyume OT V, OyIeT BLIIaBaTh
B KadeCcTBE BBIXOTHOIO CJOBA HE OJMH OUT, a BCIO MHOIYYEHHYIO B pe-
3yJbTATE BBIMOJHEHUA TPOTOKOMA WH(POPMAINIO, BKIKYAA COLEPKUMOE
CBOEH CJOYyYalHOU JIEHTHI, rpapel H 1 IepecTaHoBKHU, MOJYYEHHBIE COOT-
BercTBeHHO Ha marax 1 u 3 mporokona [G. Mogemupyoomas MammHa
My« [OMKHA YMETh CTPOUTL TAKUE K€ CIyJaWHLIe CTPOKU, rpadbl u
mepecTaHoBKy, He 3Has npu dToM m3oMopdusm ! Ilostomy My« mbi-
TAETCA yrajaTh TOT OUT , KOTOPHIX OyIeT 3ampOoCOM MAIuHBL V* Ha
mare 2. [Ias sroro My« Boifupaer ciydauHein 6uT (3, CIydauHylo IIe-
pecTaHoOBKy % u Bhrumeaser H = ¢Gg. Haree My« 3aIOMUHAET COCTO-
sHUe MaMHbL V* (BK/IIOYas COLEPKUMOE CJIyIalHOU JEHTHI) U BHI3LIBA-
eT ee Kak MOAIpOrpamMmy, TmomaBas eu Ha Bxon rpad H. OTBerom Ma-
muHEsl V* OyneT HekoTopwin 6ut «. Ecmu o = (3, TO MomenupoBaHue B
QAHHOM ILWKJIE 3aBEPIIEHO YCIEIIHO, HOCKOIbKY My+ MOXeT IpOIeMOH-
cTpupoBaTh Tpebyembin mzomoppusm. Ecaiu xe o # B, To My« BoC-
CTAHABJIUBAET PAHEE COXPAHEHHOE COCTOSHUE MAIIMHBL V* U MOBTOPSAET
TIOTBITKY .

Ecnu B onpenenrenny CBOMCTBA HYJIEBOT'O PA3TVIAIICHUA 3AMEHUTH DABEH-
cTBO ciayvanubix Beandud My« (z) u [P(x), V*(x)] TpeGoBanuem, 4To0b ux
PACIpPEeIeIeHUsS BEPOATHOCTEN (TOUYTH HE OTIANYAIUCKY, TO TOIYIUTCA IPY-
ras Pa3sHOBUIHOCTB AOKA3ATENAbCTB — J0KA3AMEAbCTNEAE CO CMAMUCTIUYE-
CKU HYAEBBLM PAZ2AGULEHUEM.

Erme oavu tun — dokazamenbcmea ¢ 8bINUCAUMEADHO HYAEBBLM DA32AG-
wenuem. B arom cayguae rpebyercs, 9TOOB MOAEIUPYIOUIAT MAIIITHA, CO3 1A~
BaJTa pacupejeneHne BepoATHOCTEN, KOTOpoe HeoTanduMo oT [P(z), V*(z))
HUKAKIM IIOJMHOMUAILHEIM BEPOATHOCTHBIM AJIIOPUTMOM (HEOTIXIMMOCTh
3/€Ch OMPEIEIIeTCA AHAJOTUTHO TOMY, KAK DTO AEJAIOCH B ONPEIETCHUN
TICEB [OCIYIalHOT0 TEHEPATOPA,).

IMoguepkuem 0co60, 9TO BO BCEX TPEX ONPEIEJEHUAX HYJEBOTO pPad-
DJIAIIEHUA YCAOBUA HAKIAIBIBAIOTCA HA NEUCTBUA MOIEIUPYIOMEN MAITTHEL
TOJBKO HA TEX CJIOBAX, KOTOPHIE IPUHALICKAT A3LIKY .
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IMomMuMo mHTEpeca K NOKA3aTEeTLCTBAM C HYJEBBIM PA3TIAIIIEHUEM KaK
K HETPUBUAILHOMY MATEMATUIECKOMY OOBEKTY, OHU UCCICIYIOTCSI TAKKE
U B CBA3M C NPAKTUYECKUMU NpUIokKeHusMmu. Hambosnee ecTeCTBEHHBIN U
BaXKHBII TUM TAKUX IPUIOKEHUN — MPOTOKOJBL ay TeHTUDUKAIMA (CM. TJIa-
By 3). C momompio Takoro nporokosaa Ajmca MOXeT goKa3aTb Boby cBoo
Ay TEHTUIHOCTb.

[peanomoxum, Hanpumep, 9To Anuca — 3TO MHTELIEKTyalbHAsa OaH-
KOBCKas KapTO4YKa, B KOTOPOU peaaum3osaH aaroput™m P, a Bo6 — sro
KoMIbioTep GaHKa, BeIMOAHAOIMY Tporpammy V. [Ipex e vem HadaTh BBI-
[IOJIHEHNE KAaKUX-In00 GAHKOBCKUX Omepanui, OaHK NOMKEH yOeIUThLCA B
TMOIJUHHOCTY KAPTOYKY U UACHTUPUINPOBATE €€ BIaIeIbIA, WIH, TOBOPA
Ha A3BIKE KPpUNTOrpadun, KAPTOUKA, JOJKHA IPOUTH ayTeHTuduKanuo. B
TMPUHIUIE IS DTOU LEIN MOXKHO KUCIOML30BATH MPUBEIEHHBIN BLIMIE TTPO-
rokoa IG. B sroMm ciayuae B maMaTu GAHKOBCKOO KOMOBIOTEPA XPAHUTCS
napa rpados (Go,G1), comocraBienHas Amuce, a Ha VHTELIEKTYaJbHOU
KapTOYKe — Ta ke napa rpados u uzomoppusm . [Ipegnosaraercs, 9o,
KpoMme AJHUCHI, 3TOT U30MOPQU3M HUKTO He 3HaeT (Kpome, OBITh MOXKET,
Bo6a) u nmosToMy ¢ momorbio npoTokona IG KapTouka JOKA3BIBAET CBOIO
Ay TEHTUIHOCTD. 1IpyU 5TOM CBOUCTBO MOJHOTHI O3HAYAET, 9TO KAPTOIKA
HABEPHAKA TOKAXKET CBOI ayTEHTUIHOCTH. CBOUCTBO KOPPEKTHOCTH 3a-
UIUIAET UHTEPECH OAHKA OT 3JI0YMBIILIEHHUKA, KOTOPLIU, HE SBJAACD KJIN-
€HTOM 0AHKAa, MBLITAETCA TPOUTU ayTEeHTU(PUKAINIO, UCTOIB3YA (haTbIIii-
By KapTOouky. CBOUCTBO HYJEBOI'O PA3IVIAIIEHUA 3AIIUIIACT KIUEHTA OT
3Oy MBINLICHHUKA,, KOTOPBIN, MOACIYIIAB OQHO WK 60Jee BHITOJIHEHUN TTPO-
TOKOJIA ayTEeHTUPUKAINYA TAHHOU KAPTOYKU, TMHITAETCA TPOUTHU Ay TEHTU-
duxanuo nox umenem Agnwcel. Koneuno, B gaHHOM ciydae 6€CCMBICIEHHO
IOKa3bIBaTh, 4TO mapa rpados (Go, G1) npunagmexut a3piky T3OMOP-
DPU3M I'PADOB, mockoabKy OHA 3aBEIOMO BHIOUPAETCS U3 DTOTO A3BIKA.
BumecTo aroro Aamca [okaswiBaeT, YTO OHA 3HaET u3oMopdusMm . Uurep-
AKTUBHBLIE [OKA3ATEJbCTBA TAKOrO TUIMA HABBIBAIOTCA JOKA3AMEADCMEAMY
3HAHUA.

[l MPaKTUIEeCKOT0 MPUMEHEHUsA OYeHb BAYXKHBIM CBOUCTBOM MPOTOKO-
aa IG, kak u Apyrux OpoOTOKOJIOB JOKA3ATEAbCTBA 3HAHUSI, ABIAETCS TO,
UTO AArOpUTM P, MOJyYMBIIMA B Ka4eCTBE MOMOJHUTEILHOT'O BXOIA U30-
MOpU3M (p, paboTAET 34 MOAMHOMUAIBLHOE Bpems. Bmecto mporokomna IG
MOXKHO UCIOIB30BATH, BOOOIIE MOBOPS, JI0O0E IPYroe I0KA3ATEJbCTBO C HY-
JIEBBIM Pa3MVIAIIIEHUEM, B KOTOPOM aaroputM P o61agaeT sTuM CBOUCTBOM.
Ho ansa peanbHBIX mpuioxkeHuu nmpoTokoa IG, kKak u GOIBIIMHCTBO TOL06-
HBIX IIPOTOKOJOB, He 3M(PEKTUBEH: GOMBIIOE KOJUIECTBO UKIOB, CAUIIKOM
[IUIUHHBIE cOOOmenus u T. 1. [louck 6omee 3PpPHEeKTUBHBIX TOKA3YEMO CTOU-
KUX MPOTOKOJOB — OTHO W3 OCHOBHBIX HAMPABJICHUU UCCICIOBAHUU B IaH-
HOH 001aCTH.
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Kpunrorpaduieckne mpoTOKOJIbLI

1. BBexgenue

MaremaTudeckas KpunTorpadusa BO3HUKIA KaK HayKa O MudppOBAHUA
uHOOPMALIAU, T.€. KAaK HAYKAa O KPUIOTOCUCTEMaX. B KIACCHYECKOU ILIeH-
HOHOBCKOW MOIEMU CUCTEMBI CEKPETHOU CBA3M WMEIOTCA IBa TMOJHOCTBHIO
IOBEPAIINX IPYD APYTY YIACTHUKA, KOTOPBIM HEOOXOIMMO IIE€pPeIaBaTh
MeX Iy OO0 MHMDOPMALNIO, He TTPEIHA3HAYMEHHYO I/ TPeThbuX aull. Takas
“HOOPMALNA HA3BIBAETCA KOH(DUACHIIMAILHON WK CEKPeTHOU. Bo3HukaeT
3ajada obecrnevdeHns KOH(MUICHIUAILHOCTH, T.€. 3AIIUTHl CEKPETHOU WH-
(opManuu OT BHENIHETO MTPOTUBHUKA. JTa, 380394, 0 KPAUHEN MePe UCTO-
pudecku, — mepBas 3ajgada kpunrorpaduu. OHa TPATUIMOHHO PEIIaeTCsa
C TIOMOIIBIO KPUITTOCUCTEM.

[IpencraBum Temepnb cebe caemyiomyio curyamuio. Mmeiorcs asa abo-
menTa A u B ceTu CBA3M, CKaXKeM, KOMIBIOTEpHOU ceTu. B — »T0 GaHK,
B KoTopoM y A ummeercsa cuer m A xoduer mepeciarb B mo cetu B diek-
TpoHHOU (GOpMe TIATEKHOE MOpyUeHne nepesectu, Hanpumep, 10 danTu-
KOB CO CBOero cdera Ha cder apyroro kiamenta C. Hyxua au B gamHOM
ciygae kpunrorpadudeckas samwura? [Ipemraraem durarento cCaMOCTOS-
TEABHO MOPA3MBIIUIATE U yOEOUTHCA, ITO TAKAS 3ALMATA U B CAMOM Je-
Jae Heobxomuma. Ho 31ech cieiyeT OTMETUTDH CASAVIOIMIUU OYeHbL BAaXKHBLIN
MoMeHT: vy A u B HeT HUKaKOU KOH(DUIEHIUATLHOU mHdopManuu. B ca-
MOM [efie, KIUEHTHI MePECHLIAI0T 0AHKY B KAYECTBE COOOMIEHUN ILIATEXK-
HBbIE MOPYYEHUs, COMEepPKAHNE KOTOPHIX CTAHJAPTHO U OOIMIen3BeCTHO. [
06aHKa BaxXHO yOEIUTHLCA B TOM, 4YTO MaHHOE COOOIIEHHE NEeUCTBUTEIHLHO
ucxoauT oT A, a mocienHeMy, B CBOI O¥Yepenb, HEOOXOAUMO, YTOOLI HU-
KTO HE MOI' U3BMEHWUTH CyMMY, YKA3aHHYIO B ILIATEXKHOM [OPYYEHUM, UIU
MPOCTO TOCJAATH TOLAEMIbHOE TIOPYIEHUE OT €ro MMeHU. VHLIMU CIoBaMu,
TpeOyeTcs DapaHTHUA MOCTYILIEHUSA COOOIIEHUN U3 MOCTOBEPHOIO MUCTOU-
HUKA U B HEUCKAXKEHHOM Buje. laxas rapaHTUs HA3BIBAETCA O0ECIedeHr-
€M IeI0CTHOCTYU WH(MOPMAIUN U COCTABIACT BTOPYIO 3a0ady KPUITOTDA-

duu.
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HeTpynHO BUAETH, YTO IPU MEPECHLIKE ILIATEKHLIX TOPYICHUN B DIIEK-
TpoHHOU (OPME BO3HUKAET €IIe U COBEPIICHHO WHOU TUI yrpo3 Gesomac-
HOCTHU KJMEHTOB: BCAKUU, KTO MEPEXBATUT cooOmenre or A k B, y3Haer,
aro C moayumn ot A 10 ¢panTuxor. A uro Oymer, ecau >Ta uHGOPMAIUIA
nmonager B pyku Mmabuu?! BO3MOXKHO, KTO-TO M3 YUTATENEN CKAXKET, ITO
3IeCh Kak pa3 u TpedyeTcsa KoHpuaeHnnaIbHocTh. U 6yret wenpas! Ha ca-
MOM [eJIe KIUEHTAM HEOOX0AUMO HEYITO, AHAJOTIUYHOE CBOUCTBY AHOHUMHO-
CTU OOBIYHBIX OYMaXHBIX MeHer. XOTsA Kaxaasd OyMaKHasd KYIiopa UMeeT
YHUKAIBHBIA HOMED, ONPEIEeIUTh, KTO €€ UCIOJb30BAI U B KAKUX ILIATE-
XKax, IPAKTUYECKN HEBO3MOXHO. AHAJIOD 5TOr0 CBOUCTBA B KPUNTOrPapUU
HA3BIBAETCA HEOTCACKUBAEMOCTHI0. ObecmevdeHne HeOTCICKNBAEMOCTH —
TPeThA 3akada KPpUnTorpadpuu.

Ecau 3agada obecnedenns KOHDUISHINATHEHOCTH PEIIAETCS C MOMOIIBIO
KPUITOCUCTEM, TO I 0OECIEMEeHUS HMETOCTHOCTA U HEOTCICXKUBAEMOCTH
pa3pabareIBalOTCS KpunTorpaduieckue MpOTOKOIbl. mMeoTcs u apyrue
OTINYUA KPUTITOrPAPUIECKUX TPOTOKOJOB OT KPUITOCUCTEM, U3 KOTOPHIX
MOXKHO BHIIEIUTH CIeIyIOIre:

— IPOTOKOJBI MOI'y T OBITH UHTEPAKTUBHLIMY, T. €. IOIPA3yMeBATHL MHO-
TOPAYHIOBLIT OOMEH COOOIIECHUAMYI MEXKIY YIACTHUKAMU;

— B MIPOTOKOJIE MOXKET OBITH 00/ee IBYX yIACTHUKOB;

— YYaCTHUKM TPOTOKOJA, BOOOIIE I'OBOPsA, HE NOBEPSIOT APYT APYTY.
IMosTomy xpunTorpaduieckue NPOTOKOIBL JOMKHEBL 3AIIUMIATE UX yIaCT-
HUKOB HE TOJBKO OT BHENIHErO MPOTUBHUKA, HO U OT HEYECTHLIX TEUCTBUU
TTapTHEPOB.

K coxanenuio, moHATHE KPUITOrPAGUIECKOTO MIPOTOKOJIA, TO-BUIUMO-
My, HEBO3MOXKHO (pOPMAIN30BaTh. 10 K€ OTHOCUTCS U K 3a1a4am obecmede-
HUA IEIOCTHOCTY U HEOTCIEXKUBAEMOCTH. 1101 MPOTOKOJIOM (He 06A3aTe b
HO KPUNTOrPA(UIECKUM) OOBLIYHO IOHUMAIOT PACIPENEICHHBIN aJlrOPUTM,
T.€. COBOKYIHOCTDL QJITOPUTMOB I KaXJOT'0 U3 YIACTHUKOB, ILTIOC CIIe-
uupukanuu GOpMaTOB COOOUIEHUN, MEPECHLIAEMBIX MEXKIY yIACTHUKAMU,
IUTIOC CHEeNU(PUKALNYA CAHXPOHU3ANUNA JEUCTBUN YIACTHUKOB, ILIIOC OIIMCA-
HUe JIeUCTBUU TPU BO3HUKHOBEHUU COOeB. Ha MOCIGIHUN DIEMEHT DTOTO
CHUCKA CJIefyeT oO6paTUTh 0coO0e BHUMAHUE, IMOCKOIBKY €0 JacTO yIyC-
KalOT U3 BUIY, 8 HEKOPPEKTHHIU TIOBTOPHBIN IIYCK MOXKET MOJHOCTHIO Pa3-
pPymuTh 6€30MACHOCTh YIACTHUKOB TAXKE B CTOUKOM KPUITOTIPapUIeCKOM
TIPOTOKOJIE.

Kpunrorpaduieckne mpoTOKOJBI — CPABHUTEIHLHO MOJOLAS OTPACTb
MaTeMaTHIeCKON KpunTorpaduu. [lepsbie IpoTOKOIBI MOABUIKCH OKOIO 20
get naszang. C Tex mop »Ta OTpacab OYPHO PA3BUBATACH, M HA HACTOAIIAN
MOMEHT MMEETCA ykKe He MeHee IBYX MEeCATKOB PA3IUYHBIX TUIOB KPUII-
TorpadguIeckux IPOTOKOMOB. Bce 5Tu TUMIBI MOXHO yCJIOBHO Pa3JeJuThb HA
[IB€ TPYIILE: TPUKIATHEIE TPOTOKOIEI U MPUMUTUBHEIE. [IpUKIA THON TIPO-
TOKOJI pellaeT KOHKPETHYIO 33a4ady, KOTOPas BO3HUKAET (WM MOXKET BO3-
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HUKHYTh) HA NPAKTUKE. [[PUMUTUBHEIE XK€ IPOTOKOJILI UCIOMb3YIOTCA KAK
cBOeOOpa3HbIE «CTPOUTENbHBIE OJOKMY MPU pPa3pabOTKe MPUKIATHBIX IPO-
TOKOJIOB.

3a mociegHee AECATWIETHE KPUITOrPAPUIECKHE MPOTOKOIBI MPEBPa-
TUINCh B OCHOBHOU OOBEKT MCCJACJOBAHUU B TEOPETUYIECKOU KPUIITOrDa-
¢uu. Hampumep, Ha KPYMHEUIINX €XKECOMHBIX MEXKIYHAPOMHBIX KPUITO-
rpapudeckux koudepernuax Crypto u EUROCRYPT 6déapmas gacts
MOKJTAMOB TOCBAIICHA MMEHHO MPOTOKOTaM. Be3yclIoBHO, Takasd CUTya-
Uy MOXKET OBITH BCErO JIUIIb OTPAXKEHMEeM IPeOo0IaqalonuX UHTEPECOB
uccaenosaTenern. Ho miA BLIBOZA O TPEBPAIEHUN KPUMTOrPADUIECKUX
MIPOTOKOJIOB B OCHOBHOU OOBEKT KPUMTOrPADPUIECKUX UCCAETOBAHUU MME-
I0TCI U OOBEKTUBHBIE OCHOBaHUA. Kak MOXHO HOHATHL W3 MPUBEIEHHO-
IO BBHINIE NpPUMEPA, B OAHKOBCKUX ILIATEXKHBIX CHCTEMaX B HAIIA THU
BMECTO ILIATEXKHBIX MOPYYEHUU HA OyMare HUCIONb3YeTCS WX DJIEKTPOH-
Hag (opMa. BEIMOABI OT TAKOU 3aMEHBI HACTOJBKO OIIYyTUMBI, 9TO, IO-
BUAMMOMY, OAHKM OT Hee yXKe HUKOr'Ja He OTKAaXyTCs, Kakue Obl TeXHU-
YeCKUe U KPUNTOrpagudeckue (CBA3AHHBIE C 0OECIEIEHNEM LEI0CTHOCTH])
TPYAHOCTHU NPU DTOM He BO3HUKAaAU. HO MIaTeHble MOPYYEHUs — JIVIIb
OJVH 73 MHOTOYMCJIEHHBIX TUIOB TOKYMEHTOB, HAaXOIAIIUXCA B 00OPO-
Te B cdepe OusHeca. A Beob CYIIECTBYIOT €€ TOKYMEHTEHI, C KOTOPHI-
Mz paboTaT rocyIapCTBEHHBIE OPTaHbl X OOIIECTBEHHBIE OPraHU3ALNMY,
IOPUINIECKNEe TOKYMEHTHI U T.A. B mocmemHme roibl B Pa3BUTHIX CTpa-
HaX OTYETJUBO MIPOCJIEKUBAETCS TEHICHIWS IIE€PEBOAA BCErO NOKYMEH-
T0060pPOTA B 2IeKTPOHHYIOD Gopmy. OOCyX)IeHME BCEX BBIMOI U MOCTIE.-
CTBUU TAKOI'O MIATA BBIXOAUT 33 PAMKU TEMATUKU AAHHOW TaaBbl. [[is
HAC BaXXHO OTMETUTH, UTO MOCKOJILKY IMEPexXo] Ha DICKTPOHHLIE TOKY-
MEHTHI IIPEACTABIAETCA Hen30eXKHBIM, BO3HUKAET HEOOXOAMMOCTL 0OecIie-
YeHUs, B KAXKJIOM KOHKPETHOM CJyd4ae, [EJIOCTHOCTU U HEOTCIeXKUBAEMO-
CTHU, T.e. pa3pabOTKU COOTBETCTBYIOIIUX KPUMTOIPAPUIECKUX MPOTOKO-
JIOB.

CkaszaHHOE BHIIIE OMPOBEPraeT CICAYIOMIEEe PACXOXKEe MPEICTaBICHUE:
[TOCKOJIBKY-[[€ KpUIITOrPadbl HAY YAINCH KOHCTPYAPOBATH KPUIITOCUCTEMEL,
KOTOpPLIE B TEUEHUE IIUTEJLHOTO BPEMEHU BHEIIEPKUBAIOT BCE ATAKU, Ma-
TeMaTUYeCKue UCCAEIOBAHNS B KPUNTOrPa(UY B HALIU JHA IPEICTABIAIOT
B OCHOBHOM JIWIITH aKaJeMudeckuu uaTepec. He kacascs mpobmeMm, CBA3aH-
HBIX C KPUANTOCHCTEMAMY, YKAXKEeM JWIIb, YTO B KCCICJOBAHUIAX MHOIHX
TUIOB KPUITOIPAPUIECKUX IPOTOKOJOB CAEJIAHBEI TOJBKO IEPBLIE IIATY U
eIe MHOTHE MaTeMaTUIeCKUe TPOOJIeMBI IPENCTOUT PEUINTh, IPEXKIe IeM
KpunTorpadudecKre MPOTOKOILI BOUAYT B MOBCEMECTHOE UCIOIL30BAHUE.

[less aHHOU TVIABBEI — MO3HAKOMUTH YUTATENA C HEKOTOPHIMU TUTAMUA
KPUANTOrpadrIecKruX IPOTOKOJIOB X OOPUCOBATEH KPYT' MATEMATAIECKUX 32~
Iad, BOSHUKAIOIINX TIPU UCCIEIOBAHAN UX CcTOUKOCTU. [Ipu 5TOM mpeamona-
raeTcsa 3HAKOMCTBO IMTaTeIa ¢ rviaBamu 1, 2 u 4.
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2. IlenocTHocTh. IIpoTOoKOoabI ayTEeHTH(PUKATINN U
DJIEKTPOHHOM IO JIIHACH

“Bopomumecs K03a, NocCmywumca 6 J6epb U 3anoem:

— Kozaasmywxu, pebamywru!

Omonpumecs, omsopumecs!

Bawa mampb npuwie — mMoA0KG TPUHECAE.

Kozaamku omonpym déepv u 8nycmam mamo. . .
Boax nodcaywaa xax noem xoza. Bom pa3z xo3a ywaa, 6oak nodbe-
Hean K u30ywre U 3aKPUUAL MOACTIBIM 2040COM:

— Buwi demywru! Boi kKosasmywru!

Omonpumecsa, omsopumecs,

Bawa mampb npuwia, mosoka npuHeca.

Koszasama emy omeeuatom:

— Caviwum, caviwum — 06 He MAMYWKUH 3MO 2040Cok!. . .
Boaxy deaamv nevezo. ITowen on 6 Ky3nuyy u eeaea cebe 2opao ne-
PeK06amb, wmobbl Nemb MOHIOCEHbKUM 20A0COM. . .

Toavko k034 Yywaa, 804K ONAMb WACTMb K U30YUWKE, TLOCTMYUAACS U
HAUAA NPUNUMBLE AN MOHIOCEHLKUM 2040COM:

— Kosasmywxu, pebamywru!

Omonpumecs, omsopumecs!

Bawa mampb npuwie — moA0KG TPUHECAE.

Kozaama omeopuau 06epb, 804K KUHYACA 6 u30y U 6CET KO3AAM
»
cbed.

«Boxk u cemepo koazuar». Pycckas mapoguas ckaska.

Kak yxe ormevanocs Bo BBeqeHUH, IOHATHE [IETOCTHOCTY NH(OPMAIIUH,
MO-BUIAMOMY, HE MOMyCKAeT MaTeMaTuieckou gopManu3anuu. B maaHOM
paszgese MBI PACCMOTPHAM METOIBI OOECIedeHus [eIOCTHOCTH HA IIPUMepe
OBYX HambOIee BaXKHBIX U PACIPOCTPAHEHHBIX TUMIOB KPUITOrPAPIIECKIX
MIPOTOKOIOB — CXEM ay TeHTU(DUKAINYA U SICKTPOHHOU M0 IUCH.

Hasuauenve u CyTh IPOTOKONOB ayTEHTUDUKAIMN (HA3BIBAEMBIX TaK-
K€ IIPOTOKOMAMY UACHTU(DUKAIINY) JETKO IOHATH Ha, CJACLYIOMIEM IPUMEpE.
[IpencraBum cebe MHGOPMAIMOHHYIO CHCTEMY, KOTOpas paboTaeT B KOM-
TMBIOTEPHOU CETU W O0ECIeYUBAECT NOCTYI K HEKOTOPBHIM MaHHBIM. Y aj-
MUHICTPATOPA CUCTEMBI UMEETCS CIUCOK BCEX €€ MOIb30BATENEN BMECTE C
COTMIOCTABICHHBIM KAk IOMY U3 HUX HaGOPOM MOMTHOMOYUN, Ha OCHOBE KOTO-
PBIX OCYWIECTBJETCS PA3rPAaHMYEHUE AOCTYIa K pecypcaMm cucreMbl. Pe-
cypcaMu MOTrYT OBITh, HAIIpUMEDP, HEKOTOPHIe (hparMeHTHl nHGOPMAInL, a
TakXke (PYHKIUY, BLIMOAHAEMEbIE cucTeMon. O THUM MOMb30BATEIAM MOXKET
OBITH PA3PEIIEHO YUTATH OAHY YaCTh MH(MOPMAINY, APYIUM — APYLYIO ee
YaCTh, 4 TPETHUM — €Il U BHOCUTH B Hee U3MEHeHUsA. B TaHHOM KOHTeKCTe
o obecreveHneM HeJIOCTHOCTY IIOHUMAETCs [IPeJOTBPAIIEeHNe TO0CTYIa K
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CUCTeMe JIUI, He AB/SIONINXCA €€ MOTb30BATENAMHI, & TaKKe IPenoTBPAa-
[IeHUe JOCTYIA MOJB30BATENEN K TEeM PecypcaM, Ha KOTOPBLIE y HUX HET
noasoMounu. Haubosee pacnpoCcTpaHeHHBIN METO PA3TPAHUIEHUA TOCTY-
I, MapOAbHAS 3AIIUTA, UMEET MACCy HeIOCTATKOB. VX 06CyX qeHue cTauo
OOIIIM MECTOM [ TEKCTOB [0 KOMIIBIOTEPHOU GE30MaCHOCTH, TIODTOMY MBI
Cpasy mepeueM K KPUITOrpapuIecKON MOCTAHOBKE 33, 1aMH.

B mpoTokomne uMeTca aBa ydacTHUKA — AJuca, KOTOpas JOMXKHA I0-
Ka3aTh CBOIO Ay TEHTUYHOCTh, 1 B06, KOTOPHIN 3Ty ay TEHTUYHOCTH TOIKEH
npoBepuTh. Y AJUCH UMEIOTCS ABA KAYA — OOMEIOCTYIHBIN OTKPBITHIN
K, u cexperunin Ko. DakTudecku, Anmuce HyXHO OKa3aTh, YTO OHA 3HA-
et Ky, u cienars 3TO TaKuM 06pa3oM, 9TOOBI 3TO NOKA3ATEIBCTBO MOXKHO
OBLIO TTPOBEPUTD, 3HAA TOABKO K.

3amada ayTenTudukanuun yxke obcyxkiganack B riase 2. Tam xe Obl-
a1 chOPMYIUPOBAHET OCHOBHBIE TPEOOBAHUA, KOTOPHIM JOJKEH Y IOBJIETBO-
PATH CTOUKUU TPOTOKOJA ayTeHTuduKanuu. HamoMHUM, 9TO 1A yAOBIE-
TBOPEHUA DTUX TPEOOBAHUM NOCTATOYIHO, YTOOBI TPOTOKOJ Ay TEHTU(DUKA-
1uu OBLT TOKA3aTEILCTBOM C HYJEBBIM pasruaiineHueM. B riase 2 npuseaen
IIPOTOKOJI JOKA3AaTEILCTBA ¢ abCOMIOTHO HYJEBHIM DA3IVIAIICHUEM [JI 3a-
paau U3OMOPDOU3M I'PADPOB. Ho sToT mpoTOKOX NUMEET HEIPUEMIEMO
OOTBINOE ¢ MPAKTUIECKON TOUYKM 3PEHUSA KOIUIECTBO PAYHIOB OOMEHa CO-
obmmenuamu Mex 1y Anucou u Bobom.

Huxe Mur npuBoguM nporokon Tuoppa [1], ogus u3 HanGomee addex-
TUBHBIX MPAKTUIECKUX MIPOTOKOIOB ayTeHTudukauuu. [Iis ero onucanus
HAM MOTPEOYIOTCA HEKOTOPBIE 0G03HAYMEHNUA, KOTOPLIE Oy Iy T UCIOIB30BATh-
€A U B HMOCIEAYIOMINX PA3AENaX JAHHOU [VIABHIL.

IIycts p u ¢ — mpocTeie uncaa Takue, 9To q genut p— 1. lllaopp npeana-
raer [1] ucnoas30BaTH P LIMHBL HOPSAAKA 512 GUTOB U ¢ — AIUHBL HOPLLKA
140 6uros. Iycte g € Z, TakoBo, uro g? = 1 (mod p), g # 1. Ilycts
x€R Zyuy=g" (mod p). 3a1ava BLIYUCICHUA 3HAYCHUAA T 110 33, 1aHHOMY
3HAYEHUIO §f TIPU U3BECTHHIX P, ¢ U § HA3LIBAETCA 330a9€U TUCKPETHOTO JIO-
rapudmuposanus (cMm. riasy 4). Jusa 3a1a<du IUCKPETHOrO JorapudMupo-
BAHUA HA, JAHHBIM MOMEHT He U3BECTHO 3(PDEKTUBHBIX ATropuTMoB. [1oaT0-
My B KPUITOTPA(PUUA MIUPOKO UCIOIL3YETCA TUMOTE3d O BHIYUCIUTEIHLHON
TPYAHOCTHU 3ajadmM IUcKpeTHOro Jorapudmuposauus. Chopmyaupyem ee
6omee crporo. IlycTs n — pacTyuui IMeJOYUCACHHBIN MapaMeTp, IUCIO P
BBIOMPAETCsA U3 MHOXKECTBA BCEX MPOCTHIX YUCEN AJIUHBL N TAKUX, 9TO P — 1
UMEET MPOCTON [EeJUTEb IIVHLI He MEHbIE N° 1A HEKOTOPOU KOHCTAHTHI
€ > 0, ¢ — U3 MHOXECTBa BCEX TAKUX MPOCTHIX AEJUTENeN 9ucia p — 1,
g — U3 MHOXECTBA BCEX 4mcel g Takux, 4To g¢ = 1 (mod p), a z € Z,.
Torga dyukuua f(x,p,q,9) = (9° mod p,p,q,g) — OmHOCTOPOHHAA (CM.
raBy 2). Pexomenganuu, nanuse [IIHOppOM OTHOCUTEJNBHO AJIUH YUCET D
U ¢, MOXKHO TPaKTOBaTh caenyoummM obpaszoMm. Ha tor moment (1989 r.)
MHBEPTUPOBAHUE PYHKIUU f CIMTANOCH MPAKTUIECKU HEBBIIOJIHUMBIM YKE
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07 p U ¢ qanHbBL mopsaaka 512 u 140 6uToB COOTBETCTBEHHO. 31€Ch, O THAKO,
CJeyeT YIATHIBATD, 9TO IPOrPecC B 0OJACTYU BHIYUCIUTEILHOU TEXHUKYA 1
B aJIOPUTMUYECKON TeOpur ducet (CM. raaBy 4) MOXKeT [IPUBECTU K HEOO-
XOAMMOCTH IEPECMOTPA DTUX BEJUYINH.

B xadecTBe cekpeTHOro kimoda cxeMbl ayTeHTudukanuu Auauca BbI-
6upaer ciydapHoe umciao x u3 {1,...,q — 1}. [Mamee Anuca Bbumcaser
¥y = ¢~ % mod p u nybIuKyeT OTKPBITHIN KI0Y . OTKPBITHIE KIOYH BCEX
VIaCTHUKOB CXEMBI JOKHBI MyOIUKOBATHCSI TaKuM 00Opa3oM, 4TOOBI HC-
KIII0YATACh BO3MOXKHOCTb UX MOAMEHBI (TaKoe XPAHWINIIE KIKYEH HA3bI-
BaeTCs OOIIENOCTYIIHBIM CEPTU(MUIAPOBAHHBIM CIIPABOYHUKOM ). DTa IPO6-
JeMa, Ha3BIBAEMasA JacTO TPOOIEMOU ayTeHTUYHOCTUA OTKPBITHIX KJIHOUEN,
COCTABAAET OTIEJbHLIN MPEJIMET UCCAENOBAHUYN B KPUNTOrpadu U B NaH-
HOU TVIaBe He PacCMaTPUBACTCA.

Cxema ayrenrudukanuu IMlaoppa

1. Asmca BuiGupaer ciaydanHoe uuciao k ms MuOXectsa {1,...,q — 1},
perauciaeT r = g* mod p u mocsiraer r Bo6y.

2. Bo6 BeiGmpaeT cryvaiHER 3anpoc e w3 MHOKecTBa {0,...,20 — 1},
rae t — HeKOTOPHIN TMapaMeTp, U TMOChLIaeT e Anuce.

3. Annca eerancuser s = (k + xe) mod ¢ u noceitaer s Boby.

4. Bob6 nposepsieT cooTHomenue r = g°y° mod p u, ecau OHO BBINOTHIET-
Cs, IPUHUMAET JOKa3aTeIbCTBO, B IPOTUBHOM CIy4ae — OTBEpPraet.

OTMeTrM OQHO CYIIECTBEHHOE OTINYNE STOr0 IPOTOKOJIA OT MPOTOKOIA,
nokazaTenbcTBa 1 3agadu USOMOP®U3M I'PADPOB, npusenennoro B
raaBe 2: MOCICIHUN TPOTOKON MHOTOPAYHIOBLIN, B HEM KOJIUYECTBO PAyH-
IOB, T.€. MOCBLIOK cooOIenuu or Anucet BoGy u 06paTHO, BO3PACTALT C
POCTOM PasMepPHOCTH 3a4a4u (KoIudecTBa BepiuuH rpada). A B mpoTokoae
[MTHOppa KOMUIECTRBO PAyHIOB PABHO TPEM, BHE 3aBUCUMOCTY OT 3HAMCHUU
opyrux nmapaMerpos. [[03TOMy ¢ HPaKTUYIECKOU TOYKU 3PEHUS MIPOTOKOJ
[Tuoppa saBAgETCA 3HAUUTENAHHO Oonee dPPHEKTUBHBIM.

IlepBoe u3 TPEGOBAHUU K CTOWKOCTU MPOTOKOJOB ayTEHTUDUKAILIUN,
KOPPEKTHOCTh, O3HAYAET, 9TO HPOTUBHUK, 3HAIOUMU TOJBKO OTKPLITHIU
K09 Y, MOXKET MPOUTU ayTeHTU(DUKAINIO JUIIL C MPEHEOPEKUMO MATIOU
BEPOATHOCTBIO. HECHIOXKHBIN aHAIN3 NOKA3BIBAET, YTO KOPPEKTHOCTH MPO-
Tokoaa llHoppa 3aBrCcUT OT BHIOPAHHOT'O 3HAMEHUA mapameTpa t. B camom
neje, ecau t HeBeJUKO, TO IPOTUBHUK MMEET XOPOIINEe IMIAHCH IIPOCTO yra-
IaTh TOT 3AMPOC €, KOTOPHIU OH TOIyIuT OoT Boba ua mare 2. [lycts mia
mpocrorsl ¢t = 1. Torga MPOTUBHUK, HE 3HAMOIIMKA CEKPETHOTO KIYa I,
MOXKET NeNCTBOBAThL CleqyiomuM obpasoM. Ilogbpocus MOHETY, OH BBIOH-
paeT paBHOBEPOATHBEIM 00pa3oM 04H0 u3 3Hadenun 0 wiu 1. O603Ha49mUM ero
gepes €. [lanee mpOTWBHUK BHIGUpaeT mpomssoabHoe § u3 {0,...,q — 1},
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BLIYUCTSAET " = gsye/ mod p u noceutaer r Boby. fAcuo, ¥To 3ampoc e, momry-
yenHb 0T Bo6a Ha mare 2, copnanet ¢ €' ¢ BepoATHOCTHIO 1/2, u umeHHO
C TAKOU BEPOATHOCTHIO MPOTUBHUK MPOUAET Ay TEHTU(DUKAIUIO.

Ecan xe 3uadyenue ¢ o0CTaATOYHO BEIMKO, TO IIAHCHL yraJaTh 3aIpPOC €
vanst. [aopp [1] pexomennyeT t = 72. Pazymeercs, BepoATHOCTE 2772, a
MMEHHO TAKOU OyAeT BEPOATHOCTD MPOCTOr0 YraAbIBAHUS, MOXHO CIUTATH
nperebpexunMo Mataou. Ho 9To OyaeT, eciu MPOTUBHUK ATAKYeT CXEMY, UC-
MOIB3Y A 00Ie€ U3OMIPEHHBIE METOIBI? 3a0a4Ma TEOPETUIECKON KPUITOrDA-
uu B TOM U COCTOUT, ITOOBI UCCAETOBATH CTOMKOCTH KPUMTOrPADUIECKUX
CXeM MPOTUB JMIOBX (3(P(PEKTUBHBIX) aTaK MPOTUBHUKA.

Eciz B cxeme IMIuoppa Amuca sBAsgETCA NPOTUBHUKOM, TO Ha mmiare 1
BMECTO [NEUCTBUU, NMPEIIUCAHHBIX MPOTOKOIOM, OHA MOXKET BHEIOMDATH T
IPOM3BOJIBLHBIM (HO dddekTuBHbM) 06pasoMm. Uubivu caoBamu, Anuca uc-
MOJIB3YET HEKOTOPBIA TOJIUHOMUAAMBHLIN BEPOATHOCTHRIU AJITOPUTM, KOTO-
PBIA U1 KAXKJOT'0 KOHKPETHOT'O 3HAYEHUS ' ONPENENAeT BEPOATHOCTD €ro
BBIOODA.

Ilycts r — HexoTOpOe 3HadeHume, KoTopoe Aumca mepemana BolOy Ha
mare 1. Ipegnonoxkum, 9TO HAM yIaJoCh HAUTHU OBA 3aIpoca €1,es €
{0,...,2t — 1}, e; # ey, Takme, uTO AnMCA MOXKET IIA KaXkKJOTO W3 HUX
HAUTU COOTBETCTBYIOIINE 3HAYEHUA S, IIA KOTODPHIX MPOBEPKa Ha mare 4
OACT TOJOXKUTEIBHBEIA pe3yabTaT. QOG03HAYNM 3TU 3HAYEHUS S 9epe3 S U
S COOTBETCTBEHHO. MEI nmeeM:

r=yg"y" (modp),
r= g%y (mod p).
Orcrona
9"y = ¢>y*  (mod p),
nim
g =y (mod p).

[Mockonbky e; # ep, cymectByeT (e; — e1) ! mod ¢ u, cregoBaTenbHO,
(s1—82)(ea—e1) ! — muckpernsrit Torapudm y, T.e. (s1—s2)(ea—e1) L =z
(mod q).

Taxum 06pa3oM, 1ubO 3ANPOCHL €1, €3, €1 7 €3, TAKKE, 9TO AJrca MOXeT
OTBETUTH HALIEKAIMM 00pa3oM Ha 00a w3 HUX (IPU OZHOM U TOM K€ T)
HA mare 3 mpoTOKOJIA, BCTPEIAIOTCA «JOCTATOTHO PEIKO», U DTO O3HAYAET,
9TO aTaka AJKMCHL yCIIENTHA JWIE ¢ IPEHeOPERIMO MATOU BEPOATHOCTHIO.
JIu6o Taxue 3HAUECHUA TIOMALAIOTCA (JOCTATOUYHO YACTO», U TOTIA TOT AJIr0-
PUTM, KOTOPBIU MPUMEHAET Anuca, MOXKHO MCIOMBL30BATE A BLIMACACHUS
MUCKPETHBLIX JOTApU(pPMOB.

DTa HeOPMATIBLHO U3JI0KEHHAs uies ObLia ucnoab3osada luoppoum [1]
IS TOKA3aTEIbCTBA, MOIMHOMUAAILHON CBOAUMOCTH 3a4a9d TUCKPETHOTO
JOTapupMUPOBAHUA K 3a0a4€e, CTOAMEN Mepen MACCUBHEIM IPOTUBHUKOM,
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T.e. TAKUM, KOTODPHIU THITAETCA MPOUTU AyTEHTUPUKALNIO, 3HAA JUIIbL
OTKPHITHIN K1t049. UHBIMY CTOBAMHU, TOKA3AHO, YTO B MPEIIOIOKEHUN TPY I-
HOCTHU 3aJa4Yd AUCKPETHOrO JOrapudMUPOBAHUA CXEMA Ay TEHTUDUKAINU
[MTuoppa ABAAETCA CTOUKOU MPOTUB TMACCUBHOTO TPOTUBHUKA, T.€. KO-
PEKTHOM.

OTMeTuM, 9TO BOMPEKN BECHMa, PACTPOCTPAHEHHOMY MHEHUIO, DTOT Pe-
3yJbTAT, KAK ¥ OOJBUIMHCTBO MOAOOHBIX PE3YJIBTATOB B TEOPETUIECKOU
kpunrorpadun, He ABIAETCA ACUMITOTUYCCKUM: €CJIU 330393, TUCKDPETHO-
ro Jorapud)MUpPOBAHUA TPYAHA JJIA 9uced (P U ¢) LaHHOU [JJIUHLBI, TO CXe-
ma ITuoppa ABAAETCA KOPPEKTHOU TPU UCTOJBL30OBAHUN IUCET TOU Ke IJIU-
HBI.

AXTUBHBIN POTUBHUK MOXKET TTPOBECTU HEKOTOPOE KOJUIECTBO CEaH-
COB BHLINOJHEHUsI MPOTOKOJA B KAYECTBE MPOBEPSIOMIErO C YEeCTHBIM [0-
KA3BIBAONMM (WM MOACIYyIIATH TAKUE BLINOJHEHUA) U TOCIE DTOCO IO-
MBITATHCA ATAKOBATH cXeMy ayTeHTudukamun. a1 CTOMKOCTHA TPOTHUB aK-
TUBHOI'O IPOTUBHUKA TOCTATOIHO, YTOOBI IPOTOKOJ Ay TEHTUMUKAIUYN OBLI
IOKA3aTeILCTBOM C HyJeBbIM pasriamenueM. OIHAKO CBOUCTBO HYJIEBO-
ro pasruamienus miasa cxembl l[IHOppa IO CUX HOP HUKOMY [OKa3aTh HE
yaamock. Bomee TOro, Ha JaHHBIM MOMEHT U3BECTEH €IMHCTBEHHBIA Me-
TOJA [NOKa3aTeJbCTBA CBOUCTBA HYJIEBOI'O PA3IVIANIEHUs — TAK HA3BIBA-
€MBII METOM «JIEPHOTO ANMKA». B 3TOM MeTO[e MOAEIUPYIOMAA MAIIU-
HA UCHOJIB3YeT AIrOPUTM IpoBepsiomero (Mamwmay Teioopunra V* — B
0003HAYEHUAX U3 [VIABBL 2) JUIIb B KAYECTBE OPAKYJa, T.€. HEe aHAIM3M-
Py caM DTOT AJITOPUTM, TIOAAET €My Ha BXOI JI00BIe 3HAUEHUA MO CBO-
eMy BBIOOPY U TOJAYy4YaeT COOTBETCTBYIOIIME BBLIXOJHBIE 3HAYEHUA. | Oib-
gpanx u Kpasuuk noxaszamm [2], 9TO TpexpayHIOBBIE JOKA3ATEILCTBA
C HYJEBLIM DAa3[VIAIIEHUEM, B KOTOPBIX MOCIEIHEE CBOUCTBO yCTAHABJIM-
BAETCA METOJOM «IEPHOTO AMUKAY, CYMIECTBYIOT JUIIhL B TPUBUAIHLHOM
ciydae, T.e. KOIJa IIPOBEPSAIOIINNA MOXKET CaMOCTOATENLHO, 6e3 BCAKOU
MOMOIIY TOKA3BIBAOIIEr0, IIPOBEPUTH UCTUHHOCTD YTBEPK AAeMOoro. B or-
womennu cxembl [IIHOppa U3 3TOr0 pPe3yabTaTa CIeAyeT, YTO JubO CyIe-
cTByeT >PPEKTUBHLIN AICOPUTM AUCKPETHOrO JOrapuMUPOBaHUA, IUOO
CBOVCTBO HYJEBOT'O PA3TUIANICHUS DTONO MPOTOKOMA HE MOXKET ObITh TOKAa-
3aHO METOJIOM «IEPHOTO AMUKay. Bompoc 0 cymecTBOBAHUN JOKA3ATENILCTB
C HYJEBLIM PA3DVIAIeHUeM, 1A KOTOPBIX CBOMCTBO HYJEBOTO PA3TVIAIICHUA
HE MOXKET OLITh JOKA3aHO METOAOM (IEPHOIO ANMKA», OCTACTCA OTKPHI-
THIM.

Herpyaguo mokasars, uro cxema Iluoppa obramaer HECKOAbKO Gomee
CIa0BbIM CBOUCTBOM — CBOUCTBOM HYJEBOIO PA3MVIAIIECHUSA OTHOCUTETHLHO
YECTHOI'O MPOBEPAOIIEro. B aToM clIydae HOCTATOYHO TMOCTPOUTH MOIE-
JUPYIOMIYI0 MAIIMHY TOJBKO [ YeCTHOIO MPOBEPSIOIIEr0, KOTOPLIM HA
mare 2 m B CaMOM €€ BHIOMPAET CIYYAUHBIA 3ampoC € U3 MHOXKECTBA,
{0,...,2t —1}.
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Bes madopManusa, koTopyo noaydaeT Bo6 B pe3y/bTaTe BBIIOJTHEHU
IPOTOKOJIAa — 3TO Tpouka uucea (r,e,s) Takad, aro r = g¢°y° (mod p)
u r # 1. O6o3HaYUM MHOXKECTBO BCex Takux Tpoek depes (). B srom
TPOUKE ¥MCIO € BHIOMpaeTca caydausbiM obpaszom m3 {0,...,20 — 1}, a
r = ¢g* mod p, rae k — caywaimoe wmcnio ms mEOxkecTBa {1,...,q — 1}.
SAcHo, uT0 mpu TakoMm BeIOOpE k 3HauMeHue r OyAET PACIPEIENEeHO PABHOBE-
POATHBIM 06Pa30M CPEIU BCEX OTIUIHLIX OT €IWHUIILI SIEMEHTOB C'PYIIIIHL,
TTOPOXK IEHHOUN (. SHAYEHUE § BBIUUCIAETCA COTVIACHO IMIAry 3 MPOTOKOIA U
ONIPENEIACTCA BEIMIUHAME € U T OJHO3HAYIHO. Takum 06pa3oM, pacmpeme-
JIEHME BEPOATHOCTEN Ha MHOXKECTBe () OmpeeasaeTcs CIy9IalHbLIM BLIOOPOM
qucen e u k.

Mogenmupyromas MammHea TOJXKHA CO3IaTh HA MHOXKecTBe () Takoe ke
pacIpeeseHne BepOATHOCTEN KaK B MPOTOKoae. HO mpm »ToM OHA He
MOXKET HCIOIB30BATH (POPMYJTy W3 mara 3, MOCKOALKY B HEE BXOIUT
CeKPETHHIN K09 £. BMECTO 5TOr0 MOEIMPYIOMAA MAIINHA BLIOUPAET CJIy-
qanuee e 1 s u3 {0,...,2t — 1} m {0,...,¢ — 1} COOTBETCTBEHHO U BHI-
qucasger r = ¢°y° mod p. Ecaiu r = 1, TO mombITKa HEymadHA M BHIOU-
PalOTCsA HOBLIE € U S. B MPOTMBHOM CIydae MONEJUPYIOMAS MAIIMHA, BEI-
naeT Tpouky (r,e,s). HanomMuuMm, 9T0 MOZEAMPYIOMIAS MAIIUHA CTPOUTCS
TOMBKO I 9€CTHOTO NOKA3LIBAaIOmeEro. W3 3Toro, B 9aCTHOCTH, CIEAyeT,
YTO OTKPHITHIN KIIOY Yy TMPWHALIEKAT TPYIIE, HOPOXKIEHHOU g, T.€e. Cy-
mectByer umcao ¢ € {1,...,q — 1} Takoe, yro ¢~* = y (mod p). Io-
DTOMY TpHU JIOOLIX € U § duciao r = ¢g°y¢ = ¢%¢~ % = ¢ %¢ (mod p)
TakXke NPUHALIEKRAT >Tou rpymnme. OcTaeTcsa Jumb 3aMeTUTh, ITO MO-
CKOJIBKY MOJEIMPYIOMAs MAIIMHA BEIOMPAET YUCIO S CIyIaWHBIM O00pa3oM
U HE3aBUCAMO OT 3HadeHUs e, BedmduHa ($ — xe) mod ¢ — CIydarHbIl
saemenT MHOXkectBa {0,...,q — 1}, Taxxe He 3aBucamun ot e. ITosro-
My 9HCIO T, Cr€HEPpUPOBAHHOE MOMENUPYIOMEN MAITMHOW, ABIACTCA CJIy-
YAUHBEIM DJIEMEHTOM TPYIIIEL, HOPOXKIEHHOU ¢, HE 3aBUCAIMM OT €, T.€.
IMeeT TaKOe K€ PACIpeeIeHre, KaK B MPOTOKOAe. VIHBEIMU CToBaMu, OTHO
7 TO XK€ PaCIpeneNeHne BEPOATHOCTEN Ha MHOKECTBE {) MOXKHO CO3IaTh
OByMs criocobamu: aubo BHIOpATH caydauHoe k (a, CIefoBaTeIbHO, U T) U
Boraucauth § = (k + ze) mod ¢, aub0 BHIOPATH CIydalHOE S U MOJIY4UTh
r = g¢° % mod p.

CBOMCTBA HYJMEBOT'O PA3MMIAMICHUS OTHOCATEIHHO I€CTHOTO TIPOBEPAIO-
HIEr0 MOXKET OKA3aThCA NOCTATOYHO, ECIM CXEMa Ay TEHTU(PUKAINYA UCIOTb-
3yeTcs, HApUMep, IIA KOHTPOMA 34 JOCTYTIOM B OXPaHAEMOE MOMEIICHUE.
B sToM ciydae Aqmca — 5TO MPOMyCK, BEIIOJHEHHBIM B BUIE MHTE/LIEK-
TyaIbHON KapTOYKHW, a B06 — KOMIBLIOTEp OXpaHBEL. B Takou cuTyamuu
IaBHAA 320394 — 00eCIevInTh KOPPEKTHOCTL CXEMBI ay TeHTU(DUKAIIAHA, 4,
3AIIUIIATHCA OT HEYECTHOTO IIPOBEPAIONIEr0 OECCMBICAEHHO. UTO Xe Kaca-
€TCsA CBOUCTBA HYJEBOTO PA3MMIAMIECHUSA OTHOCUTEIHLHO YECTHOTO MPOBEPS-
IOIIET0, TO OHO MPEACTABIAETCA AJEKO HE JUIIHUM, TAK KAK IO3BOJIAET
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00€30MacuTHLCA OT MPOTUBHUKA, KOTOPHIU MOXKET MOMBITATHCA TOICTYIII-
BATb CEAHCHI BBITOIHEHUS IPOTOKOJIA C LEIHI0 U3TOTOBICHUS (DAJIBIINBOIO
[IPOIyCKA.

[Ipumep mporokona ayreHTrduUKauu NpUBeieH B suurpade K TaHHO-
My pasgery. B 3TOM mpOTOKOIE KO3a BHICTYNAET B KAYECTBE TOKA3BLIBAIO-
Iero, a CEMEPO KO3JAT — B KadecTse nposepstomero. [Iporokon npussan
obecrneunBaTh IEJOCTHOCTb. B TAHHOM CIydae — IEIOCTHOCTH CEMEpBIX
xo3isaT. B smurpade omumcana m araka Ha npoTokoa. [IporuBHMKOM BHI-
CTYIAeT BOJK, U DTOT IPOTUBHUK AKTUBHBLIM: CHAYAIA OH IIOJCIYIINBAET
BRITIOJHEHUE TIPOTOKOJA, TOTOM TBITAETCA CAM MPOUTH ay TeHTU(DUKAINIO B
KadecTBe JOKA3BIBAIOLIEro (KO3bI) U IPU 3TOM HAKAILIMBAET U AHAJIU3UDPYET
mosydaeMyo nadopManuo. [IpoTOKOI 0Ka3aICA HECTOUKUM TPOTUR AKTUB-
HOro npoTuBHUKA. Hamo 66110 06PATUTHCA 33 KOHCYJIbTALMEN K IIPOdECCH-
OHAJIBHLIM KpUnTorpadaMm 1 UCIOIB30BATh, HAnpuMmep, cxemy lxoppa.

[Ipexae wem 3aBepUINTH PA3rOBOP O MPOTOKOJIAX Ay TEHTU(DUKAIINN He-
00X0IMMO MOIYEPKHYTh, YTO HUKAKOE MATEMATAIECKU CTPOr0 TOKA3AHHOE
CBOUCTBO KPUNTOIPAPUIECKOrO IIPOTOKOJIA HE MOXKET MapaHTUPOBATH €r0
6e30MacHOCTY BO BCEX CIy4aax )Xu3nu. B camoMm neme, maxe mpoTOKOJ JOKA-
34TEIBCTBA C HyJIEBBIM PA3TUIAIIEHUEM HE 3alUIIAECT OT CJAEAYIOUEN aTaKA
Ha CXeMy ay TeHTU(DUKAINN, M3BECTHOU B KPUMTOrPADUIECKON JUTEPATYPE
0[] Ha3BaHUEM «MaUO3HAA YIPO3a». B TaHHOM CIEHAPUYN MMEIOTCS € ThI-
pe yuactuuka: A, B, C' u D. llpegnonoxum, uro A 3aimen B kade BBIIUTH
Jaledky Kode U PacCIiiaduBaeTCA C MOMOIIBI0 KPEAUTHON KapTOodku. [lasa
BBITIOJHEHUs JTI000U GAHKOBCKOU ONepaly KAPTOYKA JOJKHA UIEHTUDU-
IUpPOBATH cebs, T.e. BEIMOJHATEL TPOTOKOI ay TeHTudukanuu. Ho Bia gemrer
xade, B, — maduosu, cooburnk koToporo C' B TOT XK€ CAMBIA MOMEHT
HAXOAWTCS B MarasmwHe poBeaupa D u ObBITAeTCAa KyNUTh OPULINAHT, TAK-
e C TOMOILIBI0 KpeauTHOU KapToduku. [Ipu srom C «ipeacTaBiseTcssy Kak
A, a D mpocur Q0Ka3aTb 3TO € MOMOMIBIO MPOTOKOIA Ay TeHTUDUKAIIN.
YCTpOUCTBO CINTHIBAHUA 1A KapTodek y B u kaprouka y C — 10 cre-
[UATBHO U3TOTOBJIEHHBIE IPUEMO-TIEPETAOIINE YCTPOUCTBA, KOTOPHIE JIWIIH
nepecsLIaT coobmenusa mexay A u D. B pesyabrare A, 0OMEHUBAACH CO-
obmenusmu ¢ B, Ha camom mene uaeHTuduiupyet cebs mis D.

M=er 31€ch He 3aTparuBaeM BOMPOCA O MPAKTUIECKOUN OCYIIECTBUMOCTHU
«aduro3HON yrpo3sh. MbI mpuBenu ee OpocTO Kak IPUMED, MOKA3BIBAKO-
WY, 9TO TOJBKO MATEMATUIECKOTrO 000CHOBAHUSA CTOUKOCTHU TOT'O UIU UHO-
ro KpunTorpaduueckoro mpoTOKOIa HeqoCcTaTO4YHO. [l mpaxTuaeckoro
MIPUMEHEHUs KOHKPETHOT'O MPOTOKOIA, TPEOYIOTCA €Ile YCUIUS CIIEIUAIA-
CTOB B 06macTu MHGPOPMAIMOHHOU OE30MACHOCTH 10 AHAJIU3Y YCIOBUU €r0
TIPUMEHEHUs.

Tenepsr MbI mepexoauM K OOCYXKAEHUIO APYTOro THUIA IPOTOKOJIOB ay-
TeHTUQUKAIUA — K TPOTOKOJAM 3JeKTpOHHOU moxmucu. OHu obecnedn-
BAIOT ayTeHTU(DUKAIMIO COOOIIEHUN, T.€. TapPAHTUPYIOT, 9TO COOOIIEHUs
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MOCTYTAIT OT JOCTOBEPHOT'O OTIPABUTENA U B HEMCKaXEHHOM Bue. Bouee
TOrO, HEJOCTHOCTD 3[€Ch IOHUMAETCA B PACIIUPEHHOM CMBICIE: MOLYIaTelb
COOOIIEHNS HE TOIBKO yOEXJAETCA B €r0 JOCTOBEPHOCTH, HO U MOIYIALT
DIEKTPOHHYIO TOMNUCH, KOTOPYIO B TATLHEUIIIEM MOXKET UCIOIL30BAThH KaK
[JOKa3aTeJbCTBO TOCTOBEPHOCTH COOOLIEHUs TPeTbuM auuaM (apburpy) B
TOM CIydYae, €CIu OTIPABUTENb BIOCICACTBAN MOMBITAETCA OTKA3ATHCA OT
CBOEH MOANKUCH. 3IeCh UMEETCs MOJHAS AHAJIOTUA OOLITHON 10 JIUCH Ha Oy-
Mare, 3a UCKJIYEHUEM TOT'0, UTO MO apOUTPOM OOBITHO TIOHUMAETCA TEX-
HUYECKUU DKCIEPT, KOTOPBIA NAET 3aKIYEHNE O HOIUNHHOCTU DJIEKTPOH-
HOU IIOJAIIMCH, T.€. BBIIOJHAET (PYHKIWIO, aHAJOrMYHY0 (yHKIun rpado-
Jora B CIydae oO0srvHOU moanucu. HazHaueHue cxeM 3JEKTPOHHOU MO JIUCK
MBI yKe OOCYXKJAJU BO BBEJEHUN HA MPUMEPE ILIATEXKHBIX IIOPYICHUM.

Bce mpoTOKOMBI 3IEKTPOHHOUN MOAMUCH, PA3PAOATHLIBAEMEIE IS MPAK-
TUYECKOTO TIPUMEHEHUA, ABIAITCA HEMHTEPAKTUBHLIMUA (T.€. BECh OOMEH
COOOLIEHUAME COCTOUT B II€pPEIade OTIPABUATENEM [MOJYIATENI0 TOANACAH-
HOT'O COOOMIEHNs). DTO BBI3BAHO, MPEXKIE BCErO, TPEOOBAHUAME K dPdek-
TUBHOCTH.

Kak o6vr4mo, MmaTemaruyieckas (GpOPMAI3ANUA PACCMATPUBAET CXEMY
DIEKTPOHHOU TIOATUCKA KaK OECKOHEYHOE CEMEMCTBO CXEM, 3aBUCAIIAX OT
LEJOYUCIEHHOTO TapaMeTpa n, n > (), Ha3bIBAEMOr0 IIapaMeTpoM 6e30mac-
HOCTH.

CxeMa pIeK TPOHHOU MO ATIACKA — 3TO TPOUKa arroputMos (G, S, V), rae
G — TOMMHOMUAIBLHEIN BEPOATHOCTHBLIN AITOPUTM reHepannu kiaroden. Ha

Bxoge 1" amropurm G Bergaer napy (Ki,Ks), rge Ki — OTKPBITHII

K09 CXeMbl moamucu, a Ks — COOTBETCTBYIOIIMUA €My CEeKPETHBIN

kmo4. Ko K momemaercs B 06IIEIOCTYIHBIN CepTUDUIIPOBAHHBINA

CTIPaBOYHUK;

S — MOMMHOMUAILHLIN BEPOATHOCTHLIN AITOPUTM TEHEPAIUM TTOAMNUACEN.

Ha Bxoge (m, K5), rae m — coobuwenue, aaroputM S BLLIAET HOINUCH

S IJIsT COODIIEHU M
V — moauHOMUMAIBHBIN aJropuTM NpoBepku mognucu. Ecau V (K, m,s) =

= 1, TO moamuch S ST COOOMMIEHWS M NPUHUMAETCA. B >TOM CiIy-

Yae TOBOPAT, UTO § — KOPPEKTHAasA MONUCHL IaA coobmnenus m. Ecan

V(Ki,m,s) = 0, To mognuck s orsepraerca. Ecau noanucs s mia co-

OOIIEHUs M CreHEePUPOBaHA Ha KIode Ko ¢ MOMOIIBIO anropurMa S, To

BCerga MoKHO ObiTh V (K1, m,s) = 1.

3mecs K1, Ko, m 1 $ — IBOMYHEBIE CTPOKH, [IUHLI KOTOPHIX OrPAHUIEHE
HEKOTOPLIMU (PUKCUPOBAHHBIMU IIOIUHOMAME OT 7.

[lna ompeneneHus CTOUKOCTU CXEMBI DICKTPOHHOU MOANUCA HEOOXO I~
MO TMPUHATL HEKOTOPHIE MPEANOJOKEHUA O TPOTUBHUKE. [locaeuun MoxeT
NBITATHCA MONAENBIBATE IOIUCH, 3HAS TOIBKO OTKPBITHIL KJIIOY CXEMBI.
Taxou TPOTUBHUK HA3LIBAETCA MACCUBHLIM U ABJIACTCA CAMBIM CJIA0BIM U3
BCEX BO3MOXKHBIX IPOTUBHUKOB, TAK KAK OTKPBITHIN KJIIOY CXEMBI 10 JIIUCH



52 I"'ABA 3

BCcerga ooIenocTymnen. PasymMeercs, MaCCUBHLIN MPOTUBHUK, KaK U JHO00U
OPYTOU, 3HAET ONMUCAHUE CXEMBI IO IUCH, TOCKOAbKY IPEIIOJAraeTCs, IT0O
aaroput™Mel G, S u V' o6ienocTymnss.

Bonee nzobperaTenbHbl TPOTUBHUK MOXKET MOMNBITATHCA COOPATH He-
KOTOPYIO AOIOJTHATENAbHYO NH(DOPMANNIO O CXeMe IO JIICK, HaOpaB HEKOTO-
pO€ KOIM4IecTBO map (COOOMmeHre, MOANNCE). 3AeCh UMEIOTCA IBA OCHOBHBIX
BapuaHTa. ATaka ¢ M3BECTHBIMEU COOOUIEHUSAMEU COCTOUT B TOM, 9TO MPO-
TUBHUK [EPEXBATHIBAET HEKOTOPOE (OrPAHUIEHHOE (DPUKCUPOBAHHBIM TIOJIY-
HOMOM OT 7) KOJIMYIEeCTBO IOAMUCAHHBIX cooOmenutt. [Ipu ToM npoTuBHEK
HUKAaK He BIWAET Ha BHIOOD »TWX coobmenun. Ilo cymecTBy 510 — pas-
HOBUHOCTH MMACCUBHOI'O MPOTUBHUKA, TaK KAaK MOAIUCAHHBIE COOOIIEHUs
OOBIYHO MEPECHLIAIOTCA MO OOLIENOCTYIHOMY KaHALY CBA3U (B HEKOTOPBIX
pPaboTaxX MO TEOPETUIECKON KPUITOrpA(DUU IPUHUMAETCSI MATEMATIIECKAA
MOJ€/b, B KOTOPOU IIOAIIUCAHHBIE COOOLIEHNS IIPOCTO Iy OIUKYIOTCA).

Eme 6omee CUIBHLIN MPOTUBHUK MOXET CaM BHEIOMDPATH COOOIICHUA U
KAKUM-TO 00Pa30M IOIy9IaTh KOPPEKTHLIE MOANUCK Ui HUX. Takas aTaka
HA3LIBAETCA ATAKOW C BEIOOPOM COOOIIEHUN, & COOTBETCTBYIOIIUNA TTPOTUB-
HUK — AKTUBHBIM. BOIPOC O OPAKTUYECKOU OCYIIECTBUMOCTHU HOAOGHOU
aTaKM BBIXOOUT 33 PAMKU MaTEMaTUIeCKOU MOAEIN U B JAHHOU TJIaBE HE
paccmarpuBaercs. OTMETUM JIMIIb, YTO, MO-BUAAMOMY, HUKAKUME OpIra-
HU3AMUOHHBIMYA MEPAMU HEIb3A MOJHOCTHIO UCKIIOYATH BO3MOXKHOCTE aTa-
KU C BEIDOPOM COOOIIEHUN U 3[€Ch, KAK U BCIOLY B TEOPETUICCKOU KPUII-
Torpaduu, NeJaeTCsa MIPeANoJOXKeHNe B MONb3y MPOTUBHUKA. DTO 3HAYUT,
YTO OOBITHO UCCACAYETCA CTOUKOCTE CXEM DIEKTPOHHOU MOAMUCHA B IPUCY T-
CTBUU CAMOTr'O CAIBHOIO IPOTUBHUKA, OCYIIECTBIAIOMIEr0 ATAKY C BEIOOPOM
COOOIIEHNN.

IMomMmumo aTaku HEOOXOAMMO TAKXKE ONPENeIUTb Ty Yrpody Oesomac-
HOCTU CXEMBI DIEKTPOHHOU MOAMUCH, TPOTUB KOTOPOU MBI YKEIAEM B3I~
marbesa. Camas CuIbHAS yrpo3a — IOJMHOE PACKPBITHE, T.€. BBIYUCICHUE
MPOTUBHUKOM CEKPETHOrO Kio4ua Ko. fICHO, YTO eciu MpOTUBHUK MOXKET
OCYIIECTBUTD MOJOGHYIO yrpo3y, To cxema HecTonkasa. C Apyrou CTOPOHHI,
HETPYIHO MOHATH, YTO CTOMKOCTU TPOTUB TOJTHOTO PACKPHITUA HEJOCTA-
TOYHO [/l TOTO, YTOOLI CIATATL CXEMY MOAMUCA CTOUKOU HA TMPAKTUKE.
[JocTaToOYHO PACCMOTPETH CAEAYIOULYI0 BBIPOXKIEHHYIO cxemy. Aaropurm
G BBIOUpaET CIyYIalHBIN CeKpeTHLIN Kmod Ko u Beraucaaer K = f(K»),
rae f — HekoTopas ogHocTopouHsas Gyukuns. [lognucek n1s coobuenus m
anxropuT™ S BHIUUCIAET B Buge s = g(m), e g — HEKOTOpas JErKO BEIUU-
caumas Gyukuus. PyHkuusa ¢ nyGIuKyeTcs Kak 9acTb OTKPLITOrO KIIO4a,
U TIPOBEPKA MOAMUCA COCTOUT B BHIUUCJACHUA ¢(1N) U CPABHEHUU TOIIIUCH S
C DTUM 3HaUEHUEM. fICHO, 9TO Takas cxeMa OyAeT CTOUKOU IPOTUB IOJHOTO
PACKDPBITHS, TOCKOIBKY [ BBIMUCJICHUSA CEKPETHOro Kiaioda Ky Tpebyer-
€S MHBEPTUPOBATH ONHOCTOPOHHIOK (GyHknuioo f. Ho Beakum xenarormmu
MOXET BBIUUCAUTD MOANKUCH JJIA JIOO0T0 COOOIIEHUsA. JTOT IPUMED MOy U~
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TEJIEH eIle U TOTOMY, ITO B KPUNTOTPAPUIECKOU TUTEPATYPE BCTPEIAIOTCA
CTaTbW, B KOTOPBLIX AHAJIM3 CTOUKOCTU CXEM DJIEKTPOHHOU IOIINACH IO IMe-
HAETCS PACCYKIEHUAMYA O CJIOKHOCTHU 3ATaMK ITOJHOT'O PACKPEITHS.

Ha mpyrom momroce Haxommrcsa camas ciabas U3 yrpo3 — yrpo3a dK3u-
CTEHIMAHAILHOU MOAAENKN. Takas yrpo3a OCyIIECTBUMA, €CIN MOCJIe MPO-
BEJIEHUA ATAKU HA CXEMY DJIEKTPOHHOU IMOAMUCK MPOTUBHUK MOXKET IO Ie-
JIATh MOANNCH XOTA OBI AJIA OTHOTO, IYyCTh faxKe O€CCMBICTIEHHOTO, COO0IIIe-
HUSA.

CTONKOCTH CXeMBI DIEKTPOHHOU MOIUCH ONPEIeJATCS OTHOCUTEIBHO
napsl (aTaka, yrposa). Haubomnee cToNKuMu SBIAIOTCSA CXEMBL, CTOMKHIE IIPO-
TUB CAMOU CIA0OU U3 yTPO3 HA OCHOBE CAMOU CHILHOU U3 ATaK, T. €. TPOTUR
SK3UCTEHIMAHAILHON TOIIEIKNA HA OCHOBE aTAKW C BEIOOPOM COOOIIECHW.
Omnuiem >t aTaky u yrposy Ha HECKOIBKO Ootee crporom yposue. Cu-
CTEMATUIECKOE M3MOKEHNE aTaK U YIPO3 A CXEM SIEKTPOHHOU IO AMUCH
cM. B [3].

Ilogq TPOTUBHUKOM MBI MOHMMAEM BEPOATHOCTHYIO MamuHy ThiopuH-
ra A, xkoropas moaydaer Ha Bxoxe 1" um Ky u 3aBepmiaeT CBOIO paboTy
3a moauHoMuaabHOe (0T 1) BpeMs. Mamwmua A uMeeT HOCTyI K airOpUT-
My S remepanuu moanucen (3HAKIMEMY CEKPETHBIN Kmod Ko) Kak K opa-
Kyay. Tem cambim A MOXkeT BBIOpATH COOOIIEHUSA My, ..., M, Tae | < p(n)
[T HEKOTOPOT'O MOJUHOMA P, U MOJYUUTH JJA HUX KOPPEKTHBIE MOMMUCA
$1,...,8 COOTBETCTBEHHO. IIpu omenke BpemeHm paGOTHI MammHbL A Ka-
XK I0€ OOpAIleHne K OPAKYIy CIUTAETCA OTHOU KOMAHAou. MOXHO CINTATh,
9TO K MOMEHTY BHIOOpa COOOmeHus m; mMammHa A yXe 3HAeT HOaIuCh
81,+.+,8i—1 IIA BCEX IPENIIECTBYIOMMX COOOmenni. Takasa aTaka Ha3bI-
Baerca agantusuou. locae sroro mammua A nomxua Hautu napy (m,s),
rage m # m; nus Beex ¢ = 1,...,] Takywo, 9TO § — KOPPEKTHAsA MOANUCH
s coobuienus m. O6osuauum qepes A(1", K1) — (m, s) cobsiTue, COCTO-
samee B ToM, 4To A HaxomuT Takyio mapy. Cxema 3JeKTPOHHOU MOIIUCH
(G,S,V) Ha3BIBAETCA CTOUKOU MPOTUB DK3UCTEHIMAHAILHON MO JEJIKA HA
ocHOBe (AJANTHUBHON) aTaKd C BBIOOPOM COOOIIEHUN, €CAM IJs JIOGOU Ma-
mmHel ThiopuHTra A YKa3aHHOIO BHINIE BUAA, 1A JHOO0ro nmommaoma P u
IJIS BCEX TOCTATOYHO OOJBINUX 11

Pr{A(1",Ky) — (m,s)} < 1/P(n).
BeposaTHOCTE 3[eCh OMpeIeraeTcsa CIyYalHBIMU BETMIMHAMU ATNOPUTMOB
G,SuA.

HecnokHbIe pacCyXIeHnsa, aHAJOTHYIHEIE TeM, KOTODbLIe IPUBEICHLI B
rTaBe 2, MOKA3BIBAIOT, UTO IJIA CYHIECTBOBAHNA CXEM IEKTPOHHON MO ATINCH,
CTOMKWX TMPOTUB DK3UCTCHIMAHATLHON MO JETKA Ha, OCHOBE aTaKH C BLIOO-
POM COOOImIEeHNH, HEOOXOAUMO CYIIeCTBOBAHIE OJHOCTOPOHHUX (DYHKITHAM.
OnHO U3 3aMeYaTeIbHLIX JOCTIKCHUN TeOPeTUIeCKON KPUITOrpaduyl Co-
CTOUT B JOKa3aTeIbCTBE TOI'O, UTO 3TO YCJIOBHE OJHOBPEMEHHO ABIACTCS I
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NOCTATOIHEIM. II0CKOIBKY 3TOT Pe3yIbTAT BECHhMA, HETPUBUAICH, HIKE MBI
JIWIIb CXEMATHYIHO M3JaraeM OCHOBHEBIE UIEH.

PaccmoTpum BHavaIe cxeMy sreKTporHOR noamucy Jlammopra [4]. Ilycts
f: X" - X" roe ¥ = {0,1}, — 0ZHOCTOPOHHAA QYHKIUA U MYyCTh L' —
MHOXECTBO, U3 KOTOPOI'O BHLIOMPAIOTCA MOINUCHIBAEMbIE COOOIIEHUA (T. €.
KaxXJoe COOOIIeHne M = My - . . N, PACCMATPUBAECTCA KaK r-OMTOBAs CTPO-
ka). Auropur™ BorauciaeHus GyHKIuM f CIMTAETCSA OOLIENOCTY IHBIM.

AnropuTM reHepauu KioYen BLIOUPAET 2r CIyYAMHBIX CTPOK W3 L':
2%, 21 29 2t .. 2% L. CosokynmmroCcTs TUX 27 CTPOK COCTaBIAECT CEKpET-
HBLI K0T CXeMbI noamuch. Jamee artropuT™M BEYUCIAET

vi = f@@), yi = f@),-. 90 = F(a)), yp = flay).

CosokynHOCTB cTpoK ¥, yi,...,yY, yl nybaukyeTca Kak OTKPLITHIN KIOY
CXCMBL.

[Moamuchio 418 COOBMEeHU M = My .. .M, CIYKAT MOCICI0BATEIbHOCTD
cTpok (x7"',..., 2™ ). HbIMHI c1oBaMu, IS §-TO OMTa COOOIIEHWs 1M OT-
KPLIBAETCA OJHO U3 BHAYEHWH T) WIX T} B 3aBUCHUMOCTH OT TOT'O, 1€My pa-
BeH i-BII OUT m; — Hy 10 Win eguaume. llposepka nognucy s = (51, .- ., Sy)
OYEBMIHA: IJIA KAXKAOro i = 1,...,r BeraucaaeTca 3uadedue f(s;) u cpas-

HUBAETCA C COOTBETCTBYIOLIEN CTPOKOR Y, " M3 OTKPLITOrO KIH4a.

Cxema JlamMmnopra «0ZHOPa30Bas», OHA MO3BONAET MOMIUCATH OLHO T-
OuTOBOE COOOIIEHNE, IIOCIE YeT0 Ha L0 CreHEPUPOBATH HOBEIE KIIOYUY U 3aMe-
HUTH OTKPBLITHIN KIIOY B CePTUDUIUPOBAHHOM cripaBounuke. Ho ¢ apyron
CTOPOHEBI, 3Ta CXeMa yXKe 00IaTaeT TeM CBOUCTBOM, KOTOPOT'O MbI 10OU-
BaeMCs: ecid f — OTHOCTOPOHHsAS (PYHKIMA, TO CXeMa CTOUKasA. B camom

nene, mycts Y = (y),y1,...,4%,yl) — oTkpurThit KMI0Y, a (M, s) — €006~
MeHNe 1 KOPPEKTHAA IOAINCH /IS Her'o, BEIMICICHHAA Ha, CEKPETHOM KIIOTe
X = (9,21,...,2% 21), coorercTByOMmeM 0TKpEITOMY K0y Y . IIpearo-

JIOXKWM, 9TO MPOTUBHUK MOKET 34 TOMUHOMUAILHOE BPEMsA C BEPOATHOCTHIO
no kpanuen mepe 1/P(n) mis sekoroporo noausHoma P nantu napy (m/,s’),
raem’ # m, a s’ — koppexkTHaa noanuck g m’ . [lycTs ig — HOMeEp 6uTa, B
KOTOPOM OTJIMIAIOTCA COOOIIEHUA M 1 M/, ¥ MPENION0KAM I ONPeNeJeH-
HOCTH, 9TO m;, = 0, a mgo = 1. Torga B mogmucu $ OTCYyTCTBYET 3HAUEHUE
x}, a B s’ NOIDKHO IPUCYTCTBOBATH KAKOE-IHOO 3HAMEHHE I TAKOE, ITO
f(z) =yl = f(zi,). CrenoBarensuo, arropur™ A, KOTOPEIM IOIB3YeTCA
MPOTUBHUK [ BEIYUCICHAA S, TOMKEH YMETh MHBEPTUPOBATEL (DYHKIAIO [
HA DTOM 3HAYEHUN Y;,. 1orga cjaeiyiomul aIropuT™ Oy 4eT IPOTUBOPEIUTD
IPEANIONOKEHHIO O TOM, ITO QPyHKIMA f OqHOCTOPOHHAA. [IycTh © BLIGpaHO
Haygady w3 X" u v = f(u) 3a1aHO HAM B Ka4eCTBE BXOJHOI'O 3HAUECHUA.
Buibupaem cayuansoe j w3 muoxecrtsa {1,...,2r}. D Bcex i =1,...,2r,
i # j, TeHepupyeM COOTBETCTBYIOIINE KOMIOHEHTH kiawoden X u Y ¢ mo-
MOIIBIO aIropuTMa (G, a BMECTO j-T'O DIEMEHTA KU Y MONCTABIAEM U.
[anee Bo3bIBaeM aaroputm A, mogasas emy Ha Bxon kiatod Y. Koraa A 3a-
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IPOCUT TOAUCEH A HEKOTOPOI'O COOOLIEHU 171, IPOBEPAEM, TPEOyeTCsa Ju
[UIA TIOAMUCAHKA STOT0 COOOmenna npoobpas 3uadenus v. Ecau na, To mo-
IBITKA HeyaadHa (BepoATHOCTH >Toro 1/2). B nporusHOM ciyvae co3zaem
MOINUCH § [JIA 11, U TIEPEIaeM ee alropuTMy A.

Ecmu A ycmemso non neqsiBaeT moanuch oA HEKOTOPOro coodmenus m/,
m' # m, TO IpOBEpAEM, He COMEPKUT JIU DT [0 AIUCH TIPOOOPA3 3HATCHI V.
Ecmu na, To BBHITaeM >TOoT mpoobpas.

Acro, 9TO B CIy9ae ycrexa OMMCAHHBIA aTCOPUTM WHBEPTHUPYET (hbyHK-
muto f. O9eBUOHO TaKkKe, 9TO DTOT AATOPATM PABbOTAET 38 MOJMHOMUATD-
moe Bpemsa. OueHuM Tenepb BEPOATHOCTD ycrexa. IIpexae Bcero samernm,
9TO aIropuTM A MOMydaeT Ha BXOM TOMLKO OTKPBLITHIA KIHOY Y M pacmpe-
[eJEeHre BEPOATHOCTEN HA MHOXKECTBE BCEX BO3MOXKHBIX 3HAYEHUN Y TaKoe
JKe KaK B TOM CIydae, korga A ataxkyer cxemy noammcu. [loaToMy MET yra-
maeM g 1 m; (T.e. mpomsouger coberTme j = 2 -ip + M; ) C BEPOATHO-
creio 1/2r. O6was BepoATHOCTH ycnexa OyAeT o KpalHen Mepe ————,

4rP(n)
9TO He MeHbIIe, deM 1/Q(n) mis HeKoTOpOoro moauHoMa () (HATOMHUM, 9TO
IO ONPENENEHNIO T He MPEBOCXOAMT HEKOTOPOr'O MOJIMHOMA OT IapaMeTpa
6€30MaCHOCTH 7).

B xadecTBe cBOCOOPA3HOr0 KPUNTOrPA(GUIECCKOr0 Kypbe3a YKakKeM,
4TO0 ecau B cxeMe JlaMmopTa paspemnTs I04IUCHIBATE J00bE CO00-
LIeHNs, JINHA KOTOPHIX HE MPEBOCXOAUT T, TO U3 MOANUCK IS COO0-
LIEHUA M MOXKHO JErKO CO3AaTh HOAINCH AJA II000r0 ero mpedukrca.
Hanpumep, u3 moanucu A COOOLIEHWA, MPEACTABIAIONIETO COOG0U
3HaAMEHUTYI0 (pa3y (Ka3HUTH HEIb3s, IOMUIOBATEHY MOXKHO H3IOTO-
BUTH MOANUCH A COOOIIEHUSA «Ka3HUThY. KOHEYHO, B JAHHOM CIy4dae
MOXKHO IPeNJIOXUTh HpocThie u 3¢ dekTuBHbe KOHTPMepsl. Hampu-
Mep, MOXHO TOTPeb60BaTh, ITOOBI KOPOTKME COOOIIEHNA JOMOMHAINCH
CIpaBa ABOWYHBIME HYJIAMH A0 AAuHBL r. Ho >TOT Kypbe3 ciyxur
XOPOIIEN WITICTPAUEN CIEAYIONEro O0Uero NTPUHIUNIA: BCAKOE YT-
BEPXKJCHUE O CTOMKOCTH KaKOU-THO0 KPUITOrpadhmIeCKOH CXEMbI
TpebyeT TOYHOM CIEeNU(PUKANUN 3HAUYCHUU BCEX €€ MapaMeTpPOB U
3a9aCTyI0 [JaXke€ HE3HAYUTEIbHOE OTCTYILIEHWE OT YCTAHOBICHHBIX
3HAYEHUU MTOJHOCTHIO PA3PYIIAET CTOUKOCTH CXEMBL.

Tenepsb ocTaroCch TOILKO Mpeobpa3oBaTh cxemy JlammopTa B «MHOTOpa-
3oByio». Uges Takoro mpeoGpasoBaHus TOCTATOYHO OYEBUAHA: B MOMEHT
TMOATIMCAHUA OYEPETHOrO COOOIIEHN 17 HYKHO BHIOPATH HOBBIE CEKPETHBIN
U OTKDPHITHIY Kaour X u Y U OTHpaBUTH moxydarenaio Tpouky (m,Y,s),
rjge s — HOAINCH Ais coobmenusa m||Y. B pesyabTaTe BO3HUKAET LIENOYKA

OTKPHITHIX Kaoden Y7,Y5,...,Y;,... U COOTBETCTBYIOIIUX MM IIOIMICEH
82,...,8j,.... 3A€Cb Y] — OTKPBITEIN K/IIOY, XPAHALIANCA B CepTUpUIH-
DOBAHHOM CIIPDABOYHMKE, a S; — MOAMNCH I KI04Ya Y, CreHepHpOBaH-

Hasf C IIOMOIIBIO CEKPETHOI'0 Koda X;_1, COOTBETCTBYIOMIEI'0 OTKPLITOMY
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kmouy Yj_i. Takum 06pa3oM, Kaxk JEIN OTKPBITHIA K04 Y; Oy IeT ayTeHTH-
(PUIEPOBAH IOCPEICTBOM LEHNOYKH IIOJIUCEH S2,...,S; M, CICJOBATEILHO,
MOXKET KCIIOIb30BATHCA COBMECTHO C CEKPETHBIM KII0IoM X; 111 reHepa-
IIIU U TPOBEPKHU MOANUCEN s coobinenuu. [Ipobrema, 0JHAKO, B TOM, ITO
€ moMOIIBI0 0xHOU naper kiaoden (X, Y') MoxKHO mognucaTs TOIBKO T OUTOB
COOOIIEeHN, a AJINHA, OJHOTO TOIBKO HOBOI'O OTKPBITOTO KJIIOYa paBHA 2rn
ouTaM.

[l1a onucauusa cuocoba peleHns STon IPodaeMbl HaM TOTpebyeTcs Ho-
BO€ TIOHATUE — TOHATUE KPUMTOTPAPUICCKON X3II-PYHKIUU. X3II-pyH-
KIUU — BECbMA JIOOOMBITHLHIN KPUNTOrPA(PUIECKUN TPUMUTUB, 3aCIY K-
BAIOIIUU OTAEIHLHOTO PA3rOBOPA. 3IECh K€ MBI JUIIbL KPATKO 0O6CY UM DTO
nousaTue. ['oBops HedopMalIbHO, KpUITOrpapUIecKas XaII-(PYHKIUA — 3TO
JIETKO BBIYECINMAA GYHKIUA, CKUMAIOMAA BXOTHBEIE 3HAYEHU, IJII KOTO-
pOU He CymeCTBYET d(P(PEKTUBHOrO AJTCOPUTMa, MOUCKA, Koutu3un. Komwmm-
suen s pyHKIUKM h HA3BIBAETCA Mapa 3HAYEHUU T, Y, T # Y, TaKasd, ITO
h(z) = h(y). lockoIbKy XoUI-(DyHKIMA CKUMAET BXOTHBIC 3HAIEHUA, KOJLIN-
3UU 3aBEIOMO CYUIECTBYIOT U UX MOXKHO HAUTH HOJHBIM mepebopom. Ho, mo
ONPENEJCHNI0, HUKAKON MOJMHOMUAILHELIN AICOPUTM HE HAUAET KOJLIU3UA
Yy KpUNTOrPapuIecKOn XdII-(PyHKIIAL.

Cuaenyolee onpeneseHne CeMencTBa OJHOCTOPOHHUX XAII-(yHKINY ObI-
1o nano Haopom m FOurowm [4]. IlycTb n — HETOYMCIEHHBIN HapaMeTp,
n > 0 u H, — wmuOoxectBo dymkumit h: ¥" — Y* rme k = k(n) < n.
IIpu »rom mpeamonaraercs, 4to n < p(k) @A HEKOTOPOrO MOIMHOMA P.
Nanee, xaxgas Gyaxuns h € H, wmeeT omucanue h u CyIECTBYeT IIOMIH-
HOMUAJILHEIN BEPOATHOCTHLIN AJIIOPUTM, KOTOPLIM Ha Bxoae 1" Buibupaer
PABHOBEPOATHBIM 00PA30M U3 MHOXKECTBA BCEX OMUCAHUU PyHKIUU u3 H,.
[Ipeanosaraercs Takxe, 9TO CYMIECTBYET MOJAHOMUAAIBHBIN AJITOPUTM, KO-
TOpBIN, TIOTYYUB HA BXOJ omucanue h dyuknuu w3 H, u x € X", BeIaeT
suadenue h(z). Ilog mpOTUBHUKOM, KOTODPBHI HBITAETCS OTHICKATH KOJLIU-
30U, MOHUMAETCSA MOJUHOMUAAIBHLIN BEPOATHOCTHRIA aIroputM B, pabora-
omuy B aBa »Tama. CHadamsa OH MOIydYaeT Ha BXOA 1™ U MOMXKEH BLIIATH
Kakoe-HuOy 1b 3Hauenne ¢ u3 L". [locae sroro B moaydaer h, BHIOPAHHOE
HayJady M3 MHOXeCTBa Bcex omucanuil ¢pyukuun u3 H,. Cemencrso {H,}
HA3LIBAETCA CEMEUCTBOM OJHOCTOPOHHUX XAII-(PYHKIUU, €CJIU [ JI0O0T0o
TaKoro aiaroputma B, ama moboro mommHOMa P U 1mA BCEX TOCTATOIHO
OOMIBIINX N

Pr{B(h) =y |y € X",y # v & h(z) = h(y)} < 1/P(n).

[peamnonoxuM, 9YTO CyMIECTBYET CEMEUCTBO OQHOCTOPOHHUX X3II-(YH-
kuuit {Hopy}, e Hoppe = {h: 32" — ¥F k < n}. Kak nokasamu Haop u
FOur [4], ¢ momompio Takoro cemencrsa cxeMmy JlamMmopra MOXHO mpeBpa-
TUTH B (MHOT'OPA30BYIO» ClenyoumM obpasom. IloamuckBaromumi BLIOGHpa-
eT caygaiHOe omucanue h (pyukimy h € Hy,, 1 mOMeImaeT 3To OIMCAHKE B
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CcepTUPUIMPOBAHHLIN CIPABOYHUK BMECTE C OTKPHITHIM KiawodoMm Y. Iox-
MUCHEIBAEMBIE COOOmEenus nmeoT mmmay n — k. Korna nogmucoisaercs nep-
BO€ COOOLIEHNE, MeHepupyeTcs HoBas napa kiaoden (Xo, Ya) u Beraucasercs
suadenue h(Y3). [Janee, ¢ TOMOIMIBIO MEPBLIX 1 — k DJIEMEHTOB KI04Ya X1
MO NIUCHLIBAETCA COOOIIEHNE, & C MOMONILI0 MOCTEIHNX K DJIEMEHTOB — 3Ha-
genue h(Y:). Hocae 5TOro coobienne, HOBBIA OTKPBITHIN K0T Y2 U MO IY-
CH TTOCBELTAIOTCA MOy IATeI0. AHATOrMIHEIM 06PA30M MO AMUCHIBAIOTC BCE
mocaenyomme coobmenus. [Iisg TpoBepKu MOAUCA HYKHO JUOO TPOBEPATH
BCIO LENOYKY, HAYMHAA C Y71, OO MOMHUTHL MOCJAECIHAN AyTEeHTH(PUIIPO-
BAHHLIN 110 JIUCLIBAIOMINAM OTKPBITHINA KJIIOY.

Ananus sron cxembl (mogpobHocTu cM. B [4]) nokasbBaeT, 9TO 4 MOA-
IEeJKU TOTMUCEN TPOTUBHUK NOMKEH YMETh JUOO MOAMEHATH OTKPHITHIN
kmod Y;, He MeHsas sHadenus h(Y)), a 3HAUNT, HAXOAUTH KOJJIM3UK A
dyukmuu h, 1160 HBEPTUPOBATEL QYHKIUIO f.

Ocraerca elre MOHATH, TIOYEMY YKA3aHHAA BO3MOXKHOCTD HAXOUTE KO-
JW3UYU IPOTUBOPETNAT ONPENETEHNAI0 CEMEUNCTBA OTHOCTOPOHHUX XAII-(DyH-
Kiuit. Begbh MpOTMBHUK 3apaHee 3HAET OMUCAHUE A U TOIHLKO IOTOM IO-
JydaeT 3HAYeHUe, IJIA KOTOPOrO TpeOyeTCA HAUTU KOLIU3WIO; a 3HAYUT,
3271294 MPOTUBHUKA ITPU ATAKE HA CXEMY MOAMUCK KAakKeTCA OOJee JErKou,
9eM Ta, KOTOpas YKa3aHa B ONPENeNeHUN CEMEUCTBA OIHOCTOPOHHUX XAII-
dyrkmmia. Ho gero B Tom, 4TO moammceBaommil Bbibupaet h um Bee X
PABHOBEPOATHBIM 00Pa30M UM HE3aBUCUMO ApYT OoT apyra. CiaenoBaTenbHO,
u Bee Y; OyayT HesapucuMer oT h. [l05TOMY HPOTHBHUK, aTaKyIOMMA XoII-
GyHKINIO, MOXKET caM BBIOpATH 3HAYMeHUE Y TaKUM XKe 00pa3oM, KaK DTO
JeTaeT TOAMUCHIBAONINN, U TIOCIE STOrO MOAYIUTh CIyIanHOe OMICAHMe f.
JIerko moHATH, YTO BEPOATHOCTDL YCIIEXA ATAKW IIPU DTOM HE U3MEHWTCS.

Haop u FOur [4] nocrponnu ceMencTBO 04HOCTOPOHHUX X3II-PYHKIUN,
UCXOMA U3 MPEITONOKEHUA O CYIECTBOBAHUYN OIHOCTOPOHHEN TTEPECTAHOB-
ku. Pommesas [5] ycuwiwi 5ToT pesyabrar, [0Ka3as, 9TO JOCTATOIHO (J000M)
OMHOCTOPOHHEN (HYyHKIMU. TeM caMbIM yCTAHOBIEHO, YTO CXEMbI DIEKTPOH-
HOU IOIINCH, CTOMKNE NMPOTUB DK3UCTEHINAHAILHON IO AEIKY Ha OCHOBE
aTaky C BHIOOPOM COOOIIEHUN, CYIIECTBYIOT TOTa U TOJBKO TOTAa, KOTIa
CYIIIECTBYIOT OQHOCTODPOHHUE (HhYHKIIUAN.

IDTOoT QyHIAMEHTAJBHLIN PE3YILTAT MOKHO UHTEPIPETUPOBATL CJAELY-
fomum o6pasom. Ecim cymecTByoT CXeMEl TOAMUCH, CTOUKEAE B KAKOM-I100,
Iaxke BECbMa, CIab0M, CMBICIE, TO CYIIECTBYIOT U CXEMEI, CTOUKUE MTPOTUR
SK3UCTEHIMAHAILHON O IEIKA HA OCHOBE aTaK! C BEIGOPOM COOOIIEHWH,
T. €. CXeMbI, CTOUKME B CAMOM CUJILHOM CMBICIE. B camMoMm fene, Kak yxe OT-
MEYAJI0Ch BHIIIE, €CIN CXEMY IO AMACA MOXKHO CINTATh B KAKOM-TI00 CMBICE
CTOWKOM, TO OHA, JOJKHA OLITH CTOMKOU IPOTHUB IIOJHOIO PACKPBLITUSA, a U3
DTOTO YK€ CIeIYeT CYIIEeCTBOBAHUE OTHOCTOPOHHUX (DYHKIIUN.

K coxanenuto, >Ta cxema MOAMUCK CIUIIKOM Hed(M EKTUBHA, ITOOBI
€e MOXKHO OBbLIO MCIONBb30BATEL HA MPAKTUKE. BO-IEpPBHIX, MOAIMCA UMEIOT
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CAUMIKOM GOMBINY0 AanHy. Ha Kaxk B TOAMUCEIBAEMBIN OUT TpeOyeTcs n
6uTOB o AnKcu. Bo-BTOPHIX, HOLyYaTENb NOIKEH XPAHUTD BCIO IEMIOYKY OT-
KPBITBIX KJIIOYEH, HAYUHAA C Y7, U BCIO MOCAEOBATEILHOCTD MOANACAHHBIX
COOOIIEHNN s MPEIbABICHUSA UX apOUTPy B CIyIae BO3ZHUKHOBEHUA CIIO-
poB o momauHHOCTH HoAnucedn. C MOMOIIBI0 HEKOTOPBIX YXUIIPEHUUN MOK-
HO HECKOJBKO COKPATUTH [JIUHBI IIEMOYEK W YMEHBIIUThL Pa3Mep MOINCH,
HO MOJHOCTBIO M30ABUTBHCA OT STUX HEJOCTATKOB He ymaercs. Bompoc o
BO3MOXHOCTHU MOCTPOEHUS TPAKTUICCKA d(PPEKTUBHBIX CXEM DICKTPOHHON
MOATIACY, UCXOJSA U3 OTHOIO TOMBKO HMPEAMOJOKEHUA O CYyIIECTBOBAHUS OJI-
HOCTOPOHHEN (DYHKIUKU, OCTAETCI OTKPBITHIM.

PaccMoTpuM Teneps npuMep Mpak TUIECKON CXEMBI JIeKTPOHHON 110 ITTH-
cu. Bepuemcs k cxeme ayrentuduxanuu laoppa. B sTom nporokosne un-
TEPaKTUBHOCTL TPEOYETCA TOJBKO IS TOTO, YTOOLI TOIYIATH OT TPOBE-
psmoIero caydanasi 3anpoc e. [losroMmy ecau 6bI y TOKA3BLIBAIOLWIETO OBLI
HAJEXKHBIN UCTOYHUK CIYYAMHOCTH, TOJB3YIOIIMNACA TOBEPUEM TTPOBEPIIO-
IEro, TO MPOTOKOJI MOXKHO OBLIO ObI CAEIATH HEMHTEPAKTUBHBIM. Duat u
[Mamup [6] npegmoxumn cnoco6 Mpeo6Gpa3oBaHUsA IPOTOKOIA ayTeHTUDU-
KallUU B CXEMY DICKTPOHHOU MOANUCH MYTEM 3aMEHbI CIYYalHOTO 3ampOoCa,
HEKUM «CyPpPOTraToOM». A MMEHHO, MyCTb M — MOANUCHIBAEMOE COOOIICHNE

u h — xpunrorpadguyeckas Xou-gpyHknusa. 1orga BMecTo OOpaIIeHus K
nposepsomeMy (OH Xe — IOodydarelb COOOIIEHUs) IOKa3bIBaomWuK (OH
e — TMOJNUCHIBAKIINN) BBHYUCIACT BeaWduHy h(m) m ucmoassyer ee B

Ka4veCcTBe 3alIpoca e. DTOT METO[ YHUBEPCAICH, TAK KAK IPUMEHUM K IIH-
POKOMY KJIACCY TPOTOKOMOB ayTeHTudukamuu. OnuiieM Temnepb moaydae-
MY B PE3yJbTATE TAKOT'O MPEOOPA3OBAHUA CXEMY DICKTPOHHOU IMOMMUACH
MTuoppa [1]. OTKPBITEIA U CEKPETHBIN KIOYX MOAIUCHIBAIOIIEIO [EHEPU-
PYIOTCS B DTOU CXeMe€ TaKUM Ke 00pa3oM, KaK B CXeME ayTeHTUDUKAINA
[Tuoppa. OTKPBITHIN KAOY HOMEIIAETCA B OOIMIEIOCTYIHBIU CePTUQUIUDPO-
BAHHBIA CIIPABOYHUK.

Cxema anekTponnou nogmucu [IlHoppa

1. HognuceiBatomun Beibupaer caydaunoe uuciao k € {1,...,¢q — 1} n
BeramcasgeT r = g mod p.

2. HoanuceiBaromun Beraucaser e = h(r,m), rae m — HOANUCHIBAEMOE
COOOIIIeHIE.

3. MoamuckBaromuu Beraucazer s = (k + xe) mod ¢ u nocsaeT coob-
[IEHUE 1M, C MOANUCHIO (€, §) TOLyIaTemTo.

4. Tonyuarens BoraucageT ' = g%y mod p u NpoBepAET, BHINIOJIHACTCA
au paserctso e = h(r',m). Ecim na, TO moamucs nmpuHEMAaeTca, B
OPOTHUBHOM CIydae — OTBEPraeTcs.

[Ipeamosaraercsa, 9To X3I-PYHKIUA h OTOOpaXKaeT Maphl 3HAYCHUN
(r,m) B mOX%eCTBO {0,...,2" — 1}.
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Jlerko mpoBepuUTh, YTO AJA TMOAMUACH, CTEHEPUPOBAHHON COMVIACHO TIPO-
TOKOJLy, IPOBepKa 11. 4 Bcerga OyaeT BBIMTOJHEHA.

Croukocts cxembr IlHOppa B 3HAYUTEILHOW CTEMEHU BABUCUT OT
ceoucTB Gpyukiuu h. Eciu mpoTUBHUK yMeeT OTBICKUBATE KOJUIU3UY CIIEIIU-
AJBHOrO BUA, T. €. IO 3aJaHHOU mape (r,m) HAXOOUThb APYyroe COOOIIEeHUE
m', m' # m, Takoe, aro h(r,m) = h(r,m’), TO OH MOXKET OCYIIECTBIATH
PK3UCTEHIMAHATLHYO TONAeaKy moamucen. [[na 5TOro moCTaTovHO Tepe-
XBaTUTH COOOIIEHUE M U MOANUCE (€, §) I Hero, a TAKIKe HAUTY KOJLIA3UIO
ykasauuoro suga. Torga napa (e,s) GygerT Takxke HOANUCHIO U I COOO-
menus m’.

Xom-yHKIUYA ABIAIOTCA HEOTHEMIEMOUN YaCTbhI) KOHCTPYKIMU CXEM
DIEKTPOHHOU MOIUCHA. DTO FABMAECTCA CJAENCTBUEM HEOOXOIUMOCTH MOJ-
MUCHIBATL COOOUICHUS DPA3IUIHON NIUHBI. KOHEYHO, IJIUHHBIE COOOIICHUA
MOXKHO pa3buBaThb Ha OJOKM, MMeloIume TpeOyeMyl NId CXEeMBI ITOANNCH
[UIAHY , ¥ TOANUCHIBATE Kax bt 610k. Ho »To pernenune weapdpexrusuo. Ha
MIPAKTUKE MCIOIb3YIOTCA XJIUI-(PYHKINK, KOTOPBIE IpeoOpasyrT coobIe-
HUs NPOU3BOILHOU [IJIMHBI B XDII-3HAYEHUsA TpeOyeMou miuubl. SIcHO, ITO
TaKas X3II-(PYHKIUA TOMKHA OBITH B KAKOM-TO CMBICIE CTOUKOU IPOTUB O~
NBITOK HAUTY KOLI3uK. HO MOCKOIBKY IPAKTUIECKUe XAII-PYHKIUN KOH-
CTPYUPYIOTCA [IJA KOHKPETHBIX [IUH XdUI-3HadYeHun (ckaxem, 256 6uTos),
dopmanm3oBaTH >TO TPeOOBAHUE HE YIALTCH.

B oTiudme oT mpoTOKOMOB ay TeHTU(MUKAINY, I MIPAKTAIECKAX CXEM
DIEKTPOHHOU MOANUCA HE U3BECTHO METOIOB NOKA3ATEIHCTBA CTOUKOCTH.
CToukue CXeMbI TMOAMUCA HE MOTYT OBITH MOKA3ATEILCTBAMU C HYJEBBIM
pasniamesueM. JTO JEerKO MOHATD, €CJAU BCIOMHUTDL, ITO ONpEeIeIeHue Hy-
JIEBOTO PAa3DIAIICHUSA TPeOyeT CYIIECTBOBAHUA MOIEIUPYIOIICN MAIUHBI,
KOTOpPAS, HE 3HASA CEKPETHOI'O KJII0Ya, CO3IAET IS BCEX BEJUYINH, HAOIIO 1A~
€MBIX TIPOBEPSIOIIAM, PACIPEIEICHUE BEPOATHOCTEN, HEOTIMIUMOE OT TO-
0, KOTOPOE BO3HUKAET MPU BHIMOJHEHUU NMPOTOKOIA. HO BCe, 4TO BUAUT
IpOBepsoIMY (OH Ke — IIOLy4aTelb) B IPOLECCe BLIIOIHEHUS IPOTOKOIIA,
9T0 — coobrmenus ¢ noanucsamu. CaenoBaTenbHO, MO IEMUPYIOIAS MAIINHA,
€CJIM OHA CYIIECTBYET, MOXKET MO/ AEIBIBATE MO ANKUCH, TAK KAK CO3[ABAEMbIE
€10 (MOJNUCKY TOTKHBI OBITH HEOTIUIUMBL OT TOIUHHBIX, B YACTHOCTH, U
[T AITOPUTMA TPOBEPKU MO ATUCEN.

CTONKOCTEL CXeM SJIEKTPOHHOU TOANUCA TPOTUB MACCUBHOTO TMPOTHUB-
HUKA, KOTOPBIUA, 3HAsA TOJBKO OTKPLITHIM KJIOY, IBITAETCA MO IEIbIBATD
TIOATIACY, MOXKET OBITH JOKA3aHA B TaK HA3BIBAEMOU MOIETN CO CIYIaNHBIM
opakyaoM. B 3Toi Mo me/1 10 AIMCEIBAIONIUY ¥ [IPOBEPSIOMINY BMECTO BLIYUN-
caeHus pyHKIUU h OOPAIIAIOTCA K OPAKYIy, KOTOPBIA I Ka¥XK 00 BXOJ-
HOT'O 3HAYEHUsA ( BHIOMPAET CIyJIauHOE BBIXOJHOE 3HadYeHue (3 U BHILAET
ero B kadecrse orBera. [lpu sTom napa («,3) 3anoMunaercs u B crydae
TTIOBTOPHOI'O OOPAIIEHNS C BXOAHBIM 3HAUYEHWEM (¢ OPAKYJ CHOBA, BBIJACT
suadenue . Kak samerwiu Puar u Hlamup [6], usnoxennas Beiue uges
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IOKA3aTEIHCTBA KOPPEKTHOCTU CXEM Ay TeHTU(PUKAIINYA TPUMEHUMA B NaH-
HOU MOJEIM NI JOKA3aTEILCTBA CTOMKOCTH CXEM MOIIUCHA HPOTHUB IIac-
CUBHOI'O MPOTUBHUKA. JDTOT PE3yJbTAT CIPABENIUB IJIA IIMPOKOrO KJIac-
ca cxeM moAmucH, BKIUaromero cxemy Iluoppa. dakTudeckun >To 03HA-
YaeT, YTO CXEMbl MOANUCH SBIIOTCA CTOUKAMY (IPOTUB YKAa3aHHOI'O
BHILIIE TACCUBHOI'O MPOTUBHUKA), €CIU XOUI-(DYHKINA BEAeT ce0sd, KaK CIy-
JayHaa (PYHKIUSA., JTO YTBEPXKIEHUE SBIAECTCA IIO-CyLMIECTBY €IUHCTBEH-
HBIM PE3YJbTATOM TEOPETUYECKOU KPUMTOrPA(UU, KACAIOIIAMCI CTOUKO-
CTH TIPAKTUICCKAX CXEM 3JICKTPOHHOM IMOINNCH, €CIA HE CINTATh Pabo-
TeL [8], Tge TO XKe caMoe JOKA3aHO B IPEANONOKEHUM, ITO XDUI-(DyHKIW
BeneT cebs, Kak pyHKIUA TermmudpOBAHUA CTOUKOU, B HEKOTOPOM CMBICTE,
KPHUITOCUACTEMEL.

3. HeorciexunBaeMoCTb. DJIEKTPOHHbBIE HE€HBI'U

“U on cdeaaem mo, Mo 6CEM — MAALIM U 6EAUKUM,
602amvlM U HUWUM, CB0O00HLIM U PAOAM — MOAOHCEHO
bydem nauepmarue KA NPABYIO PYKY UT UAlU KA YEAO UT,
A wmo nukomy neav3sa 6ydem mu noxyname, wu npoda-
8GMb, KPOME MO20, KIMO UMEEM MO HAUEPTAHUE, UL
UMA 36EPA, UAU UUCALO UMEHY €20.

3deco mydpocmv. Kmo umeem ym, mom coumu 4ucio
36epa, UO0 IMO YUCAO UEAOBEUECKOE; UUCAO €20 ULECTIb-
com wecmpdecam uecms.”

Orxposenne cearoro Moanuna Borocrosa, rrasa 13.

JleT mAaTHAAUATE Ha3a g, & MOXET OLIThH U OOMBIIE, KUTEIN HEKOTOPBIX
paroHoB MOCKBEL OOHADYKUBAJIU B CBOMX IIOYTOBLIX AIIUKAX HEOOLIYHBIE
mocaauusa. Ha mucToukax, BEIPBAHHBIX U3 YICHUIECKUX TETPA TN, He CIUII-
KOM I'DaMOTHBIE JIOIN CTapaTeJIbHO IIEPEIINCBIBAJIN OIVH M TOT XK€ TEeKCT,
MOBECTBYIOIIAN O TOM, YTO rae-TO B Bproccene (e uHade, Kak B mTa0-
kBaprupe HATO) mosiBuics xoudbioTep (COXpaHsAeM TEPMUHOJOTUIO aB-
TOPOB) MO[ Ha3BaHUEM «3Bepb» U ¢ HOMepoM 666. W sToT xoHOBIOTED
AKOOBI IpegHavYepTal KaXKJIOMY CMEPTHOMY OINpeNeleHHOe YNCIO, 6e3 KO-
TOPOTr'0 He TO YTO MOKYHNaTh WIW IPOAABATH, HO JaxKe Hary CTYIUTb He-
I35 OygeT. B 3akmodenue, pazyMeeTcs, IpeapeKaics CKOPBI KOHEIl CBe-
TA.

BesycnoBHO, 3TO cOUMHEeHNe, KaK U BCE €My MOIOOHBIE, HE 3ACIYKUBATIO
Obl HUKAKOI'O BHUMAHUA, €ciu Obl €0 aBTOPBI, CAMU TOI'O HE Beaas, He
HAIIyIAJIN BeChbMa CEPbE3HYI0 yrpo3y, KOTOPYI0 HECeT KOMIbIOTEPU3aInsd
mpaBaM ¥ cBOOOJAM JUIHOCTH.

ITockonbKy HaHHBEIN pa3iel MOCBAIIEH DJIEKTPOHHBIM IeHBI'aM, PACCMO-
TPUM DTy Yrpo3y Ha caepyiomem npoctoMm mnpumepe. CToab momyaspHas
HLIHE BO BCEM MMPE KPEIUTHas KAPTOYKA IPEICTABAAET COOOU HOCUTEJb
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UHDOPMAIINT, KOTOPHIA MPU KAYK IOM ILIATEKE TOTHOCTHIO UACHTU(DUIUDPY-
eT coero Bianenbna. U ecau Brangerer; KAPTOYKA KUCIONbL3YeT €€ MJs IO-
KyIKU OWIETOB HA TPAHCIOPT, TO MOXKHO OTCIEIUTEH BCE €0 NOE3[KU, ITO
B IUBIIN30BAHHOM OOIIECTBE 0e3 CAHKIINU MPOKYPOPa HEIOMyCTUMO. AHa-
JOIMYHBIM 00Pa30M, M KaxKIOr'0 BJIALEJNbIA KPEIUTHHIX KAPTOYEK BO3-
MOXHO COOUPATH MHPOPMAIINIO O TOM, KaKe TOBAapHI U I'Ie OH MOKYIIAeT,
KaKIMU YCIyTaMU MOJIb3YeTCs, KAKHAE KyJ/JIbTYPHO-3PEeINIIHBIE MEePOIPUI TS
TIOCEIIAET U T. I.

HManbire — Goubine. QOpraau3anus KOMIBIOTEPHOrO OCTYIIA K XPAHUIN-
aM WHGOPMAIINY U IEPEBOI TOKYMEHTOB B DJIEKTPOHHYIO (DOPMY CO3AAIYT
[IPEeqIOCHUIKU [JIsl BEAEHUs AOChE, OTPAKAIOIIMX BECh KPYI' MHTEPECOB Ka-
JKIOTO U3 IPAXKAAH. ITOT IMEPEYeHb YIPO3 MpaBaM U CBOOOAAM JUIHOCTH,
6e3yCIOBHO, MOXKHO IIPOIOIKATE) . Pe3loMUpy s, MOKHO CKA3ATH, YTO KOM-
TILIOTEPU3AIUA CO34aeT OecnpelnefeHTHBIE BO3MOXKHOCTY 1A OPraHU3AIIN
TOTATBHOU CIEXKKIU. YT'PO3a DT TeM 0O0Iee CEPbe3HasA, UTO OHA IO CUX IOP
€ellle He OCO3HAHA [JayKe MHOTUMU CIIEIVAINCTAMU.

[nsa npegorBpaiieHus MOJOOHOU YIPO3BI HEOOXOMUMA CUCTEMA KOH-
TPONA 3a JOCTYIOM K pecypcaM, KOTOpas yIOBIECTBOPAET NBYM, Ka3alIOCh
OBI, B3QUMHO WMCKIIOYAKNIMM TPEOOBAHUAM. BO-TIEPBBLIX, BCAKUUN KETAIO-
UMY TOJKEH UMETh BO3MOXHOCTH OOPATUTHCA K 3TOU CUCTEME AHOHUMHO,
a BO-BTOPBIX, IPU DTOM BCE XK€ MOKa3aTh CBOE MPABO HA JOCTYI K TO-
My wau uHOMY pecypcy. OObrdabie GyMaKHBIE NEHBI'M 00€CIeIuBaloT 00a
DTUX CBOUCTBA. FCau pecypcoMm, HAmpuMmep, ABIAETCA HEKOTOPLIM TOBAD,
TO HAJIUYUE Y MOKYIATEIs JOCTATOYHOIO KOIUMIeCTBA KYIIIOD SBISAETCI [O0-
Ka3aTeIhCTBOM €ro TMpaBa Ha, HOCTYN K pecypcy. C Apyrom CTOPOHBI, XO-
T Kaxkas OyMayKHasd KyIIopa U UMeeT YHUKAJLHBIU HOMED, OTCICXKUBATH
KyHIOPBL [I0 HOMEPaM MIPAKTUIEeCKNA HEeBO3MOxXHO. KpenurHble KapTOdKn
VIOBIETBOPAIOT TOIHLKO BTOPOMY TPEOOBAHUIO.

Bciogy HuXke nonx saeKTpPOHHBIMU J€HBMAMU MBI OyIeM MOHUMATH DJIEK-
TPOHHBIE ILIATEXKHBIE CPENCTBa, OOECIeYrBAIOINe HEOTCIeXKUBAEMOCTD.
[lousiTe HEOTCIEKMBAEMOCTH, TAKXKE KAK U IEJOCTHOCTH, [TO-BUIUMOMY,
HE MOXKET OBITH (POPMAIU3OBAHO U OYIET MOACHATHCA HA KOHKPETHBIX MIPU-
Mepax MIPOTOKOJIOB.

151 pabOTHI C BJEKTPOHHBIMU AE€HbBIaMU Pa3pabaTHIBAIOTCS CIIELAATb-
HBIe KpunTorpaduyieckue MPOTOKONBI, HA3BIBAEMBIE MPOTOKOJAMU DJIEK-
TPOHHBLIX TIaTEX)ern. B TakoM MPOTOKOMIE 3aIeUCTBOBAHLI TPU YIACTHUKA,
KOTOPHIX MBI OyJeM Ha3blBaTh: OaHK, HOKyHmaTeab u mpojgasen. llokyma-
Temb W MPOABEIl, KaXIbIM, UMEIOT CUYeT B OAHKe, U MOKYMATETh KeIaeT
3aILUIATUTH NPOJABILY 33 TOBAP WUIM YCAYLY.

DKorga nauubrit pa3jen yxe ObLI HAIIMCAH, BbINIEN U3 redaTn xypHaa «KoMmneloTep-
pa» Ne20 ot 20 masa 1998 r., B KOTOPOM 3TH YI'pO3bI OOCYX)KTAIOTCA 6oJee MoapoOGHO.
3aMeanean0, 9TO y OOHOI'O U3 aBTOPOB BO3HUKJIM Te Xe acComuanuu CO CIOBaMu U3
Anokasuncuca.
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B mrarexHOU cucreme UCIOJB3YIOTCA TPU OCHOBHBIC TPDAH3aAKIIUN:

— CHATUE CO CUENa;
— naamednc;
— denosum.

B Tpamzakumm cHATUA CO CUeTa MOKYHATENb MOJYYIaeT MOAMUCAHHYIO
GAHKOM DJIEKTPOHHYIO OAHKHOTY Ha 3aTpeboBaHHyI0 cymMmy. Ilpu sToM cueT
TIOKYTIATENs YMEHBIIAETCA Ha 3Ty CyMMy. B TpaH3akuum miaTexa MmoKyma-
Tesnb nepegaeT HAHKHOTY IPOAABILY M YKA3LIBAET CyMMY ILIaTexa. lIpoxa-
Bell, B CBOIO OYepenb, TepeqaeT 3Ty UH(POpMaInio OAHKY, KOTOPLIN MTPOBe-
PAET HOMIMHHOCTE OAHKHOTHL. Eciu 6aHKHOTA MO IJINHHAM, DAHK IPOBEPSET,
He ObLTA JU OHA MOTpadeHa paHee. Ecau Her, TO 6aHK 3aHOCUT GAHKHOTY
B CIEHUAIBHBII PECUCTD, 3AMUCHACT TPEOyeMyIo CyMMY HA CUET MPOIAB-
1a, yBeIOMJIIET IPOAABIA 00 3TOM, U, €CJIU JOCTOMHCTBO OAHKHOTHI BBIIIIE,
YeM CyMMa, [IATEXKa, BO3BPAIIAET MOKYIATEIIO «CAady» (Iepe3 IpOoJaBLa).
C moMOUIBbIO TPAH3AKIUY [TEMO3UTA, MOKYIATEIb MOXKET MOJOKUTE «CIATY»
HA CBOU cueT B GAHKe.

BesonacuocTs 6aHKa OCHOBLIBAETCST HA, HEBO3MOXKHOCTHU IO IEJATH €0
MOATIACH [ CO3MaHuA (PaJbIIUBON OAHKHOTEHI, WK, 6odee OOIMM 0Opa-
30M, HA HEBO3MOXHOCTH, IOJYIUB HAOOP MOMJIUHHBIX DJIEKTPOHHBIX OAHK-
HOT, TIOLAETaTh MOANUCH eIle XOTA ObI 11 OTHOU GAHKHOTHL. [[11 HEoT-
CJEXUBAEMOCTH MIOKYIATENsT He0OX0IuMO, YTOOBI 6AHK, MOTYIUB OAHKHOTY
B TPAH3AKUWW ILIATEXA, He MOI' yCTAHOBUTH, KOMY OHA ObLia BeIgaHa. 1o
K€ OTHOCUTCA M K «CHAaYer. ITO, Ka3aloCh Obl, MapaJoKCATLHOEe TpeboBa-
HUE yIOBIETBOPAETCA C IIOMOIIBIO CXEMbl TAK HA3BIBAEMOU 3aTEMHEHHOU
(caerron) mogmUCH: B TPAH3AKIUU CHATUA CO CIeTa OAHK TOAMUCHLIBACT HE
0aHKHOTY, a HEKOTOPYIO «abpakanabpy», U3 KOTOPOU MOKyIaTeJb BOCCTa-
HABIUBAET MOIMUCAHHYIO 6AaHKHOTY. Takum 06pa3oM, HEOTCIEXKMBAEMOCThb
rapaHTUPYyeTCs TeM, ITO OAHK IPOCTO HE 3HAET, YTO UMEHHO OH IO JIUCAJ.

PaccMoTpuM mpoCTenmui BAPUAHT IIATEKHON CUCTEMEI, B KOTOPOU UC-
MOJIB3YETCA 3aTEeMHEHHAS 10 IMKUCh, COOTBETCTBYIOIIAA cxeMe moanucu RSA.
IMocnenusasn ocHOBaHA HA TeX XK€ NMPUHIUIAX, YTO U Kpunrocucrema RSA
(cm. rasy 4). HognuceBaomuy, B HAIIEM CAydae — OAHK, BEIOUPAET IBA
CEKPETHBIX MPOCTHIX YUCJAA P U ¢ TOCTATOYHO OOJBIION MJIMHBL U IMyOsu-
kyer ux npoussenenue N = pq. llycts e u d, rae ed = 1 (mod p(N)), —
COOTBETCTBEHHO OTKPBITHIN U CEKPETHLIN KItoun Kpunrocucrembl RSA. Te-
HEepalusa MOANUCA B cxXeMe aiaeKTpouHon moamucu RSA cocrouT B mpume-
HEHUM K COOOmeHuio m QyHkuuu nemmdpOBaHUA KpUNTOocucTeMbl RSA:
s = m? mod N. /l1a npoBepK: MOINNCH HYKHO IPUMEHHTH K Hell (yHK-
o mudposanud. Ecim s¢ = m (mod N), To s — KOppeKTHas MOAINCH
IJIST COOOIIEHUST M.

Urak, 6aHK BLIOUpaeT u nmyonukyeT uucaa N U e, a TakxKe HEKOTOPYIO
OQHOCTOPOHHIOK QyHKIMIO f: Zy — ZN, HA3HAYEHNe KOTOPOU CTAHET sC-
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HO u3 nambHenmero. Ilapa kmoden (e, d) UCIOaB3yeTcsa GAHKOM HUCKIIOYU-
TEJBHO A CO3IaHUA DIEKTPOHHEIX OAHKHOT, T. €. yCTAHABIMBAETCA COTVIA-
[IEHWE O TOM, ITO DJIEKTPOHHOU MOAMUCH, CreHEPUPOBAHHON HA KIove d,
COOTBETCTBYET DJIEKTPOHHAA OAHKHOTA, JOCTOMHCTBOM, CKaxkeM, B 1 daH-
TUK.

B Tpamzakumuu CHATHUA CO CYETa MOKYIATENb BHIOMPAET CJLyIalHOe Hh-
cio n € Zy u Beraucasger f(n). EMy Hyx)HO momyuuTs noanuch 6aHka Ha
sTou GamkHOTe, T.e. 3Hadenue f(n)?. Ho mpocto mocraTs 3madenue f(n)
6aHKy MOKYyNATEJb HE MOXKET, NOCKOAbKY /IS CHATHAA NEHEr CO CIeTa OH
IOMKeH uaeHTuduuupoBars ceba. [losTomy, eciu Gank nmoaydaet f(n), o
B NAJIBHEUIIEM BCETIA Y3HAET TAHHYIO OAHKHOTY W HEOTCIEXKMBAEMOCTD Oy-
neT morepsAHa. Pemenue mpo6ieMbl COCTOUT B UCMIOJIb30OBAHUU 33 TEMHEH-
HOU MOJANUCHU: TIOKYNATEJb BBIOUPAET CIydanHoe ducio r € Zy, r # 0,
Boraucaser f(n)r® mod N u mocbuiaer 510 3HadeHue GaHky. Muoxurers
7° 9aCTO HA3BIBAIOT 3ATEMHAIOIINM MHOXKUTEIEM. BAHK BLIYUCIACT 3HAE-
e f(n)? - r mod N u Bosppamaer ero moxymarento. IloKymaTemsb Jerko
(CHUMAET» 3aTEMHSIOIA MHOKUTEIb U TOMTy9aeT MOATUCAHHYI0 OAHKHOTY
(n, f(n)? mod N).

B Tpamszakuuu miaTexa MOKyNATeIb MEPEJaeT MpPOJABIY SJIEKTDPOH-
uyio 6aaxroTy (N, f(n)? mod N). B npuamune, mpogaBen MOxKeT HTpOBe-
PUTh MOIJIMHHOCTDL JOO0U GAHKHOTHL (7,S) CAMOCTOATENbHO. /LA 5TOro
DOCTATOYHO BeIMuCaUTh f(n) u mposeputhb, o f(n) = s¢ (mod N). Ho
IeJ0 B TOM, 9TO DJIEKTPOHHBIE OAHKHOTEL, KAK U J00YI0 Ipyryo mHdpOopMa-
WO, TPENCTABICHHYIO B DJIEKTPOHHON (hOPME, JErKO KOMUPOBaTh. I1oaTOMYy
HEYECTHLIN [MOKYIIATEelb MOXET 3AILIATUTL OJHOU M TOU K€ DJIEKTPOHHOU
OAHKHOTOU MHOTOKPATHO. [[JIs MpeqoTEpalIeHus no 106H0r0 310y moTpebie-
HUA MPONABEN IepenaeT GAHKHOTY Ha MPOBEPKy OaHKy. Bamk mpoeepser
[0 CIIENUAIBLHOMY PErUCTPY, HE OBbLIA JU 3T GAHKHOTA MOTPAYEHA DAHee,
U eCIM HET, TO 3a9ucaseT 1 (paHTUK HA CIET MPOJABIA U yBENJOMJISIET €O
00 >TOM.

BesonacHocTb 6aHKA B 3TOU CUCTEME DIEKTPOHHBIX IIATEXKEN OCHOBLI-
BAETCA HA BEPE B CTOUKOCTH CXEMBI dieKTpoHHOu noanucu RSA. Tpumene-
HUe QYHKIUA f B DTOM KOHCTPYKINU HEOOXOIMMO BBUIY U3BECTHOT'O CBOU-
CTBa MyJIbTUILIMKATUBHOCTH CXeMBI RSA: ecotm §1 u $o — mogmucn 1t my
I M> COOTBETCTBEHHO, TO §159 = mimd mod N — mogmuch ans myms. Ilo-
5TOMY, eCr ObI B CHCTEME DIEKTPOHHBIX ILTATERKEN UCIOIB30BAINCH DAHK-
woThl Buaa (n,n? mod N), To U3 IBYX MOAMMHHEIX GAHKHOT BCErIa MOXKHO
OBLTO OBl M3rOTOBATEL TPETHIO. HeoTcaexmBaeMoOCTh KAMEHTOB B NAHHOU
cucteMme abcoaoTHa. Bee, 9TO ocTaercs y 6aHKA OT TPAH3AKIWMN CHATUI
co cuera, — »1o 3Hadenue f(n)? - r mod N, koTopoe 6Grarogaps saTem-
HAIOIEMY MHOXUTEIIO 7 IPEACTABIAET COOOM IIPOCTO CAYyIalHOE TUCAO U3
Zn. llosToMy y 6aHKA HET HUKAKOW MH(MOPMAIMK O TOM, KAKYIO MMEHHO
OGAHKHOTY OH BBEIAAT TAHHOMY KIUEHTY.
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B sToM mpumepe GaHK BEIJAET OGAHKHOTHI TOMLKO NOCTOMHCTBOM B
1 ¢panTUK ¥ BCe IATEXRU OMKHBI OBITH KPATHBL 3TOoU Beaundune. OKa3bl-
BAETCs, MOXKHO peaIm3oBaTh u Oojee rubKyio cucremy. Paccmorpum cie-
IVIOIIYI0 CACTEMY DIeKTDOHHBIX IumaTexken m3 padorsl IMayma [9]. 3mecs
YMECTHO OTMETHUTb, ITO BCE OCHOBHBLIE U[EW, CBA3AHHLIE C [TOHATUEM He-
OTCICKUBAEMOCTH, DJICKTPOHHBIMU [EHBMAMU U CO CXEMAMU 3aTEMHEHHOU
MOATIUCY, TPUHANJIEKAT STOMY TOLIAHJICKOMY MATEMATUKY .

Cucrema u3 paboTs [9] Takke OCHOBaHA HA CXeMe SJIEKTPOHHON 10 AIY-
cu RSA. [lomyckas HEKOTOPYI BOJBHOCTH B O0O3HAYEHUAX OydeM MUCATh
n'/t mod N Bmecto n? mod N, rge dt = 1 (mod ¢(N)), n HaseBaTH HTY
BeJUYUHY KOpHeM t-ou cremedu u3 n. Kak u Boime, f: Zy — Zny — He-
KOTOpasA OTHOCTOPOHHAA (DYHKIINA, KOTOPYIO BRIOUPAET 1 myOIuKyeT OaHK.

YcTaHABINBAETCSA COIVIAIIEHUE, COTVIACHO KOTOPOMY KODHIO CTEleHM,
PABHOH -My HEYeTHOMY IIPOCTOMY UHCIY, COOTBETCTBYeT HOMHUHAI B 271
dantukos. T.e. npegbasurens maper (n, f(n)'/? mod N) apmserca Bia-
IeJbIEM IeKTPOHHOU GAHKHOTHL OCTOMHCTBOM B 1 dautuk. Eciau B sTOn
mape BMECTO KOPHS KyOUYIeCKOr'O MPUCYTCTBYET KOPEHb 7-OU CTEIEHU, TO
0aHKHOTA MMEET NOCTOMHCTBO 4 (auTuka, a eciu 21-ou cTemeHu — TO
5 anTukoB. NupiMu croBamu, [ GAHKHOTHL TOCTOUHCTBOM S (DAHTUKOB
HEOOXOIUM KOPEHL CTEMEeHW, PABHOU MPOU3BEIEHUIO BCEX MPOCTHIX UUCE,
COOTBETCTBYIOUIUX €IUHUIAM B JBOMYHOM MPEACTABICHUN TUCTA S.

Bce 6aHKHOTEI, BEIJABAEMBIE GAHKOM, UMEIOT OQUHAKOBOE JOCTOUHCTBO.
[1s IpOCTOTH M3JI0XKeHus 6y 1eM, Kak 1 B [9], mpeanoaaraTsb, 9TO OHO PaB-
uo 15 panrukam. Torga moanucs Hanka Ha HAHKHOTE, 3TO — KOPeHb h-0u
cremenu, rage h = 3-5-7-11. [ns >TOd CXEMBI HYXKEH TaKxkKe eIle IO0-
TMOJHUTEILHBIN MOAY b RSA Nj, KOTOPBIM UCTOIL3YeTCA B paboTe ¢ Tak
HA3BIBAEMOU KOMWIKOUN (CM. HUXKe). DTOT MOAY/Ib BEIOMPAETCA U IIyOIUKY-
€TCSA TaKUM XK€ 00pa3oM, Kak U MOayab N.

TpaH3akusa CHATUA CO CUETA BBLINOJHAETCA TAKUM XK€ 00Pa30oM, Kak
onmcaHo Bhime. B pesyaprare moKymaTeab MOJydaeT 3JIEKTPOHHYIO OAHK-
woty (n1, f(n1)"/" mod N).

[IpeamosoxuM Temeph, 9TO MOKYMATENb KETaeT 3aIlIATATL MPOIABILY
5 danTUKOoB. [I717 DTOr0 OH BHIMUCIAET f(n1)1/3'7 mod N, mpocTO BO3BO-
[ IOJYy9IeHHYI0 OAHKHOTY B 55-YIO CTEleHb, U CO3LAaeT KOIWIKY, BEIOUpas
cryuaitHoe 3Havenue j u Beraucaan f(j)s? 1t mod Ni. 3pecs onats sj il —
3aTEMHAIONIMY MHOXUTENb. TPaH3aKINs IATEXKA HATUHACTCA C TEPECHLIKA
suavenuit ny, f(n1)/*7 mod N, f(j)s3'" mod Ny, a Takxke cymmer mraTe-
xka (5 ¢anrukos) nponasuy. IIponasen, B cBO0O O4Uepenb, mepeaeT BCIO
Ty nHpOpMAaImo 6aHKy. Bank 1erko mposepset, uTo mapa (ng, f(ni)'/*7)
MpeICTABIAET COOOU MO QIUHHY OAHKHOTY JOCTOMHCTBOM 5 (haHTUKOB. OH
MPOBEPSET MO CHEHUATBLHOMY PErucTpy, He ObLIa Ju GAHKHOTA C HOMEPOM
ny TOTpadeHa paHee. Ecaiu HeT, 3anuCHLIBAET B PECUCTP BHOBBL TOTYYIEH-
HyI0 GAHKHOTY, YBEAMIUBAET CYET MPOIABLIA HA 5 (PAHTUKOB U MOCHLIA-
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€T NPOJABIy yBEIOMJCHUE O 3aBEpIICHUM TPAH3AKIUU ILIATEXKA, 8 TaK-
xe «caaay» (10 GpaHTUKOB) MOKYNATENIO, BO3BPAMIAEMYIO IePe3 KOIMIKY:
f()Y/5 s mod Ny.

B TpaHsakuumm HEmo3MTa MOKYHATENb MOCHLIAET OAHKY KOIMIKY
(4, f(7)}/>11). Bamk mpoBepseT ee Takmm ke 06DA30OM, KAK ¥ GAHKHOTY
B TPAH3aKIMM ILIATEXKA, U €CIU KOMMIKA ¢ HOMEPOM j MOINJIMHHASA U pa-
Hee He NCIOTb30BAJACH B TPAH3AKINU IENO3UTa, TO 3aduciaieT cymmy 10
(PAHTHUKOB Ha CIET MOKYHIATEA.

Eciu Bce miaTexu, 0CymecTBIgeMbIe MOKYIATEIAME, IeTAI0TCA Ha, MaK-
cumanbHyo cymmy (15 GaHTHKOB), TO cxemMa 06ecnednBaeT Ge3yCIOBHYIO
(umm TEOPETUKO-MHPOPMAIMOHHY0) HEOTCIEKMBAEMOCTD NOKYTIATENA: BEI-
IaBasg 3ATEMHEHHYIO MONUCH, OGAHK HE MOJyvaeT HUKAKOU WH(POpMALul O
HOMEpe [OIMUCHLIBAEMOU OAHKHOTEL.

Heo6x0muMoCTh 1emo3uTa moTyIeHHOU OT OAHKA, «CAAMHMy HAPYLIAeT He-
OTCJAEKUBAEMOCT: GAHK 3AMOMUHAET BCE IUIATEKH, & 3HATUT, U BCE «CAATMY,
U OPU BBEIIOJHEHUM TPAH3AKINU MEHO3UTA MOXKET (BBMMCIATLY KIMEHTA,
€CJIM HOCACTHUN BBLIMOJIHU ILIATEX HA YHUKAIbHYIO WIA NOCTATOYHO Pe-
KO BCTPEYAIOILYIOCA CyMMY. DTa Mpo0JaeMa IaCTUYHO MOXKET ObITh DEIeHa,
34 CI4eT MHOTOKPATHOT'O MCIIOAB30BAHNA KOUIKY B TPAH3AKIAAX IIATEKA.

[IpeamnonoxuM, 9TO HOKyIaTelb MOLYIWI B GaHKE BTOPYIO GAHKHOTY C
HOMEPOM Ty ¥ KeTaeT 3aIIaTUTL TOMY K€ WIU JAPYTrOMY IPOAABILY CyM-
My B 3 panTuka. Torga B TPaH3AKIUM IIATEXKA OH MOXKET MCIOIL30BATH
KOTUJIKY CO «CIAYEN», OCTABIIENCA MOCIE EPBOrO TIATEXKA, U MOCIATE TTPO-
maBiy ng, f(n2)/*° mod N, f(j)1/5 sl mod N;. [lrarex BEImONHACTCS
TaKUM XKe 00pPa3oM, KaK OBLIO OMUCAHO BHIIE, U B PE3Y/ILTATE MOKYIATEIb
noxyant kormmiky f(j)1/5 171 mod Ny.

B TpaHzakuuum nemosuTa MOKyNaTedb KIAAeT HAKOILICHHYIO B KOIIKE
CYMMy Ha CBOH c4eT B OaHke. [[JIa »TOrO OH MOCBELTACT OAHKY 3HAYCHU
3, FHYFT M mod Ny u ykassiBaeT cymmy. BaHK mpoBepseT KOIILTKY
Tak Xe, KaK OAHKHOTY, T.€. YCTAHABIMBACT HAIMIME BCEX KOPHEH ¢ 00b-
ABIEHHBIMU TOKYTIATEIEM KPATHOCTAME, 8 TAKKe IPOBEPAET, ITO KOMUIKA
C HOMEPOM j He HCHOML30BATACH PAHEE HU B OJHOU TPAH3AKIUYA TEHO3UTA.
[Ipu BEINOMHEHVHT BCEX DTUX yCIOBUY GAHK 3aIUCIACT CYMMY, HAXOIAILYOCA
B KONWIKE, HA CYET ITOKYIATe/I.

Eciu xomm4ecTBO KINEHTOB B ILIATEKHOM CUCTEME TOCTATOIHO BEIMKO
U eCaM KaXKIbIM W3 HUX WUCIOAB3YeT B TPAH3AKIUAX ILIATEXKA ONHY U Ty
’Ke KONWIKY 10 TeX MOp, NOKa HAKAILIMBACMAA B HEH CyMMa HE IIPEBBICUT
ompenerenus npegen (ckaxeM, 100 GpaHTUKOB), a IOCIE 3TOrO Cpa3y Ke
BBLINIOJHAET JEMO3UT, TO MIAHCH OAHKA OTCACIATH JEUCTBUA KOTO-Aub0 U3
KINEHTOB IPEICTABIAITCA IPAKTAICCKA HIYITOXKHLIMU.

Oba pacCMOTPEHHEIX HPUMEPa OTHOCATCA K KIACCY TaK HA3BIBACMBIX
HEHTPAIM3OBAHHBIX CUCTEM, OTIXIUTEIbHAA IePTA KOTOPHIX — HEOOXOqu-
MOCTb y4acTHA OaHKa BO BCeX TPaH3akKmuax miarexa. C TOYKM 3peHu:
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2O PEKTUBHOCTHU 3HAYUTEIBLHO TPUBIEKATEILHEE BEINVIAIAT ABTOHOMHLIE CU-
CTEMBI DJEKTPOHHBIX ILIATEXKEN, B KOTOPHIX PO IABEl CAMOCTOATEIbHO, 663
obpamienus K 6aHKY, IPOBEPSET MO UINHHOCTD MOJYYEHHBIX OT MOKYIIATEs
DIEKTPOHHBLIX fAeHer. [locaequue, 9TOOB OTIUYATH ABTOHOMHBIE CUCTEMEI
OT UEHTPAIN3OBAHHBIX, Oy €M HA3BIBATH HJIEKTPOHHOU MOHETOHU (3aMeTuM,
9YTO OOLIENPUHATON TEPMUHOMOTUY 30ECh HET).

Kaxk yxe oTMevanocs Boime, 63 oOpalneHus K 6aHKy B KaXKIOU TPaH-
BAKIUNU ILIATEXKA HEBO3MOXKHO MPEIOTBPATUTL HOBTOPHYIO TPATY OJIHOU U
TOU e DJICKTPOHHOU MOHETHI. BMECTO 3TOr0 aBTOHOMHEIE CUCTEMEI 06€eC-
mevnBaT uieHTuGUKANMGD HapyumTeas post factum. KomcTpykuuu as-
TOHOMHBIX CHCTEM BJIEKTPOHHBIX ILUIATEXKEHN TOCTATOYHO CJAOXKHBL (CM., Ha-
npumep, [10], [11]), mosToMy 3xech MBI ONMCHIBAEM JUIIL WX OCHOBHYIO
uaero, 1a U TO B CAMbIX o0mux deprax. Hare onucanue mpegmosaraer uc-
MOJIB30BaHUE CXeMbl ayTeHTudukanuu [IlHOppa, HO MOXKHO UCIOIB30BATH
u 00y IPYryio cxemy, o0Janaiolylo BCeMU HeOOXOAMMBIMKM CBOUCTBA-
M.

Kax e kameHT GaHKa BEIOMPAET CEKPETHHIN KIHY &, COIepKAIIun
uAeHTU(PUKATOP DTOMO KIUEHTA, W 3aTEM BLIYUCIAECT OTKPBITHIN KIIOY
y = ¢” mod p. B TpaH3akuum CHATUA CO CUYETa KJINEHT BLIOMPAET CJIy-
JaitHOe 3HaMeHWe k ¥ BhIMUCIACT r = g~ mod p. DIeKTpOHHAA MOHETa, CO-
CTOUT M3 HEKOTOPOU CTPOKHU, COAEPKAINEW y W T, U HOANUCKA OaHKa MIJd
arou crpoku. OCHOBHAA TPYAHOCTH 3[€CH COCTOUT B TOM, UTO OAHK HOJ-
JKEH TOAIUCATH MOHETY 3aTEMHEHHOU IO JUUCHIO, HO IIPU DTOM yOEeIUuThC B
TOM, ITO MOHETa UMEET TpedyeMywo CTpyKTypy. Oaun u3 cnocoboB perre-
HUA TOU MPOOIEMEI 3ANHTEPECOBAHHEIN YUTATEIb MOXKET HAUTHU B paboTe
Axko6u [10].

B rTpamsakumy mrarexa mpogaBer] CHaYAIA MPOBEPAET MOAMUCH OAaH-
Ka, U, €CIM OHA KOPPEKTHA, BHIOUPAET CAYyYIAUHBIM 3AMPOC €, KaK B CXeMe
ayrentudukanuu [MlHoppa, n nocsuiaeT e nokymnaremo. [locaequunt Berau-
casger s = (k + ex) mod ¢ u moceuaer s mpogasiy. Ilpogasen mpoBepAeT
MPABWIBHOCTH OTBETA, UCIOAb3Ys T€ 3HAUYEHUA ' U Y, KOTOPBIE CONEPKATCA
B MOHETE.

B Tpamzaxkuum genosuTa mpogaBer] MOCHLIACT GAHKY BJIEKTPOHHYIO MO-
HETY, a Tak¥ke e U s. Eciu 6aHK 00HADYKUBAET, YTO NAHHAS MOHETa ykKe
ObLIA TTOTpAadeHA PaHee, TO y HEro OKa3BIBAIOTCA [OBE DPA3JUTIHBIE MAPHI
(e,s) m (€/,s'), yOOBIETBOPAWONIIME MPOBEPOIHOMY COOTHOILIEHUIO B CX€-
me Ilumoppa mpm ogumx m Tex xke y u r. Kak ObLIO MOKA3aHO B MPeIbI-
OyIIEM pas3jene, dTOr0 AOCTATOYHO IS TOr'O, YTOOBI OAHK CMOT BBIYU-
CJIUTH CEKPETHBIA KJIIOY I, a 3HAYUT, U UACHTUDUIUPOBATL HAPYIIUTE-
JIsl.

3aMedaTesbHOe CBOMCTBO ABTOHOMHBIX CHCTEM DIEKTPOHHBIX [IATEKEN
COCTOUT B TOM, ITO OHU, C OHOU CTOPOHBI, 0OECTIEUNBAIOT HEOTCICKUBAC-
MOCTb YECTHBIX KJIWEHTOB, & C IPYT'OM — MO3BOAIOT OJHO3HAMHO UIEHTU-
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¢unmposaTs HapymmTenrern. Ho B Takux cuctemax GaHK MIET HA ONpee-
JICHHBI PHUCK, IIOCKOIBLKY B MOMEHT OOHADYKEHUA MOBTOPHON TPATHL DJICK-
TPOHHOU MOHETHI Ha CIETy HAPYIIATENA MOXKET HE OKA3aTbCA CyMMEI, I0-
CTATOYHOU /A MOKPHITUA mepepacxofa. Heckolabko 6omee mMOapoOHO DTa
npobuema obcyxaaercs B [12].

B 601bmMHECTEE ABTOHOMHBLIX CHCTEM DJIEKTPOHHBIE MOHETHI MOT'YT HC-
HOJB30BATHCA UL B OTHOM ILIATEKE, TOCIE Ier0 HeOOXOAUMO BEIIOIHUTE
nermosuT. Ecim MoHETa MOXET MCHOMB30BATLCA BO MHOTHX ILIATEX)AX, 6€3
IPOMEXKYTOYHEIX TEHO3UTOB, TO TaKas MOHETA HA3BEIBAETCA MEPEBOIUMOLL.
Eciu 681 mepeBoAuMEIE MOHETEL MOIVIM HAXOAUTBCA B OOPALICHAN JOCTATOY-
HO [OJIT0, TO DTO 00ECHeInIO OBl IPAKTUIECKY HEOTCACKUBAEMOCTD KJIM-
erToB. Ho ¢ Ipyrou CTOPOHEI, CTAIO OBl 3HAYATEILHO CAOKHEE OOHAPY KH-
BaTh MOBTOPHEIE TPATHLI OMHOW W TOU e MOHEeTHI. EIne oque HEIOCTATOK B
TOM, 9TO JJIMHA IEPEBOIUMON MOHETHI BO3PACTAET C KK IBIM €€ MePEBOIOM
OT KMMeHTa K KMueHTy. C MHTYUTUBHON TOYKY 3PEHUA DTO MPEACTABIACTCA
€CTeCTBEHHBLIM, HOCKOILKY MOHETA, JOMKHA COAEpPKATH MH(POPMAIMIO, TIO-
3BOJIAIONIYIO OAHKY WACHTU(DUINPOBATE HAPYIIUTEA, MTOTPATUBIIETO MOHE-
Ty nBaxabl. [[05TOMY KaX ALl KIUEHT, I€pe3 KOTOPOTO MPOXOIAT MOHETA,
DOJKEH OCTABUTL Ha HEH CBOU «oTHedaTku nauabiesr. [Mlaym u Iemepcen
[13] moxasanm, 9TO BO3pacTaHWe IIMHBI MEPEBOIUMON MOHETHI U B CAMOM
nmesie Hem30eXHO.

4. IIpoTOKOJBI THIIA «IIOAOPACEIBAHNE MOHETHI IIO
TeaedoHy»

“— Xopowo, datime dsce croda denveu.

— Ha umo-ac dewveu? Y mens eom onu 8 pyke!
Kax moabko nanuweme pacnucky, 8 my e MUKYmy us
803bmeMe.

— [Ja nossoavme, KaK xHce MHe nucamy pacnucky?
IIpeaxcde nyxrcno sudemv dervau.

Huuukos svinycmua u3 pyk oOymaxcku Cobaxesu-
wy, Komopbitl, NPubAu3UBWUCH K CMOAY U HAKDPLLBULY UT
naAbYAMY 4601 PYKU, OPY2010 HANUCAL KA A0CKYMKE 0Y-
ma2u, wmo 3adamox deadyams namyv pybaet 2ocydap-
CNEEHHBIMU ACCULHAYUAMY 30 NPOOaHHbIE OYULL NOAYYEH
cnoana.”

H. B. T'oroas. «MeprTBble nymm», riaasa 5.

B namnoM pasmene MBI KPATKO OOCYIUM Te TUILI KPUTITOrPADUIECKUX
MIPOTOKOJIOB, B KOTOPBLIX ABA YYACTHUKA JOJKHBI OOMEHATHCA HEKOTOPOU
uadopmanuen. Ho y9acTHUKY HEe NOBEPAIT APYT APYTY U KaXK IbIA U3 HUX
MOXKeT OKa3aThCsa oOMaHmmkoM. [losToMy, ecium OquH U3 yIaCTHUKOB IO
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HEOCTOPOXKHOCTHU (BBITYCTUT WH(MOPMAIINIO U3 PYK» MPEXKIEBPEMEHHO, TO
B OOMEH OH MOXKET IOJIyYATH COBCEM HE TO, O UeM JOrOBAPUBAINUCH, WX
BOOOIIIE HE [MOJYIUTH HIIEro: MPOOIEMEI 31ECh T€ XK€e, ITO U B «IPOTOKOJIE)
obmMeHa pacnucku Ha accurHanuy y Jwaunxosa u CobakeBuda.

N3 Bcex kpunTorpaduueckux MPOTOKOJIOB TAHHOTO TUIA, MOXKAIYH,
Hanbosree HAMVIAHBIM, U K TOMY K€ TOCTATOYHO IIPOCTHIM, SBJAETCS IIPO-
TOKOJI MOAOPACHIBAHUA MOHETHI. [Ipeamonokum, YTO ABYM yUaCTHUKAM,
Amce u Boby, neobxogumo 6pocuth xkpebun. B ciaydae, xkorga onu o06a
pu3rIecKn HAXOMATCA B OMHOM M TOM K€ MECTE, 3a4aIy MOXKHO PEIIUTh C
ITOMOIIILI0 OOLIYHON IIPOLENY PLI 10 40PACEIBAHNA MOHETHI. Kcau KTo-1u60 u3
YIACTHUKOB HE JOBEPSET MOHETE, MOXKHO UCIOJb30BATH IPYTUE UCTOIHUKA
caygaurocTu. [IpaBaa, co3gaHne HANEKHBIX UCTOYHUKOB CIYIAUHOCTH —
BECHMA HEPOCTAsA 331394, HO OHA YK€ OTHOCUTCA K MATEMATUIECKOUN CTa-
TUCTUKE, & HE K KPUNTOrpaduu.

Ecau xe Asmuca u Bo6 ymasenst Apyr oT Ipyra U MOTYT OOIIATHLCA JUIIThH
[0 KaHAJY CBA3MU, TO 3aJa4a O XKpeOuu, Ha MEePBBIU B3MVIAL, KAXKETCI Hepa3-
permmmmon. B camom mesne, ecau, cienysa OOBIMHON TPOIIEAYPE MO A0PACHIBAHUA
MOHETHI, IEPBLIN X0 Ae1aeT AJmca, KOTOpas BHIOUPAET OIUH U3 BO3MOXK-
HBEIX BapPUAHTOB — «OpE&I» WK «pemmKay, To bob Bcerga MoxeT 0OBABUTH
TOT UCXO[, KOTOPHIA €My BBIT'OIEH.

Teum He MeHee, 5Ta 3aata 6bL1a pemena Biromoum [14]. Jro6onsiTHO, 9TO
Ia¥Kke B 3ar0JOBKe CBOeW paboThl BioM oxapakTepusoBas MpeIIoXKeHHBIN
UM METO[ KaK METOI «PEIIeHNS HEPEIIAeMBIX 33,a%».

Jlerko mOHATH, YTO 3ajada O XKPEOUHU DPEIIaeTcs OYeHb IPOCTO, €CIH
CYILIECTBYET HAMEXKHBLIM AUeHT — TPETbSI CTOPOHA, KOTOPAs MOIb3YyeTCs
mosHBIM qoBepueM u Asucekr, u Bo6a, 1 kKoTopas nMeeT KOH(DU ICHIINATLHBIE
(3aKpBITHIE) KAaHATBL CBA3U ¢ obouMmu ydacTHUKaMu. B arom caydae Bob u
Anuca BHIGUPAIOT CIydYalHbIEe OUTHL b U ¢ COOTBETCTBEHHO U MOCHLTAIOT UX
B TallHE APYr OT Apyra areutTy. [locaequuu ke, MOKa HE MOCTYIAT 00a
6uta, u mocae >Toro mybaukyer b, c u d = b P ¢ — ucxon moxOpacLIBAHUI
MOHETHI.

B orcyrcTBHE HameXHOrO areHTa CpabATEIBAET UAed, KOTOPYIO IIPO-
e BCEero IIOHATL Ha ClAenyiomen «pu3nmdeckonm» peaau3anuu. Bob BEI-
OUpaeT CIyYauHLIM OUT b, 3AMUCHLIBAET €r0 Ha JUCTEe OyMaru, 3amnmpa-
€T DTOT JUCT B AIUKE, OCTABIAS KIIOY OT 3aMKa y CeDs, U [IOCHLIAET
amuk Aguce. IIpegmosaraercsa, 4To, He WMesa Kioda, Aamca He MOXeT
OOOpaTbCA A0 CONEPKUMOro sAmmka. [loayuuB smwmk, Amuca BeiOupaeT
CAyYauHBIA OUT ¢ U mockliaer ero booy. B orBer Bo6 mocwuraer Anuce
K09 OT smuka. Vcxonom mon6packiBaHus MOHETHL Oy I€T OMATH-TAKA OUT
d=bdec.

Huxe MBI m3maraeM KpunTorpaduyeckKyo Pealn3amnuio TOU XKe WAeH,
OCHOBAHHYIO HA 331a4€ TUCKPETHOrO JOrapuMMUPOBAHUM, U UCIOIB3YEM
Ipu >TOM OOO3HAYMEHUs U3 pasnenaa 2.
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IIpoTokoa moag6pacbiBAaHUSI MOHETHI

1. Aumca BBHIOHpAET CIydanHOE IUCIO T U3 Z,, BHMuCIAeT y = g° mod p
u mocwLtaeT y boby.

2. Bo6 BuiOupaeT CrydaiHBIM OUT b, CIydanHOe Iuciao k U3 Z,, BBIMU-
caser 7 = y’g* mod p u moceitaer r Ammce.

3. Auuca BeIOUpaeT caydauHbIA OUT ¢ U TOCBLIAET ero Boby.
4. Bo6 noceutaer Amuce b u k.

5. Ammca mpoepseT, BRIMOTHAETCA it cpaHerne r = y’g* (mod p). Ec-
J Ia, TO pe3yIbTATOM BLINOJHEHNs IPOTOKOIa OyaeT 6ut d = b® c.

SHadUeHUe I — 3TO KPUNTOrPAPUIECKUN AHAJIOT TOTO ALIIKA, O KOTOPOM
18 PeYb B omucaHuu GU3MYeCKOu peanusanuu. B camom menme, w3 3Hade-
uuA r Anuca He MOXKeT U3BICYL HUKAKON nHdopManuu o 6ute b. [lockoabKy
k BBIOMpaeTCs CIyIalHbIM 06pa30M U3 Z,, 3HAYMEHNe I' B 000UX CIy4aax, IPH
b=0ub =1, apasgeTca CIyIalHBIM DJIEMEHTOM CPYIIILL, MOPOXK ICHHON g,
[ODTOMY HE HECeT HUKAKOU MH(pOpManuu O 3HadeHun outa b (pasymeercs,
Anuca MOXeT mOMBITATHCA OOMAHBIBATD, BLIOUPAA 3HAYEHUE §, HE TPUHAI-
Jexaliee rpyImmne, MOPOXIeHHON ¢; oAHAKO Bo6 Jerko o6HAPYKUT TaKOU
obman, nmposepsa cpasuernue y? =1 (mod p)).

C mpyrou cropousi, Bo6 MoXkeT 0OMaHBIBATE, T.€. OTKPLIBATHL 3HAYE-
Hre 6uta b mo cBoemy xkejaHuio u kak 0, 1 Kak 1, HO TOJIBLKO B TOM CIIy-
9ae, €CJAU OH YMEET BHIYUCIATEH TUCKPETHBIE JOTAPU(PMBL. DTO BHITEKALT U3
caeqytomux coobpaxenuu. [[oCKOIBKY, KAk yKe OTMEYAJIOCH BHIIIE, MOXKHO
CUMTATh, YTO 3HAYEHUE I 3aBEIOMO MPUHAMJIEKUT TPYIIE, MOPOK JCHHON
g, CYLIECTBYeT €IMHCTBEHHOE 4UCIO @ € Z, Takoe, 94To r = g% (mod p).
[I;1a Toro, 4ToOBl OTKPHITL 3Haderue b = 0, Bo6 momxen mocaars Amauce
Ha mare 4 9ucio «, a IJIA TOTO, 9TOOKI OTKPHITH 3HadeHue b = 1, — quciao
k = (o — z) mod ¢q. Orcroga z = (a — k) mod ¢. Ilycte M — nosmsO-
MUATHHAA BEPOATHOCTHAA MamuHa Thiopunra, koTopyoo Bo6 ucnoassyer
Ui OCYIIECTBJEHUs TAKOro obMana. Torma ciegymommu aaroputm Oyner
BEIYUCAATEL QUCKPETHBIE JOTAPUPMEL.

1. Ilepemaem BxomHOE 3HAYMEHUE Yy MarmwHe M.
2. Ilory4uB B OTBET 3HAYUEHUE I, 3AIIOMUHAEM COCTOAHUE MamuHbL M .
3. Buibupaem ciayuanubiu 6uT ¢ u nepegaem ero M.

4. Tloxyuus ot M suadenus b u k, 3ar1oMuHAEM 3THU BEJIUIUHBI, BOCCTA~
HABJUBAEM paHEe 3aIOMHEHHOE COCTOSHUE MAIuHbl M U mepexoaum
Ha mar 3.
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5. Kax roabko cpenu nap (b, k) mangyrcsa (0,k1) u (1, k), Beraucasem
x = (k; — k2) mod ¢ — guckpeTHBIN JorapudM BEIMTUHEL Y.

Ha ocroBe sTux coOOpax)eHU MOXHO MOCTPOUTH AOKA3ATEALCTBO CJe-
OYIOIIEro yTBEPXKICHUS: B MPEIIOJOXKEHUX TPYIHOCTH 3aJa9ld AUCKDPET-
HOT'O JOTapU(PMUPOBAHUA MPUBEIEHHBIN BBIINE MPOTOKOM MOAOPACKIBAHUA
MOHETHI SIBJAAETCSA CTOUKUM. 3AMETHUM, 9TO [JIsA JAHHOTO MPOTOKOIA [O-
CTATOYHO BECHMa, CIA00U (POPMBI DTOrO mpeamnoaokenus. [lockoabky Amnu-
Ca MOXKET MPEKPATUTH BHITOJHEHUE IPOTOKOIA, €CJAN C MOMEHTA IIepefadn
3HadeHus y BoOy 10 MOMEHTA MOIyYeHUsA OT Hero 3HadeHuu b u k mpoxo-
ouT Ooree, ckaxeM, 30 ceKyHI, TOCTATOYHO NPEIIOJNOXKUTL, ITO 3a1a9a
OUCKPETHOrO JOrapupMUPOBAHAS HE MOXKET OBITH PEIIeHa 3a TAaKOe Bpe-
M.

Eciun w3 npuBegeHHOro BhIle IPOTOKOJIA [T0A0DACEIBAHNAS MOHETHI BBI-
WIEHUTH maru 1, 2 u 4, TO MOJYyYNM TaK HA3LIBAEMBIN TTPOTOKO TPUBA3KA
K 6ury (bit commitment). [llaru 1 u 2 B TakoM IPOTOKOJE HA3BIBAIOTCS
DTAmoOM MPUBA3KY, a mar 4 — >TamoM OTKpeITUA 6urta. B »TOM mpoto-
KOJIe [UISl 3HAYEHUs ', B KOTOPOE yNAKOBBIBAETCs O6UT b, (aHAJOr AluKa B
usmIecKOn peaausanuu) OObIYHO UCIOAb3yeTcsa TepmuH 6106 (blob), masa
Anucer — nmoayuarens, a gis Bo6a — ormpasurens. [oBops Hedopmaib-
HO, OT IIPOTOKOJIA NPUBA3KHU K OuTy TpeOyeTcs Takas KOHCTpyKiusa 61004,
KOTOpas 00ecrnevnBaeT OJHOBPEMEHHOE BHIIOTHEHNE CIeIYIOMNX TBYX Tpe-
6OBaHUN:

1) mocJe BLIOJIHEHUA DTANa NPUBA3KHA MOMYIATEIb HE MOKET CAMOCTO-
ATEJIBHO ONPEeNeINTh, KAKOU OUT yIakoBaH B 0J00;

2) Ha »Tamne OTKPLITUAA OUTA OTIPABATENb MOXKET OTKPHITh JI0601 6,106
ar60 TorbKo Kak 0, 1mb0o TOoabKO Kak 1.

B mamewm caydae TpeGoBanue 1) BHIIOMHAETCA GE3yCIOBHO, T. €. BHE 3a-
BHCUMOCTH OT TOr'O, KAKAMUW BBIYUCJIUTEILHBIMEU pecypcaMu 06Ja1aeT mo-
Jy4aTenb, OH HE MOXKET CAMOCTOATENbHO Y3HATH, KAKOU OUT HAXOTUTCA B
6mo6e. B Takmx crydasx COBOPAT, YTO MPOTOKOT TapaHTUPYeT 0e3yCIoB-
HyI0 6e30IacHOCTL OTIHpaBuTeNs. B TO ke BpeMs 6€30IaCHOCTH IOJIy4a-
TeJsT OCHOBBLIBAETCA HA HEIOKA3AHHOM IIPEINOJO0KEHUN O BEIYUCIATEIEHON
TPYAHOCTHU 33Ja4l TUCKPETHOro JorapudmupoBanusa. Takas acuMMeTpus
TUMUYIHA [J MHOTUX TUMOB KPpUNTOrpaduieckux npoTokoaoB. Oua mme-
€TCs1, HAIIPUMEDP, B NOKA3aTEIbCTBAX C BBIYUACIUTEJNLHO HYJIEBBIM Da3riia-
menuem. Ho cymecTByeT um Opyrou TWUIT MPOTOKOJIOB TPUBA3KUA K OUTY, B
KOTOPBIX yKe 0e30MacHOCTh MmoaydaTens 6e3ycaoBHA, a 6€30MacHOCTb OT-
[IPABUTE/ISI OCHOBLIBAETCS HA HEIOKA3AHHBIX [IPeAnoaoKeHusX. [[1s MHOrmX
TUMOB KPUNTOrPAPUIECKUX MTPOTOKOIOB C YKA3AHHOWN BEHIIIE aCUMMETDPUEH
MIOCTPOEHBI TAKOrO POJA ABOUCTBEHHBIE MPOTOKOJHI.

[IpoToxon mpuBA3KM K OUTY — OAUH U3 OCHOBHBEIX TUIIOB NMPUMUTUB-
HBIX KpUOTOrpapudeckux mpoTokoaoB. OH HAXOIUT MHOT'OYUCICHHBIE TIPU-
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MeHeHus B Kpunrorpadun. B KavecTBe WLIIOCTPAINA PACCMOTPHUM CIIOCO0
OBHIIIEHUs D(P(PEKTUBHOCTY JTOKA3ATENABCTB C HYJIEBBHIM PA3rVIAIICHUEM Ha
mpuMepe PacCMOTPEHHOr'O B riaBe 2 mporokoaa mis 3agadu N30MOP-
DPU3M I'PADOB. B 5T70M MPOTOKOIE MIIaBHAL TPOOJIEMA — GOJBINIOE KOIM-
9eCTBO PAyHIOB, PACTYIIee MIPOIOPINOHAILHO pasMepy rpada. Jocrarod-
HO €CTEeCTBEHHAS U — BBLIIOJHUTEH BCE DTU MOCIEOBATEIBLHBIE DAYH IBI
napamwtensuo. Ha mepsom mmare P Beibupaer m caydalHBIX IepECTAHOBOK
M, -- -, Tm, Beraucaser Hy = 711Gy, ..., Hy = 7, G1 u noceuiaer Bce a3Tu m
rpagos V. Ha Bropom mare V BeIOupaeT m CIydalHbLIX OUTOB (1, .. ., Uy,
u mocertaeT ux P, a Ha Tperbem P ¢opmupyer Bce m TpebyeMmbix mepe-
CTAHOBOK U MOCHLTAET UX V.

Ho Gymer nm Takou MPOTOKON AOKA3ATEILCTBOM C HYJEBLIM Pa3ria-
menuem? [Ipex e Bcero 3amMeTwm, 4TO HTOT MPOTOKOI TPEXPAYHIOBBIN,
a KaK TOKA3bIBAET y¥Ke YIOMUHABIIMUCA B pasfgene 2 pesyabTar [oab-
npauxa u Kpapuuka, TpexpayHIOBBIX JOKA3ATEALCTB C HYJEBBIM PA3IIA-
[IEHUEM CKOPEee BCEero He CymecTByeT. ToT MeTo, KOTOPBIM UCIONb30BAJI-
CA B TVIaBe 2 A MOCTPOEHUSA MOIEJUPYIOMIEH MalluHBI, CpabaTLIBAI, MO-
CKOJIBKY IIPU I[IOCJIE€ZOBATEIHLHOM BBINOJIHEHAU MPOTOKOIA MOLEIUPYIOIAs
MAIlIFHA MOIVIA YyrajaTh HA KAXAOM PAyHIE 3amIpoC (; IPOBEPSILIETO C
BepoATHOCTHIO 1/2. B mapamnensHOM Ke BapumanTe BEPOATHOCTH yIabl-
BaHUsa paBHa 1/2™, T.e. mpeHeGpexumMo Mama. Kpome TOro, mposepsio-
iy POPMUPYET CBOU 3AIPOCHL (1, . . . , Ay, Y2KE MOIyInB oT P Bce rpader
H,y,...,H,,, 1 MOoxeT BLIOMpATh uX (3alIPOCHI) 3ABUCALIMMEU TOCTATOIHO
CIOXKHBIM 00Pa30M OT BCEX DTUX padoB. ITO TAKKE MPEACTABIICTCA He-
MPEOAOMUMBIM MPENITCTBUEM [PU MOMBITKE MOCTPOEHUS MOIEJUPYIOMIEn
MAIIIAHHI.

3aBUCUMOCTD Q1 , . - ., Ay OT Hy, ..., Hp MOXHO NPEJOTBPATUTH CIEIY-
foruM o6paszom. [Iposepsiomunn V BEIOUpPAET CBOU 3aIIPOCHL B CAMOM HAYAJE
BBINOJIHEHNS IPOTOKOJA, eIle 10 TOro, Kak yeumut Hy,..., H,,. Kaxem
OUT (; YIAKOBLIBAETCSA B 6,100 r;, 1 V WOCBLIAEeT BCE OJOOBI 1, . . . , Iy TOKa-
3pBatomeMmy. Toabko mocae sroro P moceuiaer V Bce rpadwet Hy, ..., Hpy,.
B orBet V otkpriBaeT 610081, a P, moryuus aq, . . ., Gy, GOPMUPYET Tpe-
OyeMble IePEeCTAHOBKY U MOCHLIAET UX V.

B pesyabTare K0mudecTBO payHIOB B MPOTOKOJIE BO3POCIO, HO OCTAIOCH
KOHCTaHTOU (10cTaTo49HO 5 payunoB). [Ipu ucnonb3oBanuu npoToOKOIA IpU-
BA3KU K OUTYy, oOecrnevunBaroniero 6e3ycrIoBHy0 6€30IacHOCTb OTIIPABUATE-
Jis1, maxe oOJIATAIONNYA HEOTPDAHUIEHHBIMYU BBIYUCAUTEABHEIMA BO3MOXKHO-

CTAMU JOKABBIBAOIIAU HE MOXET W3BJEYL U3 OM0OOB 71, ..., T, HUKAKOU
rHQOPMALANA O 3aIPOCAX (U, . .., Q. 110DTOMY KOPPEKTHOCTH MIPOTOKOIA
COXPAaHAETCA.

Nrak, Bropoe M3 yKa3aHHLIX BEHILNIE MPEIATCTBAU yCTpaHeHo. A kak
OBITH ¢ mepBbiM? OKa3bIBAETCA, MOJEIUPYIOIICH MAIUHE COBCEM HE0O-
3aTeIbHO yragbBaTh 3ampockl V*. Cuenymomas 3aMedaTeabHAs WUIesa
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MHOTOKPATHO HCIOMBL30BAJACH B PabOTaX, MOCBAIIEHHBIX KPUMITOrpadu-
geckuM nporokoraMm (cM. [15]). Mopemupytomas mamuna My, nory<aus
or V* 6j00BI, 3alIOMUHAET COCTOSHME MAIMWHLI V¥, BuIOMpaeT rpadbl
Hi,...,H],, kax cry4danssle nepectaHoBku rpada Go, u mepegaer ux V*.
B orBer V* orkpriBaeT 6i00bl, 1 My« HOJy<IaeT 3AIIPOCHL (U1, . . . , Oy 1IO-
cJe DTOT0 MoJeaupyomasa Mmamuaa dopmupyetr rpadsr Hy, ..., H, xak
OTBETBI HA 3aIPOCHL O, ..., 0;,, BOCCTAHABINBAET 3allOMHEHHOE COCTO-
ume Mamuebl V* u nepemaer eu Hy, ..., H,,. TlockoabKy TPOTOKOM TpU-
BS3KM K OUTY MPEIONAraeTCsa CTOUKUM, MamuHa My« BHOBB HOJIYYIUT T€
XKe caMble OUTHL (U1, ...,y U YCIEIIHO 3aBEPIIUT MOJEJIUPOBAHUE, BBILA-
Badg Q1,...,Qm, Hi,...,H,, TpeOyeMble IePECTAHOBKN, & TaKXKe OJIOOBI
T1,..., m A T€ COOOIIEHUs, KOTOPLIE OLLIN BBIAAHLI MAIMHON V™* mis ux
OTKPLITHS.

[IpeamosoxuM, 4TO TO TPENNOIOKEHNE, HA KOTOPOM OCHOBLIBAETCS
CTOUKOCTB IMPOTOKOJA MPUBI3KK K OUTY, CTAJIO JOKA3AHHBIM (pakToM. Ha-
mpuUMep, VAATOCh TOKA3aTh, YTO HE CYIIECTBYET TOJIMHOMUAIBLHLIX AITO0-
PUTMOB Il 3A0a4MU AUCKPETHOrO JorapudMupoBanus. /laxe B 3TOM CaIy-
Yae TOJIMHOMUAJBLHO ONPAHUYEHHBIM OTIPABUTEIb B MPUBEIEHHOM BHIIIE
MIPOTOKOJE IPUBA3KYA K OUTY MOXKET YyraJaTh T XOTh U C MAJIOU, HO HEHYJIe-
BOU BEPOSATHOCTHIO, M OOMAaHyTh NOIy4IaTedsd. 3-3a 5TOro paccMOTPEHHBIN
HAMU MapaLIeTbHBI BAPUAHT MPOTOKOJIA Oy €T TOKA3ATEIHLCTBOM JUIITH CO
CTATUCTAYECKY HYJIEBLIM PA3IVIAIICHEeM. A HUCXOMHBIN MOCIEI0BATEIHLHBIN
BapuaHT (CM. TuaBy 2) o06Jaagaj CBOMCTBOM abCOMIOTHO HyJEBO'O Pa3ria-
wenus. B pabore Bewtapa, Mukaau u Ocrposcku [15], rae 6611 npegioxen
ONMCAHHLIN BHIMIE CIOCOO MPEOOpPa3OBAHUA MOCJAENOBATEIBHEIX MPOTOKO-
JIOB B MAPALIEIbHBIE, UCIOAb3YETCA CHEUATLHAS KOHCTPYKIUA 6I000B s
sagaaun U3OMOPDPU3M T'PADOB, coxpausomas cBOUCTBO abCOTIOTHO
HYJEBOTO PA3TJIAIICHUS.

5. Emie pa3 o pa3geseHun cekpera

B pa6ore [16] co ccoukon na kuury «Gent und seine schonheiten»
(Thill-Verlag, Briissel, 1990) onuceiBaeTcs CaeayoMmin UCTOPUIECKAN TP~
vep. B XIII-XIV Bexax B r. I'emre 6puia mocTpoeHa paryimHas Oari-
Ha. B «expere» (secreet), caMOM HAJEKHOM MOMEIICHAU OAIIHU, XPa-
HUIACh YCTABBL M IPUBWIETMY, MMEBIINE BaxKHOe 3HadeHue. llomemenue
UMeJIO OB ABEPH, KAXKIAA C TPeMs 3aMKAMU, KIIOYN OT KOTOPBIX HAXOIM-
JUCH BO BJAJEHUM PABJAIHBIX EXOB. [JOKYMEHTHI XPAHWIUCHL B HIKAQDY,
KOTOPBIU, B CBOIO OYepEelb, TAKXKE 3amupajicsa Ha Tpu Kioda. Onue u3
DTUX KIIOYEN XpaHWICA y (porTa, a ABa APYTCUX — y DIABHOTO mmedde-
HA.
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Mgl mpuBeaM >TOT MpPUMEP B pasfee, MOCBAIIEHHOM MPOTOKOIAM Pa3-
[IENIEeHUsA CEeKPeTa, MMIABHLEIM 00Pa3oM /I TOr'O, YTOOLI IOKA3aTh, YTO XOTs
KPUIITOrpaprIecKre IPOTOKOILI — CPABHUTEABLHO MOJIOJas OTPACIb KPUII-
Torpadun, 381391, KOTOPHIE PENMIAIOTCA C ITOMOIIBIO MTPOTOKOIOB, BO3HUKIIN
OYeHb JAaBHO U UMEIOT CBOIO UCTOPUIO.

ITouemy «eme pas o pasgereHnn cekpetan?! B ruase 5 pasmeneHme ce-
KpeTa pacCMaTPUBAETCA B OCHOBHOM KAaK MAaTEMAaTUIECKAs, TPEKIE BCETO
KOMOMHATOPHAA, 3a0a49a. 3AeChb K€ MBI ero O0CYXIAaeM KaK KPHUITOrDa-
ugeckun npoTokoa. [Ipu 3ToM mpenmosaraeTcs, 9TO YUTATENbL 3HAKOM C
TJIABOM 5.

B nmpoToxomre paszmereHus cexkpera MMEIOTCI N YIaCTHUKOB Pi, ..., Py,
KOTOPLIX MBI Oy/eM Ha3BEIBATh IIPOLECCOPAMU, U OJUH BLIIEJCHHBLIA yIaCT-
UK D, Ha3BIBaGMBIN AUIepOM (WK, UHODA, JugepoM). IIpoToKoI coCTOuT
u3 aByx da3s.

Ha ¢ase pasmemenus cexkpera AWIEp, 3HAOIIMA HEKOTOPHIM CEKPET S,
reHepupyeT n IOJed CeKpera Si, ..., S, U IOCLLIaeT §; mpoueccopy P;
O 3AIUINEHHOMY KaHaty cBa3u. Ha ¢rasze BOCCTAHOBICHUA CEKPETA 000
[IOAMHOXKECTBO U3 He MeHee 4eM ¢+ 1 mporeccopos, rae t — mapaMeTp Ipo-
TOKOJIA, OMHO3HAYHO BOCCTAHABINBAET CEKPET, OOMEHUBAACH COOOIIECHUAMEI
IO 3AIAIIEHHLIM KaHAJIaM CBA3M. A J000€e IMOIMHOXKECTBO U3 He 0oJIee IeM
t IpPOLECCOPOB HE MOXKET BOCCTAHOBUTH CEKPeT (ITO O3HAYAIOT CIOBA (HE
MOXKET BOCCTAHOBUTE» Oy IET MOACHEHO HUKE).

Kak u B gpyrux Tumnax kKpunTorpapuieckux MpPOTOKOJOB, B MPOTOKO-
Je Pa3geleHusa CeKpeTa ydJaCTHUKM, BOOOLIE OBOPsA, HE NOBEPAIOT APy
OPYTY W KaXKABIM M3 HUX MOXKET OKAa3aThCSA IPOTUBHUKOM. B ToM dmcie
u auiep. MOXHO 1 00ECHeYNTh KAKy-TUOO BAIUTY YEeCTHBIX yYIACTHU-
KOB Iaxke U B OTOM CIy4dae?! Be3yclIoBHO, HEYeCTHBIN IUIEpP MOXKET IIPOCTO
cabOTUPOBATEL BBIMOJHEHNE MPOTOKOMa. HOo eciu gumep muiTaeTcs oOMa-
HyTbL 0oOJiee XUTPLIM CIOCOOOM, TO OT DTOrO, OKA3LIBAETCS, MOXKHO 3a-
MUTATLCA CAeayoomuM obopasoM. daza pas3eleHus CeKPeTa HAIMHACTCA
C TOro, 4TO0 guaep myOJIMKyeT CeKpeT § B «3aumdpOBAaHHOM» Buae (TOU-
Hee OBLIO OBl CKa3aTh — BBLIMOMHAET MPUBA3KY K CTPOKE S, MO aHAJIOTUU
¢ mpuBa3kon K 6uTy). C mOMOLIBI0 DTON UHPOPMALUA KAXKIBIU IIPOIEC-
cop P; MOXeT mpOBEepUTbH, YTO 3HAYEHUE S;, HOIYIEHHOE MM OT IUIEPa,
NEUCTBUTEILHO ABIAETCA NOJEU CeKpera S. Takou MpOTOKOI HA3LIBAET-
Cs MPOTOKOJIOM IIPOBEPAEMOI0 Pa3neseHus ceKpera. B OOLIYHLIX cXemax
pa3meNeHns CeKPeTa PACCMATPUBAETCA TTACCUBHLIN TPOTUBHUK, & UMEHHO,
IIPOTUBHUKOM ABJIAIOTCA He 0oJee 9eM ¢ yIaCTHUKOB, KOTOPEIE, 00bE [UHUB
CBOU [OJIU, TTHITAIOTCA MOMYIUTh KAKYIO-TUO0 HHMOPMAIAIO O 3HAYCHUN CEe-
kpeta. Ha dasze BOCCTAHOBIEHUA CEKPETA B TPOTOKOJIE TTPOBEPAEMOTO Pa3-
IEIEeHUsA CEeKPeTa, NeMCTBYET AKTUBHLIN IPOTUBHUK: HEYECTHEIE YIACTHUKA
MOT'YyT MPECIeIOBATE IeJb COPBATEH BOCCTAHOBICHUE 3HAYCHUA § I€CTHLIMU
YIACTHUKAMU, [IOCLLIAA UM BMECTO CBOMX [JOJEU CEKPeTa JIOYI APYLyIo
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nadopmanuoo. OT mpoTokoma TpedyeTcs, YTOOBI Y€CTHBIE YIACTHUKU, €C-
JIU UX 110 KpauHeu mepe t + 1, Bcerga mpaBUIbHO BOCCTAHABIMBAINA 3HAYE-
HUE S.

PaccmoTpuM KOHCTPYKIKIO MPOTOKOIA MPOBEPSIEMOI'O Da3JeJeHus Ce-
kpera um3 paborsl [17]. KoHCTpyKImMsa OCHOBaHA HA 3ajade JUCKPETHOIO
JOTrapupMUPOBAHUA.

B coorsercTBum co cxemou Illamupa quiep BHIOUPAET COYyUaUHBIUA MTO-

mmaoM Q(z) = ap + ayx + -+ + a;xt cremenu t, Tae ap = S, BEIMUCIA-
err; = g% modp (i = 0,1,...,t) u mybaukyer ro,...,7;. llocae 3TOro
L1 Besikoro j = 1,...,n gumnep BeramcaseT s; = (Q(j) u mocbLiaer sTO

3HaMeHue mpoleccopy F; 1o samumenHoMy Kanary. IIponeccop Pj, mpose-
PSS PABEHCTBO

) . -t
Sj

g =rg-(r1)’ -...-(ry)) (mod p),
yOex gaeTcs, 9To S; — 1O cekpeTa s. B camom gere,

Po-(r) () = g0 g gt = gttt = R0 (mod p).

KoncTpykuuio mpoTokosa nis (passl BOCCTAHOBIEHUS CEKPETA PACCMO-
TpuUM B HamboOJee MPOCTOM CIydae, Korga Auiep decTHwd. Ha sTou dase
KaxK bl Iponeccop Pj mocelraer KaxkJOMy APyroMy mpoieccopy P; cBoro
goumo S;. Beakuil wecTHBIN y4acTHUK Fj, MOIy<duB HEKOTOPOE 3HAMEHUE S
oT Pj, mpoBepsieT 2TO 3HaYeHNe, KaK ONMUCAHO BEHIIE, U OTOPACHIBAET BCE
JOJIZ S, He Ipoleiue IpoBepky. IlockombKy 4ecTHEIX yIaCcTHUKOB HE Me-
uee t + 1, P; monyuur mo kpauHen mepe t + 1 MpaBUIBHBIX TOTEU CEKPETa.
Ucnonways aaropuT™ BOCCTAaHOBAEHUsA cekpeTa n3 cxeMbl HHlamupa, P; Boc-
CTAHOBUT 3HAYEHUE S.

B oraumuwme ot cxem pasgeneHus cekpera, pacCMATPUBAEMBIX B TUIABE D,
CTOUKOCTH NAHHOTO MPOTOKOJA OCHOBBIBAETCS HA MPEATOTOKEHUNA O BHI-
YUCAUTENBHON TPYAHOCTHU 3a1a49M TUCKPETHOro JorapudmupoBanus. [lo-
DTOMY, €CJAU B OOBIYHBIX CXEMaX pPa3IeJeHUus CEeKpeTa Tpebyercs, ITOOBI
J060€ MOAMHOXKECTBO yIACTHUKOB, HE COCTABIAIONIEE KBOPYMA, HE IOIY-
A0 HUKAKOU MH(POPMAIIIY O CEKPETE, TO BO MHOIUX CXeMaX MIPOBEPAEMOTO
pa3geneHus ceKpeTa TAKOe IO IMHOKECTBO JIUIIb (HE MOXKET BOCCTAHOBUTEY
cekpeT. B TOM cMbICae, 9TO I €r0 BOCCTAHOBJIEHUs TPEOYETCS PElInTh
HEKOTOPYIO TUMOTETUIECKN TPYIHYIO BEIUUCIUTEILHYIO 3a1a49y. B paccMo-
TPEHHOM BBIIIE PUMEPE BCAKUU YIACTHUK MOT OB Y3HATH CEKPET S, €CJIu
OBI OH YMEN BHIUUCIATEH JUCKPETHHIE JOrapudMbI.

OnHO U3 BO3MOXKHBIX TPWIOKEHUN CXEM Da3IeJIeHUA CEKPeTa — Opra-
HU3AIUA XPAHEHUsA KpunTorpaduaeckux kmwodern. CBOUCTBO TPOBEPIEMO-
CTU OPEACTABIACTCA JAJEKO He JUIMTHUM I TakuxX npuioxkenuu. Ho kpyr
IPWIOKEHN CXEM MPOBEPAEMOr0 pPA3[IeJeHUs CeKPeTa CYIIECTBEHHO IIN-
pe.
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[IpeAmonaoXKUM, 9TO C HOMOILIO OMICAHHON BBIIIE CXEMbI PA3IeJIeHBl 1Ba
CEKPETa S U Sp U ITO 00a DTU CEKPETHI ABIAIOTCA IUCIAMHA. Terepb mpe-
CTaBUM cebe CUTYAILHIO, 9TO MOCIE 3TON0 HOTPEO0BATACH Pa3IeIUTh CEKPET
s = $1 + s2. Koneuno, 310 MOXeT cresars Iumep ¢ MOMOIIBIO TOTO XKe IPO-
TOKOJA. A MOTYT /I IPOLECCOPHI BHIMOMHAUTL TO K€ caMoe 0e3 yJIacTHs
aurepa’

Oycts Q1(z) = ao + a1 + -+ + agzt uw Qa(x) = by + bz + ---
-+ + byr' — DOMMHOMEI, KOTOpPBIE HCIIONB30BAINCEH 1A PA3JeIeHIs CeKpe-
TOB §1 M S cooTBeTCTBeHHO. IIycTh rl = g% mod p u r? = g mod p mna
i =0,...,t. Ing moboro j = 1,...,n nycte 8§ = Q1(j) u 57 = Q2(j) —
JOIN CEKPETOB S§1 W Sy, HOLydeHHBIE mpoueccopoM Pj. flcuo, 1ro Q(z) =
Q1(x) + Q2(x) — rakxke momuuoM cremenu t u Q(0) = s.

[osToMy KaxIBIN mpoueccop P; MOXKET BEIYHCINTE IOMI0 S; CEKPETa

§ POCTO TO opmyse §; = 8f + §7. DTU IO TPOBEPAEMBI € MOMOIIBIO

3HaveHwuut r; = r} - 7 mod p.

Pa6un u Ben-Op noxasauu [18], 9TO BBEINOMHAA TAKOTO POJA BLIMUCIE-
HUS HAJ TOJNSIMU CEKPETOB, MPOIECCOPHI MOI'YT BBIYHCIUTE JIO0YI0 QyHK-
M0 HAJ KOHEYHBIM IIOJEM «IPOBEPAEMEBIM 06pa30M». ITOT PE3YJIbLTAT OT-
HOCUTCS K OOJACTU IPOTOKOIOB KOH(UACHIMAILHOIO BEIMUCIEHUs (Secure
multi party computation). Tunuunas 3amada 31ech Takad. TpeGyerca BbI-
YUCAUTH 3HAaYeHUE PYHKIUK [ HA HEKOTOPOM HAOOPE 3HAYEHUN apTyMEHTOB
Yly- -+ Ym. C DOMOUIBIO CXEMBI IIPOBEPAEMOT0 PA3AEICHUSA CEKPETA BBITU-
CIAOTCA OOJU L1, - - . , Ly ITUX 3HAUCHUN. B HaYAIE BLIMOIHEHUA IPOTOKOIA,
[OOJIs1 T; m3BecTHA mnpoueccopy P; u Tonbko emy. IIpoTroxon gomxken obecre-
YMBATL BHUMCACHUE 3HadeHUA f(x1,...,%,) = f(Y1,.-.,Ym) TAKuUM OOpa-
30M, 9TOOBI M1 HEKOTOPOr'O Hapamerpa t:

1) B pesy/abTaTe BBHIIOIHEHUsS IIPOTOKOIA JII000€ [OAMHOXKECTBO U3 HE
6omee UeM t mMPOIECCOPOB He MOIYYaI0 HUKAKOU UHMOPMALIUN O 3HAICHUIX
Z; APYTUX MPOLECCOPOB (KpOME TOU, KOTOpas CICAyeT U3 U3BECTHLIX UM
ponen u 3uadenus GyHkuua f(z1,...,Z,));

2) npu JI0OBIX IENCTBUSAX HEUYECTHBIX YIaCTHUKOB OCTANbHEIE YIaCTHU-
KU BBEIYUCIAIOT MpaBUWIbHOE 3HaYeHue f(Ti,...,T,), €CAM TOIBKO KOJMIE-
CTBO HEYECTHBLIX YIACTHUKOB HE IPEBOCXOIUT t.

[TpoTokombI KOHDUIEHINATBHOTO BHIYUCICHNS, BBIUAY CBOEH OOIIHOCTH,
MPEICTABIAIT HECOMHEHHBIN TEOpeTUIecKuu uarepec. Kpome Toro, MuO-
rUe TUNBL IPUKJIAIHBIX KPUNTOrPApUIeCKUX IPOTOKOIOB (HAIIPUMED, IIPO-
TOKOJIBI T'OJOCOBAHUA) [0 CYIIECTBY ABJIAKTCA YACTHBIMUA CJIy9asgMU IIPOTO-
KOJIOB KOH(DUIEHINATBHOTIO BEIMUCICHUA.

[Ipy pasIuvHBIX TPEANOTOKEHUAX O MPOIECCOPAX U O CETU CBA3U [O-
Ka3aH Ps TEOPEM CIeAYIOIero TUIMA: eCau ¢ He MPEBOCXOAUT HEKOTOPOr'o
MOPOT'OBOrO 3HAYEHU (3ABUCALIETO OT 71 U OT MPEITIOJIOKEHNN ), TO BCAKAA
BBIYUCANMAS (DYHKIUS UMEET IPOTOKOJI KOH(U JeHIINATLHOI'O BEIYUCICHIUS.
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6. ITourpaem B «ky6ukm». IIpoTOoKOJIBI rO/IOCOBaHUA

“ sceobulee 2040C08AHUE OECCMBICALHHO.

... Bui, sepoammno, coesacumecs co Muot, YMo 2eHUAAb-
Hote a100u scmpeuatomcea pedxo, ne npasda au? Ho 6ydem
wedpvt u donycmum, wmo 60 Pparyuu Ut cetuac umeem-
ca uenosex nams. Ipubasum, ¢ maxot xee wedpocmpio,
deecmu BbICOKOMAAGHIMAUBHIL at0dell, mbicauy 0py2uL,
MOXNCE MAAGHMAUBHIT, KaKc bl 6 coeli obaacmu, u de-
CAMD MBICAY UEA0BEK TAK UAU UHAUE 8bldarowuzcs. Bom
B8aM 2EHEPAALHBIY WMab 8 00UNHAJUAMbd MblCAY d8ECm
nAMb YM0o6. 3a HuM UIEM aAPMUSL NOCPEICEEHHOCTIU, 34
Komopot caedyem 6ca macca Jypaubs. A max Kax no-
cpedecmeennocmsb u OYpaKy 6ce2da Cocmasaiom 02pom-
HOE BOADWUHCTNEO, MO HEMBICAUMO NPEICTNABUMb, UMO-
Obl OHU MO2AU U3OPAMb PA3YMHOE NPABUMEALCNEO.”

I'. e Monaccau. «O6e1 1 HECKOIBKO MBICICH.

B sTroMm pasgene MBI 3auMeMCs OECCMBICAEHHBIMM BEIIaMd, a UMEHHO,
o0cyamM, KaK MOMOYBL «Macce TYpPadbsiy M30paTh «HEPA3yMHOE MPABUTENb-
CTBO», T.€. PACCMOTPUM MPOTOKOJIBI TOJ0COBAHUS.

Y 4auTaTeins, 03HAKOMUBIIETOCA C MIPEANIeCTBYIOMUMA Pa3geaIaMn, MO~
JIO CJIOXKUTBLCA BIEYATICHUE, UTO KPUNTOTpadUIecKre MPOTOKOILI — B
O0IIeM-TO He TaKas yXK U CJIOXKHAA Bemb. Ho 1eg0 B TOM, ITO 10 CHX IIOP
MBI BRLIOMPAIN MMEHHO TaK!e MPOTOKOJILI, KOHCTPYKIIMU KOTOPBIX, Ha, HAII
B3IVIAI, HAbOJIEee MPOCTO MOHATH IPU IIEPBOM 3HAKOMCTBE C IIPEIMETOM.
K Tomy xe m3noxenne BeIOCH Ha MOLY(POPMAILHOM YPOBHE, ITOOLI OCHOB-
Hble WU HE 3aTyMAHUBAJIUCHL OOUINEM TEXHUYIECKUX AeTateu. bombuma-
CTBO XK€ TUIOB IPUKIATHLIX KPUAMITOrPAPUIECKIX IMIPOTOKOJOB TOCTATOY-
HO CJOXHBI, ¥ XOPOIINM TIPUMEPOM 3J€eCh CAYKAT MPOTOKOILI TOJI0COBA-
HUA.

Kak ormedasoch BO BBeqeHNM, IPUMATHBHEIE KPAIITOIPAPUIECKIE TIPO-
TOKOJIBI UCTIONTB3YIOTCA KaK CBOCOOPA3HBIE «CTPOUTETbHBIE OJOKIY WU «KY-
OMKW», 13 KOTOPHIX CKIAILIBAETCA IPUKJIATHON IPOTOKOI. B mammom pas-
Iese MBI PACCMOTPUM HE CTONBKO KOHCTPYKIIUIO KaK JOT'0 OTIETHLHOIO «KY-
OMKa», CKOJBKO IIPOLecC COOPKHU.

Ilycts B romocoBanuu ydacTBywoT | umabuparerneun Vi, ..., V), koTopwie
ABIAIOTCA AOOHEHTAMU KOMIIBIOTEPHON CETU U MOJAI0T CBOU I'OJIOCA B DICK-
Tporrou ¢opme. [IpeanosoKuM IIs MIPOCTOTHEI, 9TO IOJOCOBAHME UMEET
IBa UCXOMA: «3a» U «IPOTUB», KOTOPLIE OYIYT IPEeACTABIATHCA Kak 1 1 —1
COOTBETCTBEHHO. /I3 BCeX BO3BMOXKHLIX TPEOOBAHUN K IIPOTOKO/LY ['OJOCOBa~
HUSA BBIIEIUM MTOKA IBA OCHOBHBIX:

1) roaocoBanue JOMKHO OBITH TANHBIM;

2) momkHA OBITH 00€CIeYeHa IPABUIBLHOCTD OACIETa I'OJI0COB.
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Kaxk yxe 0oTMe9Ia10Cch B IpeqbIIYIIeM pa3aene, TPOTOKOIB TOJ0COBAHUA
MOXHO PACCMATPUBATDH KAK YACTHBIN CIYYall IPOTOKOJIOB KOH(DU IEHIAAT-
HOT'O BBIYUCICHUA. B HAYATLHBIN MOMEHT y KaXXIOT'O YJaCTHUKA V; €CTh
cekperHoe 3Hadenue b; € {—1,1} — ero romoc, — u TpeGyeTCsa BEIMUCIATD
dyuxmuo f(by ..., b) = Ei:l b;. TIpoTOKOM KOHODU IEHIIUATHEHOTO BHITUCIE-
HUA yIOBIETBOPAET OBYM YKA3AHHBIM TPEOOBAHUAM, €CJIU TOJBLKO JOJ He-
YECTHBIX YIACTHUKOB HE CAUIIKOM BEJIUKA. Y TAKOT'O PEIICHUA eCTh OTHO 3a-
MEYaTEeAbHOE TOCTOMHCTBO — B IIPOTOKOJIE YIACTBYIOT TOJBKO U30UpaTEIn,
T.e. He TPeOyeTCa HUKAKOrO IEHTPATBLHOTNO OPTaHa, KOTOPHIUA MOJb30BAJ-
cs 661 noBepueM rosocyiomux. Ho ecTh u BecbMa CEPHE3HLIN HEJOCTATOK.
IIpoToKOIbI KOH(MUAEHIMAIBHOIO BEIYUCAEHUS HACTOABKO CJIOXKHEL (C TOU-
KU 3PEHUA KOJIMIECTBA BEIMUCACHUN, BHITOIHACMBIX KAXKIBIM YIaCTHUKOM,
U KOIMYECTBA NEPECHLIAEMON MHMOPMAIMK), 9TO yKe IPU CPABHUTEIBLHO
HEOOMBINUX | OHU MPAKTUIECKYN HEBLITOJIHUMBI.

OcraeTcst BTOpOR Iy Th — CO3JAHKE LEHTPA IOACIeTa I'OI0COB (B Aalb-
HeHmeM [IId KPATKOCTH OyleM Ha3bBaTh ero mpocto ueHTtp). CHavamna
MPEANONOKUAM, ITO UEHTD YEeCTHBIA U MOJIb3YETCsA OEe3yCAOBHBIM JOBEPUEM
BCcex m3buparener. B Takou CUTyalnyd HANPAIIUBAECTCA CJASTYIONIEE pPerre-
ure. [lenTp BEIOMPAET CEKPETHLIN L M OTKPLITHLIA Y — KJAYU HEKOTOPOU
KPUMTOCUACTEMEI C OTKPBITHIM KIHYOM — U MyOaukyeT y. Kax 1o uabupa-
Teab V; MOCBLIAET LMEHTPY COOOIIEHUE, CONEPKAIIEe UIEHTUPUKATOP STOr0
u30UpaTEIA U ero TOM0C by, 3armmdpoBaHHbIl Ha, Kaode y. [leHTp mposepsaeT
COOTBETCTBUE MOJAHHLIX OIOMIETEHEN CIUCKAM W30upaTrener, pacmudpo-
BLIBAET OIOJIETEHU U OTOPACHIBAET HEAEMCTBUTEIbHEIE (B KOTOPBIX I'0JIOCA
oTimaHbl 0T —1 1 1), TOACYATHIBAET U MyOIUKYET UTOT.

Yxe B 3TOU IMPOCTOM CXEME €CTh (IOABOIHLIM KaMEHb». ECIM Kax Il
u3bUpaTeas MPOCTO MUMPYeT CBOU OUT b; Ha KAOUE Y, TO BO3MOXKHBIX
KPUITOrPAMM BCErO [BE U HU O KAKOW AHOHUMHOCTHU DOJIOCOB PeYU OBITH
me MoxeT. MOX)HO muppoBaTh CTPOKY, KOTOPAs COCTOUT u3 O6uta b;, mo-
MIOJHEHHOT'0, HAIIPUMED, CIIPABA CIyIANHOU CTPOKOUN. DTO HAKIAIBIBAET J0-
MOJHUTEIbHBIE TPEOOBAHUA HA KPUITOCUCTEMY: CTAPIIAA OUT OTKPHITOTO
TEKCTa JOJKEH ObITh TPYIHBIM, T.€. 33034938 €r0 BLIYUCICHUSA MO KPUITO-
rpaMMe JT0JKHA ObITh DKBUBAJICHTHA, (B CMBIC/IE MOIMHOMUAIBHOU CBOIUMO-
CTH) 3ajJade BBIMUCIEHUS BCEIO OTKPBITOrO TeKCTa. Takue Kpumrocucre-
MBI CYIIECTBYIOT, HO JYUIIEe UCTOJb30BATL KPUMITOCUCTEMY BEPOATHOCTHO-
ro mudposanus (cM. [19]), B Hell kpunTorpaMMa COOOIIEHU M Ha KJI09e k
BLIUUCJSETCS C IOMOLIBI0 PAHIOMU3MPOBAHHOIO aaropurma: ¢ = Ei(m,r),
rge r — CIyYauHas CTPOKA. JTO O3HAYAET, ITO Y KaXKIOr'O COOOIIEHUs
CYILIECTBYET, BOOOIIE FOBOPS, SDKCIIOHEHIIUAILHO MHOT'O KPUIITOIPDAMM, BBI-
YUCIEHHBIX HA OMHOM U TOM e Kiode. Ho memudpoBanue mpu 5TOM BCET1a,
oauo3ua4vno! Kpunrocucremsl BEpOATHOCTHOrO mudpOBaHUI OLLIA BBEIe-
HeI B pabore lonbasaccep u Mukaiu [19], rae npu HEKOTOPHIX IIPEANOIOKe-
HUAX JOKA3AHO CYIMIECTBOBAHUE KPUITOCUCTEM TAKOI'O THUIMA, OOJJATAONINX
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TAK HA3BIBAEMOU CEMAHTUYECKON CTOUKOCTBIO. DTO — CBOEr0 POIA AHAIOT
[IEHHOHOBCKOU a0COMIOTHON CTOUKOCTH, HO OTHOCUTEIBHO IPOTUBHAKA, Pa-
60TAIIErO 33 MOJUHOMUAILHOE BPEMS.

Mgl paccMOTpUM B KAYECTBE IPUMEPA OAUH U3 BAPUAHTOB KPUIITOCKUC-
rembl dab-T'amans [20], ocHOBaHHON Ha 3ajJade TUCKPETHOrO JorapudMu-
posanma. B obosmaennax uz paznena 2 mycts Gy — noarpymnma Z,;, mopo-
xKaeHHas g. [na coobmenua m € Gy BEIOUpaeTCca o €g Z, U BBIYUCIACTCA
kpunrorpamma (a,b), rge a = ¢g* mod p, b = y*m mod p. Ioxyuarens,
BHAIOIIAY CEKPETHBIN KIIOY &, BLIYUCIACT

b/a" =y m/(g%)" = y*m[g"" =y*m/[/y* =m (mod p).

Bepuemcsa k mporokoay ronaocopanus. Ilycts h — eme oque mopoxga-
fomuyt rpynnsl G,. Torga gua b € {—1,1} Gro/ereHb BEIYUCIIAETCA B BUE
(g%, y®hP). Tlocne npuMeHeHMA ATrOPUTMA, AeNBPOBAHUA HEHTP MOTYIUT
suaxenue h? mod p, mocie wero 6uT b MOXKHO M3BJIEUb, IPOCTO IIOLCTAB/IAL
ob6a 3navenns 1 u —1.

B Taxom cxeme romocoBaHUE, MO CYIIECTBY, HE MOXKET OBITL TAWHLIM,
MIOCKOJBKY IIEHTP 3HAET, KaK COJOCOBAJ KaXKAbU m3bupareas. Ho ¢ mpa-
BUJIBHOCTBIO MOACYETA T'OJOCOB CUTyaunus wHasd. [Ipeamosoxum, 4T0 mJs
MIPOBEEHUS TOJOCOBAHUS CO3AaHO TaOIO — XpaHuiuine nHGOPMAIUH, B KO-
TOPOM I KaXKIOT'0 M30UPATENs BBIAEICHA, OTIEMbHAA CTPOKA. DT CTPO-
Ka CONEPXKWUT, HAMPUMED, MOJHLIE MACIOPTHLIE TAHHBIE M3OUpATENs, U B
STy CTPOKY OH MOMEIIAET CBOU OrosierTeHb. llpegmonaraercs, 4To Tabmio
OOCTYIIHO HA, YTEHNE BCEM yYIACTHUKAM OJOCOBAHUS, 8 TAKKE CTOPOHHUM
Habmogarenam. [Io ucredeHnn cpoka MOLAMU TOMOCOB TABIO «3aKPHIBAECT-
csiy, T. e. puxcupyeTcs ero cocrosirue. Ilocae 3Toro BeIAeIgeTCA HEKOTOPOE
BpeMs, B TEUEHUE KOTOPOIO KaXK LI U30UpPATESb IPOBEPSET COAEPKUMOE
cBOEU CTPOKU Ha Tab10. Bee mpeTensun pa3dbuparTCsa, Tpu HEOOX0 TUMOCTHA
BHOCSATCSI COOTBETCTBYIOIINE U3MEHEHUs U, KOI'JA BCe M30MpaTean yI0BIe-
TBOPEHHI, COAEPKUMOE TAOIO PUKCUPYETCA OKOHIATEABHO.

ITocse >TOro UEHTP BHIYUCIAET z = Zi:l b; u nybauKyeT UTOr TOJI0-
coparmsa z. Ilycts (g% ,y* h%) — Gromterens mabumparens V;. [Mockombky
BCe OIOJUIETEHU HAXOIATCA Ha, TabJ0, JOOU M30UpaTe s, a TaKKe BCAKAN
CTOPOHHUU HAOIIO[ATENb, MOXKET BHITUCIUTH

! !
(H g% mod p, H ¥ h% mod p).

i—1 =1

— l o = ! Qi
O6osmasmm A = [[,_, g* mod p, B = [[,_, y* mod p. Eciu mentp
IPABUIBHO MOACIATAL T'OJOCA, TO NOKHO BBHIIOMHATHCA PABEHCTBO h® =
l .
= [1;—; h* (mod p). IlosTOMYy, €c1u BTOPYI0 U3 BEIMUCICHHBIX BHIIIE Be-
JUYWH TOJeJUTh HA h*, TO MOMKHO moayuuThes 3Hadenwe B. Ilyctb
1 by !
B' = ([I;—, y*h’")/h* mod p. IllpoGrema B TOM, ITO HIPOBEpAIOMUN He
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3HAET 3HAYEHUE B 1 HEe MOXET CaMOCTOATEIbHO BHIICHUTDL, BEPHO JHU, ITO
B’ = B. Ho HeTpyAHO IPOBEPUTH, UTO JOMKHO BHEIIOJHATLCA CPaBHEHUE
B = A% (mod p). Hosromy mpoBepsomuit MOXeT IOTPe6OBATh OT LEHTDPA
NOKA3aTeIbCTBO CIEAYIOMEero (pakTa: IUCKPeTHBIN JorapudM B’ mo ocHo-
BaHUIO A paBeH JUCKPETHOMY JOTrapudMmy y MO OCHOBAHUIO g. Mbl mpuso-
JUM TIpeTHA3HAYeHHBIN A5 5Tou nean nporokon [layma u Hegepcena [21],
UUTUPYS ero mo padbore [22].

IIpoTokoa Illayma u Ilegepcena

1. [oxasbmsatrormmi BEOUpaer k €g Z,, sorucaret (B,7) = (g% mod p,
A* mod p) u mockraer (3, ) mposepaomemy.

2. IlpoBepsromui BEIOUPAET 3aIPOC € €p Z, U MOCHLIAET € JOKA3BIBAO-
meMmy.

3. MokaswmBaroumu Beraucaser s = (k + ex) mod g u MOCBLTAET $ TIPOBE-
pAIOIIEMY .

4. Tposepsomuu yoex gaercs, 4to ¢° = Sy mod p u A® = vB® mod p,
U TPUHUMAELT NOKA3ATEILCTBO. B MPOTUBHOM CIydae, €ClIu XOTA ObI
OIHO W3 DTUX CPABHEHWU HE BLITOMHAETCA, — OTBEPraeT.

Yurarensb, KOTOPEIU O3HAKOMUICSA CO BTOPLIM Pa3IeJao0M JAHHOU IVIABHIL,
6e3 Tpyaa OOHAPYKUT CXOACTBO DTOrO MPOTOKOJA CO CXEMOU ayTeHTU(U-
kamuu [ITroppa. Takomy umTaTeno GyaeT MOIE3HO HOMBITATHCA CAMOCTOA-
TEJIBHO MPOBECTU AHAIN3 CTOUKOCTY TAHHOT'O MPOTOKOJIA.

B npunnune nenTp Moxer gokasarh yreepxaerue B’ = A (mod p) ka-
xaoMmy xeaaromemy. Heymo6CTBO B TOM, 9TO MIPOTOKOI MHTEPAKTUBHEIN.
Ho ucnonwsys ToT xe mpueMm, KOTOpHIM cxeMa ayTenTuduxkamuu [aoppa
npeobpa3yeTcs B CXeMy BJIeKTPOHHOU mognucu (CM. pasgenr 2), MOXKHO U
DTOT IPOTOKOM CAETATHL HEMHTEPAKTUBHEIM. B TakoMm caydae meHTp MOXKeT
IPOCTO OMyOIMKOBATE HEMHTEPAKTUBHOE NOKA3ATEALCTBO BMECTE C HUTO-
oM 2.

Koredro, npeamonokenue 0 TOM, 9TO BCe M30MPATENN TOBEPAIOT OTHO-
My HEHTPY MOACIETa T'OJOCOB, BECbMA JaJeKO OT peaabHocTH. MOXHO co-
anathb n 1enTpoB C1, . . ., Cp. Torga npeanonokesue o TOM, 9TO 0 KpanHen
Mepe ¢ LeHTPOB U3 N YeCcTHLIe, IAe, HanpuMmep, t > 2n/3, Berasiur 6ouee
PEATACTUTHEIM.

B sTOM cirydae meHTPLI COBMECTHO BEIOMPAIOT M IIyOIMKYIOT TPH CIIy-
YaMHLIX MOPOXKJAMUX ¢, y 1 h rpynnsl G,. Broarerens usbuparers V;
opMupyeTCcs TakK XKe, KaK U B IpeblayIeM Bapuanre: (g%, y hbi). Ho Te-
Mepb IEHTPE! HE B COCTOAHUN CAMU AeU(pPOBATE OTY KPUIITOrpamMMy. Bue-
CTO PTOTO KAXKBIA U3 HUX BLIMACAAET (Hizl g%, Hi’:1 y®ih’). Uabuparemns
V; ¢ IOMOLIBIO ONMMCAHHOU B MPEIBIAYIIEM Da3[ete CXeMbI IPOBEPAEMOrO
pa3jeqeHus CEKPeTa CO34AeT HONU (i, ..., ; CEKPETHOI'O 3HAYEHU (; U

n
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nepegaeT nomo «;; neaTpy Cj. [lanee, BEITOIHAS BEIMUCICHAS HAT JOTAMA

(cm. pasgen 5), HEHTPBL BEIYUC/IAIOT 0 = 22:1 a; mod p. Ecam npu 3TOM X0-
Ts1 OBl { IEHTPOB YE€CTHBIE, TO OCTAIBLHBIE HE CMOI'Y T BOCCTAHOBUTH HU OTHO
13 3HAYEHUN ;. [IOyveHHLIN pe3yabTaT ¢ IPOBEPAETCA: MOJXKHO BLIIOJ-
HATHCA cpaBHeHue §0 = Hi’:1 g% mod p. Eciiu OHO BBINOJIHEHO, TO 3HAYEHME
0 IyOIUKYeTCs, U 3TOrO 3HAYEHUsA TOCTATOYHO IS BEIYUCJIEHUS UTOrA O-
JgocoBanus. B camoMm geie, (Hé:1 y@ihbi)/y® = Hizl h% (mod p). Mpasa,
Ui TOPO YTOOBI MOJLYYUTH UTOT Z, HEOOXOAUMO BBIYUCIUTL TUCKPETHBIN
Jorapudm MOIYIEHHON BeJUYIUHBI. HO HOCKOIBKY abCOMIOTHOE 3HAYEHUE 2
HEBEIUKO (3aBEIOMO HE MPEBOCXOAUT KOJIUIECTBA U3OUPATENCH |) 3TO MOXK-
HO CAEIaTh MPOCTHIM MEPEOOPOM.

B »Tom cxeme BO3HMKAET HOBasA MPOOIEMa — HEOOXOIUMO O0ECIeInThH
MIPOTOKOJ, C TIOMOIIBI0 KOTOPOT'O IEHTPHI COBMECTHO BHIOUPAIOT MOPOXK 18-
omue g, y u h, IpudeM Tak, 9TO HU OJWH U3 HUX HE ABIAETCA U3BECTHOU
CTENeHBbIO0 APYTOro. DTy MPOOIEMY MOXKHO PENUTh CJASTYIOIUM CIIOCOGOM.
IIycts G — BEPOATHOCTHBIN AITOPUTM, KOTOPHIU TEHEPUPYET TPU CIydan-
HBIX MOPOXK JAMKX. Ero MOXKHO pacCMAaTpUBATE KAK A€ TEPMUHUPOBAHHBIN
AJITOPUTM, KOTOPHIU MOMYIAET HA BXO/IE HOMUMO UUCEI P U § €I U CILydan-
HYIO CTPOKY r TpeGyemon mauubl. B paznene 4 6bu1 omucan mpoOTOKOJ MO~
OpaCLIBaHUA MOHETLI, KOTOPLIM OYEBUAHBEIM 00Opa3oM 0000IIaeTcs Ha, CIIy-
van n yIacTHUKOB. C TOMOIIBI0 TaKOT0 060OMIEHHOT'O MTPOTOKOIA [IEHTPEI
MOT'YT TI0 GUTY CME€HEPUPOBATH CTPOKY 1 (CyIIECTBYIOT 1 Gosnee ddhHEeKTuB-
HBIE cXeMbl). Ecau x0Tsa Obl OQUH U3 IEHTPOB Y€CTHBIN, TO I* — CJLyIalHag
cTpoka. 10 OKOHYAHUU BHITIOIHEHUA MPOTOKOIA IEHTPHI MyOJuKyIOT T, ¢,
y u h. llockoabky anroputM G TPEANONAraeTCa OOIIEU3BECTHRIM, BCAKUN
JKEJTAIOMIUN MOXKET IIPOBEPUTH, UTO ¢, Y U h MOLYIeHBI C TOMOIIBIO CTPOKH T

Bce npobGmemer pemtens? Oraions! Eciu B caydae 0qHOTO IEHTpa MO-
caeqHuu pacumdppOBLIBAI BCE OIOLIETEHU U MPOBEPAT UX MPABUILHOCT,
0oTOpachIBas HEEUCTBATEILHBIE, TO B CIyYIae 1 UEHTPOB HEYECTHLIN U30u-
pATEeIb MOXET IOMBITATHCS C TOMOIIBIO HEIEUCTBUTEABHOTO OIOJIETEHS CO-
PBaTh BEIOOPHI WX UCKA3UTH UX UTOT. DTy NPOOIEMY MOXKHO PEIIUTD, €CIU
oTpeboBaTh, YTOOBI BMECTE C OIO/LIETEHEM KaXK ILIU N30upaTeb myOamKo-
BAJ TOKA3aTEILCTBO, YTO OHJLIETEHBL MOCTPOEH MPABUILHO. [[pyrumu cio-
BaMu, TpeGYeTCA MPOTOKOM, C TIOMOIIBI0 KOTOPOT'O I TAHHOTO GIOJLIe TEHA
(A;, B;) usbuparens V; NOKa3LIBAL, UTO OH 3HAET o; € Zy u b; € {—1,1}
Takue, uto A; = g% mod p, B; = y®* hb mod p. IIpu >TOM TpPOTOKOT He
IOJIKEH MaBATh MPOBEPSIOIIEMY HUKAKOU MOJE3HON M1 Hero MH(MOPMAIUY
o 3Havenusx a; u b;. [Ipumep Taxoro nporokoaa gad B pabore [22]; MBI ero
HE BOCIOPOU3BOAUM 31€Ch BBUAY I'POMO3IKOCTH.

Teneps, makowen, sce? Omars mer! ...Bopoduem, mocraBum Ha 3TOM
rouky. Hageemcs, 4ro aurarens yxe yOeauwics B TOM, YTO MPOTOKOJIBL IO~
JIOCOBAHUA — HETPUBUAJIBHBEIN OOBEKT U BCEBO3MOXKHBIE €I'0 TEXHUYIECKUE



KPUIITOIrPA®UYECKUE IIPOTOKOJIBI 81

ACMEKTHl MOXKHO 00CY XK JAThH elle OUeHb 10aro. K ToMy e MBI paccMaTpu-
BAIM TOJBKO IBa OCHOBHBEIX TPEOOBAHUA K TPOTOKOJAM TOJOCOBAHUI —
AHOHMMHOCTD W MPABWILHOCTH IIOACYETa T'OJOCOB. A BEIb CYyIIECTBYIOT U
opyrue. Ilpuaem HOBbIE TpeGOBAHUA MOTYT BO3HUKATEH YKE B MPOLECCE
AHAIN3a TIPOTOKOJOB T'OJOCOBAHUA, KOrAa OOHAPYXKUBAETCA, ITO MOCIEI-
HUe 06/IaTAI0T HEKOTOPHEIMYA HEOXKUIAHHEIMYA CBOMCTBAMHU, KOTOPHIX HET B
HBIHE OOIICTPUHATHIX HEDJEKTPOHHBIX CUCTEMaX BLIOOPOB. Hampumep, npu
MCIIOAL30BAHNA ONMCAHHON BEIMIE KOHCTPYKIUK OIOJLIETEHA n3buparens V;
3HAET 3HAYEHUA (; U b;, KOTOPBEIE OH BIOCIEACTBAM MOXKET HCIOIb30BATH
U TOKa3aTeIbCTBA, ITO MOJOCOBAT TAHHBIM ONpPENeJeHHBIM 06pa3oM (Ha-
IPUMeED, «3a», & HEe (IPOTUB»). DTO CO34aeT BO3MOXKHOCTHU [OKYIIKU I'OJI0COB
u TpebyeT pas3spaboOTKu COOTBETCTBYIOMEN KPUITOIPADPUIECKON 3AIIUTEL

HanpHenmye 10 1poGHOCTH IPOTOKOIOB MOJOCOBAHUA CM. B paboTax [22],
[23], n3 KOTOPHIX 3aMMCTBOBAHBI U3IOXKEHHBIE BBIIIE UAEH MOCTPOEHUS Ta-
KHUX IIPOTOKOJIOB.

U mocaennee, 0 4eM XOTEIOCH OBI CKA3aTh B DTOM pasnene. Beiony Bore
MBI 06CY XK gamu (He(POPMATBLHO) JWIIb CTOMKOCTD PA3IUIHBIX KPUITODA-
(puuecKUX MPUMUTUBOB, UCTIOAB3YEMBIX B MPOTOKOJIE T'OJOCOBAHUSA, TIO OT-
neapHOCTH. HO MpM KOMIO3MIUM CTOUKMX KPUNTOTPAPUIECKAX MPOTOKO-
JIOB MOXKET TIONy9IUThCA HeCTOUKuM. M ccaenoBanme CTONKOCTU KOMITO3UIAN
IIPOTOKOJIOB — €MIE OMHA, 1 339aCTYI0 BECbMa HEMPOCTAs, 3303493 TEOPETH-
YeCKOU KpUITOrpaduin.

7. 3a mpegeaaMu CTaHAAPTHLIX IIPEIIOI0XKEHUM.
Kondugernunaisaaa nepegada cooOmIieHnn

“Tot ymeewd cuumamdv? — cnpocuaa Beaas Kopoaesa.—
Croavro 0ydem o0dun natoc 00ur nawc 00un natc 00U
nAc 00UK NAC 00UH NAOC 00U NAC 00UH NAOC 00UH
natoc 00un?

— A ne 3naw, — omsemuaa Aauca. — A cbuaacy co
cuema.

Ona ne ymeem cuumamyv,— ckadana depras Kopoaesa.”

JI. Koppouan. «Ammca B 3a3epKaianes.

Kpunrorpadguieckne mpoTOKOILI B CBOEM OGOMBIIMHCTBE OTHOCATCA K
OMHOU W3 [OBYX KATEropuu. B mepByH BXOMAT MPOTOKOJBI, 00JaJAIONIAE
TEOPEeTUKO-MH(OPMAIIMOHHON WX a0COJIOTHOM CTOMKOCTBIO. Bropas ka-
TEropus — DTO TE€ MPOTOKOJLI, CTOMKOCTH KOTOPBIX OCHOBBIBAETCA HA,
BEIYUCAUTENLHON CIOKHOCTYU KAKUX-TUOO MareMmarudeckux 3agad. OcHo-
BEIBAETCA B TOM CMBICIE, YTO JUOO CTOMKOCTB MPOTOKOJIA NOKA3AHA MPHU
HEKOTOPOM KOHKDPETHOM TPEAMOI0KEHUN, TU00 CIPABEIIABOCTE MPEITION0-
JKEHUA HEOOXO MUMa, IIA CTOMKOCTH, T. €. IPOTUBHUK, HAY IUBIIUICA PEIIaTh
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COOTBETCTBYIONIYIO 334a9y 3(P@PEKTUBHO, 3aBEIOMO «B3JIaMBIBAET» IPOTO-
KOJI.

B Teoperuieckon kpunrorpadun, Kak U BO BCAKOU HAYTHOU TUCIIATLIN-
He, IPEICTABIEHO BCE MHOrOOOpa3ue HANPABJIEHUU HayIHOrO moucka. O qHo
U3 TaKUX HAMPABICHUN — Pa3padOTKa KPUNTOTPAPUIECKAX CXEM, CTOMKUX
IpU KAKUX-I1U00 HECTAHIAPTHBLIX MPEIIOIOKEHUuAX. PaboT, MOCBAIEHHBIX
DTOU TEMaTUKEe, HEMHOT'O, HO OHU €CThb. VI B DTOM 3aKIIOUATEILHOM Pa3e-
Jie MBI PACCMOTPHUM HPUMED KPUNTOrPAPUIECKOTO IPOTOKOIA, JOKA3YEMO
CTOUKOTO TIPU HECTAHJAPTHOM TTPEAMOJ0KEHIN.

3anada KOH(UICHINAJILHOU Iepenadr COOOIEHUN COCTOUT B CJIELYIO-
meM. MmeroTces asa ydactuuka, Amuca u Bo6, KOoTopbie ABIAOTCA aDOHEH-
TAMU CETU CBA3U. YIACTHUKU COEIMHEHBLI 1 MPOBOAAMU, MO KAXKIOMY U3
KOTOPHIX MOXKHO TIEPECELIAThH COOOIIEHUA B 00€ CTOPOHEBI, HE3ABUCAMO OT
TOrO, YTO MPOUCXOAUT C APYrUMHE mpoBogamu. Hukakou obiien cexpet-
wou mupopmanuu y Asucer u Boba umsmadanbuo mer. Y Asucwkl mmeercs
KOH(DU JeHIMAIBHOE COOOIIeHne m, U 3ajada COCTOUT B TOM, ITOOBI €ro
KOH(DU IeHIMATBHEIM Ke 00pa3oM mepenaTs booy. [I[poTus yIacTHUKOB qen-
CTBYET aKTUBHBIM MPOTUBHUK, KOTOPHIA MOXKET MOJHOCTHIO KOHTPOJUPO-
BaThb He Gouee t IPOBOAOB. IIOMHBI KOHTPOIbL O3HAYAET, YTO IPOTUBHUK
MEPEXBATHIBAET BCE COOOIIEHUS, EPEqaBAEMbIe TI0 TAHHOMY MPOBOLY, U MO-
JKET 3aMEeHATh UX JIOOBIMU IPYTUMU COOOIIEHUIMU.

Ecau monoxure n = 1 u paccMaTpuBaTh MACCUBHOIO MPOTUBHUKA, KO-
TOPBIU TOJBKO MOACTYIIABAECT, TO MOJYINM KIACCUIECKYHO MOLETL CEKPET-
HOU CBsi3u, BBegeHHyO eme [llennonom. 3agada KOH(MU IEHIUATLHOU Tepe-
Ja49M COOOLIEHUN B 3TOU MOJEIN BCEr[a PelIAJach C IOMOIIBLI KPUIITO-
cucteM. Ho BBIZETEHME KPUMTOCUCTEM B OTIEJBHYI KATETOPUIO — 3TO,
ckopee, maub Tpaauiuu. Ha camom geme TpeGyeTcs IPOTOKOI KOH(UIEH-
[IIATHHON TIEPeNau COOOMIEHNN, TIPYU TIOCTPOSHUN KOTOPOT'0O UCIOIb3YHOTCA
Takue KpunTorpapuieckue IPUMUTUBBL, KAK aJCOPUTMBL MIUMPOBAHUAL U
nenmdppOBaHUs, MPOTOKON PACIPENeTeHusa KIooden u T.1. Hampumep, B
Ciydae KPUMTOCUCTEMBI ¢ OTKPBITHIM KJIIOYOM IPUMUTUBOM MOXKET OBITh
U TPOTOKOM DICKTPOHHOU MOMAMKUCH, €CAM TOT Oprad (UEeHTp NOBepus),
KOTOPOMY TOPYYEHO BECTU CePTUDUIMPOBAHHLIA CIPABOYHUK, 3aBEpAET
BCE OTKPBHITHIE KJIOUM, XPAHSAIIAECS B dTOM CIPABOYHUKE, CBOEU IO [N~
CBIO.

B mpegnoaoxenun n > 2t + 1 3a1a49a KOH(PUICHINAJLHOU IIE€pPEIAIN
COOOIIEHNN MOXET OBITH PEIIEeHA € MOMOIIBIO CAEAYIOIIErO MPOCTOrO IPO-
TOKOJIA.

[Ipex ge BCero 3aMeTuM, 9TO TIPU JAHHOM Tpeanonoxenun Amauca u Bob
UMEIOT abCOMIOTHO HAJEKHBIN OTKPBITHIM KaHAJI CBA3UW. Ecau, Hampumep,
Ance meobxomumo mocaaThb coobmenne x BoOy, TO OHa moOCLLIaeT T IO
KaXKIOMY U3 TPOBOJAOB, a8 B0OO BHIOMPAET M3 BCEX MONYIEHHLIX 3HAYCHUN
TO, KOTOPOE MOABUIOCH 110 Kpauuen mepe t + 1 pas.
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[Manee, mycTh ¢ — OOJBINOE TPOCTOE HUUCTO, ¢ > n. Anuca BLGUpaeT
caydanabiy noausoM Q(z) cremenu t Hax Z,. Illycres P = Q(0). Uges co-
cTouT B TOM, 4TOOHI nepegatt P Boby B kadecTBe 0JHOPA30BOIO KJIIOYA
s mudpa Bepuama. [Ipu 5ToM Hy)HO 00€CIEINTEL TAKYO MEpenady, ITo-
OBl IPOTUBHUK HE MOT' y3HAThH Hu4ero o suadenuu P. [lns sroro Anuca
HCIONB3YEeT MOPOrOBYIO CXEMY Da3JeleHus CeKPeTa, T.e. MOCHLTaeT 3Hatde-
ure Q(j) no j-my mposoay. Ilycte rj, j = 1...,n — 3HadeHme, KOTOPOE
Bo6 momyunt no j-my nposony. Ecau Bce n map (j,r;) mHTepmOIIpyOT-
Csl IOIMHOMOM CTEeMeHu ¢, TO mepefada ycrnemaa 1 bo6 MOXeT BHIYUCIUTH
04 P. Hanee Amuca n Bo6 06maioTcs 10 OIUCAHHOMY BEIIIE OTKPLITOMY
xanany. Eciu Bo6 momyuun xiaroa P, To oH yBemomisgeT o6 »Tom Asucy
CHeNUATBHBIM coobmenueM. Auuca BHYUCAAET U HOcbLiaeT BoOy kpumro-
rpammy z = (P 4+ m) mod ¢. Bo6 gemmudpyer KpunrorpaMmy # moJaydaeT
coobuenne m. Ecau napsr (j,r;) He HHTEPIOIXPYIOTCS IOIMHOMOM CTeIle-
uu t, To Bob6 mockLiaeT Bee T mapkl Asuce, KOTOPas OOHAPYKUT XOTA OBI
LI OQHOrO j, 4T0 1j 7# Q(j). flcHOo, 4TO0 B >TOM Ciydae IPOBOL KOHTPOIIH-
pyercsa mpoTuBHuKOM. Asuca mockrtaeT BoOy cnmcox BCeX TaKUX HOMEDPOB
J, I COOTBETCTBYIOIINE MPOBOLA HCKIOYAOTCI U3 paboTsl. Ilocre sToro
Anuca u Bob noBTOpAIOT BECh TPOTOKOI, UCIOIB3Ys OCTABIIMECA IPOBOIA.
HAcuo, uTo mocae He Gojee t MOBTOPEHWN IEpefada KJIH4Ua OyAeT yCHemr-
HOU.

[aHHBI TPOTOKOJ — TMPOCTEUIINYA BAPUAHT MPOTOKOIA, KOH(DUICHIIN-
aJIbHOU nepegadu cooduenun u3 padorst Josesa u gp. [24]. B sTon pabore
MIPEIJIOKEH 3HAUUTEILHO 001ee D(PPEKTUBHBIA TPOTOKOI, KOTOPHIN IIPUA TOM
JKe IPeANOoNoKeHnn 1 > 2t + 1 ABaseTca [oKa3yeMo CTOMKUM IPOTUB boee
CUJIBLHOT'O MPOTUBHUKA.

Ecav npoTwBHUK TACCUBHBIM, T.€. OH JUIIb IOACAYNIXBAET HE Oojee
t mpOBOAOB, TO 3ajJava KOH(MUIEHIMAJILHOU MEpeIadnd COOOIIEHUN Pela-
eTcsi COBCeM MpOoCcTO. MBI mpejaraeM IUTaTeqi0 B KAYeCTBE HECI0XKHOTO
YIPAXKHEHUSA CAMOCTOATENBHO CKOHCTPYUPOBATH COOTBETCTBYIOIIAU IIPO-
TOKOJI IpU 12 > .

ITpoTokon KOHOU IEHIINATEHON TIEPENatu COOOIICHUN ABIAETCA TOKA3Y-
€MO CTOUKUM B MPEANOJOXKEHUM, ITO TMPOTUBHUKY HE XBATAET PECYPCOB,
4TOOBI KOHTPOJUPOBATEH XOTSA OBI IOJOBUHY MPOBOAOB, KOTOPBIMU COEIU-
umensl Asuca u Bo6. DTOT pe3yrbTaT HABOAUT HA CICAYIOIINE PA3MBIILIE-
uus. Tak HA3BIBAEMBIU 3 IPABBIU CMBICI [0 ICKA3LIBAET, 9TO I/ TOCTPOEHUS
CUCTEMBI CEKPETHOU CBA3M LEIECOOOPA3HO CO3aTh 3aKPBHITYIO CETh CBS-
3, T.€. TAKyl, JOCTYI K KOTOPOU CUIbHO orpanuver. Ho, mo-Bugumomy,
IEUCTBUTEILHO HAJEKHOE PEIIeHNe CIeAyeT UCKATH B MPAMO MPOTUBOMO-
JIOXKHOM HAIPABICHUN: OOBEIUHUTL BCE CETU CBI3U B €QUHYIO OTKPBITYIO
CeThb C OYeHb OOJBIINM KOJIMIECTBOM COEIUHEHUU MEXKIYy KaxKIOU [Iapou
aboueHTOB. KOHEYHO, DTO — BCEr'0 JHUIIb TEOPETUIECKUE DPACCYKICHUS,
OTHOCAIIMECA K MATEMATHIECKOU MOAEIu peanbHbix cucrteM. Ho CKOIbKO
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pa3 eIe pe3yabTaThI, MOMYyIeHHbIE B MATEMATHIECKON KPUITOrpadu, KaK
7 B MOOBIX APYIUX HAYYHBIX AUCHUIIMHAX, 3aCTABAT HAC YCOMHUTHCA
B OYEBUAHOCTYU TEX PEIIEHUU, KOTOPHIE MOJACKA3LIBAIOTCA 3IPABBIM CMbI-
CJIOM.

8. BMmecTo 3akarouenusa

MaremaTuvieckas TeOpus KPUNTOrpaPUIeCKUX IIPOTOKOJIOB PA3BUBAET-
€Sl COBMECTHBIMU YCUIAAMY YIEHBIX Pa3iudHbix crpad. Cpeau aBTopoB pa-
00T, MOCBAIIEHHLIX TTPOTOKOIAM, BCTpedatoTcsa uMeHa maremaTukos CIITA
u Uapawnsa, Kanager u lomnanguu, Uramuu u flnounn, @paunuu u I'epma-
vuwn, [lanvu v Benrpuu. OTOT COUCOK MOXKHO MPOIOIKUTL. Y jums Hama
3aMedaTeNbHAs MATEMATUIECKAs IIKOJA MPAKTUIECKM HUKAKUX 3aCAyr B
aTOU 06MACTU HE UMeeT. ByaeM HANEATHCA, 9YTO B HEJAJEKOM Oy IyLIEM CU-
Tyalua U3MEHUTCA U He 6€3 yJIacTusa KOrO-Ju60 U3 HAIUX IUTATETCH.
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AnropurmMuydeckue npo6eMbl TEOPUU THUCET

1. BBegenue

Bompoc «ax cocunTaTh?» BCErqa COMYyTCTBOBAI TEOPETUKO-INCIOBBIM
uccaegoBauuaM. Tpynel EBximaa u Juodanra, Pepma u dunepa, Laycca,
YeObbimeBa n IpMUTA, COAEPKAT OCTPOYMHBIE U BECbMa, DXP(PEKTUBHEIE AJ-
rOpUTMBL pemeHus AMOMAHTOBLIX YPABHEHWUU, BLIACHEHUS PA3peIIuMOCTH
CPABHEHUU, TIOCTPOEHUA GOJBIINX MO TEM BPEMEHAM MPOCTLIX YUCET, HaX0-
XK ICHUA HAUMYININX TPUOINKEHUN U T. . Be3 mpeyBeIudeHus MOXHO CKa-
3aTh, 9TO BCsI TEOPUS HUUCEJ NMPOHU3AHA aIropuTMaMu. B mocaennwe aBa
IeCATUICTUA, O6aarogapsa B MEPBYIO OUYepenb 3alIpocaM Kpunrorpaduu u
IIMpPoOKOMy pacmpocTpanenuio DBM, uccregoBanus mo airopuTMudecKum
BOIIPOCAM TEOPUU UUCEJ MEePEXKUBAIOT MEePUON OYPHOT'O M BECHMA ILIOTO-
TBOPHOI'O pa3BuTusa. MBI KPATKO 3aTPOHEM 3[eCh JUIIb T€ AJITOPUTMUIE-
CKUEe aCIeKTHI TEOPUU UUCEJ, KOTOPHIE CBA3AHBI C KPUMTOrPAMUICCKIMUI
TIPUMEHEHUAMU.

BrraucianrenbHble MAIIUHBL U 3JEKTPOHHBIE CPEICTBA CBA3U IPOHUKIIN
MPAKTUIECKN BO BCE Chephl IeJ0BEIECKON TeaTeabHocTu. Hembicanuma 6e3
HEUX u coBpeMenHas kpunrorpadpusa. Mludpposanne u semmdppoBaHme TEK-
CTOB MOXHO IPEICTABIATE cebe KaK MPOIECCHl MepepadOTKU HMETbIX UUCe
npu nomomm DBM,; a cnocobbl, KOTOPEIMU BHIIOJIHAIOTCA DTU OMNEPALNN,
KaK HEKOTOpHBIe (DYHKIINU, OIPENETeHHBIE HA MHOXKECTBe IeIbIX ducen. Bee
DTO METaeT €CTECTBEHHBLIM MOSABICHNE B KPUNTOrpaduu METOIOB TEOPUU
gucea. Kpome TOro, cTOMKOCTbL PsAga COBPEMEHHBIX KPHUITOCUCTEM 000-
CHOBBIBAETCS TOJBKO CJAOKHOCTBHIO HEKOTOPBIX TE€OPETUKO-IUCIOBBIX 33,145
(cm. [22]).

Ho BosmoxmocT OBM umeroT omnpenenenubie rpauuisl. [Ipuxonurcs
pa3buBaTh IMHHYIO OA(GPOBYIO IOCIENOBATEJBLHOCTL HA OJOKH OrpaHU-
YEHHOU [IWHBEL U MU(PPOBATL KAX LI TaKOU OJOK OTAEAbHO. Mbl Oymzem
CUMTATh B JAJBLHEUIIEM, UTO BCE MUMPPYEMBIE IEIBIE YUCAA HEOTPUIIATE -
HBL 1 [0 BEJIXYVMHE MEHbIIE HEKOTOPOI'O 3aJaHHOIO (CKaKeM, TeXHUIEeCKU-
MU OTDAHWYEHUAMM) GUCIa M. TakuM xe ycaoBuaMm OyIyT yIOBIETBOPATH
U 49KCIa, TOLYYaeMbIe B IPOLECCe MUMPOBAHUA. JTO MO3BOIAET CIUTATH
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U Te, U ApYyTHUe {YNUCIa dIeMeHTaMu KOJbLa BerdeToB Z/mZ. Mudpyomasn
(byHKIMA TP >TOM MOXKET PacCMATPUBATBCA KAK B3aUMHOOTHO3HATHOE
OTOOPAKEHNE KOJIEI BLITETOB

f:Z/mZ — Z/mZ,
a gucao f(z) npegcraeaser cobou cooOLeHME T B 3aupPOBAHHOM BU-
ne.

ITpocrentuu umdp Takoro poga — mmdp 3aMeHbI, COOTBETCTBYET 0TO-
6paxenuto f: x +— x + k mod m npu HEKOTOPOM (PUKCUPOBAHHOM LIeJIOM k.
IMoxo6ubm mmdpp ncmoabzosaa eme Huun Hesaps. Konedno, He kaxgoe
oToOpaxenue [ MOAXOAWT MJIA HEJEHd HANEXKHOTO COKPBITUA HH(POPMAIUNA
(moapobuee 06 >ToM cM. raaBy 1).

B 1978 r., cm. [1], amepuxanust P.Pusect, A.Mamup u JI. Anneman
(R.L.Rivest, A.Shamir, L. Adleman) npegmoxwuiu npumep Qyskimuu f,
o6 Iaomen PAIOM 3aMeIaTeIbHEIX JOCTOMHCTE. Ha ee 0CHOBe ObLTa IMO-
CTPOEHA PEATBHO WCMIOIb3yeMas CUCTEeMa MMU(POBAHUA, MOIYIUBIIAA Ha-
3BaHUE [0 NEPBLIM OyKBaM MMeH aBTOpoB — cucteMa RSA. Ora Qpyukius
TAKOBa, ITO

a) CyIIeCTBYeT TOCTATOYHO GBICTPLIN ATNOPUTM BEIMHCICHUS 3HAMEHTN
f(@);

6) CymecTByeT JOCTATOTHO OBICTPHIA AMMOPUTM BEITUCICHU 3HATCHU
obpatron dyskn 1 (z);

B) dyukuusa f(x) 06Ia1aeT HEKOTOPHIM «CEKPETOM», 3HAHNE KOTOPOI'O
MO3BOMIAET GBICTPO BEIMUCAATH 3HaMeHUA f 1 (Z); B IPOTUBHOM Xe CIydae
BErMUCIeHWE f ' (T) CTAHOBUTCA TPYAHO PA3PENIAMON B BEIMHCIATETHHOM
OTHOIIEHUN 3a1ader, TPeOyoIen I CBOEr0 PElIeHrns CTOIb MHOIO Bpe-
MEHM, YTO MO €ro MPOMECTBUH 3andPOBAHHAL UH(MDOPMAIUA MEPECTALT
IPEACTABIATL UHTEPEC IJIA JINM, UCIOAL3YIOMUX OTOoOpaxeHue f B Kade-
cTBe mudpa.

[Moapo6uee 06 0TOOpAKEHUAX TAKOT'O COPTA U BO3MOXKHOCTAX UX HUC-
TIOTH30BAHUSA B KPUNTOrpaduu paccKa3aHo B IaBax 1, 2.

Eme no Beixoga n3 nevatu crarsu [1] komus nokmtaga B Maccadycerc-
ckoM TexXHOIOrMIeCKOM UHCTUTY TE, MOCBAIEHHOrO cucTeme RSA, 6buia no-
CJIaHA M3BECTHOMY mmomyasapusaropy maremaruku M. [apauepy, xoTopbin
B 1977 r. B xypuaue Scientific American omy6auxosan crarsio [2], mocss-
[IEHHYIO DTOU cucTeMme mudpoBanus. B pycckoM mepeBoe 3ariaBue CTaTbu
Dapauepa 3Byuut Tak: Hoswil 6ud wudpa, na pacuu@posry xomopoz0 no-
mpebyomes Muauonbt Aem. VIMEHHO cTaThA [2] ChIMpana BayKHENIIYIO POJIb
B pacupocrpanenun uudopmanun o6 RSA, mpusnekna k xkpunrorpadun
BHUMAHUE MHAPOKUX KPYTOB HECIELIUATUCTOB U (PAKTUIECKN CIIOCOOCTBOBA-
Ja OypHOMY MPOrPeccy >TOU 06JACTH, MPOU3OIIEANIEMY B HOCIEJOBABIIIE
20 mer.
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2. Cucrema mmeppoBaaua RSA

B mambuenmeM MBI OyIeM MPEANONaraTh, YTO YATATETL 3HAKOM C DJIe-
MEHTAPHBIME (PAKTAMEI TeopUU Juces. Tex xke, KTO XOTesx ObI 03HAKOMUTHCS
C HUMHI WIM HAIOMHUTE ce6e 5Tu (paKTHI, MBI OTCHIIAeM K KHure [3].

IIycte m u e marypaabube uucia. Pyuxuusa f, peanrusyomas cXemy
RSA, ycTpoena cienyoumm 06pa3om

f:x — z° mod m. (1)

Mus nemmdposanus coobuenus a = f () ZOCTATOYHO PEMIUTH CPABHEHUE
e

z° =a (mod m). (2)
[Ipr HEKOTOPEIX YCAOBUAX HA M U € DTO CPABHEHUE MMEET €IUHCTBEHHOE
pelenue .

[ TOro, 9TO6LI OMUCATE ST yCIOBHS U OOBACHATE, KAK MOXKHO HAH-
TU pelleHne, HaM MOTPEOYeTCA OIHA TEOPETUKO-IUCIOBAA (DYHKIMA, Tak
HazbiBaeMas GyHKIUsS Dunepa. JTa PyHKIUA HATYPAJIBHOTO apryMEeHTa M
o6o3HaIaeTCA (M) U PABHAETC KOIXIECTBY LEJIBIX IUCEe] Ha OTpe3ke oT 1
10 m, B3ammHO pocThx ¢ m. Tax p(1) =1 u ¢(p”) = p"~(p — 1) n1a mo-
60ro mpocroro yucia p u Harypaasaoro r. Kpome Toro, p(ab) = ¢p(a)e(b)
[JISL TEOOBIX HATYPAJbHBIX B3AUMHO MPOCTHIX ¢ U b. DTU CBOUCTBA MO3BOJA-
IOT JIEFKO BBIYUCIUTD 3HaUeHUE (M), eC/y U3BECTHO PA3JIOKEHNe TUC/Ia M
HA [POCTHIE COMHOXKUTEIIN.

Ecau nokasarens crenenu e B cpaBHeHun (2) B3amMHO HpPOCT ¢ ¢(m),
TO cpaBHeHUE (2) UMeeT eJUHCTBEHHOe perteHue. /s Toro, 4To0b HAUTH
€ro, OIpeneInM Hea0e Iucio d, yIOBIETBOPAIOIIEE yCIOBAAM

de=1 (mod p(m)), 1<d<p(m). (3)

Takoe YuCI0 CYIIEeCTBYET, MOCKOIBKY (e, p(m)) = 1, u npuToM eIuHCTBEH-
HO. 37eChb U gajee cuMBOIOM (a, b) OyxeT 0603HAIATHCA HAUOOIBIIAN OOLIUI
gemuTeb ducen a u b. Kiraccudeckas reopema Duepa, cM. [3], yreepxaaer,
9TO LA KAXK JOr0 YUCIA X, B3AMMHO IPOCTOTO C 17, BLIOJHAETCA CDABHEHNE
290 =1 (mod m) u, cregoBaTeIbHO,

ol =z% =2 (modm). 4)

Takum obpasom, B npeamotoxenuu (a,m) = 1, eAUHCTBEHHOE DeIIEHUE
cpaBHeHusa (2) MOXKeT OBITH HAUJEHO B BUIE

r=a’ (mod m). (5)

Ecru momosHATEIBHO TPEANONOKATE, ITO YUCIAO 71, COCTOMT W3 Pas-
JIMIHBIX OPOCTBHIX COMHOXKUTENEH, TO cpaBHeHue (5) GyLeT BBIIOJHATHCI K
6e3 npegnoaoxkenusa (a,m) = 1. [MeucrBurensro, o6osuadum r = (a,m) u
s = m/r. Torga ¢(m) gemurcsa Ha @(s), a us (2) cregyer, uro (z,s) = 1.
Mogo6ro (4), Teneps Jgerko maxomgum = a’ (mod s). A xpome Toro, nume-
em z =0 = a? (mod r). Horyumsnmecs cpasmenus B cury (r,s) = 1 naooT
HaM (5).
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®yukuua (1), npuaaras B cucreme RSA, MOXeT GBITH BLIYUCIEHA NO-
crarouno 6wicTpo. Kak sTo cpenars, mbr o6cyaum 4uyTh Hmxke. Iloxa ot-
MeTHM JuIIb, 4T0 obparHas K f(r) dyskuua f~1: z — z? (mod m) BeI-
YUCIACTCA IO TEM XKe IpaBuiaM, 9To u f(x), JUIIb ¢ 3aMEHOU MOKa3aTeNa
crenenu e Ha d. Taxum o6pasom, s ysakuuu (1) OyLyT BBIIOIHEHBL yKa-
3aHHBIE BHILIE CBOMCTBA a) U 0).

s Beraucaenus gyukuuu (1) TOCTATOYHO 3HATH JUIIL YUCAA € U 1.
WMeHHO OHM COCTABIAIOT OTKPBITHIM KIOY I mmudpoBanus. A BOT mis
BREIYUCACHU 00paTHON (byHKIUKA TPeOyeTCsa 3HATH YUCTO d, OHO U ABIAETCA
«CEKPeTOM», 0 KOTOPOM pedb uieT B myHkTe B). Kasamock Obl, HUYIEro He
CTOUT, 3HAA YUCJIO 1M, PABTOKUTH €r0 HA MPOCTHLIE COMHOXKUTETN, BBIUU-
CJAUTH 3aTEM C MOMOIIBI U3BECTHBIX TPABWI 3HAUEHUE (M) 1, HAKOHEI, C
nomowsio (3) onpegeauts HyxkHOE duciao d. Bee maru sToro Beraucienus
MOryT OBITH PEAJU3OBAHBEI JOCTATOYHO OBLICTPO, 3a UCKIIOYECHUEM IIEPBO-
ro. menno pasioxeHue 4ucia m HA OPOCTHIE MHOXKUTEIA M COCTABIAET
HanboJIee TPYJOEMKYI0 YaCTh BEIYUCJACHUU. B Teopuu Imucen HeCMOTPSA Ha
MHOT'OJIETHIOIO €€ UCTOPUIO U HA OY€Hb WHTEHCUBHBIE [IOUCKU B TEYEHUE I10-
caequux 20 geT, >3(pPHEKTUBHLIN ATTOPUTM PABIOKEHUA HATYPATBHBIX TUCET
Ha MHOXUTEIN TaK U He HaugeH. KOHeYHO, MOXKHO, mepebupas BCe MPOCTHIE
qmcaa 1o /m, u, meJs Ha HUX M, HaUTH Tpebyemoe pasnoxenue. Ho, yuau-
THIBAS, YTO KOJIUYECTBO MPOCTHIX B DTOM MPOMEXYTKE, aCUMITOTUIECKA
pasuo 2¢/m - (Inm) ™!, cm. [5], r. 5, HAXOAUM, ITO TIPU M, BATMCLIBAEMOM
100 gecaTuunbiMy IndpaMu, HangeTca He MeHee 4- 1042 mpocThIx uncen, Ha
KOTOPBIE MPUAETCS JEJUTH M IPUA PABIOKEHUN ero Ha MHOKUTe . QueHs
rpyOble MPUKU KA MOKABBIBAIOT, YTO KOMIIBIOTEPY, BHIMOIHSOIIEMY MUAJLIA-
OH JeJeHUH B CEKYHIY, IIA Pa3ioKeHus wucaa m > 10%° Taxmm cmocobom
Ha IPOCTHIE COMHOXKHUTEIN noTpebyerca He Meree, dem 103 meT. MaBecTHED
u 60see dPpPEeKTUBHBIE CIOCOOBI PABIOKEHUS IEJBIX IUCET Ha MHOXUTEN,
YeM IPOCTOU mepebop IPOCTHIX JEIUTENEN, HO U OHA PA00TAIOT OYE€Hb MEJI-
menno. Takum o6paszom, HazBauue craTbu M. ['apaHepa BIoHE OmpaB IaHO.

AsTopEr cxeMbr RSA mpennoXuim BEIOUPATE YUCIO M B BAIE TPOU3BEIE-
HUA IBYX IPOCTHIX MHOXKUTENEH P U ¢, IPUMEPHO OAUHAKOBBIX 110 BEJIUIUHE.
Tak xax

p(m) = ¢(pg) = (p - 1)(g - 1), (6)

TO eIVHCTBEHHOE YCJIOBME HA BLIOOD MOKA3ATeNs CTENEeHH e B OTOOpaiKe-
uun (1) ectsb

(e,p—1)=(e,q—1) =1 (7

Nraxk, 11110, 3aMHTEPECOBAHHOE B OPraHU3anny IndPOBAHHON IEPEINC-

KU ¢ TIOMOIIBI0 cxeMbl RSA, BEIOMpaeT IBa JOCTATOYHO GOJBIINX HPOCTHIX

awmcaa p u . llepeMHOXKAA UX, OHO HAXOAWUT TUCIAO M = Pq. 3aTEM BEIGHPa-

eTCs 9UCIO0 €, YAOBIETBOPSoIIee YCIOBUAM (7), BBIMUCIAETCA C MOMOIIBIO

(6) aucio p(m) u ¢ nomoupo (3) — uucao d. Uucia m u e nybauxyorcs,
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qucao d ocTaeTca CeKpeTHBIM. Temepnb 00U MOXKET OTIPABIATH 3AIN-
¢poBanHble ¢ nOMOUIBLIO (1) COOOLIEHU OPraHU3ATOPY DTOU CUCTEMEI, a
OPraHU3aTOP JErKO CMOXKET Iemu(POBLIBATE UX C HOMOLIBIO (5).

[na wrnocTpanuu cBoero merona Pusect, [lamup u A qmeman 3armm-
dpoBan TaKUM CIOCOGOM HEKOTOPYI0 aHrauuckyioo ¢pasy. CHadara oHa
cragapTabM o6pasom (a=01, b=02, ..., z=26, mpo6en=00) Gbuia 3amuca-
HA B BIIE IEJOr0 IUCIA T, & 3aTEM 3aupPOBAHA, C IIOMOIILIO OTOOPaKEeHUs
(1) mpnm

m =11438162575788886766932577997614661201021829672124236256256184293
5706935245733897830597123563958705058989075147599290026879543541

u e = 9007. OTu nBa yucaa ObUIM OMyOJIMKOBAHBI, TPUYEM TOTIOJIHUTEIHLHO
COOOLIATIOCH, 9TO M = pPg, TAE P U ¢ — MPOCTHIE YUCJIA, 3AMUCHIBAEMBIE
COOTBETCTBEHHO 64 1 65 necaTuvyHbIME 3HaKaMu. [lepBoMy, KTO pemmudpyeT
COOTBETCTBYIOIIEE COOOIIEHUE

f(z) =9686961375462206147714092225435588290575999112457431987469512093
0816298225145708356931476622883989628013391990551829945157815154,

6bL1a obemana Harpajga B 100%.

OTa umcropus 3aBepumiach cnycts 17 ger B 1994 r., cm. [5], xorga
D. Atkins, M. Graff, A. K. Lenstra u P. C. Leyland coobumiu o permu-
dposxe dpassr, mpestoxennoi B [1]. Onal) GbLTa BBIHECEHA B 3ar0JOBOK
cTaThu [5], & COOTBETCTBYIOIIME YUCIA P U § OKA3AIUCH PABHBIMUA

p =3490529510847650949147849619903898133417764638493387843990820577,
q =32769132993266709549961988190834461413177642967992942539798288533.

Wurepecyromupecs MOry T HAUTY AeTaau BEIYUCICHUR B padore [5]. 3xech
K€ MBI OTMETHM, YTO DTOT 3aMEYATEJIbHBI DPE3yabTaT (pas/okeHue Ha
MHOXKUTEU 129-3HAYMHOrO JECATUIHOrO YUCIa) ObLI JOCTUIHYT OJIarogaps
KCIOJB30BAHUIO AJITOPUTMA PABJIOKEHUs GUCET HA MHOXKUTEIN, HA3BIBAE-
MOr'0 METOLOM KBAAPATUIHOIO pelnera. BLINOIHEHNEe BEIYUCIEHUN TOTPE-
60BATO KOJOCCAMTBHEIX PECYPCOB. B paboTe, BO3TIABMABIICUCA UETHIPHMS
aBTOPAMU TIPOEKTA, U TPOJOIKABIIEUCA TOCIE MPEIBAPUTETHLHON TEOPETHU-
YECKOU MOATOTOBKY mpuMepHo 220 nHen, Ha JOOPOBOIBHBIX HAYAIAX yIACT-
BoBaJso 0k0J0 600 YemoBek u mpuMepHo 1600 KOMTBIOTEPOB, 0OBEIUHEHHBIX
cernio Internet. Hakonemn, ormerum, aTo npevus B 100$ 6u1a mepenana B
Free Software Foundation.

D The magic words are squeamish ossifrage. IlpuBeseM mepeBos ABYX MOCHEIHIX
CJIOB, BXOIAIIAX B OTY, IO BCEU BUIUMOCTH, OECCMBICICHHYIO (hpa3y:
squeamish — Gpe3rIUBBINA, IPUBEPENINBBIN, 00U IUUBBIN;
ossifrage — ckoma.
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Onucaunas Beime cxema RSA cTaBuT psg BOIPOCOB, KOTOPHIE MBI U ITO-
npobyem obcyauTh Huxke. Hampumep, Kak MIPOBOAUTEH BBIYUCICHUASI C OOMb-
[IMMU YUCJAAMY, BeIb CTAHAAPTHOE MAaTEMATUYIeCKOe OOecrHedYeHue He I[o-
3BOJIIET MEPEMHOXKATH YUCIa pasMepoMm mo 65 mecarumunbix 3HaxoB? Kak
BBIYUCJAATE OPPOMHBIE CTEeHU OOMbIUX Iucen? ITo 3HAYUT OLICTPBLIN AJl-
TOPUTM BBIYUCICHU X UTO TAKOE€ CIOXKHAs BRIMACIATENIbHAS 3anada’ ['ne
B3ATH O0sbInue TpocThie yncia? Kak, Hanpumep, MOCTPOUTH MPOCTOE YUCIO
B 65 mecaTuyunbx 3HAKOB? CyIIECTBYIOT JU APYTHUE CIOCOOLI PEIIEHUS CPAB-
uenus (2)7 Begp, ecaiu MoxHO HanTy pertenue (2), He BBIMUC/IAL CEKPETHHIN
[IOKa3aTeJb d WK He PAa3iIaras IucjaoO M Ha IPOCTHE COMHOXUTENH, 13 €Ile
cleraTh dTO JOCTATOYHO OBICTPO, BeA cucTeMa RSA paspamusaerca. Ha-
BEPHOE, YUTATENI0 MOT'YT IPUUTH B T'OJOBY U APYTUE BOMPOCHL.

Haunewm ¢ xonma. 3a 17 jger, npomeammx Mexay nyoaukanuaMu paboT
[1] u [5], HUKTO Tak U He cMOr AenmppPOBATH IPEIOKEeHHY 0 aBTopamu RSA
dpasy. Koneuno, 570 Bcero Jumb KOCBEHHOE MOATBEPKIEHUE CTOUKOCTH
cucrtembl RSA, HO Bce xe noctaTodno ybegurenbuoe. Huxke Mbr 06Cy 1um
TeopeTuyIeckue IpobIeMbl, BO3HIKAIOIINE [IPU PEIIeHNN TOJMHOMUATHHEIX
CpPaBHEHUH.

Mzt He GygemM 00CyX)AaTh, KAK BBITOAHATL ApU(PMETUICCKIE TeUCTBUA
¢ OONBIMIMMY IMENBIMI IUCIAMU, PEKOMEHIYeM IUTATETI0 0O0PATUTLCA K 3a-
medarersron kKHmkke . Kuyra [6, rua. 4]. 3aMeTuM TOIBKO, ITO GOIBIIOE
9KCJI0 BCEra MOXKHO Pa3OUTh HA MEHbIIE OIOKY, C KOTOPBIMU KOMIIBIOTED
MOXKEeT OIIEPHIPOBATH TAK XK€, KaK MBI OIepUPYEM € IuMPAMU, KOT' Ta IPOBO-
[OUM BBIYUCJIEHUsI BPY4IHYIO Ha Oymare. KoHedHO, I/ 5TOr0 HYXKHBI CIIEIV-
anpHble TporpaMMbl. CO3MaHbI U MOAYYMIN JOCTATOTHO HIMPOKOE PACIPO-
CTpaHEHUE JaXe CIEIUANbHBIE I3BIKU IPOrPAMMUPOBAHUS JJI BEIYUCICHUN
¢ GOMBIUMY YuCTaMu. YKaxeM 31ech asa u3 uunx — PARI u UBASIC. Otu
SI3BBIKM CBOOOMHO pacnpocTpassorcs. UHpopManuo 0 ToM, KaK UX IIOJIYy-
YUTH B [OIL30BaHUE, MOXKHO HAUTK B KHure [17].

3. CI0XHOCTBH TEOPETHUKO-YHCIOBLIX aJIrOPUTMOB

CJI0XHOCTD AITOPUTMOB TEOPUU TUCEN OOBIMHO MPUHATO U3MEPATH KO-
JIMYECTBOM apUOMETHIECKUX onepanuil (CJI0XKEHUN, BEIYUTAHUN, YMHOXKE-
HU U JEJEHUI C OCTATKOM ), HEOOXOQUMBIX A BEIIOJTHEHUA BCEX TCUCTBUNL,
IPEMNUCAHHLIX ATCOPUTMOM. BIIpovYeM, 5TO ONpeIeIeHne He yIuTHIBAET Be-
JUYWHEL 9ACENT, YIACTBYIOIINX B BEIYUCICHUAX. SICHO, ITO MEPEMHOXKUTE B,
CTO3HAYHBIX YUC/IA 3HAYUTEMLHO CIOKHEE, IeM MBa O THO3HATHEIX, XOTS MIPH
DTOM U B TOM, U B IPYT'OM CIydae BBITOJHACTCA JUIL OJHA apudMeTude-
ckas omepanus. [103ToMy HHOD A YIUTHIBAIOT €IIIe U BEIUIUHY TUCEJT, CBOIA
IeI0 K TaK HA3BIBAEMBLIM OUTOBLIM OMEPAIMAM, T.€. OIMEHUBAA KOJMIECTBO
He06X0qUMBIX onepanuu ¢ mudpavu 0 u 1, B IBOUTHON 3AMUCA IUCET. DTO
3aBUCUT OT PACCMATPUBAEMON 3a1a4u, OT LieJel aBTopa U T. 1.
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Ha mepBBIN B3MVIAL CTPAHHBIM TAKXKE KAXKETCHA, UTO OMEPAIUA YMHOKE-
HUS ¥ [JeJeHUs [IPUPABHUBAIOTCS 110 CIOXKHOCTU K ONEPAIVM CJIOXKEHUs U
BEIYUTAHUA. 2KUTENCKUN OMBIT HOACKA3BIBAET, 9YTO YMHOXKATH IUCIA 3HA-
YUTENBHO CJAOXKHEE, YeM CKIAIBIBATH UX. B NEeNCTBUTEILHOCTHU KE, BHIUU-
CJIEHUSI MOXKHO OPraHI30BaTh TaK, ITO HA YMHOXKEHUE UK [eJeHue OOIBIIIX
q1Ces TOHAJO0UTCA He HAMHOI'O OOJIBIIEe OMTOBLIX OMEPALH, 9eM Ha, CJIOKE-
uue. B kuure [7] onucwiBaercs anropurm [léuxare — lrpaccena, ocaoBan-
HBIU HA TaK HA3LIBAEMOM OLICTPOM mpeobpasoBanuu Pypbe, u TpeOyoIun
O(nlnnlnlnn) GuroBsix OnEepanUyl 41 yMHOXKEHUS ABYX N-Pa3psgHBIX JBO-
UYHBIX 9ncet. TakuM xKe KOIMIeCTBOM OUTOBBIX OMEPAIMA MOXKHO OOOUTUCH
[IPY BBINOJHEHUN [EJIEHUS C OCTATKOM ABYX ABOWYHBIX IUCEJ, 3AIMMCHIBAE-
MBIX He Oouee, uyeMm n uuppavu. s cpaBHEHUs OTMETHM, UTO CJIOXKEHUE
N-Pa3pAIHLIX IBOUYHBIX Yucea Tpebyer O(n) GUTOBBIX ONEPALUN.

loBops B 5TON cTaTbe O CJIOKHOCTU AITOPUTMOB, MBI OyIeM UMETH B
BUIY KOJUYECTBO apudmerudeckux omneparuu. [Ipu moctpoervn adpdek-
TUBHBIX AJITOPUTMOB U OOCYXKAEHUM BEPXHUX OLEHOK CJIOXKHOCTU OOBIYHO
XBaTaeT MHTYUTUBHBLIX TOHATUAN TOU 0OJACTH MATEMATUKN, KOTOPOU TPU-
HaAIeKUT anroputM. PopMaTU3aNU K€ DTUX TOHATUU TPeOyeTCsa JIUIIb
TOra, KOrga Pedb uaeT 00 OTCYTCTBUH AJCOPATMA WIM JOKA3ATEJbLCTBE
HIKHIX OLIEHOK CJI0XKHOCTU. Bomee neTanbHOEe u hopMaTbHOE 0OCYXK IeHUE
3TUX BOIPOCOB CM. B IVIaBe 2.

[IpuBegem Tenepb MpUMEPHI TOCTATOYHO OBICTPHIX AITOPUTMOB C OLIEH-
KaMU UX CIOXKHOCTU. 3AECh U B JAJbHEUIIEM MBI He Oy IeM MPUIeDKUBATHCA
G OPMATBLHOTO OMUCAHUSA AJITOPUTMOB, CTAPAACH B MEPBYIO OYepenb 0OBSIC-
HUTb CMBIC] BEINOJHAEMBIX IEHCTBUMN.

Crrenyrommuin anmroputy™ Berauciger a mod m 3a O(lnm) apudmerme-
ckux omepamuu. [Ipy 5TOM, KOHEIHO, MPEATONIATACTCA, YTO HATYPATLHBIE
qucaa a u d He IPEBOCXOAAT [0 BeJUYIUHE M.

d

1. Anropurm eBerumciaeHus a® mod m

1. IIpeacraBum d B aBowdHOU cucreme cuuciaeHus d = dp2" + ---
-+ +dpy—12 4+ d,, rae d;, tudpel B JTBOMIHOM IIPENCTABIEHUU, PAB-
el 0 wim 1, dy = 1.

2. IMonoxum ag = a u 3arem mis ¢ = 1,...,7 BBEIYUCIAM

d;

a; =a?_, -a” (mod m).

4 mod m.

3. a, eCTh UCKOMBIU BEIYET @
CropaBeJIuBOCTL DTOrO AJTOPUTMA BHITEKAET U3 CPABHEHUA

a; = qho? +-+di (mod m),

JIETKO NOKA3BIBAEMOI'O MHIYKIMEH IO .

Tak xak kaxg0e BEMUCIEHUE HA Imare 2 TpedyeT He 6oaee TPeX yMHOKe-
HUU [T0 MOJYJIO 111 M DTOT IIAT BHIIOAHAETCA ' < 10g, m pa3, TO CI0KHOCTH
aIropuTMa MOXeT ObITh oneHeHa Beaunduson O(lnm).
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Bropon aaroputM — 3TO KJIACCUIECKUU ANTOPUTM EBKIMIA BBIYUCTE-
HUsA HAOOJIBIIEro OOIIEro TeJUTe/Is Heablx ducen. Mul mpegnonsaraeM 3a-
JAHHBIMYU [BA HATYPAJIBHBIX YUCIA G U b M BBIMUCIAEM WX HAUOOJIBIIAU
o6 geaurens (a, b).

2. Aaroputm EBKanmga

1. Berameaum r — ocTaToK OT genreHus buciaa a Ha b, a = bq + r,

0<r<hb.

2. Ecau 7 = 0, TO b eCThb UCKOMOE HUUCJIO.

3. Ecau r # 0, To 3amenuM napy [ucen (a,b) mapou (b,r) u nepeungem

mary 1.

He ocramaBauBasich Ha OOBACHEHUN, TOYEMY QJTCOPUTM AEUCTBUTEIHHO
Haxoaut (a,b), TOKaxKeM HEKOTOPYIO OLEHKY erO CJIOKHOCTH.

Teopema 3. IIpu sbiuucaenuu naubospbuieeo obujeeo deaumens (a,b) c no-
mowpio anzopumma Eexauda 6ydem evinoaneno me boaee S5p onepauut de-
AEHUA C OCTRAMKOM, 20e P eCb KOAUUECTNB0 YuPp 6 JecAMuUUHOT 3aNUCY
MeHbULe20 U3 uucea a u b.
Hoxka3areabcTBo. lomoxum rg = a > b u ompenenum ri,72,...,7, —
MOCJAEOBATENBHOCTE NEIUTENEN, TOABIAIOIIAXCA B MPOIECCE BHIMOIHEHUA
mara 1 amropurma EBkiuga. Torma

ro=0b,..., 0<rjpy1<r;, 1=0,1,...n—1.
IIycte Takxke ug = 1, vy = 1, ugpy1 = ug + ug—1, £k = 1, — mocaexo-
BarerbHOCTE Pubonawn. Munykuumen mo ¢ or ¢ = n — 1 go ¢ = 0 Jjerxo
JOKA3BIBAETCA HEPABEHCTBO Tipi > Unp—_i. A Tak kax u, > 10"~1/5 1o
nmeeM HepaseHcTsa 10P > b =1 > u, > 10""V/5 un < 5p+ 1.

Hemuoro moanpasus anroputMm EBknnma, MOXHO ZOCTATOYHO OBICTPO
pemars cpaBaenus az = 1 (mod b) upu ycaosun, uro (a,b) = 1. Dra 3aza-
Ya PABHOCWIbHA IMOUCKY LEIBIX PEIIeHun ypaBHeHus ax + by = 1.

3. AuropurM peutenus ypaBuenus ar + by = 1

0. Onpenemum matpuny E = ((1) (1)>

1. Berameaum r — OCTATOK OT OeJIeHWS 4uciIa a Ha b, a = bq + r,
0<r<hb.

2. Ec r = 0, To BTOpOU CcTOJ0El MAaTpulbl F naeT BEKTOP (Zaj) pe-

LIEHUH YPABHEHNA.

3. Ecau r # 0, To 3amenum marpuiy F marpunen E - ((1) —1q>
4. 3amenum napy uucern (a,b) mapon (b,r) u mepengem k mary 1.

Ecau 0603nauuTh uepes Ej, Marpuily F, BOZHUKAIOIIYIO B IPOIECCE Pa-
60THL AIrOpUTMa Hepej waroM 2 nocte k geaeHunn ¢ ocrarkoM (mar 1),
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TO B 0603HAYEHUAX U3 JOKA3ATEIHCTBA TEOPEMEI 1 B 3TOT MOMEHT BBITION-
HAETCSI BEKTOPHOE paBeHCTBO (a,b) - B, = (ri_1,r;). Ero gerko nokasars
nuaykiuen 1o k. [Tockonbky ducia a u b B3aMMHO IPOCTHL, UMeeM T, = 1, 1
DTO MOKA3LIBAET, UTO AJICOPUTM NEUCTBUTEILHO TAET PEIICHUE YPABHEHUA
ax + by = 1. Bykson n Mbl 0603HAMUIN KOJUIECTBO AEAEHUN C OCTATKOM,
KOTOPO€ B TOYHOCTH TAaKOE XKe, KAK U B aaropurme EBknuma.

Tpu npuBeIeHHBIX BBINIE AJCOPUTMA, OTHOCATCSI K PA3PALY TaK HA3BI-
BAEMBIX MOJIMHOMUAJBHEIX AJCOPUTMOB. DTO HA3BAHUE HOCAT AJTCOPUTMEL,
CIOKHOCTH KOTOPBIX OLIEHWBAETCA CBEPXY CTEINEHHBIM 00pPa30M B 3aBUCH-
MOCTHU OT JJIMHBI 3AIKACH BXOAIMX 9uce] (CM. IOAPOGHOCTH B ruase 2).
Ecan mambosbinee u3 vucen, moIaBaeMBIX HA BXOJ aJCOPUTMA, HE MPEBOC-
XOIUT M, TO CAOKHOCTL AITOPUTMOB DTOT'O TUIA, OLEHUBACTCA BEIMIUHON
O(In°m) , roe ¢ — HekoTOpas abCOMOTHAA MOCTOAHHAsA. Bo Beex mpuse-
OEHHBIX BHIIIE mpuMepax ¢ = 1.

[MommuHOMUAIBEHEIE AJITOPUTMEL B TEOPUM IUCET — OOJBIIAA PEIKOCTD.
[la 1 OUEHKW CIOKHOCTH AJCOPUTMOB HYaIlle BCEr'O0 OMUPAIOTCS HA KaKue-
Jau60 He TOKA3AHHBIE, HO IPAB [OMOOOHBIE TUIOTE3HI, OOBITHO O THOCIINECS
K AHAJIUTUYICCKON TEOPUU TUCEI.

151 HeKOTOPEBIX 33134 3P PEKTUBHBIE AJITOPUTMEL BOOOIIIE HE U3BECTHEL.
Nuorga B Takux CIyvasx BCE K€ MOXKHO MPEIJIOXKUTH MOCAEI0BATEILHOCTD
IEUCTBUU, KOTOPAs, «eCJIU MOBE3eT», OLICTPO MPUBOIUT K TPeOyeMoMy pe-
ayabrary. CymecTByeT KIace Tak HABBIBAEMBIX BEPOSTHOCTHBIX AJICOPUT-
MOB, KOTOPBIE JAIOT MPABWILHBIUA PE3yIbTAT, HO UMEIOT BEPOATHOCTHYIO
oueHKy BpeMeHu paboThl. OOBIMHO PaboTa TUX AJCOPUTMOB 3ABUCUT OT
OJHOI'O WIN HECKOJbKHX MapaMeTpoB. B xymmem ciaydae oHum paboTaioT
DOCTATOYHO H0aro. Ho yaadusil BHIOOp mapaMerpa OmpegesseT GbICTPOe
3aBepirenre padboTh. Takue aIropuTMbl, €CIM MHOXKECTBO «XOPOIINXY 3HA~
YEeHUU IapaMeTPOB BEIMKO, Ha IPAKTUKE paboTalT AOCTATOYHO d(pdex-
TUBHO, XOTSI U HE UMEIOT XOPOIINX OLEHOK CJIOKHOCTH.

Mgl GymeM WHODAA WCIOJIB30BATHL CIOBA NETEPMUHUDPOBAHHLIN AJITO-
PUTM, 9TOOBI OTJINYATE AMTOPUTMEL B OOBITHOM CMBICIE OT BEPOATHOCTHBIX
AJICOPUTMOB.

Kak mpumep, paccMOTpuM BEPOSATHOCTHBIA AJCOPUTM, TO3BOJAIOMIAN
2 PEKTUBHO HAXOIUTH PENICHUS TOJUHOMUAILHBIX CPABHEHUN TI0 TIPOCTO-

My Momywo. IlycTh p — mpocToe 9umeao, KOTOpoe MPeanoaaraeTca 60Ib-
muM, u f(x) € Z[x] — MHOrOWIeH, CTENeHb KOTOPOr0 MPEINONaraeTCs
OT'PAHUYIEHHON. 331294 COCTOUT B OTHICKAHUY PEIICHUN CPABHEHUS

f(z) =0 (mod p). (8)

Hampumep, peds MOXKET UATH O PENICHUM KBAAPATUYHLIX CDABHEHUU, €C-
Jau crenedb MHOorowieHa f(z) paBua 2. [IpyruMu caoBaMu, MBI JOJZKHEBL
OTHICKATE B 1oae F), = Z/pZ BCe I1eMEHTHI, yI0BICTBOPIOIINE YPABHEHIIO

f(z) =0.
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Corunacuo mamon Teopeme PepMa, BCe 2IEMEHTH IO Iy, ABIAIOTCA O1-
HOKPATHBEIMK KOpHAME MHOrowieHa P — x. [TosroMy, BEIYucanB HanOGOIL-
wun obuwyu gemurens d(x) = (2P — z, f(z)), Mbr Hangem muorowien d(zx),
MHOXKECTBO KOPHEH KOTOPOro B mote F;, COBIAJAET ¢ MHOXECTBOM KOPHEH
MHOrouwieHa f(z), mpudem Bce STH KOPHE OJHOKpaTHHI. Ecim oxaxercsd,
9YTO MHOrOWIEH d(z) MMeeT HyJEeBYIO CTENeHb, T.e. JIeXKUT B mose I, 5To
OyJeT 03HAYATh, YTO CpaBHeHUE (8) He UMEeT DEeIeHUN.

s BeI9uCIeHNs MHOrowieHa d(z) yIOOHO CHAYANA BHIYUCIUTH MHOTO-
et ¢(x) = zP (mod f(z)), HOAB3YACH AIrOPUTMOM, HOLOOHBIM OMUCAHHO-
My BBILIE QINOPUTMY BO3BELEHUA B CTEHeHb (HAIIOMHUM, 9TO YUCIO P IPe[-
mosaraeTcsa 6oabmmM). A 3aTeM ¢ TOMOLIBIO aHAJIOra ATropuTMa EBkaunna
Boraucauts d(z) = (c¢(z) —z, f(x)). Bece 5T0 BhIIOIHAETCA 32 IOIMHOMUAIB-
HOE KOIMYECTBO apudpMEeTUIECKAX OIEPALUN.

Taxum o6paszom, 06CyxK 1as gajee 3a1ady HaX0XK JeHUA PEIICHNN CPABHEe-
Hus (8), MBI MOXKEM IPEAIONIAraTh, YTO B KOAbIe MHONOWIeHOB Fy[z] cnpa-
BE[LINBO PABEHCTBO

fl)=(x—a1)-...-(x—ay), a; €Fpa;#aj.

4. AnropuTM HaxoX/[AEHUA AeJUTeENed MHOrowieHa f(x)
B KoubIie [Fp[z]

1. Bribepem xaxuM-mu60 croco6oM daemeHT § € IF).
2. BeruncanM HauOOIBIINEA OO JeIUTEIb
9(@) = (f(2), (= +6)"= ~1).

3. Ecan muOrounes g(x) okaxercsa coOCTBeHHBIM geaureneM f(x), To
MHOrOWIeH f(z) pacnageTcs Ha JBa MHOXKUTENI U C KX IBIM U3 HAX
HE3aBUCUMO HYXKHO OyIeT NpoAeaTh BCEe ONEepPalWd, IIPEeAIUCHIBAC-
MBIE HACTOAIIAM AICOPUTMOM i MHOrOWIeHa f ().

4. Ecan oxaxerca, uro g(x) = 1 wma g(z) = f(x), crenyer nepentn
mary 1 u, BEIGPaB HOBOE 3HAYEHUE §, IPOJOTKATE BEIIOJHEHUE AJICO-
puTMa.

KonuvecTro onepanun Ha mare 2 onenusaerca seanaunou O(ln p), ecan
BLIMUC/JICHUA IIPOBOAUTHL TAK, KAK OTO yKA3BIBAJOCH BBIIE IPU HAXOXKIE-
uun d(z). BoiacauM Temepb, CKOJb IOJrO TPUAETCA BHIOUPATH YUCAA O,
moKa Ha mare 2 He OyIeT HAuIeH COOCTBEHHBIN neauTensb f ().

Konuvecrso pemenun ypasuenus (¢ + al)% = (t+ 02)% B nouie ), e
TIPEBOCXOAUT %. OTO 03Ha¥aeT, ITo moamuOxKecTBo D C [y, cocTosmee
U3 BJIEMEHTOB 0, YIOBICTBOPAIOIINX YCIOBAAM

O+a)’= #@B+a)=, 6#—ay, 0+ —as,

1 o
COCTOUT HE MeHee, IeM u3 PT DJIEMEHTOB. Y YU THIBAS Tenepb, ITO KaX bl

o p—1
HeHyJIeBon aaeMeHT b € F,, ynoBrerBopsieT ogHOMY U3 paBeHCTB b 2 = 1,
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mbo bEE = —1, saxmouaeM, 9To A 0 € D oaHO U3 ducen ai, ao OygeT
KOpHEeM MHOro4ieHa (z+9) P 1, a gpyroe — mer. [I1a TaKux I€MEHTOB 0
MHOTOWIEH ¢(x), ONpeNeJeHHbIN Ha are 2 alropuTMa, 0y AeT COOCTBEHHBIM
genureneM MHOrowieHa f(z).

Nrax, cymecTByeT He MeHee % «yIaIHBIX» BEIOOPOB DJIEMEHTa 0, Ipu
KOTODLIX HA LIare 2 ajaropuTMma MHOrOWIeH f(x) pacmazeTrcs Ha aBa COO-
CTBeHHEIX MHOXKUTE. CIeI0BATENILHO, IPH «CIyIaMHOMY BEIOOPE DIEMEHTA
d € Fp, BEPOATHOCTD TOO, YTO MHOIOWIECH HE PA3JIOKUATCA HA MHOXUTEIN
nocae k MOBTOPEHMH Mmaros arroputMa 1-4, me mpesocxout 2%, Beposar-
HOCTB C POCTOM k yOBIBAE€T OY€HDb OBICTPO. U MEMCTBUTENBHO, HA IPAKTUKE
3TOT AJIrOPUTM PabOTAET AOCTATOYHO PPEKTUBHO.

3aMeTuM, 9TO IPU OIEHKE BEPOATHOCTH MBI MCIOJb30BAINA TOIBKO TBA
kopua muorowieHa f(xz). Ilpu n > 2 5Ta BEpOATHOCTD, KOHEIHO, €IIe MEHb-
me. Bosee TorKUN anaau3 ¢ ucmnoab3oBaHueM omeHOK A. Bemns mama cymu
XapaKTepOB MOKA3LIBAET, 9TO BEPOATHOCTH A MHOrOWwIeHa f () He pac-
MACTHCA HA MHOXKUTEIN [IPU OJHOKPATHOM MIPOXO /e IAr0B aaroputma, 1-4,
e mpesocxonunt 2~ " + O(p~'/?). 3necy nocrosunas B O(-) 3aBucuT OT N.
Heranu nokasaTeibcTBa cM. B [24]. B HacToOsIIIee BPEMS M3BECTHO DIEMEH-
TapHOe JOKa3aTelbCcTBO oueHky A. Bemrs (cum. [9]).

B xuure [6] onuceiBaercsa npunagmexamui Bepieksyny gerepMuHUpPO-
BAHHBEIA aITOPUTM pemreHus cpasuerua (8), Tpebytomuir O(pn3) apude-
Tudeckux oneparui. OH IPaKTUIECKU GECHONE3eH NpU GOJBIINX P, & BOT
IPY MATEHBKWUX P M HE OYeHb OOJBIINX 7 OH Pab0TAeT HE OY€HB NOJTO.

Ecau B cpaBrenuu (8) 3aMeHUTH IPOCTON MOAYJb P COCTABHBIM MOLIY-
JeM M, TO 3aJada HAXOXKIEHUS DEIIEHUN COOTBETCTBYIOUIErO CPABHEHUA
CTAHOBUTCA HAMHOT'O 0OJee CA0KHOU. N3BeCTHEIE alrOpPUTMEL €€ DEeIIeHns
OCHOBAHBL HA CBEJEHUM CPABHEHUs K COBOKYIIHOCTU cpaBHeHuH (8) mo mpo-
CTBIM MOIYJIAM — [IEJAUTEAAM 17, U, CJACIOBATEIBLHO, OHA TPEOYIOT Pa3Jio-
JKEHWA IUCIA 1M HA MPOCTHIE COMHOXKHUTENN, 9TO, KAK yXKe YKA3BIBAIOCD,
ABIAETCA TOCTATOYHO TPYMOEMKOU 33 TaYEH.

4. Kak oTiIn9YUTh COCTABHOE YUCJO OT IMPOCTOr0

CymectByeT T0BOJIBHO dPPEKTUBHEIN CIOCOO yOEOUTHCA, ITO 3aJaH-
HO€ YHUCJIO ABJAAECTCA COCTAaBHBIM, HE pas3Jjaras 3TO YUC/IO0 Ha MHOXKWTEIN.
Cormacuo manoun Teopeme dDepma, ecin quciao N mpocToe, TO LA JOOT0
[IEJIOrO G, He MEIAMErocsa Ha [N, BBINOIHAECTCS CPABHEHUE

a1=1 (mod N). (9)

Ecmu e npu KakoM-TO @ 3TO CpaBHEHME HAPYIIAETCS, MOXKHO yTBEPK ATk,
aro N — cocrasnoe. [Iposepka (9) He TpebyeT GOABIINX BLIYUCICHUN, DTO
caenyer m3 aaroputma 1. Bompoc TOMBKO B TOM, KAK HAUTW A1 COCTAB-
Horo N memnoe 4ucio a, He ygosaersopsomee (9). MoxHo, Hanpumep, Ibl-
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TATbCA HAUTU HEOOXO JUMOE TUCIO (4, UCTILITHIBAA BCE IEJIbIe YUCTa TTOIPAT,
HaunHas ¢ 2. Wi nonpo6oBaTh BLIOMPATE 3TH YUCAA CIyIalHBIM 00pa3oM
Ha orpeske 1 < a < N.

K coxanenumoo, Takol mogxog He BCErga AAET TO, YTO XOTEIOCH OBI.
Nwmetorcs cocraBuee unciaa N, obnagaromue csorctBoM (9) mis maro6oro
nenoro a ¢ ycaosueM (a, N) = 1. Taxue uncia HasbBaooTCa duciamu Kap-
Mankiaa. Paccmorpuwm, Hampumep, uunciao 561 = 3 - 11 - 17. Tak xax 560
IeINTCA Ha Kaxgoe ums uucea 2, 10, 16, TO ¢ MOMOLILIO MaJOU TEOpPEMEL
®depma merko mpoeepuTb, 9To 561 ects wumcao Kapmankma. Moxuo mo-
kazarb (Carmichael, 1912), uro mo6oe us uucen Kapmankia umeer Bup
N =p-...-pp, ¥ = 3, TOI€ BCE IPOCTHIE P; PABIUIHLI, TpuieM N — 1 1e-
JUTCs Ha KaXkKAyIo pasHOCTb p; — 1. Jlume wegasHo, cM. [10], Gbuta pemena
mpobueMa 0 0ECKOHEIHOCTY MHOXKECTBA TAKUX UUCEI.

B 1976 r. Muunep npemtoxun 3aMeHuTs npoBepky (9) mposepkon He-
CKOJILKO WHOTO YCa0BUA. /[eTanu mocaeqyromero n3J0KeHNI MOKHO HAUTHI
B [8]. Ecimu N — mpocroe uucno, N — 1 = 2% - ¢, rge ¢t He4eTHO, TO COIVIACHO
mason Teopeme depma, 1A Kax 10ro ¢ ¢ yeaosueM (a, N) = 1 xors 661 ogua
3 CKOOOK B IIPOU3BENEHUN

@ - +1)@+1)...- @ t+1)=a"" -1
penmnTca Ha, N. ObpalneHue 3TOro CBOMCTBA, MOXKHO HCIOIL30BATEL, YTOOLI
OTJINYATH COCTABHLIE YUCJA OT MPOCTHIX.

I[Iycte N — meueTHoe cocTaBHOe uuciao, N — 1 = 2% - ¢, rge t He1UeTHO.
Hazosem nenoe quciao a, 1 < a < N, «xopomumy 1t N, eciau HAPYIIAeTCsa
OJHO U3 [BYX YCJIOBUU:

a) N He menurcs HA a;

B) at =1 (mod N) mwmm cymectayer nenoe k, 0 < k < s, Taxkoe, 9T0

a?t=—1 (mod N).

N3 ckazaHHOTO paHee caefyeT, ITO IJII NpocToro uuciaa N He cylec-
TByeT xopomwux uucea a. Ecam xe N cocTaBHOE YUCIO, TO, KAaK TOKA3AJ
Pabun, mx cymecrsyeT He Menee 3 (N — 1).

Tenepb MOXKHO MOCTPOUTH BEPOATHOCTHBIN AATOPUTM, OTIMIAOLUIAA CO-
CTABHBIE YUCJA OT MPOCTHIX.

5. AJITOpPUTM, JOKa3BLIBAIOMMNA HEMPOCTOTY UHCIA
1. Bribepem ciaydarsbiM 00pa3oM 4muciao a, 1 < a < N, u npoBepuM I
DTOr0 YUC/Ia YKA3AHHBLIE BBIIE CBOUCTBA ) U [3).

2. Ecan xoTsa 6bI OIHO M3 HUX HapyIIaeTcda, TO uuciao N cocTaBHOe.

3. Ecau Bemmonsensr 06a ycaosus ) u 3), Bo3BpamaeMmcs K mwary 1.

W3 cxazaHHOrO BHINIE CJAEIYET, YTO COCTABHOE UMCIO He OyaeT ompese-
JIEHO KaK COCTABHOE IMOCJE OJHOKPATHOTO BBIMOJHEHUs maros 1-3 ¢ Bepo-
ATHOCTBIO He Goablielt 4~ 1. A BepoATHOCTH He ONpeNeTuTh ero mocie k
HOBTOpeHuH He mpeBocxoauT 4, T.e. yObIBaeT 04eHb OLICTPO.
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Muriep TpPeIIOXKMAT e TePMUHUPOBAHHLIN aJICOPUTM OMPENENeHU CO-
CTaBHBIX umces, uMeomuit cioxuaocts O(In® N), ogsako cnpaseimBocTs
€ro pe3yJabTaTa 3aBUCUT OT HEJOKA3AHHOU B HACTOAIIEE BPEMs PACIIUPEH-
Hou runore3sl Pumana. CoriacHO >TOMY AIrOPUTMY NOCTATOYHO MIPOBE-
puTh ycaoBus o) u 3) s Beex measlx ducen a, 2 < a < 70 In® N. Ecau npu
KaKOM-HUOY Ib @ U3 YKA3AHHOT'O MPOMEXKYTKA HAPYIIAETCS OJHO U3 YCIOBUN
a) wiu f3), aucio N cocraBaoe. B nporusHOM caydae oHO 6ygeT IpOCTHIM
WM CTeNeHbIo MpocToro uncia. [locaeqHsas BO3AMOXHOCTB, KOHEUHO, JIETKO
IPOBEPSAETCA.

HanmomuuM mekoTopeie nousTus, cM. [4], Heobxogumele mis GopMyIn-
POBKM PACIIMPEHHOUN runoTe3bl Pruvana. OHU NOHAZOOATCS HAM U B TaJb-
meumieMm. Ilycts m > 2 — nemoe uncao. Pyukmua x : Z — C maswBaerca
xapakTepoMm [lupuxie mo MOLYIIO M, WX OIPOCTO XAPAKTEPOM, ECJAU DTA
(byHKIUA TepUOLUTIHA C IEPUOIOM 1M, OTJIMYHA OT HYJA TOIHKO Ha UNCIAX,
B3aMMHO MPOCTHIX C M, U MYJbTUILIMKATUBHA, T.€. [JIA JIOOLIX HEJbIX U,V
BLIOJHAETCA paBeHcTBO X (uv) = x(u)x(v). [Jasg xaxmoro m CymecTByeT
poBHO p(m) xapakrepos Jupuxie. Ouu 06pa3yioT IPYIILY [0 yMHOXKEHUIO.
EIuHUYIHEIM 2I€MEHTOM DTOU TPYIIIEL ABIAETCA TaK HA3BIBAEMBIN TVIABHBIN
XapaKTep Xo, PABHBIM 1 HA BCEX YUCJIAX, B3AMMHO NPOCTHIX ¢ m, u 0 Ha
OCTANBHBIX HEIBIX Yucaax. [lopsaakoM xapakTepa HABBIBAETCS €r0 MOPs 0K
KaK DJEMEHTa MYJIbTULINKATABHON T'PYINEI XapaKTEPOB.

C xaxabIM XapaKTepoM CBsS3aHa TakK HasbiBaemas L-dyukmus [lu-
puxie — (PYHKIUA KOMILUIEKCHOT'O MEPEMEHHOrO S, ONPEIEJEHHAs DPIIOM

(oo}
n
L(s,x) = Z % CymMa 5TOro psaga aHATATAYHA B ob6mactu Res > 1
n=1

U MOXET OBITh AHAIMTHIECKHM HPOLO/IKEHA HA BCHO KOMILIEKCHYIO ILTOC-
koctb. Cuenyromee coorromenue L(s, xo) = ((s) H(l — p~ %) cBa3BIBaET

pim
L-pyHKnmio, 0TBEYAIONIYI0 TVIABHOMY XapakTepy, ¢ g3era-pyHkumen Pu-
o0
1
mana ((s) = E — . Pacmmpernas runoresa Puvana yTsepxgaer, 1To
n
n=0

KOMILIEKCHBIE Hyau Bcex L-pyuxuumu [upuxie, pacrnogoKeHHBIE B IOJIO-

. 1
ce 0 < Res < 1, mexar uwa npsmou Res = 5 B macrosmee Bpems ne

JOKa3aHa, JasKe MPOCTENIIas (popMa dTOU TCUIOTE3bl — KIACCUIeCKas H-
nore3a Pumana, yTBepxkaaiomas Takou ke (akT 0 HyIIX g3era-QpyHK-
uu.

B 1952 r. Aukenu ¢ mOMOIIBIO PACIIUPEHHON TUMOTE3bI PuMaHa moka-
3401, 9TO JJIA KaXKJIOT0 MPOCTOrO YUCAA ¢ CYHIECTBYET KBAAPATUIHLIN He-
BBIYET @, yAOBICTBOpAOmui HepasercTBaM 2 < a < 701n” ¢. Koncranra
70 611 cocunTana mo3gHee. IMEHHO 5TO YTBEPXKACHUE U JEXKUT B OCHOBE
aaropurma Mwrepa. B 1957 r. Bepaxecc mokasasn cymecTBOBaHUE TaKOrO
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HEBLIYETa, 6€3 MCMIOIB30BAHUA PACIIUPEHHON MMIOTEe3bl PuMana, HO ¢ XyI-

men omeHkon 2 < a < q%ﬁ + £, CpaBeIIUBON TIPU JEOOOM MOJOKUTEILHOM
€ 1 ¢, GOJbIIIEM HEKOTOPOU I'PAHUIBI, 3ABUCALIECH OT £.

Anropurm Muniepa NpUHIUNNAILHO OTJINIAETCA OT aINOPATMA, 5, TaK
KaK IOMy9eHHOE C €r0 MOMOMIBIO YTBEPKAECHWE O TOM, ITO ¥mcao N —
COCTABHOE, OMMPAETCA HA HENOKA3AHHYIO PACIIUPEHHYIO Tunoresy Puma-
HA U MOTOMY MOXET OLIThH HEBEPHBIM. B TO BpeMsa KakK BEPOATHOCTHBIN
AJITOPUTM 5 [MAET COBEPIIEHHO MPABUILHBIA OTBET s COCTABHBIX JIHCEJ.
HecmoTps Ha OTCyTCTBUE OIEHOK CIOXKHOCTH, HA MPAKTUKE OH paboTaeT
BITOJIHE yIOBIETBOPUTEMLHO.

5. Kak cTpouTth 60JbIIINE MPOCThIE YHCJIA

Mer He GyeM ONUCHIBATH 34€Ch UCTODPHIO 3TOU 3aJa4H, PEKOMEHIYEM
obpaTuThes K kKHure [6] u o63opam [8, 9]. Koneurno xe, Gombliire IpocThe
IUCIA MOXKHO CTPOUTH CPABHATENIBLHO OBICTPO. IIpm >TOM MOXKHO obGecrme-
YMTH WX CAyYalHOE DACHPENETeHWEe B 3aJaHHOM AUANA30HE BEIMYMH. B
IPOTUBHOM CJIydae Tepsna Obl BCAKAM MPAKTUIECKUN CMBICT CHCTEMa LIi-
dposarna RSA. Haubonee 5pdeK TUBHBIM CPeICTBOM IOCTPOEHUA MPOCTHIX
“uCeN ABIAETCA HECKOIBKO MOAuduuupoBaHHas Maxas Teopema depma.

Teopewma 4. Ilycmb N, S — newemubie namypaavrvie vucaa, N—1 = S-R,
npuvem 04 Karcdo2o npocmo2o desumens ¢ uucaa S cywecmeyem yeaoe
YUCAO G MAKOE, YMO

N-1 N1

a =1 (mod N), (a ¢« —1,N)=1. (10)

Tozda xaxcdvii npocmoii deaumenv p uucaa N ydosiemeopaem cpasHenuo
p=1 (mod 25).

HokazaTeabcTBo. [Ilycte p — mpocrou gemurens ducaa N, a ¢ — He-
KOTOpHIN geaureas S. U3 ycaosun (10) crexyer, uro B moxe BerdeToB I,
CIIPABEJINBBLI COOTHOILICHUA

¥ t=1,a"5 #£1,a" =1 (11)

O6o3Ha"MM OYKBOU T° TIOPALOK DIEMEHTA ¢ B MYJbTUMLIUKATABHOU TPYIITIE
nouas Fy. Ilepsrie nBa u3 coornomenun (11) o3HadatoT, 9TO ¢ BXOIUT B
PA3I0KEHNE Ha, MPOCTHIE MHOXUTEIN YUCAA I B CTEIEHN TAKOU JKe, KaK 1 B
pasaoxenune N — 1, a mocrequee — 410 p— 1 meauresa Ha r. Takum obpasom,
KaXK IBIA TPOCTOU MEJUTENb YUCaa S BXOIUT B pasioxkenue p — 1 B cTenenu
HEe MeHbIen, ueM B S, Tak 4T0o p — 1 memurcs ma S. Kpome Toro, p — 1
4eTHO. Teopema 2 mokasaHa.

CuaegcrBue. Ecau svinoanenst ycaosus meopemvt 2 u R < 4542, mo N —
npocmoe wucAo.
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[encTBuTENbHO, MycTh N paBHAETCA TPOU3BENCHNUIO HE MEHEe IBYX MPO-
cTeIX yucen. Kaxmoe us HUX, COMNIACHO yTBEPK JEHUIO TEOPEMBL 2, HE MEHb-
mre, wem 2S5 + 1. Ho rorga (25 +1)2 < N = SR+ 1 < 458 + 25 + 1.
[IporuBopetne n GOKA3LIBAET CIEICTBUE.

IToxaxkem Temephb, Kak C IOMOIIBI IOCTEIHEO YTBEDXKACHUsI, UMEs
6OJIBIIOE TIPOCTOE TUCIO S, MOKHO MOCTPOUTH CYIIECTBEHHO OOJIBIIEE TPO-
croe uucao N. BribepeMm mas 3TOr0 CIyYalHBIM OOPa3oM YeTHOE Iucao R
ma mpomexyrke S < R < 45 + 2 u nonoxkum N = SR + 1. 3arem mpo-
BepuM YuCJA0 N Ha OTCYTCTBUE MAJIBIX MPOCTHIX NEJUTENEN, PA3IeJuB ero
Ha MaJible IPOCTHIE YKUCIA; UCIBITaeM N HEKOTOPOEe KOJUYIECTBO Pa3 C Io-
momwbio anropurma 5. Eciau mpu sToMm BhIicHmTCs, uTO N — cocTaBHOE
YUCIO0, CAENYeT BHIOPATH HOBOE 3HAaYeHUEe R U OMATH NOBTOPUTH BHIYMUCIE-
wusa. Tak cregyer menaTh OO TeX MOp, MOKA He OyAeT HAWAEHO IUCA0 NV,
BBIIEPKABIIEE UCIBITAHUA AJICOPATMOM 5 NOCTATOIHO MHOT'O pas. B nTom
caydae MOABMAETCA HAAEKAA HA TO, 9T0 N — MPOCTOE YUCHO, U CIEAYeT
MIONBITATHCA TOKA3ATh IPOCTOTY C MOMOIILI0 TECTOB TEOPEMEI 2.

[l 5TOr0 MOXKHO CIyIauHBIM 06Pa30M BHIOUPATL YUCIO a, 1 < a < N,
U MPOBEPATH [JIA HET'O BHITOJIHAMOCTE COOTHOIICHUN

¥ 1=1 (mod N), (aff —1,N)=1. (12)

Eciu npy BLIOPAHHOM @ DTU COOTHOIIEHUS BBIMOMHAIOTCA, TO, COTJIACHO
CJE[CTBUIO U3 TEOPEMBI 2, MOXHO YTBEPKAATH, 94T0 uucao N npocroe. Ec-
JIU JKe DTU YCJAOBUSA HAPYIIAIOTCA, HYXKHO BHIOPATHL IPYroe 3HAYEHUE ¢ U
MOBTOPATH 3TU OHNEPAIMY 10 TEX IIOP, MOKA TAKOE YUCIO He OyaeT oOHAPY-
JKEHO.

[peanosoxum, 9T0 mocTpoeHHoe 4uciao N TeUCTBUTEJBHO SBIAECTCA
MPOCTHIM. 3313 IUMCs BOIIPOCOM, CKOJIb JOITO IPUIETCSI NEPEOUPATH IUCIA
a, OKa He OyeT HAJEHO TAKOe, IS KOTOPOro Oy IyT BHIIOJHEHH YCIOBUA
(12). 3amerum, uTo mas mpocroro uuciaa N mepsoe ycaosue (12), cormac-
HO Majou Teopeme Pepma, OyaeT BLIIOAHATHLCA Beerga. Le ke ducia a,
IJS KOTOPBIX HAPYIIAeTCA BTOpoe ycaosue (12), yaoBIeTBOPAIOT CpaBHe-
mmo a® =1 (mod N). Kax m3sectro, ypapaenune ¥ = 1 B mose BbraeTon
Fyx umeer ue 6omee R pemenun. Oauo uz vux x = 1. [Tosromy Ha nmpome-
xkyTke 1 < a < N uMmeercsa He 6oaee R — 1 umcen, masa KOTOPBHIX HE BBIIOJ-
msoTces yeaosus (12). DTo o3Hadaer, 9TO, BEIOUPAS CILy<dalHBIM 0OPAa3OM
qucaa a Ha npoMexyTke 1 < a < N, mpu npoctoM N MOXHO C BEpPOAT-
HOCTBIO Gomprmedn, sem 1 — O(S™1), maiTu “mcio a, 41 KOTOPOro GymyT
BBITIOJHEHEB! YCJIOBUA TEOPEMEL 2, U TeM N0Ka3aTh, YTO N IeUCTBUTEIBHO
SABJISAETCA TPOCTHIM YUCJIOM.

3aMeTuM, 9TO IOCTPOEHHOE TAKUM CIIOCOO60M mpocToe uuciao N OymeT
yIOBIETBOPATHL HepaBeHCTBY N > S2, T.e. 6ygeT 3amMCLIBATBCA BIBOE
OOMBLINMAM KOJUIECTBOM UMD, IeM UCXOTHOE MPOCTOE YuUcao S. 3aMeHUuB
Temnepb 4ucIo S Ha HAUAEHHOE MPOCcTOoe Yucao N U MOBTOPUB C DTUM HO-
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BEIM S BCE€ YKA3aHHBLIE BHLINIE JEUCTBUA, MOXKHO MOCTPOUTH €Ie GOoJbIee
npocroe [duciao. Hagae ¢ kakoro-Hubyap OPOCTOrO YKCIA, CKAXKEM, 3aIld-
caunoro 10 gecsarudabiMu nudpamu (IPOCTOTY €ro MOXKHO IPOBEPUTH, HA-
mpUMep, DEeJIEeHUEeM Ha MAJEHbKUE TaOIUIHbIE IPOCTHIE YUCIA), U TIOBTOPUB
VKa3aHHYIO NPOLELYyPY JLOCTATOYHOE YUCJIO Pa3, MOXKHO IOCTPOUTH IIPO-
CTHIE YUCTA HYKHOU BEIUIUHEL.

O6cynum Ternepb HEKOTOPBIE TEOPETUIECKUE BOIPOCH], BOSHUKAIOIINE B
CBA3M C HaxXOXKIeHueM NpocThix uucenr Buga N = SR + 1, rae uuciaa R
u S ygnosrerBopswT HepaBencTBaM S < R < 4S5 + 2. IIpexae Bcero, co-
raacuo Teopeme [lupuxie, nokasanuoun eme B 1839 r., nporpeccus 251 + 1,
n = 1,2,3,... cogepxuT OECKOHEIHOE KOJUIECTBO NpocThIX yucesa. Hac
MHTEPECYIOT MPOCTHIE YUCTA, JEXKAIINE HETAJIEKO OT HAYAIa, MPOrPECCUM.
OueHka HAMMEHBIIErO MPOCTOrO YUCAA B apUPMETUIECKOU MPOTrPECCUN
oputa monyuena B 1944 r. FO.B.Jlunaukom. CooTBETCTBYIOIAA TEOPEMA
YTBEPKIAET, IUTO HAUMEHBIIIEE IPOCTOE YUCIO0 B APUPMETUIECKON ITPOrPec-
cuu 251+ 1 me mpesocxoauT S, rae C — HEKOTOPasA JOCTATOYIHO GOMBIIAL
abCOMIOTHASA TIOCTOAHHAA. B MPEIIONI0KEHUN CIPABENINBOCTH PACIIMPEH-
HOU TUmoTe3sl Pumana MOXHO JOKasaTh, [11, cTp. 272], 9To HanMeHbImee
Takoe IPOCToe 1meo He mpesocxoauT c(g) - S2He mpu moboM momoKuTe b-
HOM €.

Takum obpa3om, B HACTOsIIEE BPEMs HUKAKAX TEOPETUIECKUX CapaH-
TUU 07 cyinecTBoBaHus mpocToro uuciaa N = SR+ 1, S < R < 45 + 2 ue
cymectByer. Tem He MeHee, onblT Beraucaenn Ha JBM nokaswiBaer, 9To
MIPOCTHIE YUCAA B apU(PMETHIECKOU MPOTPECCUN BCTPEIAIOTCA JOCTATOTHO
6JIU3KO K ee HAYALy. YIOMSHEM B 3TOU CBSA3UM MUIIOTE3y O CYIIECTBOBAHUN
6ECKOHEYIHOT'O KOMUIECTBA TPOCTHIX YUCENT ¢ C YCAOBUEM, ITO UuCIO 2q + 1
TaKXe MPOCTOE, T. €. MPOCTHIM ABMACTCA YKE MEPBHIU WIEH MPOTPECCUM.

OueHb BaXKEH B CBA3U C OMUCHLIBAEMBIM METOIOM MOCTPOEHUA MPOCTHIX
YHCeJ TAKXKE BOMPOC O PACCTOSHUN MEXKAY COCETHUMY MPOCTHIMU TUCAAMU
B apudpMeTUIeCKON nporpeccuu. Beas yOeIuBIINACH, ITO IPU HEKOTOPOM R
qucao N = SR+1 cocTaBHOE, MOXKHO ClIeyolee 3HadeHue R B3ATh pABHBIM
R+ 2 u gencTBOBATH TAaK Hajee, MOKa He OyIeT HAUIEHO TPOCTOEe Iucao N.
N ecnu paccrosHme Mex Iy COCEIHUMHU TPOCTHIMEU YUCJIAMU B IPOTDECCUN
BEJINKO, HET HAIEXK IBI OLICTPO TMOCTPOUTL HyxkHOe uucao N. Ilepe6op «um-
cer1 R 10 TOro MOMeHTa, KaK Mbl HATKHEMCs Ha OpocToe 4ucio N oka-
JKETCs CIUIMIKOM NoJAruM. B Gomee mpocToM BOIPOCE O PACCTOSHUU MEXKIY
COCEHUMM TPOCTHIMU YUCAAMUA Py, U Ppt1 B HATYPAIBHOM DALE IOKA3a-
HO JWIlIb, 9TO Ppt1 — Pr = O (p,%ﬁ), YTO, KOHEYHO, HE OYEHb XOPOIIO
Ui HAIMKUX [eser. BMecTe ¢ TeM CyIecTByeT TaK Ha3bIBAEMas TUIOTEe3a,
Kpamepa (1936 r.), 9r0 p,ir1 — pp = O(In® p,), maoomas Boomse mpuem-
JeMYI0 OLEHKY. [IpUMEpPHO Takou XKe Pe3yabTaT CAeAyeT W U3 PaCIIUpEeH-
Hou runoressl Pumana. Boraucaenus sa OBM mokaswsIBaOT, 9TO NPOCTHIE
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qmCIa B apuPMEeTHIECKUX MPOTPECCUAX PACHIOIOKEHBI JOCTATOYHO ILIOT-
HO.

B kadecTBe nTOra 06CYyK IeHIA B 3TOM pa3Iee M0 JIepKHeM CleTyomee:
€CJIN IPUHATH Ha BEPY, YTO HAMMEHBIIee IPOCTOe YHCI0, 4 TAKKe PACCTO-
AHWE MEXKIY COCEJHHMH TIPOCTEIMU HHMCIAME B Iporpeccun 2Sn + 1 mpu
S < n < 45 + 2 oneHUBAOTCA BEJIXIMHON O(ln2 S), To onucaHHas Cxe-
Ma MOCTPOEHMA GOILIINX IPOCTHIX MUCET UMEeT HOIMHOMUATLHYIO OIEHKY
croxHOCTH. KpOMe TOro, HecMOTpSA Ha OTCYyTCTBUE TeOPETHICCKHIX OIMECHOK
BpeMeHN pabOTH ATTOPUTMOB, OTHICKUBAIOMINX IPOCTHIE MUCIA B apudMe-
TUYECKUX MPOTPECCHUAX CO CPABHUTEIBLHO GOMBIION PA3HOCTHIO, HA IpaK-
THKe 5TU aJrOPUTMEI PabOTAIOT BIOIHE YIOBISTBOPUTEILHO. Ha 06LIMHOM
MePCOHATLHOM KOMIIBIOTEpE 6e3 0COOBIX 3aTPAT BPEMEHH CTPOATCA TAKHUM
coco60M TpOCTHIe Umeta mopagka 10300,

Koreuno, cmoco6 KOHCTPYMPOBAHUA IPOCTEIX HUHCET JJIA HCHOIb30BA-
Hua B cxeMe RSA OMKeH OLITH MACCOBLIM, 8 CAMHU HPOCTBIE HHCIA JOJTXK-
HEI GEITH B KAKOM-TO CMEICIE XOPOIIO PACHpPEeJeTeHHBIMEA. JTO BHOCHT DAL
JIOHOJHATEILHEIX OCIOKHEHIH B paGOTy alrOpUTMOB. BIpotueM, onucaHHAs
cXeMa IOMyCKaeT MACCy BapUalli. Bce DT BOMPOCH! PAcCMATPUBAIOTCA B
crarbe [12].

HakoHer, oTMeTHM, UTO CYIIECTBYIOT METOLI MOCTPOEHMA GOMBITIX
IPOCTHIX HICET, UCIOIL3YIONIe He TOILKO MpocThie gemuTenn N — 1, Ho u
nemurean ucea N + 1, N2 +1, N2+ N + 1. B ocHOBe UX JEXKAT HCIOIb-
30BaHUE HOCIEIOBATETLHOCTEH METEIX ICeNT, V0BIeTBOPSIONIAX TITHEHHBIM
PEKYDPEHTHLIM YPABHEHUAM PA3IMIHEIX MOPAIKOB. OTMETHM, ITO IIOCIE-
JIOBATEILHOCTD A", “WIEHLI KOTOPOH IPUCYTCTBYIOT B (POPMYINPOBKE MAJION
TeopeMsl DepMa, COCTABIACT peIIeHre PEKYPPEHTHOI'O YPABHEHILA IIEPBOT0
IOPATKA Up41 = AlUn, U = 1.

6. Kak nmpoBepuTh 60JIBIIOE YHCJO HA IPOCTOTY

EcTh HEKOTOpPOE OT/IMYMe B MOCTAHOBKAX 3a0aY MPEALIIYIIEro U HACTO-
smero pasaenoB. Korga Mer ctpouM mpoctoe duciao N, Mbl 0OJa1aeM He-
KOTOPOU IOMOJHAUTENILHON MH(MOPMALMEe O HeM, BOZHUKAIOIIEH B IIPOLECCe
moctpoenusa. Hampumep, Takon mHGOPMAIUEN ABIAETCA 3HAHUE MPOCTHIX
neaureaen ducaa N — 1. Dra uadopManus UHOT A 0OIerdaeT JOKA3ATENb-
CTBO TPOCTOTHI N.

B sTOM pasmene MBI TIpEANONAraeM JUlllb, YTO HAM 3aJaHO HEKOTOPOE
qucao N, Hampumep, BHIOPAHHOE CJIyYalHBIM OOPA30OM HA KAKOM-TO IPO-
MEXYTKe, U TpeOyeTCsA YCTAHOBUTE €r0 MPOCTOTY, WIN J0KA3aTh, 9TO OHO
ABIAETCA COCTABHBIM. DTy 3aJa49y 38 MOIMHOMUAIBLHOE KOJUIECTBO OIe-
pauuy pemaer ykazaHubin B 1. 4 anroputm Mumrepa. Opgaako, copaseq-
JUBOCTH TOJYYEHHOTO C €r0 MOMOINLI0 YTBEPKICHUA 3aBUCUT OT HEIOKA-
3aHHOU PACIIMPEHHOU rurnoTe3bl Pumana. Ecim uumcio N BeIgepxkajo uc-



AJITOPUTMUYECKHUE MTPOBJEMbI TEOPUM YUCEJ 103

OBITaHUA aaropuTMoM 5 ia 100 pasaudHbLIX 3HAYEHWN IapaMeTpa @, TO,
[O-BUAMMOMY, MOXKHO yTBEDKIATH, ITO OHO ABJIAETCA IIPOCTHIM C BEPO-
ATHOCTBIO Ooibmer, wem 1 — 47100, Dra BepoarHOCTL OveHH GiM3KA K
eVHUIE, OJHAKO BCE XK€ OCTABMAECT HEKOTOPYIO TEHb COMHEHUA Ha TMPO-
crore uncaa N. B manpmenmmem B aToM pasgene Mbl OygeM CIATATD, 9TO
3agaHHOe Iuca0 N ABIAECTCA MPOCTHIM, a HAM TPEeOyeTCsA JUIIb TOKA3ATh
3TO.

B macTosmee BpeMs M3BECTHBLI NeTEPMUHUPOBAHHBLIE AICOPUTMBL Pa3-
JUYIHOU CJOXKHOCTU [ NOKa3aTeJbCTBA MPOCTOTHL wuced. Mbl ocTaHo-
BUMCA HOAPOOHEe HAa ONHOM W3 HUX, OpeatoxeHHOM B 1983 r. B co-
BMecTHOU paore Ammemana, ITomepanma m Pamemn [13]. duas mokasa-
TeJBCTBA MPOCTOTH WIM HEMPOCTOTHL ducaa N 3TOT aaropuT™ Tpebyer
(In N)elnnin N apnpmeTwaeckux omepanmit. 31ech ¢ — HEKOTOPAA MOJO-
JKUTEIbHAsA abcomoTHasa noctosuauas. Oyukmusa Inlnln N xoTs u MemieH-
HO, HO BCE € BO3PACTAET C POCTOM N, TOSTOMY AJITOPUTM HE ABIACT-
¢ monMHOMUATBHEIM. HO BCe ke ero mMpakTUYIeCKNe peaan3aluy MO3BOIA-
0T TOCTATOYIHO OBLICTPO TECTUPOBATDL IUCIAA HA MPOCTOTYy. CyImecTBeHHERE
YCOBEPIIEHCTBOBAHUA U YIPOIIEHUA B MEPBOHAYANLHEIN BAPUAHT AJICOPUT-
Ma Obliu BHeceHBl B paborax X.Jlermcrper u A. Koena [14, 15]. Mu 6yzem
HA3LIBATH ONMUCHLIBAEMBIN HUXKE aITOPUTM aaroputMmom A gremana — Jlen-
CTPHI.

B ocHOBe anropuTMa JEKUT UCIOAL30BAHNE CDABHEHWI THUIIA, MAJOU Te-
opeMbr dDepMa, HO B KOJBI@AX HMEMLIX YUCET KPYTOBBIX MOJEU, T.€. MOJIEH,
HMOPOXK XeHHBIX Hag mosteM Q wmcmamu (p = e2mi/P — gopuamu u3 1. IlycTs
¢ — TIPOCTOE HEYeTHOE YUCIO U ¢ — TEPBOOOPA3HBIN KOPEHb TI0 MOIYJIIO ¢,
T. e. 00pPA3YIOIINH SIeMEHT MyJIbTUILINKATUBHOK Ipynel mous Fy, koropas
IUKIUIHA. [ KaX [0T0 MeToro Yucia, &, He JeMAMErocs Ha, ¢, MOXKHO OIpe-
JeJIUTDb €ro UHAEKC, ind, ¢ € Z/(q — 1)Z, Ha3bIBaeMEIN TaKkKe JUCKpemmbim
ao0z2apugmom, ¢ momompio cpasrenus ¢ = ¢ ? (mod ¢). Paccmorpum 1a-
Jee IBa TMPOCTHIX YUCIA P, C YCIOBUEM, UTO ¢ — 1 mequTca Ha p, HO He
IeIUTCA Ha PP.

Caenymoias GyHKINA, ONPEIeIeHHAA Ha, MHOXKECTBE IeJIBIX TUCET,

0, ecm qlz,

Tr) = .
X( ) Cll)ndqz, ecn (l',q) =1

ABIACTCA XapaKTEPOM TI0 MOIYJIIO ¢ W MOPALOK dTOr0O XapaKTepa PaBeH p.
Cymma

q—1

j— €T
T(X) - E X(m)Cq € Z[CIJ:CQ]

z=1
HaseBaeTCa cymmon [aycca. Popmymupyemas Hmke TeopeMa 3 mpencTa-
BIAET COOOU AHAIOT MAJIOU TeopeMbl depMa, UCTONL3YEMbIN B aJrOPUTME
A nnemana — JlencTpsr.
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Teopema 5. IIycmv N — neuemnoe npocmoe wucao, (N,pq) = 1. Toeda
8 Koavye Z[Cp, (4] svinoansemca cpasrnenue

)N =x(N) V- 7(xY)  (mod NZ[G, )

Ecin npr xkaxux-nmubo 4ucaax p,q CpaBHEHWE U3 TEOPEMBI 3 HAPYIIAeT-
Cs1, MOXKHO yTBEPKAaTh, 4TO [N cocTaBHOe 4uciao. B mporuBHOM ciyuae,
€CJIU CPABHEHWE BBHIMOTHAETCSI, OHO AaeT HEKOTOPYIO MH(MOPMAIINIO O BO3-
MOXHHIX NPOCTHIX Aeaurensx uuciaa N. Cobpas Takyoo MHOOPMALUO N1
PA3IUIHLIX P, ¢, B KOHIIE KOHIIOB YAA€TCA YCTAHOBUTE, UYTO /N MMeEeT JIUIIb
OJIVH MPOCTOU TEJUTEIb U ABIACTCA NPOCTHIM.

B caygae p = 2 1erko npoBepuTh, ITO CPABHEHUE U3 TEOPEMEBI 3 PABHO-
CIJIBHO XOPOIIO U3BECTHOMY B DJEMEHTAPHOU TEOPUU YUCEJ CPABHEHUIO

= <%> (mod N), (13)

q .
rae N TaK HA3BLIBa€MBIM CUMBOJ fIK0Ou. XOpOIIO M3BECTHO TaKXKe,

9TO MOCJAETHEE CPABHEHNE BEIIOIHACTCA HE TOIBKO [UIA IIPOCTHIX (¢, HO U /IS
JFOOBIX HEMLIX ¢, B3AWUMHO MPOCTHIX ¢ N. 3aMETUM TaKXKe, ITO IJIA BEIYU-
caeHus cuMBOaIa SIKOOU CymeCTByeT OLICTPBIU AITOPUTM, OCHOBAHHEBIN HA
3aKOHE B3aUMHOCTH ['aycca u, B HEKOTOPOM CMEICIE, MOAOOHBIA AITOPUTMY
EBximaa Beraucaesus Hambombinero obmero semurens. Craemayommyu mpu-
Mep MOKAa3LIBAET, KAKMM OOPA30M BBLITOJHUMOCTDL HECKOJIBKUX CPABHEHUN
tumna (13) gaeT HEKOTOPYI MHMOPMAIMIO O BO3ZMOKHEIX MIPOCTHIX IEJIATE-
Jaax aucaa N.

Ipumep 1 (X. Jlencrpa). [Iycte N — marypaasHoe uucio, (N,6) = 1,
UL KOTOPOT'O BBLIMTOJHEHEI CPABHEHIMA

o = (%) (mod N), mpma=—1,2,3, (14)
a KpOMe TOro C HeKOTOpBIM IIEeJIBIM YUCJIOM b nMeem
b= =—1 (mod N). (15)

Kak yxke ykaseiBamocs, npu npocroMm N cpasHenus (14) BBIIOIHAIOTCS
IJs JI000r0 @, B3auMHO mpocToro ¢ N, a cpasaenue (15) osmadaer, 9To b
ecTh mepBoOOpa3HbI KopeHb o Moayan N. KoaudecTBo nepBoobpasHbIx
kopuen paBHO (N —1), T.e. gocraTodso Beauko. Takum 06pa3oM, 9uciao b
¢ ycaosueM (15) mpu mpocTom N MOXKET ObITH HAMIEHO JOCTATOTHO OBICTPO
C IOMOUIBIO CIy9alHOI'0 BLIOOpA U mocaenyiomen nposepku (15).

Moxaxkem, 94T0 u3 BeImonTHUMOCTH (14-15) cremyer, 9TO KaxkK BN Ie1d-
Tenb r aucaa N yaoBIeTBOPSIET OJHOMY W3 CDABHEHUU

r=1 (mod24) wmr=N (mod 24). (16)

He ymenbmmas 06mHOCTHE, MOXKHO CIATATh, YTO I — MIPOCTOE IUCI0. BBegem
remeps o603naxerna N —1 =u -2, r—1 =0 2™, roe u u v — HeYeTHEIE
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mcna. Us (15) u cpasrerns b" ' =1 (mod r) cregyer, aTo m > k. Jlaree,
coruacHo (14), BEIIOMHAIOTCS CJIeAYIOMIUe CPABHEHUS

()= ()= i (0)=(6) = i

r T
o3Hadaouwe (B CUIy TOrO, 9TO CUMBOI SJIKOOU MOXKeT PaBHATLCA JUllb — 1

wmu +1), 9To
2mfk
a (2
&) =()

a
IIpu m > k »To paBencTBO O3HavaeT, uto (— | = 1 mpu a = —1,2,3, u,
r

caenoBarensuo, r = 1 (mod 24). Ecau ke m = k, To umeem (%) = (2)
r

ur=N (mod 24). drum (16) zoxasaHo.

Mudopmalms Takoro poja MorydaeTcs U B CAydae IPOU3BOIBLHEIX IIPO-
CTBIX 9IHCEJ P U ¢ C YKA3AHHBIME BBIIE CBOMCTBAMHE.

Onmmem (ouens rpy6o) cxemy aaropurma Amiemana — JIeHCTpHL mis
IPOBEPKU IPOCTOTHL NV

1) BBIOHPAIOTCS PA3IUYHBIE IPOCTBIE HUCIAA Pi,...,D; U DA3IAIHLIE

TIPOCTHIE HEYETHHIE (1, . . -, (s TAKUE, ITO
a) IIA KazKIOrO j BCE IPOCTHIE JeIUTeNIN UucIa ¢; — 1 cogepxKaTcs
cpelu pi,...,Pr ¥ ¢j — 1 He geaaTca Ha KBaJpaT MPOCTOIO UCIA,
6)S=2q-...-q; > VN;

2) masa KaxkIO0U Maphl BHIOPAHHBIX YUCEN P, ¢ MPOBOAATCA TECTHI, MO-
IOOHBIE cpaBHEHUO 13 TeopeMbl 3. Eciu N He yI0BIeTBOPSAET KAKOMY-THOO
13 DTUX TECTOB — OHO COCTABHOE. B MPOTUBHOM CJIydae

3) ompenenAeTcA HE OYEHB OOMBIIOE MHOXKECTBO UUCEN, ¢ KOTOPBLIMEA
TOJBLKO ¥ MOI'YT OLITH CPABHUMEI IPOCTHIE geaureau N. A uMeHHO, Ka-
XKIBIU MPOCTOU MEeMUTETh r ducaa N OMXKEH yIOBIETBOPATHL CPABHEHUIO
BHUIA

r=N/ (modS), 0<j<T=pi-...-pp;

4) mpoBepseTcs, COAEPKUT JU HalgeHHOe MHOXKecTBO nenurenu N. Ec-
JIX TIPU DTOM [NEIUTEIN He OOHADPYIKEHBI, YTBEPXK JaeTCs, 9TO [N — MpOCTOoe
9UCIO.

Eciu aucao N coctaBHOE, OHO 00S3aTEILHO UMEET IPOCTOU NeIUTEb T
MeHbIun vV N < S, KOTOPBI CaM COAEPKUTCA CPEIN BO3ZMOKHBIX OCTATKOB.
WmenHO HA 5TOM CBOICTBE OCHOBAHO IPUMEHEHUE IYHKTa 4) airopurMma.
IIpumep 2. Ecau BeiOpaTs creqyromme MHOXKECTBA IPOCTHIX TUCENT

{p} = {273)57 7} u {q} = {3)77 11)31:4?’;71:211};

TO TaKUM CIOCOGOM YIAETCA IPOBEPATH mpocTory umcer N < 8,5 - 1019,
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Ormerum, uTO B pabore [13] Ana TecTHPOBAHUSA WUCIOIL3OBATUCH HE
CPABHEHUSI TEOPEMBI 3, & 3aKOH B3aMMHOCTU [JIsI CTEINEHHBIX BBEIYETOB U
TaK Ha3bIBaeMble CyMMBI k06w, CyMMa Axobu

J(x1;x2) = le 2)x2(1 — o)

OMIpeNeasAeTCA I IBYX XapaKTepOB X1, X2 IO MOy ¢. Eciu xapakTe-
PBI UMEIOT MOPAIOK P, TO COOTBETCTBYIOMAA cyMMa fIkoOu npuHamiexuT
koubly Z[(p]. Ilockonbky 4ucia p, y4acTByOWIue B alrOPUTMe, CPABHU-
TEILHO HEBEIUKU, TO BLIYUCICHUA C cyMMaMu JkoOu mpousBOAATCA B MO-
JIIX CYIIECTBEHHO MEHBIIEN CTEMeHU, YeM BBIMUCICHUS ¢ cymmamu Laycca.
DTO TVIaBHAA MPUYUUHA, TI0 KOTOPOU CyMMEI SIKOOU TpenmouTuTeabuee 1
Beruucaenu. IIpu X1 X2 7# Xo BBIIOJHAETCA KIACCHIECKOE COOTHOIICHUE
T(x1) - 7(x2)
T(X1 " X2)
CBA3BIBaOLIEE CyMMBI Laycca ¢ cymmamu AKOOM M MO3BOJSIOIIEE TEpPeru-
caTb cpaBHeHUe TeopeMbl 3 B TepMuHax cyMmMm fkobu (cm. [16]). Tax, npu
p = 3 u q =7 COOTBETCTBYIOIIIEE CPABHEHNE, CIIPABEAJINBOE I TPOCTHIX IV,
OTJINYHHLIX OT 2, 3, 7, IPUHUMAET BUJI
(5] (2]
(=3¢—=2)"""-(3¢+1) " =& (mod NZ[(]),
rie( =e 1 £ — HEKOTOPLII KOPEeHb KyOudeckun us 1.

B 1984 r. B paGoTe [15] 6BLIO BHECEHO CYLIECTBEHHOE yCOBEPIIEHCTBOBA~
HUE B ITOPUTM, MO3BOIUBINIEE OCBOOOAUTLCA OT TPEOOBAHUA HEIETUMOCTH
uguces ¢— 1 Ha KBaIpaThHI IPOCTHIX Yucel. B pesyiabrare, HanpuMep, BEIOpaB
qmeno T = 2% - 32 . 5.7 = 5040 u B3aB S PaBHLIM MPOU3BEIEHUIO MPOCTHIX
umcen g ¢ ycaoBueM, uro T geaurca Ha g — 1, moayamm S > 1,5 - 10°2,
YTO MO3BOJAET JOKA3BIBATH IPOCTOTY ducea N, 3alUChIBAEMBIX COTHEU [e-
CATUYHBIX 3HAKOB. [Ipu >TOM BBIMUCIEHUA OYyAyT TMPOBOAUTHLCA B MOJAX,
MOPOXK IeHHBIX KOpHaMu u3 1 crenenen 16, 9, 5 u 7.

Mou mnepcoHaNbHBIN KOMIBIOTED ¢ mpoieccopom Pentium-150, monb-
3yACh peanusanuen »Toro aaroputma Ha asbike UBASIC, moxasam mpo-
CTOTY 3AMUCHIBAEMOrO 65 MECATUYHBIMU 3HAKAMU, GOMBIIErO U3 MPOCTHIX
qucea B npumepe Pusecra, Hlamupa u Angmemana (cm. pasgen 1) 3a 8 ce-
xyug. Cpasuenue stux 8 cexkyung u 17 jer, moTpebGOBABIINXCSA IS PA3JIO-
JKEHUs HA MHOXUTENU TPENIOKEHHOTO B MIPUMEPE YUCJAA, KOHEUHO, BIIEYa-
TIAET.

OTMeTuM, YTO OLEHKA CAOKHOCTHU DTOTO AINOPUTMA, MPEICTABIAET CO-
00U TPYIHYIO 3a4ady aHATUTUIECKOW Teopuu duucenr. Kak yxke ykasniBa-
JOCB, KOJIMYECTBO OMepaNnil oneHnBaeTca petmauron (In V)N -0 rpa-
KO COOTBeTCTByMOIUe Yucaa S u T', BOSHUKAIOIINE B MIPOIECCe TOKABATEIb-
CTBa, HE MOT'YT OBITH ABHO yKas3aHbl B 3aBucuMoctu oT V. [lokazano aumib

J(X1>X2) =

27i/3
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cymecTBoBanue qucen S u 1', 11 KOTOPHIX JOCTUAETCA OlleHKa. Bripouewm,
€CThb BEPOATHOCTHBLIM BAPUAHT AITOPUTMA, TOKA3EIBAIOIIMA IPOCTOTY MPO-
croro wucaa N ¢ BepoaTHOCTBIO Gombireit 1 — 27F 3a O(k(In N)eninin V)
apupMEeTUICeCKUX Omepanui. A B IPeInONOKEeHUN PACIINPEHHON MU0 TE3HI
Pumana 5Ta OneHKa CIOXKHOCTH MOXKET OLITH HOJydeHa mpu >PEPHEeKTUBHO
ykasauueix S u 7.

7. Kak PacCkKagbIBAlOT COCTaBHBIE YHCJIA HA
MHOXHNTeEJIN

Mgl Jumbs KPATKO KOCHEMCS 3TOU TeMBI, OTCHLIAS YATATEICH K KHU-
ram [6, 16, 17]. Cpean MHOIEX aJrOPUTMOB PA3IOKEHUsA MbI BHIGEDEM Ty
JUHUIO PA3BUTUI, KOTOPAs MPUBEIA K PABIOKEHUIO UUCIA, MIPeNI0XKEHHO-
ro RSA.

IMouckom >dpPEKTUBHBEIX CIIOCOOOB PABIONKEHUS [EIBIX UUCET HA, MHO-
KUTENN 3AHUMAIOTCA Y2KE OU€Hb JABHO. JTa 3a0a4a UHTEPECOBAJIA BBILA-
IOIMUXCA YIEHBIX B 00nacTu Teopun ducen. BepoaTuo depma OLLT MEPBHIN,
KTO [PEeNIOXKUI IPEICTABUTH pasaaraeMoe duciao N B Buje PasHOCTU KBa-
apator N = z? — y%, a sarem, seraucaas (N,z — y), TOTEITATHLCA HaH-
TH HETPUBHAILHBIN AenuTent N. OH Xe OPemIo)ui u Cruocod, mo3BOJIsA-
oMUy HauTu Tpebyemoe npeacrasieHue. Ecau pasmaraeMoe 4ucjao uMeeT
B3, HE OYEHDb OTIMYAIOIINECS 10 BEIUINHE MHOKUTEI, DTOT CIOCO0 MO3BO-
JIIET ONPEIEJUTh UX ObICTpEee, YeM MPOCTOU mepebop genutenent. Jexauap
00paTUI BHUMAHUE HA TO, YTO MPU TAKOM HOAXOAE AOCTATOYHO MMONYIUTH
CpaBHEHUe

> =y? (mod N). (17)
Konewno, ve xkaxgas mapa 4muces, yIOBIETBOPAKIIAX €My, TO3BOIIET pa3-
Ja0xkuTh N Ha MHOXKUTEIN. DWiep u [aycc npeaioxmim HEKOTOPBIE CIIOCOOB
HAXOXK IEHUsA IUCENT, CBA3AHHBIX cooTHOImeHueM (17). Jlexan p ucnoas3osan
[UISL DTOU LEJN HEeMPEPLIBHBIE TPOOH.

HamoMuuM, 9TO KaxXI0OMy MPPAUOHAIBHOMY YUCIy & MOXKET OBITH MO-
CTAB/IEHA B COOTBETCTBUE OECKOHEYHAS IOCJIE[OBATENBHOCTD LEIBIX UUCEI
[bo; b1, b2, ...], HaA3BIBAEMAs €TI0 HEMPEPLIBHOU IPOGBIO. DTO COMOCTABIEHNE
CTPOUTCA CAEAYIOMMIM 00pa3oM

1
Ty — bi,
Jlexauap mOKas3a, 9TO HEOpepBIBHASA APOObL KBAIPATHIHON UPPAINOHATD-
HOCTHU TEpPUOAWYHA. ECan packiagblBaTh B HENPEPHIBHYK APOObL HUCIO
¢ = /N, T0 BO3HEKAIOmE B HPOLECCE DPABIOKEHHA UHCIA T AMEIOT

VN + P,
Qi

0 < Q; <2vN. C kax 101 HEIPEPLIBHON APOOLI0 MOXKHO CBA3ATH MOCAEIO-

To =&, by = [xi], Tip1 = i=0,1,2,....

BUL T; = ¢ measivMu Pj, Q;, npudem Bcerga 0 < P; < VN,
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BATEILHOCTb PAIMOHATLHBIX IMCET, TaK HA3LIBAEMBIX ITOIXOIAIINX IPOOei,
A .
§Z, i > 0, BEIMMCIAEMBIX O MTPaBUIAM
f
A1 = b1 Ai + A1, Biy1 = b1 Bi+ Bi—q, © >0,
Ag=by, B=A_1=1, B_.; =0

7 CTPEeMALIUXCA K pasjaraeMomy 4uciy. Eciu B HempepuIBHYIO IPOOHL pas-
Jaraercs guciao £ = v N, TO CIpaBeInBO COOTHOIIEHUE

A7~ NBi, = (-1)'Q;, (18)
73 KOTOPOIr'O ClIeayeT

A? | =(-1)'Q; (mod N). (19)
3aMeTuM, YTO [JIVHA MEPUOLA PABJIOKEHUS B HENPEPHIBHYIO IPOOBL UMCIa
&€ = /N Moxer GBITb GOJBIION ¥ JOCTUIATh BEIXIHH Hopagka v/ N.

B 1971 r. Ilenkc npegmoxui UCHOAB30BaTh cpaBHeHus (19) nas koH-
CTPYUpPOBaHUsA 4ucea, yaosiaersopsatomux (17). Eciu Beraucienus mposo-
INTH IO TeX IOp, MOKA IPU IeTHOM i He HoxyunTces (; = R? mpu HexoTopom
nenoMm R, To mapa uucen (A;_1, R) 6yner yxoerersopats (17) u ¢ ee momo-
B0 MOXKHO HAIEeSITHCS MOJMYIUTh pasioxkenue [N HA IPOCTHIE MHOXKUTEH.

B 1975 r. Moppucor u BpuiixapT craiu nepeMHOXaTh cpaaenus (19)
IPU PA3JIUYHBIX ¢ C TeM, 4TOObI TAKUM CIOCOOOM MOJYYUTH KBaAPaT
LEJOr0 YUCJAA B IIPABOU YACTU. DTOT METOM, METOJ HEMPEPBIBHBIX IPO-
0er, MO3BOMMI BIEPBHIE PA3JOKUTEL HA MHOXUTENN cenqbMoe uuciao Pepma
Fy = 212841, JIna peaan3anuy alropuTMa, BEIOUPAETCA TaK Ha3bIBaeMasd Oar-
3a MHOXKUTENEN {p1,pa, ..., s }. B Hee BXOAAT OrpaHUUEHHBIE IO BEIWYINHE

Di
Hee yCJIOBHUE CBA3AHO C TeM, 4TO, coruacHo (18), B pasmoxkeHue Ha IPOCTHIE
MHOXKUTEJIN YnCeJa Qz MOl"yT BXOOUTH JINIIb T€ IIPOCTHIE, OJIA KOTOPBIX N
ABJJIAECTCSA KBAaIPATUYIHBIM BBIYIE€TOM.

Ha mepBoMm »Tame aaropurMa Kaxkgoe OIepesHoe Iucao (J; IeIUTCsa Ha,
BCE YUCIA P1,P2,...,Ps A, ECIA OHO HE PA3JaraeTcCs MOTHOCTBIO B IMPOU3-
BeIeHNe CTeleHeH >TUX IIPOCTHIX, TO oTOpachiBaeTcsa. MHade moaydaercs
pasioxeHmne

HEKOTOPBIM IIapaMeTPOM IIPOCTHIE YUCJAA TAKUe, ITO (—) = 1. llocaexn-

(—1)'Q; = (—1)% Hp?. (20)

DTOMy HOMEPY i COIOCTABJIIETCS BEKTOD (ap,ar,...,as) (BEKTOp mokasa-
Tesen). 3aTeM BEYUCAACTCA CACIYIONIee 3HAUCHNE (Y41, U C HAM TPOIEIbI-
BAETCA B TOYHOCTH TaKas Ke MPOHeIypa.

OTK BLIMHUCIEHUA MPOBONATCA OO TEX IOP, MOKA HE OyIeT IOCTPOEHO
$ + 2 BekTOpa mokasarenen. B MOIYIUBIICUCA MATPUIE TIOKA3ATEICH, OUe-
BUIHO, MOXHO II0J0OPATH BEKTOPA-CTPOKM TAK, ITO UX CyMMa OyIeT Bek-
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TopoM ¢ deTHBIMU KoopauHaTamu 2(bg,bi,...bs). Ecmm A — MHOXECTBO
HOMEPOB BEKTODPOB, BOIIEAIINX B Ty CYMMY, TO, KaK JEIKO IIPOBEPUTH C
nomombio (19), umeer MecTo cpaBHEHHE

2 2

H Ai—l = H p.l;-j (mod N)
ieA Jj=1

Ecau ¢ moMompio 5Toro cpaBHEeHUs He yIaeTCs PA3IOKUTL N Ha MHOXKU-
TEeMU, Pa3JOXKEHUE B HEMPEPHIBHYIO APOOL MPOLOIKACTCA, TPOLOTKACTCA
HA0Op BEKTOPOB MOKA3aTeJeNd U T. I.

B 5TOT aaropuTM ObLT BHECEH DAL YCOBEPIIEHCTBOBAHUIL: BMeCTO v/ N
MOXKHO PAaCKIAAbIBATH B HEIPEPLIBHYIO Ap06b 9110 VAN, rae MaleHbKuil
MHOXUTENL k TONOUPAeTCsa TakK, 9TOOB B 6a3y MHOXKUTENEU BOILIA BCE
MAJIbIE MPOCTHIE; OBLIA TPENIOKEHA TAaK HA3BIBAEMAs CTPATErUS PAHHErO
o6puiBa u T. 1. CI0XKHOCTE DTOr0 aIropuTMa ObLTa omeHeHa B 1982 r. Be-
mrauson O(exp(y/1,5-In N - Inln N)). Ilpu BEIBOAE 5TOK OLEHKU MCIOJIB30-
BAJICA PAJ NPABAONOTOOHBIX, HO HE JOKA3AHHBIX CUIOTE3 O PACIPENEIeHNN
MPOCTHIX Yuce. [omyunBmancsa B OleHKe (PYHKIUA PACTET MEIJICHHEE JIH0-
601 CTeneHHOn (PyHKuMM. AJIrOpUTMEL, CIOXKHOCTH KOTOPBIX OLEHUBAETCS
MOZOGHBIM 06PA30M, MOy IUIN HA3BAHNE CyOIKCIOHEHIINATILHEIX (B 3aBUCH-
moctu ot ln N).

B 1982 r. IlomepaHIoM OBLT IPENIOXKEH €Ile OAWH CyO3KCIIOHEHINATH-
HBII AITOPUTM — AATOPUTM KBAIPATUIHOTO perera. Ero CIo)HOCTS o1e-
HUBAETCA TAKOU ke (PYHKIMEN, KaK U B METO/e HEMPEPHIBHLIX IpOOen, HO

BMeCTO KOHCTAHTHI 1,5 monaydena ayuinas — 9/8. O6oznauum m = |V N |,

Q(z) = (x + m)? — N u BeGepeM Ty ke 6a3y MHOKUTENEH, 9TO U B METO-
1€ HempepHIBHLIX Apo6en. IIpn MaTbIX HEeabX 3HAYEHUAX & BermauHa (1)
OymeT CpaBHUTEILHO Hepeauka. Creyiommin mar o6bACHAST HA3BAHUE AT
ropuT™Ma — KBaIPaTUIHOE pemeTo. BmMecTo Toro, 9106k nepebupars Iu-
cla T U PACKIaJBIBATH COOTBETCTBYIOIINE 3HAUCHUA (Q(7) HA MHOXUTENH,
AICOPUTM CPa3y OTCEMBACT HEMOJHBLIC 3HAYCHUA T, OCTABIAA JUIIb TE, I/
KOTODHIX () UMeeT JeJuTeau CPeIu DJAEMEHTOB 0a3bl MHOKUTEICH.
3aJaB HEKOTOPYIO MpaHuily B, IIa KaxXJoro ImpOCTOro UHMCaa p, BXO-
OAMEro B 6a3y MHOKHATETEHW, W KaxKIOTO MOKA3ATENA CTENeHH d, C YCJIO-
BueM p® < B HaXOQUM pemeHus I KBAAPATWIHOrO cpaBHeHma Q(x) =
=0 (mod p®). MuoxecTBO pemenunn 0603Hauum Oyksoun A. Utak, nia ka-
XKI0oro r € A Hammercs saeMeHT 0a3bl MHOXKUTEIEN, a MOXET OBITh U He
O[IVH, BXOJAIIAN B HEKOTOPOU CTEIEHN B PA3JIOKEHUE HA TIPOCTHIE COMHOKT-
reau gucaa Q(x). Te ducna x, npu KOTOPHIX 3HAUEHUA () (T) OKABBLIBAIOTCA
HOJHOCTBIO PA3JIOKEHHEIME, JAIOT HAM BEKTOD HOKA3aTeNeH, KAK U B JIC0-
pPUTME HEMPEPLIBHEIX Apo6en. Ecam Takmx BeKTOPOB OKAXKETCA JOCTATOTHO
MHOT'O, C HIMU MOKHO TIPOJEJIATH T€ Ke OIePallu, 9TO U B aIlOPUTME He-
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TIPEPBIBHBIX APOOEN.

Mer KpaTKo omucaau 3[eCh JWIb OCHOBHYIO WAEK aaropurma. Ilomm-
MO DTOT'0, UCTOMB3YETCA MHOTO APYTUX MOMOJHUTENBLHBIX COOOPAKEHUU U
Pa3JIMYIHBIX TexHuIecKux npuemos. Hampumep, ananor coorsomenus (20)
UMEEeT BUJ

Q@) = mae(=1)% []pj"  (mod N). (21)

B mem pomyckaeTcs Haaumume ABYX TOMOJIHUTEIBHBIX OOJBIINX MPOCTHIX
mHOXUTENen By < ¢; < By. OTU MHOXUTEIN BIOCJAEICTBUU TIPU MEPEM-
HOXKEHUU 3HavdeHuN () MCKII0YAIOTC.

HekoTopbie gerann peanm3anum aIropuTMa MOXKHO HAUTH B padoTe [6].
OTMeTuM 31eCh TOABKO, ITO Ha MHOXUTEIN PACKIAIBIBAIOCH 9ucaIo SN, 6a-
3a MHOXUTENEN coCTosa u3 —1 u 524338 mpoCTHIX YUCe], MEHBIINX, 9€M
B, = 16333609. Ipu sToM 6BLI0 HCHOIL30BaHO By = 230, B pesyanTaTe
npocenBanus noxydniock 112011 coorrHomenun Buga (21) 6e3 MHOXKUTEIEH
¢, 1431337 cooTHOIEHNN ¢ OMHUM TakuM MHOXUTeTeM u 6881138 cooTHO-
[IEHUU C ABYMS MHOXUTEIAMEU. IMEHHO HA MOUCK BCEX DTUX COOTHOIIEHUN
mouao6mauck 220 THEU U GOJIBINOE KOIMIECTBO PAOOTABIIUX MaPALIETHLHO
KOMIbI0TepoB. Ha BTOpOM mare airopurMa, Korga us coorHorerun (21)
KOMOMHUPOBAJIUCH YETHHIE BEKTOPHI MOKA3ATENEN CTENeHEU, MPUXO0TUIOCH
paboTaTh C MATPHUIAMHU, PA3MEPHI KOTOPBHIX U3MEPSIUCH COTHAMU THICIY
6UTOB. DTOT BTOPOU mar morpeboBai 45 4acoB paboThL. YKe YeTBEPTHIU
BEKTOP C YeTHLIMU MOKA3ATENSIMY IPUBEJ K ICKOMOMY PA3JI0XKEHUIO Ha, MHO-
JKUTENN.

8. IuckpeTHoe JorapudMupoOBaHUE

[Iycts p — HewerHOE mpocToe Yucao. Eme Duiep 3HalI, 9T0 MyJIbTUILIN-
KaTUBHAs CPYINa KOAbla Z/pZ UuKkIndHa, T.e. CYLECTBYIOT TaKue LeJble
quciIa @, ITO CpaBHEHUEe

a®=b (mod p) (22)

pa3pemunMo OTHOCUTEJIBHO T [1pu J1000M b € Z, He nemsmemcs Ha p. Jucra a
C ATUM CBOUCTBOM HA3BIBAIOTCSA MEPBOOOPAZHBLIMU KOPHAMU, U KOIXIECTBO
ux paBHO ¢(p — 1), rae ¢ — byukuma duiepa. leqoe z, y10BIeTBOPAOIIEE
cpaBHeHuio (22), HA3BIBAETCS MHIEKCOM WM JUCKPETHHIM JOIapudMOM Iu-
cra b.

B maparpade 2 MBI omucanu airOpuUTM, TO3BOJAIIINN MO 33 JAHHOMY
YUCIYy & HOCTATOYHO OBICTPO BHIYUCAATH ¢ mod p. ObparHas xe omepa-
LUs — BBIMUCJIEHUE [0 3aJaHHOMY b ero AUCKPeTHOro Jorapudma, BoooIe
TOBOPS, ABIACTCA OUEHDb CJIOKHOU B BHIUUCIUTEILHOM OTHOUICHUN 33 1a9eH.
NmeHHOo 5TO CBOMCTBO AUCKPETHOrO JorapudMa U UCIOIb3YETCA B €r0 MHO-
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COYUCICHHBIX KpUNTOrpadguieckux npuMmenenusax (cM. ruasy 1). HauGomee
ObICTpHIE (U3 M3BECTHBIX) AINOPUTMEI PELIeHNs DTON 3a1a491, OCHOBAHHbIE
HA TAK HA3BIBAEMOM METO[IE PEIIeTa IUCIOBOTO MOJA, TPEOYIOT BHIIOMHE-
mus exp(c(Inp)!/3(Inln p)?/3) apudmermaeckux omepammit (cm. [25]), Tae
¢ — HEKOTOpPas MOJOKWTEMbHAA MOCTOAHHAA. DTO CPABHUMO CO CJIOXKHO-
CTBI0 HambOIee OBICTPHIX ANTOPUTMOB PA3NOKEHWA YUCET HA MHOXKWUTEIN.
Komedno, ykazanras omeHKa CJIOKHOCTHU IOMYYEHA IPU yCJAOBUM CIOPABE-
JUBOCTY PALA TOCTATOTHO MPABIOMOLO0OHEIX TUIOTES.

ToBOPA 0 CAOKHOCTH 3aa9M OUCKPETHOTO JOTapu(pMUDPOBAHUA, MBI
UMETU B BULY «OOIIUU CIydaiy. Beab U OOJBIIOE MEI0e IUCIO0 JTErKO MOXKET
OBITEH PA3JIOKEHO HA MPOCTHIE COMHOKUTENN, €CIN BCE 3T COMHOXKUATENN HE
o4UeHb BemuKy. W3BeCTEH airopuTM, TTO3BOMAIIINN OBICTPO PEMaTh 33,149y
MUCKPETHOrO JOrapu(pMUPOBAHUA, €CIU P — 1 €CTh MPOU3BENECHNE MAJIBIX
MPOCTBIX YUCEIT.

Ilycts ¢ — mpocroe wuucao, geasmee p — 1. O6osmadum ¢ = a%
(mod p), Torma xraccer BEreTos 1,¢,c?,...,c? ! Bce pasmmaHLI 1 06pasy-
IOT [IOJIHOE MHOXK€ECTBO peuteHuit ypasaenus 27 = 1 B none F), = Z/pZ. Eciau
¢ He BeJUKO U uesoe ducio d yposiaersopser cpasaenuio z¢ = 1 (mod p),
To mokazarens k, 0 < k < ¢, 11 KoToporo BumonHAeTca d = c¢* (mod p),
JIEFKO MOXKET OLITh HaWIeH, HAIPUMED, C MOMOMLI0 mepefopa. Vmenno na
DTOM CBOUCTBE OCHOBAH YIOMSAHYTHIA BBIIIE AJTOPUTM.

Tonyctum, ato p — 1 = ¢*h, (¢,h) = 1. Arroput™ mocrenoBaTeTBHO

CTpoOUT mesnsle wucaa uj, j = 0,1,...,k, 119 KOTOPEIX BEINOJIHACTCA CPAB-
HEHue
k—j
—hu;\4
(t"a )" =1 (mod p). (23)
k o
Tax kak BemMOMHAETCA cpaBHenue bY = 1 (mod p), To HaigeTca memoe

q—1

MG Ug, LIS KOTOpOro b = ¢"° (mod p). lIpu Taxom BEIGOpE CPaB-
uenue (23) ¢ j = 0, oueBUAHO, BHIIOAHsETCA. [IpeanonoKuM, ITO HALIEHO
IMCIO uj, yEOBIETBOPsomee cpapHeruo (23). Torga onpenemuM ¢ ¢ IOMO-
IO CPABHEHUA

gt
(bra= ") =c¢' (mod p), (24)
¥ TONOKUM Ujt1 = uj + tq?. VIMeIoT MecTo cpaBHeHus
k—j—1 _
(bla i+ =cta ™" =1 (mod p), (25)
O3HAYAOIIE CIPAaBeLTUBOCTD (23) mpu j + 1.
llpn j = k cpapmenme (23) osmauaer B cumry (22), aro al*~uh =

= 1 (mod p). lenoe 9ucao a ecTs MepBOOOPAZHBIN KOPEHb IO MOIYIIO P,
nosromy umeeM (z — ug)h =0 (mod p— 1) u
r=u, (mod ¢¥).

Ecmp—1 = qfl -...- ¢ rme Bce mpocTee umcTa ¢j MAaJBI, TO yKa-
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3aHHAsA TPOILEIYpa MO3BOIAET HAUTU BHIYETHl & mod qfi, 1 =1,...,s, u,
C IOMOINBI0 KUTAMCKOM TeopeMbl 00 ocrarkax, Berder = mod p — 1, T.e.
peumth cpaBHeHue (22).

B caygae 0OBIYHBLIX JOrapudMOB B MOJE NEUCTBUTEILHBIX TUCET WMe-
eTcsa crenuaabHOe ocHoBaHue e = 2,171828 ..., mo3Bossiomee [OCTATOTHO
OBICTPO BBIYUCIATE JOrapudMbl ¢ MPOU3BOILHON TOYHOCTHIO. Hampumep,
DTO MOXKHO [IeIaTh C IOMOIILI0 OBICTPO CXOQAMIErOCs PALA

14z z®  Zd
=2 — +—+... 1. 2
T, et gt 2l < (26)

JIOFapI/Iq)MBI 10 MPOU3BOJIBHOMY OCHOBAHUIO C MOT'YT OBITH BBIYMCJIECHEBI C
IIOMOIIBIO TOXKAECTBa

In

Inz

log,.z = (27)

Inc’
B cnygae quckpeTHBIX JOrapudMOB HET OCHOBAHUSA, IO KOTOPOMY JOrapud-
MBI BEIYUCIAIACH OBl CTOJb K€ OBICTPO, KAK HATYPAILHBIE B TIOJIE TEUCTBU-
TeAbHBIX dmcesl. Bmecre ¢ TeM, nocaenusas pOpPMyJa, CBA3BIBAIOMIAA JOTA-
pUGMBL C PA3TAIHBEIMU OCHOBAHUAMEI, OCTAETCA CIPABEIINBON U TO3BOIAET
BLIOMPATH OCHOBaHUE yIOOHBIM ciocob6oM. EnMHCTBEHHOE yCI0BUE A DTO-
O COCTOUT B TOM, YTOOBL JOrapudM HOBOI'O OCHOBaHUA LOg ¢ GbLI B3AUMHO
mpoct ¢ p— 1. Torga B popmyse (27) BO3MOXKHO HeeHEE IO MOLYJIH0 p — 1.
3aMeTuM, 9TO 3TO YCJIOBUE OyAeT BHIIOIHEHO, €CIU U TOIBKO eCJAU ¢ —
epBOOGPA3HLBIN KOPEHb. V3 pacumpeHHon runoTe3sl PuMana cregyer, ITo
HAMMEHBIINY IEPBOOOPA3HLIN KOPEHDL II0 MOYJI0 P OrPAHUYEH BeJUIUHON
O(log® p). TlosToMy B gambHEHmIEM I TPOCTOTH M3IOKEHUA MBI Oy IeM
mpeAmoIaraTh, 9To ocHoBanme a B (22) Heemmko, mmenno a = O(log® p).

Tak xak nome [F), HemoaHO, BEIMHC/IEHNE IUCKPETHLIX JOIapUQMOB He
MOXKET UCIONBL30BATH MPENEJbHBIN IePEX0] U OCHOBAHO HA, WHBIX MPWHIIA-
nax. [Ipex e Bcero, HyKHbIU AUCKpeTHBIN Jorapudm Log b Beraucasercs e
caMm 1o cebe, & BMECTe C COBOKYIHOCTBIO JOrapudMOB psAla IPYTUX THCET.
3aMeTuM, ITO BCAKOE CDABHEHUE BUIA

@' =g g (mod p), (28)
rie g;, ki, m; € Z, IPUBOAUT K COOTHOIIEHUIO MEX Iy JorapudMamMu
(k1 —m1)Loggi +--- + (ks —ms)Loggs =0 (mod p —1). (29)
A ecnu BHITIOMHAIOTCA CPABHEHUA
a=q¢t...-q¢ (modp—1) b=gqi*-...-¢% (mod p),
TO
riLogqy + - +rsLoggs =1 (mod p—1), (30)
n
Logb=z1 Loggs +--- +z;Loggs (modp—1). (31)

Wwmest gocraTodso MHOTO BEeKTOPOB Ky, . .., ks, M1, ..., My ¢ ycaoBuem (28),



AJITOPUTMUYECKHUE MTPOBJEMbI TEOPUM YUCEJ 113

MOXKHO HAUTH PEIIeHre COOTBETCTBYIOIMEN cucreMbl cpasuenuu (29), (30).
Ecmu sra cucremMa mMeeT eIMHCTBEHHOE DeIleHue, TO UM Kak pa3 u Oy-
et Habop Jorapudmos Logqi, ..., Loggs. 3arem ¢ momompio (31) MoxHO
manTtu Logb.

Mbl onumeM HuKe peaqu3anuio >TOU WAed, B3ATYI0 u3 paboroi [18].
OBpHUCTHIECKUE COOOPAXKEHNS MO3BOAMIN aBTOopaM [18] yTBepknaTh, 4TO
npentokennerd umu aaroputy tpebyer L rae L = exp(y/Inp - Inlnp),
apupMETUIECKAX ONEPalui I BLraucaeHus Log b.

[Momoxum

H=[yAl+1, J=H>—-q
Torga 0 < J < 2,/p + 1, u, Kax JerKo MpOBEPUTH, 1A MO0 MaPBI TETBIX
YUCEJ €1, Cy BBIMOJHACTCA CPABHEHUE

(H+c1)(H+c2)=J+ (1 +e2)H +cie2 (mod p). (32)

Ec/u 4ucia ¢; He 09eHb BIUKH, ckaxeM ¢; < L'/2T¢ mpu mekoropom £ > 0,
TO mpaBas “acTh cpaBHeHus (32) He mpesocxommt p'/2t=/2. Moxuo moKa-
3aTh, YTO CIyYAiHO BEIODAHHOE HATYpAIbHOE umcio z < p'/2t€/2 packia-
JBIBAETCA B IPOU3BEICHUE IIPOCTHIX Yncel, MeHbmuX L'/2, ¢ BepoATHOCTEIO
Goabimeit, wem L~1/27¢/2,

O6osuaunm gepes S = {qi,...,qs} COBOKYIHOCTb BCEX MPOCTHIX UUCEI]
g < L'/2, a rakxe Beex measix uucen Buga H + ¢ mpu 0 < ¢ < LY/?2t¢, To-
raa s = O(L1/2+5). Bynmem Temepsb nepebuparh CIyIauHLIM 00PA30OM TUCIA
U 1A KaXKIOM TAKOH HapEl NEITATHLCA PA3IOKNTL Ha MHOXKUTETIH COOTBET-
CTBYIOIIEE BHIpAYKEHUE U3 MPaBon dactu (32). [l pasmiokeHus MOXKHO BOC-
HOJIb30BATLCA, HATPUMED, TeIeHHeM Ha BCE HPOCTHIC THCTIA, MEHBIINE e

L'/2 . Tlepe6pas Bce %(L”HE)2 = O(L'*?%) yxazaHHBIX MIap €1, C2, MBI HAll-

IeM, KaK 5TO (JIeIyeT U3 YKA3AHHBLIX BHIIIE BEPOIATHOCTHBIX COOOPAXKEHUN,
He MeHee

L71/27€/2 . O(L1+25) — O(L1/2+35/2) (33)
map, AU KOTOPBIX [IpaBas JaCThb CPaBHEHUs (32) IOJHOCTBIO PACKIALbI-
BAETCA Ha MPOCTHE cOMHOXmTemn, Menbmue L'/2. Cpanzenne (32), Ta-
kUM obpasom, mpuauMaer Bupg (28). Tax crpourca cucreMa ypaBHEHUI
runa (29).

HamomMuuM, 9YTO YMCIO @, COTVIACHO HAIIEMY MIPENIOTIOXKEHUIO, CYIIe-
crBenHO MeHbire, yeM L'/2. TIoaToMy OHO PACKIAJBIBAETCA B IPOU3BECHIe
IPOCTHIX YHCE], BXOIAIINX B MHOXECTBO {¢i,...,(s}, ¥ 9TO IPUBOJUT K
cpasrenuio (30).

3aMeTuM, ITO KOAMIecTBO (33) HaMIEeHHBIX cpaBHeHun Tuma (29) mpe-
BocxoauT dnucao s. CiaeqoBaTeIbHO, MOCTPOEHHAA CUCTEMa, HEOTHOPO JHBIX
JUHEUHBIX CPABHEHUU OTHOCUTEIBLHO LOg(q; COmepk uT cpaBHEHUU GOMbIIE,
YeM HEU3BECTHHIX. KOHEYHO, MHOXKECTBO €€ PEelIeHUU MOXKET MPU DTOM
ObITh OeckonedHnbiM. Q@HA M3 IPaBIONOLOOHBEIX T'UIIOTE3 COCTOUT B TOM,
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YTO CUCTEMa BCE- TAKU UMEET eIUHCTBEHHOE PEIICHUE, U, PEIAB €€, MOXKHO
OTIpeNeInTh TUCKPETHBIE JorapudMul Beex ducen ¢;. Ha aToM saBeprmaercs
[EPBBIN dTan paboTs aaropurma u3 [18].

Kak 6110 0TMEYeHO, KaxkK 10€ U3 IUCENT, CTOALMX B IIPABOU IaCTH CPAB-
menns (32), me mpesocxogut p'/2+=/2, TlosToMY OHO pacKIaIEIBACTCA B IPO-
usBegenve ue 6osee O(In p) IPOCTHIX COMHOKUTENCH U, CAEIOBATEILHO, Ka-
XK1oe U3 cpaBHeHuH (29) mocrpoeHHOU cucTeMbl cogepxut auib O(ln p)
OTJIUYHBLIX OT HYJA KOd(MPUIUEHTOB. MaTpuia CUCTeMBl CpaBHEHUN Oy 1eT
PA3PEXKEHHON, YTO MO3BOIAET MPUMEHATH A €€ PEIICHUA CIEIUATbHBIE
METObI C MEHBIIEN OIEHKOU CJIOXKHOCTH, 9eM OOBIYHEBIN ['ayCCOB METO UC-
KTIOYCHUSA TEPEMEHHBIX.

Bmecto mepe6opa Bcex gomycTuMbIxX 3HadeHuin ¢; B [18] mpemmaraercs
UCIIONB30BATh TAK HA3BIBAEMOE DEIIETO, OTOPACHLIBAIOIICE BCE MAPBI DTUX
qHCeNT, JIA KOTOPLIX MpaBas 9acTh (32) 3aBeIOMO He DACKIAJLIBACTCA B
IPOM3BEIEHUE MATEIX IPOCTLIX COMHOXUTETEH. 11 Kaxk 1000 ¢ M KaxK 01
MaJoit mpocToit crenenn ¢ < L'/? MoxHO HaiiTu BCe pemennsa ¢y < L'/2
JIMHENHOT'O CPABHEHNA

J+(ci+c)H +cica =0 (mod ¢').

OprauuzoBasHAsg IPABIILHLIM 06pa30M, 9T IPOLELYPa OLHOBPEMEHHO OT-
OUpaeT BCe HyJKHBIE Maphl UUCET C1,Cy U JAET DA3IOKEHHe HA IPOCTHIE
COMHOMKUTEIN NIPABBIX YacTel cpaBHeHun (32).

Hrak, mocTe mepBOro »Tana paboTH aIrOPUTMa B HAIIEM DACIIOPKe-
HU OKA3EIBAIOTCA AUCKPETHEIE JOrapu(pMEL BCEX THMCEI M3 MHOXKECTBA S.
BTopoit 3Tam aIropuTMa CBOIUT MOUCK JUCKPETHOrO JorapudMa Tucia b K
TOUCKY JOTapu(MOB HEKOTOPOT'O MHOXKECTBA, THUCET U, HE TTPEBOCXO IAIIIX
o Beamanae L2, Beibupas cayuaitaeiM 06pasom quciao w He 6oaee L/4 pas,
MOYKHO, KaK TMOKA3BIBAIOT BEPOATHOCTHEIE COOOPaYKeHUS, HAUTHA TaKoe w,
4910 BEIMeT a®bmod p packIalbBaeTCA B IPOM3BEJEHME IIPOCTHIX HHCE,
venprmmx L2, IycTs

s t
a®b = H q H u;’  (mod p)
i=1 j=1

TaKOe Pa3IOKeHNe, T 1€ Uy, . . . , U; — HEKOTOPHIE IPOCTHIE TUCIA C YCIOBUEM
L'? < u < L?. Ha nouck »roro cpasrerns norpedyercs O(LY?) apudme-
TUYECKUX Omepalui. B pe3ylbTaTe BEMUCICHME TUCKPETHOIO JOrapudMa
aucaa b CBOAUTCA K BIMUCIEHUIO ¢ JUCKPETHBIX JOrapudgMOB 41 TUCel Uj,
1 < j <t cpeauero pasmepa.

Haxomner, Ha mocaegHeM >Tame NpOU3BOIUTCSI BBEIYUCICHIE JOrapud)MOB
Bcex umcea uj. IlycTs 4 — mpocToe Imeno ms mHTepBasa L'? <u < L2,
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O603HaIUM

G = [@}, I=HGu—p.

u

[l1s1 MROOBIX MENBIX YUCET C1,Co < L'/2+¢ pumomaaeTcs CpaBHEHUE
(H+c)(H+c)u=T+ (c1G+ coH +ciea)u  (mod p). (34)

OTMeTHM, 9TO IpaBas 9acTh HTOrO CPABHEHMS He IpeBocxoIuT pt/2L5/2+e
[IpocemBas Bce qmcaa ¢1, ¢y U3 YKA3aHHOIO MHTEPBAIA, MOXKHO HAUTH TAKHE,
uro uncrta G + ¢y U mpaBas dacTh cpaBHeHUs (34) COCTOAT M3 MPOCTHIX
comEOXKUTEIeH, He npesocxogamux LY/2. Torga cpapuenue (34) nosBossieT
BeraucanThb Log u. Beraucrenue Log b mpu usBecTHBIX yxe 3HaveHuax Log g;
tpebyer L1/2t¢ apudmernueckux omeparmit.

CymmecTByIOT 1 Apyrue CIoCOoOH OCTPOeHus cooTHommenun (28). B [23]
[UIA DTOTO UCHOMB3YIOTCA BEIMUCICHNAA B TMOMAX alrebpamdeckmx dmcen. B
KadeCcTBe MHOXKUTEIEN B COOTHOIIEHUAX TUla (28) UCIOIB3yI0TCS HE TOIBKO
MPOCTHIE YUCAA, HO ¥ TPOCTHIE UIEATLI C HEGOIBIION HOPMOU.

3a1ava BLEIMUCJAECHUA TUCKPETHBLIX JOrapu(pMOB MOKET PACCMATPUBATE-
A TaKXKe U B MOMAX Fpn, COCTOAIMX U3 P” DIEMEHTOB, B MYIbTUILINKATHB-
HBIX CPYIIIAX KIACCOB BEI1eToB (Z/mZ)*, B rpynnax TOYeK SJUIMITHIeCKIX
KPUBEIX U BOOOINE B MPOW3BOILHEIX rpynmnax. C muTepaTypon o STOMY BO-
IPOCY MOXKHO O3HAKOMUTBLCS 10 padore [19].

9. 3akiroueHue

Mgl 3aTpOHYJIH B 3TOU IVAaBe JUIIb HEOOIBIIYI0 YaCTh BOIPOCOB, CBS-
3aHHBIX C TEOPETUKO-YUCIOBEIMU AITOPUTMAMU U OIEHKAMU UX CJIOXKHOCTH.
Mg HE OHUCHIBAIN HEPCHEKTUBHBIE KCCICIOBAHUS, CBA3aHHBIE C PACIPO-
CTPaHEHUEM AICOPUTMOB DEIIeTa HA MOJA alredpamdeckux uucen (perre-
TO YUCIOBOTO MOJA), U UCIOJL30BAHUE UX I PA3JIOKEHUA LEJABIX TUCET
Ha MHOXWTEJIN WIM DPEIIeHUs 3a0a4Yd TUCKPETHOI'O JIOrapupMUPOBAHMUI,
cM. [20]. IMeHHO C TOMOIIBIO DTUX AICOPUTMOB TOCTUTHYTHI TEOPETUYe-
CKUe OIEHKW CJIOXKHOCTU PA3JIOKEHUsI HA MHOXUTEIN

exp(c(In N)Y/3(Inln N)2/3).

He 6buiu 3aTpPOHY THL SJIANTAYECKAE KPUBLIE, T. €. OIPEIeJeHHBIE C TOYHO-
CTBIO 1O OOPATUMOI'0 MHOXKUTENA IPOMOPINOHAJIBEHOCTY MHOXKECTBA TOYEK

Eop ={(z,y,2) € (Z/mZ)3|y’z = 2* + axz® + b2°},
obaagaoinue rpynmoBou cTrpykTypou. C uX MOMOIIBIO yAAI0CH TOCTPO-
UTH BECbMA, 3(PPEKTUBHLIE ANTOPATMEL PA3JIOKEHUA TUCET HA MHOKUTEINA 1
MPOBEPKM HEJIEIX YUCEJT HA MPOCTOTy. B OTIMYme 0T My bTUILIMKATABHON
rpyunsl (Z/mZ)* nopagox rpymnnsl E, , Opu OJHOM X TOM XK€ M MEHeT-
CA B 3aBUCUMOCTHU OT IEILIX MMAPpaMETPOB @, b. DTO OKA3LIBAETCA BECHMA,
CYIIECTBEHHBLIM, HAIPUMED, [IPU PA3JIOKEHUN TUCET 1M, Ha MHOKATETN. Mbr
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OTCHLIAEM YMTATENEN 33 MOAPOGHOCTAMU KCIOIb30BAHUA DIIUNTUIECKAX
KPUBBIX K craTbe [21].
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MaTemaTnka pa3aejJeHUus ceKpeTa

1. BBegenue

Paccmorpum caenyroryto, B Halre BpeMsi BIIOJIHE PEAIBHYIO CUTYAIUIO.
[IBa coBMa eI TPATOIEHHOCTH XOTAT MOJOKUTEL €€ Ha XPAHEHUe B cend.
Ceund coBpemenubn, ¢ mudpoBbIM 3aMKoM Ha 16 mudp. Tak kak coianeas-
IIbI HE JOBEPAIOT APYT APYTY, TO OHU XOTAT 3aKPHITh Cerd TakuM 00pa3oM,
9TOOBI OHM MOIUIA OTKPBHITH €r0 BMECTe, HO HUKAK He MOPO3Hb. st >To-
T'0 OHU TMPUIIAIIAIOT TPEThE JUIO, HA3BIBAEMOE IWIEPOM, KOTOPOMY OHU
o0a moBepsioT (HAIpPUMED, IOTOMY 9TO OHO HE HOLYYIUT OOJbLIE JOCTYI K
cendy). Jurep cayganno seibupaer 16 nudp B KadecTBe «KI0Uay, ITOOLL
3aKPBLITH cerd, U 3aTeM COOOIIAET MEPBOMY COBIAAETBIY BTAWHE OT BTO-
poro mepsbie 8 HUMP «KIIDUA», & BTOPOMY COBIALEAbIY BTAUHE OT IIEPBO-
ro — nocieaue 8 nudp «Kaodar. Takon crnocod MpencTaBIsgeTCa ¢ TOUYKA
3IPABOIO CMBICIA ONTUMAILHBIM, BEIb KAXK LI U3 COBJIALENBIEB Oy Ul
(ONKIIOYay U ITO MOXKET OBITh ayurne?! HemocTaTkoM TaHHOTO mpuMepa
ABISAETCS TO, UTO JIOOOU U3 COBJIAIEJIbIEB, OCTABIINCH HACIUHE C CEUPOM,
MOXET 33 Mapy MUHYT HAUTHU HEJIOCTAIOIIAE (TOJKIIYay ¢ MOMOLIBIO He-
CJIOXKHOT'O YCTPOUCTBA, MePebUpaloIero Kioyun co ckopocthio 1 MTn. Ka-
JKETCs, 9TO e[UHCTBEHHBIU BBIXO — B YBEIUYCHUM PA3Mepa (KI0Yay, CKa-
xKeM, BABoe. HO ecThb Opyrou, MaTeMaTUIeCKUU BLIXOJ, OTPOBEPTAOIIAN
(B JaHHOM Cilydae — K CYaCTBIO) COOOPAXKEHUs 34PABOrO CMBICIA. A UMEH-
HO, AWJIED HE3aBUCUMO BHIOMPAET ABE CAYJaWHBIE TOCICIOBATEILHOCTH O
16 mudp B Kaxk a0, COOOIMAET KAXKAOMY U3 COBIAIEJIBIEB BTAUHE OT APY-
TOT0 «eroy MOCIeIOBATETLHOCTD, a B KAUYeCTBE (KJI0Ua», ITOOBI 3aKPHITH
cend, UCTIOMB3YET TMOCAENOBATENLHOCTE, TIOTYIEHHYIO CIOKEHUEM 110 MOIY-
a0 10 coorBeTcTByOUMX UMD ABYX BHIOPAHHBIX MOCIEIOBATEIBHOCTEN.
[MOBOMBLHO OUEBUAHO (M HUKE MBI DTO HOKAXKEM), U9TO g KaXKIOrO U3 CO-
Bragersnes Bee 1016 BO3MOXKHEIX «(KTI0Uely 0IMHAKOBO BEPOATHEL U OCTACT-
cA TOMBKO NepebmpaTh UX, YTO NOoTpebyeT B cpegHeM OoJiee MOTyTOpPa JeT
Ui yCTPOUCTBA, mepebuparomero Kiaodu co ckopoctbio 100 M.

N ¢ mMareMaTUIeckow, W C MPAKTUIECKOW TOYKU 3PEHUSA HEUHTEpPECc-
HO OCTAHABJIUBATLCSA HA CIydae ABYX YIACTHUKOB U CJIELYET PACCMOTPETH
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o6yt curyanuo. HedOopMaIbHO TOBOPSA, «CXeMa, Pas3IelAlNias CEKPeTy
(CPC) nosBomsieT «pacupeseauTby CEKPeT MeXAy 7 yIaCTHUKAMU TAKUM
o6paszoM, YTOOBI 3apaHee 33 IaHHLIE PA3PENIeHHEIE MHOXKECTBA YIaCTHUKOB
MOV OJHO3HAYHO BOCCTAHOBUTL CEKPET (COBOKYIHOCTH DTUX MHOXKECTB
HA3BIBAETCA CTPYKTYPOU NOCTYNA), & HEPa3PEIIeHHBIE — He IOLYyYalu HU-
KaKO JOMOJHUTEILHON K UMEIOIIECHCA AIPUOPHON MHMOPMAIII O BO3MOXK-
woMm 3HadeHuu cekpera. CPC ¢ mocaequuM CBOUCTBOM HA3BIBAIOTCI COBEP-
MIEHHBIME (M TOJBKO OHU, KAK IIPABUIO, PACCMATPUBAIOTCSA B 3TOU CTATHE).

Ucropus CPC mauunaerca ¢ 1979 roxga, xorga sra npobaema ObLIa, MO~
crasiera u Bo muorom pemteta I'. Baenkiu [1] u A. Mlamupowm [2] gas cay-
4as moporoseix (1, k)-CPC (T.e. pa3pereHHbMu MHOXKECTBAMY ABIAIOTCA
JmoOBle MHOKeCTBa u3 k miu Gouee aneMeHTOB). OCOOBI MHTEpEC BHI3BA-
au Tak HasbiBaemble uaeaibubie CPC, T.e. Takue, rae «pazMepy UHDOD-
Malyu, TPEIOCTABIACMON yIACTHUKY, HE OOJBINE «pa3Mepay CekpeTa (a
MEHBIIE, KaK OBLIO IOKa3aHO, OH M He MOxeT OblTh). Oxasanocs [3], 4ro
mo6on Takon CPC coorseTcTByeT MaTpous (ONpeeneHue, 9TO 3TO TAKOE,
cM. B 1. 4) U, CJIeJOBATEIBHO, HE JJIs JI0O0U CTPYKTYPHL JOCTYIA BO3MOXKHO
ujgeanbHOE pasneneHue cekpera. C Ipyrou CTOPOHHI, OBLIO MOKA3AHO, YTO
I TG00 HAGOPA PAa3PENIeHHEIX MHOKECTB MOKHO IIOCTPOUTD COBEPIIEH-
uyto CPC, o1Hako M3BECTHLIE MOCTPOEHUS BECHMa, «HEDKOHOMHEBD. B nanuaon
CTaThe PACCMATPUBAIOTCA AIre6pO-reOMETPUICCKUE U KOMOUHATOPHBIE 3a-
IadK, BO3BHUKAIONIME MPU MATEMATHIECKOM AHAMU3E (CXEM, PasIesIsroNmx
cekpeT». BoT mpuMep oqHOUN U3 TaKUX 3a1a4.

Byzem roeopurs, uro cemencrsBo mogupocrpancts {Lg,...,L,} xo-
HEYHOMEPHOT'O BEKTOPHOrO npocrpancTsa L mag norem K ymoeaeTBopseT
CBOWCTBY «BCE WIN HUYErO», ecau /s maoboro muoxectea A C {1,...,n}
JuHenHas 060M0YKa moanpocTpancTs {L, : a € A} mmbo conepxuT mon-
IPOCTPAHCTBO Lo HEAUKOM, MO0 MEPECEKAETCA C HUM TOJBKO IO BEKTO-
py 0. B n. 3 MBI yBuauM, 9TO Takoe ceMencTBO 3agaer winHenuyio» CPC,
y xoropon MHO)ecTBo A C {l,...,n} sBIsgeTCA PaspelIEHHBIM, €CIU U
TOIBKO eC/Iu JuHenHas 060m04Kka mogupocrpancts {L, : a € A} comepxur
HOANPOCTPAHCTBO Lo meankoMm. B ¢Bs3u ¢ 3TUM MOHATUEM BO3HUKAET DAL
Bompocos. Hampuwmep, ecin none K kouewro (| K| = ¢) u Bce mOAIpOCTpaH-
crea {Log,...,L,} 0gHOMEDHEI, TO KAKOBO MAKCUMAJIBHO BO3MOXKHOE TUCJIO
YYACTHUKOB 7 A JUHERHBIX Moporosex (n, k)-CPC (k > 1)? Wuadue roso-
Psl, KAKOBO MAKCUMAJIbHO BO3MOXKHOE IUCIO BEKTOPOB {ho, ..., h,} Takux,
41O JH0OBIE kK BEKTOPOB, COMEPKAIIIE BEKTOD hg, TUHEUHO HE3ABUCUMEL, 4
JM00EIE k+1 BEKTOPOB, conepkamme BeKTop hg, MuHenHO 3aBucuMel. OKas3bl-
BaETCA, 9YTO DTO CBOUCTBO DKBUBAJCHTHO CJACIYIOMIEMY, HA TIEPBBIA B3IVIAL
6o/ee CUIBHOMY, CBOUCTBY: JIOOBIE k BEKTODOB JWHEMHO HE3ABUCHAMEL, 4
mobete k + 1 — ymuernHo 3aBucuMbl. Takue CUCTEMBI BEKTOPOB M3y JaInCh
B reomerpun kak N-mHOxecTBa (N = n + 1) B KOHEYHOU MPOEKTUBHOU
reomerpuu PG(k —1,¢), B koMGUHATOPUKE KAK OPTOIOHAJBHBIE TAOIALBL
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cuiel k u uHAEKca A = 1, B Teopuu KOAMPOBAHUS KAK MPOBEPOTHBIE Ma-
rpuust MIP xoxos (mogpo6uee cm. [4]). B m. 3 Mbl npusenem usBecTHYIO
KOHCTPYKIUIO TaKMX MHOkKeCTB ¢ N = ¢ + 1, a TOBOJILHO CTapas CUmoTe3a
COCTOUT B TOM, UTO DTO U €CTh MAKCUMAJIBLHO BO3MOXHOE N, 33 MCKIOYe-
HEEM [IBYX CiIy4aeB: ciaydas ¢ < k, korga N = k+ 1, u cayqas ¢ = 2™,
k=3wmk=q—1, xorga N =q + 2.

2. Pa3pgesenue cekpeTa s NPOU3BOJBHBIX CTPYKTYP
JOCTyma

Hauueum ¢ popmanbuOn MaTeMaTudeckon Mmoaenu. Umeercs n+ 1 MHOXKe-
cTBo 8o, S1,...,S, u (coBMecTHOE) pacupeneneHue BepoaTHocTen P Ha ux
nexkapToBoM mpousBenenun S = Sp X - -+ X Sp,. COOTBETCTBYOIIME CIyYIan-
HbIE BEJUYIUHBI 0003HAYATCA deped S;. MMeeTcs Takke HEKOTOPOE MHO-
xectBo I' moaMHOXKecTB MHOXecTBa {1,...,n}, HA3BIBAEMOE CTPYKTYDPOU
DOCTYyTIA.

Ounpepgenenne 1. [Mapa (P,S) HasbIBaeTCSa co8epuernoli 6eposMHOCMKOL
CPC, peamusyrolmen CTpyKTypy goctyma I, ecan

P(SOZCO|Si:Ci,iEA)E{O,1} AHHAEF, (1)
P(S():C()|Si:Ci,iéA):P(SOZCO),ELJUIA¢F. (2)

DTO ompeneseHne MOXKHO HCTOIKOBATE Caerylommm obpaszom. Umeercs
MHOXKECTBO Sy BCEX BO3MOXKHBIX CEKPETOB, U3 KOTOPOT'O CEKPET So BLIOU-
paeTcs ¢ BepoATHOCTBIO P(So), u umeerca CPC, koropas «pacnpegeisers
CeKPeT Sp MEXIY N YIACTHUKAMHU, MOCHLLIAA (TPOEKIAUY S1,. .., S, CEKpPe-
Ta ¢ BeposaTHOCTBIO Py, (s1,. .., 8,). OTMeTHM, 9TO i-U yIACTHUK HOLYIAET
CBOIO «IPOEKIUIOy $; € S; U He mMeeT MHPOPMAIMKM O 3HAYECHUAX NPYTHUX
IPOEKINIY, OJHAKO 3HAET BCE MHOXKECTBA S;, a TakxkKe 00a PaCIpeIeleHus
BepositHocren p(so) u Ps, (51, ..., 8,). DTU ABa pacupeseaeHus MOI'y T OBITh
DKBUBAJEHTHO 3aMEHEHBI Ha OXHO: P(Sq,S1,...,5n) = D(S0)Psy(S1,---,Sn),
aro u 66110 caenano senue. lleas CPC, kax yka3elBaaock BO BBEIEHWUM, CO-
CTOUT B TOM, ITOOBI:

a) y4acTHHKM u3 paspemeHHoro MHoxkecrsa A (r.e. A € T') Bmecre
MOz ObI OMHO3HAMHO BOCCTAHOBUTE 3HAYMEHUE CEKPETA — DTO OTPAKEHO
B cBoucree (1);

6) yuacTHuKkY, obpasyomue HepadpemmenHoe MHOx)ecTBo A (A ¢ T), ue
MODA GBI TOMYYUTE TOMONTHATEIBHYIO HHPOPMAINIO 06 Sg, T. €., 9TOOH Be-
POATHOCTBL TOT'O, YTO 3HAYEHME CEKPETa Sy = €, HE 3aBUCETA OT 3HAICHAN
«poextminy S; mpu i € A — 510 cBOUCTBO (2).

3aMedaHUe O TEPMUHOJOTHMHU. B aHMIOA3EIMHON JUTEPATypPE I
0603HaYMeHU «nopuuy uHMOpMauy, nocsuaemon yaactanky CPC, 6uin
BBegeHsl TepMuHbl «sharer (A. ITamup) u «shadows (I'. Baenkiu). Ilepeoin
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TepMUH OKa3aJsca HauboJsee MOy IAPHBIM U aBTOP JOAT0 O0POJICA ¢ cobIa3-
HOM IIPDHUBJIEYb MaCCOBOI'O IUTATENA, IIOCTOIHHO UCIIOJIB3YsA B Ka9eCTBE €ro
repeBoa CIoBO «akiusy. HeanekBaTHuas (Bo BCEX CMbICJIax) 3aMEHa, «aKITII»
Ha «IIPOCKIIUI0» MOXKET OBITH HECKOJIBLKO OIIpaB IaHa CJACTYIOIIUM IPUMEPOM.

IIpumep 1. MuoxecTBO Sy BCEX BO3MOXKHBLIX ceKpeToB coctouT u3 0, 1
U 2, «IPeacTaBICHHBIX» COOTBETCTBEHHO: MIapoM; Kyb6oM, pebpa KOTOpPOro
apaJLIENbHEL OCIM KOOP JUHAT; IAIXHIPOM, 0OPa3yoIIre KOTOPOI'o MapaJl-
Jgeabusl ocu Z. [Ipu 5ToM quameTpsl mapa 1 OCHOBAHUS AIMHIPA, U IJIUHBI
pebpa Kyba 1 06pa3yoLen IWIKHIPA, PABHEL [IepBBI yIaCTHUK IOy YaeT
B Ka4eCTBE CBOEU «IOJM» CEKPETa ero MPOEKIINIO Ha MIOCKOCTL X Y, a BTO-
pout — Ha WIOCKOCTh X Z. SICHO, 4TO BMECTE OHU OTHO3HAYTHO BOCCTAHOBAT
cekper, a mopo3ub — He MoryT. O guako, sta CPC He sBaseTcs copepiien-
HOW, TAaK KAaK JIO0OU U3 YIACTHUKOB IIOIy9IaeT WH(POPMAIMIO O CeKpere,
OCTaBJIAA TOJBKO ABA 3HAYEHUS CEKPETA KAK BO3MOXKHLIE DU TAHHOU TTPO-
ekiuy (HApUMep, eCIu TMPOEKIUA — KBAAPAT, TO AP HEBO3MOKEH).

Eme oaso 3amedanue. DiaemenT (yuacTHuk) x € {1,...,n} Ha3wBa-
€TCA HEeCYIECTBeHHBIM (0THOCUTEBHO ), ecau niasa m60ro HepaspereH-
moro MuOoxkectBa A muoxkecTtBo A Uz Taxxke mepaspeuiennoe. Q4ueBuIHO,
YTO HECYIIECTBEHHBIE YIACTHUKN HACTOIBKO HECYIIECTBEHHEL JJISA Pa3Hee-
HUA CEKPeTa, YTO WM IMPOCTO He HYXKHO MOCHLLIATH HUKAKOW MH(pOPMAIINY.
IlosTomy namee, 6e3 OrpaHWYEHUs OOIIHOCTHU, PACCMATPUBAIOTCA TOJIBKO
Takme CTPYKTYpPHL gocTymna [, mis KOTOPLIX BCE DIEMEHTEI ABJIAIOTCA Cy-
mecTBeHHbBIMUA. KpoMe TOro, eCTeCTBEHHO Mpeanoiararh, 9To [ aBasercsa
MOHOTOHHOU cTpyKTypou, T.e. u3 A C B, A € I cienyer B € T.

IIpumep 2. PaccMOTpuM MpOCTEUNIYIO0 CTPYKTYPY AOCTyHa — (n,n)-mo-
POTOBYIO CXEMY, T.€. BCe YIACTHUKHA BMECTE MOT'YyT BOCCTAHOBUTEL CEKPET,
a J060€ MOIMHOXKECTBO YIACTHUKOB HE MOXKET IOy IUTh TOMOJHUTEIHLHON
uudopmanuu o cekpere. bynem crpouts ugeansuyo CPC, Beibupas u ce-
KDET, I €0 IPOEKINN U3 DPYIINLL Z, BEIMETOB IO MOAYJIO ¢, T.€. Sp = S =
=...= S8, = Z,. lunep resepupyeT n — 1 He3aBUCUMBIX PaBHOMEDPHO pPac-
[PENENEHHBIX HA Z,; CIy4YalHBIX BEINYUH T; U HOCBLIAET §-My YIaCTHUKY

(1t =1,...,n — 1) ero «IpoekuuI» S$; = T;, & N-My yIACTHUKY IIOCHLLIAET
Sp = So — (s1 + -+ + sp—1). Kaxymeecs «aepaBHONpaBume» n-oro ydact-
HUKa, TYT K€ UCYe3aeT, eCIU Mbl BRIIUIIEM pactpegenerne Py (s1,...,Sy),

KOTOpOe 0YeBUIHO paBHO 1/¢" 1, ecm s9 = 8 + -+ + 8y, u paBHO 0 — B

OCTAMBHBIX CIydaax. Teneps Jerko mpoBepsaeTcsa U CBOUCTBO (2), o3HAYMAIO-
mee B JaHHOM CIyYae HE3ABUCUMOCTD CIYIANHOUN BEJIMYUHEL Sy OT CIydai-
HbIX BenwunH {S; 1 i € A} npu 1:060M COGCTBEHHOM IOAMHOXKeCTBe A.

Maunoe Boime onpenerenue CPC, onepupyrolee croBamMu «pacmpeese-
HUE BEPOATHOCTEN», HIKE MEPEBENeHO, MOYTH 6e3 moTepu OOIMHOCTH, Ha
KOMOWHATOPHBIN SA3BIK, KOTOPLIU MPENCTABIACTCA aBTOPY 00JIee MPOCTHIM
nust noruMmanus. [Ipoussoasnas M X (n + 1)-marpuna V, crpoku koTopon
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umeroT Bug v = (Ug,V1,...,Vy), DO€ v; € S;, HA3BIBAETCA MATPULEH KOM-
ounaropaon CPC, a ee cTpoku — «IpaBuwiaMuy pPacCIpeneleHns CeKPeTa.
[nsa 3agannoro 3uadenus cexkpera so gunep CPC ciayvanno u paBHOBEPOSAT-
HO BHIOMPAET CTPOKY V U3 TEX CTPOK MATPHUILI V| A KOTOPHIX 3HAYMEHUE
HyJIEBOM KOOPAMHATHLL PABHO Sg.

Onpegenenne 2. Marpuuna V 3amaer cosepuenuyro KomoOUHGMOPHYIO
CPC(C, peamusywinyio CTPYKTypy gOCTyma ', ecaum, BO-NEPBBIX, s JIHO-
6oro muoXkecTBa A € I’ HymeBas KooOpauHATA JHOOOU CTPOKYU MATPUILL V'
OJIHO3HAYHO OMPEAEIAeTC s 3HAYCHUAMU ee KOOPAUHAT U3 MHOXKeCTBa A, u,
BO-BTODBIX, AT 00010 MHOKeCTBA A ¢ I’ m m06bIX 3aIaHHBIX 3HAUEHUN
KOOPAVHAT U3 MHOXECTBA A IUCJIO CTPOK MATPULLL V ¢ JAHHBIM 3HAYEHU-
eM (¢ HyJEeBOU KOOPAWHATHI HE 3aBUCUT OT (.

ConocraBum cosepiennoun BepositHocTHou CPC, 3amaBaemon mapoun
(P,S), marpuny V, cocroamyo u3 cTpok s € S, Takux uro P(s) > 0. 3a-
METHM, ITO €CJAU B ONPeneNeHur 1 MOJOXKUTHL BCE HEHYyJEBBIE 3HadeHun P
onuHaxkoBbIMU, a ycaoBua (1) u (2) mepedopMyanpoBaTh HA KOMOMHATOD-
HOM f3bIKE, TO MOIYIUTCA ONpeIeneHne 2. TO KOMOMHATOPHOE OMpeIese-
HUE HECKOIBLKO 0000MAETCA, €GN IOy CTUTEL B MATPHULE V MTOBTOPSIONIMECS
CTPOKM, YTO SKBUBAJECHTHO BEPOATHOCTHOMY OIPEIETICHUIO 1, KOrga 3HAe-
Hust BeposaTHocTen P(s) — pauuoHasbHBIE 9UCIA.

IIpumep 2 (upogounxenue). [lepedopmynupyeM DaHHYIO BBILIE KOHCT-
pykuumio (n,n)-noporoson CPC na xombunaropuoMm s3bike. CTpokaMu Ma-
Tpullbl V ABIAIOTCS BCE BEKTOPHI S TakKue, ITO —sg + S1 + --- + 5, = 0.
OueBugno, uro marpuma V 3amaeT coBepiieHHyoo kombuuaropuyio CPC
pot I = {1,...,n}, Tak KaKk mas M060r0 COGCTBEHHO'O MOAMHOXKECTBA
A C {1,...,n} u mOOLIX 3aJAHHLIX 3HAYEHUN KOODAUHAT U3 MHOXKECTBA
A «wueno ¢cTpox MaTpuibl V¢ TaHHBIM 3HAYEHUEM HYJIEBOW KOODIUHATHI
pasro ¢" 114l

YIUBUTETHHO, HO TPOCTON CXEMBI TPUMEPA 2 OKA3BIBAETCA NOCTATOY-
HO, YTOOBEI M3 HEe, KAK U3 KHPOWIUKOB, NOCTPOUTL copepraennyio CPC
[T TPOU3BOILHON CTPYKTYPHI JOCTYTA. A UMEHHO, /A BCEX PA3PEIICHHBIX
MHOXKECTB, T.e. 11 A € ', He3aBUCUMO peaan3yeM OMUCAHHYIO TOJABKO UTO
noporosyio (|Al,|A|)-CPC, nocaas TeM camMbIM i-My yIaCTHHKY CTOJIBKO
(IIPOEKIMIN S;', CKOIbKIM DA3PELIEHHEIM MHOXECTBAM OH IPUHAJICKUT.
OTO CIOBECHOE ONMUCAHME HECAOXKHO MEPEBECTH HA KOMOWHATODHBLIM SA3BIK
ceoucTB MaTpuibl V u ybeautnes, uro sta CPC cosepmenna. Kak 1o
9acTO OLIBAeT, «COBEPIIEHHAS» HE 3HAYUT KOHOMHasy, u y manaou CPC
pasMep «IPOEKIUM» OKA3LIBAETCA, KAK MPABUIO, BO MHOT'O Pa3 GOILIIE, IeM
pasMep cekpeTa. DTy CXeMy MOXKHO CAeIaTh 60Iee SKOHOMHOM, TaK KaK I0-
craTrodHo peanu3oBars noporosee (|A[,|A])-CPC Toabko gia MuUHEMAIL-
HEIX pa3peleHHbeXx MHOXeCTB A, T.e. gma A € Tnin, rae Imin — coBo-
KYIHOCTb MUHUMAJIbHEIX (OTHOCUTEJIHHO BKJIIOYeHus) MuoxecTs u3 ['. Tem
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He MeHee, 115 nmoporoson (n,n/2)-CPC pasMep «ipoekunwy (M3MepeHHBIH,

Hampumep, B 6urax) OyaeT B CZ/ 2~ 2" /\/2mn pa3 GoJblle pasmepa ce-
kpera (3TO HAMXYALMHMU CAy4Yall AJsA paccMaTpuBaeMoul KOHCTpykiwu). C
IPYTOU CTOPOHEI, KAK MBI YOEIUMCS IyTh TO3Ke, J100as TOPOTroBasa CTPYK-
Typa ZOCTyIa MOXKeT OLITh PEATN30BAHA UIEANLHO, T. €. TP COBITA,TAIOIINX
pasmepax «aIpoekm u cekpera. [[ooToMy eCTeCTBEHHO BO3HUKAET BOIPOC
0 TOM, KAKOBO MaKCAMAJIHLHO BO3MOXKHOE MPEBBIIIEHAE PA3MEDPA, «(ITPOEKITUI)
HAI Pa3MEPOM CEKPeTa A HAMXYNIIEH CTPYKTYPHI HOCTYIIA MPY HAWIY Y-

wen peamusanuu. Popmansio, R(n) = max R(T), rae max 6epeTcs mo Bcem
log |Si ‘

log | So|? rae
min 6eperca no Bcem CPC, peanusyrommm naHHyo CTpyKTypy goctyna I,

amax — o ¢ = 1,...,n. lIpuBegeHHas KOHCTPYKIUSA TTOKA3BIBAET, ITO

crpykrypaMm gocryma ' ma n yuactHukax, a R(I') = minmax

R(n) < 2/2. C apyrou CTOPOHBHI, KaK OBLIO JOKA3aHO JWIIb HeZaBHO [5],
R(n) > n/logn. Takas orpoOMHAA «(UEIbY MEXKIY BEDXHEU N HUKHEU OIECH-
KOU [aeT, [0 HAIleMy MHEHUIO, JOCTATOYHLIA IIPOCTOP s MCCAEIOBAHII
(aBTOp mpexgnonaraer, 9To R(n) pacTeT SKCIOHEHIMAILHO OT 71).

3. JluHemHOE pa3jejeHue CeKpeTa.

Haunem ¢ npegmoxennon A. Ilamupom [2] smeranTHON cxeMmbl pasjge-
JEHUs CeKpeTa Mg MOPOrOBBIX cTPyKTyp mocryma. llycre K = GF(q)
KOHEYHOE TIONE U3 ¢ DJIEMEHTOB (HampuMep, ¢ = p — OPOCTOE YUCIO U
K = Z,) u ¢ > n. ConocraBuM yJaCTHAKAM 7 DA3IMIHLIX HEHYJEBBIX
DJEeMEHTOB noJs {ay,...,a,} u momoxkuM ag = 0. IIpu pacnpenenenun ce-
kpera 5o aurep CPC remepupyer k — 1 HE3aBUCUMEIX PABHOMEDHO PACIIPE-
gexenublx Ha GF(q) cayvansbx Bemwuue f; (j = 1,...,k — 1) u mocsura-
er i-My ydactHuky (i = 1,...,n) «ero» 3uadenue s; = f(a;) MHOro€wieHa
fx) = fo+ fir+ -+ fo12* !, rae fo = so. Hockomeky mo6o# MHOTO-
wied creneHy k — 1 OJHO3HAYHO BOCCTAHABIUBAECTCA MO €r'0 3HAYCHUAM B
[IPOM3BOJIBHBIX k TOYKaX (HAIpUMEp, [0 UHTEPHOIALUOHHON (popmyre Jla-
CPaHXKa), TO MOOBIE k yIaCTHUKOB BMECTE MOI'Y T BOCCTAHOBUTEH MHOT'OWICH
f(z) u, cregoBarensHo, HanTu 3HaveHue cekpera Kax so = f(0). ITo aron xe
OPUYUWHE 1A JIOOLIX k — 1 yIaCTHUKOB, MHOOBIX MOMYIeHHBIX UMY 3HATCHUN
OPOEKIAN §; U JIOOOTr0 3HAYEHUA CEKPEeTa So CyLIIECTBYET POBHO ONUH «CO-
OTBETCTBYIOLIMI UM MHOTOWIEH, T.e. Takou, 4To s; = f(a;) u so = f(0).
CrenoBaTeabHO, 3T CXeMa ABIACTCA COBEPIICHHOU B COOTBETCTBUY C OIPE-
nenerueM 2. «/IMHeMHOCTLY TAHHOU CXeMBI CTAHOBUTCA SCHA, €CIA 3AIACATH
(Pa3IENeHne CEKPeTay B BEKTOPHO-MATPUYIHOM BUE:

s=fH, (3)

rge s = (so,...,8n),f = (fo,..., fk—1), k x (n + 1)-marpuna H = (h;) =

= (a'271

777) m hgo = 1. 3amerum, 4TO moOOEE k CTOIOLOB STON MATPHILL
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JUHENHO HE3aBUCUMEI, 8, MAKCUMATHLHO BO3MOXHOE IUCIO CTOIOIOB MATPH-
usl H paBHO ¢, 1 4TOOB 10OUTHCA 06EMAHHOrO B 1. 1 3HaxMenus ¢ + 1 Ha 10
n06aBUTL CTOJM0EI], COOTBETCTBYIOMMUNA TOUYKE «OECKOHEIHOCTD).

Yupaxueunue. [Ipudymatime camu, Kax amo cdeaamo.

Bosbmewm B (3) B kauecTBe H mpousBoasuyto r X (n+ 1)-marpuimy ¢ sie-
mverTamu u3 noas K. [loxygaemyio CPC 6yxem Ha3bIBaTH OJHOMEPHOU JU-
umeunou CPC. Owna asnserca cosepuiennon kombuunaropuon CPC co cTpyk-
Typou goctyna I', cocrosamen ns Muoxects A Takux, 4T0 BeKTOp ho mpex-
cTaBuM B Buie JuHenHOW komOuHanmuu Bextopos {h; : j € A}, rxe h;
270 j-bin cToaben MaTpunsl H. CTpokamMu MaTpuisl V', COOTBETCTBYOMIEN
panaoun CPC sapastorcs, kak BugHO u3 (3), AuHENHbIE KOMOMHAIIAN CTPOK
marpunsl H. Hepenumenm (3) B caemyromeM BUIe

sj = (f,hy) qmaj=0,1,...,n,

rxe (f,h;) — ckanapuoe mpoussenenne Bexropos f u h;. Ecim A € T, T.e.
ecin hy =) Ajhj, To

so=(f,ho) = (£, Ahy) =D Xi(f,hy) =D Ajs;

U, CIeIOBATENBHO, 3HAYECHNE CEKPEeTa OMHO3HATHO HAXOMUTCA IO €ro «(Ipo-
ekIuaMy. PaccMoTpuM Temeps caydau, Korjaa BekTop hg me mpencrasum B
BHUfe JuHenHOU KoMOmHauuu BekTopoB {h; : j € A}. Ham HyxHO moka-
34Tb, YTO B DTOM CJAydYae I JIOOBIX 3aJaHHBIX 3HAYEHUN KOODIUHAT U3
MHOXKeCTBa A 9mC10 cTpoK MaTpuiel V ¢ TaHHLIM 3HAYEHWEM HYJIEBOU KO-
OPAVHATHI HE 3ABUCUAT OT DTOrO 3HAYEHUA. B 3TOM HETPYIHO yOEIUTHCA,
paccMoTpeB (3) Kax CACTEMY JMHENHBIX YPABHEHUN OTHOCUTEIHHO HEU3-
BECTHEIX f; ¥ BOCIONB30BABIIACH TEM, ITO CUCTEMA COBMECTHA TOrAA U
TOJBKO TOT'a, KOTa PAHT MATPUIEI KO3(PMUINEHTOB PABEH PAHTY PACIIH-
PEHHOM MATPWIILI, & YUCJAO PEIIEHHN Y COBMECTHBIX CHCTEM OTWMHAKOBO U
PABHO YUCIY PEIIEHUN OTHOPOIHOU CUCTEMBI.

Ykazaume. Paccmorpure nBe cucrembl: 6e3 «HYJIEBOT'O» YPaBHEHUA
(T.e. co cBOGOMHBIM wieHOM) U ¢ HUM. Tak kak BeKTOp hg He mpexcTaBuM
B BH[e JIMHeNHON KoMOnHanuu BekTopos {h; : j € A}, To panr mMarpuis
KO2(PUIMEHTORB BTOPOU CUCTEMEI Ha 1 GOJBIINE PaHra MATPUIL KOdh U-
LIUEHTOB IepBou cucteMbl. QTCIOIa HEMENIEHHO CJAEAYeT, ITO eCIu MepBas
CHCTEMa COBMECTHA, TO COBMECTHA ¥ BTODAS IIPHU JIOOOM Sp.

DTa KOHCTPYKIMS TOABOAUT HAC K ompenenenuto obmen gunennou CPC.
[IycTh CEKpET 1 ero (IPOEKIUM» TPENCTABIAITCA KAK KOHETHOMEPHBIE BEK-
TOpHL S; = (S},...,s!"") u resepupyorcs no popmyae s; = £H;, rae H; —
HEKOTOpHIE I X m;-MaTpuilsl. ComocTaBuM Kax 1ou marpune H; aunenHOe
mpoCTPaHCTBO L; ee CTOJAGLOB (T.€. COCTOAIIEE U3 BCEX JIUHEHHBIX KOM-
6uHanuy BeKTOp-cTOI0n0B Marpuusl H;). Hecroxusie paccyxgenus, ana-
JIOTWYHEIE MPUBEIEHHBIM BBINIE 1JA OJHOMEPHOro caydasa (Bce m; = 1),

MMOKA3BIBAIOT, YTO HaHHAsA KOHCTPpyKiusa gaer coBepuiernyio CPC rorga u
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TOJBKO TOT[a, KOrQa CEeMENCTBO JIMHENHBIX HoAnpocTpaHcTs {Lo, ..., Ly}
KOHEYHOMEDPHOI'O BEKTOPHOT'O IPOCTPAaHCTBA K yIOBIETBOPAET yHOMAHY-
TOMY BO BBEIEHHMHU CBOHCTBY «BCE WIM HWYIero». Ilpum »Tom MHOXKeCTBO A
asasgeTca paspemenssiM (A € T'), ecau u TOTBKO ecau TUHEHHAA 000M0UKa,
nogupocrpascTs {L, : a € A} cogepxkut nogupocrpanctso Ly uerukom. C
IPYTOU CTOPOHBI, MHOXKeCTBO A sBnsercs HepasperteHHsM (A ¢ T), ecin n
TOIBKO eC/Id JUHenHas 060s104Kka nogupocrpadcts {L, : a € A} nepecexa-
eTCA C MOANPOCTPAHCTBOM Lo TOmbKO mo BekTopy 0. OTMmeTum, 9TO eciu
6b1 g HekoToporo A mepecedenue Lo u aunenson o6onouxu {L, :a € A}
OBLTO HETPUBUAILHEIM, TO YIACTHUKK A HE MO GBI BOCCTAHOBATD CEKPET
OHOBHAMHO, HO TOJLyJaau Obl HEKOTOPYH MHMOPMAIMIO O HEM, T.Ee. CXeMa,
He ObL1a OLI COBEPIIEHHOMN.

IIpumep 3. PaccmoTpum caeqyiomyo CTPYKTYPY AOCTYIIA, MIA CAydas de-
THIpEX YYaCTHHUKOB, 3agaBaemyio I'min = {{1,2},{2,3},{3,4}}. Ona us-
BECTHA KAaK TIEPBBIA MOCTPOEHHBLIN TMPUMEDP CTPYKTYPHI HOCTYIA, IIA KO-
TOPOU He CYLIECTBYET UACATHHOUN peanusaiuu. bosee Toro, 6510 JOKa3a-
HO, 9T0 s Jobon ee coseprrennou peaiusanuu R(T) > 3/2. C gpyron
CTOPOHBI, HENOCPEACTBEHHAsA MPOBEpKa MOKA3BIBAET, UTO BLHIOOD MATPHI]
Hy,Hy,...,H,, npuBeneHunix B Tabl. 1, maeT COBEPIIEHHYIO JUHEMHYIO
CPC ¢ R = 3/2, peanusyiouiyio 5Ty CTPYKTyDPy, KOTOPas, CIeI0BATEILHO,
ABJIETCA U ONTUMAIBLHON (Haubosee skoromuon) CPC.

Tab6auma 1.
10 00 100 001 00
01 00 010 000 01
oo |10 _|100 _|o00 _|oo
Ho="1oo | Hr=|o1|" #2= |o10|" #3= 010 | 7+ = |00
00 00 001 001 10
00 00 000 100 01

4. N neanpHoe pa3aeneHue CEKpeTa U MaTPOU bl

Haunem ¢ ompenenenus npeansusix CPC. [[as 5TOro BepHeMcs K KOM-
6unaropaoMy omnpegenenuio copeprrennon CPC. Caenyromee ompenenenue
coeepiterron CPC [3] aBisercsa naxke Gonee o0MUM, €M BEPOATHOCTHOE
ompenenenue 1, MOCKOABKY ycaoBue (2) 3aMEHEHO B HeM Ha Oosee Cia-
ooe.

s mpoussoasHOro Muoxkectsa B C {0,1,...,n} o6o3naum depes Vi
M x |B|-marpuiy, moiydeHHyo0 ©#3 MaTpPUUbl V ygageHueM CTOAOLOB,
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HOMepa KOTODHIX He mpuHagIexar MHOxecTBy B. Ilycts ||[W|| o6o3nadaer
YUCIO0 PA3IMYHLIX CTPOK B Marpume W.
Onpepgenenune 3. Marpuna V 3anaer B/l-cosepmennyio CPC, peanusyto-
nIyio CTpyKTypy moctyma [, ecan

[1Vavol| = [[Val] x [|Vol[F Y, (4)
rae or(A) =0, ecim A € T, u 0r(A) = 1 B npoTUBHOM CIydae.

DTO ompemeNeHne OTIUYIACTCA OT omnpeneaeHuu 1 u 2 Tem, 9TO Ha He-
pPa3pemensEe MEOXKECTBA A HAKIATEIBAETCA NOBOJLHO CIa00€ yCIOBHE, a
MMEHHO, €CIM MHOXKECTBO CTPOK V € JaHHBLIMW 3HAYEHUAMU KOOPAUHAT U3
MHOXKeCTBa A HemycTo, TO BCe BO3MOXKHBIE 3HAYEHNA CEKPETA BCTPEIAIOT-
Cs B HYJIEBOU KOOPIVHATE DTUX CTPOK (6€3 TpeOOBAHUI «O IMHAKOBO 9aCTO»
KaK B KOMOMHATOPHOM ONPEICTCHUM 2 WU XKe «C APUOPHOU BEPOATHO-
CTBIO» KaK B BEPOATHOCTHOM ompenenenuu 1). Jlerko Bugers, 4To marpuna
mo6ou cosepriennou BepoaTHocTHou CPC 3agaet B/I-cosepiennyio CPC,
HO 0OpaTHOE HEBEPHO.

[na npomspoabuon komOunaTopHou CPC, 3agaBaemon marpunen V.,
onmpegemv Ha muoxkectBax A C {0,1,...,n} dysxmmo h(A) = log, [[Vall,
rge ¢ = |Sp|. Jlerko mposeputs, uro max{h(A),h(B)} < h(AU B) <
< h(A) + h(B) mna mobwix MEOXecTB A u B, a ycaosue (4) MoxeT GbITH
MEPENUCAHO B BUIE

hq(Vawo) = hq(Va) + or(A)hy (Vo)

Jlemma. Jas aw60t BA-cosepuennoti CPC ecau A ¢ T uw {AUi} €T, mo
h(i) = h(0).

HMokazareabcTso. [lo ycaoBuam aemmver h(A U 0) = h(4) + h(0) n
h(AUiU0) = h(AUi). CrenoBaTenbHo,

h(A) + h(i) 2 h(AUi)=h(AUiU0) > h(AUO0) = h(A) + h(0). m

Tak xak MbI npegnomaraem, 94ro Bce Touku § € {1,...,n} cymecrsen-
HBIE, T.e. I JI000ro i HaugeTcs mogMHokecTBo A Takoe, uto A ¢ ' n
{A Ui} €T, 10 u3 1eMMEL BHITEKAET
Caegcreue. Jas 41060t B/A-cosepuennott CPC |S;| > |So| das scex i =
=1,...,n.

CrrencTBUe O3HAYAET, KAK MBI U MMPEIYIPEXIAIA B HAIAIE CTATBH, ITO
s copeprmeHHBIX CPC «pazMep» MpoeKnum He MOXKET OLITh MEHBIIE «Pas3-
mepay cekpera. [losromy Bll-comepinennas CPC Ha3bIBaETCA UICATHHON,
ecan |S;| = |So| mna Becex i =1,...,n.
3ameuanwme. Hepasencrso |S;| > |Sp| cuopaBeqmmBo u 1 COBEPLICHHEIX
BeposTHOoCcTHEIX CPC, mockoabky mx marpuisl 3agatoT b/l-coBepirenube
CPC.

EcTecTBeHHBII BOIIPOC COCTOUT B TOM, IS KAKAX CTPYKTYD HOCTYIIA
[ cymwecTByoT peanusyoomue ux ujeaibHbe (BEPOATHOCTHHIE WX KOMOU-
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umaropubie) CPC. Kak yxke 0TMEYaI0Ch BO BBEICHUN, HAMITY YA HA CErO-
QHANIHAU J€Hb OTBET UCIOJAB3YET CJAOBO «MaTpouy. HamoMHuM omnpenene-
HUE MaTPOUJOB U HEKOTOPHIE UX OCHOBHEIE CBOKCTBA (CM. [6]).

MaTrpounoM Ha3LIBAETCA KOHEIHOE MHOXKEeCTBO X 1 ceMerncTBo I ero
MOMHOXKECTB, HA3bIBAEMBIX HE3ABUCUMBLIMU (OCTAJIbHLIE MHOXKECTBA, HA3bI-
BalOTCs 3aBUCUMBIMIE ), €CJIU BBIIOJIHEHbI CJELYOMIUe CBOUCTBA:

@el; (5.1)
EcmmAeluB CA, toB eI (5.2)
Ecmm A,Be€ Iul|A|l=|B|+1,
To cymectByer ¢ € A\B raxoe, uro aU B € I. (5.3)

IIpumep 4. MuoxecTBO X — 3TO MHOXECTBO BEKTOPOB B HEKOTOPOM JIN-
HEMHOM BEKTOPHOM MPOCTPAHCTBE, a HE3ABUCUMBIE II0IMHOXECTBA — DTO
JUHENHO He3aBUCUMEIE TTOAMHOXKECTBA, BEKTOPOB.

CoO6CTBEHHO € HTOr0 MPUMEPA U HAYAIACH TEOPUsS MATPOUIOB, BHATAE

KaK TONBITKA JATh AKCUOMATHYECKOE OIPENeNeHNe JUHENHON He3aBUCUMO-
CTU BEKTOPOB Y€pe3 «(BHYTPEHHUE CBOUCTBAY, T. €. HE ANEUIUPY K IIOHATUIO
BekTOpa. K CYaCThIO, MOMBITKA HE yIalach, TAK KAK HAIUIACH MATPOUIHI,
He [peICTaBUMBIE KaK JUHEHHBIE (T.e. KaK CUCTEMBI BEKTODOB), a caMma
TEOpUs MATPOUIOB PA3POCIACH MAJEKO 3 MPEIeJbl INHEUHOU aIreOpbIy
(cm. [6])-
IIpumep 5 (MaTpoupg Bamoca). PaccmoTpum crenyiomee MHOXeCTBO:
X =1{1,2,3,4,5,6,7, 8} n nomoxum a = {1,2}, b = {3,4}, ¢ = {5,6}
u d = {7,8}. Marpoux Bamoca omnpenensercs kak MaTpous, B KOTOPOM
MHOXecTBa a U c, aUd, bUc, bUd, cUd, a Takke BCe MOIMHOXECTBA 13
ATy win O6oJee BIEeMEeHTOB SAB/IOTCA 3aBucuMbiMu. W3BecTHO, 9TO BTOT
MATPOU HE ABIAETCA TUHEUHBIM.

Marpomns Takxke MOKHO OIPEIEINTD I€Pe3 TAK HA3BIBAEMYIO DAHIOBYIO
dynxmuio 7(A) mMaTpompga, OnmpemesseMyio KaK MAKCHMATIbHAA MOLIHOCTH
HezaBuCUMOro noaMHoxkecTBa B C A. O4eBUIHO, YTO HE3ABUCUMBIE MHO-
xKecTBa (1 TOAbKO OHM) 3agaiorcs yciaosueM r( A) = |A|. Paarosas pyuxuus
MaTpouga 001a1aeT CBOUCTBAMMU

r(A) e Z, r(@) =0; (6.1)
r(4) <r(Aub) <r(4) +1; (6.2)
Ecmur(AUb) =r(AUc) =r(A), tor(AUbUc) = r(4). (6.3)

O6patHo, nycts HekoTopas ¢yukuusa r(A) obaagaer csoucrBamu (6).
Hasosem HezaBucuMbIMEU Te MHOXKeCTBa A, 11 koropwix r(A) = |A]. Torga
DTU MHOXKECTBA 3aJAT MATPOUI, a (PYHKIUA I ABIAETCA €rO PAHTOBOU
dyaxmmer. Bo3aMoXHO Takxke OOpeneInTh MAaTPOUI I€pe3 MUHUMATILHBLIC
3aBUCUMEIE MHOXKECTBA, HA3LIBAEMBIE ITUKIaAMUA. MaTpOu ] HA3LIBACTCA CBA3-
HEIM, €CJIM IJIA JIOOBIX ABYX €r0 TOYEK CYHIECTBYET COMEPKAIMUA UX UK.
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Teneps MbI MOXKeM CHOPMYIUPOBATH OCHOBHOU PE3yIbLTAT.

Teopema ([3]). Jas moboi B/-cosepuennoti udeasvnoii CPC, peasusy-
wet cmpyxmypy docmyna I, nezasucumvie muoxcecmsa, onpedeasemoie
yeaosuem logs, | [|Vall = |Al, zadarom ceasnviii mampoud na mnosxcecmee
{0,1,...,n}. Bee yukabt 9moeo mampouda, codeparcauyue mowky 0, umerom
sud 0U A, 2de A € T in.

['maBHBIM B [OKA3aTEIHCTBE TEOPEMEI ABAETCA (IIPOBEPKAY ETOINCICH-
socru Gpyukuuu h(A). B camom gene, h(-) oueBuaHO 06/1a1a€T OCTATLHBIMUA
cBorcrBamu (6) 1, CIeOBATEIBHO, IPY yCIOBUAY LEIOIUCIEHHOCTH ABIAETCS
pPaHroBOU (DYHKIMEN U 3a0aeT MATPOUI. [J0Ka3aTenbCTBO DTOU TEOPEMEI U
HECKOJIBKO 00iiee OOIIMX yTBEPK ICHAN MOXKHO HAUTH B [7].

OTMeTuM, 9TO U3 BTOPOU YACTU YTBEPKICHUA TEOPEMEBI CIEAYET, ITO
pasue ugeanbuabiv CPC, peamusyomuM maHHYIO CTPYKTYpPy AocTyma I
BCEr[la COOTBETCTBYET OUH U TOT K€ MATPOUI, MOCKOJBLKY MATPOU OIHO-
3HAMHO ONPEIETAETCA BCEMU IMUKJIAME, IIPOXOIAIIMME IePe3 (PUKCUPOBAH-
Hy!o Touky (cM. [6]). Tem cambIM, KaxKIOU MAEATbHO PEATU3YeMON CTPYK-
Type HOCTYIa COOTBETCTBYET ONHO3HATHO ONPEIETEHHBI MATPOMI.

B cBs3u ¢ TeopeMOUl BO3HMKAET HECKOJBKO ECTECTBEHHBIX BOIPOCOB.
[Ipexge Bcero, e nmopoxkpaior au ugeansusie CPC Bce marpounwi? Her,
HampuMep, MaTpous BaMoca He MOXKeT OBITH MOJYYeH KaK MaTPOU.I UIe-
ampaou CPC [8]. C apyrou cTOpOHBI, JMHENHBIE MATPOUALL €CTh HU 9TO
MHOE KaK PACCMOTPEHHBIE B 1. 3 uaeatbHbie ogqHoMepHble aunennse CPC.
B cBsi3u ¢ 5TUM BO3HMKAET BOIPOC O CYIIECTBOBAHUU CTPYKTYPHI HOCTYIIA
[, KOTOPYI0 HEBO3MOXKHO PEAIM3OBATEL B BUAE WMISATLHON OTHOMEPHOU JIK-
umennou CPC, HO MOXHO B Buie uaeanbuou MuoroMmeprou guuennoun CPC.
HegaBuo takou mpumep 6bur moctpoer [9], u, 3HAYUAT, MBI MOXKEM [OBO-
PUTH O MHOT'OMEDHBIX JTUHEMHBIX MATPOUIAX KAaK KJIACCE MATPOUIOB Gouee
o01meM, 9eM JUHENHEBIE,

Nrak, ugeansusix CPC 6ombiie, 1eM JUHENHBIX MATPOUIOB, HO MEHb-
IIe, YeM BCeX MATPOULOB. Y TOUHATD, (HACKOILKO OOIBIIe), IPeJCTaBIICTC
IOBOJBHO CJIOXKHOU 3ajader. B 4acTHOCTH, CyIIECTBYET JU UACATLHO Dea-
JU3yeMas CTPYKTypa AOCTyma I, KOTOPYI0 HEBO3MOMXKHO PEATN30BATH KAK
UAeANbHYO JuHenHyo Muoromepuyio CPC?

JlurepaTrypa Kk riuase 5
[1] Blakley G. R. Safeguarding cryptographic keys // Proc. AFIPS 1979
National Computer Conference. V. 48. N. Y., 1979. P. 313-317.
[2] Shamir A. How to Share a Secret // Comm. ACM. V. 22, No 1, 1979.
P. 612-613.
[3] Brickell E. F., Davenport D. M. On the classification of Ideal Secret
Sharing Schemes. // J. Cryptology. V. 4, 1991. P. 123-134.



MATEMATHKA PA3IEJEHUA CEKPETA 129

Max-Buavamc D. Joc., Caoon H. Joc. A. Teopus x0dos, ucnpasasio-
wur owubru. M.: Cea3b, 1979.

Csirmaz L. The size of a share must be large // J. Cryptology. V. 10,
No 4, 1997. P. 223-232.

Welsh D. J. A. Matroid Theory. Academic Press, 1976.

Baetikau I'. P., Kabamancrxut I'. A. OOG0O0IIEHHBIE UILATHHEIE CXEMBI,
pasgessiomue cexkper, u marpounst // IIpobaemer nepegadu uadopma-
mvm. T. 33, Berm. 3, 1997. C. 102-110.

Seymour P. O. On Secret-Sharing Matroids. // J. Comb. Theory.
Ser. B. V. 56, 1992. P. 69-73.

Ashihmin A., Simonis J. Almost Affine codes. // Designs, codes and
cryptography.



T'nmaBa 6

KomnbioTep u Kpunrorpadus

“ ..3adaua 60€600CNBA COBCEM HE 68 MOM COCIMOUM, UMobbL
docmuzamb KaK020-MO MEUMAMELbHO20 6AG2ONOAYYUSL, 0 8
mom, umobvl uccmapu 3asedennviti nopador (Toms Obl U He
6aaz2onoayunbiti) om nospexcdenut, obepezams u oeparcdams.”

M. E. Caxroikos-llleapun

1. BMmecTo BBegenus

[uia gero xpunrorpadun HyXeH KOMOBIOTED?

Kpunrorpapus — ogua u3 apesHenmmx Hayk. O HEM BCIOMUHAIOT
BCErja, KOUAa BO3HUKAET HEOOXOAUMOCTH CKPLIBATH TauHBL. HO oxHIM
KapaHJaImoM U OyMarou MmOJb30BATHLCA TOCTATOYHO TPYAOEMKO U 06pe-
MeHUTETHHO. VI ¢ IpeBHENIINX BPEMEH HYeJOBEK MBITACTCA UCIOIB30BATH
Pa3IUYHBIE OPYIUs, TO3BONAIONINE OOMErIUThL TPY A miudpoBaIbimka. 11o-
CJie MHOT'OBEKOBOI'O UCIIOIBb30BAHNA BEPEBOYEK, KE3JIOB, IOIOCOK, JEHTOYEK,
mIaHmeToB, TpadapeToB, IUCKOB U T. . U T.I., KpUITOrpadus B HaIAIE
XX Beka mocraBmia cebe Ha CayxkO0y MacCy MEXaHUYEeCKUX, THEBMATUIe-
CKUX, DICKTPUYECKUX, 8 3aTE€M U HICKTPOHHBIX ycTpoucTs. B 40-x romax
OHA MPULYMAJA JJIA CBOUX HYXJ MEPBBLIE DICKTPOHHBIE BHIYUCIUTE M. [10-
ABIEHUE KOMIBIOTEPOB TaK¥Ke MOHAYaNy OBLIO BOCIPUHATO WUMEHHO KaK
TMOABICHUE MOIIHEUIIEr0 MOMOIIHUKA A JIOIeN, 3aHUMAIOUINXCA Pa3pa-
6OTKOU M aHAIM3OM AJCOPUTMOB mudpoBanus. Kcraru, NepBbI KOMIbIO-
Tep ¢ HasBauueM «Colossusy, B CO3JaHUM KOTOPOrO yIACTBOBAI MATEMATHAK
A. Teropunr, 66w1 pa3paboTad B AHIINY UMEHHO [JIs PEIICHUS 33,149 [eIln-
dposanusa repmanckon mudpmammasl «Enigmay B camom Hadane Bropon
MupoBoHu BouHLL. Ho KOMIbIOTEPHI He O6/IerYmin U3HYPAIOIMA TPY I KPu-
nrorpada, a TOILKO TPUBHECAN MACCy HOBHIX MpobiaeM. [[0ABUINCE HOBBIE
BUALI WH(MOPMAIUYN, TPEOYIOUEN 3aKPLITUA, HOBBIE OOJIACTA MTPUMEHEHU
KpunTorpaduIecKux METONOB, a CaMOe INIABHOE — CYIIECTBEHHO BO3PO-
CJIN BO3MOXKHOCTHU MPOTUBHUKA, IO PACKPHITUIO MTPUMEHABIINXCA PAHEE IIIH-

¢$poB.
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[lepBBIE TPU TECATUIETHUS MOCIE CBOETO MOSBIEHUSI KOMIIBIOTEPHI OIIPAB-
IBIBAIA CBOE HA3BAHNE (BBEIYUCANTENL) U IPEACTABIAIN COOON MHCTPYMEHT
[UIS CO3IAHUSA HOBLIX U B3JOMa CTAPBIX MI(POB.

B BoChMmOeCATHIE MOABI MPOM3OILIA HeM30eXKHAA MEepeoleHKa IIeHHO-
cren. M3 mogco6HOrO CpefcTBa, BEIYUCIUTENA, KOMIBIOTED CTAJ HEHTPAIb-
HBIM 3BEHOM [[JI MHOXECTBA PA3IUIHBIX CAMOCTOATEJIBHBIX CUCTEM, BEHI-
MOJHSAOIMIAX CAMBIE PA3HOOOpA3HbIE (PYHKIUU. DTO — MHPOPMAIMOHHBIE
CUCTEMBbI, CUCTEMBI CBSI3U U CUCTEMBI YIPABIEHUs, CUCTEMBI ABTOMATUYE-
CKOT'O IPOEKTUPOBAHUS, ABTOMATUA3UPOBAHHBIE CUCTEMBI TPAKTUIECKHA IS
Bcex 00JIacTen YeI0BEeYeCKON AeATEeIbHOCTH, BKAYAA IPOU3BOLCTBEHHYIO,
BOEHHYI0, (UHAHCOBYIO, DKOHOMUYIECKYI0, MEIUINHCKYIO, I MHOTUE APYTHE.
Herpynao goragaTbes, 9T0O U B 00JACTH KPUNTOrPA(pUUA KOMIBLIOTED 3AHSI
IIEHTPATBLHOE MECTO, B3AB Ha Ce6A OOJBIIMHCTBO (DYHKIIUU TPAJUAIUOHHON
KpUNTOrpaduIecKon AesTeIbHOCTY, BKAKYAA PEATU3ALUI0 KPUITOrpadu-
YECKUX AITOPUTMOB, MPOBEPKY UX KAYECTBA, MEHEPAINIO U PACIPEIEICHIE
KJIIOYeH, aBTOMATU3ANNI0 pAGOTHL IO AHAIU3Y MEPEXBATA U PACKPBITHUIO IIIK-
¢$poB U T. 1.

Haxowuer, cenvac, B KOHIIE IEBAHOCTHIX T'OMOB B CBA3U C MOABICHUEM
PIOOANBHBIX CETEN, MBI HAYMHAEM OCO3HABATH HEM30EKHOCTH BXOXK ICHUS B
MEpPOBOe MH(POPMAIMOHHOE MPOCTPAHCTBO, YaCTO HA3LIBAEMOe KUOGepIpo-
CTPAHCTBOM, KOTOPOE CTPEMUTENBLHO PA3BUBAETCA IO CBOUM 3aKOHAM, 3a-
CaChIBasA MWLIMOHBI HOBBIX M HOBBLIX oOuTarTeneu. [IpoBaimBasch B HEro,
MBI 3a0bIBAEM O CYLIECTBOBAHUM BPEMEHU U IPOCTPAHCTBA, TEPsEM PAHb
MEXy PeaTbHOCTHIO U BHIMBICAOM. Camble (haHTACTUYECKUE WA HAXO-
IAT B HEM MPOCTOE U €CTECTBEHHOE BOILIOIIEHUE, JEUCTBUTEIHLHOE CTAHO-
BUTCs BUPTYAJIbHBIM, & BUPTYAJIbHOE JEUCTBUTEIbHBIM. Y HUBEPCAIBHOCTD,
TTOTHAS COBMECTUMOCTH M B3AMMOCBA3AHHOCTL YIAJEHHBIX APYT OT APYyra
KOMITBIOTEPOB MO3BOMAIOT, C OJHOU CTOPOHBI, PEATU30BATH MPUHIUINAID-
HO HOBBIE KpUNTOrpahuIecKue uaeu, a ¢ IPyrou, CYIIeCTBEHHO PACIIAPUTE
0BJIACTY TPUMEHEHUS KPUITOrPADUN.

BumecTe ¢ Tem, BoCXUIIAACH BO3BMOXHOCTAME KOMIIBIOTEPOB, HE HATO 3a-
OBIBATH O MPOCTHIX Bemax. Kak cipaBeyinBo 3aMeTIT aMEPUKAHCKAY MaTe-
maruk Hun Kobmu — aprop xuuru «Kypc mo Teopun 9uces u KpUInTorpa-
dumy, — BeICTYTIAsA HA ceMuHApe B MOCKOBCKOM YHUBEDCUTETE, CUCTEMBI
C OTKPBITHIMU KJIIOYAMU CO3JAHBI IJIA JIOIeH, KOTOPHIE OYEeHb CUJIBHO HE
IOBEPAIOT APYr APYLY, HO HIPU DTOM OECKOHEYHO JIOBEPSIOT CBOUM KOM-
MBIOTEPAM.

JJia dero xkoMIboOTepy HYyXKHa Kpunrorpadpusa?

[Toxa xoMnbOTEPH! 6BLIN OOJBIINME, UX 0OCAYKUBATN CIEINAIBLHO MO -
T'OTOBJIEHHBIE NHXKEHEPHI-IIPOIPAMMUCTEL, CUCTEMINUKY, AlIAPATINKNA, UH-
opManMOHIIUKY, a TaKXke OMepaTopbl W TEeXHUYeCKuu mnepconHat. [[o-
CTYI K XPAHAMENCT U 00pabaTHIBAEMON B HUX UH(MOPMAILUN UMET TAKKE
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OT'PAHUYEHHBIN KPYT Jiogen. [103ToMy Tpo6aeMbl 3aiuThl nHGOPMAIUA B
OCHOBHOM CBOJUJINCH K IOBBIIIEHUIO HATEXKHOCTU PAOOTHL, IyOJUPOBAHIIO
KPUTUYHON MHMOPMALAU U OPTaHU3AMUOHHBIM MepaM. [lo3anee 6GbLIO 0COo-
3HAHO, ITO HAPAIY C O€30MACHOCTHIO JAHHBIX OPOMHYIO POJb UTPAET TaK-
ke 6e30MacHOCTh MPOrPAMMHOIO O0ECIIeYeHNs U ANNAPATHEIX cpeacTs. 1lo-
DTOMY CTAJIX TOBOPUTH O KOMIIBIOTEpHOU Ge3omacuocTu. Hakowerr, ¢ mosasie-
HIEM aBTOMATU3UPOBAHHLIX CUCTEM 00PAOOTKHU NAHHBIX ([IPenCTAB/IAIOIINX
co0OOU HEPA3PHIBHOE IE0€ U3 0O0BEIUHEHHBIX B CETh KOMITBLIOTEPOB, CPEICTB
TEIEKOMMYHUKAIUY, UHOOPMAINOHHBIX TEXHOJOTUU U PACIPEAETCHHBIX WH-
()OPMALMOHHBIX MACCUBOB) CTAIU OOJIbIIE TOBOPUTH 00 MH(MOPMAIMOHHON
6€30TaCHOCTY CUCTEMHEI B LIEJOM, IIOHUMAA MO DTUM COCTOSHUE 3AIIUIICH-
HOCTH BCEX MPOLECCOB 0O0pabOTKM, XPAHEHUs U Iepeiadn uH(pOpMALUU B
cucTeMe.

Ecrecreenno, 9ro kpunrorpadusa 3aHa1a B 3TOU 06JaCTH OgobaoIee
el MeCTO, TPENOCTABUB MACCY aJCOPUTMOB /A 3AKPLITUA XPAHUMOU U TIe-
penaBaeMon KOHpUACHIUATLHOU uHpopManuu. Kak HA CTpaHHO, HO Taxe
711 MH(POPMAIIMOHHBIX CUCTEM, 00pabaTHIBAIIINX TOIBKO OTKPBITYIO U 00-
IEJOCTYIHY0 UHPOPMAIIUIO, TAKKE He YIAIOCH 0O0UTUCH 6€3 KPUITOrPa-
duueckux peureaui. [JenCTBUTEIBHO, MOXKHO JU JOBEPATH MOLYY€HHBIM OT
TAKOU CUCTEMEI JAHHLIM, €CJIA OHU MOTYT OBIThH JIET'KO U3MEHEHBI, MO [U(U-
LIUPOBAHLI WIK JaXKe YHUYTOXKEHBI KeM-TO U3 MOodb3oBarenen. Hampumep,
KOMy HyXHa WHGOPMAIMOHHAA CUCTEMa C HEJOCTOBEPHOU MHMOpPMAIMEH,
WIM CUCTeMa IPUHATH] PelIeHni, paboTa KOTOPOU OCHOBAHA Ha CJIyIalHON
WM moATAacCOBaHHOUN nHpopMaluu? UMeHHO KpunTorpapus NpeqoCTaBIgeT
HE3aMEHNMBIN HabOp CPencTB mis obecrnedeHus 6e30MacHOCTU PabOTHL CU-
CTEeMBI, TAKME KaK DIEKTPOHHAS [Mu(POBAS IO AIUCEH, TPOTOKOJILI U AeHTU(DU-
Kallii U ay TeHTUPUKAINY aOOHEHTOB, KOIBI ay TeHTU(MUKAIIMYA COOOIIECHNN
¥ MHOT'Oe [IPyToe.

BumecTe ¢ TeMm, Kak 3TO OOBIYHO OLIBAET, TIPU MPAKTUIECKON PEATU3AINN
[axKe CAMBIX XOPOIINX TEOPETUUECKUX Pe3y/JIbTATOB BO3HUKAIOT «MAJIEHb-
K7€y TPYIHOCTU. ITOOBI MONYYUTH NPEACTABICHUE O TOM, ITO DTO 33 TPYI-
HOCTHY, IPOAHAIU3UPYEM [IPOLECC CO3NAHUS IPOrPAMMBL MJIsi I POBAHUS
danios.

2. Hemuoro Teopumn

Yo HaAo 3HATH IIepea HallMCaHUEM IIporpaMMbl IJ.II/I(I)pOBaHI/Iﬂ

C nosBIeHTEM EPCOHATBHBIX KOMIBIOTEPOB KpunTorpadgus npuobpeia
COBEPIIIEHHO HOBOE JUIO. XOTA KOMIBIOTEPHI MPUBHECIN HEMAJIO HOBOTO U
B Kpunrorpaduio, Bce XKe caMoe paJuKaIbHOe HOBIIECTBO 3aKJII0YAETCA B
TOM, UTO O KpUNTOIpaduu CTAIUA 'OBOPUTH OTKDPHITO U HA KaXJIOM YIUIY.
I'me ecTs KOMIBIOTEDHI, TaM O0s3aTENBHO MOABJSIOTCS BOIPOCHL O 3AIUTE
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uadoOpManuu. A rae HAUMHAIOT 3aIYMBIBATLCA O 3aIIUTEe WHMOPMAIUA —
TaM Heu30eKHO BCIOMUHAIOT O KPUITOrPA(UHN.

Kpunrorpadus — 0vYeHbL TAMHCTBEHHAA U XUTPas 001acTh 3HaHun. Kak
MPABWIO, O HEU MOXKHO OBLIO IPOYUTATH OYeHb Majo. Cenvac ke cuTyanusn
U3MEHWIACH, ¥ O Hel MUy T MHOTO. [[apagoKc B TOM, 9TO UYeM GOJIbIIE O Hen
MUIIYT, TEM MEHBIIE B HEW MOHUMAENIb. To4uHee, TeM OOJbIle MOHUMAEIIIh,
YTO THI B HEM HUYErO HE MOHUMALIIh.

He cekper, 9T0 Kax IbI, KTO XOThH HEMHOI'O TOPab0TAT Ha, KOMIIBIOTEPE,
HEe pa3 3aIyMbIBaJCA O 3amure cBoux damtos. Hesaxuo ot xoro. [Ipocro
KaXK IBIN U3 HAC HE JIOOUT, KOT'Ia B €ro Ieaax KTO-TO KonaeTcsa. A mpu pabo-
Te ¢ nmepconanbubiM kommboTepoM (ITK) mocrosuno Bo3HUKaeT cuTyanus,
KODJa OH HAXOJAWUTCA B 6e3pa3ebHOU BIACTH, B OOIMIEM-TO, IOCTOPOHHUX
Bam mogen. K cobrazny monpo6oBaTh 3amudpoBaTh (Halibl, TUPEKTOPUN
WM AUCKU TOCTOSHHO MOATAIKUBAOT HAC U MHOOYUCJIEHHBIE IIPOIDAM-
MBI CO BCTPOEHHBIMU (PyHKIUAMHU mmdpoBanusa: HopToHOBCKUM Diskreet,
Secretdisk, pasaumdnabie apXUBATOPBI, peIakTOps U T. A. [losToMy 6Ge3 mpe-
YBEIUYEHUA MOXKHO CKa3aTh, 9TO C KPUNTOTPAPUEN CTATKUBAICA KAXK THIN
nors3oBaTens 11K,

Ha 6osee cepbe3sHOM ypOBHE MPUXOAUTCA CTPOUTH OTHOINEHUA C KPUII-
Torpaduen TeM, KTO UMeeT CBoe neno u ucnoabsyer [IK win jokanbryio
cers IIK B cBOEM Opranumsanuu win Gupme. 3Aech yxKe TOTEPA OT HeOPeK-
HOrO OOpAIIEHUs CO CBOEU MH(POPMAIMENd MOIYT IPUBECTHA K HEMIOMPABU-
MBIM TIOCAeACTBUAM. He OygeM yTOMIATEL YUTATENA TPUMEPAMU U3 KU3HU,
MIOCKOJBKY KaXK B HABEPHAKA YUTAJI 00 3TOM B ra3deTaxX WK CJALIIAI OT
Opy3ed.

[eso He B mpuMepax, a B CyTU Aeaa. A cyTh B TOM, 9TO 6€3 KPUITOrpa-
(um permmuThL 3a1a9M COXPAHEHUA BAIINX TAUH MPAKTUYECKU HEBO3MOXKHO.
He 6ymem TpaTuTh BpeMs Ha JOKA3aTEILCTBO STOrO Te3uca. WHTYUTUBHO
DTO MOHUMAIOT BCE, XOTA y HEIPO(ECCUOHAIOB U BO3ZHUKAET UHOTIA HEKO-
TOpPOE YyBCTBO BHYTPEHHE'O CONPOTUBICHUS.

Wrak, BBl mOHMIM, YTO BaM HALO BOCIOJIB30BATHLCA KAKOU-IAOO MPO-
rpamMMou A mudpoBaHuia. M BOT 3[0€Ch-TO Cpa3y MOABIAITCA HEMPEOL0-
JUMBIE TPYAHOCTH. T0, ITO OHU HEMPEOJOJUMBIE, BBl MOHUMAETE Iy Th O3 I-
mee. [l Toro, 9Tobbl BEIOPATH MIA Ce0sA HYXKHYIO MPOrpaMMy, HAIO Ha-
YIUTHCA OIEHUBATL €€ Ka9eCTBO U YMETb CPABHUBATL TaKWUE MPOTPAMMEI
MeX Iy cOO0U. A BOT 3[€Ch-TO HUKAKUX KPUTEPUEB BAM HUKTO U HUKO-
rIa HE PACCKAXeT, Ia U B KHUTAX BBl HUYErO MYyTHOT'O HE MPOYUTAETE.
A BepuTh NpPOABIlYy C €r0 HABA3YMBOM M KPUKINBOU PEKJAMOU B IJaHHOM
CIyvae MOMHOCTHI0 abCypPAHO, TAK KAK MPOJABIOM MOXKET OKAa3aThCS Balll
KOHKYDPEHT CO BCEMU BEITEKAIOIMIMMU OTCIOIa MOCTeICTBUAMEI. BepuTh MOXK-
HO TOJBKO TOU MPOrPAMMe, KOTOPYIO Bbl HAUCAIN CAMU. FECJau BB C 3TUM
HE COIVIACHBI, 3HAUUT Yy BAC €Ille BCe BIepenn. Bamm wino3uu emne He CKOpo
paccerorcs.
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Nrak, 0pucTynuM K HATTMCAHWIO MPOTPaMMEI mudposanusa dpaunaos. [lo-
Havaly CO3JaHMEe TAaKOU MPOrPaMMBL KasKeTCS BIOJIHE JOCTYIIHOU 3aIa4eH,
C KOTOPOU MOXKET CIIPABUTLCA JIOOOU 4UeJ0BEK, M3yIUBIINU KAKOU-HUOY Ib
A3BIK TporpamMmupoBanusa. HeT nudero mpomie. Bul BeIOupaeTe caMbIi Ha-
[EeXKHBIA U3 U3BECTHLIX BAM AJITOPUTM MUA(PPOBAHUS, HAIPUMED OIMMCAHHBIN
B 'OCT 28147, caaurech 3a KOMIBIOTED, M Y€pe3 HEKOTOPOE BpeMs y BaC
MOABJAECTCSI PabOTAIOMasA MPOrpaMMa. XOTs OHA PabOTaeT He OYeHb ObI-
CTpO U UHTEP(ENC y Hee He OUEHb YAOOHBIN, OHA, BAC BIIOJHE YCTPAUBAET U
BBI €1 TIOJIHOCTBIO JOBEpseTe, IMOCKOAbKY DTO Ballla, MPOrPaMMa.

Ho co BpemeneM y BaC OMATH MOABMACTCA 9€PBL COMHEHUA. BB OMIATE Ha-
YUHAETE 33AyMBIBATHCA O HAJEKHOCTY BAIlEH 3AIMUTHL U MOHUMAETE, 9TO,
HECMOTPsA HA CBOU OOTATHIN OMBIT B OOJIACTU KPUITOrPAMUU, BHI B CYIIHO-
CTU HUYEro B TOM He MOHUMAaeTe. K IMHCTBEHHOE, 9YTO COrPEBAET AyIly B
TAKOU CUTYAIUM, TAK DTO TO, 9TO BBl TENEPhb SICHO OCO3HAETE HEOOXOIu-
MOCTBb CEPBE3HOI0 MOAXOMA K PEIIeHuI0 3a1a4u. A 510 yxe ouensb MHOrO. C
STOr0 MOMEHTA M HAYMHAETCA Balla PaboTa MO OCBOEHUIO KPUITOrPApUN.

Kakou airopuTM BeIGpPATh?

Mge1 pasroBapuBaiu CO MHOTUMU KPUNTOrpadaMu, 1 BCE OHU HAYUHAIA
¢ obwacuenus, 4yro Takoe nmdp Iesapsa. O npocr u ynoben B obGparme-
HUU, HO UMEET OJWH CYIIECTBEHHBIN HEJOCTATOK — PACKPHITH €r0 MOXKET
KaXK B MKOILHUK. [losToMy He OygeM Ha HEM OCTAHABIMBATLCA U CPA3y
nepengeM K mudpy Buxkenepa, muo6o Bepuama, 1u60 1060My Ipyromy, B
KOTOPOM IKI(PPOBAHUE CBOAUTCA K HAJOKEHUIO OHOU MOCJIEJOBATEILHOCTH
uma gpyryo. Kak npusnaior Bce kpunTorpadbl, Npu 0JHOPA3OBOM UCIOIb-
30BaHMM TAKOI'O Tuna mudpoB AemudpoBaTh COOOIIEHNE HEBO3MOXKHO.

[Ipocrentuu cnocob MOCTPOUTE MTPOTPAMMY UGB POBAHUA — PEATAI0-
BATh M'EHEPATOP CIYIAUHOU MOCIEIOBATEILHOCTHU, 3HAKU KOTOPOU MOXKHO
MOCJEJOBATENBHO CKIATBIBATD CO 3HAKAMU UCXOTHOTO coobinenus. s na-
JIOXKEHUA, KOHEYHO, HYKHA HE JH00asd MOCAeIOBATEILHOCTD, a4 UMEHHO CIy-
vauras. dro aTo Takoe? Ha mepeemt B3ruan et mpobaeMm. Pasiumanerx re-
HEPATOPOB U3BECTHO BEIUKOE MHOXKeCTBO. Kakou u3 uux Buiopats? OTBET
OYEBUEH — TOT, KOTOPHIA BEIPAOATHIBAET MOCJIEN0BATEIBHOCTE, HAMOOIEE
OJIM3KYIO K CIyIaHON.

A Teneps monpobyuTe qaTh OIpeIeJeHre COyIalHON IOC/Ie[0BATEALHO-
cru. [las 3KCIepuMeHTa, MOTTPOCUTE KOT0-HUOY Ib 3TO CAETATh, U OH HABEP-
HAKA CKAXKET BaM, 9TO 3TO TaKasd MOCIEIOBATEIBHOCTD, B KOTOPOU KAXK TBIN
DIEMEHT CJIYYalHO, HE3aBUCUMO OT IPYTUX SJIEMEHTOB U PABHOBEPOATHO MO-
JKET TPUHUMATE Ka¥XKI0€ U3 BO3MOXKHEIX 3HAYEHUN, WA ITO-HUOYIb BPOIE
@TO MOCJAEJOBATEILHOCTD, ABIAIOMIAACA PEATU3AINEN CXeMbl HE3ABUCUMBIX
UCTIBITAHUNY, WX — (IOJTYYEHHASA B PE3YJIbTATE BHIOOPKU M3 MHOXKECTBA,
BCEX MOCIEIOBATEIBLHOCTEN C PABHOMEPHBIM PACIIPEIEIEHAEM).
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HemocTaTok uCmOIB30BAHUA TAKOTO POIA OMPENETCHUN 1A [eJe KPUII-
TOFpaq)I/II/I CTaHOBUTCSA OYEBUIHBIM IIPDU B3IVIAOE Ha IIOC/IEOOBATEIBbHOCTD

0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0.

Omna ABIAETCA OMHOU U3 PEeATU3aUN CXeMEI IOCIe[0BATEIbLHEIX HE3aBU-
CUMBIX ACIBITAHUN U HU B YeM HE YCTYIAET J00U APYTOU IOCAEI0BATEb-
HOCTH, HAIIpUMED,

0,1,0,1,1,1,0,0,1,0,0,0,0,1,0,1,1,0,1,

TaK KaK BEPOSTHOCTHU MOSBJIEHUSA UX HA BBIXOJE YIOBJIETBOPAOIIErO TAKIM
OIIPEIENICHUAM CIYIANHOIO JATYINKA OUHAKOBEL. C TOYKHU 3PEHUs TeOpun,
DA3HUILI HET HUKAKOW, HO MONPOGYUTE UX UCIOAB30BATE M IIM(DPOBAHUA.
Takwmm 06pa3oM, HAIIA CITy TANHAA IOCJAEI0BATENLHOCTD NOKHA OLITH HE
MPOCTO MONYYEHA, O TOW WX WHOU BEPOATHOCTHOU CXEME, HO eIle U OBITH
[OXOXKEN Ha CJIy9arHyo (Beib HUKOMY He IPUAET B I'OJI0OBY HA3BATh IEPBYIO
U3 5TUX IOCTeNOBATEILHOCTEN ClydaiHon). Ho KTO MOXKeT OTBeTUTH, 9TO
3HaMuT «oxoxem ! Ha aro moxoxka, Hampumep, mOCAe 10BATETbHOCTD

38765043353179975014693910353191097086635896251806230
29822890926723711514115245155566479256098717968310496
83605391251330391031054184702591128155858755970005635
69377039492262413967236168374702472481350482084517454
39902122005282381436675152522737

IMompo6ynTe OTAMYUTE €€ OT CIYIAUHOU MOCIeI0BATEILHOCTU. BMecTe
C TeM, CHeNUAIACT II0 TEOPUM HUHCEJ CKAXKET, ITO DTO NECATHIHOE Mpe-
cTapIerHue mpocToro uncaa 282° + 1. A remeps mogymanTe, KaK T3 MOCTe-
NOBATEILHOCTDL OYyA€T BEINVIAAETEH B IBOUIHOU 3AIIHACH.

KakoBbl BO3MOXHBIE KpuTepuu moxoxkectu? Jlerko chopmMyampoBaThb
YCJIOBHA MOXOXKECTH OJHOU MOCIEIOBATENLHOCTH Ha Apyryto. Ho xak cdop-
MYJUPOBATE, UTO 3HAUUAT (IIOCAEIOBATEILHOCTE MOX0XKA, HA, CAYIANHYIO TO-
CJEIOBATEILHOCTE) 7 DTa mpobaeMa He UMEeT OJHO3HAYMHOrO OTBeTa. KCTh
MHOT'O MOAXOAO0B K OMPENeNeHUIO MOHATHAA (TOXOKECTH, HO KAK IbIA U3 HUX
CTPagaeT OMHOCTOPOHHOCTHIO. [I03TOMY OT BHIGPAHHOTO BAMHU TIOAXOIa BO
MHOT'OM 3aBUCAT KA9IEeCTBO MI(PPOBAHUA.

Y106HO 1 HOCHTH GOJBIIYIO CBA3KY KJIOden?

Ilepen BaMu mporpaMma, I mMuAPPOBaHUA. ITO ABAACTCA CEKPETHBIM
B sTou mporpamme? Cama nporpamma? Mcxoausiu tekcr? Ouucanue aaro-
putma? OTBeT, 6e3yCJAOBHO, 3ABUCUT OT YCJIOBUM €€ mpuMeHeHusa. KonevaHo,
JIYHIIe BCETO CIeJaTh TaK, YTOOLI BAIll KOHKYPEHT HE UMET HU TOTO, HU APY-
roro, Hu TpeThero. [losToMy O6GBITHO TOAOGHBIE MPOrPAMMEI 3AIIUIIAIOT 1
OT KOMUPOBAHUA, U OT AM3ACCEMOIUPOBAHUSA, U OT PAGOTHI MOM OTIA I~
KOM U T. . Ecim oHa 3ammmeHa rpaMOTHBIM CIENUAIUCTOM, TO IIPOUAET
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HE OWH MECAI, MOKa 3aIuTa OyAeT CHATA. 1eM He MeHee, MporpaMMa,
KaK IIPABUJIO, UCIOIb3YETCA NINTEIHLHOE BPEMS, a XaKePOB CeNIaC BEIUKOE
MHOxkecTBO. [losToMy Jydie cpasy MCXOAUTH U3 TOrO, YTO BCE CBI3AHHOE
C TIPOTPAMMON CEKPETa Ha MPEeICTABIACT.

YTo emme mpencTaBAsgeT UHTEPEC IS BAIIEr0 KOHKYPEHTA! 3aKpPBITAS
nporpammvon uadopmanusa? OT Hee HIKTO He OTKAXKETCs, HO OHA MAJIO ITO
naet. Eciu anroputM mudpoBaHusa BHIOPAH HAJEKHBIN, TO 3aKPHITAS WH-
dopmanys He IPeICTABIAET CEKPETa, TAK KAaK OHA HEIIOCPEICTBEHHO [IPe-
HA3HAYEHA, [JIsA XPAHEHUS U MEPEIadn B OTKPLITOM Buie. IlosTomMy mpu oT-
CYyTCTBUU CJIEJOB HE YHUITONKEHHOU OTKPBITOU MH(POPMAIUKA MOXKHO OBITH
CTIOKOUHBIM.

Ocraroorcs ximoun. Umes kio4un, BaliM KOHKYPEHTHI OTKPOIOT BCE 3a-
KPBLITHIE IBEPU. DTO TVIABHBEIA CEKPET BO BCEM MPOIECCe MUMpPOBAHUSI, U,
MOXKeTe He COMHEBATHCS, ITO OCHOBHBIE YCUIUs BAIIEr0 KOHKYPeHTa Oy Iy T
HAIIPABIEHBI UMEHHO HA MOAKYI IePCOHAIA, UMEIOIIEr0 JOCTYI K KIIYaM.

Ho xax BBOAUTHL K/I0Y B IPOrpaMMy U I'I€ XPAHUTH Kiawoun’! Eciu mpo-
rpaMMy HUCIOJb30BATH MHTEHCUBHO, TO KJIOYEN HYKHO O4YeHb MHOIO. ['re
uxX OpaTh U KaK 3aMEHATHL OJWH Ha, APYTOun?

Cxymon poillapb XpaHWI CBOM COKPOBUINA B CYHIYKAaX, KOTOPbIE OLLIA
3aKPBITHEL C [IOMOIIBI0 3AMKOB, KJIIOYA OT KOTOPBIX OH [IOCTOSHHO HOCHI
¢ cobor. OH MPaBUILHO OeMad, UTO HUKOTAA HE PACCTABAICA C KIYa-
mu. Ho mockonabky oH 6bL1 OYeHBb 60raT, TO KIYEH y HEro OBLIO OYeHb
MHOI'O, ¥ HOCUTH TaKyl0 CBS3Ky €My, HaBEPHO, ObLIO OYeHb HeyIO00HO.
Boob6me-To, oH MOr 3aBecTH eIle OIWH CYHAVK, KyJa MOXKHO OBLIO OB
CIOXKUTH BCe Kiao4ud. Torpa 6bl eMy nmoTpebOBaIOCH HOCUTH BCEI'O OAWH
xiao4d. VMeHHO »Ta uaes WCIONb3yeTCsA B KIIOYEBBIX CHUCTEMAX C T[UIAB-
HBIM KJOYOM, KOr'Ja BCE KII04YM, KPOME IVIABHOI'O, XPAHATCA B KOMIIBIO-
Tepe Ha BUHYECTEpE B 3amppPOBAHHOM BHUAE. XOTA TAKOU CIIOCOO XpaHe-
HUsA KIIOYeN HECKOIBKO YCIOKHAET IPOUEAYPY AOCTYIA K 3aumdpoBAHHON
“HOOPMALINY, MPEUMYIIECTBA 30eCh HEOCIOPUMEL. [[eNCTBUTEIBHO, MOXKe-
Te JIU BBl IPEACTABUTL Ce0E UeTOBEKa, KOTOPHIU MIOMHUT HECKOABLKO COTEH
KJIO9€en?

Takum obpasom, 3a1a4a CBOAUTCA K OOECIIEYEHUIO HALEKHOIO XPaHe-
HIUS BCErO OJHOrO Kiawo4a. [IpaBga, mpu 5TOM IEHHOCTB STOr0 KIHYa PE3KO
BO3PACTaeT U HOCUTH €ro B KAPMaHe CTAHOBUTCS O4eHb onacHeiM. He Tob-
KO TIOTOMY, YTO HABEPHAKA HAUIYTCA JIOAU, KOTOPbIE OyIyT UCILITHIBATE
HEIIPEOJOJNMOe JKeJAHNe B3ATh y BAaC ero, XOTs Obl HAa BPEMs; HO elle u
IOTOMY, YTO €CJIN OH MOTEPAETCS WX UCIOPTUTCS, MOJYIUB MEXAHUIECKOE
TIOBPEXK JEHNE, TO BB YK€ HUKOI'AA HE CMOXKETEe HUYEr0 BOCCTAHOBUTDL U3
Tou uHMOPMALUN, KOTOPYIO BBl XPAHWIN B CBOeM KoMmbioTepe. C KiIrodamu
HAa,I0 OBITH OYEHB OCTOPOKHBIM.

B 1976 rony amepukanckue matemMatuku [Iuddu n Xemrrman mpearoxu-
JIU TIEPEUTH K CUCTEMAM C OTKPBITHIM KAOYOM. [[aBauTe u3gaguM KHUTY-
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CIPABOYHUK C OTKPBITHBIMU KIIOYAMU BCEX KOPPECHOHIEHTOB M IMOMECTHUM
ee Ha OOIIEIOCTYIIHOM CEPBEpE. JTO IMOJHOCTBIO CHUMET MPOOIEMY € Xpa-
HEHUEeM (OMBIION0 YUCAA KIOYen.

HerpynHo moragaThcs, CKOMb HEOHOSHAYHBIA U MIOKUPYIOMNAA 3(hPeKT
9TO MpeNJIOXKEeHNEe IPOM3BEIO HA KPUNTOrPAGUIECKYI0 OOIIECTBEHHOCTD.
Ho yx 60JbHO 3aMaHYUBBEI OBITM T€ BO3MOXKHOCTH, KOTOPHIE HPEIOCTa-
BisiTa Taxkas cucrema. Kak mokasann aBTODHI MAEW, TAKAs CACTEMA [aeT
BO3MOXHOCTb TOAMUCHIBATE COOOIIEHUA DAEKTPOHHOU HU(PPOBOU IO IIN-
CBIO, KOTOPAS BBIMOJHAET POJIb OOBIMHOU MOAIUCH IO JOKYMEHTOM. Takum
00pa3oM, Cpa3y CHUMAJCA TSAXKKUU I'PY3 MO MPOU3BOJCTBY, 3AIIOMUHAHUIO,
XPaHEHUI0, PACIPEIeNeHUI0 M YHUITOXEHUI0 OIDOMHOIO KOMWIECTBA Ce-
KPETHBIX KIIOYeH, 1a K TOMY K€ OTKPBIBAJIUCH HOBBIE BOBMOXHOCTHY U Che-
pPBI IPUMEHEHUA.

Bonee Toro, miogoTBOPHOCTL MIEM BLIPA3UIACH B IPOABICHAN OOIBIIO-
O WHTEpeca K HEeU y 3HAYUTEJBLHOUW YaCTU KPYIMHBIX MaTeMaTUKOB. Berb
[UIA PEATU3alnu TAKOU CHCTEMBI HyKHBEI OLLTU TPYIHOPENIAEMBIE MATEMAa-
TUYECKME 3aa91. A KTO, KpDOME CAMUX MATEMATUKOB, MOXKET IIPUIYMATh
Takue 3aga4n!

IMocMoTpuM, HAIpUMED, KAK OPraHU3yeTCs BRIPAOOTKA KIIOYEN B IIUPO-
KO pacupocTtpanerroM nporokoae SSH (Secure Shell). JTauubm npoTokon
obecrnednBaeT ay TEHTU(DUKAIMIO U 3aKPHITHE KOMMYHUKAIIMY IPYU B3AUMO-
npenctBur UNIX mammus. /s BHIpAOOTKY KIHOUEH B HEM UCIOIL3YETCA TIPO-
TOKOJI, ABJAAIOMIMANACA MOAN(DUKAIMEN XOPOIIO U3BECTHOI'O MPOTOKOJIA OOMe-
Ha kaodamu, npemioxerasoro Iudgpdu n Xemwmvanom. Ilycts p — 6Gosbioe
npocroe dncio u ¢ = (p—1)/2. llycts g — [umcno, uMerolee MOpsAI0K PaB-
b ¢ IO MOAyo p. OHO ABIAETCA OOPA3YIOUIUM BJIEMEHTOM MYJIbTUILIN-
KATUBHOU TPYIIILI MOPAAKA ¢. [IOMUMO Omepaluu BO3BEICHUA B CTEMEHD B
MIPOTOKOJIE UCIOAB3YIOTCA AMTOPUTMBL BEIYUCACHUA (DYHKIIUN XEIIUPOBAHUS
SHA (secure hash algorithm) u nupposon moamucu DSS (digital signature
standard), npuasreie 8 CIIIA B xagecrse craggapros. IIporokoa cocrour
B cregywomeM (cM. [6]).

1. Kament C remepupyer caydausoe umucio x, 1 < z < ¢, BRIUACIIET
3Hadenue e = g¥ mod p u OTIpABIAET COOOIIEHUE «e» CEPBEPY S.

2. Cepmep S remepupyeT caydamHoe 9ucio y, 1 < y < ¢, BLIYUCIAET
smauenne f = g¥ mod p, BerauciaseT 3uadenne kiaoda K = e¥ mod p,
BhIUUCAAeT nposepounoe suadenue H = hash(V, K, e, f, K) (3mecn
hash — dyukumsa xemmpoBaHus Ha OcHOBe aaroputma SHA, V. —
HEKOTOPasA CTPOKA, COAEPIKAIIAA UACH TUDUIUPYIOIIYIO UHPOPMAILIAIO
0 KiaueHTe u cepsepe, Ky — OTKPBITHIN KIKY CEPBEPA), BEIYUCIACT
3HadeHre udPOBOUN moanucu m mox H Ha CBOEM CeKPETHOM KII4e
B cOOTBeTCTBUU C aaroputmoMm DSS, a 3aTeMm oTmpas/iseT cOOOIIeHNe
«(Ks,H,m, f)» xmueary C.
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3. Kauent C npoBepseT, IeNCTBUTEILHO U K ¢ ABIAETCA KIIOYUOM CepBe-
pa. Ecau na, To Berauciaser saavenne xkiaoda K = f* mod p, nposeps-
eT IPaBWILHOCTL 3Ha4YeHus BekTopa H. Hakonewn, mposepsieT nogmnuce
IO DTUM 3HAUYEHUEM.

B »ToM mpoTOKOJIE IPOCTOE YUCIO P CTPOUTCA U3 M3BECTHOI'O KAXK TOMY
[IKOIBHUKY YUCJIA 7 [0 (hpopMyJIe

p =202 — 2960 14 26428947 4 12003,
U PaBHO

179769313486231590770839156793787453197860296048756011706444
423684197180216158519368947833795864925541502180565485980503
646440548199239100050792877003355816639229553136239076508735
759914822574862575007425302077447712589550957937778424442426
617334727629299387668709205606050270810842907692932019128194
467627007.

Ero mecrHagmaTupudHas 3aMuCh UMEET «MEHEe CJOYIaNHBINY BU/L

FFFFFFFF FFFFFFFF COOFDAA2 2168C234 C4C6628B 80DC1CD1
29024E08 8A67CC74 020BBEA6 3B139B22 514A0879 8E3404DD
EF9519B3 CD3A431B 302BOA6D F25F1437 4FE1356D 6D51C245
E485B576 625ETEC6 F44C42E9 A637EDE6B OBFF5CB6 F406B7ED
EE386BFB 5A899FA5 AEOF2411 7C4B1FE6 49286651 ECE65381
FFFFFFFF FFFFFFFF.

Manuoe uumcio nocrpoerno Puuapmom Illpenmenem um3 yHuBepcurTeTa
wrara Apu3oHa, a ero CBOUCTBA ONUCAHLL B padore [7].

B xadecTBe o6pasyrouiero sreMeHTa A/ DTOrO IPOCTOr0 HUUCAA B3ATO
qncao g = 2. Bo3segenume B cTeneHb TAKOrO YHUCIA BHIIOJHAETCA NOCTA-
TOYHO OLICTPO, TaK KAK YMHOXEHUE Ha 2 — DTO MPOCTOU CABUT IBOUTHOU
3AMUCHU YUCAA B CTOPOHY CTAPIIUX PA3PALOB.

49783156431138-a monbITKAa

Tenepsb BCTaHeM Ha CTOPOHY HAIATAIOIIEN CTOPOHLI U TTOMPOOYEeM HaIu-
CaTh MPOrPAMMY IS HAXOXK JEHUS HEM3BECTHOrO Kioda. IlycTs y Bac ectb
UCXOMHBIN U 3aKPHITHIN hamtel. Ecam 5To He Tak, TO HAIO MOCTaPaAThCA MO-
Jy9IUTH XOTs OBl 00IIee mIpeacTaBIeHne O TOM, 9TO IPeICTaBAAeT COOOU MC-
XOTHBIN (DANI: UCTIOTHAEMBIN KO, TEKCT MPOTPAMMEI HA KAKOM-TU00 A3BIKE
nporpamMupoBanus, TekcT B koguposke ASCII, ANSI, KOI-8 u t.n. Ecan
IayKe DTO HEM3BECTHO, TO BO3MOXHOCTE ONPEIEJEHUsA MTPABUIBLHOTO KIHUa,
3a9aCTYI0 BOOOIIE CTAHOBUTCA npobaeMaruyanon. Ho e 6yaeM o rpyCcTHOM.
[Iycts y Bac ecTb 06a danna. BocnoabayeMces HaMCAHHON paHee MPOrpaM-
Mo upPOBAHUA U JOOABUM K HEU OJIOKU TEHEPALUU KIIOYUeH U CPABHEHUA
MOy 9€HHOrO 3aIMU(POBAHHOrO TEKCTA ¢ UMEIOLIMMC OTKPHITHIM. [Ipex e
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UeM 3aIyCTUTL HA NCHOJHEHUE MPOrpaMMy, MOAYyMaeM, CKOIbKO BpEMEHU
OHa MOXeT paboTaThb.

CHavasa HAUIEM CpefHee YUCJI0 3HAKOB TEKCTa, KOTOPOe Tpedyercs Ijisa
OTOPAKOBKY CIyIanHOro Kiao4a. [Ipeanosoxum, 4To Hallla IPOrpaMMa, mo-
CIeJOBATETHLHO CPABHUBAECT OUTHI TEKCTA, HOJYIEHHOTO IU(MPOBAHUEM C
MIOMOIIBIO CJIYYANHO BEIOPAHHOIO KJII0Ya, C OUTAMY UMEOIIEr0Ca 3aKPBITO-
ro damta. Ecau peanunzoBanubiu B mporpaMme mmdp 061a1aeT XOPOIuMA
CBOICTBAMU M JAET INU(PPTEKCT, MOXOXKNUNA HA CAYyIaUHYIO [TOCIEI0BATE b
HOCTB, TO TIO IEpBOMY OuTy OyaeT 3a0paKoBaHa NPUOJIU3NTEIBHO [TOJIOBUHA
KJIIOY€H, 10 BTOPOMY — €III€ YeTBePTh, U T. . B UTOre Mbl MOIyYUM, ITO
CpeqHee YUCIO 3HAKOB Il OTOPAKOBKHU OIIEHUBAETCA OECKOHETHOU CYMMOUN

(o) .
i
? .

i=1

Maremaruku 3Ha0T, 9TO 5Ta CyMMa paBHa aByM. [losToMy, Kak 3TO HU
CTPaHHO, TOTPebyeTCsA B CPEeJHEM BCEro ABa OUTA TEKCTa AII OTOPAKOBKU
JIOXKHOTO CIIYIAUHOT0 KII0Ya. JTO OJWH U3 MEePBLIX TapaI0KCOB KPUITOIPa-
duueckoro anamusa. A Benb 1A TOrO, YTOOL yOEIUTHCA B TOM, 9TO KJIIOU
HAWJEH MPABWIBLHO, HALO PACIIN(POBATH BECh TEKCT.

[Jauubin pesyabTar 0OHAIEKUBACT CBOEU HEOXKUAAHHOCTHIO. [loaTomy
Cpa3y mepexoauM KO BTOPOU YaCTH 331341 U HAUIEM, CKOJIbKO IOTpebyercs
B CpelHeM mepebpaTh BAPUAHTOB KIHOYA IO MOABICHUA UCKOMOro. Cuura-
€M, 9TO BCe KJIIOYM DABHOIPABHEL. llepeHyMepyeM ux ¥ HAYHEM IO OYepenn
MPOBEPATH C MOMOIIBIO HAIIEH MPOTpaMMEBL. Ha MepBLIM B3TVIAL KAXKETCA,
YTO OT BHIOOPA MOPSAIKA HYMEPAIUU KIIOYEH 3aBUCUT O4YeHb MHOrO. [len-
CTBUTEIBHO, €CJIN ¥ BAC €CTH Iap MPEIBUACHUA U BbI BHIOPATU TAKOU MOPSI-
IOK, 9TO UCKOMBIU KJIIOY UMEET MEPBLIM HOMED, TO Iporpamma cpaboraer
yxe Ha nepsoM mmare. Ho me 6ygeM BepuTh B 4y A0 U HAKJAEM CPEIHEE UUCIO
[IArOB I CIYYaUHO BLIOPAHHOTO mopagka. OHO paBHO

n -
>
n!’
i=1
rae k; — YUCIO PA3IMYHBIX YIOPALOYEHUU MHOXKECTBA U3 N KIIOYeH, y

KOTODPLIX MCTUHHBLIM KJIIOY CTOMT Ha MecTe ¢ HoMepoM i. Tak Kak Jerko
MOACIATATD, ITO ki = (n —1)!, To Hama cyMmMa paBHA

" ik i nn+1l) (n+1)
— n! z; n on 2

Nrak, B cpegHeM OpuaeTca mepedpaTh IyTh OOJBIIE TOJOBUHEI BCEX
KJTIOYIeH.

Tenepb BEpHEMCA OT MATEMATHKEA K CyPOBOU IEUCTBATEILHOCTH. [lycTh
BEl HAINCAJM BEJIMKOJCNHYIO IPOrpaMMy, KOTOpas IpOBEpAeT 3a OTHY
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CEeKyHIy OJVH MUIAOH BAPUAHTOB KIK0Ya. TOraa 3a Iac mporpaMMa mepe-
6eper 3600 000 000 krroven, 3a cytku — 86 400 000 000 kiroven, a 3a rog —
Goxee 30000000000 000. Kopoue, mrsa mepe6opa 2°¢ xmodes mmdparopa
DES Barmien nporpaMme notpebyeTca B cpeaneM 1y Th 6oaee 1500 met. Baox-
HOBJIAIOIIAY PE3YALTAT, HE IPaBaa au’! A Temepb NoACINTANTe, CKOJIBKO JEeT
moTpebyeTCsa BAIllel MPOTrpaMMe IS HAXOXKICHUS HEM3BECTHOTO KIKUA, Y
oredecTBeHHOro aaropurma mmdposanus [[OCT 28147, B koTOpoM 4uCIO
Kmoden pasuo 22°6.

IMogo6HbIE OLIEHKY TOMOTYT BaM U36€KaTh U3INAIIECTB U MTPABAILHO BbI-
OpaTh IIVHY KJIHYa, [JIA BAIIEUA MPOTPAMMEL.

A Temepn mepengeM K peIeHNO TPAKTUIECKUX BOTPOCOB.

3. Kak sammdposars dana?

Pyku npods oT Moux pamios!

IIpencrasbTe cebe: BB MPUXOIUTE TOMOU MOCAE TPYIHOTO AHA U B TPU-
XOXKeH BAC BCTPEYALT Balll MIAIIIANA OPAT, TPOMKO TEKJIAMUPYS BAIIU CTU-
XU, TIOCBAILIEHHBIE JIOOUMOU IEBYINKE M3 COCETHEr0 KIacca, KOTOPHIE BEHI
Buepa HaOpaau HA CBOeM KoMmmbioTepe. Ul He TOJIBKO AeKJIaMUPYET, a elle U
KOMMEHTUPYET, U U3 er0 KOMMEHTAPUEB CreayeT, 9To Ilymkuua u3 Bac 1y
HUKAK HE TOJYIUTCH.

Brr, komeuHO, MOX)eTe O0BACHUTL OpATy, ITO OH HE IPAB, MOAKPEINB
CBOU CJIOBA MAPOU MOA3ATBUIBHUKOB U APYTUMU BECOMBIMU apPryMEHTAMU.
OTO HA3BIBACTCA AOMUHUCTPAMUEBHBIE MEPDL 3AULUINDI.

Brr MoxeTe mocTaBUTH MapoJb HA BKIKYEHWE KOMIbIOTepa. Kak my-
MaeTe, CKOJIbKO BpPeMeHU mpopepxkurcsa Takas 3amumra’ [IpaBwibso. s
Tpu-dereipe. [loToMm Bam 6paT 3aMydaeT Bac NPOCHOAME PAa3PELIUTh eMy
mourpats B WarCraft, u BaM npugeTcs mogequTbCsa ¢ HUM IIapOJIEM.

Brino 61 xopomio caenaTs Tak, 9TOOBI BaIl OpaT MOr ObI OGecIpendT-
CTBEHHO UT'PATh B JOOUMBIE UT'PBL, a JOCTYI K 4yKuM (auiam ObLT Obl 11
HErO 3aKPBIT. DTO HA3BIBAETCA PA3CPAHUYEHUE TOCTYIIA.

Kak ke opranu3oBars pasrpanuyerune qOCTyIa HA CBOEM KOMIboTepe?
Ecan 6b1 y Bac 6buta ycramosiena e Windows 95, a Windows NT winm
UNIX, BbI JIerko Moriiu ObI OPpaHUYUATL JOCTYI K cBouM damtam. B UNIX
BaM IPUNLIOCH ObI HAOPATH KOMAHIY chmod C HYXHBIMU ApPAMETPAMHU, & B
Windows NT xBaTuio 661 HECKOIBKUX IBUXKeHUU MbImbio. Ho y Bac crout
Windows 95, a Windows 95 pasrpanuyenue 10CTyIa He TOLAepxkuBaeT. Tax
4TO XKe BaM jgejarb? Heyxenu Hemb3s 3alUTUTH CBOU (PAUIBL OT APYTHUX
TOJIB30BATEICH?

Moxuo. Tyt mam Ha momompb npuxoauT kpurnrorpadus. Ecaun Bel He
XOTuTe, YTOOLI APYTUE UUTATU BAIl (paut, 3TOT daua HyKHO 3armmdppo-
BaTh. llycTh ero Temepsr YuTaOT BCE KOMY He JeHb. Bce paBHO, €CIu KTO-
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TO, KPOME BaC, TPOUUTACT STOT (hala, OH YBUAUT He COomepkuMoe (ania,
a mmdprexct. Koredno, ncnonp3yemMuit mudgp IOMKEH OLITH JOCTATOTHO
CTOUKNM.

Kak BBOAMTEL KIOY?

Kak BbI coOupaeTech BBOAUTE KIH0Y B porpammy mudposauusa? [Ipo-
IIIe BCEr'0 — C KIaBUATYPBL. IMEHHO 5TOT BapUaHT PEATU30BAH B OOIBIITIH-
CTBe I'OTOBEIX IIPOI'PAMM, X 3HAKOMCTBO C HUMU HAYUHAETCA C BEXKJINBOIO
mpurIamenus: «enter your password: . ..». ToIbko uMenTe B BUAY, 9TO Ma-
pPOJb, BBOAUMBIN C KJIABUATYPBI, MOXHO MOJACMOTpPeTh. Ecau mporpamma
mpPOBAHUA IPU BBOJE MAPOIA OTOOPAXKAEeT ero Ha DKpaHe, TAKOU MPO-
rpaMMOU JIydIlle He MOIb30BAThCA. Korga mpu 3ammdpoBasHuu (pania Bbl
BBOJUTE MapOIb, OH TOXe He JOMKEH OTOOPaxKaThCA Ha DKPaHe.

A uTo cayuurTcs, eciu mpu BBOAE TAPOJA BBI CIYIANHO HAXKAIA HE TY
kiasuiry? Bel gymaeTe, 4TO BBEIM OQUH IIAPOJb, a HA CAMOM [eJe BBEIN
opyrou. IIpobyere pacimuudpoBaTsh dawt, a mporpamma rosoput: «(Ilapoas
HEMpPaBUILHEINY. UTOOLI TAKOT'O He OBLIO, OOBIYHO MPOrpaMMEI HMIIpPOBa-
HUs [PU BBOJE MApoJsa Ais 3ammudpoBanus (alia IPpOCAT BBECTU MaPOJb
nBaxk ael. Ecan moas3oBaTens B IEPBLIN pa3 BBEI OMUH TMAPOJb, & BO BTOPOU
pa3 — Apyrowu, 3HAYUT, IO KparuHel Mepe O4uH pa3 OH ommbcesa. A eciu oba
pasa moaL30BaTeNb BBEI OMHO U TO XK€, 3HAYUT, BCE HOPMaJabHO. Bpax an
[IOIB30BATENb TBAXK LI OMUOETCA OIUHAKOBO.

Kak npoBepaTs IIpaBWIBHOCTE KJIO4Ya?

Kcraru, a kak mporpamma npu paciumndgpoBaHuyu (Pamia OIpereIseT,
4TO Mapoab HempaBuibHEM? [lo-pasaomy. HekoTopbie mporpaMMer BOOOIIE
HE TIPOBEPSAIOT NPABWILHOCTH MApOosA. B 5TOM ciiydae, eciu BBI BBEJIU He-
MPABWILHBIN TAPOIb, PAalT Kak Obl pacimud)pyeTcsa, HO BBl YBUIUTE COBCEM
HE TO, 9TO 3amudpoBanu. ITo Heynobuo. [Ipeamnomnoxum, BuI 3ammudpoBa-
au paun merabaut B 50 ¢ momompio anropurma ['OCT. Ckoabko Bpemenn
ou Oymer pacimmudpoaTbea! Eciu y Bac goma crouT oOBvHBIM Pentium,
TO, [0 KpauHen Mepe, MUHYTY. A ckopee BCero, MUHyTHL Tpu. BEI Bce BTO
BpeMA CUAUTE, KIETE, a TOTOM OKA3BLIBAETCA, ITO 3PA XK IATU — MAPOTh-
TO BBE/IM HEIPABWILHBEIM. A eciau BB exe-(palil HEIPaBUILHO pacmudgpoBa-
JIU, a TMOTOM 3amycTuiu Ha BeimoaHenue? Ckopee BCEro, MPUAETCA TABUTH
Reset. Tax 4o myumre, korjga mepe pacmudgpoBaHeM TPOTpaMMa MPOBe-
PAET NPABUIBHOCTD IIAPOJIA.

Ocraercsa BOMpOC: KaK TPOBEPATH TPABIILHOCTD Mapoa? MoxXHO Tpo-
CTO BIUCATH MAPOIb B HAYAMO 3ammudppoBAHHOrO (aura mepen mmppTek-
crom. [Ipu pacmmdpoBanum Bl BBOAUTE HAPOJb, IPOrPAMMA, IUTAET Ha-
Jaa0 3ammudpoOBaHHOTO (Galia W CPABHUBAET TO, UTO BBl BBEIU, U TO,
qro B (Qamre. Ecim coBmaso, 3HAYUT, MApOIL NPaBUILHLIA. A eciu He
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coBmano — HempaBwibHBIM. [IpocTo u yno6Ho. ToabKo 9TO mpousoumer,
e KTO-HuOyAb APYrOM CAy9adHO MPOCMOTPUT 3allu(ppOBAHHLIN (DAL,
umanpumep, ¢ nomomursio Norton Commander? Becs dann — crumomusas abpa-
xagabpa, a B Hadade pamia — OCMBICICHHOE CI0BO. He HyXKHO OLITH ceMu
msAged BO J0y, YTOOBI [OraqaThbCs, 9TO DTO U €CTh HAPO0JIb. TaK ITO HYKHO
NPUAYMBIBATE ITO-TO APYTOE.

OueBuIHO, >TANOH TAPOJIA, KOTOPHIU XPAHUTCA B 3AInPOBAHHOM (hau-
Je, Toxe Hamo samudposarh. Toapko kak? IIpome Bcero mmdpposars ma-
POJIb 110 TOU K€ CXeMe, YTO U TEKCT UCXOLHOro pamia. Ecin mmdp cronkun
(a mHAYE €ro U He CTOUT UCIOIb30BATD), MAPOJIb Oy ET 3aKPHIT HALEKHO. A
4uTo GpaTh B KadecTBe Kiaoda?! MoxHO B3ATh KOHCTaHTy. Torga B Kax oM
sarmmudgpoBaHHOM (balle STAJIOH MapoJsa Oy IeT 3armmrdpoBaH Ha OTHOM U TOM
x)e kiaode. Tak, HanpuMep, 1e1aeT BCTPOEHHAs cucTeMa mudpoBanus (pau-
JIOB BJIeKTPOHHOU MOoITH Sprint Mail. Toasko TaMm 3amudpoBaHHEIN TAPOIb
XPaHUTCsA HE B HadaJe 3aimmppoBaHHOro (amia, a B kouue. Ho 4ro Oyger,
€CIM KTO-TO Y3HAET K04, HA KOTOpOM mmudpyorcesa Bee napoau? OH cMo-
XKeT pacimudpOoBBIBATEL BCE (DAUILI, KOTOpHIE B 3amudpyere. M He BaxHO,
YTO MAPOJHU PA3HBIE — 3JI0YMBIIUIEHHUK BO3bMET HYXKHBIU MAPOIb IIPAMO
u3 pamia, KOTOPHIU XOUET MTPOIECTh.

Berr, ckopee Bcero, mogymadu: a OTKYIa 3JI0YMBIILIEHHUK Y3HAET KO,
Ha KOTOPOM MU(PYIOTCA STAJOHBI Taposen? ITOT KIHY BCTPOEH B MPO-
rpaMMmy mudpOBaHUsI, €r0 HUKTO He 3HAET, JaKe BhI ero He 3HaeTe. Tem
HE MEHEee, €CJU 3JOYMBIILIEHHAK [OCTATOYHO KBAJUMDUIMPOBAH, €CIU OH
yMeEeT HOJIb30BATHCA AU3accCeMOIePOM U OTIAJINKOM, STOT KJIIOY OH y3HA-
er 6e3 Tpyaa. OOBIYHO HA PEIeHne TAKOU 3a1a91 YXOIUT BCErO HECKOMBKO
41acoB. Kak 5T0 MOXKHO cesaTs — TeMa OTAeIbHOU cTaTbu. [loka moBepbTe
Ha CJIOBO — UMEsA TOJBKO exe-(ali, ONpeneJeHHbIe HABEIKU U MHOTO CBO-
60IHOI0 BPEMEHU, MOXKHO Pa300paThCS B TOM, YTO [eJaeT IPOrpaMMma, o0
MEILYANIINX T0APOOHOCTEN.

Jlydme mmdpoBars 5Tan0H naposs cam Ha cebe. Basare mapons B kade-
CTBE OTKPBITOI'O TEKCTA U B3ATH TOT XK€ MAPOTh B KAYECTBE KIH4Ua. [lpn
pacumdpoBasHuu (damia, KOria BBl BBOJUTE MAPOJb, MPOrPAMMA, MBITAET-
ca pacmudpoBaTh TOILKO Hadamo dauna. Keiu B pesyibrare mogydIniach
CTPOKa, COBMAIAOIIAA C TAPOJEeM, 3HAUYUT, MapOIb MPABUILHLIN, U MOXK-
HO pacum@poOBBIBATL (AWl JANbIIE. A eCau MOLyIUIOCh YTO-TO IPYroe,
3HAYUT, TAPOJb HETPABUILHLIN.

HekoTopsie nporpaMMer mmdgpoBanus mudpyoOT Dapoan nHade. beper-
Cs1 KAKas-TO CTPOKA, BCer1a ONHA U Ta XKe, IudPyeTCs Ha apoJie U 3aMnuChI-
BaeTca B 3anmdposauubin dana. Diskreet, nampumep, mmdpyeT Ha mapoJe
crpoky «<ABCDEFGHENRIXYZ» (sTa cTpoKa 3aBepuIaeTCca HyJIeBLIM Oan-
oM, kak npunaTo B a3bike C). Korga Diskreet mposepser napoms, on 6eper
HAYAJIO0 3amudpPOBaHHOrO danita (Tournee, 6anTsr ¢ 16-ro mo 31-1u) u pacum-
(pOBBIBAET UX HA MAPOJE, KOTOPHIU BBEJ IIOIb30BaTe b. Fcau nocie paciim-
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dposanusa moxyumiocs «(ABCDEFGHENRIXYZ» — maposib TpaBUIbHBIN,
€CJIU He TOTyIMIOCh — HENPABUILHBIN.

Ha mepBei B3MIAI KAaXKETCA, ITO DTA CXEMa XyKe, I€M MPEIbLIYIIasL.
[lenCTBATENBHO, B MIPEALIAYINEM CAyYae 3JI0YMBIILICHHUKY HEU3BECTHHI HU
OTKPBITHLIA TEKCT, HU KJIIOY, & B MOCJAETHEM CIy9ae HEM3BECTEH TOMBLKO
KJI0Y, & OTKPBITHIM TEKCT u3BecTeH. Ho eciu BHI ele MOMHUTE, ITO OLLIO
HAIIMCAHO B HAYAJE DTOU TVIABHI, TO, HABEPHOE, YK€ MOHAIN, ITO MOCIEI-
HAA CXeMa HUYYTh He caadee mpenbiayinen. Ecau mmdp cToOnKun, T0 KIod
G POBAHUA HEBO3MOKHO MOIYUUTE 32 IPUEMIEMOE BPEMS, JaKe €CIU U3-
BECTHEI U OTKPLITHIU TEKCT, U MA(PTEKCT.

Kakou go/keH GbITH HApoJb?

Kakon maunbl qoaxkeH ObLITH MApOab, YTOOLI 3AIMUTA ObLIA CTOUKOU?
Yucno pasauvHbBIX BADUAHTOB MAPOJISA JOKHO OBITH HE MEHBIIE YUCAA Pa3-
JUYHBIX Kaoden. Ecan ol mmdpyere dant ¢ momombio aaropurma ['OCT,
a UIS1 TAPOJIA UCIOIB3YeTe TOABKO CTPOYHBIE AHTVIMUCKUE OYKBBI I XOTUTE,
4TOOBI CTOMKOCTH 3alUTHI ObLTa He Huke croukoctu ['OCTa, To nmuHa
Mapofa I0MKHA OBITH He MeHbIIe, qeM logys 22°0 = 54,46298970967. (3xecn
2256 — ypeo pasmransx kmodeir TOCT, a 26 — 9mrc/I0 pasmImaHLIX AHTIAH-
ckux OykB.) Tak 9TO BaM NpPUIETCA OPUAYMBIBATE 55-0YKBEHHBIN TapOJIb.
K Tomy xe y4ruTe, 9TO €Cau BBl UCIOJAb3yeTE B KAYECTBE HMAPOJA HE Xa0-
TUIHYIO MOCIEI0BATEIbHOCTh OYKB, & OCMBICTEHHYIO (Dpa3y, TO HYKHO Cle-
JIATH MONPABKY HA U30BITOYHOCTD A3LIKA. ECIU B MAPOIBL BXOJAT HE TOMBKO
CTPOYHBIE OYKBHI, HO U 3aTVIaBHBIE, TO A 00ECIeYeHrs HeOOXOUMOTO -
cra xmoden 'OCT gocrarouno 51 cumBoaa. ToabKO UMENTE B BUIY, 9TO
HEKOTOpPHIE MPOrpaMMbI MU POBAHUA, MOJYUUB MAPOIb, TPEOOPA3yIOT BCe
ero OykBHI K ogHOMY peructpy. Hampumep, Diskreet memaer Bce anriuu-
ckue OYKBBI, BXOISIINE B IIAPOJIb, 3aTIABHEIMA. BBl MOXETE UCIOIB30BATh B
mapoJie pycckue OyKBhI, HO Oy abTe ocTopoxubl! He Bce mporpamMmer mmdpo-
BaHUA KOPPEKTHO PabOTAT C PyCCKMMU mapossMu. labauma 1 momoxer
BaM OIIEHUTH TPEeOYyeMyIo [IJIUHY MapoJi B PA3IUIHBIX CUTYAIUAX.

NmenTe B BULY, 9TO JAHHBLIE B DTOU TAOIUIIE OTHOCATCA K TOMY CIy9alo,
KODJ[a B KAYECTBE MapOoJis 6epeTcs PABHOMEPHO PACIPEIEJEHHAS CIy IauHAs
MOCJIEIOBATENLHOCTh CUMBOJIOB. KU B KadecTBe Mapo/ia BbI UCIOAb3yeTe
TOJBKO OCMBICJIEHHBIE CIOBA U (PPA3BI, KOIXIECTBO BO3MOKHBIX BAPUAH-
TOB Mmapojsa OyIeT ropasfno MeHbime. FKciu B KadecTBe Maposia UCIOIb3Y-
eTcs IuHHAA (Ppa3a PyCCKOTO S3BIKA, TO, KAK MOKA3BIBAIOT TEOPETUKO-
UH(OPMAIIMOHHELIE UCCACNOBAHUA, KOIMICCTBO BO3MOKHBIX BAPUAHTOB Oy-
meT paBHO He 33", rIe n — YUCIO CUMBOJOB BO (pase, a Bcero jauirb 2"
(pra mpubIMKEeHHAS OLEHKA BEPHA TOABKO Mt 6osbmux n). Tak 94T0 B 5TOM
caydae Mg goctukenus crounkoctu DES mpugercs 6paTh mapoisb IJIUHON
56 cuMBOJIOB, a miia gocrmkenus croukocTu 'OCT — 256 cuMBogoB.
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Ta6auma 1.
[lnuHa mapoJs
MomuocTts | KoauvgecTBo IS TOCTUKEHUS
Aundasur aundasuTa BapPUAHTOB CTOUKOCTH CTOUKOCTH
6-cumBoanuoro | DES =2%6= |TOCT =22%6=
mapois =7,21-10%| =1,16-1077
CTPOTHPIC 26 3,09 - 108 12 55
QHMIMUCKKUE OYKBBI W
cTpO e pycckue
TPOTHEIE PYCCRH 33 1,29 - 10° 12 51

OyKBBI

CTPOYHBIE U

3arIaBHBIE 52 1,97 - 1010 10 45
AHMIMUCKKUE OYKBBI

CTPOYHbIE 1
3arJiaBHbIE

10
aHTIMICKIEe GYKBEI 62 56810 10 43
1 nudpol
CTPOYHBIE U
3aIaBHBIE DYCCKHE 66 8,27 - 1010 10 43
OyKBBI

CTPOYHbIE 1

3araBHBIE PYCCKHAE 76 1,93 - 1011 9 41
OyKBBI U IUQPHI

CTPOYHbIE U
3ariaBHBIe
aHTIIICKHIE OYKBEI, 94 6,90 - 1011 9 40
mudpbl 1 3HAKA
HIpenuHaAHUuA

CTPOYHBIE U
3arJaBHBIE DYCCKUe

OyKBBI, TU(PLL 1 108 1,59 - 1012 9 28
3HAKN HpeHI/IHaHI/Iﬁ

BCe au(aBATHO-

I POBLIE CUMBOJILI 160 168 - 105 . .

pPyCUDUIUPOBAHHON
KJIaBUATYPbI
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Tax cTouT Jim BOOOIIE UCIOJB30BATD s MIN(POBAHUS MAPOJIb, BBOIU-
MBII ¢ KaaBuaTypwi? [[Js OTBeTAa HA DTOT BONPOC HAJO OMPEIEIUTH s
cebs1 — OT KOr'o BBl COOMPAETECH 3AIMUINATEL nH(popMamnuio. Ecau Bamr mpo-
TUBHUK YMEET TOJBKO MOAOUPATH MAPOIh C KIABUATYPHI, TO B KAYECTBE I1a-
POJIA JIydilie BCero B3ATb OCMBICAEHHOE CIOBO AIMHON 6—8 cumBoOB. [mas-
HOE, YTOOBI 3JI0YMBIILIEHHAKY OBLIO TPYIHO NOTATATHCA A0 DTOrO CJIOBA.
IIpu 5TOM HAZO HIOMHUTBL, YTO HEJIb3s UCIOIL30BATH B KAYECTBE [TAPOJIs:

— cBoe uMs ((paMUIUIO, OTIECTBO, IPO3BULLIE, . . . );

— CBOI IATy poxaeHus (HOMep TenedOHA, HOMED MACIOPTA, - . . );

— UMA TOro (amia, KOTOPBEIM BaM HAI0 3alIu(pPOBaTh;

— ¥ BCe IPYrue MapoJu, KOTOPHIE JErKO yralaTh.

Ecau Bamr npoTuBHUK, OT KOTOPOr'O BBI 3AIIUIIAETE UH(POPMAIINIO, YMe-
€T MPOrpaMMUPOBATH, TO OH MOXKET HAIKUCATH IPOrpaMMmy, KoTopas Oy-
JeT moA0upaTh Mapojib aBTOMAaTHYIeCKu. /[axke ecau IPOTUBHUK HE YMEET
IPOrpaMMUPOBATEH, OH MOXKET B3ATh TAKyIO nporpammy u3 Internet — ram
TAKUX IPOrPaMM MHOT0. B 5ToM cirydae maposs He JOMKEH OBITh OCMBICIEH-
HBIM CJIOBOM. B COBpEMEHHOM AHTVIMUCKOM S3BIKE OOLIYHO yHOTPEOAAeTCs
Bcero okoso 100000 cioB, B pycckom — 4ayThb Gouabure. [lepebpars 100 000
Maposen MOXKHO O4YeHb OLICTPO. Ecaum B kKadecTBe mudpa UCIOIB3YETCA
DES, ma mpoueccope Pentium moxuO mepebpaTh BCe aHIVIMUCKUAE CJIOBA-
TaPOJIU BCErO 3a HECKOJIBKO CEKYHI.

[axe ecau mapoJb IPeACTABIIET COGOU CJIOBO, KOTOPOI'O HET B CIOBApE,
€ro BCe PABHO MOXKHO JIEr'KO yraaaThk. Bel yxke 3HaeTE, YTO MOPAIOK OYKB B
cioBax 1 (ppasax eCTeCTBEHHOr'O SI3BbIKA MOAYMHIETCS OIPEIeJeHHBIM CTa-
TUCTUIECKUM 3aKOHOMEPHOCTAM. Hampumep, B pyCCKOM S3BIKE KOMOWHAIA
OYKB MU BCTPEIAETCA IaCTO, & Ob — HUKOTAA. /7151 GOIBIINHCTBA €CTECTBEeH-
HBIX A3BIKOB CTATUCTUKA BCTPEIAEMOCTHU CUMBOJOB IOKYMEHTUPOBaHa. Ec-
JU IporpaMMma nepebopa BHadaje nogbupaeT Hanboaee BEPOATHRIE TAPOJIH,
a MeHee BEPOSTHHIE OCTABIAET HA IIOTOM, TO IepebOop COKPAIAETCA B 1e-
cATKA u cOTHU pa3. OauH u3 aBTOPOB BUAEN, KAK MOJOOHAS IPOTrPAMMA
mogobpasa mapous natenok Ha xkommbiorepe ¢ mpoueccopom 386DX—-40 Bce-
ro 3a 10 muayT. O6mas c1o:KHOCTH nepebopa OuL1a pasHa 8,03 - 10°. BoT
IPYTHUe M3BECTHLIE ABTOPAM CJAYYal yAAIHOrO MOA60Pa MapOIen:

Caoxuocts mepe6opal) | Bpems nog6opa | Tum mpomeccopa
2,08 - 10'? 15 munyT 486DX/4-100
5,68 - 1010 8 yacoB Pentium—-120

B nmepeoM ciydyae mapo/b OpeacTaBisal COOOUM IBa aHIVIMUCKUX CIOBA,
3anucaHHbix moApan 6e3 mpobena. OmHO w3 HUX OBLIO TPEXOYKBEHHBIM,

DYIMeeTcs B BUAY CIOXKHOCTH TOTAILHOIO mepe6opa. II0CKOIbKY PeatbHO IPOBOJMICA
ONTHMU3UPOBAHHBIN 11EPEOOP, ero CI0KHOCTH OblIa IOPa3f0 MEHbIIE. DTUM U OO0BACH-
eTCs HECOOTBETCTBUE CIOXKHOCTH Iepebopa M BpeMeHU Iondopa.



146 T"'JIABA 6

Ipyroe — OATHOYKBEHHBIM. BO BTOPOM CIydae Mapoab COCTOAT U3 TPEX
CTPOYHBIX AHMVIMUCKUX OYKB, ABYX 3aIVIABHBIX AHMIMUCKUX OYKB U OTHOU
UuPPBL. DTOT TAPOJIb OBLT AGCOMIOTHO GECCMBICTEHHBIM. BBIBOALI nqenanTe
CaMmu.

Jlyumun pesyabTaT mo mogo0opy Kiaoda 6611 focturayT B 1997 rony, Ko-
raa B cetu Internet 6uur gemmdposan (ani, 3amn@pPOBAHHBIA C TIOMOLILIO
DES. B nmox6ope kiro4a yIaCTBOBAIM ECATKYA THICAY MOIB30BaTeaen Inter-
net. Bce MHOXKeCTBO KiIOU€en OBLIO PA3OUTO HA HEIEPECEKAIOMIMEC O IMHO-
JKECTBA U KaX LI Mepebupan KIIYd U3 CBOErO MOAMHOXKECTBa. lepebop
[UIAJICS HECKOIBKO Heleab. PykoBoquit paboTon 1o6GpOBOILHOU «BUPTYAIb-
HOI» OpUra bl B3JOMIIUKOB CO CBOErO cepBepa mporpaMMmucT Pokku Bep-
cep — aBTOp MPOrpaMMEl, nepebuparomen kiaodn. OOmas CI0KHOCTE IIe-
pebopa cocrasiana 7,21 - 1016, mo xmoy 6611 Halizen mocae nepe6opa Beero
25% xmroden. IIpu 3TOM «paCKOIOI» COOOIICHIE KOMIBIOTED ¢ IPOIECCOPOM
Pentium/90 ¢ 16 M6ant oneparusron namsaru. Oxo riacuio: «Hanexnasn
KpunTorpadus geraeT MUp 6e30TmaCHBIMY.

A MoxxHO i1 060UTHCE 6e3 TTapoas?

Kaxk Bugure, npuMeHATH TAPOJIb B KAYECTBE KII0Ya, (M POBAHUA HE TAK
YIOOHO, KaK KaXKETCA Ha MEePBHIU B3MIAL. JIubo 3ammTa OyIeT HeCTOUKON,
Jr6O0 TapOIh TPYAHO 3AIOMHUTL U BBecTu 0e3 ommbok. Ecau BB xoTUTE
MOCTPOUTH MO-HACTOSIIEMY HAJAEKHYIO 3ALUTY, BMECTO MAPOJs HYXKHO UC-
MOJB30BATH UTO-TO IPYTOE.

MO:KHO, HAIIPUMED, XPAHNTH K104 Ha auckere!). Bh cosgaere Kakmm-
T0 06pa3oM (KakuM — O6CYJUM [IO33Ke) CILy IAUHBIN, PABHOBEPOATHLIN U 10~
CTATOYHO [IVHHBLIA KJIHY U 3AMACHLIBACTE €ro Ha quckeTy. Korma mporpaM-
Ma mudPOBAHNS 3AMPAIIMBACT KIKOY, Bbl BBOAUTE KJIIOY HE C KIABUATYPHI,
a ¢ MUCKETHI. BLI MPOCTO BCTABIAETE IUCKETY B TUCKOBOM, 4 MPOTPaM-
Ma CIUTBIBAET OTTYAA KU U 3andPOBLIBAET (parli Ha >ToM kirode. [Ipu
pacumdpoBanuu Gania IporpamMma npocut «BcTaBbTe KII0YeBYIO AUCKETY
B [IUCKOBOI». BBI BCTABIAECTE QUCKETY B AUCKOBOI, TPOrPAMMA, CIATHLIBAECT
OTTYIa KU, NPOBEPIET €r0 MPABUILHOCTD U, €CIA KIOY IPABAILHBIN,
pacuudpoBLIBACT (PaLI.

Koneuno, mporpamMmma mudpoBaHus JOMKHA YMETh pab0TaTh € KIUe-
BBIMU JUCKETAMU.

KuroueByro auckeTy Hy:KHO XPAHUTb B MECTE, HEIOCTYIHOM IS 3JI0-
YMBIIUIEHHUKOB. FCIU KTO-TO BOCHONBL3YETCA BAIEN KIHOUYEBOU TUCKETOH,
TO OH CMOXKET IIPOYECTh BCE, YTO BBI 3aMA(POBaIU ¢ ee moMomkon. He Te-
panTe KaodeBble auckeTwr! Ecium BHI moTepseTe TaKyw OUCKETY, TO TEM

D¥nu ma saexrporHoM kiaode Touch Memory, nin Ha MWIACTUKOBOUM KapTe. TOIbKO B
DTOM CIydae HyXKHO, 9TOOBI B BallleM KOMIbIOLEPE OBLIO COOTBETCTBYIOMEE yCTPOUCTBO
BBOJIA.
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CaAMBIM BBI TIOTEPAETE BCE JAHHLIE, KOTOPHIE BB 3AMMM(MPOBAILA C €€ TTOMO-
UIBIO.

Y1no6HO Ju monb30BaThCA KiodeBbiMu guckeramu’! Her. Ho 3a ma-
IEXKHOCTD 3AIIUTHL IPUXOIUTCA IIATUTL. Boo6Ie, >TO obIas 3aKOHOMep-
HOCTb — uem nadexcnee cucmema 3auumot, mem mpyduee ¢ et pabo-
mamb. I Ha060pOT, YeM cUCTeMa 3AUTHL yIo0Hee B OOpAIlleHun, TeM OHa,
caabee. Koneuno, pazpabaTeiBas CUCTEMY 3AIUTHI, MOXKHO HATEJATDH OIIU-
00K, U CUCTEMA TIOTYIUTCA U HEHAAeXKHOU, n Heygoouou. Ho eciu cucrema,
pa3pabaThIBAJIACH HA COBECTD, IPUBEIEHHOE BBIIIE YTBEPK IEHUE TOYTU BCe-
A BEPHO.

MoxHO Jin Kak-HUOGY Ib 3aIIUTUTh K04, XpaHdamuuca Ha guckere? Ko-
meyno! Ero Toxe moxHO 3amudpoBars. U He HyXKHO IS 5TOrO TIPUIY-
MBIBATH CAOXKHBIN MM — BIOJHE XBATUT CAMOT'O MPUMUATUBHOTO MUDPA,
Hanogobue mpocron 3aMeHbl. [louemy? [la moroMy, 4TO K04 mudppoBa-
HUA — TEKCT CAYYaUHBIA U PaBHOBEPOATHBLIN. Ha ueM OCHOBAH MeTOq me-
mmmpposanusa mudpa IpocTor 3aMennl! Ha ToM, 9TO OTKPLITHIM TEKCT —
DTO OCMBICIEHHBIX TEKCT. A B OCMBICIEHHOM TEKCTE O0A3ATEIHLHO MPUCYT-
CTBYIOT CTATUCTUIECKUE 3aKOoHOMepHOCTU. HO B KII0U€ HUKAKUAX 3AKOHO-
MEPHOCTEN HeT — KJIIOY CIyvacH U PaBHOBEPOATEH!

YT0 UCMIOMBL30BATH B KAYECTBE KIKYA, HA KOTOPOM MU(pPYETCA KIHT?
MOoXHO UCHONB30BATH MAPOJb, HO, KAK BB yXK€ 3HAETe, 3TO He OYeHb Ha-
nexHO. MOXHO 3aBECTU BTOPYIO KIIOUEBYIO TUCKETY, Ha KOTOPOU XPAHUTh
KJII0Y, HeOOXOIUMBIN [ oCTya K nepsou. Ho Torga npugercs 3aBOAUTD
TPETHI0 AUCKETY, ITOOLI 3AIUTUTL BTOPYIO, & TMOTOM 3aBOAUTH UYEeTBEp-
TY10, YTOOBI 3AIMUTUATH TPETHIO . . .

Tax kak xke 6prTh? [Togymanre cavu. O IUH M3 BO3MOXKHEIX OTBETOB BEI
HalJeTe B KOHIIE IVIABEL

T'me B3aTh xiaroum?

Kakum momxen OvITh ko4 mmdposanusa? CaydalHLIM U pABHOBEPO-
ATHBIM. A KaK HOIYYUTH CIyYaUHYI0 U PABHOBEPOATHYIO MOCIEIOBATEIb-
HocTh cuMBOJIOB? [IpaBuiabHO, ¢ MOMOIIBIO TEeHEPATOPA CIYIAUHBIX YUCE.
HamucaTs cBOM reHepaTop «CayvIanHBIXy UCEeT OUYeHBb MPOCTO. XOPOIIUE 10
CTATUCTUYECKUM CBOMCTBAM IMOCJEIOBATEABHOCTH MOLYIATCA 0 POpMY-
Je AUNETH020 KOHSPYIHMHO20 MeMODa:

rn+1 = (ar, +b) mod m,

rie r; — -1 9WIeH [ICeBI0CIY YallHON [TOCIeI0BATEILHOCTY; a4, b, M — HEKO-
TOPBIE HEMLIE TUCIA.

KagecTBo mCeBIOCIyIanHON TTOCAEIOBATETLHOCTA 3aBUCAT OT BLIOOPA
qucenr a, b mw m. ITU ImMCaa 06AZATENBLHO TOMKHEL OLITH B3AMMHO IPOCTHL.
EcTe un gpyrume mpasmia BLIGOpa dTUX KOI(PPUIUEHTOB, O HIX MOXKHO MPO-
qurars B [1]. B Diskreet, nanpumep, ucnoas3yeTcs CIefyOmull MeHepaTop
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TICeB [OCTYIaNHON MOCIEI0BATEILHOCTH:
i1 = (2140137, + 2531011) mod 232,

Kax Buaure, popMyIa mis TOMTYyIEHAA OIEPETHOTO (CIYIANHOrO) IUCAA
PEKYPCUBHA — KAXK IHIN UIEH MOCTCI0BATEILHOCTY 3ABUCUAT OT TIPEIBIIYIIE-
ro. Bosaukaer Bompoc: orkyna 6epercs nepsbint wien? OOBIYHO B KAYECTBE
r1 6EPYT TeKyllee BpeMsa C TOYHOCTbI0 10 Tuka TanMepa (0,054945 cex.).
Ecin mis remepanyum KJIH09a UCIOJL3YETCA JUHEUHBIM KOHIPYSHTHLIA Me-
TO[, KIIOYOM ABIACTCA MOCIENOBATEABHOCTb Iucea (11,72, ..., N ), T

(nmmHA KIO4a)

N = - .
(nmmHA r; B GanTax)

[IpeanonoxuM, 9TO C HOMOLIBIO TUHENHOINO KOHIPYSHTHOI'O METOLA, Cre-
HEPUPOBAHA HOCJAELOBATEILHOCTS (T'1, T, ..., T'128), [J€ KAX I0€ T'; eCTh KO-
potkoe nenoe aucao (16 6ur). Co3TaHHBIN KIHOY OPEICTABIACT COOOU CIy-
YAWHYI0 PABHOBEPOATHYIO MOCIEI0BATEIBHOCTD AauHou 256 6ant. Ouennm,
CKOJIBKO PA3IUYHBIX BAPUAHTOB KJIKYa MOXKHO MOIYy AT 110 JAHHOU CXEME.

3adukcupyem 3HadeHue ri. Kakue 3HAYEHUA MOXKET NPUHAMATDL To7
Tonbko oxuo 3Hadenune. Ecim r; GuKCHpOBAHO, TO 3HAYMEHHUE T’y ONPEIETECHO
OHO3HAYHO:

ro = (ary + b) mod m.
3HaYEeHNE T3 TOXKE ONpeneneHo oquo3uaIHO. OHO paBHO
rg = (arz + b) mod m = (a((ar; + b) mod m) + b) mod m.

TaxuM 06pa3oM, 3HAMEHUE T OJHO3HAMHO OHpeJetdeT 3HAMEHMA BCEX
CIeIyIONMX IEHOB HOCTIeI0BATeTLHOCTH. [IoTydaeTcs, ITo pasIMmIHbIX TI0-
CleI0BATETLHOCTEN (11,72, . . ., T128) B TOTHOCTH CTOJBKO K€, CKOTLKO Pas-
JMYHEIX 3HAYCHUH 7. B Hamem mpumepe r; — KOPOTKOE HeIoe IUCIO0, IPH-
muMaomee 3gaerns ot 0 1o 26 —1 = 65535. Oxa3bIBaeTCA, ITO CTORKOCTE
KTIOYEBOM CUCTEMbI (YHCIO PA3TUTIHEIX BApUAHTOB KT04a) paBHa He 2250
a Bcero qumb 219, aro B 1,77 - 10" pas menbIme!

[ony4gaeTcs, YTO MCEBAOCTYyIaHHEIE TTOCIEIOBATEILHOCTH B KAMECTBE
KJIIOYEN UCIONB30BATH HEMb3s. A 9T0 MOXKHO?

B 4eMm c1ab0CThb IICEB IOCTYIAlHBIX TOCIefOBATeIbHOCTEN? B ToM, 1TO
OHU HCEeBIOCIyIaiHEL [IepBLII WIEeH HOCTIeI0BATeTLHOCTH OJHO3HATHO OIl-
pelenseT oCTaTbHbIE. UTOGE KII0Y OLLT IO-HACTOAIIEMY CIYIANHBIM U PAB-
HOBEPOATHBIM, TIOCICJOBATEIBHOCTE JOMKHA OBITH HE IICeBIOCTYIAHHON, a
UCTUHHO CJIyYalHON.

F,Z[e B3ATHb UCTHUHHO cny‘iaﬁHon HOCJIe,lIOBaTeJIBHOCTb?

Ha nepswm B3risam, sra 3agada odeHb npocta. MOXHO, HAIPpUMED, BbI-
YUCAUTH CIYIAUHBIN aIpPeC MaMATU U B3ATL OTTYAa AaHHBIE. Waum MOXKHO
BBIYUCJAUTD CIYYAMHBIA HOMED CEKTOPa Ha TUCKE U B3ATH JAHHLIE OTTYIA.
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OTu gaHHBIE, HECCIOpHO, Oy Ay T caydanuasivu. Ho kakoe pacnpenenenue 6y-
OyT UMETh WIEHLI IOy Y€HHON CJIy YaliHOU nociaenqoBareasnoctu’ Hemspect-
Ho. Ecau monydeHHbIe CIyYauHble JaHHBE MPEICTABIAIOT COO0U (pparMeHT
TEKCTOBOrO halia, TO PACTPENeTeHNe CUMBOJIOB, MPEICTABIAEMBIX OauTa-
Mu (pamia, OymgeT OXHO, ecau dTO (pparMeHT MALIMHHOI'O KOLa — COBCEM
apyroe. O 1HO MOXHO CKa3aTh TOYHO — 3TO PACIPEIEIEHIUE TOYTH HUKOT &
e Oyger paBHOMepHBIM. Hinke mpuBeqeHbI I'MCTOrPAMMBI BCTPEIaeMOCTH
CUMBOJIOB JIJIS PA3IUIHBIX BUIOB MH(MOPMAIINN.

TekcT aTou rnaBbl (BokymeHT Microsoft Word)

=
5 03
g8
g g 0,2
s ‘Z’_ 0,1
'g 0
0 20 40 60 80 A0 Co EO
3Ha4YeHUe cmmMmBona
®ann WinWord.exe
0,12
= 0,1
Q
®S 0,08
[l
53 006
5 8 004
8 0,02
0

0 20 40 60 80 A0 Co EO

3HaYeHUe cumBona

®dann, cxxaTbin apxuBaTopom pkzip

0,012
E 001

3
g2 0,008
58 0006
F 'g:_ 0,004
8 0,002
0

3Ha4YeHue cuMmBona
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Kax BuauTe, m3 BCceX MPUBEIEHHBIX HUCTOTPAMM TOJBKO MOCJETHSI
6oJee-MeHee MOX0XKa, HA PUCTOrPaMMy paBHOMepHOro pacupegenenns. O -
HAKO, €CJIU TMPUIVIALETHCA MOBHUMATEJNbHEE, B HEM MOXKHO 3aMETUTb MUK
BIOJbL ocu Y (BIpOYEM, D>TOT MUK HETUIOWYEH [IJA apXUBOB pkzip — oH
OOBACHAETCA TEM, UTO BLIOPAHHLIM apXWUB BKIKYAI B €0 OYeHb MHOI'O
KOPOTKUX (Damion).

Koueuno, eciu pacnpeneneHne UCXOTHON MOCAENOBATEIBHOCTH 3aJAHO
AIPUOPHO, MyTEeM HECJOXKHOrO IPeoOpPa30BAHUS 3Ty MOCIEIOBATEILHOCTD
MOXHO MPEBPATUTL B paCIpefeNeHHy0 paBHOMepHO. Ho moxcuuTaTh pac-
mpeeaeHne CUMBOJIOB /IS MH(MOPMALAY, XPAHUMOU B HAMATHA U HA TUCKAX
KOMIIBIOTEPA, HE YIAETCA Jaxe B TOM CIydae, eCIU U3BECTHO, OTKY A dTA
radOpManus B3saIach. llocMOTpUTE HA TECTOrPAMMY BCTPEYaeMOCTH CHM-
BOJIOB B TEKCTE DTOU IVIABEL. A Temepb MOCMOTPUTE HA, CICAYIOIIYI TUCTO-
rpaMMy.

DokymeHT Microsoft Word 6e3 pucyHkoB,
Tabnuy u guarpamm

0,2
0,15
0,1

0,05 || |
0 L L, ]

0 20 40 60 80 A0 CO EO

YacToTa
BCTpeYaemMocTu

3Ha4YeHUsA CUMBOJIOB

Kax BuauTe, pacupeneseHus OTATIa0TCA TOBOJLHO CHIBHO. [Toayaaer-
Cl, 9TO €CIU B JOKYMEHTE €CTh KAPTUHKY, UCXOHOE PACIPENENEHNE OTHO,
a eCJaU HEeT — COBCEM IPYTOoe.

Kpome TOro, B 0CMBICAEHHBIX TEKCTaxX (B TOM HUUCIE U B TEKCTAX €Xe-
antos, 6a3 JAHHLIX U T. J.) 00A3ATEILHO IPUCYTCTBYIOT CTATUCTUAIECKHE
3aKOHOMEPHOCTU 00Jjiee BBICOKOT'O MOpAIKA. ECau mOCTpOUTH THCTOrPaM-
My BCTPEYAEMOCTH OMIPAMM W TPUTPAMM, OHA OydEeT eme MeHee IOXOXKa
HA DOPU3OHTAIBHYO JUHUK (9TO TOKHO UMETb MECTO [PU PABHOMEPHOM
pacupeejeHnn), 1eM PECTOrPaMMa BCTPEYaeMOCTH OTAEAbHBIX CUMBOJIOB.
Hampumep, B exe-daiiie, CKOMIIIIPOBAHHOM ¢ momompio Visual CT1, ma-
MIMHHBIA KOJ IIOJABJAIOMIEr0 GONBIIMHCTBA (yHKIUE (IOAIPOrpaMM) Ha-
YUHAETCA OAUTAMU

55 8B EC 83 ECY

D Mammaasre KOMaHIbL
push ebp
mov ebp,esp
sub esp,
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U 3aKaHIUBACTCA OalTaMu
8B E5 5D C3b).

[losTOMy mOCIE[OBATEIBHOCTE OANTOB, MOJYICHHBIX U3 CIYIANHOTO Me-
CTa OLEPATUBHOU MAMATH WK IUCKA, Heab3d Cuumamy cayuatinoti. B rakon
IOCJIe [OBATEILHOCTE HABEPHAKA €CTh BHY TPEHHHUE CTATUCTUIECKIE 3aBUCH-
MOCTH.

Tak rae ke B3JdATb cny‘laﬁHon HOCJIe,lIOBaTe.IIBHOCTb?

Bo3MOXHO, ¥ BAC yXKe MOABIWIACH MBICAL, YTO UCTUHHO CIYIAUHYIO MO-
CIEMOBATEILHOCTE MTPOrPAMMHEBIM IyTEM HE MOJAYYUTh. JTO He Tak. Cyrme-
CTBYET, [0 KpauHen Mepe, OAUH CI0CO0, MO3BOJAIOIIAN IOy YATh NCTUHHO
CAYYaNHYO TOCAEIOBATEILHOCTL 6anToB. OCHOBHAA UIes >TOrO CIIOCOOA
3AKII0YAETCA B TOM, YTOOBI OPUBJIEYHL K IPOLECCY BBIPAOGOTKY CJIyIauHOU
MOCJAEIOBATEILHOCTY CAMOTO MOIb30BATEN.

IMomb3oBarens paboraer ¢ kommboTepoM. OH IBUCAET MBIIL, HAXKU-
MaeT KJIABUIIM Ha KiaaBuarype. [lompobyem B3fATh B KAYECTBE DIEMEHTOB
CAYIauHOU MOCIENOBATEMILHOCTA WHTEPBATBI MEXKAY MOCAEIOBATEILHEIMA
HaxkaTUAMU KiIaBuil. Kakas moayduTcs mocaeqoBaTenbHOCTh?

Caygannas? Hecomuenno. Pasaomepno pacnpenenennan? Bpsag au. Ka-
xoe y Hee Oymer pacmpenenenue? Tpynuo ckasars. Ecin monrnzoBarens Ha-
O6UpaeT TEKCT, MOMYYIUTCA ONHO PacIpeneneHue, ecau paboraer ¢ Norton
Commander — npyroe, ecau urpaetr B Tetris — Tperwse. ByayT au co-
CeHUe DJIEMEHTHI MOCIEIOBATEIBLHOCTHU 3aBuceTh Apyr ot apyra? Ckopee
BCEro, aa.

Kaxercsa, 94T0 HUKAKUX MPEUMYIIECTB MO0 CPABHEHUIO C MPEIBIIYIINM
meronoMm HeT. O IHAKO B OTJIXYME OT NPEIBIAYIIErO METOAA B JAHHOM CJIy-
4Yae BCE MEePednCIeHHBIE TPOOIEMBI MOXKHO PEIIUTh.

[na mavasa MOCMOTPUM, MOXKHO JM HAMUCATHL MPOTPAMMY T'eHEepaInn
K/II09a TaK, 9TOOBLI paCIpemeleHne UCXOMHOU CJAy9IalHON BEINYUHELL OLLIO
u3BecTHO. WcxomHas ciaydalHas BEIUYUHA y HAC — DTO MPOMOIKUATEIb-
HOCTHL MHTEPBATA, MEXIY HAKATUAMU KJIABWII. B PasHLIX CUTyaIuaAX dTa
BEJIUYMHA PACIpeIeJeHa mo-pasHoMy. BeibepeM curyamuio, KOrjga pacipe-
IEeJEHNE DTOU CIYYAUHOW BEIUIUHBI JErKO TOCIYUTATh. [lycTh, HAmpumep,
MOJB30BATENb B IPOLECCE BHIPAOOTKHU Kiaioda urpaer B Tetris. IIpu urpe
B Tetris 9acToTa HaXATUN HA KIABUIIA MaJO 3aBUCAT OT MOJb30BATENS,
OPYTUMU CIOBAMU, BCE MOJAb30BaTeNU, Urpas B Tetris, HAXKUMAOT HA KJIABU-
I IPUMEPHO OJUHAKOBO 9aCTO (KOHEUHO, KPOME TIOIL30BATENIEH, KOTOPHIE
urparoT B Tetris mepBel pa3 B KU3HU).

D Mammaasre KOMaHIbL
mov ebp,esp
pop ebp
ret
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Pacripegenenne MHTEPBAIOB BPEMEHU MEXKAY MOCICIOBATEILHBIMU Ha-
KATUAMHI HA KIABUIIN HECJAOXKHO PACCIATATH. [[JI 5TOr0 HyXKHO Mpexae
BCErO HANMCATH PE3UAEHTHYIO MPOrpPaMMy, KOTOPAas MEPEXBATHIBAIA Ob
npepeiBanue 16h, oTeevariIee 3a paboTy € KIABUATYPOU, MPU KAKIOM
BBI30BE MPEPLIBAHUSA TOIYyYaIa OBl TEKyIIee 3HAYEHUE TAlMepa, CPABHU-
BaJa €ro C MPEILIIYINAM TTOMYIEHHBIM 3HAYEHUEM, BHIYUCIANA, PA3HOCTH
¥ 3AIMCHIBAIA [OIYYeHHOEe 9ucio B aittt). 3aTeM HYXKHO 3aIIyCTHTb STy
MporpaMMy U, MOKa OHa paboTaeT, MOUrpaTh HEKOTOpoe Bpema B Tetris.
[IpoBeguTe 5TOT SKCIEPUMEHT B KAYECTBE YIPAKHEHUS.

ITocmorpure Ha pucyHok. Pacupenenenne Hamen cry9alHOU BEJIMINHEL
OyJeT BHITVIAAETH IPUMEPHO TaK:

h

MOJIb30BATENIb yXKe ITPUHAI
peureHne, Kyna yKIagbIBATH

A~ ouepenHy0 GUIYDY, M HAKHMAET
KJIAQBUIINA, HE AyMas

noJb30BaTeNb AyMaeT, KyAa
K€ eMy IOJIOXKHUTb O04YepPenHYIO
durypy ¢

o~ ;

Pacnopenenenue sBHO HEpaBHOMEPHOE, HO DTO W HE BaXHO. BaxkHO TO,
YTO PACHPEAETCHUE CAYyIANHOU BEIWYUHBLI [IPU PA3HBIX UCIBITAHUAX IPU-
MepHO 0auHaKOBO. [Ipeobpa3oBaTh TO pacupeneseHne B PABHOMEDHOE CO-
BCEM HECJIOXKHO.

Ocraercs peamTs nocieHo0 Tpobaemy. Tan-
MEp KOMIBIOTEpPA TUKaeT ¢ JacToTou 18,2 pasa
B CEKYHIy, T.€. OQUH TUK B3AHUMAET IPUMEDPHO
55 MuanucekyHa. Korma moip3oBaTenb HAXKUMAET
KJIABUIIN TOAPAL, HE AyMas, WIA OIPOCTO IEPKUT
KJIABUIILY HAXKATOU, AHTEPBAJIBL MEXK Iy MTOCAE[0BA~
TeAbHBIMU HaxaTuAMu cocTaBaaioT 100-200 Mu-
aucekyua. [lomydaercs, 9TO IEPBBIU MUK HA IPU-
BeIEeHHOM I'paduKe HA CAMOM [eJie BHITVISAIAT MPUMEPHO TaK, KAK MOKA3AHO
HA PUCYHKE.

I)HeKOTOpBIe Bepcum Tetris mcrmoab3yioT misa paboThl C KAABUATYPOU mpepbiBanme 9.
B sToM cayvae HammcaTh TaKy MPOrPAMMY HEMHOT'O CIOXKHee.
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A 5T0 HEXOPOIIO — B MOJYYEHHOU CIYIAUHOU MOCAEIOBATEILHOCTH M-
cra 2 u 3 OyayT BCTpedaThbCs ropasmo dare, uem Jjao0wie gpyrue. Ilocie
npeobpa3oBaHUsA K PABHOMEPHOMY DACIPEIEICHUIO 3HAYEHUSA DTUX IACTO
BCTPEYAIOMIUXCA IUCET U3MEHATCA, HO caM (PAKT HAIUYUAA ABYX-TPEX 3HA-
YEHUU, HA KOTOPBIE IPUXOAUTCA JbBUHAS TOJSA HAOMIONEHUN, OCTAHETCS.

IMoxy4uaeTcsa, 9TO HAM MEMIAET TUCKPETHOCTb TAUMepa MepCOHATBLHOTO
xoMmmbiorepa. Kak ot vee uzbaBursea? [logymanre camu. O quH u3 BO3MOXK-
HBIX OTBETOB BbI HAUIETE B KOHIIE TVIABHI.

4. Iloyuymmcsa Ha gyxkux omrmOkax

Y no6HO, Kpacuso, HO ...

PaccMorpuM mpuMepsl MCOOIB30BAHUA KPUOTOrPADUIECKAX AITOPUT-
MOB B IIXPOKO PACIPOCTPAHEHHBIX MIPOrPAMMHEIX TPOAYKTAX.

B nocnennee Bpems npobrema 3ammThl nHGOPMAIMK HepecTana ObITh
POJIOBHOU GOMBIO TOJBKO TOCYIAPCTBEHHBIX CTPYKTYP, HA HEH HAUYMHA-
0T 33,1y MBIBATHLCSA MHOr'ME OObIIHbIe noab3oBarenu IIK. U as vaBcTpedy ux
TTOXKEMAHUAM, MHOTME TPOU3BOAUTEIN MPOrPAMM CTaINd BKIHOYATH B CBOU
MPOAYKTHL (DYHKIMY 3AIMATHL faHHBIX. O THAKO B GOIBUINHCTBE CIIyIaeB Pa3-
PabOTYNKN TaKUX MPOCPAMM HE CTABAT CBOEU IETBIO UCIOJIb30BATHL B HUX
CKOJILKO-HUOY Ib CTOUKME aJrOpuTMEL. OHU CIMTAIOT OCHOBHOM CBOEH 33,14~
4Yell IPEeJOCTABUTH MOMIB30BATENAM BO3MOKHOCTD 3AIIATUTE UHMOPMAIUIO
au60 OT CAYYAMHOTO HECAHKIIMOHUPOBAHHOTO TOCTYIMA, JUOO OT HEKBAJU-
dunupoBanuoro BamoMiuka. [IporpaMMHbIE TPOLYKTEL, O KOTOPHIX PEYb
MONAET HUXKE, MUPOKO u3BecTHRL. OHM, CKOpee, MACKUPYIOT UH(MOPMAIIIIO,
YeM PEeANU3yIT AJINOPUTMBL HAIEXKHOI'O KPUNTOrPAPUIECCKOTO 3aAKPLITHS.

Mmuorue u3 Bac, HABEPHOE, MOJB30OBATIUCH IS PEIAKTUPOBAHUA TOKY-
MEHTOB mporpaMmubiM npoaykrom Microsoft Word. DrTa nporpamma mnpe-
NOCTABAAET MOJb30BATENIO MIUPOKUU CIEKTP BO3MOXKHOCTEN A PAOOTHI €
NOKYMEHTAMU, B TOM YUCIE BO3MOXKHOCTEH COXPAHEHUA UHGOPMAIIUA B (hau-
Jax B Pa3auvHOM (opmarTe.

Ecan BbI mocMOTpUTE B MEHIO COXPAHEHUsS MOKYMEHTOB IMPOrDAMMEI
Word, To B mapamerpax sTou oneparuu 0OHAPYKUTE BO3ZMOKHOCTb YKa-
3aTh MAPOJb MJIA HOCTYHNA K NOKYMEHTY. 10 eCTb s ero OTKPBITUS U
TaJdbHennen paboThl ¢ HUM MOJb30BATENb JOMKEH BBECTH HAPOJIb. 1TO
MPOUCXOIUT C NOKYMEHTOM, €CIM B COOTBETCTBYIOIIEM IIOJE MapaMeTpPOB
BBECTHU HAPOJb?

[l1s1 oTBETA HA DTOT BOMPOC JOCTATOYHO MOCMOTPETH HA, [BA JOKYMEH-
Ta, KETATEIHHO UIEHTUYHLIX [0 COMEPKAHUIO, HO COXPAHEHHBIX C MapPOJIeM
u 6e3 Hero. B pemakrope oHu OyoyT BHINVISAIETH COBEPIIEHHO OAUHAKOBO.
OnHAKO, OTKPOEM 3TU JOKYMEHTHI (OHUM UMEIOT pacimpenue .doc) Kakou-
HUOY b IPOrPAMMON IPOCMOTPa, (PAKIOB.
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Mer yBugum, 9To pama, NpeacTaBIAIINT TOKyMeHT B dpopmaTe Mi-
crosoft Word, umeer croxuyio crpykrypy. OH COCTOMT M3 3aroOBKa U
HECKOIBKUX PA3eI0B, KOTOPHIE ONKUCHLIBAIOT TEKCT, & TAKKE COIEPKAT JaH-
HBIE 0 Pab0OTe MOJBL30BATENA C JOKYMEHTOM U CAYXKeOHyio nHdopmanuio. B
OJIHOM U3 pa3fneyoB (Gania, COOTBETCTBYIOMEM JOKYMEHTY 0e3 IapoJis, MBI
MOXKEM YBUIETh CaM OTKPLITHIA TEeKCT. [Ipu 5TOM B TOM XKe pasnaene Gpania
C aposIeM MBI OOHAPYKUM YKe CIIyIauHYI0 HOCIEI0BATEIbHOCT CUMBOJIOB.
OxkasbIBaeTCs, Mapoab UCIOAb30BAICA HE TOMBKO I/ PA3peIIeHus JOCTYIa
K JOKyMEHTY [PHU €ro OTKPLITUM, HO U ABIAICA KJIIOUYOM HEKOTOPOU KpPU-
ITOrpapuIecKOn CXeMEI, 3an(pPOBABIIEN TEKCT.

OueBugHO, 9TO €cin He 3ammM(pPOBBIBATDL TEKCT, TO CAMa, UAEs UCIOMb-
30BATh Mapofib ObLIa OBl Oecrnomesnon. JIo60U MOIB30BATENb CHAMATA MOT
OBl «BBITAIIATL PyKaMmy U3 amia OOMbIIYI0 9aCTh TEKCTA, & IOTOM Iepe-
wectu ero B Word. B 1o xe Bpewms, BeiOpauuas B Microsoft Word cxema
mudgpoBanus UHGOPMALIUA OCTAHOBUT TOJIBKO HAUMHAIOIIErO xakepa [4].
PaccmoTpuMm ee moapoGHee.

N3 mapouas nonssosarens Word BeipabaTeIBaeT MaccuB gauuaoun 16 6anT,
KOTOpHI Ha3oBeM rammon (gamma[0..15]). Janee, Kax bl GAUT OTKPHI-
roro Tekcra (plain text[i]) mocregoBaTeabHO CKIAIBIBAETCA MOOUTHO
(XOR) ¢ 6alTOM raMMbI, B PE3yJAbTATE MOIYIAKTCA 3HAKA MUGPOBAHHO-
O TEeKCTa

(cipher_text[i]),
KOTOpPBIE MBI MOXEM BHUAETH B (amie ¢ mapoieM. To ecTb mudpoBaHUE
IIPOM3BOJUTCS COMVIACHO (hopMy.e:

cipher_text[i] := plain text[i] XOR gamma [imod16],

rge mod 16 — omepanusa MOTYyYIeHUS OCTATKa OT LEJIOYUCICHHOI'O AeICHUS
Ha 16.

Ilepen HAMU TUMUIHBIA TPUMED KPUNTOTPAPUIECKON CXEMBI MaMMUPO-
BaHMs KOPOTKON raMMon. Tak Kak KaX AN MIeCTHAAIATLEIN CUMBOJ IudpPo-
BAHHOI'O TEKCTa MOIYIAETCA IPUOABICHUEM K CUMBONY OTKPBITOT'O TEKCTA
OJHOI'O X TOrO YK€ 3HAYEHWS [aMMEBI, MOXHO CINTATh, YTO MBI UMEEM [e-
a0 ¢ 16-10 mpocTeivMu 3ameHamu. [1s Kaxk[IOU U3 MIECTHANUATHA TO3ULMN
CUMBOJI B TEKCTE MOACIUTAEM TAOJUIy YaCTOT €ro 3HAYEHUU, TOCIE |e-
ro BeIOEpEM B KAXKJIOU W3 HUX 3HAYEHUS CUMBOJA, BCTPETUBIIETOCS JAIIE
OPYTHUX.

3aMeTuM, 9TO CAMBIU YaCTHIU CUMBOJ B fokyMenTe Word — »To mpoben
(ero smauenue B koguposke ASCII ects 0x20). B srom aerko ybeaurses,
IPOCMATPUBAA AOKYMEHT B mecTHaAuarupudaom gpopmare. CreqoBarennb-
HO, CAMBIM JaCTBHIM CIMBOJIAM B TaOIUIE JACTOT COOTBETCTBYIOT 3aIIN(PO-
BaHHBIE IPOOETHI, U, CKIAABIBAsA TOOUTHO 3HAYEHUS STUX CUMBOJOB ¢ 0x20,
MBI TOJIy4IuM Bce 16 3HaxkoB raMwmbl. [lanee, 3Has raMMy, paciuindpoBLIBAEM
Bech TekcT. He mpasaa Ju, mpocTo!



KOMIIBIOTEP U KPUIITOTPA®UA 155

Ha >Ty oueBuanyio crabocTh MHOrme cpa3y obparutu BHuManwue. [lo-
sromy dupma Microsoft ama mocmegHuX BepCUM TEKCTOBOI'O IIPOLECCOPA
Microsoft Word, sauunas ¢ Word 97, HOTHOCTBIO U3MEHWIA aJICOPUTM IIIX-
(dpoBanusa GanaoB, BCTPOUB B HET'O XOPOIIIO U3BECTHHIE AMTOPUTMEI (M PO-
Banusa RC4 u xemmposanus MD5.

Tenepb TOCMOTPUM, KAK BAIUIIAIOTCA MAPOIU MTOJb30BATEA B OIEPALY-
ounnix cucremax (OC) Microsoft Windows 95 mepsrix sepcun (10 OSR 2).

BoasmuacTBo coBpemenHbx ceTeBbix OC ABIAIOTCA MHOTOMOIB30BA-
reabckumu, 370 1 Novell NetWare, u Microsoft Windows NT, u 1. 1. [Tna
pasrpaHuYeHnsa JOCTYIa Moab30BaTenen K ceouM pecypcam atu OC Tpeby-
0T OT MOCJEJHUX MOKA3ATH CBOIO MOMIUHHOCTD. [[eqaeTcs 5To ¢ HOMOUIBIO
maposs, Koropein uzsected u OC, u momb3oBaTemo. CHO, HACKOIBKO BaXK-
HO cucTeMe 11 obecrnedeHns ee 6€30MaCHOCTY HAIEXKHO U HEIOCTYIIHO A/
MIOCTOPOHHETO NOCTYIA XPAHUTH MH(MOPMAIMIO O MAPOIAX HOIL30BATENEH.

OC Microsoft Windows 95 e sBJIseTCI MHOIOMOJIB30BATENLCKON U HE
MPEIOCTABIACT BO3MOXKHOCTH MOJb30BATENAM Pa3AeIaTh CBOU PECYPCHL.
Tem e Mmenee, qua ynoO6cTBa pabOTHI OHA BANPAIIMBAET Y HOJIB30BATEIA
TIpU BXOZE B CUCTEMY €r0 UM U mapoib. HO eciu OH HUYEro He OTBETUT
(maxmer xuonky «Cancely), OC Bce paBHO paspemuT emy paboTarTh Aalb-
mie. [ 9ero ke Toraa 3ampaliuBaeTCa Tapoib?

Memo B ToM, uTo IIK MoxeT paboTaTh B JOKAJILHOU BLIYUCIUTEILHON
ceru (JIBC), rge eMy JOCTYHHBI Pecypchl WIM CepPBEpHI, 4 OOpaIeHus
K KOTOPHIM TPEeOYIOTCS MapoJu, MPUYeM, BO3MOXKHO, PAa3IudHbIE. 1TOOBI
[TOJB30BATENO He HYKHO ObL10 ux Bee 3anmomMuHaTh, OC Microsoft Windows
95 zanomuHaeT napoau mia goctyna kK pecypcam JIBC B cnenpansaom dau-
Jie C IMEHEM «MMA_TIoNb3oBaTend. pwly. B aTom danie ganusie mmmdpyroTea
HA TOM CaMOM IIapOJie, KOTOPBIN CUCTEMA 3AIPAIIUBAET Y HOIb30BATEI IPU
ero Bxofe B cucrteMy. Eciu maposnb BBeNeH MPaBUIBLHO, TO B JATLHEUIIEM
OC cama mogcraBiseT COOTBETCTBYIOUIUYN MAPOJIb IPU 3AMPOCE MOJb30BA-
Tens Ha JOCTYI K pecypcam uim cepsepam JIBC.

Hanuere B .pwl painax mudpyorcs creqyoumm o6pasom [5]. U3 napo-
JI OMB30BaTeNA o anroputMmy mmdposanus RC4 BuipabaTeiBaeTCS ram-
Ma. Kax b naposb Ha TOCTYI K COOTBETCTBYIOIIEMY PECypPCy BMECTE C
HEKOTOPOU CJIyKeGHOU MHMOPMAIMEN CYMMUPYETCs HOOWTHO C IIOJIYYeH-
mor rammon. To ecTh KaxXALIM pa3 IpU MU(POBAHUN UCIOAL3YETCA OLHA
u Ta Xe ramma. Ecau yaects, uTo .pwl amnt comepxkuT 3ammdpoBaHHY 0O
3AMUCH, HAYMHAIOUIYIOCA C MMEHU IOIb30BAaTe s, JOMOJAHEHHOrO 10 20 cuM-
BOJIOB TPOGETAMU, TO 38,1298 BCKPHITHUA AP0/ CTAHOBUTCSA DJIEMEHTAPHON.
IMoxyuus nepsbie 20 3HAKOB MAMMEI, MBI MOXKEM MPOYUTATEH JIOOOU COXPa-
HEHHBIU B Qalle Iapoib (YIUTEIBasA TO 0OCTOATEABCTBO, ITO PEAKO KOI'Aa
UCIIONB3YIOTCA Mapoan aauHon 6omee 10 cuMBOIOB).

Caenyer ormMeTuTh, 4TO caMm mo cebe amroputm RC4 MOBOIBHO CIOXK-
HBIM, X B JAHHOM CJIy4ae UCIOAb30BAJIUCH CAA0OCTU HE CAMOT'O AJITOPUTMA,
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a CXEMEBI €0 IIPUMEHEHUs, a UMEHHO MHOI'OKPaTHOE€ MCIIOJIBb30BAHNE OI[HOIL/’I
I"aMMBI.

CKOJIBKO ABIPOK B BBI'TUC/JIUTE/JIBbHBIX ceTax?

[Tpu coBpeMeHHOM YpPOBHE Pa3BUTHUSA KOMIBIOTEPHBIX U UH(OPMAIINOH-
HBIX TEXHOMOTUN Haxke oObraHbn gomarnauu [IK yxe He MBICIUTCA OTAETD-
HO OT BCErO KOMIIBIOTEPHOT'0 KUGEPIpPOCTPAHCTBA. [I[pOHUKHOBEHNE BHIYU-
CIUTENbHBIX CETEN BCIOAY, I'I€ €CTh KOMIBIOTEPHI, CTPEMICHUE CAMUX TTOMb-
30BaTeIeN 0OBEIUHATHCA BEIHECIO HA TIEPETHUN TIAH JO3YHT KOMIAHAU Sun
Microsystem «CeTb — 5T0 kOMOBbIOTEDY . PazpaboT4uku COBpeMEeHHOT0 IIpo-
IPaMMHOTO O0ECTIeYeHNs TAKXKe CTAJU OPUEHTUPOBATHLCA HA, UCTOIB30Ba-
HUE CETEBBIX TEXHOJOTUU U 00ECHEeYeHre MOIb30BATENEN YAOOHBIMU CPel-
cTBaMU I PABGOTHI ¢ PACTPEICICHHBIMYA PECYPCAMU U Y IAJCHHBIMYA UCTOY-
HUKAMU MH(OpMAaINU.

Muorue um3 BacC MOIB30BAIACHL PECypCaMu MIObATbHOU ceTw Internet,
KTO-TO UMEJI BO3MOXKHOCTH PafOTATb B JOKAJBHLIX BBIYUCAUTEIBHBIX Ce-
rax (JIBC). Haseproe, mipu 5TOM BH 3a1aBaiu ce0e BOIPOCH:

— KaK 3alAIIAeTCa MHPOpMAINs, MepeIaBaeMas o OTKPHITHIM KaHAIaM
CBA3W;

— MOXHO JI¥, TIePEXBATHIBAs JaHHLIE, KOTOPHLIMA OOMEHUBAIOTCA KOM-
NBIOTEPHI B BEIMUCAUTEABHON CETU, MOIYIUTH MH(POPMALMIO O NEUCTBUIX
paboTaIINX HA HUX MOJb30BATEICH;

— MOXKHO JI BMEIIATHCA B IPOTOKOI B3AUMOJEUCTBUA KOMIIBIOTEPOB;

— KaK 3aIlUTUTH CBOU JAHHBIE TIPU UX MEpenade Mo KaHaAJIaM JOKATLHBIX
Wiy TI0GAIBHBIX CETEN.

Mgt He OygeM NBITATbCA JATH UCIEPIBIBAIONINE OTBETHL HA MOCTABICH-
HBIE BOIIPOCHI, B 3TOM CJIy4Yae MbI BBIILIA OBl JAJEKO 33 PAMKHU JaHHOU IJIa-
BEL. [Tompo6yeM MpOCTO TMOCMOTPETh Ha MPUMEPE CYIIECTBYIOUIAX CEnvac
MOMYJIAPHBIX CUCTEM, KaK DTHU BOIPOCHL PEIIAIOTCA HA TPAKTUKE.

Bo-nepBrix, kak sammuinaerca nHGOopMaIusa, nepeaaBaeMas mo KaHaIaM
JIBC u B ruobanbubix cerax? [Iis GOIbIIMHCTBA PACIPOCTPAHEHHBIX CETE-
BeIX OC MOXHO OTBETUTH — HUKAK!

Nudopmaiua Mex Iy KOMIBLIOTEPAMHI MEPEIAETCA B OTKPLITOM BHUIE TIO
CHEIUATBEHBIM KOMMYHUKAIIMOHHEIM TTPOTOKOJAM. B 3TOM Jerko yoeqnThb-
Cs1, BOCIIOJIb30BABINKCH CIEMUATBLHBIMY TPOIPAMMAME IEPEXBATA U AHAIU3A
MAHHBLIX CETEBOr0 MH(MOPMAIMOHHOTO OOMEHa.

Taxou MpOrpaMMON ABIAETCA MUPOKO PACTPOCTPAHEHHBIA MPOTPAMM-
upiz makeT LANalyzer for Windows ¢pupmer Novell. [[1a ero ucrons3osanus
He TpeOyeTcs KAKUX-TO CIeMUATBHBIX HABLIKOB paboTel B JIBC. [l nagana
mepexBaTa WHGOPMAIUN JOCTATOIHO HAXKATL KHOMKY «Starty, a Iaa mpo-
CMOTPAa MOMMAHHLIX MAKETOB KHONKY «View». [[OmOJHATEIBHEIE BO3MOKHO-
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CTH NPOrPAMMEBI, HAIPUMED HACTPOUKY (PUILTPOB MEPEXBATA, MOXKHO U3Y-
YUTH U UCIOJB30BATH B MAJTBHEUIIEM, 110 XOAy TeJa.

[IpocMoTpes yiI0B, BEI OGHAPYKUTE, ITO KAXK B ITAKET UMEET BECHMa
CIOXKHYIO CTPYKTYPY, IPeICTABIAIILY0 NEPAPXUIO BIOKEHHEIX IPYT B IPY-
ra ceTeBbIX TPOTOKOIOB. Ho rmasuoe He B sToMm. [lonpobyure nepexsaTutsb
MAKeThl, KOIA C OMHOT'O KOMIBIOTEPA HA APYTIOU KOMUPYETCS TEKCTOBBIU
¢ama. Bes ocoboro Tpyma Bel HaugeTe (a1 B nepexsare. Eciu oH MajleHb-
KU, TO OH PA3MEIIeH B OJHOM IIAKeTe, eCJau OOJIBIION, TO B HECKOIBKUX.

Hampuwmep, mycts kommpyeTcs dair help.txt ¢ cogepxkaHueM:

Help, I need somebody,
Help, not just anybody,
Help, you know I need someone, help.

DTOT (alt MOXKeT BEINVIALETD pu nepenade no kanaaam JIBC Tak (ma-
keT nexoauposas nporpammon LANalyzer):

ip: Internet Protocol

Station:127.0.0.1 ---->127.0.0.2
Protocol: TCP
Version: 4
Header Length (32 bit words): 5
Precedence: Routine

Normal Delay, Normal Throughput, Normal Reliability
Total length: 194
Identification: 12292
Fragmentation not allowed, Last fragment
Fragment Offset: O
Time to Live: 128 seconds
Checksum: 0xB689(Valid)

tcp: ================= Transmission Control Protocol =================

Source Port: 1091
Destination Port: NETBIOS-SSN
Sequence Number: 20624641
Acknowledgement Number: 849305
Data Offset (32-bit words): 5
Window: 7473
Control Bits: Acknowledgement Field is Valid (ACK)

Push Function Requested (PSH)
Checksum: 0xCB85(Valid)
Urgent Pointer: O

Data:

0: 00 00 00 96 FF 53 4D 42 2F 00 00 00 00 18 03 80 |..... SMB/.......
10: 00 00 00 00 00 00 00 00 00 00 00 00 00 O8 FE CA |................
20: 00 08 00 06 OE FF 00 00 00 00 08 00 00 00 O0 FF |........c.uvnne.
30: FF FF FF 00 00 57 00 00 00 57 00 3F 00 00 00 00 |..... W...W.7....
40: 00 57 00 48 65 6C 70 2C 20 49 20 6E 65 65 64 20 |.W.Help, I need
50: 73 6F 6D 65 62 6F 64 79 2C OD OA 48 65 6C 70 2C |somebody,..Help,
60: 20 6E 6F 74 20 6A 75 73 74 20 61 6E 79 62 6F 64 | not just anybod
70: 79 2C OD OA 48 65 6C 70 2C 20 79 6F 75 20 6B 6E |y,..Help, you kn
80: 6F 77 20 49 20 6E 65 65 64 20 73 6F 6D 65 6F 6E |ow I need someon
90: 65 2C 20 68 65 6C 70 2E 0D 0OA le, help...
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Takum 06pa3oM, €Cau 3J0YMBIILIEHHUK HAIIEJa BO3MOXKHOCTH I10JKJIHO-
unthesa K JIBC u ycranoBua HeOO6X0AUMOE IPOrpaMMHOE OHecmedenne, To
OH 6e3 0cob0oro Tpyma MOxeT coOupaTh nH(MOPMAIIUIO O paboTe MOJbL30Ba-
TeMen CeTH, 3aIIyCKAEMBIX TPOrPAMMHBIX TPOLYKTaX, COAECPKAHUN Pa3pa-
6aTHIBAEMBIX TOKYMEHTOB U T.II.

Kpowme ToOro, 3moyMbIIuieHHIK UHOTAA MOXKET BMEIIMBATHCA B PaboOTy
MOJIB30BATENEN ceTu. B dacTHOCTH, HEKOTOpHIe aTaku Ha cereBbie OC uc-
MOJIB3YIOT CAA00CTH TPOTOKOMOB UACHTU(PUKAIINY [TOMyIATENEN U OTIPABU-
renen nudopmanuu B JIBC. [eqo B TOM, 9TO KaXK BN TAKET, MepeIaBae-
mbi o kaHaudaMm JIBC, cuaGxaercs 3JeKTPOHHBIMU CETEBLIMU A IPECcaMu
KOMIIBIOTEPA-OTIPABUTENS MAKETA U KOMIIBIOTEPA, KOTOPOMY DTOT MaKeT
MpPEeIHA3HAYEH. DTO KAaK AAPEeCca Ha MOYTOBBEIX KOHBEPTAX.

B nmagane 90-x rogos mmpoxo ucmoas3oBanack cereBas OC Novell Net-
Ware ver 3.11. Ionb3ysce c1ab0CTBIO PEATA30BAHHBIX B 3TOU CUCTEME CeTe-
BBEIX TIPOTOKOJIOB, 3JI0YMBINLICHHUK C MOMOIIBIO CHENUAJLHON MPOTPAMMEL,
MOAMEHSIONIEN CETEBLIE APeca, MOT BBIJATH CBOU KOMIBIOTED 33 KOMIIbIO-
Tep, Ha KOTOPOM paboTaeT APYTOU MOMb30BATEIh, B ToM uucae Cymnepsu-
30p [2]. Ilocae wero mor gaBaTh cucTeMe J0ObIe 3AIPOCH HA UCHOAb30BAHIE
€e pecypcoB, 3aBOAUTH HOBBIX TOJB30BATENEN, YCTAHABINBATH UX MPABA
pocTyna. /[JlaHHBI COCOO MOAMEHBI CETEBHIX aIPECOB TOIYYUNI HA3BAHUE
«[ommangckas arakay U MKUPOKO OMUCAH B JIATEPATYDE.

Bouaee toro, npu padore ¢ Novell NetWare ver 3.11, noassysics onucan-
HBIMU BHIIIE CJIA00CTIMHA, MOXKHO OBLIO co3xaBaTh B JIBC n0xkubIE cCepBephl
(xOMIBIOTEDPEL, I'Ie HAXOAUTCA UHGOPMALMA O HOML30BATENSIX U OCHOBHLIE
PECypPChI CETH) U HANPABIATH 3aPOCHL IPYTUX MOJb30BATENCH I€PE3 CBOU
KOMIIBIOTED.

PaccmoTpuM emmre 0auH BaXKHBIA BONPOC, CBA3AHHLIN C 0E€30IaCHOCTHIO
cereBoix OC. B 6onbmuucTBe cry4daeB koMmnboTepsl JIBC ob6benunsoTces
B IPYIIBI, KOTOPLIE B PA3JUYHBIX CUCTEMAaX HA3BLIBAIOTCS IO PA3HOMY: IO[-
ceThb, AOMeH, pabodas rpymnmna u T.n. OIHAKO 9acTO 5TU CPYIILI UMEIOT
HEKOTOPYIO 00Uy CTPYKTypy. B rpymnme Bbigeasercs ogus (MHOTIA He-
CKOJIBKO) MOIIHBIA KOMIBIOTED, HA3LIBAEMBIN CEPBEPOM WM KOHTDOJIEPOM
IOMEHA, KOTOPHI OTBEYAET 34 OOy 0e30MacHOCTh. OQCTATBHBIE KOMITBIO-
Tepel (paboume CTAHIWMU) NPELHABHAYAIOTCS A1 PabOThL MOIb30BATENEN
ceTn.

CepBep HeCET OTBETCTBEHHOCTH 3a PA3PEIIeHNe CAHKIMOHUPOBAHHOTO
IOCTYIa K PecypcaM BCeW T'PYIINBI, HATIPUMED, K XPAHAIMIUMCA HA HeM (au-
JaM win cereBbIM npuHTepaM. OH OTBEYaeT ¥ 33 HOMYCK B CETh 3aperu-
CTPUPOBAHHLIX TIOML30BATENEH.

Ecan mosb3oBaTens X04eT BOCIOJAB30BATHCSA PECYPCAMU KOMIBIOTEPOB
IPYNIBL, OH NOJKEH OTIPABATHL HA CepBep MH(OPMAIHUIO, [TOATBEPKIAI0-
MY} CBOIO TIOIIMHHOCTE. Kak yke roBOpMIOCH BHIIIE, YAIE BCET'O DTO A€TIa-
eTcs ¢ moMOIIbo mapos. [loarp3zoBaTens Ha PAbOUEN CTAHIUE BBOIUT CBOU
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“MS U MapOJb, KOTOPHIE OTIPABIAITCA HA cepBep miasa nposepku. Cepeep
CPABHUBAeT IOJIYYEeHHBIE NAHHBIE C XPAHSAIMIAMCA Y HEro DTAJOHHBIM I1a-
pOIeM OAB30BATENS U IO PE3yJAbTAaTaM MPOBEPKU IPUHUMAET PEelIeHue O
IOCTYIIE TOJb30BATENA K PECYypCaM I'PYIIIHL.

Tax nocrymaroT cepBepbl OOJBIUIMHCTBA COBPEMEHHBIX OINEPALMOHHBIX
cucteMm. Ho MBI 3HaeM, UTO mHpOpMaIusd, IepegaBaeMas Mo KaHaJIaM JO-
KAJIBHBIX BBIMACIATENLHBIX CETEU, MOXKET ObITh JErKO MEePeXBAYEHA 3JI0-
yMbinuieHHEKOM. Cl1e10BaTeqbHO, Mapoib MOMB30BATENA JOMKEH Mepera-
BATHCA ¢ pabOYEN CTAHIVK HA CEPBEpP TaKUM O0Pa30M, UTO, TaXKe MepexBa-
TUB €ro, UM HEeJIb3s1 OBLIO BOCIOIBL30BATHCA. S3AECh HA MOMOIIb IIPUXOIUT
KpuAnTOorpadus.

Pas6epem sto ua npumepe cereson OC Novell NetWare ver 3.11.

3amerum, 9TO B Bepcuu 2.12 5TOU CUCTEMBI NAPOJIb HOIB30BATENA BO-
o0I11e mepenaBajicsa B OTKPLITOM Buje. /[laHHOe 06CTOATEILCTBO IEIAJI0 BCE
YCUIUS [0 OPraHW3ANUN PA3rPAHUYEHUS LOCTYNA K HH(DOPMAIUUA COBEP-
IIIeHHO O€eCIOJIe3HBIMU.

B Bepcum 3.11 6bL1 UCTONMB30BAH MPOTOKOJ Mepenadud WH(GOPMAIUA O
apoJie MOJIb30BATENA, COCTOALMEI U3 CJIEAYIOMUX IIATOB.

Illae 1. Tlonap3oBaTenas paboven CTAHIMKA B OTBET HA 3aIpPOC CUCTEMEL BBO-
IUT CBOE UMs U TAPOJb.

a2 2. Pabouasa cTaHmusa mpeobpa3yeT Mapoab MOJb30BATENA, BEIMUCIIAL
MaCCHUB JaHHLIX, HA3LIBAEMBIN O0OPa30M WIK CBEPTKOU IApOJIA.

Illae 3. PaBouas craHuus 3aIpammBaeT y cepBepa Pa3soBBIU KI04 (C/Lydan-
HBIA MACCUB JAHHBIX, UCIOJL3YEMBIA OJHOKPATHO, IUIA OJHOTO BXOAA
[OJAB30BATENS B CUCTEMY ).

IlIaz 4. C ucnonas3oBaHUEeM Pa30BOrO KJII0Ya U 06pa3a maposs moIb30BaTe-
Jis pabovas CTAHIUA BHIYUCAAET PA30BBIA OWIET HA BXOJ B CUCTEMY,
KOTOPHIU OTIPABIAET Ha CepBep MAJA MPOBEPKH.

IlIae 5. CepBep OCyIIECTBIAET MPOBEPKY OWIETa W HAMPABIACT paboden
cranuuu coodbienue o ee pesyabrare. Ecan npoBepka mporwia ycrer-
HO, TO NOJb30BaTEIb IMOIYYIACT pa3pPEHICHUE Ha MAOCTYII B CUCTEMY.

[Tpu peanusanuu aHHOTO MPOTOKOMIA, PEUIAICA PAL 3a1aY IO obecmete-
HUIO ero 0e30MacHOCTH, & UMEHHO:

— CIeraTh MAaKCAMAJBHO TPYIHBIM MOAOOD MApOJa MOTB30BATENA 3JI0-
YMBIIUIEHHUKOM, niepexBaTusimM B JIBC pasoBbint K04 u OUIET;

- ,ELOGI/ITI:CfI HEBO3MOXKHOCTH ITIOBTOPHOI'O UCIIOJIB30OBaHUS ouiera QLA I10-
JIydeHUs JOCTYIIa K pecypcaM CHUCTEMBEL.

Kax BugHO 13 ommcaHus mpoOTOKOJIA, BTOPad 3aa4a ObLIa YCIEIIHO pe-
mena. [Ipy kaxxqom 3ampoce MoIb30BATENA HA BXON B CUCTEMY OWJIET BbI-
YUCTAICA C YIACTUEM PA30BOTO KJIHOYA, 8 3HAYUT B JAJTbLHEUIIEM OH HE IMO-
BTOPAJICA X1 HE MOI" OBITH HUCIOJIB30BAH elie pas.
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[ly151 perenns mepBou 3a4a4U B KAIECTBE 6a30BOr0 SIEMEHTA IIPOTOKOIA
UCIOJB30BAJICA KPUNTOIPAPUIECKUN AICOPUTM, YIACTBYIOIIAN B Ipeobpa-
30BaHUU Mapoysi B ero oopas ua [llaze 2 u B BEIYKCIEHAU PA30BOro OuieTa
ua [laze 4.

AnropurM nepepabaTbIBaeT MACCUB TAHHBIX IIMHOU 32 GanTa, ero cxe-
Ma npusefgena Huxe (cMm. puc. 1). Ha nmen:

Array — MaccuB TaHHBIX U3 32 51eMeHTOB (6AUTOB), MOCTE Ka¥K OO
mara paboThl CXeMBI 3aIO0JTHEHNEe MAaCCHBA CABUTAETCS HA OAUH DIEMEHT
BIEBO, a B Array[31] sanuceiBaeTcs pesyabTaT HOOUTHOIO CIOXKEHUST;

Tab — ¢uxkcupoBanHaa Tabauma u3 32 dIeMeHTOB (6AUTOB), MOCIE Ka-
JK 0T 1MIara paboThI CXEMbI 3aM0MHEeHNEe TAOIUIBI IUKINIECKH CIBATAeTCs
Ha OJVH BJIEMEHT BJIEBO;

Elem — onuH sneMeHT maMaATH (6anT);

XOR — onepanus mOOGUTHOT'O CJIOKEHUA OANTOB;

+ u — — omepamuu CJIOXKEHUSA W BEIYUTAHUA, COOTBETCTBEHHO, OANTOB
10 MOAyJIo 256;

mod 32 — omepanus moJgyYeHus: OCTATKA OT AeJIeHUs Ha 32, Pe3yJabTaT
DTOU OMEPALNN UCTOIB3YETCA KAK UHIEKC [JIA BEIOOPKU IEMEHTA MACCUBA,
Array.

Tab
0[1]2 3031
B i "B
gEmEsd
A
mod 32 T
L || L |
Array|0[1|2 30{31 F(ZOR
+
Elem

T ]
Puc. 1. Cxema kpunrorpagpudeckoro npeobpasoanus, ucmoab3yemoro OC
Novell Net Ware.
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Cxema paboTaer 64 TakTa.

HecMmoTps Ha KaXyHmIyiOCAa CIOXKHOCTH CXEMBI, 0Ka3aJ0Chb, ITO OHA, CO-
OEPKUAT P HELOCTATKOB, TO3BOIIONINX, IPY HEKOTOPHIX OJArONPUsITHBIX
YCIOBUAX, OAOUPATH Mapoab monb3oBarensa [2]. Hampumep, 310yMbIILTeH-
HUK, IIePEXBATUB PA30BLIN KJIIOY 1 OMIET, MOT IIOILITATLCA B JIOO I0100paTh
Taposhb monb30BaTea. [Ipy 3ToM OH MOr UCHOJBL30BATH CIOBAPU HAMOOIEE
JaCTO BCTPEUAIOIIUXCSA IaPOJIed, KOTOPhIE JTI0O0U 13 BAC MOXKET HauTu B In-
ternet. Kone4uno, napous He 100000 MOIB30BATENS Y IACTCA TAKUM 00pa30oM
nogo6pars. Ho »T0 craboe yremenue.

Kakon xe Mox)eT OLITh Hall€H BBIXOI [JIf MOJb30BATEIEN, KEeTAIOIIIX
HAEXHO 3aIIATATH CBOK MH(MOPMAIWIO IPU €€ MepPesate MO OTKPBITHIM
KaHAIAM BLIYUCIUTEILHBIX CETEn?

OrBer 31€Ch OQUH — UCIOJB30BAHUE MPOrPAMM HIU(MPOBAHUSI, PEAU-
3YIOIMIUX HAMEKHBIE KPUITOrPAPUIECKUE AJITOPUTMEL.

31ech MOXKET OBITH MPEIJIOXKEHO ABA OCHOBHBIX IIOAXOA MO OPraHU3a-
UMY CUCTEeMBI I POBAHUSA:

— IpeaBapuTeIbHOE MU(POBaHKE NH(OPMAIUU Iepel Iepeiaden ee 1Mo
ceru;

— npo3padHoe mudpPOBaHKE NAKETOB CETEBOr0 MH(OPMAIMOHHOIO 00-
MEHA.

IMepBbin mogX0 HAUOOIEE YIOOEH B MIOOATHLHBIX HH(MOPMAIIMOHHBIX Ce-
Tax, Hampumep, Internet. CyTb ero B TOM, YTO IOJBL30BATEH, IPEIBAPU-
TeIbHO OOMEHABIINCH KIOUaMU, MMUMPYIOT CBOU JaHHBIE, & TOTOM Iepena-
0T UX M0 KAHATAM CeTU CTAHIAPTHBIMU CPEICTBAMU (DAUTOBOTO OOMEHA.
Briroasr 3Toro moaxosa 04eBuIHLL, OH IIO3BOJSIET IOIL30BATENAM, paboTa-
oM ¢ pasangabivu OC, 6e3 0cOOBIX 3aTPAT OOMEHUBATHLCS MIN(pPOBAH-
HBIMZ TAHHBIMU.

Tak paboraroT noaszosarenn nporpaMmmer Pretty Good Private (PGP),
paspaboranuon Pumunnom 3umMepmManoM B Hadate 90-X TOTOB U MIXPOKO
pacnpocrpanensnon Bo BceMm mupe. PGP mosBomseTr BepaGaTHIBATH UHIN-
BUAyATbHBLIE KIHOYN MOJb30BATEICH, OE30MacHO UMU OOMEHUBATHLCA U IITU-
¢dpoBare manubie. B HeM peanm3oBaHbI aaropuTMm OIOYHOrO HIM(pPOBAHUS
IDEA u cxema OTKPBITOrO pacrpeneneHus kioden RSA.

Ecau Bur He nosepsere PGP (u 5T0, mo-BHAUMOMY, IPABUIBLHO), TO MO-
)kere pas3paboTaTh CBOM COOCTBEHHBIE NPOrPAMMBL MIM(POBAHUA, B3AB 33
OCHOBY TOJBKO €r'0 OOIIYIO CXEMY.

s pabotsr B JIBC addexTunnee nCnoabL30BaTh BTOpon moaxon. Css-
3aHO DTO C T€M, UTO B JIOKAJIHHBIX CETSIX IPOUCXOTUT JOCTATOYHO HHTEHCUB-
HBIT UH(OOPMAIIMOHHLIN OOMEH, U TTO3TOMY TpeIBapUTeIbHOE NUdPOBAHNE
OKa3BLIBAETCS HEYAOOHBIM U 3aHMMAEeT MHOI'O BPEMEHU.

[Ipospaynoe mudpoBanwe MakeToB CETEBOI'0 HH(MOPMAIMOHHOI'O 00-
MeHa, 00eCTeIMBAET BAlIUTY HE TOJBKO MAHHBEIX (DAUIOB TOJL30BATEIEH,
HO U cayxeOHOU mHpOpMaimu, nepegaBaemon no kauaitam JIBC, o gem
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MOJB30BATENL MOXKET U HE TON03peBaTh. Hampumep, B aToM caydae Oy Iy T
mm@pPoOBATHCA TAHHBIE O MAPOJE MONb30BATENs, MePefaBAeMbIe Ha CepBep
Ui TIPOBEPKU, NAHHBIE O 3AMPOCAX MOIL30BATENsA HA TOCTYI K Pecypcam
CUCTEMBI, 8 TAKXKEe JaHHBIC, MOCHLIAEMBIE HA, MEIATh.

OHako, MTAHHBIN 110 X0 3HAYUTEIBHO CJIOXKHEe Ui peaan3anun. boab-
IIle TOrO, B HACTOSIIEE BPEMS CPEIV PACIPOCTPAHEHHBLIX HA DHIHKE CeTe-
Beix OC HET HU OAHOU, KOTOPas ObI MPENOCTABIAIA MOJb30BATEIAM TAKY IO
BO3MOXHOCTB. CKOpee BCero, mosABIeHNe TOCTYIHBIX CUCTEM MIPO3PAYHOTO
mGPOBAHUA TAKETOB — [EI0 OJUKAUIIErO Oy AYIIEro.

B rno6anbHBIX ceTAX mea ¢ 3TUM 00CTOAT 3HAYUTEIBHO JIy UIlle. YKe [0-
CTATOYHO JABHO MOIYYMIN MUPOKOE PACTPOCTPAHEHNE MTPOTPAMMHEIE TIPO-
IYKTHI, IPEIOCTABIISIONINE TOIB30BATENAM BO3MOKHOCTD IPO3PATHOTO K-
¢dpoBaHUA TaHHBIX, MepegaBaeMbIXx o cetu. Hampumep, Netscape Naviga-
tor, sarumaromui 75% peIHKA MpOrpaMM, MPEIHA3HAMEHHEIX 1S PAaGOTEL C
World Wide Web (WWW) ceru Internet u nposenenus gepes Internet pac-
YETOB MO KPEAUTHLIM KapPTOUYKAM, BKIKIAET B C€0A KPUMTOrPAPUIECKYIO
MOACUCTEMY .

Netscape UCTONB3YIOT MULIMOHBL JIFOIEH 110 BCEMY MUPY, TeM He MeHee,
B DTOU MpOrpaMMe OBbLIU HAUIEHBI CYIIECTBEHHBIE «ILIpLy. Panuue Bepcun
Netscape cogep)aiu U3bAHLL B IBYX OCHOBHBIX DJEMEHTAX KPUITOrpadu-
“eCKOU TOACUCTEMBI [5]:

— COOCTBEHHO B CaMOM aJI'OPUTMe MM POBAHUA;
— aJrOpUTME I'eHEPALNU KIIOUEH.

[lepBBEIM U3BAH COCTOSAI B TOM, 9TO MJIA MIX(PPOBAHUA JAHHLIX CETEBOIO
raOpManrOHHOr0o o6meHa B mporpamme Netscape B BapuanTe, mpemgHa-
suavensoM s skcrnopta u3 CIHTA (a uMEeHHO UM GONBIIMHCTBO U MOJIB3Y-
ercs), peanusoBad aaroputMm rammuposanus RC4 [6] ¢ kmouom 40 6um!
BO3MO)KHOCTI/I COBpeMeHHOfI BbI‘II/IC.TII/ITQJIBHOfI TEXHUKN TaKOBBI, ITO K01
TAKOU IJUHLL MOXKHO OIPENEINTh IPOCTEIM 1epebopoM B TEIEHUN HECKOJb-
xux guen. Kakoe-To BpeMs cpeau moab3oBaTenen cetu Internet maxe pas-
BEPHYJIOCH HEYTO BPOJE COPEBHOBAHUA — KTO OBICTpEE CMOXKET HAWTH
KJIO.

B umone 1994 roga kmou mudpoBaHuA ObLT BOCCTAHOBJICH 33 8 THEU C
HCIOJIB30BaHUEM OOBEIVHEHHBIX BEMUCAUTEJNBLHLIX pecypcoB 120 paboumx
CTAHIUN U [BYX MaPaLICTLHBEIX CYTEPKOMITBLIOTEPOB.

B aBrycre 1995 roma manHas 3amada ObLIA peIIeHA 3a TO XK€ BPEMS C
ucnonab3oBanueM 0ko0 100 koMIbIOTEPOB.

B mexabpe 1995 roga ouH CymepKOMIBIOTED MOI00pAT KA 3, 7 THEN.

BTOpaﬂ «IbIpa» B CHUCTEME 3alluThl OBLIa BBIABJICHA y mOporpaMMbl
Netscape (Bepcus 1.2) gBymsa crygenramu KamudopHUUCKOro yHUBepCU-
tera B ceHTa6pe 1995 roga. CyTsb ee B TOM, ITO ObLIM OOHAPYKEHBI CYIIIE-
CTBEHHLIE CJA00CTH B aIrOPUTMe MeHepalnun Kioden muppoanus. Kiod
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TOMKEH SABIATBCA CAydauHbIM umcaoMm. B Netscape mis ero BBIMUCIEHUS
OBLT PEANTM30BAH AJTOPATM [EHEPAIMM «CIYIANHBIXY GUCET, OCHOBAHHBIN
HA [IOKA3AHUY BHYTPEHHEr O TalMepa U 3HAYEHUAX CEeTEBBIX agpecos. B pe-
3yJAbTaTe aHAIN3a UMU OBLI IpeNIOXKeH aJrOPUTM M0oA00pa KIoda B Tede-
HUE BCEr0 OJHOU MUHYTEL, & IPOrPAMMa, PEATU3YIOMAsl JTaHHEIN aIrOPUTM,
6nL1a omybamKoBaHa B Internet.

5. BMmecTo 3akarouenusa

ITonesnbie coBeTBI

1. «Bourecy, naHaunes, gapbl IpuHOCAINX». He BepbTe TOMYy, KTO 3a-
BepsAeT BAC, YTO OH CMOCOOEH HAMEKHO 3AIIUTUTE Bamu cekpeTsl. OH 1160
6e3HaIeXKHBIU Diymen, Jubo Baml KOHKypeHT. Crenuaauct B 000U CATY-
anuu OyIeT BLICKA3BIBATH COMHEHUA B HAMAEKHOCTU MPENIaraeMou UM 3a-
IIUTHL U YK, 0 KPAUHEN Mepe, YKaXeT BaM €€ BO3MOXKHBIE C1ab0CTH.

2. He OyabTe caMOyBEpeHHHI U He muTanTe wimosun. He paccauToiBan-
Te MOJHOCTBIO Ha CBOU MHTEIEKT U cO06pasuTeabHocTh. Co BpeMeHeM Bac
OCEHUT, U BAIlle OCTPOYMUE MOACKAXKET BAM, B 9eM CIA0OCTHU B MPEIIOKEH-
HOU BaMM KOHCTPYKIIMK BEJIOCUIIEA.

3. Kak MoxHO MeHbINe pexkiambl. He XBacTanTech CBOMM aJIrOPUTMOM
7 BOOOIIE, CTAPAUTECh KAK MOXKHO MEHBIIE MOKA3BIBATEH TPYIUM CBOIO IIPO-
rpammy. Caegyure adopusmy [loma Xyama: «He pacxBamuBaure B Kpyry
Opy3eu MOCTOMHCTB cBoen cynpyru. OQuH U3 HUX HABEPHAKA 3aX04YeT B
DTOM yOEIUTHCA CAMOCTOSATEIBHO).

4. He ymomobisaurecs ydeHsIM. [laxe ecin BaM yIajoCh JOKa3aThb TEO-
peMy O TOM, YTO 3aJa49a BCKPHITHUA BAIEU CUCTEMBI 3AIMATHI aICOPUTMU-
YECKU HEPa3penmma, He paccaabaanTecsh. [lonpobynuTe NoHATh, MOYeMy He
BBITIOMHAIOTCA YCJAOBUA TOKA3AHHON BAMU TEOPEMBI.

5. 3ammra 3ammThl. CO31aB HAMIYYIIYI0 CUCTEMY 3alllUThI, IPOBEPLTE,
BAIUIIEH], A OHA.

OTBeT Ha HepBLIA BOIPOC.

Hapmo rak manucars nporpaMmy mudpoBanus, 94Tobsl nocite N Heygad-
HBIX MOMBITOK BBO/A TMAPOJIA HA JOCTYI K KIIOYEBOUN TUCKETE KW C TUCKE-
oI cTupaica. Ecau uucno N CIumKoM BeIUKO, 370y MBIILIEHHUK,, BO3MOXKHO,
cyMmeeT momo6paTh mapoab. A ecmu N CAUIMIKOM Mai0, MOXKET CIyIUTHCA
TaK, 9TO BBl CAMU CIYyJIaWHO UCIOPTUTE CBOK KAOUEBYIO nuckery. llere-
coobpa3uo BeiOparh 3Hadenue N B muTepBate 5 < N < 100. ITapoas Ha
OOCTYII K AUCKETEe He OOA3aTENHHO NETATH OYeHb [IMHHBIM U CJIOXKHBIM.
['maBHOE, 9TOOBI €r0 HEML3S OBLIO yragaTh 38 N MOMNBITOK.



164 T"'JIABA 6

OTBeT Ha BTOPOHU BOMPOC.

Hamo cumraTh CIyvalHOW BEIMYUHOW HE WHTEPBAJ BPEMEHU MEXKIY
MOCIEIOBATENBLHEIMA HAXKATAAMYA KIABUII, & CYMMY N IHOCAENOBATEILHEIX
MHTEPBAIOB. [[pyruMu CIOBaMM, HOBLI WIEH TOOABIACTCA B CILyIadHYIO
MOCJAEJOBATENLHOCTh HE MPU KAXKIOM HAXKATAU TOJL30BATENEM KIABU-
7, & TIPU KaxKIOM 7-OM HAXKATUHU. UCIO 7 MOXKHO B3ATH B IHAMA3OHE
5 < n £ 10. Ecu n crumkoM Mamo, TUCKPETHOCTL COXPAHUTCA, a €C-
JIVL CJAUIITKOM BEIUKO — K0T OyneT BHIPAOATHLIBATHCA CAUIIKOM MeIJIEHHO.
Koneuno, o6e mOCTaBIEHHLIE 331291 MOXKHO PEIUThL U APYTUMEI CIOCOOA-
M.

Jlureparypa Kk riase 6

[1] 4. Knym. Uckyccro nporpammupoBanus mis DBM. T. 2, M.: Mup,
1977.

[2] Teopus u mpaxTuka obecnedenus nHGOPMALNOHHOK GesonacHocTu. [lox
penakumen II. /. 3erxaer. M.: Usmarenscrso Arenrcrea «IxTceMeny,
1996. 192 c.

[3] P. Catixa. 56-paspsagusi kog DES «packogoT» Ha mepCOHATBHOM KOM-
netorepe. Computerworld Poccus, 29 urons 1997.

[4] http://wuw.softseek.com/
Business_and_Productivity/Microsoft_Office/
Word_Add_Ons/Review_14603_index.html

[5] http://oliver.efri.hr/ crv/security/bugs/NT

[6] T. Yionen, T. Kivinen, M. Saarinen. SSH Transport Layer Protocol.
Internet-Draft, November 1997.
draft-ietf-secsh-transport-03.txt.

[7] Orman H., The Oakley Key Determination Protocol. Version 1, TR97-
92. Department of Computer Science Technical Report, University of
Arizona.



T'maBa 7

Oummmnua bl 10 KpunTorpaduu aas
NIKOJIbHUKOB

ITpeguciaoBue

C 1991 r. MucruryT kpunrtorpadun, cBsasu u uadopmaruku Akanemun PCB
Poccunckoun Pegepanyuy TPOBOAAT €KErOAHBIE OJUMINAAIBL II0 KPAITOrpaduu u
MaTeMaTuke 411 mKOIbHUKOB I'. Mocksel u [loamockoBwa. I'oq or roga pacrer
NOMYJAPHOCTH DTUX OMUMINAL, O UYeM CBUAETEILCTBYET, HAPUMEDP, TO, YTO B
MOCAeJHEN U3 HUX OPUHAIO ydacTue 60Jee MATUCOT IKOTbHUKOB 9-11 kmaccos.
OumMnma gl 10 KpunTorpadbun 1 MATEMAaTUKE BBI3BIBAIOT MHTEPEC Y LIKOILHUKOB
HeOOBITHOCTBIO CBOEr0 XaHpa. KpoMe Toro, mpusepaM IpegoCTaBIAIOTCA JIbIOTHI
npu nocrymreHuu B ucTHTyT.

IIIKOMBPHUKYM YaCTO CHPAIINBAIT, C KAKOU JUTEPATYPOU MO KPUITOrpadun
UM CIegyeT MO3HAKOMUTBLCH, YTOOBI YCIENIHO BEICTYIWTH Ha oaumMmuajge. Huka-
KUX CHEeNVATbHBIX 3HAHUU 1/ PElIeHus 33434 He TPe6yeTcsa — B 3TOM BHI y6eau-
TeCh, 03HAKOMUBIIACH C 3aa9aMy, KOTOPbIE IPUBOAATCA B JAHHOU rIase. BmecTe
C TeM, MBI He MOXEM OTPULIATH, UYTO NPEABAPUTEIbHOE 3HAKOMCTBO C KPUITOI'DA-
duen nome3Ho X0TA 6Bl IUCTO MCAXOTOTHICCKH, TTOCKOIBKY «BHEIIHUY BUI) 3a0a
MOXET MOKa3aThCA HEOOBIIHBIM. MHOrMe 334U HAIEU OMUMINAIBL — KPUIITO-
rpaduaeckne. JacTh 32121 UMeeT KPUITOrPpaPUIECKYIO OKPACKY, HO UX CYTh —
Maremarudeckas. OTaeabHbIE 331249 — YUCTO MAaTEMATUIECKUE.

IIpu mogBe 1EHUY UTOrOB KAXK,A0W OMMMINALLI MBI 3HAKOMUM yIaCTHUKOB C 06-
LIEOCTYIHBIMYI KHUTAMIU 10 KpUITOorpadun, KOTOPLIX B IOCAEJHUE 'Ol TOABH-
JI0CH n0CcTaTOYHO MHOro. OqHAKO 5T KHUMM JUGO0 CINUIIKOM CIOXHBI [UIA IIKOTb-
HUKOB, 1100 MOBEPXHOCTHBL I HEZOCTATOYHO IOJHEL, 1160 MamzonocTynHsr. [To-
STOMY ABTODPHI HACTOSLIEN IJIABHI IOCTABUIN Iepes COOOU OBE OCHOBHBIE IEJN:
BO-II€PBEIX, IPENJIOXKUATH DIEMEHTAPHOE BBEJEHUE B KPUITOrPAdUIO, NCIOIL3Y I
DU 5TOM 4yJeCHBIE JeTEKTUBHBIE CIOXKeTHl M3BeCTHRIX npomsBenenuu 2K. Bepna,
A. Konan [oumna, 3. Ilo, B. Kasepuna, cBaszanubie ¢ 3ammdpPOBAHELIMEA COOOIIE-
HUAMU; BO-BTOPBIX, IIPUBECTH YCIOBUA 33424 BCEX HAIINX OIUMIHNAJT C OTBETAMU
U PELIeHUAMU.
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1. BBexgenue

Ecau Bol x0THTE IIEpEIATH CBOE TEKCTOBOE COOOIIEHUE (MOCIEI0BATEIb-
HOCTb CUMBOJOB HEKOTOPOIO andaBUTa) aIpecary Tak, YTOOLI OHO OCTa-
JOCh TAWHBIM [ IOCTOPOHHHUX JIAIl, TO Y BaC €CThb, [0 KPaWHEeHN MEepe,
IBe BO3MOXKHOCTHU. BBI MOXKeTe HONBITATHCA CKPHITH caM (PAKT Mepematiu
TEKCTa, TO €CTh IPUOErHyTh K METOJAaM CTeraHorpaduu, B apCeHale KO-
TOPOU — CUMIATUYECKUE (HEBUAMMBIE) YePHUIA, MUKPOTOYKA U TOMY IIO-
nobuere cpexctBa. [pyras BO3MOXKHOCTD 3aKIOYAETCS B IOMBITKE CKPBITH
CMBICT COOOIUIEHNUS OT TTOCTOPOHHUX JINII, CIyIANHO WA HAMEPEHHO MO3HA-
KOMUBIIUXCSI C IePeIaBaeMbIM TEKCTOM. B 5TOM ciydae BBl MOXeTe Ipu-
6eruyThb K MeTOgaM Kpunrorpadun. TepMuH «xpunTorpadusy IPOUCXOIUT
OT [BYX IPEYECKUX CJOB: (KPUMTOC» — TauHa U «"padenHy — MUCATh,
¥ O3HAYAET TAUHOMUCH. « TalHOMMCHY Kak pa3 U MOAPAa3yMeBAET, UYTO B
CKPBIBAETE CMBICJI CBOEI'O COOOIIECHNUS.

Coobrenne, KOTOpoe BBI XOTUTE MEPefaTh agpecary, OyieM Ha3BBaTh
OTKDHITHIM coobmenueM. Hampumep, B 3agade 2.5 (pasgen «YcioBusa 3a-
[a<d») OJHUM U3 OTKPBLITHIX COOOIIEHUN SBIAETCA (PpPasa;

KOPABEJIM OTXO0IAT BEYEPOM

[l;1a coxpaseHus COOOMIEHNs B TallHe OHO IPeobpas3yeTcs KPUITorpapu-
YeCKUMU MEeTOJaMU U TOJBKO MOCTe dDTOT0 mepenaeTcsa agpecary. IlIpeobpa-
30BaHHOE cooO0meHne OyaeM Ha3BIBATH WIM(DPOBAHHBIM COOOLIeHMEM (uin
sammdpOBaHHLIM coobImenueM). [[pyroe HazBaHue 3aumdpOBAHHONO COO6-
meHus — Kpunrorpamma (wiu mudpreker). B 3agade 2.5 samudposannoe
COOOIIEeHNe BHITVIAINT TaK:

HIATEHIMCATIIXTTICT XCIL

3ammdgpoBaHHOE COOOIIEHNE HE 00A3ATEIBHO [OMKHO OBITH MOCIEI0BA~
TEIBHOCTBIO OYKB, KaK B YKa3aHHOU BBINIE 3agade. JacTo samud)pOBaH-
HOE COOOIIEHNE MOXKET TMPEACTABIATH COOOU MOCAE[OBATEILHOCTE UMD UIA
CHELUATBHBIX 3HAKOB (HAIPUMED, (WIALLYIINX YeJOBEIKOBY ).

[Tpouecc mpeobpaszoBaHusa OTKPLITOIO COOOIIEHU B MIM(MPOBAHHOE OY-
€M Ha3BLIBAThL WUPPosanuem WK 3awudposanuem. AnpecaTy 3apaHgee co-
0o0maeTcs, Kak w3 MmudPOBAHHOIO COOOIIEHN MOJYIUTh OTKPHITOE. DTOT
MIPOLIECC TOIYIEHUS UCXOTHOIO COOOIIEHNS HABBIBAIOT Jeuudposanuem i
pacuudposanuem.

[Ipu BebOpe mpaBwia mudpPOBAHUSI HALO CTPEMUTHCSI K TOMY, ITOOLI
[IOCTOPOHHUE JINIA, HE 3HAIOIIVE [IPABUIA PACHIN(POBAHAS, HE CMOLUIA BOC-
CTAHOBUTH MO KPUMNTOrPAMMe OTKpBITOe coolbmeHue. B »ToM ciayuae BB
CKpOeTe CMBICI COOOIIeHN 1 00eCIednTe «TANHOIUCE).

[lna yo6cTBa qATbHENIIEr0 U3I0KEHUA 0003HAYMUM OYKBOU A — OTKPBI-
Toe coobwmenue, B — mmdposanHoe coobmenne, f — npaBuio mudgpoBa-
HUA, ¢ — OpaBwiIo pacmudpoBanusa. B aTom caydae 3amudpoBaHre OTKPHI-
Toro coobmenus A B mudpoBaHHoe coobmmenHne B MOXKHO 3AMUCATL B BALE
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f(A) = B. O6patnoe npeobpaszoBanue (TO €CThb MOIYyIEeHNE OTKPEITOrO CO-
obwenus A myrem pacmudpoBanus B) 3anumercs B BUE COOTHOLICHUS
g(B) = A.

[Ipasumno 3ammudpoBanus f He MOKET ObITH MPOU3BOILHBIM. OHO TOIKHO
OLITH TAKUM, ITOOBI IO MIUMPTEKCTY B C MOMOMBIO MPABUIA PACIIL(PO-
BaHUA g MOXHO OBLIO OOTHO3HAYTHO BOCCTAHOBUTHL OTKPBITOE COOﬁIl[eHI/Ie A
O guoTunHBIE TpaBmwIa 3ANGPOBAHAA MOXKHO OOBEIUHUTE B KIACCH. BHy-
TPU KAACCA MPABIIA PABTAIAIOTCA MEXK Y COOOU TI0 3HAYCHUAM HEKOTOPOTO
mapaMeTpa, KOTOpOe MOXKET ObITh YUCIOM, Tabauier u T. 1. B kpunrorpa-
uu KOHKPETHOE 3HAUYEeHNe TAKOr'O ITapaMeTpa OOBIYHO HA3EIBAIOT KAOUOM.
ITo cytu mena, kIO BHIOMpAET KOHKPETHOE TIPABWIO 3AIIN(POBAHUI U3
JAHHOT'O KJIACCA IPABUI.

3adeM MOoHaI00MIOCH BBOJUTE HOHATHE KI04a? ECTh, o KpanHen Mepe,
ABa OGCTOﬂTeJIbCTBa, KOTOPBIE IIO3BOJIAKT IIOHATH HeOGXOﬂI/IMOCTI: 3TOro.
Bo-nepBuix, 00BIYHO MM POBAHUE TPOUIBOIUTCA C UCTIONB30OBAHUEM CIIEIIN-
AJIbHBIX yCTpOfICTB. y BaC OOJI2KHaA OBLITH BO3MOXKHOCTL M3MEHATL 3Hade-
HUE TapaMeTPOB YCTPOUCTBA, YTOOR! 3aIudpOBAHHOE COOOIIEHNE HE CMOD-
Ju pacumdpoBaTh NaXKe JUIA, UMEIOIINe TOTHO TaKOe XKe YCTPOUCTBO, HO
HE 3HAIOIe BRIOPAHHOIO BAMM 3HAYMEHU MapaMmerpa. Bo-BTOpPBIX, MHOIO-
KPATHOE UCIOJB30BAHME OJHOT'O U TOrO K€ NMpaBwia 3amudpoBanusa f s
BaLHI/I(I)pOBaHI/IH OTKPBITBEIX TEKCTOB CO3da€T IMPEeAIOChIIKN IJIs IIOJYICHUA
OTKPBITHIX COOOIIEHUN 110 MIUPPOBAHHLIM 0€3 3HAHUA IPABWIA PACIIpPO-
Bauusa ¢. [TooTomy HEOOXOAWMO CBOEBPEMEHHO MEHATH MPABUWIO 3aIU(PO-
BaHU.

Ucnonpays moHATHE KIOYa, IPOIece 3amudpOBAHUI MOXKHO OMUCATL B
BHUI€ COOTHOIICHUA

foz (A) =B,
B KOTOPOM (¢ — BLIOPAHHLIN KJIH0Y, N3BECTHLIM OTIPABUTENIO U aIpecary.

s xax goro kiaova « mudpropeodbpasoBanue f, HOMIKHO OBITH 00pa-
TUMBIM, TO €CTh JOJKHO CYIIECTBOBATH 0OpaTHOE MpeoOpa3OBaHue gy, KO-
TOpOE MpY BHEIOPAHHOM KJOYE (¢ OMHO3HAYHO ONPEIENsIeT OTKPBITOE CO00-
menve A no mudposannomy coobmenuio B:

9a(B) = A.

COBOKYTHOCTE TIPEOOPaA3OBAHUN f,, U HAOOP KIHOUEU, KOTOPHIM OHU COOT-
BETCTBYIOT, OyIeM HAa3BIBATL ULLPPOM.

Cpenu Bcex mudpoOB MOKHO BHIIEIUTH IBA OOJBIIMX KIACCA: MU(DPHI
MEPECTAHOBKYU U MU(PPEI 3aMEHEL.

HIugpamu nepecmarnosry HA3BIBAIOTCA TaKue MIA(PHL, TPEOOPA3OBAHUA
U3 KOTOPHIX MPUBOIAT K W3MEHEHWIO TOJLKO MOPAMIKA CICTOBAHUS CUM-
BOJIOB UCXOTHOTO coOOmenus. Ilpumepom nmpeoOpasoBaHusa, KOTOPOE MO-
KET COAEPKATHCA B MMppPe MEPECTAHOBKU, SBIACTCA CJIEAYIONIEe MPABU-
10, Kax nas 6ykBa MCXOTHOrO COOOIIEHNA, CTOAMIASA B TEKCTE HA MO3UIAN C
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YETHBLIM HOMEPOM, MEHAETCA MECTAMU C HpeIIecTBYomen en Oyksou. B
DTOM CJIydae SICHO, 9YTO U UCXOMHOE, U MMU(PPOBAHHOE COOOIIEHNE COCTOAT
u3 OMHUX U TeX xKe OyKB.

HTugppamu 3amenb: HA3BIBAIOTCA TaKue MU(PHI, TPEOOPA3OBAHU U3 KO-
TOPBIX TPUBOIAT K 3aMEHE KaXKIOr'0 CHMBOJIA OTKPBITOI'O COOOIIEHUS HA,
IPYTHUe CUMBOJBI — MA(GPOOO3HAYMEHNS, IPUIEM NOPATOK CICIOBAHUS X~
(bpo6O3HAIEHNU COBMATAET C HOPIIKOM CICJOBAHUA COOTBETCTBYIOUIMX UM
CUMBOJIOB OTKPBITOrO COOOIIeHus. B kadecTBe npuMepa npeoObpa3oBaHus,
KOTOPOE MOXKET COJEepPKATHCA B MIn(dPE 3aAMEHbI, TPUBEAEM TAKOE IPABUIIO.
Kax gas 6ykBa MCXOMHOTO COOOIICHNS 3aMEHACTCS HA, €€ TOPs JKOBLIX HOMEP
B andasure. B sToM caydae ucxoqHein OyKBEHHBIN TEKCT OIpeobpasyercs B
YUCIOBOMN.

Kaxk mpaswio, B 3a1a4ax oIuMnuai mmdp U3BECTEH, & UCTOIL30BAHHBIN
k09 — HeT. [l ompeneneHns uCX0JHOrO TEKCTA 10 mudPOBAHHOMY TIPU
HEU3BECTHOM KJIIOU€ BO3MOXKHBI [BA MOAXOa: IEPBLIN — OIPENEIUTh K04
U 3aTeM HAUTU UCXOAHOE COOOIIEHVNE PACIudpPOBAHIEM; BTOPOU — HAUTHU
UCXOAHOE coo0ImeHne 6e3 onpeneaeHus Kiaoo4a. [lomydenne OTKPBITOTO CO-
obieHns no mudpoBaHHOMY 0e3 3apaHee M3BECTHOI'O K/IOUa HAa3LIBAETCS
sckpuimuem wugpa, B oTardue oT pacimud)POBAHUA — KOIAA KJIIOY U3Be-
cred. Bo MmHOrUX ciyvasx BCKpuITHE Mppa BO3ZMOXKHO, ITO U TEMOHCTPU-
PYIOT HOOEIUTENN HAIIUX OJUMITAAL.

Ilox cTonkoCThIO MUdpPa, KaK TPABUAIO, TTOHUMAETCA CIIOCOOHOCTE TTPO-
TUBOCTOATH MONBITKAM IIPOBECTU €ro BekpbiTue. [Ipm anamuse mudpa
OOBIMHO UCXOAAT U3 MPUHIHUIA, CHOPMYINPOBAHHOTO rowranainem Orycrom
Kepkropdcom (1835-1903). CorviacHO 5TOMY IPUHUMIY [IPU BCKPHITUM
KPUMITOrPAMMBI POTUBHUKY W3BECTHO O mudpe BCE, KPOME KCIOAbL3Ye-
Moro kmo4a. OIHON M3 €CTECTBEHHBIX XAPAKTEPUCTUK IMuUdpPa ABIACTCA
YUCJIO €ro BO3MOXKHBIX KIIOUed. Benb BCKpBITHE MUdpPa MOXKHO OCYIIe-
CTBJIATH TEpe6OPOM BCEX BO3MOXKHEIX €r0 KIo4uen. MEL yKe TOBOPWIN, ITO
B MPUBOAMMEIX HUXKE 331a9aX OJUMIIMAL, KaK MPABWIO, 1ud)p M3BECTEH,
HO HEMW3BECTEH BHIOPDAHHBIN KUY, YTO COOTBETCTBYeT mpuHimumy Kepk-
rodpdca. Tak, B 3amade 4.4 Bce geo cBOAUTCA K mepebopy 24 pasamaHbIX
BApPUAHTOBR KJIHYA, U3 KOTOPHIX TOJBKO ONUH NAET YATAEMBIN TEKCT. [lo-
DTOMY MHOI'HWE YIACTHUKK OJMMIUAILI CMOTUIA BOCCTAHOBUTH COOOIIEHUE
HA JIATUHCKOM S3BIKE, TaXKe HE 3HAS DTOrO SA3BIKA.

Moguac cmemuBaroT ABa NOHATUA: wudposanue u xKoduposanue. Mol
y&Ke MOTOBOPWINCH, YTO MJIA MUu(pPOBAHUA HALO 3HATH MDD U CEKPETHHIN
kio4. [Ipu KoqupOBaHUM HET HUYIETO CEKPETHOO, ECTh TOJIBKO OMPEAeIeH-
Hasd 3aMeHa OYKB WIM CIOB HA 3apaHee OMpeneJeHHBIE CUMBOJLI. MeTombr
KOJVPOBAHUSA HAMPABIECHBI HE HA TO, YTOOBI CKPBITH OTKPHITOE COOOIIEHNE,
a Ha TO, YTOOBI IPEACTABUATEL ero B Oojee yIOoOHOM BUE N/ IEPEIatu IO
TEeXHUYECKUM CPEACTBAM CBS3U, MJS YMEHBIICHUs IJIUHBI COOOIIEHU U T. 1.
B npunnune, kogupoBasue, KOHEUIHO Ke, MOXKHO PACCMATPUBATD KaK MDD
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3aMEHBI, I KOTOPOT'O «HAOODP» BO3MOXKHBIX KIIOYEN COCTOUT TOJBKO U3
ogHOro Kiova (Hampumep, OykBa «a» B a30yke Mopae Bcerga KogupyeTcs
3HAKAMU @ == [ DTO He SBIAETCA CEKPETOM).

B macrosmee Bpems 1is 3amuThl BHMOPMAIUU MIUPOKO UCIOIL3YOTCS
DIEKTPOHHBIE MU(PPOBATBLHBIE YCTPOUCTBA. BaXXHOU XapaKTEepUCTUKON Ta-
KUX YCTPOUCTB fABIAETCA HE TOIBKO CTOUKOCTD Peann3yeMoro mudpa, Ho u
BBICOKAA CKOPOCTH OCYIIIECTBICHUA MPOIECCOB IMU(pPOBAHUA U PACIIIpPO-
Banus. [y co3ganusa u o6ecnedeHrs rPAMOTHON SKCILIY ATAIUA TAKON TEX-
HUKU TUPOKO UCTOMb3YIOTCA TOCTUKEHUSA COBPEMEHHOU KPUMITOrpaduu, B
OCHOBE KOTOPOU JIeXKAT MaTeMaTuKa, uHGpopMaTuKa, GpU3NKa, DTEKTPOHUKA,
7 Ipyrue HayKU.

Cospemennas kpunrorpadus OGypHO pasBuBaeTcs. B Hen mosBasoTcsa
HOBBIe HampapJeHus. Tak, ¢ 1976 romga pa3BUBaeTCsA «OTKPBITAA KPUITO-
rpadusy. Ee oTauauressHON 0COGEHHOCTBIO ABIAETCS Pa3IeJeHne KIIIen
I 3armdpoBaHua u pacmudpoanusa. [Ipu sToM Kiod 111 3amudpoBa-
HUA He TpebyeTcs feaaTh CEKPETHBIM, 00JIee TOT0, OH MOXKeT OBITH 001Ie10-
CTYIHBIM U COIEPKATHCA B TeAPDOHHOM CIIPABOYHUKE BMECTE C (DAMUIUAET
u agpecoM ero Baagenbia. llogpobHee 06 >TOM U APYTUX COBPEMEHHBIX
3ajJadaX KpUOTOrpaduu MOXKHO IPOYUTATH B DIaBaxX 1, 2, 3 9TOU KHUTH.

Hapsgy ¢ TepmusOM «kpunTorpadusy B JUTEPATYPE BCTPEIALTCI TEP-
MUH (KPUTTOJOTHUAY, TAKKE MPOUCXO AN OT IPPEUICCKUX KOPHEN, O3HAYTA~
IOIIUX (TAUHBIMY U (CIOBOY. DTOT TEPMUH UCHOIL3YETCA Mg 0OO3HAUEHUs
BCEU 00JACTHU CEKPETHOU CBA3U. KPUIITOIOT MO NETAT HA ABE YACTU: KPUII-
Torpaduno 1 KpunToaHatns. Kpunrorpad mEITAeTCA HAUTA METOILI 06ec-
MEYEeHUs CEKPETHOCTU COOOIIEHUN, KPUNTOAHAIUTUK TBITAETCA DU HEU3-
BECTHOM KJIIOU€ BLIIOJHUTHL 00paTHYO 3axady. [Ipu aToM wacTo roBopsr,
9TO KPUINTOAHAIATUK BCKPBLI P, XOTS 4alle OH BCKPHIBAET KJIIOY 3a-
paHee U3BECTHOI'O Mudpa.

2. IIIndpsr 3ameHbI

Haubomee m3BeCTHBIMU U 9ACTO UCHONB3YEMBIMU IMIN(MPAMUA SBJISIIOTCS
umdpsl 3aMenbl. OHU XapaKTEPU3YIOTCSA TeM, UYTO OTAEIbHBIE IACTU CO-
obmenus (6yKBBI, CJIOBA, ...) 3AMEHAOTCA HA KAKUe-TuOO Apyrue OyKBEHL,
9KCaa, CAMBOJBL M T. . I[Ipm 5TOM 3aMeHa OCYIIECTBJISETCS TaK, ITOOBI
IIOTOM IO MK(PPOBAHHOMY COOOIIEHNIO MOXKHO OBLIO OTHO3HAYMHO BOCCTAHO-
BUTH [IepeIaBaeMoe COOOIIeHNe.

[IycTe, Hanpumep, 3ammudpPOBLIBAETCS COOOLIEHNE HA PYCCKOM S3BIKE
U TIPU DTOM 3aMeHe MOIIEeKUT Kaxmaasd OykBa coolmeHus. PopMaTbHO B
TOM CiIydae mmdp 3aMeHBI MOXHO OINCATH CleayoomuM obpasom. [lrsa
KaXKI0U OyKBBI (@ MUCXOTHOTO aadaBUTA CTPOUTCI HEKOTOPOE MHOXKECTBO
cuMBoIOB M, Tak, 9TO MHOXecTBa M, u Mg momapHO He HepeceKaroT-
ca mpu a # 3, TO ecTh JIOOLIE ABA PA3IUIHBIE MHOXECTBA HE COIEpPKAT
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OMHAKOBLIX DIeMeHTOB. MHox)ecTBO M, Ha3LIBAETCA MHOXKECTBOM HI(pp-
0003HaYeHUN 1A OYKBEL (L.
Tabauma

a 6 6 oA
M, | Mg | M, | M, 1)

ABISETCSA KIIOUOM Indpa 3aMEHBI. SHasA €€, MOXKHO OCYIIECTBUTH KAaK 3a-
mmdpoOBaHNe, TAK U paclmdppoOBaHUE.

[Ipu 3ammdpoBannn kaxgas 6yKBa & OTKPBITOIO COOOIIEHMS, HAYMIHAS
C TIEPBOU, 3aMEHAETCA JIOOLIM CUMBOJIOM U3 MHOXKecTBa M,. Eciu B c006-
IIEHUN CONEPKUTCA HECKOMBKO OYKB (v, TO KaXKIasd U3 HUAX 3AMEHAETCA Ha
060 cuMBOI U3 M, 3a CH4eT 5TOro ¢ HOMOIIBI 04HOrO Kiaoda (1) MOXKHO
IOy YUTDH PA3IUYHEIE BADUAHTHI 3AIIN(MPOBAHHOIO COOOIIEHN 1A OTJHOIO
¥ TOr'O XK€ OTKPHITOro coobienus. Hanpumep, eciau Kio04oM sBJsieTCss Tab-
JIUIA

a 6 B r I e X 3 X XK I M H O I P
21 37 14 22 01 24 62 73 46 23 12 08 27 53 35 04
40 26 63 47 31 83 88 30 02 91 72 32 77 68 60 44
10 03 71 82 15 70 11 55 90 69 38 61 54 09 84 45

c Ty ¢ x m ¥ m m B H b 3> 0 4

20 13 59 25 75 43 19 29 06 65 74 48 36 28 16

52 39 07 49 33 85 58 80 50 34 17 56 78 64 41

89 67 93 76 18 51 87 66 81 92 42 79 86 05 57
TO COOOLIEHNE «I 3HAKOM C IMI(PPAMU 3aMeHBI» MOXKeET OBITH 3amudpPOBAHO,
HaIIpUMep, JIOBIM 13 CJAEIYIOMINX TPeX CIIOCOO0B:

16 55 54 10 69 09 61 89 29 90 49 44 10 08 02 73 21 32 83 54 74

41 55 77 10 23 68 08 20 66 90 76 44 21 61 90 55 21 61 83 54 42

57 30 27 10 91 68 32 20 80 02 49 45 40 32 46 55 40 08 83 27 42

Tax xkak muoxectBa M,, Mg, Mg, ..., M, momapHO He epeceKarTCs,
TO MO KaXIOMY CHMBOIY MKI(PPOBAHHOIO COOOMIEHUS MOXKHO OTHO3HAIHO
OIpefeInTh, KAKOMY MHOXKECTBY OH NPUHAIICKUT, U, CIeJOBATEIbHO, Ka-
Kyi0 OYKBY OTKPHITOI'O cOOOIIeHusa oH 3aMeHgeT. IlopTomy pacmmdposa-
HUE BO3MOXKHO U OTKPBITOE COOOIIEHNE OPeneaseTCs eJUHCTBEHHBIM 00pa-
30M.

Yacto M, cocrout u3 ogHoro siemenTa. Hanpumep, B pomane 7K. Bep-
ua «[IyremecTBue k menTpy 3emu» B pyku mnpodeccopa Jlugenbpoka mo-
MMagaeT MepraMenT ¢ PYKOINCHIO U3 3HAKOB PYHUIECKOro nuchbMa. Kax moe
MHO2KECTBO Ma COCTOUT U3 OJHOI'O dJEMEHTa. SJIeMeHT KaXX OIOI'O MHOXKE-
CTBa BBIOMPAETCA M3 HAOOPA CUMBOJIOB BUIA

1AK A o)

B pacckaze A. Konan [lowmra «Iliamrymme qeqoBedkmy Kax IBIM CUMBOJL
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“300PaKAET ILIAIIYIIErO YEI0BEYKA B CAMBIX PA3IMYHBIX [T03aX

o J o J

LRFR P 3)

Ha mepBBIN B3 KaKeTCs, 9TO YeM XUTPEe CUMBOJBI, TEM TPYIHEE

BCKPBITH COOOIIEHYE, HE UMes KII0Ya. JTO, KOHEYHO, He TaK. Kcau Kax1o-
My CUMBOJIY OJHO3HAYHO CONOCTABUTH KAKYIO-I1OO OYKBY WIM UHUCIO, TO
JIErKO MepenTu K 3ammdppOBAHHOMY COOOIIeHUo u3 OyKB min ducer. B po-
mvane 2K. Bepua lyremecrBue K UeHTPY 3eMIn» KaKABIU DYyHUYECKUU
3HAK OBLT 3aMEHEH Ha COOTBETCTBYIOIIYIO OYKBY HEMENKOI'O S3LIKA, ITO
0BJIErImIo BOCCTAHOBJAEHUE OTKPHITOrO coobmenus. C TOYKYM 3peHust Kpu-
nTorpadoB HUCIOIL30BAHIE PA3INIHBIX CIOXKHBIX CUMBOJOB HE YCJIOXKHSIET
mmmdpa. Oguaxo, ecau 3ammdpoBaHHOE COOOIIEHNE COCTOUT U3 OYKB WK
uudp, TO BCKPBIBATH TAKOe cOOO0IIeHne yaoOHee.

Paccmorpum HekoTopbre mpumepsl mmdpoB 3aMmeHbl. IlycTh kaxkgoe
MHOXkeCTBO M, cocrouT u3 oguou Oykeel. Hampumep,

a|6|B|r|m|e|x|3|u|k|x|M|H|O|I|D
rin|p|o|on|lpla|M|a|B|(2|B|x|0|6|H
(4)
T|y|b|x|m|Y|wm|b|H|b|D|b|A
XK|lg|u|p|kjmlble|y|u|d|m|T|a

Taxou mmudp HA3BEIBAETCA MUMPOM TPOCTON OJHOOYKBEHHOU 3aMeHHI. 110
kmody (4) ygo6HO npoBOAUTH 3amudpPOBaHUE U PACHIM(POBAHUE: [IPU 3a-
mppPOBAHIN KaXKIasg OYKBa OTKPLITOIO TEKCTA 3aMEHAETCS Ha COOTBET-
cTByOIILYy0 OYKBY U3 BTOPOU CTPOKU (a HAa T U T. 4.) llpu pacmudposanuu,
Ha00OpPOT, T 3aMeHAETCA Ha a u T. 4. [Ipu mmdpoBanun u pacimdpoBaHun
HA0 [HOMHATH BTOPYIO CTPOYKY B (4), TO eCTh KJII04.

3amoOMHUTE MPOU3BOILHBIA MOPALOK OYKB alpaBUTa JOCTATOUHO CJIOK-
wo. [TosTOMy BCerga MbITAMUCH TPUAYMATh KAKOE-IMOO MPABMIO, IO KOTO-
POMY MOXKHO IPOCTO BOCCTAHOBUTH BTOPYIO CTPOUKY B (4).

OHuM U3 EPBLIX MU(POB, U3BECTHEIX U3 UCTOPUM, OBLT TAK HA3LIBAE-
meti mmdp esaps, naa KOToporo Bropas CTpoka B (4) ABAgeTCA IOCIeno-
BaTEILHOCTBIO, 3AIMIMCAHHON B AI(DABATHOM MOPAIKE, HO HAMMHAOIIENCA HE
c OYKBEHI a:

a 6 B ... B B B 4
r § e ... A& a 6 B

(5)

B oanon u3 3agaq (3axaga 4.4) ucnoassyercs mudp lesapsa. 3anomuuTs
KJIIOY B DTOM CJIydae MPOCTO — HAJO0 3HATH MEPBYIO OYKBY BTOPOM CTPO-
ku (4) (mociegoBaTEIBHOCTD OYKB B ai(aBUTe IPEINOIaraeTCsa U3BECTHON ).
Ograxo Taxon mudp o61a1aeT GONBIIMM HEJOCTATKOM. TUCI0 PA3IMIHBIX
KJIIO0Yell paBHO 4ucay Oyke B andasure. [lepe6paB 5TH BapUAHTHI, MOXKHO
OJHO3HAYIHO BOCCTAHOBUTH OTKPHITOE COOOIIEHNE, TAK KAK IIPU IPABIILHOM
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BBIGODE KII0YA MOIYIUTCA «OCMBICAEHHBINY TEKCT. B I1pyrux ciaydanx oObrd-
HO MOMYYAETCA (HEIUTAEMBINY TEKCT. 3agada 4.4 MMEHHO Ha dTO U PACCIU-
TaHa. HecMOTps HA TO, YTO MCHOIB3YyETCA (Ppa3a HA JATUHCKOM S3BIKE,
KOTOPOI'0 HIKOJBHUKN HE 3HAKT, MHOI'ME€ YYaCTHUKW OJUMIINAIBI CMOIVIN
yKa3aTh OTKPBITOE COODIIEHHE.

[MpyruM npuMepoM mudpa 3aMeHBl MOXKET CIyKUTh JO3YHIOBLIN mudp.
3Iech 3aMOMUHAHUE KIIOYEBOU MOCIEIOBATEILHOCTH OCHOBAHO HA, JIO3YH-
re — JIErKO 3amoMuHaeMoM caoBe. Hampumep, BEIGEpEeM CJI0BO-TIO3YHT «ye6-
HUK» 1 3aII0THAM BTOPYIO CTPOKY TaOMUIILI IO CJAEIYIOMIEMY IIPABUIY: CHa-
aJla BBIIINCBIBAEM CJIOBO-JO03YHI', a 3aTEM BBIIIUCBIBACM B a.JI(l)aBI/ITHOM I10-
pake OyKBbI and)aBuTa, He BOLIEANINE B CJIOBO-JI03yHT. Bropas cTpoka B (4)
IopuMeT BHU

y 9 e 6 H 1T K a B T iy X 3 O M [¢]
n p ¢ T ¢ x I W m B H B D b 4
B mamHOM caydae YMCIO BapUAHTOB KAIOYA CYUIECTBEHHO OOMBINE TUCIA
OykB andaBuTa.

PaccmoTpenusie mudgpel uMeoT ogHy caabocTb. Ecan B OTKPBEITOM CO-
O0IIeHNN 9aCTO BCTpedaeTca Kakaa-1100 OykBa, TO B MIM(MPOBAHHOM COO0-
[MIEHUN JACTO Oy €T BCTPEIAThCA COOTBETCTBYIOIINYN €U CUMBOJ WK OYKBA.
[MosTomy npu BekpbiTHE Mg pa 3aMEHBI OOBIMHO CTAPAIOTCI Hanbosee ga-
CTO BCTPEYAIOMIUMCSA CUMBOJAM MMu(pPOBAHHOIO COOOIIEHUA MOCTABUTL B
COOTBETCTBUE OYKBLI OTKPLITOI'O COOOIIEHUA C HAauOOJBIIEN IIPemo/iara-
eMOH YaCTOTOH MOABJICHMA. Ecau mmdppoBaHHOE COOOIIEHNE TOCTATOYHO
60JbIIOe, TO PTOT OyTh IPUBOAUT K YCIEXy, MaKe €CIu Bbl He 3HaeTe
KJIOYa.

KpOMe JaCTOTHI NOABJCHUA 6yKB, MOoryT OBLITH MCIOJB30BAHBI apyrue
00CTOATENBCTBA, MOMOTAIONNE PACKPHITL coobmmenue. Hampumep, moxer
OBITH M3BECTHA pa3bUBKa HA CIOBA, KaK B 3agade 4.2, 1 paccTaBJIEHbI 3HA-
KI IIPDEINNHAHWA. PaCCManI/IBaﬂ HEOOJIBIIIOE YHCJI0 BO3MOXKHBIX BapPpHUAHTOB
3aMEHBL Ui [IPEeajJOoroB U COX30B, MOXKHO IIOIBITATBHCA OIPDEICJUTh 1aCTh
KkmIo4va. B 2ToM 3amade CyNIECTBEHHO WUCIOJb3YEeTCsA, KaKWe TJIACHBIE WU
COTVIACHBIE MOT'YT OBITH YABOEHHBIMU: «HH», «€€», (HU» U IP.

[Mpn ananmse MUIPpPOBAHHOTO COOOIIEHUA CIEAYET UCXOAUTH U3 TOrO,
YITO YUCIO PA3INIHBIX BAPDUAHTOB OJIA TaCTU OIPEneaaeMOro KaK'a HE Ta-
KOe yK OOJIBIIoe, eC/IM BbI HAXOAUTECh HA IPABUILHOM IIyTHu. B mpoTuBHOM
cay4ae Jub0 BBl MOJMYYUTE MPOTUBOpPEUNe, AUO0 UUCIO BAPUAHTOB KJIHOTA
OyaeT CuIbHO BOo3pacTaTb. OOBIMHO, HAYUHASL C HEKOTOPOT'O MOMEHTA OIIpe-
IeJeHre OTKPBITOO COOOIIEHUs CTAHOBUTCA AeJI0M TexHuku. Tak, B 3ama-
4e 4.2, eciint BBl OIPEIeNnIA «I€HHO 1 HOIIHO», TO NAJLHENIIIEe OMPeIeJeHe
OTKPBITOT'O TEKCTa HE MPEACTaBJAACT TPYda.

Boob1ie-To MOXKHO CKa3aTh, ITO BCKPHITUE MIN(POB 3aMeHbI ABIACTCS
HUCKYCCTBOM U TOCTATOYHO TPYIHO (pOPMAIU30BATH STOT MPOLECC.

[Monynspuble y LIKOJIBHUKOB KPUITOrPAMMEL (TUIA PACCMOTPEHHOU B
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sagade 1.5) mo cyTu mena ABIAIOTCA MUAMPOM 3AMEHBI C KIIOYOM

0 1 2 3 4 5 6 7 8 9

m # ¢ p 3 a M e H H
B KOTOPOM KaxXI0U Iudpe CTaBUTCI B COOTBeTCTBUE OykBa. Ilpm sToM
JOTXKHBL CO6JIIOI[&TBCﬂ IpaBUIa apI/I(l)MeTI/IKI/I. 3TI/I OpaBUIa 3HATUTEIBHO
00JIeT9al0T OIpeneaeHrne OTKPBITOTO TEKCTA, TaK XKe, KaK [IPABUIa CUHTAK-
cuca u opdorpadpun B 3agade 4.2 06Jervar0T HAX0XK IEHIE T€TBEPOCTUIIINA
B. Bricouxkoro.

Jliob6BIe 0COOEHHOCTH TEKCTA, KOTOPBIE MOT'YT OBITH BaM M3BECTHBI, —
Bamu nomomHuku. Hanpumep, B 3agade 5.2 IpsaMo CKa3aHO, YTO B TEKCTE
€CThb BBIPDAXKEHUA «3MOT», «TIYK», KaK TaCTO OLIBAET B PEaJTBbHBIX TeJaerpaM-
Max. I aTa moackaska — MyTh K PEIICHUIO 331a4M.

[Mudpoanme gaxke OTHOCUTEALHO HEOOMBIINX TEKCTOB HA O THOM KII09e
IS pACCMOTPEHHBIX HIM(MPOB 3aMEHBI CO3JAET YCJIOBUA NI BCKPBITUA OT-
KPBITHIX cooOmenun. [loaToMy Takue mudpHl NETATUCH YCOBEPIIEHCTBO-
Barb. OIHO U3 HANPABIEHUN — MOCTPOEHUE MKU(PPOB PAZHOZHAMHOU 3aMe-
HEBEI, KOT'Ta Ka)K,E[OfI 6yKBe CTaBUTCA B COOTBETCTBUE ONUH WIN IBa CUMBOJIA.
(Ilpocrenmmm npumepoMm sBaseTcsa mudp, onpegeiaseMbln B 3agade 4.2.)
Hampuwmep,

a 6 B r o e X 3 1 K JI M H o I p
73 74 51 65 2 68 59 1 60 52 75 61 8 66 58 3

c Ty ¢ x I ¥Ymm B H B > B oA
69 64 53 54 9 62 71 4 67 56 72 63 55 70 57

Ecan mudpposanuoe coobinenne HAMUCAHO 0e3 mPOoOeIOB MEXK Iy CUMBO-
JIaMU, TO TIOABIAETCA AOMOTHUTEIbHASI TPYIHOCTh NIPU pa3bueHun mudpo-
BAHHOT'O COOOIIEHUS HA OTAENbHBIE CUMBOJIBI U CJIOBA.

[Ipyroe HampaBJeHUE CO3MAHUA IMUMPOB 3aMEHLI COCTOUT B TOM, HITO-
ObI MHOXKeCTBa mudgpobosaadenun M, comepxkanau 60Jgee OqHOrO DJIEMEHTA.
Taxue mudpH TONYIUIN Ha3BaHUE MU(MPOB MHOTO3HAYHOU 3aMeHbl. OHU
[TO3BOJIAIOT CKPHITH MUCTUHHYIO YacTOTY OYKB OTKPBITOIO COOOINEHUS, ITO
CYIIECTBEHHO 3aTPYIHAET BCKPBITHE DTUX HMMMPOB. [ 71aBHAA TPYIHOCTD,
KOTOpasg BO3HUKAET IPU MUCIOJL30BAHUUN TAKUX MU(GPOB, 3aKII0IAECTCA B
3AMOMUHAHUK Ka04a. Hano 3amoMHUTH HE OQHY CTPOYKY, & IS KaXIOU
OyKBHI andaBUTa (@ — MHOXKECTBO ee mmdpobosuaernun M,. Kak mpasu-
JIO, DJEMEHTaMU MHOXKeCTB M, sBasoTcsa ducia. U3 XyToxKecTBeHHOU Ju-
TepaTyphsl U KHHODUILMOB MPO PA3BEIIUKOB BaM U3BECTHO, UYTO BO BPEM
BTOPOU MUPOBOK BOMHBI 9aCTO UCIOJIbL30BAINCh TaK HA3LIBAEMbIE KHIKHEIE
mmdpbl. MHOXKECTBO MIpPOOO3HATCHUN 1A KK IOU OYKBBI OMpEeIeaieT-
€A BCEMU IITU3HAYHBIMU HAOOPAMU UMD, B KaXKIOM U3 KOTOPBIX IEepBLIE
OBe Pl YKA3BIBAIOT HOMED CTPAHUILI, TPEThI Hudpa — HOMED CTPO-
KU, 9eTBepTad U mATaA MADPHE — HOMED MECTa JAHHOU OYKBHI B YKA3AHHOU
crpoke. [TosToMy npu momMke pasBequuKa BCEra MBITAIUCH HAUTU KHUTY,
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KOTOpasA MOIIa OBITH UCIONB30BAHA UM B Ka4eCTBE KA.

Mz He ocranaBaumBaeMCs 34eCh Ha OOsee CIOXKHBIX METOAaX IOCTPOe-
Hys mudpPoOB 3aMeHbI. [IpUBeIeHHBIX IPUMEPOB NOCTATOYHO, ITOOHBI Ole-
HUTH MHOT0OOpasume Takux mudpos. Ho BCe OHM MMEIOT CEpHLE3HLIN He-
JOCTATOK — Ha OJHOM KIIOUe Helb3s MU@poBaTh TOCTATOYHO MJIWHHBIE
coobmenus. [TopTomy, Kak MPaBmiIo, MIUMPHI 3AMEHBI UCIOIL3YIOTCA B KOM-
6uHanuy ¢ apyrumu mudpamMu. Jame Bcero — ¢ mmudpaMu nepecTaHOBKH,
O KOTOPBIX BRI IPOYNATAETE B CJAEIYIOUIEM pa3iese.

B szakmtouenue, ciegys reposiM M3BECTHBIX JUTEPATYPHBIX IPOU3BEIe-
HUU, BCKPOeM HeKOTOpble mudpbl 3aMmenbl. OO0parTuTe BHUMAHUE HA TO,
KaK/e HEOXUIAHHBIE 00CTOATENLCTRA TIPU 3TOM UCIOIL3YIOTCA. [lerncTru-
TeJbHO, BCKPBITHE MU(PPOB — HUCKYCCTBO.

A. Kouan [omi, «ILismrymue 9eoBeIKm»

B sToMm pacckaze XonMmcy HEOOXOIUMO OBLTO IPOYMUTATH TEKCTHI TATH
BAMUCOK:

R Y SV VT G

1 ORI YRR A RN A XK

n ORI ALK RAAN

v AXHERFAL

v XRERPR B RRA LY R R B B
[TepBas 3ammcka ObLIa TaK KOPOTKA, YTO AJA BO3ZMOXKHOCTL XOJIMCY

cIeaaTh BCEro JUIIbL OTHO MPaB 00 00H0e MPEATOI0KEeHNe, OKa3aBIIeeCcs

BIIOCJIEICTBUYN HPABUILHBEIM. Ilo-Buaumomy, (paaru yrnoTpedJsiOTCs JIUIIb

ﬂﬂf{ TOFO, ‘{TO6BI oTMe4vaTh KOHI_H)I OTﬂeJIBHI)IX CJIOB. BO.TII)IHG HNYero 1mno

[IEPBOU BAINMCKE yCTAHOBUTL OBLLIO HEIb3sA. eTBepTas 3aIluCKa, II0 BCen

BUIMMOCTH, COAEPKAJIA BCEI'O OMHO CJIOBO, TAK KAaK B HEH He ObLIO (hJIaros.

Bropas m TpeTba 3anucky HAYUHAIUCH, HECOMHEHHO, C OMHOI'O U TOT'O
JKe cI0Ba 3 deTwipex Oyke. Bor sTo crnoBo:

} LJ : : o i
° ; ;
Ono xoHuaeTcs Tou ke OYKBOU, KAKOU 1 HaduHAaeTCsa. CIacTanBas MBICIb:

IUCHbMa, OOBIYHO HAUMHAIOTCSI C MMEHU TOT0, KOMY MUCHMO aapecoBaHo. e-
JIOBEK, mucaBmui Muccuc KpiobuT 3Tu mocaanus, ObLI, 6€3yCI0BHO, OJU3KO
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C HEeU 3HAKOM. BIIOJIHE €CTECTBEHHO, IYTO OH HA3BIBAET €€ MPOCTO MO UMEHMU.
A zoByT ee Wiacu. Takum o6pasom, XoIMCy CTajan U3BECTHLL TPU OyKBEHL: U,
MTuC.

B nByx sammckax mx aBTOp oOparmaercsa K muccuc Kpobur mo mveHu
u, Bugumo, 4ero-to tpebyer or Hee. He xouer am oOH, 9TOOBI OHA IpU-
18, KyOa-HUOYOb, TAe OH MOD C Hel MOroBOPUTH? XOMMC OOPATHICA KO
BTOPOMY CJOBY TPEThEW 3amucku. B HeMm 7 OyKB, U3 KOTOPBIX TPEThA U
nociaenusas — . XoJaMc IpeamnoaoXmi, ITo caoBo >Tto — [IPUX0IN, u cpa3y
okasasca oOmaxareneM eme 5 Oyks: II, P, X, 0, L.

Torga on 06paTWiICs K YeTBEPTOU 3aMKUCU, KOTOPAs MOABUIACH HA [BEPU
capas. XOJIMC IPEeANOI0KUI, YTO OHA ABIAETCSA OTBETOM U 9TO HAIMKCAJIA €€
muccuc Kewobut. [logcTaBuB B TEKCT yKe M3BECTHBIE OYKBEBI, OH IO JIUII:
-I-0-I-. Yro xe morua muccuc KpiobuT oTBeTUTH Ha NPOCLOY IPUATH?!
Buesanno Xoamc poragasncs: HIKOT'IA

BosBparuBuiuces K mepBou 3ammcke, XOJIMC IOy IUI:

- -I0-C- A- CJI-HU
On npegmnonoxwi, 4To Yerseproe cioBo — CIEHU D10 — damunns, upes-
BREIYAMHO pacmpocTpanenHas B Amepuke. KopoTenbkoe c0BO u3 1ByX OYKB,
crosee nepeq GaMuWiInen, o BCen BepoaTHOCTH, uMsa. Kakoe ke umsa Mo-
JKET COCTOATH n3 NBYyX OykB? B AMepuke BechbMa pacmpocTpaneHo nMs AG.
Teneps ocTaeTcs yCTAHOBUTH TOJIHKO IEPBOE CIOBO (PPa3bl; OHO COCTOUT
BCEro U3 OTHOU OYKBHI, U OTTaATh €r0 HETPYAHO: 3TO — MecTouMmenue f.
Manee X0omMC BOCCTAHABIUBAET COMEPKAHUE BTOPOU BAMUCKU:
wicn 4 -n-- - -JIPAO-A
* o o *

3Iech YKa3aHbI PAHULLL CJIOB, & CHU3Y OJUHAKOBLIMU CUMBOJAMUI OTMEYe-
HBL OJUHAKOBLIE OyKBEI. leTBEpTOE CIOBO COCTOUT M3 OFHOU OyKBBL (I1O-
BUIMMOMY, 3TO COK3 miu npemior). Byksut 0 u U yxke ompenenessr, C, A
u K — Toxke. Ocratorcs caegymoume BO3MOXKHOCTH: 3TO — aubo B, jm-
60 V. Bpsag au 570 — B, Tax Kak B DTOM CJIyYae MOIYYMIOCH OBl «HEYIU-
Taemoe» Tperbe cioBo -U-B. IlosToMmy, ckopee Bcero — 510 mpemior V.
He6oabmon mepe6bop HE3aJeNCTBOBAHHEIX OYKB MAET MPAB IOMOI00HYIO TH-
OTE3y O 3HAYEHUN TpeThero caoBa: XKUBY. Ckopee BCero, mociaeqHEee CI0BO
(-JIPUIXA) — MyKCKOe uMs, B KOTOpOM HeusBecTHas Oyksa — 3. [Tosromy
BTOpada 3anucka raacut: WICK A XUBY YV JJIPUIXA

Xo0aIMC TOCIAI TeIerpaMMy B HbIO-UOPKCKOE MOJUIENCKOE YIIPABICHUE C
sanpocoMm o ToM, Ko Takou A6 Ciaenn. [loctynui orser: «Cambilt OmacHbIA
GauauT B Hukaro».

Cpa3y mocae 5TOro HOABUIACH NOCAEAHAA (D-51) 3alUCKa, B KOTOPOU He
xBaTano Tpex Oyks: UICH I'0-0BbCA K C-EP-U, u3 KOTOPOU Cpa3y ompeme-
astoTcsa OykBel M u T:

WICK T'OTOBBCA K CMEPTH
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[lecras 3anucka ObLIA HAIPAaBIEHA XOJIMCOM IPECTYIHUKY:
ALKRRAL KRR RAAR

3. Ilo, «3oa0TON XKYK»

Hangen mepraMeHT ¢ TekcTOM KpunTorpamMmbl. [Ina yno6cTsa mpoHy-
MepyeM II0 IOPALKY BCE CEMBOJBI 3TOI'O TEKCTA:

123 4 567891011 12 13 14 15 16 17 18 19
53 # # +305) ) 6 * ; 4 8 2 6 ) 4
20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
# o ) 4 # ) ; 8 0 6 * ; 4 8 + 8 [
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52

6 0 ) ) 8 5 ; ; ] &8 * ; : #F * 8

53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69
+ 8 8 ( 8 8 ) 5 * + ; 4 6 ( ; 8 8
70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
*9 6 * ? ; 8 ) *#H# (; 4 85 ) ;
87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102
5 % 4 2 : * # ( ; 4 95 6 * 2
103 104 105 106 107 108 109 110 111 112 113 114 115
5 * = 4 ) 8 O 8 * ; 4 0 6
116 117 118 119 120 121 122 123 124 125 126 127 128
9 2 8 5 ) ; ) 6 + 8 ) 4 #
129 130 131 132 133 134 135 136 137 138 139 140 141 142

# ;1 ( # 9 ; 4 8 0 8§ 1 ; 8
143 144 145 146 147 148 149 150 151 152 153 154 155 156
;8 # 1 ; 4 8 + 8 5 ; 4 ) 4

. ) )

157 158 159 160 161 162 163 164 165 166 167 168 169
8 5 + 5 2 8 8 0 6 * 8 1 (
170 171 172 173 174 175 176 177 178 179 180 181 182

# 9 5 4 & ;5 ( 8 8 ; 4 ( #
183 184 185 186 187 188 189 190 191 192 193 194 195
£ 3 4 5 4 8 ) 4 # ; 1 6 1
196 197 198 199 200 201 202 203 204
; : 1 8 8 ; # 2

Kpowme Toro, Ha nepramenTe n3o0paxKeHsl 9epen U KO3JIeHOK. [JIaBHLIN re-
POU pacckasa paccy X Ial CIeIyIoMmuM 06pa3oM. 110 aHTInuCKY KO3IEHOK —
kid; gepen ceasan ¢ kanuranom Kugnom, no anrmuncku — kidd. Koszenok
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OBLLT HAPUCOBAH HA MEPraMeHTe B TOM MeCTe, I'Jie CTABUTCA moanuch. U3o-
OpaxKeHUe depena B IPOTUBOIOJIOXKHOM IO AMATIOHAJIU YIVIy HABOAUIO HA
mbicab 0 medatu win repbe. Kamuran Kugn Bragen mecmernesim 6orart-
ctBoM. Kuja, HACKOJBLKO MBI MOXKEM CYAUTH O HEM, He CyMesa ObI COCTaBUTH
UCTUHHO CJIOXKHYI0 KpunTorpammy. [lo-euaumomy, sTo 6bLra mpocTas 3ame-
Ha. Bo3HUKaeT TOJBKO BONMPOC O A3LIKE, HA KOTOPOM OBLT HAMMCAH TeKCT. B
JAHHOM CJIy9ae TPYAHOCTEU C ONPEeNeJeHUeM S3LIKA He OBLIO: MOANUCH Ia-
Basa pasragky. Urpa caos kid u kidd BosmMoxHa UL B aHIIXACKOM A3LIKE.

TekcT KPUOTOrPAMMBL UAET B CILUIOIIHYIO CTPOKY. 3anada ObLia ObI Ha-
MHOI'O IIPOIIE, €CIU ObI OTAEIbHBIE CJI0OBA ObLIM OTAeaeHbI npoberamu. To-
T2 MOXKHO OBLTO OBI HAYATh C AHAIN3A U CAnYeHnsa Oo1ee KOPOTKUX CJIOB, U
KaK TOJIBKO HAILIOCH OBI CIOBO U3 OFHOU OYKBBI (HAIPpUMED, MECTOMMEHUE
«I» WA COKO3 (M» — [UIA PYCCKOT'O A3LIKA), HAYAIO ObLIO O ToM0KeHo. Ho
IIPOCBETOB B CTPOKEe He OBLIO.

[IpuxoauTCcsa MOACIUTHIBATL YaCTOTHI OJAWMHAKOBBIX CUMBOJOB, ITOOBI
V3HATDb, KaKUe U3 HUX Jallle, a KaKue pexe BCTPEUAI0TCSI B KPUITOTDAMMe.
B pesyabrare nmoxyumiachk Tabinia 9acTOT BCEX CHMBOJIOB:

8 ; 4 ) # *56(+1029:320e] =
34271916151412119 8 7655443211 1

B aHnmunckon muChLMEHHOU pedn caMmas dacTas Oyksa — e. lamee uayT
B HHUCXOJAIleM Inopsaike: a, o, i, d, h, n, r, s, t, u, y, ¢, £, g,
1, m, w, b, k, p, q, X, z. Byksa e, o1HaKO, HACTOIHLKO TACTO BCTPE-
YaeTCsA, YTO TPYAHO MOCTPOUTHL Ppasy, B KOTOPOU OHA HE 3aHUMANA ObI
TOCHOACTBYOIIEro momoxkeHusa. ITak, yxke cpa3y y HaC B pyKaX Iy T€BOTHAA
uuth. Cocrasiaennas Tabauia, BOOOIIE POBOPS, MOXKET OLITH OYeHb [OJE3HA,
HO B JAHHOM CJIydae OHA MOHAIOOWIACH JUIIL B HadYaIe PAOOTHI.

IMockoabky cuMBOJI 8 BCTpedaeTCs Jallle APYTUX, IPUMEM ero 3a OyKBY
e aHIIMUCKOro andasuTa. [ IPOBEPKU STOU MUIOTE3LI B3IVISHEM, BCTPE-
YAETCA JU DTOT CUMBOJ ABANKIBI TOAPAL, TAK KAK B AHTIUUCKOM A3LIKE
OyKBa e 9aCcTO yABAMBAETCs, HATIpUMED, B caoBax meet, fleet, speed, seen,
seed, been, agree, u T. 1. X0TsA KPpUOTOrpaMMa HEBEIWKA, Mapa 88 crout B
HEM IITH pPa3.

Camoe dacToe CIOBO B AHIVIMUCKOM S3BIKE — ONPENEJEHHLIN APTUKIb
the. ITocMoTpuM, HE TOBTOPAETCS iU Y HAC COYETAHNE U3 TPEX CUMBOJIOB,
PACIOJOKEHHBIX B OJUHAKOBOU MOCICIOBATEIBHOCTA M OKAHUUBAOIIUAXCA
cumsosiom 8. Eciau Takoe maummercs, TO aTO OyeT, O BCEU BEPOATHOCTH,
the. IlpurisaeBmucs, HAXOAUM CeMb Pa3 COYETAHUE U3 TPEX CUMBOJIOB ;4 8.
Urak, MBI uMeeM TPABO MPEANON0KUTH, YTO CUMBOI ; — DTO OyKBa t, a
4 — h; BMeCTE ¢ TeM NOATBEPXK JAETCA, 9TO 8 — DTO NEeUCTBUTEILHO e. Mbl
CIeJANIN BAYKHBIU IIAT BIEPEL.

To, ¥T0 MBI pacuudpoOBaIN IEI0E CIOBO, IOTOMY TaK CYIIECTBEHHO, ITO
MO3BOJISIET HAUTY IPAHUIILI HEKOTOPHIX IPYTHUX CJIOB. [lJIsi mpuMepa BO3bMeM
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IpenoCIe[Hee U3 COYeTAHUN dTOr0 pona ;48 (nosunuu 172-174). U nymwmn
cpa3y 3a 8 cuMBOJ ; OygeT, KaK BUIHO, HAYAJLHOU OyKBOW HOBOI'O CJIOBA.
Bremumiem, saunnas ¢ zero, 6 cuMBOIOB moAps. TONBKO OQUH M3 HAX HAM
mesHakoM. OO03HAYMM M3BECTHBIE CUMBOJBI OYKBAMUM W OCTABUM CBOOOM-
HOE MECTO /s HeM3BECTHOI'O CUMBOJIA (OOO3HAYMM €ro TOYKOH) t.eeth,
HI OJHO CJIOBO, HAMMHAMOMeEeCA ¢ t u cocTosmee u3 6 OykB, He IMeeT B aH-
DIMUCKOM sA3bIKe OKOH4YaHus th. B sTom merko ybeaurbes, momgcrasiss Ha
cBOOOIHOE MeCTO Bce OyKBHI O odepenu. llonmpobyeM oTO6pOCUTH IBE MO-
crenHve OYKBBL U IIOIYINM t . ee, IJIA 3aII0JHEHUA CBOOOIHOI'O MeCTa MOXKHO
CHOBA B3ATHCA 33 aipaBuT. EIMHCTBEHHO BEPHBIM IPOYTEHUEM 3TOrO CJIO-
Ba OymeT tree (mepeso). B Takom ciaydae MBI y3HaeM erne oqHy OyKBY —
T, OHa ODO3HAYEHA CUMBOJIOM ( X MBI MOXKEM IPOYATATL ABA CJIOBA IOI-
pAnm the tree, B TAJTbHEUIIEM DTa TUMOTE3a MOXKET JUOO0 MOATBEDIUTHCA,
aub0 IPUBECTH K HEKOTOPOMY «HeIuTaeMomy» (dpparmenty. B mocremuem
CIydae caeqyeT IMONBITATHCA BOCCTAHOBUTH JUOO CIOBO t.e, aubo t.eet,
aubo CI0BO, IEJUKOM BKJIMOYAOIIEe B ceOsa t.eeth

PassuBaem ycmex. Hemuoro manee (186-188) maxoamm yxe 3HAKOMOE
HaM coueTanue ;4 8. IlpumeM ero onsATh 3a MPAHUILY HOBOT'O CJIOBA, U BHIMU-
[IeM LEJBIU OTPHIBOK, HAYMHAA C ABYX pPACHM(pPOBAHHBIX HaMu CJOB. [lo-
JyvIaeM TaKyIo 3aIuCh:

the tree ;4(#%34 the
3aMEHUM YK€ M3BECTHBIE CUMBOJILI OYKBAMMU:

the tree thr#?3h the
a HEU3BECTHBIE — TOYKAMMU:

the tree thr...h the
Her Hukaxoro coMHeHus, 4TO HeACHOE CIOBO — through (depes). DTo or-
KPBITHE JaeT HaM elle TPU OYKBEI — O, U U g, OOO3HAYMEHHBEIE B KPUIITO-
rpaMMe cuMBosaMu # ?u 3.

HangnuceiBasg Ha yiKe ONpEIETeHHBIMU CUMBOJIAMU KPUTITOIPAMMEL UX
3HaYeHUs, HaxoauM BOIM3M OT ee Hadada (mosuuuu 54—58) rpymmy cum-
BOIOB 83(88, KoTOpas YMTAETCA TaK egree, BTO, KOHETIHO, CIOBO degree
(rpamyc) 6e3 mepsou OykBbl. Temepb MbI 3HaeM, 9TO OykBa d 06O3HAYMEHA
cumBosIOM +. Beren 3a croBoMm degree uepes 4 cuMBOJIA BCTPEYIAEM I'DYIIILY
;46(;88%* 3aMeHUM M3BECTHBIE CUMBOJBL OyKBAMU, & HEM3BECTHBIE — TOY-
kamu th.rtee, mo-BUAUMOMY, Iepel HAMU CJIOBO thirteen (TpuHaguaTh).
K wm3BecTHbiM HaM OykBaM mpuOABMINCHL i U n, 060O3HAUYEHHLIE B KPUITO-
rpamme cuMmBoaaMu 6 m ¥,

Kpunrorpammva nadunaercsa tak: 537 #+. llogcrasiasas OYKBBL U TOY-
KU, IoJayvaeM .good, HegocTaromasa OykKBa, KOHEYIHO, a, U, 3HAYUT, IBa [Iep-
BLIX CJIOBa OyAyT 4UTAThC Tak: a good (xopommui). OupeneneHs cieayio-
mue 11 cuMBOJIOB:

5 + 8 3 4 6 * # ( ; ?
d e g h i
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Ha srom anamus . [lo 3akanuusaercs. [JamsHeninyo paboTy IpoaeaaeM
CaMOCTOATEIBHO.

Yerseprom no gacrore (16 BXOXKIEHMI) CUMBOI ) ele He ONpPEIeNeH.
BosepaTumes k guarpaMme BCTPEIaeMoCTH GYKB aHIVIMACKOro s3bika. Cpe-
IW TIEPBOrO NeCATKA OYKB DTOM AMArDAMMEL y HAC HE BCTPETWIACH JIAMID
OykBa s. OHa — IIepBBIN IPETEHIEHT Ha 3HAYEHNE CUMBOJA ). DTa MUIOTe-
3a NOATBEPXKAACTCA TEM, ITO BPAL U ) 0603HATAET IVIACHYIO OyKBY, Tak
KAK B TAKOM CJIy9ae MBI MOTYIUIN Obl «(HEIUTAEMBIE) (DPATMEHTEL

6 7 8 9 10 11 12
g . a ) ) i n
wiw

37 38 39 40 41 42

i . ) ) e a

To, 4T0 cuMBON ) — >TO GYKBa S, JErKO NMPOBEPAETCS HA YIACTKE KDPU-
nrorpaMMEeL ¢ 60-11 1o 89-10 mosumuu .and thirteen .inutes north east
and IosToMmy momaraem, 4To cumBoa ) — sto s. IlomyTHO ompenenuiocs
3Ha4YeHue cCuMBOIa 9, 3TO — m.

[Tepebupas Bo3MOxkHBIE 3HAYEHUST CUMBOJIA (), CTOSIIErO HA HO3ULUAX [
7 28 KpUNTOrpPaMMEBL, yOEKIAEMCA B TOM, YTO €IMHCTBEHHO BO3MOMKHBIM
ero 3HaveHWEeM MOXKeT ObITh Juimb Oyksa 1 (glass — crekao, hostel — 06-
[MIEXKUTHUE, COCTUHULIA, UIA TPAKTHUP).

Onpenensiem, manee, 3HadYeHre cCUMBOIA [ KaK v IO (pparMeHTy TEKCTa,
B nosunuax 107-113.

Tenepsb Ha yIacTKe TeKCTa ¢ 22-1 110 70-10 TO3UIUYA OCTAIUCH HEOTIPEIe-
JIEHHBIMU JIUIIb 3HAYEHNs CUMBOJIOB | U :, BCTPETUBIINXCSA IO OJHOMY Dasy.
OueBUAHO, 9TO CUMBOJ | — BTO W, & CUMBOJ : — 3TO y. Tenepb HA ydacTKe
TekcTa ¢ 172-u1 mo 204-10 mO3UIUK He BLIABJICHO JUIIL 3HAYEHNE CAMBOIA, 1,
KOTOPOE, KAK HETPYIHO 3aMETUTh, MOXKET ObITH JUIIb OyKBOU f.

CumBon 2, crosaumu Ha mo3uiuax 117 u 90, oueBuHO, 3aMeHAET OYKBY b.

Ocranoch OnpenennThb JAIIbL 3HAYCHAA CUMBOJIOB @ 1 =. HebGoabmon me-
pebop elre HEYCTAHOBIEHHBIX OYKB IOKA3BIBAET, 9YTO CUMBOJI = — DTO C, &
CUMBOJI ® MOXKeT 00603Ha4YaTh ONHY u3 OYKB k, p, q, x win z. O6parTus-
[INCh K CJIOBAPIO, HAXOAWM €JUHCTBEHHOE IOAXO/sIIee OKOHIAHUE P CJIOBa
bishop (emmckomn, cioH).

Taxum 06pazoM, OMHO3HAYHO OMPEAeNUINCh 3HAYMeHusa Bcex 21 cuMBO-
JIOB, BCTPEYAIOMXCA B Kpunrorpamme. [oayamicsa cieayommun OTKPLITHIN
TEKCT:

«A good glass in the bishop’s hostel in the devil’s seat twenty one degrees
and thirteen minutes northeast and by north main branch seventh limb east
side shoot from the left eye of the death’s head a bee line from the tree
through the shot fifty feet outy.
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B mepeBoge Ha PYyCCKUU A3BIK: «XOpOILIEe CTEKJIO B TPAKTHUPE ENUCKONa Ha
Y4epTOBOM CTyJe ABAaANATH OAWH I'PAaAyC M TPUHAAUATH MUHYT CeBEpO-CeBepo-
BOCTOK IVIABHBIZ CYK CeIbMas BETBb BOCTOUHAA CTOPOHA CTPEJAN U3 JIEBOT'O IIa3a
MEPTBOU MOJOBLI IPAMAaA OT A€PEBA YePe3 BHICTPET Ha MAThIAECAT (yTOB».

Boccranosirennas IpocCTasa 3aMeHa:
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2K. BepH, «IlyTemecrsue K HeHTPY 3eMJINA»
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«DTO — PYHUYECKUE MMCHMEHA; 3HAKM 3T COBEPILIEHHO [TOXO0XKY Ha, 3Ha-
xu manyckpunta Cuoppe. Ho ...49TO ke OHUM 03HAYAT? — CIPAIIXBAET
npogeccop, — ... Bean 3To Bce ke npeBHenCIaH[CKUN A3LIK, — OOPMOTAI
oH cebe mox HOC». U3ydeHue pykomucyu mpuBesao mpodeccopa K BBIBOAY O
TOM, ITO DTO 3amudpoBanHHoe coobmenue. /11 ero mpouTeHus npodeccop
pemuniI 3aMEeHUThb 6yKBbI COOGH_IGHI/I}I X aHaJIOr'aMM B COBPEMEHHOM HEMeEeIl-
koM andasuTe: «A Teneph 1 OyIy IUKTOBATH Te€OE, — TOBOPUT OH CBOEMY
MIOMOIIHUKY, — OYKBBI HAIIEr0 aJ(paBUTA, COOTBETCTBYIOIINE KAXK IOMY U3
DTUX UCIAHACKUX 3HAKOB». OH HA3BIBAJI OAHY OYKBY 3a ADYT'OU, X TAKUM
06p330M IIocjaen0oBaTeJIbHO COCTABIAJIACH T&G.HI/II_Ia HEIIOCTUXKMMBIX CJIOB:

m.rnlls esreuel seeclJde
sgtssmf unteief niedrke
kt,samn atrateS Saodrrn
emtnael nuaect rrilSa
Atvaar .nscrc ieaabs
ccdrmi eeutul frantu

dt,iac oseibo Kediil
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MoxHO OBLIO TIPEATIONOXKUTL, ITO TAWHCTBEHHAA 3AMNCH CHEIAHA Of-
HUM u3 o0najarenell KHUTM, B KOTOPOU HAXOAWICsA mepramenT. He ocra-
BWI JU OH CBOEr0 MMEHW Ha KaKOU-HuOyab crpanune?! Ha obGopore BTO-
POU CTPAHUILI TPODECCOP OOHAPYKUI ITO-TO BPOJE MATHA, MOXOXKETO Ha,
YEePHUWIBHYIO KJAKCY. BOCIONB30BABIIUCH JIYIIOW, OH PA3IMYUAT HECKOABKO
HAIOJOBUHY CTEPTHIX 3HAKOB, KOTOPBIE MOXHO OBLIO BOCCTAHOBUTH. [lomy-

YnaIacCh 3aIlllChb 1 A\L 1 Vl/l r L '\ q V] 1 Y KOTOpas YUTaJdaCh KakK

«apHe cCakHycceMmy — uMs yueHoro X VI cronerus, 3HAMEHUTOr0 aaxuMuKa,

[Mamee mpodeccop paccyxgan Tak: «JoxkymenT comep:xkuT 132 OYKBHI,
79 cormacHBIX U 53 rIacHBIX. [IpuOIM3NTEILHO TaKOe XKe COOTHOIIEHNE CY-
IIECTBYET B IOXKHBIX A3BIKAX, B TO BPEMs KaK HAPEIUS ceBepa OECKOHETHO
6orave coracHbiMu. CiIeroBaTENbHO, MBI UMEEM [0 C OJHUM W3 FOKHBIX
SA3BIKOB.Y «. .. CakHycceM, — mpogoKal npodeccop, — ObLI yIEHBIN YeI0-
BeK; MMODTOMY pa3 OH IHUCAJT He Ha POAHOM SI3BIKE, TO, PA3yMeeTCs, TOMKeH
OBLT OTHABAThH MPEAIOYTEHNE A3BIKY, OOIMIENPUHATOMY cpeaur oO6pa3oBaH-
ubix ymoB X VI Bexa, a umenno — sarunckomy. Ecau s ommmbarocs, TO MOX-
HO Oy IeT UCTIPOOOBATH UCTTAHCKUY, (DPAHILY3CKUN, UTATLAHCKUN, TPEIECKUAN
win espeuckuu. Ho ydenwie XVI cronerus mucasum OOBIMHO MO-IATUHCKU.
Taxum 06pa3oM, s BIpaBe NIPU3HATH HE MO IJIEKAIINM COMHEHUIO, 9TO 3TO —
JATHIHb.»

«BeMoTprMEst XOPOIIEHBKO, — CKa3aJl OH, CHOBA B3SIB UCIUCAHHBIU JIU-
cTok. — Bor pag uz 132 O6ykB, pacmoIoKeHHBIX KpanHe 0ecrnopanouao. Bor
CJIOBa, B KOTOPBIX BCTPEYAIOTCA TOJIBKO COIVIACHBIE, KAK, HalIpUMep, [IepBOe
m.rnlls; B IPYIuX, HAIPOTUB, IPe0OIafAI0T TJIACHBIE, HAIIPUMED, B IIATOM
unteief, wiu B mpeanocaequem — oseibo. O4eBUAHO, YTO 3Ta PYHIUPOB-
Ka He CIyYarHa; OHA MPOU3BEIEHA aBTOMATUIECKH, TIPU TOMOIIM HEU3BECT-
HOI'O HaM COOTHOIIEHUA, KOTOPOe ONPEJeTINIO MOCAEI0BATENbHOCTD DTUX
6ykB. fl cuuTar HEeCOMHEHHEBIM, YTO MEepBOHAYANbHAA (pa3a ObLIA HAIIKCA-
Ha MPABUIBLHO, HO 3aTEeM M0 KAKOMY-TO MPUHIIUNY, KOTOPLI HATO HAUTH,
10 ABEPIIach IpeobpasoBanuo. ToT, KTo Baages ObI KII0YOM 3TOro mudpa,
cBoboaHO mpouen 661 ee. Ho 4To 510 3a xmou?»

«[Ipu xemasuym 3aTeMHATEH CMBICT (DPA3BI IEPBOE, ITO IPUXOTUT HA YM,
KaK MHe KayKeTCsA, 9TO HAIINCATh CIOBA B BEPTUKAILHOM HAIIDABJICHUN, & HE
B I'OPU30HTAILHOM». IIpoBepssa »Ty runoTesy, OH HaYaJd AUKTOBATDL, HA3bI-
Bad CHAYaJa MepBble OYKBBHI KaXJA0I'O CJIOBA, IOTOM BTODHIE; OH TUKTOBAJ
OyKBBI B TAKOM IIOPAIKE:

messunkaSenrA.icefdoK.segnittamur tnece

rtserrette,rotaivsadua,ednecse dsadnelak
artniiiluJsiratracSarbmuta biledmekmeret

arcsilucolsleffenSn I

C momyveHHBIM TEKCTOM Y IPO¢ECccopa AOAr0 HUIErO HE BEIXOIUIO. DTO
moyuTy mpusesno ero B ordasHue. OIHAKO «. .. COBEPIIEHHO MANIMHAIBHO 5
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cTan oOMaxmBATBHCA DTUM JUCTKOM OyMaru, Tak 9UTO JUIEBad M 000pOT-
Hasf CTOPOHEL JUCTKA IIONEPEMEHHO IPEeNCTABAIM Iepe] MOUMU I[VIA3aMU.
... KakoBo xe 6110 MO€ m3yMmiIeHue, KOrjaa BAPYD MHE [MOKA3aJI0Ch, 9TO IIe-
PEeIO MHOU MPOMEILKHYJIN 3HAKOMEIE, COBEPIIEHHO ACHBIE CI0BA, JATUHCKUE
cimoBa: craterem, terrestrely /[eso B TOM, 9TO YUTATL DTOT TEKCT HYXKHO
OBLIO HE CJEeBa HAMPaBO, KaK OOLIYHO, a HaobopoT! Takum oGpasom, cay-
Yay MOMOT IPOMECcCOpy HAUTH K04 K PELIeHNIo 3a1a49d. [JOKyMeHT riacui
cregyromee:

«In Sneffels Ioculis craterem kem delibat umbra Scartaris Julii intra
calendas descende, audas viator, et terrestre centrum attinges. Kod feci.
Arne Saknussemy.

B mepesoge »To ozuauano: «Cuoycruck B kparep Exyan Caandemninse, ko-
Topbil Terb CKapTapuca JACKAeT Mepej WIOJbCKUMY KAJICHTAMU, OTBAXK-
HBII CTPAHHUK, U THI JOCTUTHEIL HEHTPa 3eMIn. DTO A coBepurmi. ApHe
Caknmyccem.

3. IIIndprr nepecTranoBKH

[Tudp, npeobpasoBanus w3 KOTOPOr'O U3MEHAIOT TOJBKO TOPAIOK CJAENO0-
BaHWA CUMBOJIOB ICXOQHOI'O TEKCTa, HO HE U3MEHAIT UX CaAaMUX, HA3bIBA€TCsA
mmudpom nepecranosku (IIIT).

PaccmoTpum mpeobpasosauue us III, mpeqnasuacensoe qas 3ammdpo-
BaHMs COOOIIEHUs IJIMHOU 1 CUMBOJIOB. EI'0 MOXKHO NpencTaBUTL C IIOMO-

B0 TAOIUITBI
1 2 ... n
(il io ... zn) ’ (6)

rje ¢1 — HOMEp MecTa MUPPTEKCTa, Ha KOTOPOe IoIagaeT nepeas OyKBa
MCXOTHOT'O COOOIIEHUS TIPU BRIOPAHHOM MPeoOpa3OBAHUN, 15 — HOMEpP Me-
CTa M BTOPOU OYKBEL U T. 1. B BepxHenm CTpOKe TaOMUILI BHINMCAHLI 110
MIOPALKY IUCIa OT 1 10 7, a8 B HUKHEN — Te XK€ YUC/Ia, HO B IIPOU3BOJILHOM
mopsaake. Takas TabMUIa HA3KIBAETCA MOACTAHOBKON CTETICHU .

3Hasa [IOJCTAHOBKY, 3aJaIOLIyI0 IPeoOpa3oBaHKe, MOXKHO OCYIIECTBUTL
Kak 3ammudppoBaHue, Tak u pacmudpoBanue Tekcra. Hanpumep, ecan mis
Ipeo6Pa30BaAHUS UCHIOJBL3YETC MOACTAHOBKA,

1 2 3 4 5 6

5 2 3 1 4 6
“ B COOTBETCTBUU C HeU 3amudpoBeBaeTCAa ¢10B0 MOCKBA, TO momyvuT-
cs KOCBMA. ITonpo6yure pacmudposars coodmenune HUERVK, morydentoe B
pe3yIbTaTe MPeoOpPa3OBAHUA C TIOMOIIBI0 YKA3AHHOU BHIIIE TIOCTAHOBKH.

B xagecTse YOpPaXHEHUA YUTATENI0 IIpeqIaracTcsa CaMOCTOATEIBHO BbI-
OUCaTh NIOACTAaHOBKH, 34 a0IINeE HpeO6paBOBaHI/IfI B OIIMCAaHHBIX HU2KE TpeX
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nprMepax mudpoB nepecTaHoBKU. OTBETHI MOMEIIEHBI B KOHIE Pa3ae-
Ja.

YuraTens, 3HAKOMBIA ¢ METOJOM MATEMATUIECKON WHIYKIUM, MOXKET
JErko yOeAUTHCs B TOM, 4TO cymecryeT 1-2-3 ... n (obo3Hauaercs
n!, auraeTca «n GaKTOpUAT») BADUAHTOB 3AIOJHEHNA HUKHEN CTPOKYA Tal-
Juuet (6). Takum 06pasoM, IUCIO PA3IMIHBIX IPEOOPA30OBAHUN MHADPA [1e-
PECTAHOBKY, TPEIHAZHAYCHHOrO M1 3aImuh)pOBAHUA COOOIIEHUN IIUHEL 1,
MeHbIIe 100 PaBHO 1! (3aMeTuM, 9TO B 3TO YUCIO BXOJUT U BAPDUAHT IpPe-
00pa30BaHUs, OCTABIAILIMY BCE CUMBOJIBL HA CBOMX MecTax!).

C yBenuvenvem [ucia n 3HadeHue n! pacrer odeHb 6wicTpo. [puBenem
Tabauily 3uavenun n! 1 nepsuix 10 HATYPATBLHLIX YUCET:

n |1|23|4] 5 6 7 8 9 10
n!|1]2|6]|24]|120 | 720 | 5040 | 40320 | 362880 | 3628800

[Tpw Goapmux N 1IA TPUOINKEHHOTO BLIMHCIEHAA 1! MOXKHO MOIb30BATHCA
m3BecTHOU popmyaon CTupavura

n n
n! = V2mn (—) ,
e

rae e = 2,718281828. .. .

IMpumepom III, mpegHasHAYEHHOTO A 3amUppPOBAHUA COOOIICHUN
[UIAHBL 7, IBJISAETCA UMD, B KOTOPOM B KAI€CTBE MHOXKECTBA, KIOYEN B3si-
TO MHOXKECTBO BCEX MONCTAHOBOK CTEIEHU N, a COOTBETCTBYIOIINE UM Ipe-
obOpasoBanua mm@pa 3aIaI0TCA, KaK ObLIO OMMCAHO BLIIE. UMCIO0 KIHOYen
Taxoro mmdpa paBHO n!.

s MCIIOAB30BAHUSA HA IPAKTUKE TAKOU UMD He yI00eH, TaK KAK MPU
OOJIBIINX 3HAYEHUAX 7l IPUXOAUTCA pabOTATh C IIMHHBIMYU TAOIUIIAMUA.

[MMupoxoe pacupocTpaHeHNE OIYIUIN MIUQPPHI TEPECTAHOBKHU, UCIOIhH-
3yIOIpe HeKOTOPYyIo reoMmerpudeckyio gurypy. IIpeobpaszosanus us >Toro
mmdpa COCTOAT B TOM, UYTO B (GUTYPY UCXOAHBIM TEKCT BIUCHIBAETCA MO
XOIY OTHOT'O «MAPIIPYTay, & 3aTEM IO XOAY APYTrOro BHIMUACHLIBAETCS C HEe.
Taxkon mmdp HA3BIBAIOT MapPIIPYTHOHU IEepecTaHoBKou. Hampumep, MOXHO
BIUCHLIBATH UCXOMHOE COOOINEHUE B IPAMOYTOJBHYO TabJIUIy, BHIOPAB Ta-
KOU MapUIPYyT: O TOPU3OHTANN, HAYUHASA C JEBOI'O BEPXHErO yIVa MOOYe-
PEIHO CJeBa HAIPABO U CIPaBa HAJEBO. BHIMUCHIBATE ke COOOIIeHNe Oy aeM
10 IPYrOMY MAapIIPYTy: IO BEPTUKAIN, HAYAHASI C BEPXHEr0 IPABOrO yIia
U IBUTAsCH MMOOYEPEIHO CBEPXY BHU3 U CHU3Y BBEDX.

Samudpyem, HAIpUMEp, YKA3AHHLIM CIOCOO60M ppasy:

TIPYMEPMAPIIPY THOATIEPECTAHOBKY
UCIOJIB3YA MPAMOYTOJIBHUK pasmepa 4 X 7:

n(p[u[M[E[P[NM
H{T|v|[P|u[P|A
ola|lo|E|P|E]|C
H|K[B|lO[H[A]T
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SanmdpoBanHas (ppas3a BEIMVIAIAT TAK:
MACTAEPPENPHOEPMUYIIBKITPIIHOK
TeopeTudeckn MapmIpyTH MOTYT OBLITH 3HAMUTENLHO O0I€€ U30UIPEHHBIMU,
OJHAKO 3aIly TAHHOCTH MAPIIPYTOB YCJIOXKHIET UCIOJIb30BAHNE TAKWAX IIU-
¢poB.

Huxe mpuBogsTcs omucaHus Tpex pa3sHOBUIHOCTEHU IMUMPPOB MEPeCTa-
HOBKU, BCTPEYABIINXCS B 331a9aX OJUMIIAAL.

Mudp «Cumramnay. OqHEM U3 CAMBIX MEPBBIX MU(MPOBAIBLHBIX MIPU-
criocobmenunt 6bwt xe3in («Cuuranay), IPUMEHsBIIXICA e1e BO BpEMEHa, BOU-
ubl Cnaprel npotus Adus B V Beke 10 H. 3. DTO OBLT HUIXHIP, HA KOTOPBINA
BUTOK K BUTKY HAMATHIBAIACH Y3Kas MANUPYCHAA JeHTa (03 IpOCBETOB U
HAXJIECTOB), & 3aTEM Ha DTOU JIEHTE BIOJIb €r0 OCHU 3AIICHIBAJICA HEOOXO0 M-
MBI [ TIepefavn TeKCT. JIeHTa CMaTHIBATACH C IIUINHIPA, U OTIPABIAIACD
ajgpecary, KOTOPBIA, UMes MUJIXHIP TOYHO TAKOrO XK€ ArnaMeTpa, HAMaThI-
BAJ JIEHTY Ha HEr0 W MPOYUTHIBAI cOooOIenue. fIcHO, YTO Takou crmocob
mppOBAHUS OCYLIECTBIAET IEPECTAHOBKY MeCTaMU OyKB COOOIIEHUS.

Iupp «Cruranar, Kak BUAHO U3 pemieHus 3agaqn 2.1, peaausyer He
6osee n MEPeCTaHOBOK (7, MO MpeXHeMy, — IInHa coo0menus). JlencTu-
TEJIBHO, 3TOT WUdP, KAK HETPYAHO BUAETH, DKBUBAJCHTEH CJEIYIOIIEMY
Py MapIIpyTHOU TEPECTAHOBKU: B TAOJIUILY, COCTOAIIYIO U3 11, CTOJIO-
1IOB, MIOCTPOYHO 3AMUCHIBAIOT COOOIIEHNE, ITOCAEe Uer0 BHIMACHIBAIOT OGYKBBI
o cronbnaM. duciio 3a1eMCTBOBAHHLIX CTOMOLOB TAOINIEL HE MOXKET IIpe-
BOCXOIUTDH IJIUHBI COOOIIEHUS.

Nwmetorcs emmne u 9ucTo pusndeckue OrpaHUYIeHNs, HAKIAIBIBAEMEIE De-
ammsanuen mudpa «Cruranay. EcTecTBeHHO NIPEANIONOKUTE, YTO TUAMETD
Ke3na He goakeH mpeBocxoauTh 10 cantumeTpos. IIpu BeIcOTE CTpOKE B
1 carTHMETD HA OLHOM BUTKE TAKOI'O JKe3JIa YMeCTUTCA He Oomee 32 OyKB
(107 < 32). Takum 06pa3oM, YMCJIO MEPECTAHOBOK, peanusyembrx «Cuura-
JIOW», BPA JI IIPEBOCXOANT 32.

IMMugpp «IloBopoTHas perieTka». [laa ucnoap3oBanus mmdppa, Ha-
3LIBAEMOT'O TOBOPOTHOU PENIETKON, M3TOTABINBACTCA TpadapeT U3 mpaMo-
YLOJBHOIO JIUCTA, KIeTIaTOu Oymaru pasmepa 2m X 2k kmerok. B Tpada-
peTe BhIpe3aHo mk KIeTOK TaK, ITO TPU HAJIOKEHUU €0 Ha YUCTHIN JUCT
OyMaru TOro e pasMepa IeTHIPbMS BO3MOXKHBIMYU CIIOCOOAMU €0 BBEIPE3BI
TIOTHOCTBIO MOKPHIBAIOT BCIO ILIOMIAAB JUCTA.

BykBuI coobienus nocaeI0BaTeIbLHO BINCHIBAIOTCA B BEIPE3BI Tpadape-
Ta (0O CTPOKaM, B KaXKJOU CTPOKE CJIEBA HAIPABO) IPU KAXK IOM U3 9€THIPEX
€r0 BO3MOXKHBIX MMOJOXKEHUN B 3apaHee YCTAHOBICHHOM MOPAIKE.

[Mosicaum mporece mudpoBanua Ha mpuMepe. IlycTs B KadecTBe KI04a,
ucnosab3yercs pemerka 6 X 10, mpuBenennas ua puc. 1.

3amudpyem ¢ ee TOMOLIBI0 TEKCT

IMOPPENETKAABIAETCAYACTHEMCTYYAEMINOP AMAPIIPY THOREPECT AHOBKI
Hauoxus pemerky Ha muct 6yMaru, BIucblBaeM nepsoie 15 (o 1uciy BeIpe-
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Puc. 1.

30B) OykB cooOmenus: NAGPPENETKAABJIA. . .. CHAB pemerKy, Mbl yBUIAM
TEeKCT, IpecTaBIeHHbn Ha puc. 2. [loBopadusaem pemnerky ua 180°. B oxo-
IIeYKAX MOABATCA HOBBEIE, €Il He 3alIOTHEHHbIE KIeTKYU. BIuckiBaeM B HUX
creayromme 15 O0yxs. [loayduTcs 3amuce, IpuBeIeHHAS HA PUC. 3. 3aTeM Ie-
peBopadmBaeM pemeTKy Ha APYIYI CTOPOHY U 3amudpPOBBIBAEM OCTATOK
TEKCTa aHAJOTUIHBIM 06pa3oM (puc. 4, 5).

I E| T|C A
" [} P|P n ® P|P|Y
E I} E EfA mjc E
T K T T|H K|H
A A(M|C JI y
A B|JI A A B|JI ql14d
Puc. 2. Puc. 3.
E(II|A[T|(C|E|M|4 I E{(II{A[T|(C|E|M|A|H|
Ui [} P|P|4 H|u|o|m|o|0|P|P|Y|E
E(A|® m({C|P E P|(E(A|(®|E|L|C|P|C|E
T|A TIH|M K|B|A T{A[T|T|H|M|A|K|bB]|A
P(A|M|(C[II|{JI|P|V y P(A(M|(C|I|JI|P|YV|H|Y
T(A B|JI ql|d O(T|A|B|K|B|J[A[9[A
Puc. 4. Puc. 5.

[Moxyuarens cooOIIEHNs, IMEIOIIMYA TOYHO TAKYIO XKe PEHIeTKY, 6e3 Tpy-
I3 TTPOYTET UCXOTHBIN TEKCT, HAJOKUB PEIIETKY HA NIU(pPTEKCT MO TOPAI-
Ky YeTBHIPbMS CIIOCOOAMU.

MoxHO IOKa3aTh, YTO YUCAO BO3MOXKHBIX TPadapeToB, TO €CTb KOJIU-
JecTBO Kmouel mudpa «pemeTkay, coctapager T = 4™F (cm. zagaay 1.1).
Oror mmdp npesHa3zHAYeH NIa coobmenun mauHsl n = 4mk. Yuciao Bcex
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MEPECTAHOBOK B TEKCTE TAKOU MIMHEL cocTaBuT (4mk)!, 9T0 BO MHOTO pa3
6oubire uncaa T'. Oguaxo, yxe npu paszmepe Tpadapera 8 X 8 4ucio BO3-
MOXKHBIX PEIIeTOK IpeBocxoauT 4 Muwiirapaa.

[lupoko pacmpocTpaHeHa PAa3HOBUIHOCTH IMUMPA MAPIIPYTHOU IIe-
PECTAaHOBKM, HA3BIBAEMad «IMHU(PPOM BEPTUKAILHOU TMepecTaHOBKM»
(IIIBIT). B Hem cHOBa HCHOIB3YeTCA MIPAMOYLOJIBHUK, B KOTOPHIL CO-
OOIIEHNE BIUCHIBACTCA OOBIYHBIM CIOCOO0M (MO CTPOKAM CJIeBa HAIpa-
BO). BrmmuceiBaioTcs OyKBHI [0 BEPTUKAIU, & CTOJOLLI IIPU STOM OEpyT-
cA B MOpPAAKe, OmpemenseMoM KiaodoM. llycTh, Hampumep, 3TOT KIIOU
rakos: (5,4,1,7,2,6,3), u ¢ ero moMompo HaLO 3amm@PpPOBATH COOOLIE-
HUE:

BOTIPYMEPI®PABEPTUK AJTbHOMTIEPECT AHOBKH
Brourem coofiienre B npsaMOyroJabHAK, CTOJONBL KOTOPOI'O IIPOHYMEPOBa-
HBEI B COOTBETCTBUU C KIIOYTOM:

5 1 4 7 2 6 3
B 0 T 0 P U M
E P I # ®&® P A
B E P T U K A
I b H 0 ## 0 E
P E C T A H O
B K U - - - -

Teneps, BeIOUpas CTOAOUBI B MOPSIAKE, 3aJaHHOM KJIIOYOM, X BBINUCHIBAS
IIOCJIeJOBATENHPHO OyKBBI KaXKOT'O M3 HUX CBEPXY BHU3, MOIYyYaeM TaAKYIO

KPUITOCPAMMY:
OPEBEKPOUIA-MAAEO-TIIPHCUBEB/IPBUPKIIH-TIUTOT -
Yucao wiatouen HIBII me Goaee m!, roe m — [mciao croabuos Tabau-

uer. Kak mpaBwio, m ropasgo MeHbINe, YeM IIUHA TeKCTa 1 (Coo0meHune
YKIQABIBAETCS B HECKOJIBKO CTPOK IO M OyKB), a, 3HA4YUT, U m! MHOrO
MeHbIe n!.

MMonwaysce npusegeHHON BEIe (hopMyaou CTUPIUHTA TPY GOMBIIAX 1M, U
N, TOMBITAUTECH OLEHUTh, BO CKOMBKO Pa3 IUCI0 BO3MOKHBIX TIEPECTAHOBOK
IIBII ¢ m croabmamMu MeHbIIe YUCIa BCEX MEPECTAHOBOK HA TEKCTE M-
HEL N, KPATHOM M.

B cayuae, korga kiou HIBII He pekoMenayeTCs 3aNUCHIBATE, €70 MOXKHO
MU3BJIEKATDH U3 KAKOI'O-TO JIEMKO 3aIIOMUAHAIOIIErOCS CIOBA, WU IIPELIOKEHUA.
[lns 5TOrO CymecTByeT MHOrO cIoco60B. HanGosee pacnpoCTpaHeHHBIN CO-
CTOUT B TOM, YTOOBI IPUIKCKEIBATE OyKBAM YUCIA B COOTBETCTBUU C OOBIU-
HBIM aa(paBUTHBIM NOpAIkoM OykB. Hampumep, mycThb KIOUEBLIM CIOBOM
6yner NEPECTAHOBKA. IIpucyTrcTByomas B HeM OyKBa A IOIy<IaeT HOMED
1. Ecin xakas-To 6ykBa BXOLUT HECKOJIBKO Pa3, TO €€ MOSIBJICHUS HyMepy-
IOTCS TIOCAeIOBATEILHO CIeBa Hampaso. [loaToMy BTOpOE BXOXK AeHUE GYKBBI
A moayuaer momep 2. ITockoabky OykBel B B 5TOM ciaoBe HeT, TO OykBa B
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TIOTydaeT HOMep 3 U Tak ganee. [Ipomecc mpogomkaeTcs A0 TeX MOp, MOKa
Bce OYKBHI He TOTy4aT HOMepa. TakuM 00pa3oM, MBI OJAYYaeM CIeyOMun
KJIIO:

n E P E C T A H 0O B K A
9 4 10 5 11 12 1 7 8 3 6 2

Ilepengem kK BOmPOCY O METONAX BCKPBITUA IMUMPOB MEPECTAHOBKU.
[Ipobaema, BO3HUKAOIIAA IPYX BOCCTAHOBACHUN COOOMIEHU, 3amudpOBAH-
woro III, cocTouT HE TOABKO B TOM, UTO UUCJIO BO3MOXKHBIX KIIOYEH Be-
JUKO MaXke MpW HeOOIbIINX NINHAX TekcTa. Ecaum u ymacTca mepebpaThb
BCE JOIMyCTUMBIE BADUAHTHI IEPECTAHOBOK, HE BCEDA SICHO, KAKOW U3 DTUX
BapPUAHTOB UCTUHHLIN. Hampumep, myCcTh TpeOyeTcs BOCCTAHOBUTH UCXO-
HBIX TekcT mo kpunrorpaMme AOIP, u HaM HUYEro He M3BECTHO, KPOMeE
TOrO, YTO NPUMEHAICA mudp mepecTaHoBku. Kakou BapuaHT «OCMBICJIEH-
HOT'O» MCXOMHOT'O TEKCTa MPU3HATHL UCTUHHBIM: [OPA mwiu POTA? A moxer
6biTe APT'0? IIpuBemem mpumep eme GoJee 3allyTaHHOU cUTyaruu. IlycTob
TpebyeTcs BOCCTAHOBUTL COOOIIEHNE MO KPUITOTPAMME

AAHVHK-TEQOMI, 3.bb3UBTJII-bA0
MOy 9E€HHOU IUMPOM MePecTAHOBKU. BO3MOXKHBI, KAK MUHUMYM, IBA Bapu-
aHTa MCXOJHOI'O COOOIICHNMS:

KA3HUTL, -HEJIb3A-TIOMAJIOBATE. u

KA3HUTBL-HENB3A, -[IOMAJIOBATE .
OTHU BapUAHTHI UMEIOT MPAMO MPOTUBOIMOIOKHBIA CMBICA U B UMEIOLINXCSA
YCJIOBUAX Yy HAC HET BO3MOXHOCTU OMPEIEIUTL, KAKOW U3 BAPUAHTOB WC-
TUHHLIN.

Nuorga, 3a cieT 0COGEHHOCTEN peanu3anuu mmdpa, yIaeTca oIy InTh
uHOpManuK 00 UCIOIb30BAHHOM NpeobpasoBanuu (mepectanoBke). Pac-
cmorpum mmdp «Cuuranay us 3agaqu 2.1. Beimie yxke paccMaTpuBajics Bo-
POC O KOIMYECTBE MEPECTAHOBOK, peanudyeMmbrx «Cruramony. Ux oxasza-
J0Ch He 6osee 32. DTO YUCIO0 HEBEIUKO, MOITOMY MOMXKHO OCYIIECTBUTD IIe-
pebop Bcex BapuaHTOB. [Ipu TOCTATOYHOU AJIMHE COOOIIEHU, MBI, CKOPEe
BCErO, MOMYyYMM €AUHCTBEHHBIA YUTAEMBIN BapuaHT TekcTa. OQIHAKO, UC-
MOJIB3Y A UHMGOPMALIAIO O PACTIONIOKEHAN JUHUN, OCTABICHHBIX MA()POBATD-
IIUKOM, YIAETCA OIPEIENIUTh TUAMETD CTEPKHA, & 3HATUT, ¥ BOSHUKAIOIIYIO
nepecTaHoBKy OykB (cMm. 3agady 2.1).

B paccmorpennom mpumepe mumudpOBaIbIIAK 10 HEOCTOPOKHOCTHA OCTa~
BIJI HA MAMUPYCE CIeIbl, TO3BOJAIOMINE HAM JErKO IPOYUTATH COOOIIeHNe.
BosmoxHbLI 1 gpyrue cuTyanuu, KOrjaa He O¥MeHb «IPAaMOTHOE» UCIOJb30Ba-
Hue mudpa 00merdaeT BCKPLITUE IEPENUCKH.

B zamate 5.2 comepxkuTcs mpumep TekcrTa, sammdporanuoro IIIBII.
IlIo ycaoBuio mpobennbl MeXay CJIOBAME IIPU 3AMUCHA TEKCTA B TaOJIUILY
omyckauauch. [lopToMy 3axmodaeM, ITO BCe CTOJOIEI, COAepKAIIIe Mpodet
B MOCHEJHEN CTPOKE, NOJXKHBI CTOATH B KOHIIE TEKCTAa. lakuMm 00pazom,
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BO3HUKAET pas0ueHue CTOJOLOB Ha ABe rpynmbl (cogepxkamue 6 Oyks, u
cogepxkamue 5 Oyks). 1 3aBepiieHrs BOCCTAHOBIEHUS UCXOIHOIO TEKCTA
JOCTATOYHO HAUTHU MOPAMLOK CAEJOBAHMUA CTOJOLOB B KaXKIOW U3 I'PYIII B
OTIEJBbHOCTH, 9TO TOPA3 a0 MPOIIE.

AHa.JIOFI/I‘IHaﬂ CATyalllsd BOSHUKACT U IIPU «HEIIOJTHOM» MCIIOJb30OBAHUN
mmdpa «pemerkay (cm. 3amady 4.1). IlycTs umeercs permerka pasmepa
m X r, u 3amm@pPOBAHHOE C €€ IMOMOIIBIO0 COO0IeHne IIuHBL mr — k, He
comep:xkairee mpobenos. Hezamonuenusie £ MECT B pemeTke NMpu yCJIOBUMU,
4ro k < mr/4, COOTBETCTBYIOT BEIPE3aM B Y€TBEPTOM I[OJIOXKEHUY PEIeT-
xu. Ha ocHOBe Taxon nH(pOPMAIINY, TPOUCXOIAT PE3KOE YMEHBIICHUE TUCIA,
JOIYCTHMEIX penreTok (ux Gyzer 4™"/4~F). Ypraremo npesraraeTcs camo-
CTOATENbHO HOACIATATH YUCIO NOILYCTUMBIX pemeTok upu k > mr /4.

Ha mpumepe pemrenus 3agauu 5.2 IpoIeMOHCTPUPYEM €IIIe OMUH HTOAXO0 T
K BCKPBITUIO INA(PPOB BEPTUKAILHON [IEPECTAHOBKY — JUHIBUCTUIECKUMN.
OH OCHOBAH Ha TOM, IYTO B €CTECTBEHHBIX A3bIKaX HEKOTOPEIC KOMOUHA-
nuu OyKB BCTPEYAIOTCSA OYE€Hb 4acTO, APYyTHe — TOpPa3n0 pexe, a MHOTUE
BOOOIIE He BCTPEUAIOTCS (HAIIPUMED — (BbIBDBY).

Bynem moxbuparh mOpsAmOK CAEIOBAHUSI CTOJIOIOB APYT 33 APYTOM TaK,
9TOOBI BO BCEX CTPOKaX 3TUX CTOJI6IIOB TOIYIaJIUCh «INTaCMBIE» OTPE3KU
TEKCTa. B OPUBEICHHOM PEIICHUU 3a0aIM BOCCTAHOBJICHNE TEKCTa HAYIU-
HaeTcsa ¢ Iog00pa IEmOovYKM U3 TPeX CTOJIONOB MEPBOU I'PYIIILL, COLEpKa-
en B mocaeqHer cTpoke coderanne TUK, Tak KaK €CTECTBEHHO MPeIIIo/o-
XKHUTh, 9TO COOOIIEHNE 3aKAHINBACTCA TOIKOU. [lajee moq0uparoTcsa cTogo-
IbI, IPOJOIKAOIINE YIACTKA TEKCTa B APYTUX CTPOKAX, A T. 1.

CO‘IeTaHI/Ie JUHIBACTHUIECKOI'O MeTOda C Yy1I€eTOM rQOHOJIHI/ITGJII:HOIK/JI NH-
dopmanuu JOBOTHHO OBICTPO MOXKET MPUBECTH K BCKPBITUI COOOIIEHUA.

B sakiroyenue pacckasa o mmdpax IepecTaHOBKU [IPUBEIEM UCTOPUIO
¢ sammupposaraeM asTorpadom A. C. Ilymkuua, ONMCAHHYIO B POMAHE
B. Kasepuna «(Mcnonuenune xeraHuin.

[napaem repou pomana — crygedar-ucropuk H. TpyGadesckun,
3QHUMABIIUUCA PA0OTON B apXUBE CBOErO yUMTEIA — akaleMuka bayos-
pa C. ., — nHamesn B OTHOM M3 CEKPETHBIX ANMKOB MOYIIKWHCKOrO GIOPO

¢dbparment megormcamnon X riapel «Eremma OmerwHay. DTO GLLT meper-
HYTBLIM BABOE IOJYJUCT ILIOTHOU IOJIy0OBAaTOU OyMaru ¢ BOIAHLIM 3HAKOM
1829 roga. Ha sucte 65110 HATNCAHO CAETYIOIIEE.

. Bracturens crabbit v IyKaBbII 1. HevasHHO IPUTPETHIA CIABOU
. Ero MbI 09€HB CMUDHBIM 3HAJIA 2. Op.aa gByrJaBoro IHIIAIH
. I'poza aBemagmaToro rojga 3. OcrepBenenue Hapoga
. Ho Bor nmomor — crax pornor mmxke 4. Mpr ogyrmmuca B Ilapuxe
U 4em xmpHEe, TeM TAXKETE 5. Ckaxwu, 3a49eM ThI B CAMOM JeJe
. ABocsk, o Illu6oreT HAPOAHBIA 6
. ABocb, apenasI 3a0BIBaA 7.
. Cert Myk CyaBOBI, CEH CTPAHHUK 8

. Ho ctuxommeT BeIUKODPO JHBIH
Asoce mo maubro Hukomas
. Cen BcagHUK, HATOK BeHIAHHBIN

0N O T LN
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OpaHHBIA

9. Tpacauca rposzuo Ilupunen 9. Beapykun kuA3b Apy3bam Mopen

10. A Bcex yuMy ¢ MOUM HapOg0M 10. A mpo ceba u B yc He gyeT

11. INoremusm noak Ilerpa Turana 11. IlpegaBmux HEeKOrzZa TUPAHA

12. Poccua mpucMupesa CHOBA 12. Ho mnckpa miraMeHH HHOT'O

13. Y HuX cBOHM OBIBAIN CXOLKH 13. OHu 3a pIOMKOH PYCCKOHU BOAKHU

14. BurucTBOM DE3KHM 3HAMEHUTEI 14. Y 6ecnoxouroro HukuTer

15. Apyr Mapca, Bakxa u Berepbr 15. Cou pemwuTeabHBIE MEPEL

16. Tax 6610 Hag HeBoro abgucron 16. Brectur HAL KAMEHKOH
TEeHUCTOU

17. IlnemmBbIA meroab, Bpar TPYAa 17. Hag HaMu 0apcTBOBAJI TOrAa

18. Korga He Hamm moBapa 18. Y BowmamapToBa marpa

19. Hacrana — xro TyT mam nomor?  19. Bapkran, suma wib pycckmi 60r?

20. U cxopo cuioro Bemen 20. A pycckuu naps rIaBod Hapeun

21. O pyccKmE TIynOBIM HAIT HAPOJ 21 o

22. Tebe 6 A 04y DOCBATHI 22. Mena yke OpexympesuT

23. Xamxa 3amperca B MOHACTBIDb 23. CemencrBam BozepaTtur Cubups

24. Ilpex keM YHU3HIHUCH IJapU 24. Vc4e3HyBIINH KaK TEHb 3apU

25. Boaxar Heamous mbriau 25. 3 KnmuneBa y:x MuArazx

26. Hamr napb B KOHI'PECCE TOBOPUIT 26. Ter arexcaugpoBckmi xo0101 (7)

27. /IpykmHA CTAPBIX yCATEH 27. Cupernon manke mataIen

28. U mymie napp morresa KyTHTH 28. Yxe mzgaBHA, MOXET OBITH

29. Onm 3a gamer BUHA 29. .

30. Coupancy 4IeHbI CEU CEMBH 30. Y ocropoxHoro Misn

31. Tyr JIyaun gep3ko mpesraran 31. U BgoxmoBeHHO 6O0pMOTAT

32. Ho TamMm, rge paHee BeCHa 32. U mag xormamu TyabaunHa

Bes ocobbix ycumuu TpybadeBckuu mpoduTas PpyKOMUCh, U HUYErO HE
mousn. OH mepemucan ee, MOMyIMIACH OECCBA3HAA YEMyXa, B KOTOPOU OJI-
HA CTPOKa, eIBa HAYABIIASA MBICIbL, IepeOUBACTCA APYTOU, a Ta — Tpe-
Then, eme 6ogee GeceMbICaeHHOn u 6ecceBa3uon. OH mompo6oBaI pa3dbuTh
PYKOIUCH HA CTPOQBI, — OMATH HE HOIyIUIoCch. CTal UCKATL pudMbL, —
Kak OyaTo u pudM He OBLTO, XOTA HA OEIBIU CTUX BCE DTO MAJTO TOXOXKE.
[IpocuuTan cTpOKy — 4YETHIPEXCTOIHBIU AMO, pasMep, KOTOPBIM HAMUCAH
«EBrenun Oueruny.

Tpy6GadeBCKUN C a3aPTOM B3SAICA 38 PYKOIUCH, THITAICA YATATH €€, TPO-
IycKas IO OJHOU CTPOKE, IIOTOM IO JABE, [0 TPU, HAAEACH CILyIaHO yraaTh
TAUHYIO TTOCAENOBATENLHOCTh, B KOTOPOU OBLTU 3aIUCAHEI CTPOKU. Y HEr0
HUYEro He MOIyIaIoCh. Torga OH CTal YUTATh TPETHIO CTPOKY BCJIEH 3a Tep-
BOU, MATYIO 33 TPETHEU, BOCBMYIO 34 MATOU, MPEANOJOKUB, ITO TPOITYCKA
NOJIKHBL YBEIUIUBATHLCSA B apudmMeTudeckon nporpeccuu. Bee To xe! Or-
YaABINKACH, OH Gpocui 5Ty 3aren. OIHAKO, OHA He JaBajga eMy MOKOS HU Ha,
JIEKIINU, HA B TpaMBae. .. Kak maxMaTucT, Urpaloliui B yMe, OH He TOTb-
KO 3HAJ HAM3YCTh KAXAYIO CTPOYKY, OH BUIEI €€ B JECATH KOMOWHAIMAX
cpasy.

IMpouwio Bpemsa. OpHAXK IBI, KOTIa OH CMOTPEI Ha CBETJbIE IMATHA OKOH
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MOAXOAINEr0 K TEPPOHY TO€31a, KAKAM-TO BHYTPEHHUM 3DEHUEM OH
yBUIEI Iepes coO0M BCIO PYKOIMCh — M C TaKOU HEOOLIKHOBEHHOU OT-
YETIUBOCTHIO, KAK DTO OBIBAET TOJBKO BO CHE.

Cumoxere ju Bbl IpouuTarh >Tu ctuxu! OTBET BBl HAUAETE B POMAHE
B. Kasepuna.

OTBeTHI K yIpaXXHEHUIO.

1) udgp Mapupy THOU NEPECTAHOBKY
1121314 |5|6{7|8{9(10]11|12(13]|14
25241711698 |1|2|7]10|15|18|23 |26

15116 (17 (18 (19|20 |21 22|23 |24|25|26|27 |28
2712219141116 | 3 |4 |5 (1213|2021 |28

2) Mupp «pemeTkar
1123|456 | 789 |10|11|12(13|14|15
2111|1517 18(22(26|30|34|38|42|53|56 57|60

16 17|18 19|20 |21 |22 |23|24|25|26|27|28|29|30
1145819232731 (35|39|43|44|46/50 |59

31(32(33(34(35|36|37(38]|39|40|41 |42 |43 |44 |45
36| 7|10|12|24|28(32|36|40|41|45]|47 48|52

46 [47 484950 [ 515253 54|55 5657|5859 |60
9 [13[14[16 |20 21|25 |29 |33 37|49 |51 |54 5558
3) IIBII

1123456 |7]|8(9]10|11]12|13]14|15
23 (1|17 (34|7(29(12|24|2|18|35| 8 |30|13|25

16 |17 11811912021 |22|23|24|25|26|27|28|29 30
3119369 |31|14|26| 4 |20|37]10(32|15|27| 5

31132)33|34|35|36|37]|38
2113811331628 6 |22

4. MuoroaiacgaBuTHBIE IMTU(PPHI 3AMEHBI C
MEePUO INIECKUM KJIIOYOM

Paccmorpum 30-0ykBeHHBIN andaBUT PYCCKOT'O A3BIKA!
ABBI'IEX3UKJIMHONPCTYOXOUYINMBHIHNA.
B sroM andasuTe 0TCyTCTIBYIOT OYKBHI B, il # b, 4TO mpakTHIECKH He
OT'PAHUIUBACT BO3MOKHOCTEN MO COCTABJICHUIO OTKPHLITHIX COOOIICHUU HA,
pyCcKoM s3bike. B camon gene, 3amena OykBel E Ha Gyksy E, OykBeL I — Ha
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OykBy U, a OykBbI b — Ha OykBy b mo3BoJAeT NOHATH CMBICTI OTKPBITOI'O
COOOIIEeHYsI, HAIIMCAHHOI'O C UCIOJb30BAHUEM 3TOrO aipaBuUTA.

B andasure 1106010 €CTECTBEHHOT'O A3bIKA OYKBHI CIEIYVIOT APYT 3a IPY-
TOM B OMPEIEIeHHOM MOPAIKE. JTO MAET BO3MOKHOCTDH MPUCBOUTDH KaXkK JOU
OykBe ajadaBUTa e eCTECTBEHHBIN MOPAIKOBBIM HOMep. Tak, B mpuBeneH-
HoM andaBuTe OykBe A MpUCBAaMBAETCA MOPAIKOBLIN HOMep 1, Oykee 0 —
nopsakoBbi HoMep 14, a 6ykse ll — mopsakossit HoMep 27. Ecau B 0TKpBI-
TOM COOOIIEHNN KAaXKIVI0 OYKBY 3aMEHUTH €€ €CTECTBEHHBIM MOPSIKOBBIM
HOMEPOM B paccMaTpuBaeMoM ajidaBuTe, TO IPEeOOPABOBAHME UUCIOBOIO
cooOuieHns B OYKBEHHOE [T03BOJSAET OJHO3HAYHO BOCCTAHOBUTH KCXOITHOE
oTkpbeITOE coobmenure. Hampumep, 1ucaoBoe coobmenme 1 11 20 1 3 9 18
npeobpasyercsa B 6ykBeHHOe coobiienue: AJIOABUT.

[omoJqHNM eCTeCTBEHHBIN TOPAI0K OyKB B aadasure. Bygem cumrars,
4UTO 34 MOCJAeqHEN OYKBOU ai(aBUTa CAEIYeT ero mnepsasg Oyksa. Taxou mo-
psagok OYKB TOCTUCAETCs, CAU PACIOJOXKUTH UX HA OKPYXKHOCTU B €CTe-
CTBEHHOM TOPALKE 0 YacOBOU cTpeske. [Ipy TakoM pacmoIoKeHuun MOXK-
HO KaX[IOUW n3 OYKB MPUCBOUTHL MOPAIKOBLIM HOMEP OTHOCUTEILHO JH000U
OykBHI andasuta. Takou HOMED HA30BEM
OTHOCUTEJIbHBIM THOPSIKOBEIM HOMEDOM. sl e P
3aMeTuM, IYTO eCIu IUCIO OYKB B aldaBu- Bl o o I
Te PABHO 2, TO OTHOCUTEILHBIN MTOPSIKO- b,* ‘' E
BBIM HOMEDP JAHHOU OyKBLI MOXKET IIPUHU-
MaTh Bee 3HadeHus ot 0 1o (z—1) B 3aBu-
CUMOCTU OT OYKBBI, OTHOCUTEIBHO KOTO-
pout oH Berumcasercsa. s npumepa pac- x ‘I
cMoTpuM ucxoaubin 30-0yKBeHHbIN aada- O o « N
BUT PYCCKOI'O A3BIKA, PACIIONOKEHHBIN Ha, y T. e .0 H
OKDYKHOCTH (CM. puc.). Cpl

B sToMm caydae mopsigkoBbIM HOMED OYKBBI A OTHOCHTEIBHO GYyKBBHI A
paeen 0, oTHOCHTEeabHO OYKBHI fl OH yKe paBeH 1 m Tak gajiee, OTHOCU-
TeabHO OyKBBI B OpsaaKoBLIN HOMED A paBen 29. 3HAYEHUS OTHOCUTEIBHBIX
IOPSIIKOBLIX HOMEpPOB OykB aidaBuTa u3 2 OyKB COBHALAIOT CO 3HAYEHU-
SIMU BCEBO3MOXKHBIX OCTATKOB OT IETEHUs ILEJIbIX YUCE]T HA HATYPAJIbLHOE
YUCIO Z. YOEIUTECh B TOM, YTO MOPSIKOBLIM HOMEP KAKOU-TUOO OYKBBI aJl-
(aBUTa OTHOCUTENIBLHO APYTON OYKBEI PABEH OCTATKY OT IEJEHUsA PA3HOCTU
VX eCTECTBEHHBIX [MOPSIKOBBIX HOMEDPOB HA IUCIO OYKB B aaBuUTe.

O603Ha4YMM CUMBOTIAMUA:

D(N;,N,) — nopsagkoBbii HOMED OyKBBL C €CTECTBEHHBIM IIOPsIKOBBIM
momMepoM [N| OTHOCUTEJNBHO OYKBBI C €CTECTBEHHBLIM IIOPSIKOBBIM HOME-
pom No;

T (N) — ocTaTok oT gejeHus nesaoro ducia N Ha HATYPAIBHOE YUCIO 1.

Ipu »rom cupasemmuso paseHcTBO D(Ny, No) = r,(N; — Ns), roe z —
qucao 6yKB B aadaBuTe.

niABg
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[[ﬂﬂ y,E[O6CTBa 0003HAYUM N1 BNQ = Tz(Nl — NQ), N1 ENQ = Tz(Nl +
+ N,). Torga umetor MecTo paBeHCTBa:

D(Ny,Na) = N1EIN,, (7)
Ni = NoBD(N1, Na). 8)

dopmyaa (8) HEMOCPEICTBEHHO TOAYIaeTCA U3 (7) U ee MOXKHO UCIONb-
30BaTh IS 3aMEHBI OYKBEL C €CTECTBEHHBIM MOPSAKOBBEIM HOMepoM Ny Ha
OYyKBY C €CTECTBEHHBIM NOPAIKOBBIM HOMepoM Ni. Hucio D(Ny, Ny) Haswr-
BAETCsI 3HAKOM [aMMEL.

[lna ysaCHEHUA BBEIEHHBIX OO03HAYCHUN IUTATEIIO MTPEIIAraeTCA CAMO-
CTOSATENBbHO PEIINTD CACAVIOUIE 33, TaT .

1. Mokaxwure, 4TO s JIOOBIX Heabrx N1, Ny u JI000r0 HATYPAILHOIO

N; — N
z cupasegauso paseHcTBo: D(Ny,Ny) = Ny — No — {¥] - 2z, TOe
z
[X] — wesas gacts uucaa X (HamboIbIIee LeJioe Yo, He IPEBOCXOJALIEee
qucaa X).
2. Joxaxute paBeHCTBO (8) U paBeHCTBO:
Ny = NyED(Ny, N»). (9)

151 3ammdppoBaHUsaA HEKOTOPOTO OTKPHITOTO COOOIIEHUS, COCTOSMIIETO
u3 N OyKB, C TOMOIIBIO YKA3AHHOU 3aMeHBI TpebyeTca N 3HAKOB TaMMEBI: TIO
OJHOMY Ha Kaxayio OykBy cooOmenus. IlocieqoBaTeJsHOCTD 3HAKOB IaM-
MBI, HEOOXOIUMAs A 3amnr(pPOBAHUSA OTKPBITOT'O COOOIIEHUS, ABIACTCS
KJIIOYOM IaHHOI'O HIA(pa.

Ecau mocienoBaTerbHOCTD 3HAKOB TaMMBI UMEET HeGOMbIIon (o cpas-
HEHUIO C JJIMHOU OTKPBITOrO TEKCTA) IEPUOL, TO COOTBETCTBYIOIINY Iudp
HA3BIBAETCA MU(POM 3aMEHHI C TepuoandeckuM KiaiodoM. KiodaoMm Takoro
umdpa, mo CyILecTBY, ABIAETCA OTPE30K MAMMBbI, DABHBIU [0 [JIUHE TIEPUO-
ay.

Yucmo OoTpe3KoB HEKOTOpou mimubl 1', cocToammx w3 gucea ot 0
10 (2 — 1) paseo 2T, Tak xax Ha Kaxg0# w3 T MO3MIUI OTPE3KA MOKET
OLITH JH000€ U3 2 ducea (He3aBUCUMO OT HUUCENT, HAXONAIIUXCA HA OPYTHUX
nosumuax). [1a HaNIATHOCTH MpuBeaeM 3HadeHus 21 npu z = 30 B 3aBu-
CUMOCTH OT 3HadeHuu 1':

T |1 2 3 4 5 6 7
307 | 30 | 900 | 27000 | 810000 | 24300000 | 0,729 - 10° | 0,2187 - 10*!
T 8 9 10

307 | 0,6561-10'2 | 0,19683-10* | 0,59049 - 10'°

Kaxk BugHO 13 npuBegeHHON TaOIUIILI, YUCJAO KIIOYEH PACCMATPUBAEMO-
o muIdpa 3aMeHHI ¢ KI0UoM nepuoga 10, 10CTaTOYHO BHYIIUTEIHLHO U CO-
CTaBJSET yKe COTHU TPULINOHOB. DTO 0OCTOATEIBCTBO AETAET IPAKTUYIE-
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CKV HEBO3MOXKHLIM BCKPBHITUE Mudpa METOLOM Mepebopa BCEX €ro KIIYuen
[JaxKe [IPY MEHBIINX 3HAYEHUAX IePUOna [aMMEL.

[L1s1 paccMaTpuBaeMoro mudpa XapakTepHO TO, YTO OYKBBI OTKPBITOTO
TEKCTa, 3amn(POBAHHBIE OTHUM M TEM K€ 3HAKOM I'aMMBI, [I0 CYTU, 3aIli-
(poBaHLI OTHUM U TeM XKe MuMGPOM MTPOCTON 3aMeHbl. Hampumep, KIode-
Bas Tabauia 3Toro mmdpa IPOCTON 3aMEHBI IIPU 3HAKE TaMMBI, PABHOM 1,
UMeeT BUI:

ABBI'IEX3UKJIMHONPCTYOXIYMIBHINA

BBI' IEX3UKJIMHOIIPCTYOXIYIMBLHOHNAA
BTopyo CTpoKy 3TOU KIHUEBOU TAOIUIEI HA3LIBAIOT aahaBUTOM IMUADPO-
BaHWs, COOTBETCTBYIOIIMM NAHHOMY 3HAaKy raMmbl. IlockoJbky B paccma-
TpuBaeMoM udpe BO3MOKHEI BCe 3HAUeHUA raMMbl 0T 0 10 29, TO TaHHBIN
umdp MOXKHO paccMarTpuBarh Kak 30-anpaBurHbid mudp 3amensl. Ecan
KaXIOMY U3 DTHUX aJIPABUTOB IIOCTABUTL B COOTBETCTBUE €r'0 MEPBYIO Oy-
KBY, TO KaXK LI 3HAK MaMMbI MOXKHO 3aMEHUTEL 5ToK 6yKBou. B sToM ciryyae
KJIFOY PACCMATPUBAEMOro mudpa MOXKHO B3aUMHOOTHO3HATHO 3aMEHUTD CO-
OTBETCTBYIOIIUM CIOBOM B 3TOM ke aiadasure. Takon MHOTOANDABATHBIN
mdp 3ameHsl ObLT onucad B 1585 roxy dpaniysom Baesom ne Buxenepoum
B ero «TpaxTare o mudpaxs:

ABCDEFGHIJKLMNOPQRSTUVWXYZ
BCDEFGHIJKLMNOPQRSTUVWXYZA
CDEFGHIJKLMNOPQRSTUVWXYZAB
DEFGHIJKLMNOPQRSTUVWXYZABC
EFGHIJKLMNOPQRSTUVWXYZABCD
FGHIJKLMNOPQRSTUVWXYZABCDE
GHIJKLMNOPQRSTUVWXYZABCDEF
HIJKLMNOPQRSTUVWXYZABCDEFG
IJKLMNOPQRSTUVWXYZABCDEFGH
JKLMNOPQRSTUVWXYZABCDEFGHI
KLMNOPQRSTUVWXYZABCDEFGHIJ
LMNOPQRSTUVWXYZABCDEFGHIJK
MNOPQRSTUVWXYZABCDEFGHIJKL
NOPQRSTUVWXYZABCDEFGHIJKLM
OPQRSTUVWXYZABCDEFGHIJKLMN
PQRSTUVWXYZABCDEFGHIJKLMNO
QRSTUVWXYZABCDEFGHIJKLMNOP
RSTUVWXYZABCDEFGHIJKLMNOPQ
STUVWXYZABCDEFGHIJKLMNOPQR
TUVWXYZABCDEFGHIJKLMNOPQRS
UVWXYZABCDEFGHIJKLMNOPQRST
VWXYZABCDEFGHIJKLMNOPQRSTU
WXYZABCDEFGHIJKLMNOPQRSTUV
XYZABCDEFGHIJKLMNOPQRSTUVW
YZABCDEFGHIJKLMNOPQRSTUVWX



194 T'JIABA 7

ZABCDEFGHIJKLMNOPQRSTUVWXY

Bcee andaBuThl mmudpoBaHUA OTHOCUTETHHO JATUHCKOTO aadaBUTa OBLIN
CBeleHBEl UM B TaOIUILy, MOIYYUBIIYIO BIOCIEICTBAU HA3BAHUE €€ aBTO-
pa. Brmme nmpupenena tabauna Buikemepa mas COBpEMEHHOTO JTATUHCKO-
ro andaBuTa, OHA COCTOUT U3 cmucka 26 ampasuros mudposanusa. Croo-
co6 3amudpoBaHUA C TOMOIILI0 TabauIbl Brkenepa 3aKI09aeTCA B TOM,
YTO MEPBHIU U3 AN(PABATOB COOTBETCTBYET AX(PABUTY OTKPHITOrO TEKCTA,
a OyKBe KJIIOYEeBOI'O CJOBA COOTBETCTBYET AJN(MaBUT MKU(MPOBAHUA U3 TAH-
HOT'O CIUCKA, HAUMHAIUIUUCA C 3TON OyKBEL. ByKkBa mudpoBaHHOrO TEKCTA,
HAXOOUTCA B aidpaBuTe IMIM(PPOBAHUA HA MECTE, COOTBETCTBYIOIIEM TAH-
HOU OYKBE OTKPBITOT'O TEKCTA. IIpOCTOTa MOCTpPOeHUA TaOIuIBL Buxkene-
pa [IeaaeT 3Ty CUCTEMY MPUBIEKATEIHHOU IS NPAKTUIECKOTO HCIOAb30-
BaHUA. PaccMOTpuM mpuMep BCKPBITASA MHOTOAI(MABUTHOTO III(MPa 3aMe-
HEI C [IEPUOAMYECKUM KJIIYOM, COomepxkammuucsa B pacckase 2Kiona Bepua
«Kanragar. Bor TekcT, KOTOPBIN ObLI HOLYYEH C MOMOIIBI0 TAKOT'O TUIA
mudpa:

CTYYNBANNA3NPTENHIHOTUHBEOPT Y
TNYLKOTXXTYYM3IOXPBHCICOLTIODBAP
BACTHIBYDELCTYXBCEBXAXAD®BLBE
TO3COOTXX3B3bIr OBMUXXPUIXT3BT
XATrONBHTOOEOUXTTETUUOKZNTOI
EVICOUNTHMOOOKCXMIBTXOHTI YUOK
HOHWU3T3JAJNUPYLEHKOJIITHCEKCCEY
MHOUEEETTCXHOENMOHPCUTKLUBLELBE
VETETJHOTBOLUCBOAOIMI3STXITYOKIT

[oragaBumcs, 9TO KIOYOM ABIAETCA HATYPAIBHOE YUCJIO, MEPCOHAXK
«zKanranen, cyabsa 2Kappukec, 00BbACHAET CHIHY OOBUHsAeMOro MaHODTIO,
Kak ObLI 3ammdpoBal TOKyMeHT: —«/laBauTe Bo3bMeEM (pasy, BCe PABHO
KaKyI0, Hy XOTsA ObI BOT DTY:

Yy CYIbU XAPPUKECA HPDHVIHATEJ'IbeIﬁ YM

A Temnepsb s BO3bMy Haygady Kakoe-HUOYIb YUCIO, YTOOBI CAEIATDH U3 DTON
dpaser kpunTorpaMmy. [IpeqnonaokuM, ITO IUCIO COCTOUT U3 TPeX mudp,
manpumep, 4, 2 u 3. fI nognuckBao ducao 423 mOL CTPOIKON TaK, ITOOLI
O KaXKI0U OYKBOU CTOMANA IU(pa, U MOBTOPAID UUCIO, TTIOKA, HE TOUIY IO
koHa ¢ppassl. BoT 4T0 momyduTcs:

YCY,H,I)PI)KAPPVIKECAHPDHPIL[ATEJII)HBII?IYM

4234234234234234234234234234234
Bynem zaMenaTs Kax 1y1o OyKBy Hallen (ppasbl TON OYKBOU, KOTOPAs CTOUT
nocae Hee B aadaBuUTe

ABBFI[E)KBVH?IKJIMHOHPCTYCDXH‘{IHI]J.'I:HBBIM{
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Ha MecTe, ykaszanuoMm mudpou. Hampumep, ecau monq OyKBOu A CTOUT Iu-
dpa 3, Bel oTcunTHIBaeTE Tpu OyKBHL U 3amensere ee Oyksou I'. Ecau Gyksa
HAXOOUTCS B KOHIE ad(gaBUTa U K HEU HEIb3si TPUOABUTH HYXKHOTO HM-
c1a OyKB, TOTJa OTCUUTHIBAIOT HEAOCTaomue GYKBBHI C HaUada aadaBUTA.

[oBexeM [0 KOHIA HAYATYI0 KPUIOTOIPAMMY, IMOCTPOEHHYIO HA YUCTIE

423, u ucxoguasa ¢ppasa 3aMEHUTCSA CASAYIOMIEH:
‘{YI.[VII(]JIKBYd>KHI?IY1"VTCCKI[lI[d>VIHI(]PﬂJILlP

Ho xak mantu uucaoson kiao4? Iloncaer, nposegennnin 2Kappukecom,
[TOKA3BIBAET, ITO IMOUCK K04 IePe0OPOM BCEX BO3MOMXKHBIX YKCET, COCTO-
samux He 6omee yem w3 10 umdp, morpebyer 6omee Tpexcot ger. Cyabs
NBITAETCA HAY LAYy OTralaTh 3aBeTHOE Yucio. HacrynaeT genn kasuu. O6-
BuHsAeMoro zKoama /JakocTy BeIyT Ha BHCENALY. . .

Ho Bce sakamuuBaercs 6rarononydno. [fomor caactauBei caydau. Apy-
ry 2Koama ynaercs y3HaTs, 9TO aBTOpa Kpunrorpammser 3saau Oprera. [lo-
ctaBuB O6ykBbl 0, P, T, E, ', A Ha IOCAEIHUME IIECTHIO OYKBAMU JOKYMEHTA
¥ HOACYUTAB, HA CKOJBKO DT OYKBBI 10 AJDABATY CIBUHYTHl OTHOCUATEIb-
HO OYKB KPUIITOIPAMMBI, CYIbs, HAKOHEIl, HAXOAUT KJIKY K JOKYMEHTY:

HICXOTHOE COOOIIeHre 0 P T E I' A
mudpOBaHHOE COOOIIEHNE T V ©¢ K I T
oTHOCUTENbHBIN caBur 6ykB 4 3 2 5 1 3

I.A.Typesuua B crarse «Kpunrorpamma 2Krooas Bepuay (ypraut
«KBauT» N9, 1985 r.) obpamaer BHUMaHUe Ha TO, 9TO CYAbS MIPOLIEN
OPAKTUYIECKN BeCh MyTh A0 OTragKd. Byaydwm yBepeHHBIM, 9TO B NOKY-
MeHTe ynoMmuHaeTcsa uMsa 2K oaMa /[akoCThI, CyIbsa CTPOUT MPENIOIOXKEHUE:
«Eciu 681 cTpovky ObLIK Pa3gereHbl Ha CJIOBA, TO MBI MOIVIM OBl BEIAEIUTH
CJIOBa, COCTOSIIME U3 ceMu OyKB, kKak u davmmiua [lakocTta, u, ompodysa ux
OJHO 3a IPYTHUM, MOXET OBITh U OTBICKAJIU OBl YUC/IO, ABIAIOMIEECT KO-
YOM KpUNTOrpaMMbl. MaHO3JIb, B CBOIO OvYepenh, IMOHAB OCHOBHYIO HIEI0
CyIbH, IpeaaaraeT onpoOOBaTh BO3MOXKHBIE pacnoaoxenus cioBa JAKOCTA
B ucxogHoM Tekcre. llockompky TekcT cocromT m3 252 OykB, TO HOCTa-
TOYHO OMpPo6OBATHL He Gosee 246 BapraHTOB. B 01MH NMpeKpaCHBI MOMEHT,
3anucaB HaJ (PpparMeHTOM MBHT®OE ca0BO IAKOCTA, MBI onpegeauan Obl
nocaenoBaTeabHOCTE udp 5134325. EcTecTBEeHHO TPEAIONOKUATE, UTO MO-
craeqHaa mudpa 5 — HAYAJIO0 CJIEeIYIOMEro IePuoIa:

HICXOIHOE COOOIIeHne .. I AKDODCTA
mmdpoBanHoe coobmenre ... I B HT & & E
OTHOCUTEJIBHBIN CIBUr OyKB ... 5 1 3 4 3 2 5

Bmecro wimoua 432513 MBI HauLIM €ro IMUKIWYECKYIO IE€PECTAHOBKY
513432, yTO HEM B KOEH Mepe He MeIlaeT paciinmdpoBaHUIO TEKCTa. s
DTOr0 JOCTATOYHO IS KAXKJIOU OYKBBI HIN(PPOBAHHOT'O TEKCTA ONPENEIUTh



T'JIABA 7

196

OyKBY, OTHOCUTEILHO KOTOPOU HaHHAA OyKBa CIBUHYTA HA BEIUYUHY COOT-

1 TApPLL KI0Ya:
CryuqymnsBaJqima3

BETCTBYIOIIEN TN

PTENONDHITHO®I UHBEOP

i
4 325134325134325134325134

BUHOBHUNUKIKPAXNAIM

i
VINYLKOTXXTCYVYM3LXPBCTICH

HACTOAMNHX

i
325134325134325134325132143

r

CTBACOIILATOIXPAHUHN

i
oI TODPAPBUTIIT NN BIYSEINDNCTY XBCETB

2513432513432513432513432
BHOYBLPHAIBALNIOATGBLBTOPOEUAHTBA
XAXAPBBBET®3C3dTXX3B35DbTI d6B
5134325134325 13432513432%5
PATHNCAYABOCEMDBCOTILOLBAILIILIATTHSH

A 30BUHUYBIH

EHT ® & EO

BTroit
1343251343251343251343251
I ECTOTrCOTrOnLAHEXOAMIAEKOGCTATH
UXTTETCTHUUOKBIOTOAIEYTCOUITEHL M
3432513432513432513432513

L uXXPUIODXTI3BTXKX

n

0P 0O KCXMTBTXd®HTIYYJY0HWH®HIDNIT S

ECOPABEILIINTHNBOINDNPUTOBOPEHHH

4 325134325 134325134325134

BCIVXaATMN

JTPYIEHKOITITTHCEBEKCCETINVH IO

KCMEPTMUNUAAHECYACTHH

5134325134325 13432153243
YOTPABITEHHNAAIMAS3SHOI 0OO0KPY
EEETTCXHOEHNMNOHPCUTIE KIODBETLTEBY
251343251343251343251321432
rAlT AA0IKXHBYEMUMUIOOILINDNCHIBAKTC

I
32
n

BTETNINOTBE®O CBHNUIOMII3TXNODTYVY ®K
5134325134325 134325134325

BOMWMHACTOAMUMUMEHEMOPTE

Urak, nepBas maess COCTOAT B UCIOJIB3OBAHUUN BEPOSITHOI'O CJIOBA, TO
€CThb CJIOBA, KOTOPOE ¢ GOJIBIION BEPOATHOCTBIO MOXKET CONEPKATHCA B JaH-

HOM OTKPBITOM TEKCTE. Peus unaeT B TOM YUCIE U O CJIOBaX, 9aCTO BCTpeE-



OJIMMIOKAJBI 10 KPUIITOTPAPUN 51 NIKOJbHUKOB 197

YAlOMUXCA B MOOBIX OTKPHITHIX TeKkCTaXx. K HUM, Hampumep, OTHOCATCA
rakue croBa kak KOTOPBIU, TOT'TA, 9TO, ECJIA, npucrasku TP,
INPE, IOX u ..

Bropasa uges ocHOBaHA HA TOM, YTO OYKBBEI OTKPLITOT'O COOOIIEHUA Ha-
XOAATCA B OTKPBITOM TEKCTE Ha, BIIOJHE ONpemeJeHHBIX mos3unmax. Kcam
Pa3HOCTL HOMEPOB MX IIO3UIUU OKAXKETCA KPATHOU MEPUOLY 'aMMbI, TO
CTOAIINE HA DTUX HO3UIUAX OYKBEI OyIyT 3aIm@pOBAHBI OJHUM U TEM XKe
3HAKOM I'aMMbI. DTO 03HAYAET, YTO ONPENEICHHLIE JaCTh OTKPLITOrO TeK-
CTa OKaXyTCA 3ammppPOBAHHBIMU TA(PPOM TPOCTON 3aMEHBI. DTy UIEH
MO2KHO HUCIIOJb30BAaTh [JIA ONpeIeJeHns Nepruoaa KIi1ua MHOr0ATI(ABUTHO-
ro mudpa 3aMeHHI.

[l151 ompegeneHnsa Nepuoaa raMMbI MOTYT OBITh IPUMEHEHBI JIBa, CIIOCO-
6a. [lepBbint u3 HUX U3BecTeH Kak TecT Ka3usku, BTOPOU CIOCOH UCIOAB3YET
TaK HA3BIBAEMBIN UHIEKC COBITAICHUA.

Tect Kasusku 6su1 onucan B 1863 rony @puapuxom Kasusku. Ou ocHo-
BaH Ha CJIeIYyIoIeM Ha6JIIOﬂeHI/II/I: IBa OMUHAKOBBIX OTPE3Ka OTKPBITOI'O TEK-
cTa OYIyT COOTBETCTBOBATH IBYM OAWHAKOBBIM OTPE3KaM IIU(PPOBAHHOIO
TEKCTa, €CIU PA3HOCTH HOMEPOB MO3UIINU UX HAYAJT KPATHA MEPUOLY TaM-
Mbl. CieqoBaTenbHO, eCan MBI OOHAPYXKUM [IBA ONUHAKOBLIX OTPE3Ka, IIU-
(ppOBAHHOrO TEKCTA, COCTOAIINX IO KPAUHEN Mepe U3 TpeX OYKB, TO C 6OIb-
H.IOﬁ BEPOATHOCTBIO UM COOTBETCTBYIOT OQUHAKOBBIE OTPE3KN OTKPBITOI'O
TekcTa (CaydanHOe COBIaleHue MatoBepoATHO). Tect Kasusku, mo cyTn,
3aKJII0YAETCA B TOM, YTO B MIM(PPOBAHHOM TEKCTE HAL0 HAUTHU IIaphbl OLd-
HaKOBBIX OTPE3KOB, BBEIYIUC/IAUTH Pa3HOCTH HOMEPOB HOSI/II_[I/Iﬁ X HaAYaJ "
OTpenenuTh O0IMe AeTUTENN HAUJEHHBIX pasHocTen. Kak mpaBuio, oguH
13 3>TUX OOIIUX IeJIUTEIeN PABEH IMEPUOLY I'aMMEL.

[1s1 yTOYHEHUsT 3HAYEHUs [IEPUOLA [AMMBI MOXET OBITH HCIOIB30BAH
UHIEKC COBMaJeHus, npeanoxenusn B 1920 roxy Yurbamom PpuiManom.
[asa mocaeqoBaTeIbHOCTH OYKB MHIEKC COBHNAIEHUs MPEICTABIAET COOOU
YUCI0, PABHOE KOIMYECTBY BCEX Map HOMEPOB TO3UIUK TMOCAEIOBATEILHO-
CTH, Ha KOTOPBIX HAXOIATCS OIWMHAKOBBEIE OYKBHI, A€JEHHOMY Ha o0uiee Ko-
JUYECTBO BCEX Map HOMEPOB TO3UIUYA DTOU MOCIEIOBATEALHOCTH, T. €. CPE/I-
HEMY JHCIY IIap, COCTOAMNX U3 OANHAKOBEIX OykB. I[pumeyaTensHo TO, ITO
npu 3ammdPOBAHAU MOCAEJOBATEILHOCTH € MOMOIIBIO MHU(MPaA TPOCTOU 3a-
MEHBI YKa3aHHOE IUCJI0 He MEHIeTCH.

[l WITIOCTPAIIU DTOrO MOAXOLA PACCMOTPUM TOT K€ CAMBIN M po-
BAHHBIA TEKCT, 3AIUCAHHBIN B BUE MOCJIEIOBATEABHOCTH CTOJIOIOB, COAEP-
KAIIUX TI0 MIECTh MOAPAL UAYIIMX OYKB TEKCTa B KaXK 0M ([IOAPAT UIyLe
OYKBBI TEKCTa PACIOIArAIOTCA B CTOAONAX CBEPXY BHU3):
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COTOPUXOCAULOCATTHXTTTXUOOOMHHS AT COBIUATIOMT
FTETTATXOPMCE®POXTX3ISTONUSGITOIETCUCUTBICIIY
VINUAKYPIBBTBE3XOPBOOTKENOBYHIHHEEXOKYOB3d®
"IBHHYUY'bTI?I‘IYXbC3BVITﬁEEBYTKT‘{ﬂlﬂlKCYEHHHBTlﬂTK
NANBrTMCOTOXABOBMNXBOrNITbCKXO3POBNEOPLTBRXK
BPHONX3TbIEBXEG3UXAHUUTCMXONTYIKHTECEEQIIT

CocraBuM mas KaxIou u3 6 HOLYYUBIIMXCSA CTPOK COOTBETCTBYIOMIUN
er HabOp YACTOT BCTPEUAEMOCTU OYKB B KAXKJIOU U3 HUX:

AlB|B|r|OlE|Xx|3|u|f]|k|[n|M[H]O]D
1 crpoka [1|0|0|2]|3|0(1]0(3]|0(0|0|2]|1]|1]0
2 ctpoka (010|913 |0(1(2]|0|0|4|0]|0|1]|1
3 crpoka (034|013 |2|2]1|1|3|2]|0]|3|4]|2
4 ctpoka |[0|2|0]0|0|4(0|3|1(2]3]|0|0(4]1]0
5 crpoka |1|6|{0(4(1|1|4(1]0|2|0|0|1]|0|4|5
6 ctrpoka [0|0|2|5|0|5|1|2(3|1(1|2|1]|3|1]|2
PI{C|T|V|o|X|Q|Y|L|M|{B|H|b|3|0|A
1 crpoka |[1(4|8|0|4|2|2|1]0|0(1(2]|0|2|0|1
2 crpoka (142|153 |1|0j0|1|0|0O|O|O|1]|O
3 crpoka ([2|0(2|4({3]0(0|0(0|0|0O|0O|0O|O|0O]O
4 crtpoka [0|2|6(4|0|1]|1|3(2]0(1({0|1|0|1|O
5 ctpoka [2(2(|2|0(0|0|0|0]0|1|0|0]|2]|2|0]|O0
6 crpoka |[1|2(1|1({3(3]0[{0(0|01|0|0|0O|1]O0
Ilo »rom Tabmuie 4aCTOT BCTPEIAEMOCTH OYKB BBIYUCAUM [ KaxK IOU
CTPOKM COOTBETCTBYIOIINK €Ml NHIEKC COBIIA IEHIA:
Howmep cTpoxnu 1 2 3 4 ) 6
Wnpexc comanenus | 0,060 | 0,077 0,045 0,053 | 0,057 | 0,057

[lnsg Bcero mmdpoBaHHOTO TeKcTa WHAeKC coBmagenus pasen 0,040,
9TO 3aMETHO MEHbINe, YeM WMHIEKC COBIAIEHWA LA KaXKIOU U3 yKa3aH-
HBIX CTPOK. 3TO ABJIACTCA XOPOIIUM ITOATBEPXKICHUEM I'MIIOTE3bI O IJIUHE
nepuonga raMMBL.

[Ipyrue ngen moaxomoB K BCKPBITUIO PACCMATPUBAEMBIX MI(PPOB OCHO-
BaHBI Ha TeX WIM MHBIX OCOOEHHOCTAX UX IIOCTPOEHUA M HCIOJb30BaHUA
(cm. pemenus 3agaa 1.2, 2.2, 2.5, 2.6, 3.4, 3.5, 4.6).

5. YcaoBusa 3agad OJIMMIIAA IO MaTEeMaTHUKE U
KpunTorpadun

Huxxe mpuBogATCa 3aqauu ceMU OJUMINAL IO KPUOTOTpaduu U MaTe-
maruke. Hymepanus 3agad qeounas: mepsas mudpa — HOMED OMUMIUALL,
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BTOpas — HOMep 33Ja4u B omuMnuaje. /[lnd pemeHusa 3axad He TpebyeTcs
CHELUATbHBIX 3HaHUA. Bce HEOOXOMUMBIE ONMPEEJeHUs TAHBI B yCJIOBUAX.
Sagaqu paccauTansl Ha yuammxcesa 9, 10 u 11 kmaccos.

1.1. Kmouom mmdpa, HA3BIBAEMOT'O «ITOBOPOTHASA PEIIETKa», ABIACTCS
Tpadaper, U3rOTOBICHHLIN U3 KBA IPATHOO JUCTA KJIeTIaTOn OyMaru pas-
mepa n X n (n — detHo). HekoTopsie u3 k1eTok Buipesawrca. O 1Ha u3 cTo-
poH Tpadapera momMedeHa. [pu HaIOXeHUM >TOrO Tpadapera Ha IUCTHIN
JuCT OyMaru YeThIPbMsA BO3MOXKHBIMU CIOCOO0AMU ([IOMEYEHHON CTOPOHOU
BBEpX, BIIPABO, BHA3, BJIEBO) €0 BHIPE3HI MOJTHOCTHI MOKPLIBAIOT BCIO TLIO-
I1a 1b KBaApaTa, IIPUYIEM KaK Oasd KJI€TKa OKa3bIBACTCs 110 BEIPDE30OM DOBHO
OJUH pa3.

ByKBBI COO6HI€HI/IH, UMEIOUIEro IINHY TL2, mocIe10BaTE/IbHO BIINCHIBAKOT-
CsA B BBEIPE3BI Tpadapera, CHAYaIa HAJOXKEHHOO Ha YUCTHIA JUCT OyMaru
TTOMEYEHHOU CTOPOHOU BBepX. [locie 3amomHeHns BCEX BRIPE3OB TpadapeTra
OykBamu cooOIIeHnss TpadapeT PacCHoNaraeTCs B CIEAYIOIIEM ITOJOXKEHUN
u T. 1. llocre cuaTusa Tpadapera Ha aucTe OYMaru OKa3bIBAETCS 3aITUDPO-
BAHHOE COOOIIeHUe.

Haﬁ,ane IHUCJIO0 PA3JIUIHBIX KJIIO‘Ieﬁ IJIA IIPDOM3BOJBHOI'O Y€THOI'O IHUC-
Jaa n.

1.2. B azapec onmuMOma bl IpUILIO 3audpPOBAHHOE COOOIIEHME:
OBMEXTUBO®IW

Hanaure ucxogHoe COOOLIEHNE, €CIM U3BECTHO, YTO M@ prIpeodpa3oBaHme
3aKII0YATIOCH B cleayiomeM. IIycTs x1, T» — KOpHHE TpexwieHa 2 + 3z + 1.
K mopsaakoBoMy HOMEpY KaxX[OU OYKBHI B CTAHIAPTHOM PYCCKOM al(aBUTE
(33 6ykBEI) mpEGaBIATOCE 3HAMEHWe MEOTOWIeHA f(7) = 28 + 32° + 2t +
+ 2% + 42 + 4z + 3, BHINUCIEHHOE JU6O TIPU & = Z{, AUOO NPU T = T
(B HEM3BECTHOM HAM TOPALKE), & 3ATEM MOTYyICHHOE YUCIO 3aMEHATOCH CO-
OTBETCTBYIOLIEN €My OyKBOM.

1.3. [lna nmepemauu mudopMmanuu oT pesugeHTa lappusBaca B Haronuwm
TOJBKO YTO BHEIPEHHOMY Pa3BEIIUKY OBLT YCTAHOBJEH CIEIYIOIINU TOPSI-
IIOK.

Bce coofmmenus pesugenTa onpegeseHs 3apaHee U MPOHYMEPOBAHEL Un-
cravu 1, 2, 3, ... . Passenuuk, obGmagamommin GeHOMEHATLHON MaMATHIO,
TIOTHOCTBIO 3AMIOMHII COOTBETCTBUE MEXKIY COOOMIEHUAMU U UX HOMEDAMU.
Teneps gust TOro, YToOHI IEPEIATH NHMOPMAIUID PA3BEIINKY, JOCTATOYHO
OBLIO COOOIIUTH €My JIHUIIbL COOTBETCTBYIOIIEE UUCIIO.

[l151 mepemady IUCIA B YCIOBIEHHOM MECTE OCTABIAIACH PABHASA DTOMY
YUCILY LEHEeXKHAs CyMMA.

Ha momenT paspaboTku onepanuu B Haronum umenn Xox IeHue TeHEXK-
HBIE KymOphl goctourcTBoM 1,3,7 m 10 6yt (6yT — meHexHAs equHULA,
Haronuun). OxHako B pesyibrare NeHEXKHOU PedOPMBL KYIIOPHL IOCTOUH-
ctBoM 1 1 3 OyT OBLTM M3BATHL U3 OOPALICHUS.
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BriacauTe, HaUMHAA C KAKOTO HOMEPA MOXKHO MEPEeIaTh PA3BEIIUKY JIO-
60e coobiieHne, oab3yACh TOIBKO OCTABIIUMUCA B OOpAIeHuN KyITIOPAMU.

1.4. CKOJBKO CyIIECTBYET YIOPATOYEHHBIX IaP HATY PAILHBIX YUCET ¢ 1 b,
/I KOTOPBIX U3BECTHLI UX HAMOOJILUINY OOmMK neauTelsb d = 6 1 ux Hau-
MenbInee obmee kpatuoe m = 6930. Chopmynrupyure oTBeT U B OOMIEM
CIyvae, UCHOIb3Y s KAHOHUYIECKNE PA3IOKEHUA d U 1M Ha MPOCTHIE MHOXKU-
TeJIn.

1.5. [Tama kpumrTorpaMmma:

®H x H = O0AD
+ x —
EE + E = H3
WA + MP = WMH

BoccranoBuTe nudpoBeie 3HAMEHUA OYKB, TP KOTOPHIX CIPABEIIABLI
BCE YKA3aHHBIE PABEHCTBA, €CIM PA3HBIM OyKBAM COOTBETCTBYIOT Pa3JIdd-
HbIe P, PaccTaBpTe GYKBHL B MOPAIKE BO3PACTAHUA X IA(PPOBLIX 3HA-
YEHUU U MOJIYIUTE UCKOMBIA TEKCT.

1.6. Opgua pupma NpesIoKMIA YCTPOUCTBO I ABTOMATUYECKOU IIPOBEP-
K7 maposs. [laposeM MOXKeT OBITEH JH0O0U HEMyCTON YIOPAIOUEeHHEIN HAOOD
6yks B andasure {a, b, c}. BygeMm 0603Ha4aTh Takue HAGOPHL GOMBIIIMIY Ja-
TUHCKMMU OyKBaMu. Y CTPOUCTBO IepepabaTLIBACT BBEICHHBEIN B HETO HAa-
60p P B mabop () = ¢(P). Orobpaxenue ¢ NepKUTCI B CEKPETEe, ONHAKO
PO HET'O M3BECTHO, YTO OHO ONPENENEHO HE MIA KaXKI0ro Habopa OyKB u
obJIamaeT caeayomuMu ceoucTaMu. [laa aoboro Habopa 6yks P

1) ¢(aP) = P;

2) p(bP) = @(P)ap(P);

3) mabop ¢(cP) monydaercsa u3z Habopa ¢(P) BbimuceBaHueM OyKB B
00OpaTHOM HOPSIKE.

YCTpOUCTBO MpU3HAET NPEIBABICHHBIN MAPOJIL BEpHLIM, ecau ¢(P)=P.
Hanpumep, TpexOykBeHHbI HAGOD bab ABIAETCA BEPHBIM MAPOIEM, TaK Kak
p(bab) = p(ab)ayp(ab) = bab. llogbepure BepHBIN IAPOIb, COCTOAUY HOIEE
4eM u3 Tpex OyKB.

2.1. B gpeBuem mudpe, usBecTHOM 101 HazBaHueM «CruTanay, UCIOIb30-
BAJTACh MOJOCKA, MAMUPYCa, KOTOPAsA HAMATHIBAIACH HA KPYTVIBIUA CTEPKEHB
BUTOK K BUTKY 6€3 TMPOCBETOB W HAXJECTOB. [lanee, Ipu rOpU30HTATBLHOM
OO EHUN CTEPIKHA, HA MANUPYC MOCTPOIHO 3AMUCHIBAICA TEKCT COOOIIE-
uus. [locae 5Toro morocka manupyca ¢ 3aluCAHHBIM HA HEH TEKCTOM IIOCHI-
JATACH AAPECcaTy, UMEIOIMIEMY TOYHO TAKOU XK€ CTEPKEHb, YTO MO3BOJIIO
eMy IPOYUTATH COOOIIEeHNE.

B mam agpec mocrynuno coobuienre, 3anmdpoOBAHHOE € MOMOIIBIO K-
dpa «Cuuranar. Oguaxo ee aBTOp, 3a60TACH O TOM, YTOOBI CTPOUKU ObI-
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JI POBHBIE, BO BPEMA MUCHMA IIPOBOAWI MOPU3OHTAJNBHEIE TUHAN, KOTOPHIE
OCTAJINCH HA IOJOCKE B BUJE YePTOUYEK MEXKAY OyKBAMU. YT O/ HAKJIOHA DTUX
9ePTOYEeK K KPAIo JEHTHI PABEH (v, IINPUHA IIOJOCKU PaBHA d, & MINPUHA Ka-
XKJIOU CTPOKU paBHA h. YKax)uTe, KAK, MOJb3YICh UMEIOIIUMUCS JAHHBIMU,
IPOYNTATH TEKCT.

2.2. HUcxoguoe muppoBoe cooOIeHne KOMMEPCAHT mMudpyeT U IepenaeT.
[l71s1 5TOro0 OH EeJuT MOCJAe[OBATENBHOCTD UMD UCXOLHOI'O COOOIIEHMS HA
CPYIBL IO TATH MU(pP B KAXKIOU U MOCAE ABYX MOCTEIOBATEILHBIX T'PYIII
TIPUNNCLIBAET elle ABe MOCAeTHUe MU(PPB CYMMBI IHCET, M300DPaKEHHBIX
STUMU ABYMs IPYHMOAMU. 3aTeM K KaxAoU mudpe MOIyIeHHON MOCIeI0Ba-
TEABHOCTU OH HPUOABIAET COOTBETCTBYIOMIMY IO HOMEPY “WIEH HEKOTOPOU
LEJOYUCTIEHHON apu(PMETUIEeCKOU TPOrPECCUN, 3AMEHSIA PE3YIbTAT CJIOKE-
HUA OCTATKOM OT geseHus ero Ha 10.

Hangure ucxomuoe mudposoe coobleHue no mmudpoBAHHOMY COOOIIe-
HUIO:

423461405313

2.3. Paccvmorpum mpeobpaszoBaHMe NUMPPOBOTO TEKCTA, B KOTOPOM Ka-
XKaad mudpa 3aMeHAeTCA OCTATKOM OT JAeleHWsA 3HAYEeHWsA MHOTOUWIEHA
F(z) = b(z3 + Tz? + 3z + a) ma wncao 10, rae a, b — dukcupoBaHHLIE
HaTypaJIbHbIEC YUCIA.

Bruicaure, npm kakumx 3HAUEHUAX @, b ykaszaHHoe mpeobpa3oBaHUE
MOXKET OBITH mudpupeodbpasoBaHueM (T.e. IOMyCKAeT OTHO3HAYHOE pac-
mudgpoBaHUe).

2.4. [IIpum ycTaHOBKE KOTOBOT'O 3aMKa Ka¥XK 10U 13 26 JaTUHCKUX OYKB, Pac-
TIOJIOXKEHHBIX HA €r0 KIABUATYPE, COMMOCTABIAECTCSI IPOU3BOIBHOE HATYPATb-
HO€ YHUCJI0, U3BECTHOE JUIIL 06gaaTento 3aMka. PasHupiM OyKBaM COMOCTAa-
BIIIOTCA He 00A3aTeNbHO pa3Hbie ducia. [locae Habopa mpOu3BOILHON KOM-
OMHALIMY MOMAPHO PA3JUYIHLIX OYyKB MNPOUCXOAUT CYyMMUPOBAHUE UUCIOBBIX
3HAYEHUU, COOTBETCTBYIOMINX HAODAHHBLIM OyKBaM. 3aMOK OTKPBIBAETCH,
eCcJau CyMMa, AeauTca Ha 26.

MokaxuTe, 9TO [JIA JHOOLIX YUCIOBBIX 3HAYCHUN OYKB CYIIECTBYET KOM-
OMHALNS, OTKPBHIBAIOMIAS 3AMOK.

2.5. CooOrenne, 3amrcagHoe B aI(aBUTe
ABBI' IEX3UKJIMHOIIPCTYOXITHIBLIOHNA

3ammu@pOBBIBAETCS IPU MTOMOIIY HOCIeI0BATEILHOCTH OYKB DTOr0 xke auda-
Buta. [lanHa mocregoBaTenbHOCTH paBHa miauue coodmenus. ludpoBanne
KaxK 101 OYKBBI MCXOMQHOIO COOOLIEHUA COCTOUT B CJAOXKEHUU €€ MOPAIKOBO-
O HOMEPA B alpaBUTE C MOPATKOBHIM HOMEPOM COOTBETCTBYIOIICU OYKBHI
mdpPYoIen MOCIeIOBATEILHOCTA U 3aMEHE TAaKOU CYMMBI Ha, OYKBY aj-
¢aBuTa, TOPAIKOBLIL HOMEDP KOTOPOU UMEET TOT XK€ OCTATOK OT NEJCHUs
Ha 30, 9TO U dTA CyMMA.
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BoccranoBuTe nBa MCXOIHEIX COOOIIEHMS, KaXKI0€ U3 KOTOPHIX COJep-
kuUT ¢10B0 KOPABJIU, eciu pe3yIbTaT UX 3amn@pOBAHKUA IIPY [IOMOLIY O JHOK
1 TOU XKe mu@pPyIOMIeN I0CAeI0BATEILHOCTA U3BECTEH:

ITHAPTIMAJIXXEBLIBPBYY n WIATBHUMCOTIIXITICT XCLI]

2.6. ByxBbI pycckoro ampaBuTa 3aHYMEPOBAHBI B COOTBETCTBUU C TAOIM-
en:
Als[Blr|olE[x[3[n[x [n|mM[H]|Oo|[n|[P|c|T|Vv|e|x|u|49|u|u|b|u|a]|n]4a
1]2|3]4|5|6]7|8|9{10{11{12|13|14|15[16{17|18|19(20|21|22]23]|24|25(|26|27|28(29(30
[Lns1 3ammpoBaHusa COOOIIEHU, COCTOSMIIETO U3 N OYKB, BLIOUPAETCA K0T
K — mekoTopas moCIeI0BaATEILHOCTD U3 N OYKB MPUBEICHHOTO BBIIIE aJI-
daBura. 3amudpoBanre KaxkI0U OYKBBI COOOIIEHUS COCTOUT B CJIOKEHUN
ee HOMEpa B TabIMIle ¢ HOMEPOM COOTBETCTBYIOMIEN OYKBHI KIIOYEBOU IO-
CIEMOBATEILHOCTH U 3aMEHE MOIYIEeHHOU CyMMEI Ha OyKBY aadaBuTa, HO-
Mep KOTOPOU MMEET TOT K€ OCTATOK OT gejeHusa Ha 30, 9TO U dTa CyM-
Ma.

[Ipourure mudposannoe coobimenue: PEBHTCUTCPPE30X, eciu u3BecCT-
HO, 4TO IM(QpPYyOIad IOCIeI0BATEILHOCTh HE COAepXKata HUKAKUX OYKB,
kpome A, B u B.

3.1. YcraHoBuUTE, MOXHO JU CO3JATh IPOBOAHYIO TeJE(OHHYIO CETH CBS-
31U, cocrosauryo u3 993 aGOHEHTOB, KaXABIU U3 KOTOPLIX OBLI OBl CBA3AH
poBHO ¢ 99 apyrumu.

3.2. Iluppropeobpaszosanne npocTon 3ameHsl B aadasure A = {ay, as, ...
.++,Qp}, COCTOSILEM U3 N PA3IAIHLIX OYKB, 3AKII0YAETCA B 3aMEHe KaxK 10U
OykBBI IM(PPYEMOr0 TEKCTa OYKBOU TOrO K€ aapaBUTa, NPUIEM Pa3HLIE
OyKBBI 3aMEHAIOTCA pasHbIMU. KirodoM mudpa IpoCcTOd 3aMeHbl Ha3LIBa-
eTcsa TabiuIa, B KOTOPOU YKAa3aHO, KAKOU OYKBOU HAJIO 3aMEHUTH KaXK IYIO
oykBy andasura A. Eciu cioso CPOYHO 3ammdpoBaTh IPOCTON 3aMEHOU C
IIOMOIIOBIO KJIKOYa.:

A/B|B|'|L|E|X|3|H|K|T|MH|O|ID|P|C|T|V|®X{Q|9|I|I|b|H|3(0 A
q|g|0(2(H|b|N|ILX(®(Y|B|L|T|{3|B|P|OI|M[JI|K|A|/K|O|X|E{C|T|H
TO mOayunTCsa c10BO B3IABI. 3ammdpoBaB MOJYyUEHHOE CJIOBO C MOMOIIBIO
TOrO XKe KI0Ya ele pa3, noxyauM caoso HIEYAN. CKomrbKko Bcero pasanaHbix
CJIOB MOYKHO MOy YU Th, €CJIU YKA3AHHBIN TIPOIECC MU(POBAHUA TPOIOMIKATE
HEOTDAHUIEHHO?

3.3. Coobmenne, 3amudpoBaHHOE B IyHKTE A mmdpoM IpocTon 3aMeHb
B andaBuTe u3 OyKB PyCCKOI'O A3BIKA U 3HAKA [Ipobera (=) Mex 1y CJIOBaMU,
nepemaeTcsa B OyHKT b orpeskamu mo 12 cumsosos. Ilpu mepemade ode-
PEIHOr0 OTPe3Ka CHAYANa [TePeIa0OTCs CUMBOJLI, CTOSAINE HA I€THBIX Me-
CTax B IOPsJKe BO3PACTAHUA NX HOMEPOB, HAMUHAI CO BTOPOr'0, & 3aTeM —
CHMBOJIBI, CTOSIIME HA HEYETHLIX MeCcTaxX (Takxke B [OPIIKE BO3DACTAHUI
UX HOMEpPOB), Ha4YMHAs ¢ nepBoro. B myukre B monyuennoe mudposannoe
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COOOIIeHNEe ONOMHUTENBLHO HIN(pPYETCsa C MOMOIIBI0 HEKOTOPOI'0 IPYroro
mmppa IPOCTON 3aMEHEBL B TOM XKe aidaBUTe, a 3aTeM TaKUM Ke 00pas3oM,
Kak u u3 nyakTa A, nepemnaercs B myskT B. ITo nepexsadennsim B nyukTe B
oTpe3KaM:

c 0o - T X T IO H B T X O
p C T K I K ¢ I X E ¥V B
- E - T & T ¥ B - 0 0 B
c m - E 0O K X VvV ¥y n X I
c M OO0 X B 2 K I' 0 II T H
y 1 K I - B K H T I X T

BOCCTaHOBHUTE HNCXOOTHOE COO6H.[€HI/Ie, 3Has, 9TO B OOJHOM M3 II€PEHaHHBIX
OTPEe3KOB 3amudpoBaHo c10BO KPUIITOI'PAGUA.

3.4. [ana mocaenoBareabuocts wucen Cy,Cs,...,Cp, ... B koTopou C,
ecTb nocaeqHss mudpa ducaa n”. [Jokaxure, 9T0 5Ta 0CIEI0BATEIHFHOCTD
TMEPUONYECKas U €€ HAUMEHBITNU mepuos paser 20.

3.5. MHcxomnoe coobuienune, cocTosmmee n3 OYKB PyCCKOro aadpaBUTa U 3HA-
Ka mpobena (=) Mexay caoBamu, Npeobpasyercsa B HUdPOBOE COOOLIEHUE
3aMEHOU KaXKIOT0 ero CUMBOJA Mapou Mudp COTIACHO CICAYIOIIEH TaOIu-
e:
[A[B[BICIAJE[K]3[M[K[ATM[HIO[N[P[CIT[V[O[X U[YW[UTbIB[SJO[A]-]
[01]02[03[04[05]06]07|08[09]10|11|12[13]14]15]16]17[18]19]20[21]22[23]24]25[26]27|28]29[30[31]
[L1s1 3ammdpOBaAHU MOLYIEHHOT'O IU(MPOBOTO COOOIIEHUS UCTIOIb3YETCS
OTPE30K MOCJAEIOBATENLHOCTH U3 3a0a4K 3.4, HAMMHAIOMINUCS ¢ HEKOTOPOT'O
anena Cy. llpu 3amwudpoBanum kaxaasa mudpa COOOIIEHUS CKIIATBIBAETCS
¢ cooTBeTCTBYIOMEN nu(GPOU OTPE3KA U 3AMEHAETCA MOCIeTHer Huppou
MOy 9E€HHOU CyMMBI. BoccTaHoBuTe COOOIIEHUE:
2339867216458160670617315588

3.6. Pasuocropounuu Tpeyroasauk ABC pa3buT Ha YeThIpE YaCTH TaK,
KaK MOKa3aHo Ha pucyuke, rge M u N — cepenunsl cropon AB u BC
cooreercTBerHO. M3pectro, yro PK | MQ u NL 1 MQ. B xakom ot-
wouenru Touku P u () gensr cropoumy AC, eciw uM3BeCTHO, UTO U3 DTUX
JacTel MOXKHO COCTaBUThL KBAIPaT?

B




204 T'JIABA 7

Puc. 6.

4.1. Kirouom mmdpa, HA3LIBAEMOrO «PELIETKON», SABIAETCA MIPIMOYIOJIb-
oz Tpadapetr pasmepa 6 X 10 kierok. B Tpadgapere Beipesannl 15 kreTok
TaK, 9TO IPU HAJIOKEHUM ero Ha MPIMOYTOJLHBIU JUCT OyMaru pasmepa
6 x 10 K1eTOK e THIPbMA BO3MOKHBIMU CIIOCOOAMU €I'0 BEIPE3HI MTOJTHOCTHIO
TIOKPBIBAIOT BCIO ILIOIIAAb JUCTA.

Byxkeer coobuienus (63 MpOMyCKOB) MOCAENOBATEIBHO BIUCHLIBAIOTCA B
BHIpE3Hl TpadapeTa (0 CTPOKaM, B KaXK [OX CTPOKE CJIEBA HATIPABO) [IPU Ka-
K IOM U3 Y€THIPEX €r0 BO3MOXKHBIX MOJOXKEHUN. [I[pOYTUTE NCXOMHBIN TEKCT,
ecau mocie 3amudpoOBaHUA HA JUCTE OyMaru OKa3ajcsa CAeAyIOIUN TEKCT
(ma pycckoM s3bIKe):

P|O|T|E|(II|A|B|E|C|I
oA | T|A|IO|-|b|3]|T|-
-|Y|K|T|-|d4|A|b|-|C
H|OI|-|B|E|V|-|D|O|C
TIH|B|3|H|A|E|{M|-|0
-|E|®|-|-|P|O|-]C|M

4.2. Kpunrorpamma

122245321 629 2822018 2021510 2717211216 —

192 275 829123122216, 192 195 17298296 29 16:
82191929 10 1929141929 291910 224211216

10141821 172202282916 2129 286 29 16.

nosydeHa 3ameHou Oyks Ha umcaa (ot 1 1o 32) Tak, 9To pasHBIM GyKBaM
COOTBETCTBYIOT pasHble uncia. OTaenbHbIE CI0BA PA3qeJeHbl HECKOIbKIMEI
npobenamu, OYKBEI — OIHUM MpPOOETIOM, 3HAKM MPENWHAHUA COXPAHEHHI.
Byksrr «e» u «&» He pasanuaorca. [Ipourute gerBepoctumue B. Bricomko-
ro.

4.3. dlludpoBaTbHBIA JUCK» UCTOIB3YETCA A 3AMU(DPOBAHUA TACTOBBIX
coobrernu. OH COCTOUT U3 HEMOABIKHOTO AUCKA U COOCHO BPAIIAMIIErOCST
Ha HEeM JuCKa MeHblrero guamerpa. Ha o6oux muckax HaHECEHBI UMPHI OT
0 mo 9, KOTOpBIE PACHOJOXKEHBI B BEPUIMHAX TPABUILHBEIX 10-yrOIBHUKOB,
BIUCAHHBLIX B TUCKWU.

Mudppa X ma HEemoOABMAKHOM AUCKE 3ammM(ppPOBLIBaeTCA B nudpy Y mo-
[OBIZKHOT'O TUCKA, JIEXKAIILYIO Ha TOM K€ pajgmyce, 9To u X .

[ns mocrpoenus Brnucanuoro 10-yrompHuka 6€3 TpaHCHOPTHPA HAIO
yMeThb cTpouTh yroa B 36°. IlonbiTanTech BEIMUCIATE ¢ TOYHOCTHIO 10 0,1
3HAYEHNE KAKOU-I100 TPUTOHOMETPUIECKON (PYHKIINK TAKOI'O yIia 6e3 Tab-
JIAI U KAQJBKYIATOPA.

4.4. 3BamudpoBanue (pasbl HA JATUHCKOM SI3BIKE OCYIIECTBICHO B IBA
srana. Ha nepsom srame xaxngas OykBa TEKCTa 3aMEHSETCS HA CJeLyIOo-
myio B andaBUTHOM mopsake (mocaenusas Z 3aMensercs Ha nepsyio A). Ha
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BTOPOM JTAle MPUMEHAETCA Mudp TPOCTON 3aAMEHBI C HEM3BECTHBIM KO-
voMm. Ero nmpuMenenue 3akiaiodaeTcs B 3aMeHe KaxK [0U OYKBHI MU(GPyeMoro
TeKCTa OYKBOU TOTO XK€ aI(paBUTA, IIPU STOM DPA3HBLIE GYKBHI 3aMEHAIOTCA
pasueiMu GykBamu. KirouoMm Takoro mudpa ABIIeTCsa TabInna, B KOTOPOU
YKa3aHO, KAKOU OyKBOU HANO 3aMEHUTb KaXAyI0 OYKBY aadaBUTA.

ITo namnOMYy mIUMPTEKCTY

0SzJX FXRE YOQJSZ RAYFJ

BOCCTAHOBUTE OTKPBLITOE COOOILIEHWE, eCJAU U3BECTHO, ITO [JISI KCIOJIB30-
BAHHOTO (HEM3BECTHOIO) KIIOYA PE3yJbTaT MUpPOBAHUA HE 3aBUCUT OT
TIOPAKA BBIMOTHEHUA YKA3aHHBIX 3TANOB [IIA 0000 OTKPBITOI'O COOOIIIe-
uwus. [Ipo6ener B TeKCTe Pa3gensioT CJIOBA.

JlaTuuckun ampaBuT COCTOUT U3 CASAYIOMUX 24 OYKB:

ABCDEFGHIJLMNOPQRSTUVIXY Z.

4.5. [l npOBEpPKU TeIeTANITa, MeIATAIIEr0 OYKBAMU PYCCKOTO aadaBu-
Ta
ABBFHEEXBHﬁKHMHDHPCTY¢XHHMMBHB3MH
nepenan Habop u3 9 caoB, comepxkamun Bce 33 OykBeI aadasuTa. B pesynb-
TaTe HEMCIPABHOCTHU TEJETANIa Ha IPUEMHOM KOHIIE IIONYJIeHBl CI0OBA
I'bi ADE BIIPK EXI0 HMbY CHJI3 WAy LXO0T APBU

BoccraHoBUTE UCXOMHBIM TEKCT, €CIU U3BECTHO, UTO XapaKTep HEUC-
[IPABHOCTH TAKOB, 9TO KaxKAas OyKBa 3aMeHseTCsa OYKBOU, OTCTOAILIEU OT
Hee B YKa3aHHOM asdaBUTe He Jauablie, ueM Ha aBe OykBwl. Hampumep, 6y-
kBa B Moxer mepentu B oguy us 6yxs {A, B, B, I'}.

4.6. UWcxomuoe coobienue u3 OyKB PyCCKOr0 aadaBuTa Mpeobpa3yeTcs B
YUCI0BOE COOOIIEHNE 3aMEHON KaXKIOU ero OYKBBI YMCJAOM IO CJIEIYIOMIEN
Tabaume:

als|B|r|o|E|(x|3|u|x|n|[m|u|o|o|p|c|T|v|o|x|u|d|u|u|b|e|a|n|a
00[o1[02[03|o4|05|06|07|08|09]10]11|12[13]14[15|16]17[18[19]20[21]22[23[24]25]26[27[28]29
[ns 3ammudpOBAHAA TOMLYI€HHOTO IUCIOBOTO COOOMIEHUA UCIONb3yETCS K-
¢pyomun oTpe3oKk mnociaegoBareabHocTn A, Ao, ... MOAXOAEN NJIWHEL,
HaurHAOmMICa ¢ Aigg.

[Ipr 3ammdpoBanny KaxkI0€ TUCJIO0 TUCIOBOIO COOOIIEHMA CKJIATBIBA-
€TCA ¢ COOTBETCTBYIOIIUM 9UCJAOM MEUPPYIOIMEro OTPE3KA. 3aTEM BLIUH-
CIAETCA OCTATOK OT NENEHUA TTOMYyIeHHOU cyMMbI Ha 30, KOTOPBIA MO JaH-
Hou Tabuuie 3aMersercsa 6ykBon. BoccranoBure coobmenne KEH39PE, ecin
m@PYOMUI OTPE30K B3AT U3 MOCJAENOBATEABHOCTH, Y KoTOpou A; = 3 u
Apr1 = Ay, +3(k*> + k + 1) n1a mo6oro HaTypasbHOTO k.

4.7. YTOOH 3aNOMHUTE MEPUOAMIECKU MEHAOIINUCA Mapois B IBM, ma-
TeMATUKHU IPUAYMaIu caenyoumiu crnocod. [lpu uasecTHOM Yucae a (Hampu-
Mep, HOMEpe MeCsa B [OLY), Hapoib IPEACTABLIET COOOU IEPBBIE LIECTh
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nudp HAUMEHBIIEI'O PENIeHNA YPaBHEHUA

a(z? —1) = m

(Yucno MeHBbIIEN 3HAIHOCTH JOMOJHAETCA CIPABa HEOOXOIUMBIM HUUCIOM
HyJIel. )

Pemre Takoe ypaBueHue npu npou3BoabHOM a > 0.
5.1. Kowmbunamua (z,y,z) Tpex HATYypAJIbHLIX UUCEJ, JEXKAMUX B IUA-
mazoue oT 10 1o 20 BKIIOYUTENBHO, ABIACTCS OTIUD GIOMIEN NI KOJOBOTO
3aMK@, €C/IM BBIIOAHEHO cooTHouenue F(z,y,z) = 99. Hangure Bce oTnu-
patolye KOMOUHAIUYN IS 3aMKa C

F(z,y,2) = 32> —y> — 7z.

5.2. Coobuienre 6bLIO TOCTPOYHO 3aNKUCAHO B Tabmuiy, uMmeoiryoo 20
cToa6moB. [Ipy 5TOM B KAKAYIO KIETKY TAOMUIBI 3ATUCHIBAIOCH NO OLHOU
OyKkBe COOOIIEHN A, TPOOEThI MEX Iy CJI0BAMU OBLIU OMYIIEHBI, 8 3HaKU Ipe-
NMUHAHUA 3aMEHEeHBbI Ha, YCIOBHBIE KOMOMHaumu: modka — TYK, 3amsaras —
30T. 3arem CTOJIOUBI TAOAUIBI OBLIN HEKOTOPHIM 00D G30M IIEPECTABJICHEI,
B pe3yJabTaTe Yero ObLI IONyIeH TeKCT:

AHIBKPALOETEPTOMUSAE
AITANOHUOEYUOOTENLBOP
YPOIYUECMOHIOKXUHTHUKED
HYJTAEPEBHHNEE3UOHHHNY[
BTOOEMIOIOTMNBAHUIOTAICI
HKCU-THHO--E-JIVYI-T-X

[IpouTuTe ucxoaHOE COOOIIEHNE.

5.3. Us touxku O suyrpu Tpeyroiasauka ABC ua ero cropount AB, BC,
AC onymenw nepnen qukyaapet OP, OQ, OR. Nokaxute, uro OA+ OB +
+0C > 2(0OP + 0Q + OR).

5.4. 3awwndpoBaHue COOOUIEHNS COCTOUT B 3aMeHe OYKB MCXOTHOrO TEK-
cTa Ha mapbl LUdP B COOTBETCTBUM C HEKOTOPOU (M3BECTHOU TOABKO OT-
IPAaBUTEI0 U [OIy9aTeq0) mabaunell, B KOTOPON Pa3HBIM OyKBaM ajda-
BUTa COOTBETCTBYIOT pasHble mapbl mudp. Kpunrorpady mamu saganue
BOCCTAHOBUTD 3AIIM(POBAHHEIA TeKCT. B KakoMm ciaydae emy Oyaem Jer-
Y€ BBITOJHUTHL 3a0aHUE: €CIU M3BECTHO, UTO TEPBOE CJIOBO BTOPOU CTPO-
KI — «TEpMOMETD» WINM YTO MEPBOE CJIOBO TPETHEU CTPOKU — «PEMOHTH?
O6ocuyure csou orser. (IIpedmonaraercs, 9To Tabauma 3amupPOBAHUL
KpunTorpady HEU3BECTHA,).

5.5. Pemmre ypaBHeHUe:

V32 + 13z + 71 — (T+ 2z — 1)\/23: +14v22 — 14118 = 0.

5.6. Ilpu mepemaue cOOOLIEHNN UCIOAL3YeTCS HEKOTOpHIU mmdpp. Ilycrs
M3BECTHO, 9TO KaXKJIOMY W3 TPEX MIu(pPOBAHHBEIX TEKCTOB
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AMBBOTCHIIK BT BLAAA
YKMAIIOYCPKIIB3AX
MO0 YCHBKObBHEAKK
COOTBETCTBOBAIO ucxoaHoe coobmenune MOCKBA. IlonpoGyure pacmudgpo-
BaTb TPU TEKCTA

TIEOUPBHTMOJIAPTEMAHBUJIETHMTAAT TIbTKYBUYKT EMIIHENAAPA
JICUEMI'OPTKPOMUTBABKHOIIKPACEOI'HABEII
PTIIANOMBCBTUEQOBIIPOEHHUT'BKEEAMTAJIBT ILCOYMUIICEOHIIBUAAK
TIpU YCJOBUU, UTO ABYM U3 HUX COOTBETCTBYET OJHO M TO XK€ COOOIIeHUe.

CooO0meHnAMY ABIAOTCA U3BECTHBIE KPBLTATHIE (DPABHL.

6.1. B cucreme cBasu, cocroamen u3 1997 aGOHEHTOB, KaXk IbIM AOOHEHT
cBa3aH poBHO ¢ N apyrumu. Omupegenure Bce BO3MOXKHBIE 3HadeHUus N .

6.2. Ksagparuas tabauuna pasmepom 1997 x 1997 s3amoanenHa HaTypasib-
HbIME Yuciaamu oT 1 1o 1997 Tak, 9T0O B KaK 10U CTPOKE IPUCY TCTBYIOT BCE
gncaa ot 1 go 1997. Hanaure cymMmy 9mMcesn, CTOAMUX HA [UATOHAIA, KO-
TOpas COEIUHAET JEBLIM BEPXHUYA W MPABLIM HIKHUU YIVIEL TAOINLLL, €CIn
3aM0JHEeHre TAOMIUIBI CAMMETPUYHO OTHOCUTEIBHO STOU TUATOHAIM.

6.3. Tekcr
MUIMOOPACTETHUPACHUCTL
NHCADENUBOETKXPILIEOJTO
MIMCAHHCHCAOOJINTNEATY
HOBHUNUNALINUMNIOBLICENA A
TIOJIYYeH U3 UCXOTHOTO COOOIIEHUs MepecTaHOBKOU ero OykB. TexcT

YUOPMUNDOPEOUYEMNONYOAKE
YMIBKUBEEYLOOOMMI NI
OQENNOOIMEYOMEPIMEO®YI
XENNPTTOINUOPCANIKIL®PEE
TIOJIYYEH U3 TOT'O XK€ MCXOTHOT'O COOOMIEHNS 3aMEHOU KAk [OU OYKBEI HA IPY-
Iy OYKBY TaK, 9TO Pa3HbIe OYKBBI 3aMEHEHBI DA3HLIMU, & OJUHAKOBHIE —
OIMHAKOBLIME. BoCcTaHOBUTE MCXOMHOE COOOIIEHME.

6.4. Ha xaxmou u3 Tpex ocel yCTAHOBJIEHO IO OJHOU BPAIIAIOMIEHCS IIIe-
CTEepeHKe W HEeMOABUXKHOU cTpenke. [llecTepeHKn COeIMHEHBI MOCIEIOBA-
tenbHO. Ha mepBon mecrepenke 33 3youa, Ha BTopon — 10, Ha TpeThen — 7.
Ha xaxgom 3y6re mepBOU MIECTEPEHKU MO YACOBOU CTPEIKE HAMKUCAHO 110
OJHOU OYKBE PYCCKOI'O A3LIKA B aJaBATHOM MOPSIIKE:
ABBF,[[EE)KBHﬁKJIMHOHPCTY(DXH‘“]]III'])I)IBSI{]H

Ha 3y0umax BTOpOU M TPEeThLEN IIECTEPEHKU B IMOPAIKE BO3PACTAHUA IO
JacoBOU CTpeake Hanucasbl nudpsl oT 0 10 9 1 ot 0 10 6 COOTBETCTBEHHO.
Korga cTpenxka mepBon OCH yKa3BIBaeT HA OYKBY, CTPEJKU ABYX APYTUX
OCell YKa3BEIBAIOT Ha IU(PPEL.
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Byxsb co00menus mmdpy0TCs MOCIeI0BATEIBLHO. SamndpOBAHIE IPO-
U3BOAUTCS BPAIIEHUEM IIEPBOU IIECTEPEHKU MPOTUB YACOBOU CTPEIKU [0
nepBoro nonaganus mudpyeMon OYKBHI IO CTPEIKy. B 3ToT MOMeHT mo-
CIeJOBATETHLHO BHIMKACHIBAIOTCA MU(PHI, HA KOTOPHLIE YKA3LIBAIOT BTOPAI U
TpeTha cTpeaku. B Hadane mmdpoBaHusa cTpenka 1-To KoJeca YKa3bIBaJIa
Ha OykBYy A, a cTpenku 2-1o u 3-ro kojaec — Ha udpy 0.

a) samudpyure ciopo 0 1 U M 1T U A I A

6) pacmudpyuTe coobmernne 2 4 8 0 9 28 39112 1 1.

6.5. Iudpsr ot 1 10 9 pacmomoXKeHBI Ha OKPYXKHOCTHA B HEKOTOPOM He-
m3BecTHOM mopsigke. [lpu samudpoBanny nudpPOBOro COOOIIEHN KaXK AT
oramaHas oT 0 nudpa 3aMeHAETCSA HA COCENHIOID C HEU UUPPY HA OKPYK-
HOCTY MO YaCOBOU CTPEJIKe, a P PACHINpPOBAHNN — HA COCETHION C HEU
nudpPy HA OKPYKHOCTU MPOTHUB YacoBou crpeaku. Hudpa 0 ocraercsa 6e3
U3MeHEeHUsA B 0O0UX CIydaax.

YxaxkuTe yCIOBUsA, TP KOTOPBIX MOPAIOK HUDD HA JAHHOU OKPYKHOCTA
MOXHO OJHO3HAYHO BOCCTAHOBUTH MO ABYM IU(PPOBBIM TEKCTAM — PE3YJIb-
TaTaM pacmudpOBaHUA U 3aM(pPOBAHUA OJHOIO M TOI'O XKe IMuMPOBOrO
TEKCTa C IOMOIIBI0 JAaHHOU OKPYXKHOCTH.

6.6. [loxaxkxuTe, YTO I KAXK OO IIPOCTOrO YUCIA P MOCAEL0BATEIBHOCTD
ay,G2,03, . .. ABIAETCS MEPUOIAIECKON C TEPUOIOM 2, €CJIU U, PABHO OCTAT-
Ky OT geteHus umcia p"t? ma 24 mpu Bcex n > 1.

6.7. Haigure Bce 3HaYMEHNs TApaMETPa @, IPU KOTOPHLIX ypPaBHEHUE
H z—al—al—...—|=1996.

~——
1996 paz 1996 paz
uMeeT POBHO 1997 pas3auvHBIX PEIIeHUN.

7.1. Kakoe HauMeHbIlee IUCJIO COEJUHEHUN TPEOYeTCs I OPraHU3AIUN
IpOBOAHOU ceTu CBA3u u3 10 y3710B, YTOOBI IIPU BBIXOAE U3 CTPOs JHOOBIX
IBYX Y3JIOB CBSI3U COXPAHAIACH BO3MOXKHOCTD MEPEeIat NHMOPMAINU MEK-
Iy JHOOBIMEU ABYMs OCTABIIUMUCA (XOTA OBI MO IENOYKe Uepe3 APYyTue y3-
abr)?

7.2. B xoMmbIOTEpHOU CeTU UCIONBL3YIOTCA IapOJId, COCTOAMME U3 nudp.
Y0661 n36€XKATH XUIMEHUA MapOIed, UX XPAHAT HA IUCKE B 3a1IudpPOBaH-
HOM BEuAe. lIpym HEOOXOAUMMOCTH UCIONH30BAHUA MIPOUCXOIUT OTHO3HATHOE
pacmmdpoBaHue COOTBETCTBYIOIETO Mapois. JamudpoBaHnie naposs Ipo-
HUCXOJUT MOCUMBOJIBLHO OMHUM U TeM ke mpeobpasoBanueM. [lepas nudpa
ocraercs 6€3 U3MEHEHUs, & Pe3yIbTAT 3AMU(POBAHUA KAXKION CJAeIYIOMen
UUPPHL 3aBUCUT TOJIBKO OT HEE U OT IPEAbIAYIIEeU Hu(PHI.

NsBecTen cnucok 3ammdpoBaHHBIX MTaPOJIEH:
4249188780319, 4245133784397, 5393511, 428540012393,
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4262271910365, 4252370031465, 4245133784735
u gBa mapoust 4208212275831, 4242592823026, umeromuecs B 3ammppoBaH-
HOM BH/IE B 3TOM CIucKe. MOXKHO 1 ONpefequTh Kakue-1ubo Apyrue mapo-
au? Eciu ga, TO BOCCTAHOBUTE UX.

7.3. B pesyibrare mepecTaHOBKM OYyKB COOOIIEHWS IOJYYE€HA KPUIITO-
rpaMma
BTUIMYBJIOAYBBTOTIIVHTHOHIIXAYOb0 TYHIY XHUIIIIONIOBY0EJIO0JIC

[IpouTuTe mMCXOmMHOE COOOIIEHUE, €CIU M3BECTHO, YTO OHO OBLLIO Pas3buTo
HA OTPE3KM ONUHAKOBOU MJIWHEI 7', B KaXXIOM M3 KOTOPBIX OYKBHI TIEpe-
CTABIEHBI OJAWMHAKOBO IO CJAEAVIOIIEMY IPABUIy. BbykBa 0Tpeska, UMeroIas
HOPAAKOBLI HOMED « (x = 1,2,...,7), B COOTBETCTBYIOIIEM OTPE3KE KPU-
ITOrPaMMbL UMEET HOPALKOBBEIN HOMep f(xz) = ax ® b, rge a u b — He-
KOTOpPHIE HATYPAaJbHBIE YUCIA, aX B b PABHO OCTATKY OT [IENEHUs CYMMEI
ax + b Ha r, eciy OCTATOK HE PABEH HYJIO, U PABHO T, €CJAU OCTATOK PABEH
HYJTIO.

7.4. 3HAMEHUTHIN MaTeMaTUK JleoHapn Ouiep

B 1759 r. Hamen 3aMKHYTBIM MapIIpyT 00XOxa Al P u|JLi0IHIB
BCEX KJIETOK MAXMATHON 10cKu x010oM Kous pos- | |KJA[O|T|V|C [T
HO 10 OAHOMY pa3y. IIpodTure TeKCT, BIUCAHHBIN 0|0]0JA|H|O WP
B KJICTKI IIAXMATHON AOCKH 10 Takomy Mapmpy- LB U KIT| TV K
Ty (cM. puc. 7). Hagano rekcra B ad. KIOJEJO[P]A[B|O
7.5. Ilpua>0,b> 0, c>0 goxkaxure Hepa- ?ﬁ;gﬁg?g
BEHCTBO:

1 E[A[O|B|H|O|Y|a

a® 4+ 0% 4+ 4+ 6abc > ~(a + b+ c).
4 Puc. 7.

7.6. [lns pucoBaHusa Ha GOJBIION TPAMOYTOJBHON TOCKE UCIOIB3YETCA MET
C KBaApaTHEIM cedeHreM co cTtopouon 1 cm. IIpu gBUMXKeHUU Mema CTOPO-
HBI CEUEHUSA BCETIa MAPALIEIbHE KpaaM nocku. Kak HauepTUThL BHIMYKIBINA
MHOTOYTOTBHUK TLIOMAILI0 1 M2 ¢ HAWMEHBITeH TLTONTA b0 TPAHUITE (TLT0-
[MAaJb PPAHULEL HE BXOAUT B ILIOMALb MHOIOYyT'OJIBHUKA)?

7.7. Hudppe 0,1,...,9 pa3buThl HA HECKOIBKO HEIEPECEKAIOMIUXCS IPY L.
N3 uudp xax gou rpynns COCTABAAIOTCA BCEBO3MOXKHEIE YUCAA, I 3AIUCA
KaXK IOr0 U3 KOTOPBIX BCE HNUMPHI MPYIILL UCIOJAB3YIOTCA POBHO OJWH Pa3
(yIUTHIBAIOTCA ¥ 3aIIUCH, HAIWMHAKOLIMEC ¢ HyJd). Bee momyuenuse qmcia
PACIONIOKUIN B MOPAIKE BO3PACTAHUA U K-OMY UUCAY MOCTABUIN B COOT-
BercTBue k-yio OykBy aahaBuTa
_—
ABBI'IEEX3UUKIIMHOIPCTY X IIHMIIBEBINA

Oka3am10Ch, 9TO KaxX 01 OYKBE COOTBETCTBYET UUCIO U KAXKIOMY UUCTY CO-
oTBeTcTByeT HekoTopas Oyksa. llludpoBanue coobireHns OCYUIECTBAIETCA

3aMEHOU KaxK 10U OYKBLI COOTBETCTBYIOMINM el I1caoM. Ecin Heryaesoe qu-
CJI0 HAYUHAETCA C HyJIA, TO NPU MU(PPOBAHUA STOT HYJb HE BLITACEIBAETC.
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Boccranosute coobmrenue 873146507381 u ykaxkuTe TabaUIly 3aMeHBI OYKB

INCJIAMU.



OJIMMIOKAJBI 10 KPUIITOTPAPUN 51 NIKOJbHUKOB 211

8.1. Ha pucynxe nzobpakeHa >MOIeMa OJIIM-
dnxcu) nuagsl. OHa npegcrasiaserT cO60U 3AMKHYTYIO
JIEHTY, CJIOXKEHHYIO TaK, 9YTO 06pPa30BABIINECS
MPOCBETHI ABIATCA OJAUHAKOBBIMUA PABHOCTO-
POHHUMU TpeyToabHUKaMU. Fcau B HEKOTOpOM
MeCTe JIEHTY pPa3pe3aTh HepPIeHIUKYIIPHO K
ee KpasaM U PA3BEPHYTh, TO MOJYIUTCA TPAMO-
yroabuuk. Hauaure MUHAMAIBLHOE OTHOIICHE
€ro CTOPOH.

8.2. CooOlmenne, cOCTaBICHHOE U3 HYyJEU U
equHull, Mmudpyerca aByMmsa cmocobamu. [Ipu
MEPBOM CIIOCOOE KAXKIABIU HYJIb 3aMEHAETCS Ha
MOCJAEOBATENLHOCTE U3 ki HYJEU W CIeAVIOIINX 33 HUMU Ko €UHUIL, a Ka-
XK Iasd eIUHUIE 3aMEHAETCA Ha TOCIeI0BATEILHOCTD u3 k3 Hysen. [Ipu BTO-
pom crocobe mudpoBaAHMS KaXK [asi € [UHUIA 3aMEHIeTCS Ha [IOCIeJOBATEIb-
HOCTb U3 k4 IVHUIl U CACAYIONIAX 33 HUMU k5 HYJIEHU, a KAXK LI HYJIb 3a-
MEHSETCS Ha MOCIEeIOBATEAbHOCTE U3 kg Hymdeu. Ilpy KakuxX HATYpPATbHBIX
sHaveHuax k;, i = 1,2,...,6, Hangercsa XoTa ObI OTHO COOOLIEHNE, KOTOPOE
OyeT OAMHAKOBO 3anpPOBAHO 060UMHE criocobamMu? YKaKUTe OOLIUN BU L
TaKuX COOOIICHUI.

Puc. 8.

8.3. Coobmenue, noarexaiiee 3amundpOBAHUIO, TPEACTABAACT COOOU 1IU-
¢POBYIO MOCIEIOBATENILHOCTL, COCTABICHHYIO U3 AT POXKACHUSA 6 LICeHOB
oprxkoMuTeTa OauMIuanbl. Kaxpgas gara mpeicTaBieHa B BHUIE IOCTE-
IOBaTEIbHOCTH M3 8 mudp, MepBLIE ABE U3 KOTOPBHLIX OOO3HAMAIOT IEHb,
clemyoomme IBe — MeCsl, a OCTaibHble — rox. Hampumep, mara po-
XKIEHUA BEeIMKOro mareMmaTuka JI. Omiepa 4 ampens 1707 rogma mpencra-
BIsAETCA B BuUIe mociemnoBaTenbHocTu 04041707. [lnsa s3ammppoBaHuUs co-
OOLIEHNsT CTPOUTCS KIIOYEeBas I[OCIeI0OBATEILHOCTh mauHbl 48. [las ee
TIOCTPOEHUs BCE HEUETHBIE MPOCTHIE umciaa, MeHbime 100, BHIMIACHIBAIOT-
€A 4Yepe3 3aIATYI0 B TaKOM IMOPAIKe, 9TO MOIYJIb PA3HOCTU JIOOBIX IBYX
COCETHUX YUCET eCTh Ta WIN WHAsA CTeneHb uucaa 2. Ilpum sToM Kaxmoe
IPOCTOE YUCJIO BBIINCAHO POBHO OQUH Pa3, & 4ucia 3, D W 7 3ammca-
HEI B Bujge 03, 05 m 07 COOTBETCTBEHHO. YIAIWB 3aIATHIE U3 3aMUCH
STOU MOCAENOBATENLHOCTH, MOJYIUM UCKOMYIO KIIOUYEBYIO MOCIEIOBATE b
HOCTb.

[Tpu 3amudpoBanuu udPOBOUN MOCIEIOBATEILHOCTY, TTPEACTABIAIONICH
coobieHne, ee NUQPEL TOWIEHHO CKIATBIBAIOTCA C COOTBETCTBYIOMIUMY IIH-
(dpamMu KIHOIEBOU MOCIEIOBATEALHOCTH, TPU DTOM KaXK [as TOTYICHHAA CYM-
Ma 3aMeHseTcs ee ocTaTkoM OoT genenus Ha 10. B pesyaprare 3ammdposa-
HUSA COOOIIEHUA TTOTYUYeHa MOCAEI0BATEILHOCTD:

150220454213266744305682533362327363924975709849

Onpe,qumTe JaThl POXKICHUSA “WICHOB OPIKOMUTETa OJIMMIINA JBI.
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8.4. Ksazgpat pasmepa 13 x 13 pa3bur Ha KieT-
xu pasmepa 1 X 1. B Ha9aIbLHBEIL MOMEHT HEKOTO-
phle KIeTKYM OKPAIIEHBI B Y€PHBIN [[BET, 8 OCTATb-
uble — B Geubint. [1o kiIeTkaM KBagpaTa nNpuIraeT
Kpunroma. B momenT monaganus Kpuntomu B
OYepenHyI0 KIETKY [IPOUCXOIUT M3MEHEHUE ILiBe-
Ta HA MPOTUBOMOJOKHBIN ¥ BCEX TEX KICTOK, PAC-
CTOSIHUS OT IEHTPOB KOTOPBIX IO LEHTPA KIeTKA
¢ Kpunromen ects HaTypaabube uncaa. [locte
Toro kak Kpumnrorra mo6LBal B KaXIOW KJIET-
Ke kBajapaTa poBHO 1999 pas, kBaxpaT okasaucs
pPaCKpAIIeHHBIM TaK, KaK MOKA3aHO HA PUCYHKE.
BoccranoBure mpet Bcex KIeTOK KBaJAPAaTa B Ha-
YATBHBIT MOMEHT.

8.5. /lia Bcex NeMCTBUTENBHBLIX IHCET G, b pelmTe ypaBHeHHe
a b
1—bz 1-—ax’

8.6. Pazmoxute umcao 23° 4+ 1 Ha TIPOCTEHIE MHOKUTENH.

9.1. Cywmmou nByx OyKB HA30BEM OYKBY, MOPAIKOBBLI HOMED KOTOPOU B
andaBUTe UMEET TOT XKe OCTATOK OT [NEeJeHUs HA Juca0 OYKB B andaBure,
YTO W CYMMa MOPAIKOBLIX HOMEPOB MCXOAHBIX NBYX OykB. CymMmou aByx
OYKBEHHBIX [OCJIEIOBATEABHOCTEN OJANHAKOBOU [IVHLI HA30BEM OYKBEHHYIO
MOCJAEOBATEILHOCTE TOU K€ [IVHLI, TOJYyIeHHYI0 CI0KEHUEM OYKB UCXOI-
HBIX MOCIEIOBATEILHOCTEHN, CTOAIIMX HA OJUHAKOBBIX MECTAX.

a) Jokaxure, 9TO CyMIECTBYET IOCJIELOBATEILHOCTD U3 33 PA3IUIHBIX
OYKB pyCCKOro andaBUTa, CyMMa KOTOPOU C TOCIEIOBATEIHLHOCTBIO OYKB,
mpeacTaBIsiomer cobon caMm >ToT aadaBUT, HE COAEPKUT OJIUMHAKOBBIX
OyKB.

6) Joxkaxure, 9T0 CyMMa JOOOU MOCIENOBATEABLHOCTH 13 26 PA3IUIHBIX
OyKB aHTVITUCKOTO al(aBUTA C MOCIEIOBATEIHLHOCTBIO OYKB, MPEICTABIAI-
men cobou CaM 3TOT aI(paBUT, COAECPKUT HE MEHEe IBYX OTUHAKOBLIX OYKB.

9.2. HekoTopyio mocaefoBaTEIbLHOCTD U3 OYKB PYCCKOT'O aahaBUTA
ABBFﬂEE)KBMﬁKJ[MHDHPCTYG)XH‘-IHIHL'I)LII)E)I(]H
19491999 paz mpu6aswtr Mo mpasury 3a1axu 9.1  c1osy KPUITOWA. oy «m-
au caoso AHAIIUTYUK. Haugqure 5Ty mocaenoBaTeabHOCTh. Kakoe HauMeHbee

9UCI0 pa3 HaLo IpubaBUThH ee K caI0By AHAJIMTUK, 9TOOBI MOTYyYIUTH CJIOBO
KPUIITOMA?

9.3. Kaxayio 6yKBy UCXOTHOT'O COOOIIEHUS 3AMEHIIN €€ ABY3HATHBIM ITO-
PAIKOBBIM HOMEPOM B PYCCKOM aJ(paBUTE COIVIACHO Tabjuie
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A°B BT IOETEJX3M K KJIMUHEDOTI
01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17

P C T Y & X II 4 ' m b H b 35 K0 4

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33
[Mony4dennyo nudpoByo MOCIEI0BATEILHOCTL PA3bwIn (CHpaBa HaJIeBO) Ha
TPeX3HAYHBIE MU(BPOBLIE TPYINEI 0€3 MEePECevIeHu W MPOMYCKOB. 3aTeM,
KaxX10€ U3 IMOJYYICHHBIX TPEX3HATHBIX YIMCEJ YMHOXWIN HA 77 1 OCTaBUWIN
TONBKO TPU MOCTeqHUE IudpPHI Ipou3BeneHus. B pesynbrare morydurach
CIeyIOmAs MOCAeI0BATEIbHOCTD IIU(pP:

317564404970017677550547850355.
BoccranoBuTe UCX0IHOE COOOIIEHME.

9.4. Kierku kBagpaTa 4 X 4 IPOHYMEpPOBAIN TaK, IYTO KJIETKA B IPABOM
HIKHEM YIUIy I[TOMy9uia HoMep 1, a BCe OCTAJbHBIE MOJYYUIA PAa3HbIE HO-
Mepa oT 2 10 16. OKa3atoch, ITO CyMMBI HOMEPOB KJIETOK KaXK IOU CTPOKH,
KaXKIOr0 CTOIONA, & TAKXKEe KAaXKIOU U3 IBYX NUACOHAIEU KBAIPATA O[IU-
HakOBBI («marmdeckuiy kBagpar). Kierku kBanpara 3anonHunu GyKBamu
HEKOTOPOT'O COOOIIEHMA TAaK, YTO ero mepBad OykBa IONAIa B KIETKY C
HoMepoMm 1, BTOpas — B KJIETKy C HOMepoMm 2 u T.1. B pesyabTare mo-
CTPOYHOTO BHIMKCHIBAHUA OYKB 3AMOJTHEHHOI'O KBaApaTa (CJIeBa HAIPABO U
CBEPXY BHU3) IOJLY4WIACH OCIENOBATEIBHOCTL OYKB

HPEYCTEBDBTABEIBKIL
Boccranopure Maruieckui KBaapaT U UCXOTHOE COOOIIeHMe.

9.5. OxpyX)HOCTH pagWyca 5 C IEHTPOM B HA4YajIe KOOPIUHAT MEPECEKa-
er ock abcuuce B Toukax A(—5;0) u D(5;0). Ykaxkure Bce BO3MOXKHEIE
PACIONOXKEHUA Ha OKpyXHOCTH Touek B, C' n E, yI0BIeTBOPSIONIAE OIHO-
BPEMEHHO CJAEIYIOMUM IeTHIPEM YCAOBUAM:

(1) xoopaunaTs Touek B, C' u E — meabie 9ucia;

(2) opgunara Touku E MeHblue HyJs, a opauHaTsl Touek B u C' Goubuie
HYyJIS;

(3) abcuucca Touku B menbmie abcuuccer Touku C

(4) cymma mromanen dacren Kpyra, Jexamux BHyTpu yrioB ABE u
EC D paBHa mOMOBMHE TIOMAANA KPYTa, OTPAHTIEHHOT0 UCXOTHON OKPY K-
HOCTBIO.

9.6. [l Bcex 3HAYEHUN [TApaMeTpa ¢ PEIINTe HePaBEHCTBO

V-2 —2x—025+a2>14++/—22+z+3,75.
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6. YkazaHusa u pelieHusn

1.1. Bce kneTku xkBaIpaTa pasmepa n X n pa3zodbem
HA HENePEeCeKAIINEeCs TPYIINLL 10 YeThIPe KICTKU B
kaxgou. OTHeCeM KJIETKU K OJHOU M TOU K€ TPyIm-
e, €CJIU MPU KaxK IOM [IOBOPOTE KBAIpaTa IO €ro Ca-
MOCOBMEIIIEHUS OHU MEPEMEIIAIOTCA HA MECTa KIeTOK
srou xe rpynnsl. Ha pucynke moxasano Taxoe pasou-
€HUe Ha IPYIILI BCeX KIeTOK KBaapara 6 X 6, mpuiem
KJIETKYU OTHOU MPYIIBI TIOMEIEHBI OHOU U TOU Ke I~
dpoit. Beero Taxux rpynm 6yxer n? /4 (menoe, Tak Kak
n — derHoe 4ucao). IIpu Hatoxkenuu Tpadapera Ha KBAIPAT POBHO OIHA
KIeTKA U3 KaXIOU CPYIILI OKAXKETCA MOA ero Bhipedamu. Kaxkmaomy Tpa-
dapery mocTaBuM B COOTBETCTBUE YIOPSIOYEHHBLIN HAOOD BCEX KIETOK U3
TAKUX T'PYII, OKA3aBIINXCA MO BhIpe3aMu TpadapeTa Mpy HAJOXKEHUN €r0
Ha KBaJApAaT MOMEYEHHOW CTOPOHOU BBepX. Takoe COOTBETCTBUE ABIAETCA
B3aMMHOOIHO3HAYHBLIM, TOCKOIBKY KAk IOMY KUy OyIeT OTHO3HAYTHO CO-
OTBETCTBOBATEL YNOPATOICHHLIN HAOOD w3 n?/4 KI1eToK (MO OmHOU W3 Ka-
K IOV TPYIIIEL ), BLIPE3AHHBIX B Tpadapere, u Hao60poT. Beero Takux Habo-

=N W | Ot =
(S8 >N BN [l ool Ne>N I )
=l w
W N[O |||k
N[00 || Ot
O | W N =

poB 47*/4. B camom [ene, CyIecTByeT POBHO Y€THIPE PA3IMIHBEIX BAPUAHTA
BEIOOPA KJIETKU U3 KaXK JOU TPYIIILI HE3aBUCUMO OT BHIODAHHEBIX KIETOK U3
Opyrux Takux rpymn. Takum o6pasoM, YUCI0 PA3IUYHBIX KII0YUen mudpa
«TIOBOPOTHAs pPelieTKay MPU IYeTHLIX 3HAYEHUAX 7 PABHO 4n*/4,

1.2. Jlerxo Bugets, uto f(z) = (2> + 3z + 1)(z* + z + 1) + 2. OTcoona
f(x1) = f(z3) = 2, rae z1, 2 — xopru MEOrOwIeHa T2 + 37 + 1. Ilomyaaem

Bykpam.c.| ® | B| M| E | X |T|H|B|®d |1
Homep 22| 3 |14 8 20|10 3 | 22|32
Homep 2001 12| 5|6 (18| 8 | 12030
BykBa o.c. | T | A | K E|P A|T|b
Omeem: TAKIEPXATH
1.3. Omeem: vauunHasa ¢ 54.
1.4. Pasgoxum umrcia m u d Ha npocteie mMHOXHTEnMn: d = 6 = 2 - 3;

m =6930=2-3-3-5-7-11. O6o3unaunm 6yksoun ¢t aucio m/d, paBHOE IPO-
m3Benenuto 3-5-7-11. Hangem Bce ero genurenu g suga: ¢ = 3*5Y7711%, rae
qucaa &, Y, 2 1 u IpuHUMaT TOoabko 3HadeHusa 0 u 1. Torga, kak HeTPYI-
HO BUJETH, YUCIA ¢ U t/q OKAXYTCA B3aUMHO mpocTeiMu. Ilomaras a = dg
u b = dt/q, nonyaum Bce uckomsie napet (a,b). B camom gene, B yxasan-
HBIX BBINIE YCIOBUAX HAUOOJIBIIMN OO JEIUTENL TAKOU TMApHI paBeH d,
a ee HauMeHblIee ofmee KpaTHOe paBHO dgt/q = dt = dm/d = m. Takum
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06pa3oM, UCKOMOE HYHCIO YIOPAIOYEHHBIX Map COBHAJAET C UHUCIOM BCEX
peaureaen ¢ Buga: 3°5Y7711% koTOpOe PABHO YUCIY BCEX YIOPSIOUYCHHBIX
HabopoB miuHH 4 u cocTosumx Toabko u3 0 u 1. Hucno Bcex Takux HAOOPOB
paBHO 2* = 16, Tax Kax 114 KaxKIOrO MECTa B HAGOPAX CYIIECTBYeT POB-
HO 2 BAPUAHTA €r'0 3HAYCHUN HE3aBUCUMO OT 3HAYEHUU HA TPYIUX MECTAX.
B o6mem cryuae wmceao m/d mpeacrasasercs B sumze m/d = piri ... s"
rae p,r,...,S — PA3JAIHBIE IPOCTHIE IUCIA, & 1,],. .., — HATYPAJIbHBLIE
gncaa. ducno Bcex merurenen Buma: ¢ = pirY...s%, rme ducna T,y,..., 2
IPUHUMAIOT TOABKO N0 ABa 3HadeHus (0 U COOTBETCTBYOMIUY HATYPATLHBIN
IOKa3aTelb CTElleHn B IpeacTaBieHnn ucia m/d), pasao 28, rae k — «m-
CJI0 BCEX MPOCTHIX geauTenen uucia m/d. Ecam aneino pasiumaHbIX IPOCTHIX
MHOXUTEEN B KAHOHUIECKOM Da3joxeHun duciaa m/d pasao k, TO 4ucio
Pa3IMIHBIX yIOPALOIeHHEIX map (a,b) paBHO 2F.

Omsem: 16 nap (mapwt (a,b) u (b,a) pasunie). B obmem ciydae um-
CJI0 YIOPAZOYeHHBIX map pasao 2, rae k — umeio Beex mMpOCTEIX genTe-
aen m/d.

1.5. W3 mocaepuen cTpoduku Jgerko 3amMmeTurh, 1o I=0. Torga us mepsoro
croabua Haxoaum, uro U=1. 3arem u3 mocaeqHero cToabdua Haxoqum &=2.
Uraxk,

9H x H = 242
+ x —
EE + E = H3
10A + MP = 1MH

W3 cpeguen cTpoku sACHO, 4To H>E. W3 nepsoro croabua saxogum E=7. 13
CpefHel CTPOKU MOXKHO BRIMUCIAUTD 3Hadenus H u 3: H=8 u 3=4. [loxyuum

28 x H = 242
+ x —
77 4+ 7 = 8
10A + MP = 1M8

[anee, mocaemoOBaTEIbHO BHIMUCAAEM 3HadeHua: A=5HH=9, M=6, P=3.
Paccrapum 6yKBEI B HOPsAAKE BO3PACTAHUA UX OUU(PPOBLIX 3HAYECHUU U IIO-
ayauM TexcT IHNPP3AMEHL

Omeem: WINOGP3AMEHH

1.6. Omsem: nanpumep, cbcacbe.

O6o3uaunm @(P) — Habop ¢(P), BEIIMCAHHBIN B OOPATHOM IIOPs IKE.

p(cbeacbe) =p(beache) = p(cache)ap(cache) =

=y(acbc)ayp(ache) = cbeache = cbeache = cheache.
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B o6mem crydae MOXHO MOKa3aTh, ITO MHOXKECTBO MCKOMBIX HaOOPOB
COCTOUT U3 CJIOB BUJA:

cbe...cachbe...c k — HedeTHOe;
—— ——

P = k pas k pas
be...cabe...c k — gernoe.
N~ =~

k pas k pas

2.1. PaccMoTpuMm OquH BUTOK JIEHTHI HA PA3BEPT-

Ke nmiuHIpa (pa3pes mo NrOpU3OHTAILHOU JVHWN).

Ilo ycmoBuio Beicora CE, omyiieHHas HA CTOPOHY

AD, pasua d. Yroa DAC pasen (90 — «)°. Orcioga

AC pasHo d/ cos a. Taxk Kax BLICOTA CTPOKM PaBHA [

h, To Bcero Ha oguoMm BuTke n = d/(h-cos a) Oyks.
Omeem: 9TOOBI IPOUNTATH TEKCT, HAIO paspe- A

3aTh JenTy Ha yuactku no n = d/(h-cosa) 6yksu D C

CIOXKUTDH UX PATOM. Puc. 10.

2.2. CoracHo yCJIOBUIO, UCXOTHOE COOOIIEHNE COCTOUT U3 IBYX MATEPOK
undp: A1AsA3AyAs u BiBsB3sByBs. Ilyctes C1Cs — mnociaennue npe Iu-
(DpPBI CyMMBI 9nCeNT, U300PAKEHHBIX DTUMK maTepkaMu. depes a b 0603Ha-
9UM MOCIEIHIOI mudpy cyMMbl ducen a u b. Ilycts D o6o3uadaet nudpy
nepenoca (uudpy pecarkos) cymMmul (As + Bs). Ilo ycioBuio umeem, 9To
As ®Bs; =Comu (A4 @ By) D =Ch.

IIycre 'y — mepeonim wien, a X — pasHOCTb apupMETUIECKOUN IIPO-
rpeccuu, KOTOPYH KOMMEPCAHT UCIOAb30BAI Mpu mudposanuu. Torga u3
YCJIOBUSA IOy IAEM:

ATy =4, (1)
Ao (T +X) =2, (2)
Az @ (' +2X) =3, (3)
As® (' +3X) =4, 4)
As @ (I't +4X) =6, (5)
B, o' +5X) =1, (6)
B, ® (I't +6X) =4, (7
B;® (I' +7X) =0, (8)
By® (I' +8X) =5, 9)
B; @ (T'1 +9X) =3, (10)
((As® Bs)® D)@ (1 +10X) =1, (11)

2)

(A5 ® Bs) @ (T'y + 11X) = 3. (1

O6osuaaum cuMmBoioM A = B paBeHCTBO OCTATKOB OT geneHus ua 10
aucen A u B. Torga sanucu AG B = C u (A+ B) = C uMenT 01uHAKOBBIN
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cempica. Ecm A= BuC=D,toA+B=C+D,A—B=C—D. Becerga
A = A, Tak Kak OCTATOK OT [eJEHUSA eIUHCTBEH.
N3 coornomennn (4), (5), (9) u (10) HAXOAUM COOTBETCTBEHHO:

Ag=4— (1 +3X), (13)
A5 =6 — (T} +4X), (14)
By =5— (T} +8X), (15)
Bs =3 — () +9X). (16)

Moacrasnsasn sTu 3Hadenus B paserctsa (11) u (12), noxyuum caenyromume
paBeuctBa: 94+ D —T'— X =1u9—-T —2X = 3. Orcroga creayer, ITO

X =(-2-D), (17)
I, =2D. (18)
Mogcrasue X us (17) u I'y w3 (18) B (1), (2),(3), (13), (14), (6), (7), (8),
(15), (16), mammeM BBEIpaxKeHUA 1A PP UCXOTHOTO COOOIIEHU:
A1 =4-2D,As=4—-D, A3 =7,A, =D, A5 =4+ 2D,
Bi=14+3D,Bo=6+4D,B3=4+5D,B, =1+ 6D,
Bs=1+17D.
Haugenusre BEIpaKeHUsA OAIOT ABA BAPUAHTA UCXOMHBIX COOOIICHUN:

4470416411 (npu D = 0),
2371640978 (mpu D = 1).

2.3. Omsem: a — nw0boe, b — He JOMKHO JEIUTLCA HA 2 U Ha, 5.

Yxazanue. O603HauuM 4depes f(z) — OCTATOK OT HeJEHUSA 3HAYCHUA
muorowieHa F(z) ma 10. g 0qHO3HAYHOrO pacmudpOBAHUA HEOOXOIUMO
1 JOCTATOYIHO, ITOOBLI PA3HEIM 3HAYMEHUAAM L COOTBETCTBOBAIN PA3HLIE 3HA-
wgenus f(x). llosromy f(0), f(1), ..., f(9) npurumator Bce 3uadenus ot 0
10 9. Hangem »Tu 3Ha9eHMA:

f(0) =r10(b(a+0)) f(1) =rio(bla+1))
f(2) =r10(b(a+2)) fB3) =r0(bla+9))
f(4) =r10(b(a +8)) f(5) =r10(b(a+5))
f(6) = r10(b(a +6)) F(7) =r10(bla+7))
f(8) =r10(b(a+4)) f(9) = rio(bla+3)),

rae r10(y) — ocTaTok OT memeHus ducaa y Ha 10.

OTcoga, TOAB3yACh CBOMCTBAMEU OCTATKOB, 3aMEIaeM, ITO b MOMKHO
ObITH HeUYeTHBIM (MHade f(x) OyAyT TOIBKO UeTHBIE HUUCIA) U b HE JOTXK-
HO geauThea Ha 5 (umade f(x) 6yayt Toasko 0 u 5). HemocpencTeenunon
OPOBEPKON MOXKHO yOEQUTHCA, ITO TIPH JHOO0M ¢ U TPHU BCEX b, yAOBIETBO-
PSIFOIINM NIPUBEJEHHBIM YCIOBUAM, TADAHTUPYETCS ONHO3HAYHOCTD PACIIN-
dpoBaHui.
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2.4. O603HauM [epe3 S(n) OCTATOK OT feneHus Ha 26 CyMMBI dmcel,
KOTODLIE COOTBETCTBYIOT IEepBLIM 7. OykBam aiadasurta (n = 1,2,...,26)
0<S(n) < 25.

Ecau cpean gucen S(1),5(2),...,5(26) ects myan: S(t) = 0, To ucko-
MOU KJIIOYE€BOU KOMOMHALMEN ABJIAETCA LENOYKa IEePBLEIX ¢ OyKB ajadabu-
Ta.

Ecau cpenu aucen S(1),5(2),...,5(26) HeT Hy11, TO 00S3aTEILHO HAN-
oyTea nBa oguHakoBhix uyucaa: S(k) = S(m) (cauraem, uro k < m). Torga
HMCKOMOU KJIIOUE€BOU KOMOMHALMEN ABJIAETCA yIACTOK aI(paBUTA, HATMHAIO-
muncs ¢ (k + 1)-1 1 3aKaHIuBAIOIMICS M-U OyKBOU.

2.5. Ecam gBe 6yKBBHI ¢ OPAIKOBRIMU HOMepamu 1) u To 3armmmppoBaHbI
B OyKBBI C MOpAAKOBBIMEM HOMepamu C; u Cy € HOMOIIBIO OJHOU U TOU
ke Oykeel, TO ocrarku or gerenus ducer (C; — Th) u (Cy — T) wa 30
PaBHBI MEXKAY COOOU U COBHALAIOT C MOPSIIKOBHIM HOMEPOM IMIHAMDPYIOMIEn
OyKBbI (TIOPAIKOBEIM HOMEpOM OykBhI A yno6uo cuurars wucio 0). Torga,
C y9eTOM COIVIAIIEHWs O HMOPSIIKOBOM HOMepe OYKBHI /1, CIPaBEIINBO, ITO
T, pasen octarky ot merenus uuciaa (T» + (Cy — Cy)) ma 30, a, BMecTe ¢
rem, T paseH ocrarky or gerenus uucia (T7 + (Cz — C1)) wa 30. Ecan
KaXK[0€ 13 BHIPAXKEHNU B CKOOKAX 3AMEHATH COOTBETCTBYIOIIMM OCTATKOM
ot gemnenHusa Ha 30, TO yIOMAHYTasA CBA3b HE HAPYIIUTCA.

[IpexcraBum B Buge HabOpa HOPsAIKOBBIX HOMEPOB M3BECTHBIE HMIM(PO-
BaHHBIE COOOMmEeHna (0603HAYUM MX COOTBETCTBEHHO II. C. 1 u mI. c. 2) u
caoB0 KOPABJIN:

CIIOBO K 0 P A B J u
T 10 14 16 1 2 11 9

m.c.l|0 (I |T|O|A|P|T|IN|AJ XX\ EB/LI(I|N|P|BVY|Y
Cy |29|15(18|22|1|16|4|24|1|11|7|7|6|3|22|25|27|16|3|19|19

m.c.2 0| OT|A|T|B|H|L|M|C|L|T|D|Xr'|I|C|I’"|X|C|O|L
C> |29|15|0(18|2|13|25|12|17|5|18|11|7|4|15|17|4|21|17|22|22

Boamoxubr 15 BapuanTos (HoMep BapuaHTa 0603Ha4YnM GyKBOU k) pac-
nonoxenus c1oBa KOPABJIY B KaxK 10M U3 ABYX UCXOAHBIX cOOOIIeHun (1. c. 1,
u. c. 2).

Brauane gus xaxngoro m3 15 BapuanToB pacmouaoxenus ciaoBa KOPABJIN
B . C. 1| HANZEM COOTBETCTBYIOMINN yIacTOK U. C. 2. Umeewm:

|C; —Ci]0]o[12]26]1]27][21]18]16[24[11[4]1]1][23][22[7]|5]14[3]3]

Ty | 10 | 14 | 16 1 2 11 9
Ty | Ty | Too | Tz | Tog | Tos | Toe | Tor
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[MosTomy mna ydacTka u. €. 2 MOIydaeM ClIeayiomme 15 BapuaHTOB:

k|1

2

3

4

5

6

8

9110

11

12

13

14

15

T21 10
T22 14
T23 28
T24 27
T25 3
T26 28
T27 0

10
26
12
2
29
2
27

22
10
17
28
23
29
25

6
15
13
22
20
27

3

11
11

7
5
4

17
26
22
13

28
0
10
12
6
12
10

26| 4
8125
27|20
5
3
12
2

= oW N

14
15
17
24
24
18
14

11
15
9
23
9
16
23

11

3
6
23
6
16
14
12

Teneps mis kaxgoro u3 15 BapuanToB pacnoJoxenus caosa KOPABJN B
7. C. 2 HAAEM COOTBETCTBYOMIMU yIacTOK u. . 1. Umeem:

[C1 — C>]0]0[18]4]29]3]9]12]14]6]19]26]29]29]7]8]23]25]16]27 27|

T, | 10

14

16

1

2

11

9

Tl Tll

Tl 2

Tl 3

T4

T

5

T16 T17

[MosTomy mna yuacTka u. ¢. 1 moxydaeMm cremgyiomme 15 BApUAHTOB:

k|1

2

3

4

5

6

7

8

9|10

11

12

13

14

15

T1: (10

10

28

14

9

13

19

22

24|16

29

6

9

9

17

Ty, |14

2

18

13

17

23

26

28

20| 3

10

13

13

21

22

T13 4

20

15

19

25

28

22

5112

15

15

23

24

9

0

4

10

13

15

20

27

8

9

24

26

T15 1

5

11

14

16

8

28

111

10

25

27

18

Tig| 14

20

23

25

17

0

10

10|18

19

4

6

27

8

T17 18

21

23

15

28

5

8

16|17

4

25

6

6

3aMeHVM MOPAIKOBBIE HOMEPA B HAWIEHHBEIX BADUAHTAX YIACTKOB H. C. 1
u 4. C. 2 HA OYKBHI PycCKOro aapasura. [loaydaem ciaenyromme TaOauIbL:

k 1/2|3|4(5|6|7[8(9|10|11|12]13|14 |15
KIK|O|E|JT|X|A|S2|b|T | X |0 |OT|JN|B
O|b|K|I|N|L|B|A(3|WI | T|OI|IOI|X|E

ydacTok |D ([M|C|H|X|T'|B|K|bH|® | C|C | U |3 |H
z.c.2 |M|B|2|0|V|C/L|M{OL|B|B |l |9|3]|E
B|O|9|®|T/b|/H|E(B|B |l |l || X|P
SQ|B({0|b|O|OD|O/MM|T|B|T|P|l|O
A/BN|L|B|®/HK|K|BE|A|P|O0O|Y|M|NM
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k 112(3|4|5(6|7|8|9|10|11(12|13|14]| 15
K|IK{2|0|B|H|Y|O|I| P |0 |E|H C
0/B|T|H|C|4Y|b|2|®| B|K|H|H i

ygacTtok | | |IT |V | L2 (A(O(L | M| IO |O]|4 il
z.c.l |L|A|T|K|H|OI|X|¢(H| A | A |3 || |b
Alo0|n|0(P|3|X|2(A|A | |K|DN|H|T
0|94 L|C|A|X|K|K| T|Y|T|E|MN|3
T|X(9|0|23|0|3(3|P|C|B|T |l |E]|E

s TaGJII/ILI B IHO, ITO OCMBICJICHHBIMU SABJAKTCA BADUAHTBI:

n.c.1=KOranmAaoT.......KOPABITIH
u.c.2=KO0OPABJIN.......BEYEPOM

EcrecTBenno OpeanoJOXKNTh, ITO B IIEPBOM MCXOTHOM COO6HL€HI/II/I pevb
uaeT 06 OTIILITUU Kopabien. IIpeamnonoxus, 9T0 HEM3BECTHEIM yIaCTKOM
IepBOro MCXOMHOIO COOGH_IGHI/IH ABJJIACTCA IIOAXOAAIIAS IIO CMBICIY YaCTh
caoBa OTIUIBIBAKT, HaxoAMM HEM3BECTHYI YaCTb BTOPOr'O UCXOTHOI'O COO0-
mieHns: cjaoBo 0TX0OAT.

2.6. Kaxaymo OykBy IM(POBAHHOIO COOOIIEHUsA pacmudpyeM B Tpex
BAapUAHTAX, [IPEIIOIAras IOCIeJOBATEILHO, YTO COOTBETCTBYIOMAI OYKBa
mdpPYoIIen ToCIeI0BATeILHOCTH eCTh OykBa A, B uin Gyksa B:

““;‘Z’Egi:gzzePBanTchCPPE30x
BapmaHT A NA|I|M|0|C|P|3|C|P|I|II|O|X|H|D
BapuaHT b O|A|\l|JI|H/P|II|X|P{O|O|O0|C|E|M|Y
BapHuaHT B HOYKMIOETIOH|H|B|L|T|T

Bribupast n3 Kax 101 KOJOHKY IOy Y€eHHON Ta0OIUIEL POBHO II0 OJHOK OyKBe,
HaxoauM ocMbeIcaeHHOe cooOmenmne HAIIKOPPECIIOHIEHT, KOTOPOE U SBIAETCS
HUCKOMBIM.

3aMmedanue. /3 norydeHnon TaOMUILI MOXKHO OBLIO HAUTH TAKOE HUC-

XOMHOE COOOIIeHMEe KakK

HAIl MOPO3 IIOIIOB EMY
KOTOPOE TIPENCTABIACTCA HE MEHEe OCMBICJCHHBIM, YeM MPUBEICHHOE BbI-
me. A eciu IPegnooKUTh OJHO UCKAXKEHUE B MUMPOBAHHOM COOOIIEHUN
(ckaxkeMm, B kadecTse 11-u1 OykBbI ObLTA ObI IpUHATA He OykBa P, a OykBa
II), TO, HAPALY C MPABUILHBEIM BAPUAHTOM, MOXKHO MOJIYIAThH U TAKOU:

HAIl MOPO3 IIOMOT" EMY
Yucmo BCeX pasinydHbIX BAPUAHTOB UCXOMIHBIX COOOIIEHUN 6e3 OrpaHuIeHIN
Ha OCMBICTEHHOCTE paBHO 3'% mm 43046721, 1. e. 60mee 40 MuLIHOHOB!
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3.1. Ecmn kaxgem u3 993 aboHeHTOB cBaA3aH ¢ 99 aboHeHTaMu, TO IJA
sroro norpedyercs 993-99/2 suHunt cBA3U, KOTOPOE He MOXKET OBITH LEJIBIM
YUCJIOM.

Omsem: HeIb3s.

3.2. Hecn0XHO 3aMETUTBH, YTO PACCMATPUBAEMBIN MDD OOJALAET TEM
CBOUCTBOM, YTO NPU 3aM(PPOBAHUYU PA3HBIE OYKBBI 3aMEHSIIOTCA PA3HBI-
mu. CienoBaTenbHo, TPy 3amndpPOBAHIN PA3HLIX (JIOB OLYIAI0OTCA PA3HBIE
caoBa. C Ipyrou CTOPOHBL, OUHAKOBBIE OYKBHI 3AMEHIOTCA HA OUHAKOBBIE
HE3aBUCHUMO OT IUKJIA MuI(pPOBAHUA, TAK KAK UCIONB3YETCA OIUH U TOT XKe
xiato4. CraeqoBaTeabHO, Ipu 3amudpPOBAHUN OIMHAKOBBIX CJIOB IOIY4alOT-
Cs1 OQUHAKOBLIE CI0Ba. Takum 06pa30M, UUCIO PABIUMIHBIX CJIOB, KOTOPHIE
MOXHO MOTYYIUTE B YKa3aHHOM IPOIecCe MUMPOBAHUA ¢ HAYATHLHBIM CIOBOM
CPOYHO, coBnagaeT ¢ HAUMEHBIINM HOMEPOM IIUKJIA IU(PPOBAHUA, TAIOMIEM
9TO HAYAJIBHOE CJOBO.

Takx xak OykBa C HTOBTOpSAETCA B KaXKIOM LUKJIE IMU(POBAHUA, HO-
Mep KOTOpOoro kpareH d, a OykBel P, 0, Y, H — B KaxXJOM IuKJIe, HO-
Mepa KOTOpBIX KpaTHel 13, 7, 2 m 3 cooTBeTCTBEeHHO, TO caoBo CPOYHO
HOABUTCs BIEPBBIE B LukiaIe ¢ HOMepoMm, pasueiM HOK(2,3,5,7,13) =
=2-3-5-7-13 =2730.

Omsem: 2730.

3.3. Ecaum cuMBOIBI OMHOTO OTPE3Ka 3AHYMEPOBATH IMOCIEIOBATEIBHO U~
cramu ot 1 mo 12, To mocre mepenadm ero u3 A B B cuMBoanr pacmodo-
xarca B mopagke (2,4,6,8,10,12,1,3,5,7,9,11), a mocie mepegadu 3Toro oT-
peska (3aMeHa CUMBOJOB HEe MEHAeT Mopaika) u3 B B B — B mopsagke
(4,8,12,3,7,11,2,6,10,1,5,9). IlepecTaBuM CUMBOJBI IEPEXBAYEHHBIX OTDPE3-
KOB B COOTBETCTBUU C UX HOMEpaMu 10 mepenadu u3 myHkTa A. [omyuum
OTPE3KHU BUIA:

pj n r ¢ x #H X o 0 B T -
E C K P Yy I  ¢B X K T
vy mT-095B ¢ EB - @I -
J X E C X y oo gy K -
L K X ¢ I I B M HDO 3 I
J K 1 Vv X H - JJ I' T K K

IMockoapky B mynkTtax A m B oguHakoBBle GYKBBI 3AMEHSINCH ONUHA-
KOBBIMU, a Pa3HBIE — PAa3HBIMU, TO HAWAEHHBIE OTPE3KU MOXKHO PACCMa-
TpUBATH KAaK 3aMeHy OJUHAKOBBEIX CUMBOJOB UCXOJZHOI'O TEKCTA OJUHAKO-
BBIMU, A Pa3HBIX — pasHbiMu. CpaBHUBAS MECTA OTUHAKOBLIX OYKB CJIOBA
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KPUIITOI'PA®UA u MecTa OAMHAKOBBIX CUIMBOJOB B OTPE3KaX, HAXOAUM, UTO
caoBo KPUIITOI'PAGUSA 3ammmdpoBaHO BO BTOPOM OTPE3KE. DTO TAET BOZMOK-
HOCTBb HAUTU UCXOMHOE COOOIIEHNE, UCIONb3Y TUIIOTE3LI O YACTHIX OyKBax
PYCCKOT'0O fI3BIKA ¥ CMBICTIE UCXOTHOI'O COOOIIEHUA.

Omeem:
Cc 0O B P EMEUHUHA A4 -
K P U I T OT P A & 1 4
2 T 0 - H A YV K A - 0 -
C E K P ETHOT CT BB -
m 1 & P 0 B A 0T b H B X
c m ¢CTEMS- CB d 3 H

3.4. [Joxkaxem, 9To 20 SABIAAETCA MEPUOIOM PACCMATPUBAEMOU IMTOCJIELO-
BATEILHOCTA. 3AMETUM, UTO Y ABYX HATYPATBHLIX YHUCET @ W b COBIALa-
0T TUdPH €IUHAL TOTAA W TOJBKO TOTIA, KOTJa WX PA3HOCTH MEIUTCA
wa 10. Takum obOpasoMm, MBI TOCTUTHEM IIEIU, €CAU MOKAXKEM, UTO pas-
noctb (n + 20)"T20 — n" penmrca ma 10 A1 Bcex HATYpATBHBIX 3HAME-
mmit n. Wcxona ua Toro, uto pF — ¢* nemrea ma (p — q), momywaem, 4To
(n + 20)"T20 — 20 pemurea ma ((n + 20) — 20) = 20. Kpome Toro,
n"t20 —pn = p(n?° - 1) = n*((n*)® — 1) gemnrca ma n(n* — 1) ga
Bcex n > 1. Bmecte ¢ TeMm,
nnt=1D =nn-1D)n+1D)0*+1) =nn-1)((n+2)(n—-2)+5) =
=n-=2)n—Dnn+1)(n+2)+5n—-n(n+1),

rje KaX[I0e U3 CIaraeMbIX JeIUTCa Ha 2 (Tak KaK CONEePKUT NPOU3BeIeHue
n(n + 1)) u gemurcs Ha 5 (HOCKOJBKY IEPBOE CIaraeMoe eCThb IPOU3BELE-
HUE ISTH [MOCAeOBATENBbHBIX UUCEJH, & BTOPOE COIEPKAT MHOXKUTENDb 5).
CrenoBarensro, n"T20 — n” nemurca ma 10. Yucno

(n + 20)n+20 —_n = ((n + 20)n+20 _ nn+20) + (nn+20 i nn)

merutcsa Ha 10, Tak Kak Kaxgoe n3 ciraraeMerx gerutcsa Ha 10.
[IposepumM, uTo 20 ABATETCA HAUMEHBIINM MEPUOIOM. BEIMUCHIBAA Hep-
Beie 20 3uavenun nociaegoBareasuoctu Cp, Co, ...

1476536901636567490

JIErKO YOeAUTHCA, YTO OHA HE MMEET TePUOIa MEHBIeN IJIUHEL.

3.5. [I1a Toro, 4TOOBLI HAUTHU MCXOJHOE COOOLIECHNE, HAaueM CHAYAIa, IIV-
¢poBoe coobImIeHrEe, MONYIEHHOE U3 HEr'o € IIOMOIIbI0O TAaOJIUIILI 3aMEHEL.
Cormacuo »Tou TabIUIEe HA HEIETHLIX MeCTaxX IMud)pOBOro 06pa3a UCXOTHO-
ro coobmenus MoryT 6brTh TOabKO mudper 0, 1, 2 u 3. [locaegoBaTensHO
paccMaTpuBasg 3TU 3HAYEHUA AJIA KaXKIOI'0 HEYeTHOr'o MecTa IudpPOBOIO
COOOIIEHNS C UCMOJIB30BAHUEM COOTBETCTBYIOMIEN NUMPHI MuU(POBAHHOTO
COOOIIEHN S, HAAEM COOTBETCTBYIONINE BAPDUAHTHI 3HAUEHUN nudp mudpy-
omero orpesxa. s >TOro BBIMUCIUM OCTATKA OT NEJICHUA DPA3HOCTEN
undp mudGpPOBAHHOrO U BapUaHTa HU(PPOBOrO COOOIIECHUN:
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IOpAnKOBHKM HoMep MecTa k|1(3|5|7|9|11|13|15|17(19|21(23|25|27
mmppoBaHHOEe coobmenume Sy (2(3(8|7(1/4|8|6|6|0|1|[3|5|8
BapuwarT 0 mma [}, 2(3|8|7|1{4|8|6|6|0]|1]3|5|8
BapuwarT 1 mma [y 112(7|6|0{3|7|5|5(9]|0]|2|4|7
BapuwanT 2 mua [ 0|1|6(5|9|2|6|4|4|8|9|1|3]|6
BapuwanT 3 mua [ 9|0|/5(4|8|/1|5[3|3|7[8|0|2]5

Io 3agage 3.4 moCIEIOBATEIBHOCTD, U3 KOTOPOU BHIOPAH UMDY OIIAN
OTPE30K, ABIAETCA mepuogudeckon ¢ mepuogom 20. U3 Tabauubl BapuaH-
TOB 3HadeHuU 1udp mudpyoOMero OTPe3Ka BUAUM, UTO 5-si ero mudpa
MOXeT OBITHL paBHA o, 6, 7 wmu 8, a ero 25-a1 muppa — 2, 3, 4 wim 5.
Orciona nonygaem, uro I's = I'ys = 5. Ha nepuoge nociegoBareasHOCTH,
73 KOTOPOU BBIOpaH mudpyoumi oTpe3ok, ectsb ase uudpst 5: Cs u Cis.
IMosTomy paccmorpum gBa cayuas. Eciu I's = C5, To I'y = C7 = 3. 9o
MPOTUBOPEYUT TAOJIUIE BAPUAHTOB 3HAUYeHUN UMD mudPYIOMEro OTpes-
ka, B Koropou ['; MmoxkeT 6bIThH paBHa 4, 5, 6 wiu 7. Eciu ke I's = Cy5, TO
cooTBeTCcTBYOIMY mudpyomun oTpe3ok: 1636567490147656369016365674
XOPOIIIO CONIACYETCA ¢ TabAUIEeN BAPUAHTOB 3HAYeHuu ero nudp. Berauras
nrdpLl HAXIEHHOIO OTPE3Ka U3 COOTBETCTBYIOIUX HUPP MMUpPOBAHHOIO
COOOIIEHNA U 3aMEHASA PA3HOCTHU UX OCTATKAMU OT AeneHusa Ha 10, momydaum
o Tabsauie 3aMeHbl map nudp Ha 6YKBBI UCXOTHOE COOOIIeHTe:

umpposanHoe 23|39|86(72|16|45|81|60|67|06|17|31|55|88
coobuenne
umpylouin 16(36|56|74|90|14|76|56|36 (90|16 |36 |56|74
OTpPEe30K
mrdposoe 17(03|30(08(26|31|15|14|31(16|01|05(09|14
coobumeHne
HCXOIOHOE
C|B|A|3|b|-|O|0|-|P|A|L|H]|D
coobumeHne

3.6. O6o3uavenus MOHATHBL U3 puc. 11.
1) M K, P, B uenrpansuo cummerpudern M K PA orocureasuo M.
2) NL{Q B uenrpaisuo cummerpuded N LQC oraocurensuo N.
3) PLK>Q1 = PK(Q (mapauieabHBII IEPEHOC).
4) LK, K5L; — xBagpar.
5) MT 1 AC, NS 1 AC.
6) PMT =QNS (MT =NS, PM =QN, £T = £S5 = 90°).
7) Bes orpanuvenus obmuoctu AB = BC = CA = 1.

)

1 1 1
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PT QS
Pwuc. 11.

9) PMK =NQL (PM=QN, /M=/Q, /K=/L=90°) = MK = QL.
100) MQ=ML+LQ=ML+MK=ML+K M=K,L=y.

11) Maomaae ABC = ? paBua mwromanu LK KoL, = y2, Y= ?
12) MT = ? (mosoeuna BeICOTHL ABC).

13) QT:PQ—PT:%¢¢.

14) MQ?* = MT? + QT? (teopema Iudaropa), T.e.

()-8 i a2

2 4 4 16 |2
@x:%—i 4v3 -3
15) AP : PQ chi( 4\/3—3—1):%&(3—( 4\/3—3)):

:( 4\/§—3—1);2:(3—\/4\/§—3).

3ameganue. Touku P 1 () MOXHO TIOCTPOUTD C TIOMOIIBIO IUPKYJIA U
aunenku. [TogymanTe, Kak 5TO MOXKHO CIEIaTh.

Omeem: AP:PQ:QC’:( 4\/§—3—1) L2 (3— 4\/3—3).

4.1. VICXOIHBIN TEKCT COCTOUT 13 48 OYKB, CIeI0BATEIBHO, IPU 3AIIA(PO-
BaHUM OBLIO MCIIOIB30BAHO TPU MOJOKEHUA PEIIeTKN IOJHOCTBIO U €IIe TPU
OyKBBI BIIUCAHBI B Y€TBEPTOM TOJIOXKEHUU. SHAYUUT, HE3AOIHEHHBIE 12 Kire-
TOK COBHIAJIAIOT C BLIPE3AMU PEIIETKN B YETBEPTOM IMOJOXKEHMM. Tak Kak
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TEKCT BIMCHIBAETCA MOCIEIOBATENBHO, TO HEM3BECTHBIE HAM TDH BBIPE3a
MOL'YT DACIOIAraTHCA TOIBKO B IHEPBOU CTPOKE TAGIWLEBI U IEPBBHIX IATH
KJIETKaX BTOPOU CTPOKU (1O MEpBOr0 M3BeCTHOrO BhIpesa). Cuuraem, 4To
TpadapeT JeKUT B I€TBEPTOM MOIOKEHUA. YUNTHIBASL, ITO B OQHY KIET-
Ky JIICTA HEIBb35 BIHUCATH ABE OyKBBI, IIOLY<IaeM, ITO BEIPE3BL MOI'YT OBITH
TOJBKO B OTMEYEHHBIX 3HAKOM «7» MecTax Tpadapera (wh» — MecTa u3-
BECTHBIX BBIPE30B):

? ?
7|7 * *
* * *
* *
*
* * | % *

Ou4eBUIHO, 9TO U3 OTMEYEHHBIX B MEPBOU CTPOKE IBYX KJIETOK BBIPE-
34€TCA TOMBKO OfHA (TAaK KaK OHU COBMEIIAIOTCA TMOBOpOTOM). Ilomydaem
IBa, BO3MOXKHBIX BapUAHTA pemeTku (1ubo mepBeii «7y, aub0 BTOPOU «?» B
nepBou cTpoke). duTaeMBIll TEKCT [MOIY<YaeTCs IPU BTOPOM BapPUAHTE.

Omeem: TIOJIb3YACHINOPOMPENETKAHENB3A0CTABIATHIIYCTHEMECTA

4.2. OavH 13 BAPUAHTOB PELIEHUs COCTOUT U3 CJICIYIOUINX DTAIOB.

1. 19=#u u3 Bropou crpoku («19,2 19,5»).

2. 29=0 u3 Tperben cTpoku («29,1,10») u 10=a umu 10=mu.
3. 14=m1 u3 «Ho,14,H0».

4. 8=g, 2=e, 10=u u3 «IEHHO U HOIIHOY.

Monyuwnn Tekcr:
12245321 60 28¢2018 20215u 2717ellelb —
He 275 mol123122e16, ve ub 170106016:
OeHHO M HOmHO oHu e24ellelb
nmr 1821 17e20e28016 2102860 16.
5. 5=a u 27=3 u3 BTOPOU CTPOKHU.
6. 17=B 6=m 16=u — mociegHee CIOBO BTOPOU CTPOKU — BOJOTOMU.
Monyuwnn Tekcr:
12e24a321 no 2822018 2021au 3B elleu —
He 3a 10123122eun, He Ha BOQOIOMU:
OJEHHO ¥ HOIIHO OoHU e24ellen
nm 1821 Be20e280m 2l028mom.
7. 21=7 18=y 28=ux 20=c u3 mOCJIeIHEN CTPOKHU HIILYT BECEIOU TOIIOMN .

8. 11=p u3 @ Bell en» mepBOU CTPOKHU.
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Urak,
12e24a3T1 mo necy craum 3Bepeum —
He 3a 10123122eu, He Ha BOLOMOW:
OIEHHO ¥ HOIMHO OHU e2depen
HIIyT BECEJOU TOJJIOMN.

9. 24=r u3 «erepem.
10. 12=6 3=10 u3 «berawoT».

11. 31=51 22=9 u3 «JOOBIYECH».

Omeem: BerawotT no Jecy crau 3sepen —
He 3a m1o0bIven, He Ha, BOJOION:
[leHHO U HOIIHO OHU erepen
Nyt Becemon TOMION.

4.3. Omeem: cos36° = (14 /5)/4 =~ 0,8.

4.4. 3anymepyeMm OyKBBHI JATHHCKOI'O aahaBUTa MOCAEJOBATENILHO TNCIA-
mu ot 1 10 24. Ilycts 2 — HexoTopoe uucao ot 1 10 24, a f(x) — aucao, B
KOTOPOE [ePEXOIUT T Ha BTOPOM dTare. Torga nepecTaHOBOYHOCTD HTAIOB
MOXKHO 3aIUCATh B CIEIYIOIMIEM BUE:
flz+1)=f(x)+1, me flz+1)—f(z)=1

OTO 03HAYAET, ITO COCEJHUE UUCAA T U T + 1 Ha BTOPOM DTAIe MePeXoqaT
B coceguue xe uucaa f(z) u f(x + 1), T.e. BTOpou sTan — TOXe CIBWUL.
[TocnenoBarenbHOE IpUMEHEHNE [BYX CIBUIOB — OYEBUIHO TOXKE CABUI U
0OCTaeTCsa pacCMOTPETh 24 BapuaHTa, PA3IUIHLIX CABUTOB. UNTAEMBIN TEKCT
onpeznenseTcs ogHO3HAYHO. OCIOXKHEHUs, CBA3AHHBIE C [I€PEXOIOM Z B A
YCTPAHAIOTCA OO0 MEPEXONOM K OCTATKaM TpU HeleHuu Ha, 24, au00 BBI-
NUCLIBaHUEM IOCIe OyKBLEL Z BTOpou pas aixdasura AB...7Z.

Omeem: INTER ARMA SILENT MUSAE
(“uHTEp ‘ap™Ma CAIEHT MY3d —
KOT'[a TPEMUT OPY¥KME, My3bI MOTIAT).

4.5. CocTaBuM BO3MOXKHBIE BADUAHTHI IEPEIAHHBIX OYKB:

I"bif | ASE | BIIPK | EXII0 | HMBY | CHI3JT | LY [IXO0T | APBHU

BII3 | AbB | AHOM | TEYb |JIKDX | MIE# | IBC |®YMP | 3TAXK

BIIY | BBbE | BOII | IEIS | MJTHILT | PHXK | UI'T | XOHC| YB3

I"bif | BoE | BIPK | EXINGD | HMBbY | Cb3JT| LY |L[XOT | A®BK

IBK| HX|TPCIT|E3bA|OHII | THUM |E® | YIITY | XTH

EbJI| A3| CTM|XUB |MOW0N|Y2#H|BEX |IIYP®| LK
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Buibupas BTOPYI0 1 NOCAEHIOK Ipynny OyKB (Ie eCTh KOPOTKUE KOMOHKA
OyKB), OLpEIeNsAeM CIOBa, UM cooTBeTcTByomue: BA3, DTAX. B ucxonnbix
caoBax 33 OykBrwl, moaTomy OykBel B, A, 3, 3, T, A, X yxe ucnoib3oBa-
HBI ¥ UX MOXHO BBIYEDKHYTh U3 BCEX KOJIOHOK:

I"bif | ASE | BIIPK | EXINGD | HMBY | CHI3JT| ALY |L[XOT | A®BK
Bl HOM |TEYD | JIKBX | TIEH |1 C|®YMP |3TAX
11 BOIMA | IEM |MJTHIL|PD K|Yl' |XOHC
I'biA[B | IOPK|E Il |HMBY|Ch JI|IAY |I[XO

TCPCI|E b |OH BUM | IES YLy
EbJ| A3| C M| ¥WH |M0 |V #H|DBEX|IYP®

N3 HECKOMBbKUX BApUAHTOBR, HATIPUMED, B TPETHEN TDPYIITe:
THOM THOM TPOM

BBIOMpPAaEM BAPUAHTHI TaK, YTOOBI KaxK Aasg OYKBa UCIOIb30BAIACH OJUH Pa3.
[Mpomomxas Takum 06pa3oM, TOJYIUM OTBET.
Omeem: BHK BA3 THOM [OUYb IUION CHEM HEX IWYP® OTAXK

4.6. 3amerum, uTo A1 —Ap = (k+1)% —k®+2 114 Bcex HATYpATLHLIX k.
CkuanpiBas nowieHHo s>tu paBeHcTBa mpu k = 1,2,...,(n — 1), noxyaum
A, — A =n® — 3+ 2n. Ilo ycaosuio A; = 3. CrenoBaTenbHO, CIIPABEIIABO
cooTHowterue A, = n® + 2n.

Acuo, ¥TO npy pacmudpoBaHUM TAK XKe, KAK ¥ Ipu 3amurdpPOBAHUH,
BMECTO YucCenx Al()(), A101, Alog, A103, A104, A105, A106 MOXKHO BOCIIOJb-
30BaTbCA UX ocraTkaMmu OoT genenus Ha 30. Tak kak mis KaxkJIoro meioro
HEOTPUIATENLHOTO §

(100 +4) + 2(100 + i) = i* + 2i + 30z,
rae z — HEKOTOPOE IeJ0e FHCI0, TO MOAYYaeM CAeAYIOMUe OCTATKA MPU
pemenun qucea Aqgg, . .., A1pg Ha 30:

Aioo | Aror | Aro2 | Aioz | Aioa | Aros | Aios
0 3 12 3 12 15 18

SaKIIYUTENBLHBIN DTAl MPEICTABICH B TAOIUIIE:

urppoBaHHOE COOOIEHUE K|E|H|3|9|P|E

4YUCIOBOe UMppOBaHHOE

9|5|12|7|27|15| b
coobleHne

1mpyoUHA OTPe30K 013(12|3|12|15|18

YUCIOBOE MCXOoOHoe coobmenue |92 0 (4|15 0 |17

HCXOMHOEe cooblleHue K\B|A|OD|P|A|T
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4.7. Omeem:

1++V4a? +1
r=—-—-
2a

mpu 0 < a < 1;

1++v4a? +1 —V4a?2 -3-1
= —_, rTo — ———

2a 2a

5.1. JYxazanue. Haugure qomycTUMbIE BAPUAHTHL I OCTATKOB OT IETE-
HUS HEM3BECTHHIX ¢ U y Ha 7. Takux BapmanToB 6yIeT BOCEMb. YIUTHIBA
MPUHAIEKHOCTh HEU3BECTHHIX K 3aaHHOMY [UANA30HY, HAUJUTE [TOMY-
cTuMbie BapuaHTh 1 (x,y) (19 BapuanTos). [aa kax o maps (x,y) Han-

gure z. B guanason 10, ..., 20 nonagaior Tonbko Tpu pemenus: (12,16,11),
(13,17,17), (13,18,12).

5.2. Tak xkak Ipy 3amUCLIBAHAN COOOMIEHNA B TAOIUILY TPOOETHI OMyCKa-
JIUCH, MOXHO CIEIATH BLEIBOI, UTO CTOJOILI, COAEpKAIIIE MPOOEa B MOCTeT-
HEU KJIETKe, 0 MEePEeCTAHOBKYU CTOAMU B KOHIE Tabauibl. Takum 00pa3oM,
CTOMOBI MOXHO pa30UTh HA OB I'PYINLI, KAaK IMOKa3aHo Ha puc. 12. Ilpu
DTOM [ TOJYYIeHU UCXOTHOIO TEKCTA NOTPeOyeTCsa MepecTaBIATh, CTOIO-
UBI TOJABKO BHYTPHU T'DYIIIL.

T 2 opu a = 1.

AHNBPAIOETILOMBE KETPIUHA

ANITAOGHUINUOTLTETBFP TEYOINLO

YPOIYECMOKUHTEKDO MHIXHTE

HYNAPEBUHEMOHTUHI EHE3HHY

BTOLOMIONODTAMUINDT 3T ENBHAC

UKCUTYHOENYITEX| |------
Puc. 12.

EcTecTBeHHO TMPEANONOXKUTE, 9TO COOOIIEHNE OKAHIUBAIOCHL TOIKOU. Ilo-
DTOMY Ha TPETHEM C KOHIIA MECTE B TIEPBOU CPYITE JOMKEH OBITH CTOJOEII,
okamunBaroumucsa Ha T, Ha Bropom — Ha Y, Ha nocieguem — Ha K. ITory-
gaeM nBa BapuaHTa (puc. 10), U3 KOTOPHIX MEPBLIN ABJIAETCA ABHO (HEUIU-
TaeMbIM».

PAH||[3AH||AJIBPJIOETOME 3AHATUEKP
OHJI| [BHJ| [ATAGUIUOTEP BHJIOYLEJO
ECP||[KCP||HYOYEMOKHUHTO KCPEOIVHUX
PEV||[HEY||HIAPEHEUOHL HEYYEHHE3
MIOT||[3OT||BIAOMITAUITI SITCBAWNEH
TYK| [TYUK||ACUTHOEIVIX TYK------
Puc. 13. Puc. 14.

Taxum 06pa3oM, yaanoch 3apuKCIPOBATEH HOCIEIHAE TPU CTOIOIA TEPBOU



OJIMMIOKAJBI 10 KPUIITOTPAPUN 51 NIKOJbHUKOB 229

rpymmet. [lepecTaBiaa cTOAOHBI BTOPOU TPYIINLI, UIIEM «IUTAEMBIE» TPO-
JOJLKeHus 3aUKCUPOBAHHBIX cToaAOHOB (puc. 11). lencrBys matee aHajo-
PUYHBIM 06PA30M € OCTABIIUMUCS CTOJOIAME IEPBOU T'PYIIIILL, JOCTATOYHO
JIETKO TIOTyYaeM UCXOTHOE COOOIIeHre.

Omsem:

OIONTOEBPEMASAHATUEKP
UMOTOTCPAOGUEUBHIOYOEND
MOOMHOYEKTYKCPEILUNUHUKX
EHNITUOODOAPEHHHEYYEHBHMNES3
OTOHUAONOMATH3NOTCBAMNMEH
HOCIHYVXUTENTUTYUK

5.4. Bo BTOpOM ciydae M3BECTHBHI Haphl UMD, KOTOPLIMU MIHUPPYIOTCI

6yKBbI «Pr, «», «M», «O», «H», «T», a B IIEPBOM — IIapPbL L[I/I(I)p [JIsT TeX XKe

OyKB, 38 UCKIIOUEeHUEeM OYKBBI «H».
Omsem: BO BTOPOM CIIy4ae Jerde.

5.5. Omeem: 481.

5.6. MoxHO 3aMeTHUTh, YTO MOCJAEIOBATENILHOCTL OyKB MOCKBA BXOIUT
KaK TOANOCTeI0BATEILHOCTD B KaXK IbIM U3 MU(PPTEKCTOB TIEPBOU TPOUKU:
# MeBOT ConKerBm Asa
ykMamOu Cp Km Bz Ax
w Mp>0r4CunKpeBreAxk

Ha ocuoBe »T0Oro HabI0AEHUS MOXKHO MPEATIOJOKNTD, IYTO MudPOBAHIE
BAKIIOYAETCA B CIeAyomeM. B Kax bl NPOMEKYTOK MEXAy OyKBAMU UC-
XOZHOI'0 COOOUIeHNs (HATAJI0 U KOHEl[ TAKXKe CIMTAITCA IIPOMEXKYTKAMN)
BCTABJAIOTCSA OJHA JUOO ABE OYKBBEI B COOTBETCTBUU C U3BECTHBHIM TOIHKO
OTIPABUTENIO U MOLYIATENI0 KII0IOM.

OueBuaHO, 4TO HepBas OyKBa COOOMIEHUA OKHA MTONACTb HA 2-€ WU
3-e mecTo mmdpoanHoro Tekcra. CpaBHuUBas GYKBBI, CTOAIINE HA YKA3AH-
HBIX MECTaX B MO IIEXKAIINX PACIHIN(PPOBAHUIO KPUITOIPAMMAX, JEJIAEM BhI-
BOJ, 9TO OJHO M TO K€ HCXOTHOE COOOIIeHNEe COOTBETCTBYET IEPBOMY U
TpeTbeMy mMudPTEKCTY U ITO IepBasg OyKBa 3TOro coobmennsa — II.

Paccyx mas manee aHATOTUYHBIM 00Pa30M, 3aKIYAEM, 9TO BTOPOU Oy-
KBOU IIOBTOPSIOMIEr0Cs COOOMeHns ABIseTcs 0 (COHOCTaBI/IJII/I 04 u3 1-u Kpu-
nrorpamMMel u U0 w3 3-1) u Tak gamee. B wrore momyuuM, 9TO mepBOu u
TPEeThell KPUITOrPAMME COOTBETCTBYET UCXOTHOE COOOIIEHUE

[I0BTOPEHUEMATLYYEHUA

Teneps pacmmdpyem BTopyio KpunrorpaMmy. Ilepson OykBou cooobiie-
HUA MOTYT OBITH TOMBKO C miau U. /amee, moabupas K KaxIOW U3 HUX BO3-
MOXHBIE BAPUAHTHI TOCAEAYIOMUX OYKB U BBEIEPKUBASA 3aBEIOMO «HETUTA-
€MBIe» IEIOYKU OYKB, IOy InM:

CE, CM, UM, WT
CEl', cee, CMO, CMP, UMO, WUMP, UI'P, mrT
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cerpy—<cerr, CMOT, CMOK, eMpx,—<cMpp, UMOT, UMOK,

MNP HEMPP; MEPKS; ¥EPP
CMOTP, CMOTO, CMOKO, emexM, HMOTP, MMOTO, MMOKO, mMoxM

CMOTPM, CMOTPH,

CMOTPUB, CMOTPHA
CMOTPUBB, CMOTPUBK, CMOTPUAK, CMOTPHUAH u Tak manee.
B urore moay4unm ncxomuoe coobmenne CMOTPUBKOPEHD.

Omeem: 1,3 — NO0BTOPEHUEMATLYYEHUA
2 — CMOTPUBKOPEHb

5.7. O6paTuB BHUMAHUE HA TO, YTO HEKOTOPHLIE CUMBOJBL B TEKCTE YCJIO-
BUI 33,049 MATON OJTAMITUA I HAOPAHKI BEIIEICHHEIM MIPUMTOM, U BHITUCAB
STHU CHUMBOJIBI B IIOPAJKE UX CIeLOBAHUA, IOJyIaeM TEeKCT:

30044 aCEMbTLOACHUMEKAKBbIKGULAUMEKCM3A0aUU

6.1. Tak kax xkaxaem u3 1997 aGoHeHTOB CBa3aH poBHO ¢ N Apyrumu,
TO 0oO0lIee YUCIO HAIpaBIeHuu cBa3u paHOo 1997N. Orcroma oblee Iucio
CBSI3AQHHBIX Iap aGOHEHTOB paBHO 1997N/2, Tak Kak Kax 1as CBA3AHHASI Ma-
pa umeeT POBHO 2 HanpasieHus cBa3u. [lockonbky auciao 1997N/2 momxuo
OBLITH LETLIM, & Iucao 1997 — HedeTHOE, TO UCA0 N TOMKHO OBITH YETHBIM.

Mokaxem, aro mia xkaxmgoro N = 2T cymecTByeT CUCTEMa CBI3U U3
1997 aGoHEHTOB, B KOTOPOU KaxK LI CBA3aH PoBHO ¢ N mapyrumu. B camom
[ese, PacIoIOKUB BCeX aDOHEHTOB HA OKPYXKHOCTH M CBS33B KaXKJIOI'O U3
Hux ¢ T OIUKANIIIMY K HEMY TI0 IaCOBOU CTPENKE U C OMMKANIIIMEA K HEMY
MIPOTUB YACOBOU CTPEJIKHU, MOLYIUM MPUMED TAKOU CETU CBSI3U.

6.2. Ilokaxewm, 9TO HA [UATOHAIN IPUCYTCTBYIOT BCe Yuciaa oT 1 1o 1997.
IIycrs aucao a € {1,...,1997} ve cront Ha guaronanu. Torga, B CuIy cuM-
MeTpur TabIuIbL, YUCIO G BCTPEdaeTCs 9eTHOe KoaudecTBo pa3d. C apyroun
CTOPOHBI, TAK KAK YUCJIO @ II0 OTHOMY Pa3y BCTPEIALTCA B KAXKJOU CTPOKE,
BCero B Tabuauue 4ducel a HederHoe komwdectso (1997). IMoayumnn nporu-
BOpeue.

Bcero ma gmaronamu 1997 kieTok, mO>TOMY KaXKA0€ YUUCIO U3 MHOXKE-
crBa {1,...,1997} BcTpernTcs HA AMATOHAIM POBHO [0 OTHOMY pa3sy. Bel-
YUCHAAS CYMMY apupMEeTUIECKON TPOrPEcCun, HAXOAUM OTBET.

Omsem: 1995003.

6.3. Omseem: WECTAAQJUMIVAIATIOKPUIITOTPAGUUIIOCBANEHACEMUNECATH
l'IﬂTVIJ'[ETVIH]Cl'IEI.[VIMIbHDﬁCJIY)KBbIPDCCVIVI

Yxazanue. llycTh HekOTOpasa OykBa o pu 3anpPOBAHUY EPBBLIM CIIO-
cobom samensanach Ha OykBy (. Torma xommdecTBO MOBTOPOB OYKBHL [3 B
TEPBOU KPUMTOrpaMMe OyIeT paBHO HYUCAY MOBTOPOB OYKBHI (v BO BTOPOU
KPHIITOrPAMME.
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6.4. a) OnpegenuM MOMEHTHI OCTAHOBOK IOC/E Havana undposanud. s
DTOr0 KaxI0u OyKBe PyCCKOro aa(paBuTa IPUIUIIEM €€ IOPAIKOBLIA HO-
vep: A — 0, B — 1, u 7. 1. Torga 6yksam u3 mmdpyemoro cioBa OygyT
COOTBETCTBOBATH HOMepa: 0 — 15, 1 — 12, ¥ — 9, M — 13, I —16,
A — 0,0 — 4. MomeHnTEl 0CTAaHOBOK OyjJeM yKa3bIBATHL JYHCJIOM OJTHOIIA-
roBerX (Ha OauH 3y6er) mOBOPOTOB I Komeca M0 COOTBETCTBYIOMIEH OCTa-
HOBKMU.

JfocTaHOBKHK 1(2(3(4|5|6|7]|8]|9
Bykea I komeca o|nmypyMm|on| (A |Io|A
YuCcIo onmHOWATr OBHX
IIOBOPOTOB 15(45|75|79|82|108(132|136|165
OT Hadaja IO OCTaHOBKHU
Oudpa II xomeca 5|/5(56(1(8] 28] 4|5
luppa III xomeca 1(2(5|2|5|3|6|3]| 4

Nckompin mudprexcr: 515355128523864354

6) IycTh t;, — KOIMIECTBO O JHOMIATOBLIX TOBOPOTOB I Koaeca oT HadaIa,
IO OCTaHOBKU ¢ HOMepoMm k, k= 1,2,...,

ar, — uudpa, Ha KOTOPYIO YKa3bIBaeT cTpenka Il komeca B MOMEHT OCTa-
HOBKH C HOMEpOM K,

br — mudpa III xoneca, Ha KOTOPYIO ykaswBaeT crpeaka III koneca B
MOMEHT OCTAHOBKU C HOMEPOM K.

Torga, y4uTbIBas, 9TO HAYAIBHOE MOJOXKEHUE CTPEJOK COOTBETCTBYET
Oykse A Ha nmepBoM Kosrece u () Ha IT u I1I xosecax, CipaBeIIUBLEI DABEHCTBA,

ty =10my —ag, k=1,2,... (1)
th =Tng+br, k=1,2,... (2)
[UIA TIOIXOAAMNX HEOTPUIATEIbHEIX HENBIX TUCET My 1 Ny.
3ameruMm, uTo 1 =7 -3 — 10 - 2. OTcrona cupaBeIJuBLEl PABEHCTBA,
ar =7- (3ax) — 10+ (2a),k =1,2,. ..
bp =7- (3bp) — 10+ (2be), k= 1,2, ...
IMoxcrasass >Tu 3HadeHus B pasencTsa (1) u (2), moxyunm
ty = 10(my + 2ax) — 7(3ax), k =1,2,...
tr = T(ng + 3bg) — 10(2b), k =1,2,...
CuemoBarenbHo,
10(my, + 2ar) — 7(3ar) = 7(ny, + 3b;) — 10(2b), k =1,2,...
[IpaBas u seBas vactu peasrcsa Ha 70, To ecTb uMmeroT Bua 70y, I MOIXO-
IAIIEr0 HEOTPULIATEIHLHOTO [EI0T0 Sg. [loaToMy
my = Tsp — 2(ar + b)), k=1,2,...
ng = 10sg — 3(ag + i), k=1,2,...



232 T'JIABA 7

Moxcrasasas my, B (1), moayuum
ty, = 70sp — 2lag — 200y, k = 1,2, .. ..
YunrwiBas yciaoBue 0 < t; < tp < -+ < ty ¥ TO, 9TO OCTAHOBKA KOJEC

MPOUCXOJUT B MOMEHT TIEPBOrO MOABICHUA MUPPYEMOU OYKBEI TIOL CTPEI-
xou I koseca, umeem

k 1 2 3 4 5 6 7

ay 2 8 9 8 9 1 1

b, 4 0 2 3 1 2 1
—(21ag + 20bg) | —122 | —168 | —229 | —228 | —209 | —61 | —41
tr 18 42 51 52 71 79 99
Byxsu C il C T E M A

6.5. JYxa3anue. PaccMOTpPUM HEKOTOPYIO PACCTAHOBKY HEHYJIEBBIX (P
HA OKPYKHOCTH. YHopsanodeHuyio napy (a,b) cocequux mudp Ha 3TOU OK-
PYXKHOCTHU Ha30BeM l-coceqHen, ecau b ABAACTCA COCEIHEN C @ MO YaCOBOU
crpeaxe. [lapy (a,c) HasoBem 2-cocennen, ecau cymectByeT uudpa b, mis
koTopou napst (a,b) u (b, ¢) apasworca 1-coceqaumu.

Kax gon paccTanoBKe HEHYJIEBEIX (P HA OKPYKHOCTH OTHO3HATHO CO-
oTBeTCTByeT Hemnodka l-cocegnux nap Buga: (1,a1), (a1, as), (az,as), ...,
(az,as), (ag, 1), KOTOPOU, B CBOK OYEPEH, OMTHO3HAYHO COOTBETCTBYET LIe-
MIOYKA 2-COCEMHUX Map BUIA:

(1) a2)> (a27 a4)7 (a47 aﬁ): (aﬁ) a8)> (a87 al)(ah (],3)(&3, a5)(a5> a7)(a7> ]-)7 (*)
rIe a2,as,...,a8 € {2,...,9} w a; # a; npu i # j.

Ecau u3 nenouku (x) ygaauTs a0y mapy, TO MO OCTABIIMMCA TapaM
OHA BOCCTAHABINBAETCA OTHO3HATHO.

Ecau u3 menouxu (x) ygamiuTb oBe COCEQHUE MAPHI, TO OHA TAKKE BOC-
CTAHABIUBACTCA OTHO3HATHO.

Y namenue u3 (*) 100BIX TPEX ap OPUBOAUT K HEO JTHO3HAIHOCTHU BOCCTA~
HOBJICHUA LETOYKH (*). B 5TOM MOXHO yOEeAUTHCS, PACCMOTPER CJIEAYIOIINE
(PparMeHTHl LEMOYKM BUAa (*):

(a,b)(b,c)(c,d) u (a,c)(c,b)(b,d), (a,b,c,d — pazauaabie 1UdpPEI),
(a,b)-(c,d)(d,e) u (a,d)(d,b)_(c,e), (a,b,c,d, e — pasziuansie qudps),
(av b)—(c) d)—(ev f) u (a) d) (6, b)—(c; f): (aa b> G, d: e, f — Pa3jNIHBIC
uudphI).
Taxwum 006pa3oM, TP HAIMYAU OBYX YKA3AHHLIX B yCJIOBUM 3a039u II(PO-
BBEIX TEKCTOB HAM OyIyT M3BECTHBEI HEKOTOPHIE 2-COCEIHUE Taphl, B KOTO-
pLIX TepBas mudpa 6epeTcs W3 MepBOM KPUITONPAMMEI, & BTOpas — U3
BTOpOH. [l05TOMY € yI6TOM BEIIECKA3AHHOrO MOy IaeM yCIOBHE OTHO3HAM-

HOT'0 BOCCTAHOBJEHUA TOPALKA PACCTAHOBKYU UMD HA TAHHOU OKPYIKHO-
CTH.
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Omeem: 0js OMHO3HAYHOI'O BOCCTAHOBJICHUA PACCTAHOBKY UMD HA OK-
PYKHOCTH HEOOXOAUMO ¥ NOCTATOYHO, ITOOEI B OMHOM U3 HU(PPOBLIX TEK-
cTOB OBLIO HE MeHee 7 HEeHyJIeBHIX HU(P (9TO COOTBETCTBYET YIAICHUIO U3
HEmoYKN 2-COCeHUX map Buma (x) He Gojee OBYX U3 HUX).

6.6. IlocrenoBaTeIbHOCTH OCTATKOB OT NEJIEHUS UCET G, d2, ... Ha 24 —
IEPUOANYECKAS C IIEPUOIOM 2, TAK KAK IJ JIOOOr0 HATYPAIBLHOIO 71 CIPa-
BEJINBO:
-1 _
Any2 — G _PnH—PnH_ 24.12713’ upi p = 2
n n — -
p" (P’ —p), mpup>3

Kpowme Toro, p* —p = (p — 1)p(p + 1) xpaTHO 24, TO CTH OCTATKA Y Gyyi2
7 4, PABHBHL.

6.7. Omsem: a = 1996; Bce pemenus wumeror Bug +3992k + 1996,
k=0,1,...,998.

Yxazanue. llpu a < 0 paccmarpuBaemoe ypaBHEHHE DPABHOCUIBHO
|z — a| — 1995a = 1996, xkoTopoe umeer He Gojee ABYX PEIICHUM.

IIpu a > 0 u3 rpaduka QYHKIUU B JEBOU IACTU YPABHEHUA BUIHO, ITO
ecau 1996 € (0, a), aucio peueHni Oy 4T I€THLIM, IIO3TOMY HE MOXKET OBITh
pasuo 1997. Eciu 1996 € (a, +00), TO ypaBHEHNE NMeeT POBHO 2 DeIIeHNs.
Ecau xe a = 1996, To ypaBuenue umeer poBuo 1997 perenun.

7.1. Ins Toro, 9ToOBI COXPAHMIACH CBA3Db IIPHU BHIXOIE M3 CTPOS JIOOBIX
OBYX Y3J0B, HEOOXOAUMO, ITOOBI B KAXKILIU y3ed BXOIUIO HE MEHee TPex
auann cesasu. Curyamus

B
A
C
HEJOIMyCTUMa, 160 mpu BeIXOAe u3 cTpos yamoB B u C' y3ea A craHoBuTCA
HEJIOCTYIHBIM. SHAYUT, BCETO JUHUU JOJKHO ObITH HE MEHEEe M =15.

Bot nBa mpumepa, yIOBIE TBOPSIONINE YCIOBUAM 33,1491 ¢ 15-10 TMHUAMYI
CBSI3U:

[IpuBemeM mOKa3aTeabLCTBO NIA HEPBOrO IpuMepa. EcIu BBINLIM U3 CTpos
IBa y3Ja Ha OJHOM TATUYTOJBHUKE, TO CBA3L COXPAHUTCA UEpEe3 APYTUe
MATUYTONLHAKA. KU BEIILIN U3 CTPOA MO OMHOMY Y3y HA PA3HBIX MATU-
YTOIBHAKAX, TO CBA3b COXPAHUTCA IO JUHUAM, COCIUHAIONMM OTHU IIATH-
YTONbHUK.

Omeem: 15.
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7.2. Ilpomeaypa sammdpOoBaHUA MOXKET OBITH MOJHOCTHIO OMUCAHA KBAa-
aparrou Taduaunen 10 x 10. Ha nepecedernnn cTpoKu ¢ HOMEPOM i ¥ CTOJIOIA
C HOMEPOM j 3amuchiBaeM nudpy, B KOTOPYIO Npu 3amudpPOBAHUN [IEPEXO0-
IUT mudpa j, eciu OHa CTOUT B MapoJe nocae Hudpsl i. U3 0 1HO3HAYHOCTH
pacum@poBaHusa CIeLyeT, YTO B KaXIOU CTPOKe Kaxkaasa mudpa BCTpeda-
€TCs POBHO OIUH Pa3.

O6o3HaduM 4Yepes uiy, Uls, . .., W7 U 01,02 3aMUBPOBAHHLIE MAPOIUA U
[IBa M3BECTHHIX MapOJsd B MOPAIKE, ONpeneaseMOM ycaoBueM 3agasiu. [Ipo-
uegypa 3amudpOBAHUSI COXPAHAET [IMHY, HODTOMY Ul3 U ULy HE MOLYT
COOTBETCTBOBATL HU 01, HU 02. [IpeAmONOKUB, ITO Wi COOTBECTBYET 01,
MOJYYUM IaCTh TAOMUILI, B KOTOPOU B OJHOU CTPOKE IBE OJAMHAKOBLIE IIM-
dpel. DTO O3HAUAET, YTO OpeanoaoxkeHue HeBepHO. CocTaBasas TAOIUIILL,
yOex aaeMcs, ITO 0o He mudpyeTrcsa HU B Wg, HA B wy, HI B ws. B pe-
3yJbTATE TAKUX PACCYXKACHUU OCTAETCA TOJBKO OJIUH BAPUAHT MEPEXOa
01 — W2, 02 — W5. SAMOJTHEHUE TAOJUILI Oy IeT CJIeIyIOIIM:

0123456172829 01234567289
0 5 0 6 5
1 3 1 3

214(3|7 8 2(4(3(7(0]/6]2|5|8]|9
3 7 3|13|7

4 2 4 2

5 3 5 3|7
6 6

7 4 7 4

8 119 8 119

9 9 1

OueBuIHO, 9TO B CTPOKE C HOMEPOM 2 B TIOCIETHEN KIeTKe cTouT 1. 3Ha-
HUE >TOU TaOJUILI TO3BOIAET OHOZHAYHO PACIIN(POBATE Wiz: TOJYIATCA
5830829. ITapouu, COOTBETCTBYIOLINE ULy, Uly, Ulg, U7, BOCCTAHABINBAIOTCS
HE TOMHOCTBIO.

Omeem: NOIHOCTHIO MOXKHO pacmudpoBaTh TOAbKO 5393511, noxyunrcs

5830829.

7.3. Coobutenue cocrouT um3 3 X 17 = 51 6yksor. llosTomy r = 3 nm
r =17 (wpu r = 1 u r = 51 — noayvaercs HeduTaeMbll Tekcr). [Ipu
7 = 3 HE MOMYYAETCA OCMBICJICHHOIO TEKCTA MPU BCEX MIECTU BO3MOXKHBIX
BapuaHTax nepecraHoBku Oyks (a = 1,2, b = 0,1,2). Paccmorpum caygan

r=17:

123456789 10 11 12 13 14 15 16 17
BTUOYBIAIO0OA Y HH B T 0 T IOV
HTHOH3IXA Y 0 b O T VY HIHU
YXHUOODOJODB 94 0 E J 0 T C
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Cocennue GYKBBHI IIPU MEPECTAHOBKE MEPEXOAAT B OYKBBLI, OTCTOSIINE
OPYT OT IPyra Ha OAUHAKOBOE PACCTOAHUE: OYKBA HA X-M MECTE MEePEXOIUT
Ha MECTO, OIIpeaeseMOoe OCTATKOM OT jgeieHus axr + b ma 17, a Oyksa Ha
(z+1)-M MecTe — Ha MeCTO, OIpeneIIeMoe OCTATKOM OT nerenus (ax+b)+a
ua 17. 9o Bepuo mias aoboro x. [losromy ects Becero 16 BapuanToB mepe-
XOJ0B COCeIHUX OYKB (MCXOOHBIM TEKCT HEUUTAEM), KOTOPHIE ONPENesIsiT
OJIHO3HAYHO MEPEXOLI BCEX OCTAAbHBIX OykB. [lepebupas ux, momsydaem He-
YnTaeMble TEKCTHI BO BCEX CAYYasX, KPOME OJHOrO, KOTOPHIU JAeT TEKCT:

YUTBHBIOATBYTO
9H ATBIHY X
b H oxXxomoxn

[=af

[

< o o
= o d
=430
o= =

y
il
C

L o

0 3|H
E II|JI
W3 Tpex BapumaHTOB HAYAIA TEKCTA JEIKO ONPEIeJsAeTCsS UCTUHHBIA Ba-

pUaHT.

Omsem:
YTOBHIOJYYUTIATLHYXHOO TARYHO3HATBIIOIYYMI0CEHEIIOXO

7.4. llocmenoBaTenbHOCTH 06X01a JOCKU IMOKA3aHA HA PUCYHKE:

37(62|43]|56(35|60|41|50
44(55|36161(42(49]|34|59
63|38|53(46|57|40(51(48
5414564 (39|52|47(58(33
1126(15(20| 7 |32[13(|22
16(19( 8 |25|14 (21| 6 |31
271 2 |17(10(29] 4 (2312
1819 (28] 3 |24(11(30| &

Omsem:

Kapasmeprapmnos Bek Hegomor
" moromy Tak CIamo0K OH.
Tpyba TpyObUT, OTKMHYT MOJIOL. . .

7.5. U3 0ZHOPOZHOCTH BCEX WIEHOB CIELYET, ITO HEPABEHCTBO DKBHUBA-
JeHTHO HepaBeHCTBY a’ + b® + ¢® + 6abc > 1/4 npu ycaosuu a + b + ¢ = 1,
a>0,b6>0,c>0.

IIycrs ¢ — MuHEMaIBHOE U3 vucel a,b,¢ (0 < ¢ < 1/3) u a = z. Torga

1
A:a3+b3+c3+6abc—zz
1

:mB+(1—c—w)3+c3+6w(1—c—m)c—Z:
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=3(1-3c)z* =3(1—c)(1-3c)z+ (1 —c)® +c* —

e~ =

HaxoguM MUHUMYM KBAIDATHOIO TPEXWIEHA C IapaMeTPOM ¢ U MO-
JOXKUTETbHEIM KodbhdurmenTom mpu 2. MUHUMYM JOCTUTAETCA B TOUKE
x = (1 — ¢)/2, upu >ToM 3HaueHre A GyIeT MOJIOKUTENLHBIM.

7.6. Ecawm menoM ¢ KBaAPATHBIM CEIEHUEM HAPUCOBATH HA JOCKE OTPE3OK
IPAMON TaK, YTOOLI CTOPOHBI CeYeHNs OBLIN MapaLIeIbHbI KPasM TOCKU, TO
IJIOMWA,Ib [IOJLY I€HHOU JUHUK OyIeT PABHA ILIOWALY CTYIEHIATOU JIUHUY C
TaKUMU XKe KoHIamu (cM. puc. 15).

Ecin Ha mocke HAPUCOBATH HEKOTOPHIM (BBIMYKJABIN) MHOIOYT'OJBHUK,
TO HAIAYTCS TaKue MPAHUYHEIE «(TOYKUY HTOI0 MHOTOYIOJIBHUKA, KOTOPHIE
ABJLSIOTCA GINKANIIIMY K OTHOMY 13 KpaeB JOCKuU. [L1omags rpaHuis ops-
MOYTOJBHUKA, COLEPKAIIEHN BCE TAKUE (TOYKIY, DABHA ILIOMALN DAHUIEL
HAPUCOBAHHOI'O BEIIYKJIOIO MHOIOYIObHUKA (cM. puc. 16).

~ _
~< /I| BI T~
S T~ B B2 =
< ~o / / S-~._ |
~o ~o / / ~H—
~. S~ / /’ ! 1
S ~ o S SO —( :’ I
< ~ / !
Y S | s /1: /
~o S \\\4/
S S o N ~
S~ /|
il
Puc. 15. Puc. 16.

Taxou npAMOYrOJIBHUK HA30BeM OKanMisiomuM. flcHo, urTo miomans
OKANMIIAOIIETO MPAMOYTOILHUKA, HE MEHBIIE TLIOMAIA COOTBETCTBYIOMIETO
MHOTOYTOJBHUKA. SHAYUT, Ui JIOOOr0 MHOTOYTOJBHAKA JAHHOU ILIOMIA LA
HAUAETCA MPAMOYTOJBHUK TAKOU K€ IIOMIAINA, HO C ILIOMIAIHI0 TPAHUIIED
He GOJIBIIEHN, YeM ILIOMAb IPAHUILI UCXOTHOT'O MHOIOYT'OJbHUKA.

EcIm MHOTOYTOJIBLHIK CO CTOPOHAME @ u b mMeeT mromanb 10000 cum?,
TO IUIOMATH €r0 MPAHUILL PABHA

20000 100
2a+2b+4=20+——+4=2 a— —=)% +404.

Va
MuHMMYM ZOCTUIaeTCsA B CAytdae, KOI'Ja BO3BOIUMOE B KBAIPAT BLIPAXKe-
ure paBuo 0. B srom cayvae a = 100, uro Breger b = 100. Taxum o6pazomMm,
HAMMEHBIIYIO IJIOMAIb IPAHUIE], papHyo 404 cM?, mMeeT KBagpaT CO CTO-
pouon 1 M.

Omsem: KBaJpaT CO CTOPOHOU 1 M; mIomanb ero rpasumsl — 404 cum?.

7.7. Ecau rpynma mudp, u3 KOTOPOU 0OpPa3yIOTCA IUCAA, COCTOUT u3 k
undp, TO CyIIECTBYET POBHO k! pasiWMYHLIX 9MCe], MJIA 3AINCA KOTOPBLIX
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KCIOJIB3YIOTCA BCE IU(MPHI IPYIIBE POBHO MO OAHOMY pasy. I'pymmy us k

uudp 6yxem obosuagars Gy.

ITockonbky B coobiennn oTCyTCTBYIOT Iudpel 2 u 9, 5Tu mudpsr 06pa-
3YIOT 100 [BE TPYIIIEL IO OTHOU udpe, 00 OLHY T'PYINy U3 IBYX mudp.
B o6oux cry4dasx stu nudpsl MOryT OBITH UCIOIB30BAHEL AJs1 3ammdpPOBa-
HIS POBHO ABYX OYKB ajdaBUTA.

Tax xax 31 = 11+ 3! + 4!, 10 {1,3,4,5,6,7,8,0} = G1 UG53 U G.

Ecmm Gy # {1}, To u3 coobmwenns HaX0nUM:

a) G4 = {1,3, 7,8}, Gg = {0,5,6}, G1 = {4} au6o
6) Gy = {1737 778}7 G3 = {47556}’ G = {0}

Cnyyau a Cmygau 6

2 (4)
4 (29)
9 (56)

506
605
650
650
1378
1387

= W ¥ MM R S W oo

e

56 (65)
65 (92)

0

2 (29)
9 (92)

456
465
546
564
645
654

1378
1387

K
1
M
H
0
II
P
C
T
y
o

Coyyau a Cmygau 6

1738
1783
1837
1873
3178
3187
3718
3781
3817
3871
7138

1738
1783
1837
1873
3178
3187
3718
3781
3817
3871
7138

g B BE 4 B X

m 5 O o

7183
7318
7381
7813
7831
8137
8173
8317
8371
8713
8731

Cnyyau a Cuaygau 6

7183
7318
7381
7813
7831
8137
8173
8317
8371
8713
8731

Coo6menne mocie pacimdpoBanus umeer Bun: a) AA3Y wim 6) ALAY,
T.€. HE YUTaeTCsA.

Ecmm Gy = {1}, To n3 coobmenus Haxogum G3 = {3, 7, 8}, G4
={0,4,5,6}. B sTom ciydae Tabauma 3aMeHBl GYKB YHCIAMU MMeeT BUL:

M &= 31 W o =

1

2(29)
9(92)

378
387
456

= W o

=N Se

465
546
564
645
654
738

783

= X &8 < A Q

4560
4605
4650
5046
5064
5406

9
il
1l
b
b

5460
5604
5640
6045
6054
6405

2 6450
0 6504
A 6540

Coo0menue Jerko npountars: HAVKA.
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8.1. Ilposegem mpsmble, IPOXOAIINE YePE3 TOUYKU IEPECEIeHUS PAHMULL
CJIOXKEHHOU JIEHTHI TAPALIENbHO ee KpasM. O4UeBrIHO, 9TO TOrJa JEeHTa pa-
300LeTCA Ha pABHBIE PABHOCTOPOHHUE Tpeyroabuuku. OrMerum nudpon 0
BCE MPOCBETHI, & MU(PON 2 BCE TPEYrOIbHUKMU, KOTOPBIE MOJIYYIUINCH HA-
JOXEHUEM IPYT Ha IPyra ABYX TPEYTOJILHUKOB B CJIOXKEHHOU JeHTe. 11o-
CTPOUM [OIOTHUTEJIBLHO DS TPEYTOJbHUKOB BHE DMOJEMBI, KAK IOKA3aHO
Ha pucysuke 17. B momydennon Gurype 9ucio TpeyroabHUKOB, OTMEIEHHBIX
uudpou 2, PABHO YUCIY TPEYTOJbHUKOB, OTMedeHHbIX nudpou 0. [losromy
ILIOIIA AL BCEH JEHTEI paBHa miomanu tpanemuu ABCD. Komngecrsa Tpe-
YTOJBHUKOB B TOPU3OHTATLHEIX pagax ABCD asmawoTca 9 mocienoBaTe s-
HBIMU WIEeHAME apUdPMETUIECKON TPOTPECCUM C IEPBLIM WIEHOM, PABHBIM 3
(umkHUY pax), 1 pasHoCThO 2. CaeI0BaTEIbHO, O0IIEe TUCIO0 TPEYTOIbHU-
KOB DaBHO

A B
No23H0=D2 5 g 9%\ /N/N/N/N/\29%9%9
2 WA, VAVAVAV YAV Vi
N/ \/\% /

Ecin h — mmpuna 1eHTBL, TO ILIO- 0 A 5 2 5 0
A5 O THOT'O PABHOCTOPOHHErO TPe-
YIOJBHUKA C BLICOTOU h paBHA

So = h%ctg60° = hz/\/g

C Ipyrou CTOPOHBIL, €CIU [INHA TPSI-
MOYT'OJBbHUKA, IIOJYIE€HHOTI'O IIOCJIe
paspesaHus JeHTHI, paBHa [, To S =

INONNN/N/N

\VAVAV. VAVAV/

\VAVAVAVAY,
\Na/\/

= lh. Orcroaa HAXO QUM UCKOMYIO Be- D C
muauny: [/h = 33+/3. Puc. 17.
Omeem: 33v/3.

8.2. IlocmenoBaTenbHOCTDL U3 k Hysaen win k euHUI 0603HAYUM COOTBET-
creerno depea 0F min 1%, Torga mmdpoBanme KaxKIoro 3HaKa cOOOIICHI
COCTOUT B 3aM€He
0 — Ok11ke 1 — 1kapks
{1 — (ks 0 — 0ks

B sammdpoBanHOM cOO0mIEHNN BCEe CEPUU W3 €IUHUL] UMEIOT NINHY ko
[ IEPBOrO criocoba U IIuHY k4 I/ BTOPOT'O CIOCO0A, MODTOMY, AJA CO-
BIAIEHUA PE3yIbTATOB 3amupPOBAHUA HEOOXOIUMO, ITOOBI

ko = ky. (2)

Tenepsb JIErKO MOMYYIATH, YTO B COOOUIEHUN IOMKHO OLITH OIUHAKOBOE
YUCJI0 HyJIeU W €IHIAL,

IIycte n — 4ucao gyaen B coobmenuun. Torga Iucao HyJIen B 3amudpo-
BauaoM I cmocob6om coobmennu pasuo nki +nks, a Il cmocobom — nks+nkg.
Takum o6paszom,

st I croco6a, { st IT cnocoba. (1)

nky + nks = nks + nks. (3)
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W3 (1) BugHO, 9TO COOOIIEHUE JOMKHO HAUUHATLCA C HYJA U OKAHIU-
BaTLCA equHuner. [lycTs mepen mepBou e IMHULEN COOOIIEHNA PACIIONOKEHO
a myJaeu. Torga nepsoie a + 1 3HAKOB COOOMIEHUA TPEACTABIAIOTCA IPH K-
¢ppoBaHUU B BUIE:

S 0F11k2(ks s I croco6a,
ipur 6= ks 1ka (ks s IT cmocoba,
QF11k2Qk11k2  Qk11k2(ks s I cmocoba, @
opu a > 1 ka1k k ’
Q@61 "a (s mas IT comocoba.

IIpu a = 1 monydaem HEOOXOTUMOCTL paBeHCTBA k1 = kg, a 3HAYUAT, C
ydeTom (3) — paseHcTBa k3 = ks.
IIpu a > 1 moxyvaem yciaoBus:
k1 = akg, @ — HaTypaJbHOe,
k1 = ks + bks, b — mHaTypantbHOE WK HY/Ib.

Hoxcrasnan k; = ks + bks B (3), nomyuaem pasenctso k3 = (1 — b)kg,
KOTOpOE npu HATYypanbHBIX k3, kg u b > 0 BoamoxkHO jumib B caydae b = 0.
Crenosateanno, ks = kg, a suauut, ¢ yaerom (3) ky = ks.

Taxum obpasom, npu a > 1 HEOOXOAUMBI YCIOBUSA ko = k4, ks = k1 =
= akg = aks, roe a — marypaasuoe. U3 (4) cregyer, 4T0 cOOOLIEHNE JOTK-
o umeTh Bug 0...01...1, rae 9ucao HyJer v YUCA0 €IUHUIL PABHO a.

Omeem: llpu ky = k4, k1 = kg, k3 = ks coobmenus suma 0101...01
mu@pPyOTCa OTUHAKOBO.

Mpu ky = ky, ks = ky = akg = aks, roe a — HaTypaabHOE, COOOIIE-
Husa Buga (0...01...1)...(0...01...1) (rpynnsl u3 a HyJel U @ €IUHNAL)
mu@pPyOTCsa OTUHAKOBO.

Ipumeuanue. TlepBoit OTBET HE SBIAETCA IACTHBIM CJAYydaeM BTOPOrO
mpu a = 1.

8.3. EcrecTBeHHO IpenoI0KNTE, YTO BCE WIEHB OPIKOMUTETA, POIUINACE
B XX Beke. Orcioga cpasy 3amedaem, 9to Ha 3, 7, 11, 15, 19 u 23 mecrax
[IOC/IeI0BATEIHLHOCTY IIPOCTHIX YUCET PACHOIOXKeHH! unciaa 11, 17,47, 53, 83
7 89 COOTBETCTBEHHO.

Brrsicanm, kakue 9ucaa SBIAIOTCA COCEIHUMU C YKABAHHBIMU IIECTHIO
qucaamu. s 3Toro cocraBuM TaOMNIy UX BO3MOXKHBIX «coceneny. B coor-
BETCTBUU C YCJIOBUEM MMEEM:

IHCJIO cocenu
11 13,19,43,7,3
17 13,19
47 79,43, 31
53 61,37
83 79,67, 19

89 97, 73.
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YuutbiBasg, ITO mepBasd IMUMpPa B HOMEpe MeCAIa IPUHUMAET 3HATCHUS
TonbpKO 0 miam 1, mOCTPOUM CJIenyIOULyIo TAOIUILY:

15 02 20 45 42 13 26 67 44 30 56 82 53 33 62 32 73 63 92 49 75 70 98 49

19 19 19 19 19 19
11 17 31 47 375361 6783 73 89 97
03 03 13 13 43 19
07 07 19 19 79 79
13
19
43

e B TIEPBOU CTPOKE PACTON0KEHO MudppPOBAHHOE COOOIIEHNE, BO BTOPOU
CTPOKE — M3BECTHBIE YIACTKU UCXOTHOIO COOOIIEHNUS, B TPETHEN CTPOKE —
CTaBIINE U3BECTHLIMU YIACTKU KJIHOUYEBOU MOCAEIOBATEILHOCTH, B OCTAMb-
HBIX CTPOKAX — BO3MOXKHBIE BAPUAHTHI KIIOUYEBOU MOCIEIOBATEILHOCTA B
COOTBETCTBYIOIINX MO3UIUAX. [Ipu cocTapmreHun TaOIUIEI yIXTHIBAJIOCS,
YTO KaXKI0€ U0 NOJKHO BCTPETUTHCS POBHO oxuH pa3. [losumum ducen
31, 37, 67, 73 oupenenstorcs oxHo3HAauHO. X pacmosoxeHue omgHO3HAYHO
OompeaenseT MecTa IJasd mMpocThiX yucea 61 u 97.

CHOBA BBIUIIIEM U3BECTHBIE YUCAA TOCIEIOBATEIEHOCTU IPOCTHIX IUCET
U BapUAHTHL A UX cocener (IMepBBIE IBE CTPOKU TAOIUILL Ha DTOM IIare
He IIOHAL00ATCA):

11 17 31 47 375361 6783 73 89 97
03 03 13 13 43 19
07 07 19 19 79 79
13
19
43

Boamoxnnie cocenu qsa umcaa 61 — gume 59 u 29, a qua 67 — aumb
59 u 3. HosTomy mexnay 61 m 67 MOXeT HAXOAUTHCS TOJIBKO YHCJIO H9.
BosmoxubiMu cocemamu aaa uucaa (3 asasooTcesa 89, 71 u 41. Hu oxuo u3
DTUX YUCET HE MOXKET OBIThH cocenoM s 19, a mia 79 MoxeT OBITH TOIBKO
71. TakuMm 06pa3oM, OJHO3HAMHO ONPEAENACTCA PACIOJ0XKeHne ducen 71 u
79. s gucaa 47 ocTaICsa TOMBKO OIWH KAHIUIAT B COCEIN CIIPABA — IUCIO
43. O6mwum cocemqom mis 43 u 37 moxeT ObITh TONBKO 41. CkOppexkTupyem
TabJIUIY C YIETOM COETAHHBIX BBIBOIOB:

11 17 31 47 43 41 37 53 61 59 67 83 79 71 73 89 97
03 03 13 13 29
07 07 19 19 23
13
19
YuacTox mocrenoBaTenbHOCTH 17 * * 31 mMeeT TONBKO ABa BAPUAHTA
noompenenenus: (a) 17—19—23-31 u (6) 17—13—29—31. PaccmoTpum o6a
CJLy4as.
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a) Bemmummem gpparMenT TabIunbl 141 TepBOro CILIydasd:
11 1317 19 23 31
03 03
07 07

OueBuaHO, YTO YUCAA 3 U 7 TOJIKHBI 0OOA3ATEIHHO OBITH COCEIHUMU C M-
cmom 11. Hucmo 29 emre He BCTPEYanIoCh, 3HAYUT OHO [TOJKHO PACIOIAraATHC
aubo Ha 1mepBoM MecTe, aub0 Ha maToM. U To u apyroe HEBO3MOXKHO, TaK
KaK B 000UX MO3UIIAAX OHO SABJISETCA COCeIOM JUOO MIA 9ucia 3, MO0 IJIst
“qKCIa 7, ITO HE COOTBETCTBYET YCJAOBUIO (OTIMYINE COCEIHUX MCEJ HA CTe-
nenb gBouku). ClenoBaTeIBHO, PACCMATPUBAEMBIN CIyIall HEBO3MOKEH.

6) Beinumem ¢parmMesT TabIuubl 1Js BTOPOrO CJLyvast:

05 11 23191713 29 31
03 03
07 07

OueBuaHO, 9TO YuCAa 3 U 7 DOKHEL 00A3ATEALHO OBITH COCEIAMU [ M-
caa 11. Yucao 5 MOXKET MOMACTh TOJBLKO HA MEPBYIO NO3UIMIO (T.K. OHO HE
MOXKET HAaXOAUTHCA PAAOM ¢ 19). 3HAYUT, B IATOU MO3ULUYM JOIKHO OBITH
qucao 23. flcao, uTo uucna 3 u 7 Tenepb pacCTABIAIOTCA OTHO3HATHO.

Takum 06paszoM, NpUXOAUM K BBEIBOIY, ITO BO3MOXKEH BCEIO ONUH Ba-
PUAHT KIIOYEBOU MOCIEIOBATEILHOCTH. [1OMyInM OKOHIATENLHBIN BADUAHT
TAOIUIBL U HAUJEM OTBET:

15 02 20 45 42 13 26 67 44 30 56 82 53 33 62 32 73 63 92 49 75 70 98 49

10 09 19 48 29 04 19 54 25 09 19 49 12 06 19 71 24 06 19 70 04 07 19 52
05 03 11 07 23 19 17 13 29 31 47 43 41 37 53 61 59 67 83 79 71 73 89 97

Omsem: 10.09.1948 29.04.1954 25.09.1949 12.06.1971 24.06.1970 04.07.1952

8.4. 3aHymMepyeM TOPU3OHTAIM U BEPTUKAIN KBAIPATA HATYPAJLHBIMU
quciaamu ot 1 1o 13 cBepxy BHE3 U CJI€Ba HAIIPABO COOTBETCTBEHHO. Torxga
KaxK 1as KJIeTKA KBAIPATa OHO3HATHO ONPEIeTAeTCA mapoun duces (i; 7), rae
1 — HOMED TOPU3OHTAH, a j — HOMED BEPTUKAIN, B KOTOPHIX HAXOTUTCSA
KJIETKA.

Paccrosnue mex a1y nearpoum kierku (a; b) u uenrpom kiaerku (c; d) pas-
1o /(a —¢)? + (b — d)2. Bamerum, uro |a —c| € {0,1,...,12} u [b—d| €

€{0,1,...,12}. O6osnauum = = |a — c|, y = |[b —d|, z = \/2? + y2. Torza
z — \meao HaTypatbHoe, ecin 12 = (2 +y)(z —y). OTcroga morydaem, 9To

1= Gne-n = {520

z2=2
y=0"

2 _ z=3 z2=95
3F=(z+y)(z y)<:>{y:0 wim {y:4,MT.,q.

22=<z+y><z—y><:>{
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122:(z+y)(z—y)<:>{;z(l)2 win {2235 WK {;zfg uim

z =37 z=13
2

B o6mewm caywuae, ecaun x° = mn, TO
_m+n

_|m-=n|-

Y=

SAcHO, 9T0 M U n [OMKHBL OBITH OAMHAKOBOU YeTHOCTH. 110 yenosuio, y < 12,
[IO3TOMY MCKOMBIME PelIeHusAME Oy Iy T TOJBKO MapPhI

(z;y) € A ={(3;4),(4;3),(6;8),(8;6),(9;12), (12;9), (5; 12), (12;5)}
u{(0;a),(a;0),a=1,...,12}.

Kuaerky (a;b) nasosem cymecTBeHHON st KAeTKY (¢; d), €Cau BBIIOIHE-
Ho ycaoBue (|a — ¢|;|b —d|) € A. flcHO, 9TO UBET TAHHOU KIETKU MEHICA
JIMIIb TOr' A, Korga Kpunrona Haxo Iuicsa B KaKOU-1u00 CyIeCTBEHHOU s
Hee kaeTKe. A Tak kak B Kaxjaou kiaeTke Kpunrorra mobsisat posao 1999
pa3 (HeYeTHOEe YKUCI0), TO UBET JAHHOU KJIETKV U3MEHUICS, eCIy ObIIee qu-
CJIO CYIIECTBEHHBIX IS HEE KIETOK HEUYEeTHO.

[lna onpeneieHns IeTHOCTHU YUCTA BCEX CYIIECTBEHHBIX KICTOK I JaH-
HOU KJIETKU BOCIOJAb3YEeMCs T€M, ITO Y CUMMETPUIHBIX KIETOK OTHOCUTEIb-
HO TOU WIM WHOU IWATOHAINA KBAIPATa WIM OTHOCUTEILHO IEHTPAJBLHOTO
BEPTUKAIBHOI'O WK IEHTPAIBLHOIO MOPU3OHTAIBHOIO PAAOB 3TU 9UCAA Oy-
OYyT OAWHAKOBBLI. DTO, B YaCTHOCTU, O3HAYAET, UYTO NOCTATOTHO OMpeme-
JIUTH YKA3aHHYIO Y€THOCTH TOIBKO M KneTok (a;b), rmea=1,...,5, b=
=a+1,...,6 (3rux kierok 15, 3aHyMepyeM uxX, KaK MOKA3aHO HA puc. 18).
Kpowme Toro, ormMeTuM, 9TO y Kaxk JOU U3 KIETOK Ha TUATCOHAIAX KBAIPATa,
a TakXKe y KaXKJIOU U3 KJIETOK IEHTPAILHONO BEPTUKAILHOIO U TOPU3OH-
TATHLHOTO PAIOB 00A3ATEMIBHO Oy AeT Y€THOE YUCIO CYIIECTBEHHBIX I HEEe
KJIETOK.

S0HOU ACUMMETPUY [ TOW WJIU UHOU KJIETKU MBI HA30BEM MHOXKECTBO
TeX KJIETOK, KOTOPBIE B IPefeiaX UCXOAHOO KBAAPATA HE UMEIOT KJIETOK,
CUMMETPUYIHBIX OTHOCUTEIHHO BEPTUKAIHLHOTO, TOPU3OHTAMBHOTO U MpPa-
BOT'0 JAMATOHATBLHBEIX PALOB, COAEPKAIMUX TaHHYIO KIeTKY. flcHO, uTO mis
MAHHOU KJIETKU YUCIO CYIIECTBEHHBIX KIETOK, HE JEXKAIIUX B €€ 30HE ACUM-
METPUM, IETHO.

Ha pumc. 18 moxasana 30HA acuMMETPUU M KJIETKHM 1, a Takxke BCe
KJIeTKYU BEPXHErO JEeBOTO0 yria 6 X 6, MeHsIome CBOU IBET.

Omeem ua puc. 19.

8.5. Ilpu pemueHun >TOr0 ypaBHEHUA HALO YIATHIBATH BO3ZMOXKHBIE OI'Da~
Hudenus: a # 0,0 # 0, a —b # 0, a + b # 0. IlosTomy 1esecoobpasso
BBIJEIUTD UX CPA3y.
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1 15|13|10| 6 |1
2 14{11| 7| 2
3 12| 8|3
4 9|4
) 5
6
7
8
9
10
11
12
13

12345678 910111213

Puc. 18. /lnsa knetkn 1 XKUPHBIMU JHHAAMEA BBIIEJICHA 30HA ACHMMETDUH.
CepbIM [IBETOM OTMEYEHBI KJIETKH BEPXHErO JIeBOro yria 6 X 6, MeHgromme
CBOH IIBET

Puc. 19.
1. IIycte @ = 0, b = 0. YpaBueHue umeer Bu[ 0 __0 TO €CThb
’ 1—-0z 1-0z’
T — Ja060€e IuCIo. ,
0
2. lyctb @ = 0, b # 0. YpaBHeHue umeeT BUJ Tt = 1_0p WM

0 = b, TO eCTb HE UMEET PEIICHUHN.
3. Anamoruuano, npu b = 0, a # 0 Her pereHun.
4. pu a # 0, b # 0 yno6HO paccMOTpeTh TpU caydad: a) a = b, b)
a=—b,c)a#=tbh.
a

a)a="b:

a 1
m#a:

l—az 1—az’

xr — aoboe, KpoMme —.
a
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a —a 11 1 2 .
E()eﬁ:_b: 1+a$:m,m#ia,E—l—x:—a—kx,azo,pemeﬂnn
c) a # +b:
a b 1 1
1—bz 1—az’ m#a’x#g’
1 b 1 a
a a b b7
a b\ 1 1
m(z‘a)—z‘a’

. (a—b)ab 1
~ab(a? =2 a+b
Omeem. llpu a = b = 0 x — m060€ 9UCIO.
Hpna:b;éOxE(—oo;%)U(%;oo).

Ipu a = 0,0 # 0w @ # 0,b = 0 wm @ = —b # 0 perenunu HeT.

a# —b

a#0 1
ITpn b£0 T=

a # +b

8.6. Yucso 2°0 + 1 npegcrasigeT coboi cyMMy Ky6OB, CYMMY IATHIX CTe-
TeHeN, a TaK¥kKe U3 Hero MOXKHO BHIIEJUTH MOJHBIM KBaapaT. Kaxkmgoe us
STUX IPEACTABICHUAN TO3BOJISET HAUTYU HEKOTOPBIE TeJUTESN UCXOIHOTO 1~

CJIa:

230 41 =210 1 13 = (210 1 1)(2%0 — 210 1 1) = 1025 x (220 — 210 4 1) =
=41 x 25 x (220 — 210 4 1).

930 4 1 =96%5 4 15 — (26 + 1)(224 _ I8 4 9l2 96 1) —
=65 x (22 —218 1212 26 4 1) =
=13 x 5 x (224 — 218 1 212 _ 26 1 1),

20 L1 =2 +1)? —2x 25 = (2" + 28 +1)(2"5 41 -28) =
=33025 x 32513 = 25 x 1321 x 32513.

Taxum 06pa3oM, YCTAHOBJIEHO, ITO CPEIM MPOCTHIX AEIUTEICU FUCIA,
230 4+ 1 comepxarca 41, 13, 5. HemocpeacTBeHHOR IPOBEPKOH IIOTy<daeM
paBercTBO 32513 = 41 x 793 = 41 x 13 x 61.

Ocramnocs mpoBeputs, ato 1321 - mpocroe qucio. [as 3Toro 10cTaToIHo
IOKa3aTh, 9T0 1321 He gequTCs HU HA OJHO NMPOCTOE YMUCIO, MeHbiuee 37

(372 = 1369, 1369 > 1321).
Omsem: 220 +1 =5x 5 x 13 x 41 x 61 x 1321.
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9.1. a) [lua [0oKa3aTeIbCTBA JOCTATOYHO YKA3AThH XOTA ObI OMHY IIOCIEL0-
BATEABHOCTH U3 33 PA3IMIHBIX OYKB, CyMMa KOTOPOU C PYCCKUM aadhaBUTOM
u3 33 OyKB HE CONEPKUT OJUHAKOBBIX OYKB. B KadecTBe MCKOMOU TOCHE-
IOBATEILHOCTU BO3bMeM caM aidaBuT. /[lokaxkeMm, 9TO cyMMa aadaBUTA C
caMuM COOOU HE COAEPKUT OAMHAKOBLIX OyKB. [IycTh m um n — mopsiko-
BBLIE HOMEPA, PA3INIHLIX OYKB asxdaBuTa. 1Toraa mo onpeaeneHuio CI0KeHUI
OyKB IOCTATOYHO MOKA3aTh, YTO UUCJAA 2Mm U 2N UMEIOT Pa3Hble OCTATKN
ot menenus Ha 33. B camom mene, ecam ObI OHU OBLTA OJAWMHAKOBBI, TO UKUCJIO
2m — 2n geaunock Obl Ha 33 6e3 ocrarka. B cury Toro yro HOI(2,33) = 1,
Pa3HOCTBL M — N TaK¥kKe TeIuIach Obl HA 33 6e3 0CTaTKa, YTO HEBO3MOXKHO.
YTBepx IeHue MYyHKTA a) TOKA3AHO.

3amedaHue. YTBEPKICHAE MYyHKTA &) OCTAETCA B CHJIE A JIOOOCO

aupaBUTa U3 HEIETHOI'O 4nCIa OYKB.
6) IIpu cioxenun ABYX MOC/IEOBATENBLHOCTEN CYyMMa IOPS IKOBBIX HOMEPOB
BCEX OYKB MOJYyYaeMOU MPU 3TOM MOCIEIOBATEIHLHOCTU U CYyMMa TTOPATKO-
BBIX HOMEPOB Bcex OyKB 000UX CIaraeMbIX UMeeT OUH K TOT YK€ OCTATOK OT
neneHus Ha, 26. 3HAYUT, PA3HOCTD YIOMAHYTHIX CyMM JOKHA AEIUTHCI HA
26 6e3 ocrarka. [JokaxeM yTBEpK AeHUE IIyHKTA 6) METOLOM OT IIPOTUBHO-
ro. B camom mene, ecau Taxas mocaegoBaTEIbHOCTD U3 26 PA3JIUIHBEIX GYKB
CYIIECTBYET, TO YIOMAHYTAasA PA3HOCTHL PABHA CYMMe MOPSIKOBBIX HOMEPOB
6ykB andasura. Oguako cymma 1+2+---+26 =13-27 =26-13+ 13 upu
gemeHun Ha 26 mMeeT OCTATOK 13. OTO MOKA3LIBAET yTBEDKIEHUE ITyHK-
Ta 6).

3amedaHue. YTBepKACHUE NMYyHKTA 0) OCTAETCA B CHJIE Ls JIOOOr0
andaBUTa U3 IETHOrO IuCIa OYKB.

[IpeacraBigeT UHTEpEC NOKA3ATEALCTBO IYHKTa 0), MPEIIOKEHHOE
YIACTHAKAMU OJAMIIAA JEL.

[Ipu mesenun Ha m060E YETHOE YUCIO CYMMBI OBYX UE€THBIX WIN IBYX
HEYETHBIX IUCET TIOTYyIAETCA YeTHLHIU OCTATOK, & MPU JEJICHUN CYMMBI 9T~
HOT'O ¥ HEYETHOI'O YUCET — HEYETHBIN OCTATOK.

CooreercTByiomue OyKBBI CKIABIBAEMEIX [TOCJIEI0BATEIBHOCTEN MOTY T
ObITH KAaK ONVHAKOBOW, TAK W PA3MUIHON deTHOCTH. ([lIa KpaTKOCTU MBI
Ha3LIBaeM OyKBY Y€THOU, €CIU €€ HOMED UeTEeH, U HEIETHON — €CJIU HOMEP
ueueren.) Bygem pemars 3axady ot nporussoro. IIpeanonoxum, aTo Tpe-
OyeMas ITOCIe0BATEIHFHOCTE CYyIIEeCTBYeT. Becero B C1oxkeHnn yIacTBYIOT 52
Oykeel. [Iap 6yKB OMMHAKOBOU ¥ PA3JIMIHON Y€THOCTHU HOJKHO OLITHL OIMHA~
KOBOE KOJIMYIECTBO, & UMEHHO 13 (Tak Kak B Pe3yJbTaTe CAOKEHUA JOJKHO
nonyauTbes 13 dernbix u 13 HeverHbx Oyks). [laper Oyks pasauaHoOn deT-
HOCTH BKIOYAIOT B cebsa 26 Oyks. Ocrasmmecs 26 6yks BxoasaT B 13 map
O0ykB ogmuakoBou dernoctu. Oauako, 13 map OyKB OQUHAKOBOU UE€THOCTHU
HE MOI'YT COIEPXKATh OJUHAKOBOE KOJUMIECTBO YE€THHIX M HEYETHBHIX OyKB
(Tak xak 13 — mevernoe yucao). [lomyueHHOE TPOTUBOPEIME JOKABLIBAET
yTBEPKJEHUE IIYHKTA, 0).
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9.2. B sTou 3amade ycIoBUMCA MHUCATL a = b, ecau duciaa ¢ U b UMEeT
OJMHAKOBBIE OCTATKHY mpu fejenun Ha 33. [lycts n — HOMEp mepBOU GYKBEBI
HUCKOMOU TIOCAEA0BATEIBLHOCTH. DTy OYKBY YKA3aHHOE YUCIO Pa3 NPUOABUAIN
K OykBe K, B pesysibrare nonydmwin OyKBy A. 3amumeM COOTBETCTBYIOIIEe
ypaBHEHUe:

12 + 19499 . = 1. (1)
NmeeMm cregyromy o HEnouKy COOTHOIICHWN:

19491999 = 2539944 — (_1)399 . 16 = _16 = 17.
Ypasuenue (1) npunumaer Bug: 12+ 17-n = 1, wim
17-n = 22. (2)

[Monb3ysack apudpMETUKON OCTATKOB, HECIOKHO COCTABATE CICAYIOUIYIO Ta-
Oty

AlB|B|rC|O|E|E|x|[3|u|n|k|n|M
17/ 118 2[19]3]20] 4 [21] 5 [22]6]23[7[24[8]25]9]26]10[27]11

o
=
av]
Q
|
<
(S

X|OD|9Y|Wl|WM|B|H|b|3|0]|A
28112129|13(30|14(31|15(32|16| 0

3meck MO KaxkIOU GYKBOU MOANUCAH OCTATOK OT JEJEHUsA HA 33 pe3yJib-
Tara ymMHOXeHus ee Homepa Ha 17. Kak Bugno m3 Tabauupr, ypaBHeHue 2
umeer eduwcmeennoe pemrerne n = 11, T.e. mepBas GyKBa MCKOMOU IIO-
CIIOBATEILHOCTH — WM. AHATONMYHO MOIYT OBITH HAIIEHBI ¥ OCTAJIbHBIE
OykBbI. MlckoMas mocCIe10BaTEILHOCTE UMEET BU

AIHYTXA®. (3)

Ecau nocaegoBarensrocts (3) npubasuts 17 pa3 k caoBy KPUITOIA, To mo-
JayauTcs caoBo AHAJIUTUK. fIcHO, 9TO eciu moCaenoBaTeabHOCTh (3) mpuba-
BUTH K cioBy KPUNTOWA 33 pasa, To BHOBB mosayuurcs KPUITONA. 3uauur,
ecau (3) mpuGaBuTh 16 pas k caoBy AHAJIUTUK, To momyuurcsa KPUIITOLA.
IMoayunts cmoBo KPUINTONA menbmie deM 3a 16 mpuGaBieHUN HE yIACTCA.
[encTBATENBHO, PACCMOTPUM OPEATIOCAe HIe OYKBBL B 3TUX CJIOBAX U B HO-
caenoBarensuocTy (3): I, U, A. OueBugHO, 9TO NiA MOLydeHUs OyKBEL Il 13
6ykBbI U HEOOX0 MO OyKBY A npubaButh K U 1o kpaunen mepe 16 pas.
Omeem: HIHIIXAD; 16 pas.

9.3. B srou zamgade ycaoBumcsa nucarb a = b, ecam ducaa a u b umeroT
onuHakoBbie ocTaTku mpu gereHuu Ha 1000. [[1a HAXOXKJEHUA TOCTIETHEN
OYKBBI UCXOIHOTO COODOIIEHU HEOOXOAMMO PEIINTh YPABHEHUE

77 -n = 355. (1)
31eck n — MOKa Hem3BecTHOe TpexaHadnoe yucio. [lycts n = 100-a+10-b+c
(a, b, c — nuoper). Torga
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(100-a+10-b+4c¢) - 77 = 355 <
<= T7000-a+700-b+70-¢c+700-a+T70-04+7-c= 355 =
<= 700 (a+b)+70-(b+¢c)+ 7 -c=355.
Suauut, ¢ = 5. [anee,
700-(a+0b)+70-b+30=0.

Orcroga b = 1. Toraa
700 - a 4+ 800 = 0.

3uauut, a = 6 u mosromy n = 615.

Ypaprenue (1) Moo GEITH peleHO nHade. YMHOXUB 06e dactu (1) Ha
13, momyuum 1001 - n = 13 - 355. flcuo, uTo mocregnwe Tpu UUPH Iu-
CJ1a, CTOAMIErO B JIEBOU YACTY PABEHCTBA, COBMAIAIOT C TPEMS TOCIETHUMU
uudpamu camoro uucaa n. Beraucaus 13 - 355 = 4615, nangem n = 615. Te-
mepb aHAJOTUYHO pemaeM ypasHernue (1), B IpaBou 4acTu KOTOPOTO CTOAT
Opyrue TpexsHadHble mudposee rpynnsl mudpcoobmenus (850, 547, 550
uT.o.).

Uckomas undpoBas nocaeqoBaTeIbHOCTb UMEET BUJL

121332252610221801150111050615.

Omeem: KNNYIINOPAHARIEH.

9.4. Cuavaja BocCTAaHOBUM Marumveckun kBaapar. CymMma dmcen BO BCex
16 - 17

KJeTKaxX KBagpara paBHa 1 +2 4 ...+ 16 = = 136, 3uauur, B Ka-

XK 0M cToabne (a Takke B CTPOKE, HA AUATCOHAIN) CyMMa IUCET COCTABIIAET
136 : 4 = 34. TloneITaeMcsa TOCTPOUTD MArMIECKUE KBAAPATHL C CYMMOU Ha,
JIUHUN, PABHOU 34, U e[UHUIIEN B IPABOM HUXKHEM yriay. IMeeTcs HECKOIBKO
Takux KBagpaTosB. Hampuwmep,

4(10| 7|13 10| 5|11} 8 12| 2| 5|15 16| 3| 2|13
o|15| 2|12 6| 9| 7|12 7113|10| 4 5|10{11] 8
9| 3|14| 8 3| 4(14|13 9| 3| 8|14 9| 6| 7|12
16| 6|11| 1 15|16| 2| 1 6/16(11] 1 4|15|14| 1

PaccraBmss 6ykBBEL B COOTBETCTBUAM C YCJIOBUEM, TOJBKO B OLHOM CIy4ae,
OTBEYAIOIIEM YeTBEPTOMY KBAAPATY, MOIYIAEM IMTACMBIN TEKCT:

B|{P|E|V I|E|P|E

C|T|E|B C|T|A|B

B|T|A|B B|IT|E|B

E|B|K|II Y|K|B|H
16| 3| 2|13
5|10|11| 8

Omsem: 9 6l 7112] [IEPECTABLTEBYKBLL
411514 1
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9.5. Iycre LZAOB = «, ZCOD = 3, ZAOE = v, r paguyc OKpyXHOCTHA
(cM. puc. 20). Ycnosue (4) 3a1a4u SKBUBAJIEHTHO PABEHCTBY

Sape + Scep = SAED-

C y4erom Brpaxkenuint Saop + Saor — Spor = Sapr u Sgop + Socp —
— Scor = Sgcp, TO PaBEHCTBO MOXKHO 3aIlIACATHL B BUE:

2 (sin o + siny) — % sin(a +v) + r2(sin B + siny) — 2 sin(180° — v + 3) =
= 2r%siny <= sina + sin § = sin(a + ) +sin(y — f) <=
<= (1 —cosvy) -sina+ (1 +cosy) -sin B =sin~y - (cosa +cosF). (1)

E
Pwuc. 20.

Be3 orpanumyenus oOIMIHOCTH MOXKHO CHUTATh, 4TO v < 90°. [Nanee, mo-
CKOJIBKY KOODIUHATEI TOYKU F — me/pe 9ucia, MeHbIme 5, MOryT UMETh
MECTO TPU CIydas.

Cayuai 1. siny = 1. PaBercrso (1) npumer Bug: sina +sin § = cosa +
+cos . DTo naer nBa BapmaHTa pacmonoxenus Todek: 1) B(—3;4), C(4;3),
E(0;-5); 2) B(—4;3), C(3;4), E(0; —5).

. . 3 4 . .

Cayuai 2. siny = 51008y = 7. U3 (1) moaywaem: sina + 9 -sinf =
=3-cosa + 3 - cosf. llocrequee paBeHCTBO HEBO3MOXKHO, TaK KaK IIPABAAd
9aCTh PABEHCTBA CTPOrO MeHBIIE 6, a JeBas 9aCTh PABEHCTBA HE MEHBIIIE,

qug+9-—:6.

w

5
. 4 3 .
Cayuatd 3. siny = 51008y = . Pagencrso (1) sanumercs B Buge: sin a+
+4-sinff = 2-cosa + 2 - cos. ITO PABEHCTBO HEBO3MOXKHO, TAK KaK

sina+4-sin6>§+4-%H2-cosa+2-0056<2-%.
B

Omsem: 1) B(-3;4), C(4;3), E(0; —5); 2) B(—4;3), C(3;4), E(0; —5).



OJ/IMMIIMA IBI IO KPUIITOTPADUM [JIsI IMIKOJLHUKOB 249

9.6. Buigenum mon 3HaKaMU PaJIUKAIa TOJHBIA KBAAPAT:

2 2
1 1
\/—<x—+—§> +a®>>1+ —(m—§> +4.

1
B pesyabprare 3amensr x + 3= t HepaBEeHCTBO IIpUMET BUI:

Va2 —t2 > 1++/4—(t—1)2

[lns pemeHna MOCIeHer0 HEepABEHCTBA, U3YIMM B3AMMHOE PACIOJIONKE-
HUE Ha IWIOCKOCTH (t,y) MOLyOKDPYKHOCTEN

y1(t) = Va? —t? (uertp (0;0), pammyc |al)

y2(t) = 14+ +/4 = (t = 1)* (werrp (1;1), pammyc 2).

Touxu nepecedeHus MOLYOKPYXKHOCTEN (€CAM DTUX TOYEK ABE) PACIO-
JIO2KEHBI CUMMETPUYTHO OTHOCUTEIBHO HpﬂMOﬁ, COGI[I/IHHIOIHQIL/)I X IEHTPBHI.
B mammOM cmyuae 5TO mpsamas y = t. PaccMoTpuM BHadalze KadeCTBEHHO
BO3MOXKHLIE B3aMMHLIE DPACIIOJIOXKEHUA MOIyOKpyxkHOocTen. Eciu Beanauna
|a| mana, To nomyokpyxkHOCTH He mepecekatorcs (puc. 21). C pocroum |a| y

Y Y C(1;3
Yyo(t) 1:3)
B 1 Y2 (t)
A y= 1 Y1 (t) A i i
AN [
o t to 10 t
Puc. 21. Puc. 22.
y Y=t y ")
1 0
0 4 4 i T 1o N

Puc. 23. Puc. 24.

MOIYOKPYKHOCTEN MOsBAsLeTCA 00mas Touka B (¢ abeuuccon ty) (puc. 22).
[Ipu manpHenem yBeaudenun |a| Touka nepecedenus B «IBIKeTCs» 0O OK-
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PYXKHOCTH y»(t) IO 9aCOBOU CTpeKe. SHAUEHUE |a|, Ipu KOTOPOM Touka B
coBnagaer ¢ Toukon C'(1;3), ABIAETCA KPUTUIECKMM, TAK KAK IPU LAJIb-
HEWIIEM yBEJIWICHAN |G| HOTyOKPYXKHOCTH UMEIOT IBE TOUKHA HEePECEe<IeHnsI
(puc. 23). U, HaxoHew, Tpu |a|, IPEBOCXOSIIEM HEKOTOPOE 3HAYUEHUE, MO~
JIyOKDPY2KHOCTH BHOBB He nepecekatorcs (puc. 24). Paccmorpum ykasaHHbIe
cIyvam noapoOHO.

Cayuaii 1. Tipu |a| < OA = /2 NOTyOKDPYKHOCTU He TEPeCeKalTCs, u
HEPABEHCTBO pemieHun He uMeer (puc. 21).

Cayuaii 2. TIOTyOKPYKHOCTH UMEIOT €INHCTBEHHYIO TOUKY IIEPeCeTeHNs
¢ abemmecoit ty < 1 (puc. 22). Ipu atom 2 < |a| < OC = /10. Pemrenne
HepapeHCTBa uMeeT Buf t € [—1; o]

Cayuati 3. [TonyoKpyKHOCTU UMEIOT OBE TOYKM TepecedeHusn (puc. 23).
Opu sTom V10 < la] < 2+ V2. Pemenne HepaBeHCTBa nmMeeT BUI t €
€ [~1;1]U[t2; 3]- Tipu |a| = 2++/2 mMeeT MecTO KacaHUe MOTYOKDYKHOCTEH
(MOKHO CUIUTATH, 9YTO TOUEK NEPECETCHUSA [O-NIPEKHEMY IBE, HO IPOCTO OHU
COBIIA1AIOT).

Cayuaii 4. Tlpu |a| > 2 + /2 TOTyOKPYKHOCTU BHOBE He UMEIOT OOIINX
Touek, u t € [—1;3].

Hangem Temepes TOYHBIE BHIpaXKeHUs Mg abCmuce ty,ts TOUEK mepece-
“eHNs OKPYKHOCTEH. DTU BeIWIUHEL YIOBIETBOPAIOT CHUCTEME

t2+y2:a2 5 )
By =d — a’—2
{(t—1)2+(y—1%2:4 b4y = o2 =45 t) =d

2

Pemas xBagpaTHOE ypaBHEHUE, HAXO UM

a>—2F V12 a2 —at —4
t172 = .
4

Urak, pelleHne HEPABEHCTBA NMEET BUL:
1. |a| < V2 = pemenni HeT.
2. V2 < |a] < V10 = t € [-15t4].
3.V1I0< |a| €2+ V2 = t € [-1;t1] U [t2; 3]
4. la| >2+V2 = te[-1;3].

Iepexogs K MEpeMEHHOU & U UCIONb3Ys SBHBIE BBIPAKEHUA AL ti, to,
IOy 9aeM OKOHYATEIbHBII

Omeem:
1. |a| < V2 = pemennit HeT.

2_9o_ V12 a2 —atf_4
2-\/§<|a|<\/10:>me[_§.“ 2-Vi2-a?—at -4y

2’ 4
3 \/ |a| 2+\/_:>
3 a2—2—\/12-a2—a4—4]u[a —2+\/12 a2—at—4 5
3 1 ok
5

dal>2+VE= w32

x € [—
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IIpunoxenne

OrpriBok u3 crarbu K. Illemnona
«Teopus CBA3U B CEKPETHBLIX cucTeMax')»

Marepuai, M310X€eHHBII B JAHHOU CTAThe, IePBOHATAILHO COCTABIIAT
cozepxaHme cekperHoro nokmana «Maremarwyeckas Teopus KpuHii-
Torpadguny, 1aTUPOBAHHOrO 1 ceHTAGpA 1945 r., KOTOPHLIN B HACTOA-
mee BpeMsa®) pPacCeKpetes.

1. BBegenue u KpaTkoe cojepKaHue

Bonpocwr kpuntorpaduu m CEKPEeTHBIX CUCTEM OTKPBIBAIOT BO3MOXK-
HOCTBL [/ UHTEPECHBIX MPUMEHEHUU TEOPUM CBA3U. B HACTOAIIEH CTATHE
pa3BUBaeTCs Teopus CEKPeTHHIX cucreM. V3ioxeHne BeieTcs B TeOpeTH-
YECKOM TIAHE W MMEET CBOEU IETbI0 TOMOJHUTDL MOJOXKEHUS, IIPUBOIUMBIE
B OOBIYHEBIX pa0oTax mo kpunrorpadpuu. B oTux paboTrax neTajbHO U3y<a-
IOTCSI MHOT'ME CTAaHIAPTHHLIE TUMBI KOMOB U MIN(POB, & TAKXKE CIOCOOBI UX
pacumdposku. Mb1 6ygeM uMeThb Ie10 ¢ OOIIeN MATEeMATUIeCKOU CTPYKTY-
POU U CBOUCTBAMU CEKPETHEIX CUCTEM.

Hame u3noxenue 6ymeT OrpaHUYEHO B HECKOTBKUX OTHOIIEHUAX. Bo-
[EePBBIX, UMEIOTCA TP OOIIUX TUIA CEKPETHHIX CUCTEM: 1) cucTeMbl Mac-
KUPOBKU, KOTOPHIE BKIIOYAIOT MPUMEHEHNE TaKUX METONOB, KaK HEBUIU-
MbIe YEepHWIA, MPEeICTaBIeHuEe cooOIIeHus B (popme 0e300UIHOI0 TEKCTa
I MAaCKUPOBKU KPUITOTPAMMBI, ¥ IPYTUE METOII, IPU TOMOIIN KOTOPHIX
(aKT HAIMYIMA COODILIEHNs CKPHIBAETCA OT IPOTUBHUKA; 2) TAUHBIE CUCTe-
MBI (HAIIpUMEp, MHBEPTUPOBAHNUE PEYN), B KOTOPBIX A PACKPBITUA COO0-
meHus TpebyeTcs CHenualbHoe 000pyA0BaHue; 3) «COOCTBEHHO) CEKPETHBIE
CUCTEMBI, TJIe CMBICT COOOIIEHUsA CKPBIBAETCSI Mpu moMormu mudpa, KOIa
¥ T.[., HO CaMO CYIIEeCTBOBAHUE COOOLIEHNA He CKPBEIBAETCA U IPEeIIoaara-
€TCsA, 9YTO IPOTUBHUK 007a1aeT JIOOBIM ClIeuaTbHBEIM 000py I0BAHUEM, He-
OOXOIUMBIM ISl IEPEXBATA U 3AIUCU MEPEJAHHBIX CUTHAJIOB. 31eCh OyaeT

Dlewaraercs mo n3nannio: K. lleranon «Pa6orsr o Teopun uadopmarnnu u kubepHe-
Tukey, M., IJI, 1963, c. 333-369 (nepeson B. ®. Ilucapenko).
2)1949 rog — npum. peod.
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PaACCMOTPEH TOJBKO TPETUU TUIT CUCTEM, TaK KaK CUCTEMBI MACKUPOBKA
MPEICTABIAIOT B OCHOBHOM IICUXOJOTMYECKYIO IPOOGIeMy, a TAUHLIE CUCTE-
MBI — TEXHUYIECKYIO MPOOIeMy.

Bo-BTOpBIX, HaIlle U3I0XKEHUE OyIeT OCPAHUYEHO CIYIaeM TUCKPETHOU
uHOpMaLUU, T'ae COOOIIeHNe, KOTOPOe NOMKHO OBITH 3aiudpoOBaHO, CO-
CTOUT M3 TOCIEIOBATEILHBIX MUCKPETHHIX CAMBOJOB, KAXKIGLIU U3 KOTO-
PBIX BBIOPAH M3 HEKOTOPOrO KOHEYHOIO MHOXKECTBA. DTHU CUMBOJIBI MOLYT
OBITH OYKBaAMU WU CJIOBAMU HEKOTOPOT'O A3BIKA, AMILIATYIHBIMUA YPOBHSI-
MU «KBAHTOBAHHOWY PN WIN BUIEOCUTHAJIA U T. ., HO DVIABHOE yIAPEHUE
OyaeT caeaaHo Ha caydae OyKB.

Crarbsa genuTcsa HAa Tpu YacTu. Pe3sloMupyeM Tenepb KPaTKO OCHOBHBIE
PE3YJIBTATHL UCCICIOBAHUA. B MEPBOU YACTHU M3IATAETCA OCHOBHAS MaTe-
MATHYIECKAA CTPYKTYpPa CEKPETHHIX CUCTEM. B Teopuu CBA3U CIUTALTCA,
YTO SA3BIK MOXKET PACCMATPUBATHCA KAK HEKOTODPBIU BEPOATHOCTHBIA MIPO-
IIECC, KOTOPBIA CO3AAeT TUCKPETHYI MOCAENOBATEILHOCTH CUMBOJIOB B CO-
OTBETCTBUU C HEKOTOPOU CUCTEMOU BepOATHOCTEN. C KAXK IBIM A3BIKOM CBS-
3aH HEKOTOPBIN mapaMeTp D, KOTOPBIM MOXHO HA3BATH U3OBITOYHOCTHIO
2TOr0 A3BIKA. W3OBLITOYHOCTL U3MEPAET B HEKOTOPOM CMBICJIE, HACKOIb-
KO MOXET ObITh YMEHBIIEHa [JIMHA HEKOTOPOrO TEKCTa B TAHHOM S3LIKE
6e3 moTepu Kakou-aumbo dacTu mHbopMmarmu. [IpocTon mpuMep: Tak Kak
B (JIOBAX AHDVIMUCKOrO S3BIKA 33 OYKBOU ¢ BCErIa CIEAYeT TOABKO OYyKBa
U, TO U MOXET OBbITh 0e3 yiepba OmyIleHa. SHAUUTEJIbHBIE COKDPAIIEHUS
B AHMVIMUCKOM S3BIKE MOXKHO OCYIIECTBUTL, UCIONL3YA €r0 CTaTUCTUIE-
CKYIO CTPYKTYPY, 9aCTYI0 HOBTOPSEMOCTDb OMPEAETCHHBIX OyKB WIN CJOB,
u T. 1. I3OBITOYHOCTE UTPAET MEHTPATLHYIO POJb B U3YUEHUU CEKPETHBIX
CUCTEM.

CekpeTHas cucTeMa OMpenerseTcsa abCTPAKTHO KaK HEKOTOPOE MHOXKE-
CTBO 0TOOPaXKEHUI OJHOI'O IPOCTPAHCTBA (MHOXKECTBA BO3MOXKHBIX COO0-
[IEHUN) B IPYTO€ MPOCTPAHCTBO (MHOXKECTBO BO3MOMXKHBIX KPUIITOI'DAMM).
Kaxnoe koHKpeTHOE 0TOOpaKEHWe M3 3TOr'0 MHOXKECTBA COOTBETCTBYET
cnocoly mudpPOBAHUA IPU MOMOIIA KOHKPETHOT'O KII0YA.

[IpeamosaraeTcs, 9TO OTOOPAKEHUA ABIAIOTCA B3AUMHOO THO3HATHBIMU,
TaK 9TO €CIM U3BECTEH KU, TO B PE3yJbTATE MPOUecca paciudpPOBKI
BO3MOXKEH JIUIIE €IUHCTBEHHBIN OTBET.

[Ipegmoaaraercs pmajgee, YTO KaxKAOMY KiIOdy (@, CJeIOBATEILHO,
KaxkK IOMy OTOODPaXKEHWUI) COOTBETCTBYET HEKOTOPAA AIPUOPHAA BEPOAT-
HOCTb — BEPOATHOCTH BHIOPATH DTOT KAY. AHATOIMYHO KaXKIOMY BO3-
MOYXKHOMY COOOIIEHNI0 COOTBETCTBYET ampUOPHAA BEPOATHOCTE, OTPENes-
eMas 3aJAI0IMM COOOIIEHNE BEPOATHOCTHBIM MIPOUECCOM. JTU BEPOATHO-
CTU PA3JIUYHBIX KA U COOOMIEHUN ABAAIOTCA (PAKTUIECKU ATIPUOPHBIMEI
BEPOATHOCTAMU 1 MIU(PPOBATBIINKS MPOTUBHUKA, U XAPAKTEPUIYIOT €r0
AIIPUOPHBIE 3HAHUS OTHOCUTEIBLHO MHTEPECYIOUEN ero mpodIeMbl.
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YTO6HB! NCTIOTHL30BATE TAKYIO CEKPETHYIO CUCTEMY, CHAYAIA, BEIOUPAETCS
HEKOTOPKIN KU U TOCHLIAETCA B TOYKY TIpueMa. BRIOOp KiIrovua ompeness-
€T KOHKPeTHOe OTOOpakKeHue M3 MHOXKECTBa OTOOpazKeHul, 00pa3yommx
cucTeMy. 3aTeM BBIOMPAETCA COOOMIEHNE U C MOMOINBIO 0TOOPAKEHUs, CO-
OTBETCTBYIOLIEr'0 BEIOPAHHOMY KOy, U3 DTOr0 COOOImeHus (POPMUPYETCs
KPUMITOrpaMMa. JTa KPUNTOIPAMMA, IEPEIAETCA B TOYKY IPUEMA, 10 HEKO-
TOPOMY KaHAJIy U MOXKET OBITH MmepexBatieHa npoTuBHuUKOM. Ha mpuemMHOM
KOHIIE C IIOMOIIBI0 0TOOpaXKeHsT, 00PATHOIO BLIOPAHHOMY , U3 KPUANITOTPAM-
MBI BOCCTAQHABAUBAIOT MTEPBOHAMAILHOE COOOIIECHME.

Ecin npoTuBHuK nepexBaTUT KPUITOIPAMMY, OH MOXKET C €€ MOMOIIBI0
COCYNTATEH ANOCTEPUOPHBIE BEPOATHOCTU PA3IMIHBIX BO3MOXKHEIX COO0IIe-
HUU U KJIHYEN, KOTOPIE MOMIN ObITH UCTONB30BAHEI LI COCTABICHUA TAKOU
KPUITOrPAMMBL. DTO MHOXKECTBO AMOCTEPUOPHBLIX BEPOSATHOCTEN 06pasy-
€T ero CBeJeHUs O KIUax U COOOIIeHusAX mnociae nepexnsaTa. «CBemeHusy,
TakuM O00pa30M, MPEICTABIAIOT COOOU HEKOTOPOE MHOXKECTBO MPEIOO-
JKEHUU, KOTOPBIM MPUIUCAHBL BEPOATHOCTU. BBIYUCIEHUE AMOCTEPUOPHBIX
BEPOATHOCTEN ABIACTCA OOIIEH 3a0a9€U PACIIA(PPOBKHA.

[IpomnatocTpupyeMm >Tu MOHATHS IPOCTHIM HpuMepoMm. B mumdpe mpo-
CTOU MOJCTAHOBKHU CO CIYYAUHBIM KJIIOUOM mMeeTcs 26! oTobpaxenun, co-
oTBeTCTBYyIOMUX 26! cmoco6aM, KOTOPHIMU MBI MOXKEM 3aMEHUTDb 26 pa3amd-
HbIX OykB. Bce T cnoco6bl paBHOBO3MOXKHBI, U MMO3TOMY KAXKIBIA UMEET
AIpPUOPHYI0 BepoATHOCTH 1/26! Ecin takon mmdp NpuMeHIeTCsS K «HOP-
MATHUBHOMY AHMVIMUCKOMY S3BIKY» U MPEANOJArAeTCI, 9TO I(POBAIBIIAK
MPOTUBHUKA HE 3HAET HUYIErO 00 UCTOUYHUKE COOOUIEHUN, KPOME TOT'0, ITO
OH CO3IAET AHTVIMUCKUU TEKCT, TO AMPUOPHBIMU BEPOATHOCTAMU DPABIUYI-
HbIX cooOmenun u3 N GyKB ABIAIOTCA IPOCTO UX OTHOCUTEIBHBIE YACTOTHI
B HOPMATUBHOM QHTVIMUCKOM TEKCTE.

Ecan nporuBHuK mepexBaTwia Takyi kKpunTorpammy u3 N OYKB, €ro
aloCTEePUOPHBIE BEPOSITHOCTH u3MeHATCI. Ecim N 10CTaTOYHO BEIUKO
(ckaxeM, 50 OyxB), mMeeTCs OOBIMHO EIWHCTBEHHOE COOOIIEHWE C amo-
CTEPUOPHOU BEPOATHOCTHIO, OJU3KOM K EAUHUIE, B TO BPEMSI KaK BCE
Opyrue COOOLIeHUsT MMEIOT CYMMAapHYI0 BEPOSTHOCTh, OMM3KYI0 K HYJIIO.
TaxuMm 06pa3zoM, UMeeTCs, MO CYIIECTBY, €IUHCTBEHHOE «PEIICHUEe» Ta-
ko kpunrorpaMmmel. s menbmmx N (ckaxem, N = 15) o6bruHO Han-
IeTCS MHOTO COOOIIEHWUU ¥ KJIHUEH, BEPOATHOCTU KOTOPHLIX CPABHUMBL,
U HE HAUAETCA HU OTHOrO COOOWIEHWS W KII0Ya C BEPOATHOCTBHIO, OJaU3-
KOU K efuHUIe. B 5ToM ciiydae «peleHney KPUITOrPAMMBI HEO THO3HAY-
HO.

B pesyabTare paccMOTpeHUs CEKPETHBIX CUCTEM, KOTOPBIE MOI'YT OBITH
MPEeICTABICHBI KAK COBOKYIHOCTH OTOOPAXKEHUU OTHONO MHOXKECTBA DJe-
MEHTOB B APYroe, BO3HUKAIOT ABE €CTECTBEHHLIE OMepaluyd KOMOWHUPO-
BaHWs, IPOM3BOISAIINE U3 ABYX AAHHBIX cucTeM TperThio. IlepBas omeparus
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KOMOVHUDOBAHUA HA3BIBAETCA OMEPAIIUEH «YMHOXKEHUA» (IPOU3BEICHUEM) U
COOTBETCTBYET 3amupPOBKE COOOMEHUA C MOMOMIBIO CUCTeMEL R ¢ mocaeny-
OIIeN 3audPOBKOU MOMYIEHHON KPUIITOIPAMMEI C TIOMOIIBIO CUCTEMBI S,
npudeM kmoun R u S BeIOUpaioTca HesaBucuMo. IIOTHBIU pe3yabTaT dTou
omepanyy MpeaCTaBIAeT COOOU CEKPETHYIO CUCTEMY, OTOOPaXKeHUs KOTO-
POU COCTOAT U3 BCEX MPOM3BEAEHUU (B OOLIYHOM CMBICJIE MIPOU3BEICHUN
orobpaxkeHunn) orobpaxkenunn u3 S Ha oToOpaxenus u3 R. BeposarHocTu
PE3YIBTUPYIONINX OTOOPAKEHUN ABIAIOTCSA MIPOU3BEICHUAMI BEPOATHOCTEN
IBYX HCXOTHBEIX OTOOPAXKEHWH.

Bropas onepanus kKOMOMHUPOBAHUSA ABIAETCA (B3BEIIEHHBIM CJI0XKEHU-
eMy:

T=pR+qS, p+qg=1

Omna mpexcrasaser cobou caenywoinee. CHadama OEIAeTCsA IPeIBaAPUTEIb-
HBIU BEIOOD, Kakas u3 cucteM R uiu S OymeT UCHoIb30BaATHCA, TPUIEM CU-
crema R BBIOMPAETCS ¢ BEPOITHOCTBIO P, & CUCTEMA S € BEPOATHOCTHIO (.
Iocne »TOro BHIOpAHHAA CUCTEMA UCTOMIB3YETCA OMUCAHHBIM BHIIIE CIIOCO-
60M.

Byner nokazaHo, 9T0 CeKpETHBIE CUCTEMBI C STUMU ABYMS ONEPAIIUAMA
KOMOWHUPOBAHUA 00Pa3yIOT, MO CYLUIECTBY, IMHENHYIO ACCOIUATUBHYIO AJl-
redpy» C eIUHUIEN, — aJreOdpamdecKuil OOBLEKT, MOAPOOHO M3y IABIINICS
MATEMATUKAMHA.

Cpenu MHOIMX BO3MOXHBIX CEKPETHBIX CHCTEM UMEETCA ONUH THUIl C
MHOTOYUCJIEHHBIMEU OCOOBLIMU CBOUCTBAMU. DTOT TUM HA3OBEM «IUCTOW) CU-
cremon. Cucrema SIBAAETCS IUCTOU, €CIU BCE KIIOYM PABHOBEPOATHLL U €C-
a7 s T00bIX Tpex orobpaxkenun 1y, T, 1), 13 MHOXECTBa OTOOpaKeHMIT
MAHHOU CUCTEMBI IPOU3BEICHUE

T,T; ' Ty,
TaKXKe ABIAeTCA OTOOPaKEHneM U3 DTOro MHOXKecTBa. To ecThb 3ammdpos-
Ka, pAacindpPOBKA U CHOBA 3AIIN(MPOBKA C JTIOOBIMU TPEMS KIIOUIAMU JOIKHA
OBITH DKBUBAJICHTHA, 3aNTU(PPOBKE C HEKOTOPHIM KIHTIOM.

MoOXHO MOKa3aTh, YTO [ YUCTOrO IMUDPA BCE KIHYUUA TO CYIIECTBY
SKBUBAJEHTHHI — BCE OHU MPUBOIAT K TOMY XK€ CAMOMY MHOMXKECTBY AIO-
CTEPUOPHBIX BEPOATHOCTEN. BOJBIE TOTrO, KaX oW KPUITOTPAMME COOT-
BETCTBYET HEKOTOPOE MHOXKECTBO COOOLIEHMU («OCTATOYHBIA KJIACCH), U3
KOTOPBIX MOMVIA, OBl MOJYYATHLCA DT KPUITOTPAMMa, 8 am0CTEePUOPHBIE
BEPOATHOCTU COOOIIEHUN B 3TOM KJIACCE MPOMOPUUOHANBHEI AIIPUOPHBIM
BepOATHOCTAM. Bes uHpOpManms, KOTOPYIO TPOTUBHUK HOLYYIUI ObI B pe-
3yJbTaTE TePEeXBATa KPUMTOTPAMMEL, 3aKII0YAETCA B YCTAHOBICHUN OCTA~
TOYHOrO Kjaacca. MHOrHEe u3 OOBIYHBIX MU(MPOB ABIAIOTCA YACTHIMUA CHU-
cTeMaMu, B TOM YUCIE MPOCTasA MOACTAHOBKA CO CAyJIaWHBIM KIOUOM. B
DTOM CJAy4ae OCTATOYHBEIM KJIACC COCTOUT M3 BCEX COOOIMIEHMUN C TaKUM
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Ke HaOOPOM OYKBEHHBIX MOBTOPEHUM, KAK B MEPEXBAYEHHON KPUITOTDAM-
Me.

ITo ompenenenuto, aBe cucteMbl R 1 S ABIAIOTCA «MOJOOHBIMIY, €CJIN
cymecTByeT dukcuposanHOe oToOpaxkenuwe A (mmeromee ob6pataoe A1)
TaKoe, ITO

R =AS.

Ecir R u S mogo6HBI, TO MEXIy MOLYYAIOUMMUCA B PE3yJbTaTe IpUMe-
HEHUsl TUX CHCTEM MHOXKECTBAMHU KPUITOIDAMM MOXKHO yCTAaHOBUTH B3a-
MMHOO JHO3HAYHOE COOTBETCTBUE, IPUBOISAIIEE K TEM XKEe CAMBIM AOCTEPU-
OPHBIM BE€POATHOCTAM. Takue MBe CUCTEMBI AHATUTUYECKU BATUCHIBAIOTCS
OMHAKOBO.

Bo BTOpOU YacTu cTaThU PACCMATPUBACTCA TPOOIEMA, «(TEOPETUICCKON
cekpeTHOCTWy. HaCKOIbKO JIErKO HEKOTOPAas CUCTEMa IMOAAAETCS PACKPHI-
TUIO IIPU YCJAOBUM, UTO IS AHAIU3A MEPEXBAMCHHON KPUITOIPAMMBI IIPO-
TUBHUK PACIOJAraeT HEOIDAHUYEHHBIM KOJUIECTBOM BDEMEHU U CIIEIV-
aaucToB? IJTa mpobaeMa TECHO CBA3aHA C BONPOCAMHU CBS3W IIPU HAJIU-
YUY MIYMOB, W MOHATUS SHTPOIUU U HEONPENETCHHOCTY, BBEICHHBIE B Te-
OpUM CBf3U, HAXOMAT MPAMOE MPUMEHEHWE B DTOM PA3AEIe KPUITOrPA-
duu.

«CoBeplineHHAs CEKPETHOCTDY ONPENeNsAeTCA CASIYIONMMI TPEeOOBAHUs-
Mz K cucreme. Tpebyercs, 4TOOBI amOCTEPUOPHBIE BEPOSTHOCTH PA3JIMI-
HBIX COOOIIEHUM, IOMYIeHHBIE IOCHE IEPEeXBATA MPOTUBHUKOM JAHHOU KPU-
ITOrPAMMBI, OBLIN OBl B TOYHOCTU PABHBI AIIPUOPHLIM BEPOATHOCTIM TEX
e COOOIIeHnN 10 mepexBara. [lokaxeM, 9TO «COBEPIIEHHAA CeKPETHOCTh)
BO3MOXKHA, HO TpefyeT B CAydae KOHEYHOr'O HUUCAA COOOIIEHUN TOT'O ¥KE
CAMOTr'0 YHUCJIA BO3MOXKHBIX KIOUed. ECau cauTarTh, 9TO COOOIIEHue CO3aa-
ercs ¢ JaHHOU «CKOPOCThio» R (moHsTme ckopocTu 6yneT OnpeneJeHo mo3-
XKe), TO KJII0Y [NOMKEH CO3aBATHCA C TOU XKe CAMOU WK C DOIBIIEN CKOPO-
CTBIO.

Eciau ucmonb3yercs ceKpeTHas CUCTEMa C KOHEYHBIM KJIIOUYOM U Tepe-
xBadeHsl N OYKB KPUITOIPDAMMBI, TO IS MPOTUBHUKA OyAET CYyLIECTBO-
BATh ONpPEIEJICHHOE MHOXECTBO COOOIIEHUU C ONPENEJEHHLIMU BEPOATHO-
CTSMU, KOTOPBIE MOIU OBl cO31aTh Ty Kpunrorpammy. C yseandennem N
DTO MHOXECTBO OOBIYHO CyXKaeTCs A0 TeX IOp, [T0OKA B KOHIIE KOHIIOB HE
[IOIy IUTCA €AUHCTBEHHOI'O «PEIIeHNA» KPUIITOIPAMMEL: OLHO COOOILIEHUE C
BEPOATHOCTBIO, OMU3KOU K €IUHUIE, a BCE OCTAIbHBIE C BEPOSTHOCTAMH,
IPaKTUYECKU DABHBIMU Hym0. B pabore ompepeaserca serumauna H(N),
HA3BAHHAA HEHAOEHCHOCMbI0. DTA BEIUINHA U3MEPAET (B CTATUCTUIECKOM
CMBICTE), HACKOABKO OMU3Ka CpenHss KpunrorpaMma u3 N OyKB K eIuH-
CTBEHHOMY DEIIEHUIO, T.€. HACKOJIHLKO HETOYHO M3BECTHO IIPOTUBHUKY WUC-
TUHHOE coo0ImeHre mocrae mepexesara kpunrorpammel m3 N Oyxs. [asuee
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BRIBOATCSA PA3JUIHEIE CBOMCTBA HEHAACKHOCTH, HATTPUMED: HEHa IeXKHOCTh
KJII0Ya He Bo3pacTaeT ¢ poctoM N. JTa HEHATEKHOCTD ABIAETCA TEOPETH-
YeCKUM IOKA3aTeIeM CEKPEeTHOCTH — TEOPETUYEeCKUM, MOCKOIbKY OHA IIO-
3BOJISIET IPOTUBHUKY Iemu(pPUPOBATH KPUITOTPAMMY JIUIIL B TOM CIy4ae,
ecau OH 00JIa1aeT HEOrPAHUIEHHBIM 3aIaCOM BPEMEHHU.

B sron xe wactu onpenenserca yuxnua H (N) 111 HEKOTOPLIX u1eatn-
3UPOBAHHBIX TUMOB MU(MPOB, HAZBIBAEMBIX CAYuatlinbimy wugpamu. C HEKO-
TOPBIMU BUIOU3MEHEHUSAMHA 3T, (PYHKIUSA MOXKET OBITH IPUMEHEHa, KO MHO-
PUM CJIy9asM, IPEICTABIAIONIIM IPAKTUIECKIUN MHTEPEC. DTO MAET CIOCOH
TMPUOIMKEHHOTO BHIYUCICHUA KOJIUIECTBA MATEPUATIA, KOTOPHIU TpebyeTcsa
EPEXBATUTH, YTOOBI MOJYYUATh PELHIEHNE CEKPETHOU CUCTEMBL.

W3 nmomo6HOrO aHamusa CAeIyeT, UTO AAd OOBITHBIX A3BIKOB M OOBIU-
HBIX TUIOB UMPOB (HO HE KOLOB) DTO «PACCTOSHUE JUHCTBEHHOCTI) PAB-
Ho mpubmusurenso H(K)/D. 3pecs H(K) — [ncno, uaMepsomiee «00b-
eM» TIPOCTPAHCTBA Kaoden. ECin Bce KIoYn ampruopu paBHOBEPOATHBI, TO
H(K) pasHO sorapudmy duc/ia BO3MOXKHBIX Kiaoden. Beogumoe aucao D —
9TO M3OBITOYHOCTH A3bIKA. OHO M3MEPAET KOJIMIECTBO «CTATUCTUIECKUX
OT'PAHUYEHUNY, HATATAEMBIX A3LIKOM. [[JI MPOCTOU MOACTAHOBKU CO CJIy-
JarHbIM KiTouoM Hame H (K') pasuo log,, 26! mwm nputausurersuo 20, a D
(B mECATUYHBIX eqUHUIAX Ha OyKBY) IJIA AHIVIMACKOrO S3BIKA PABHO IIPH-
6musurensuo 0,7. Takum 06pa3om, eJUHCTBEHHOCTD PELIEHUsT [OCTUTIAETCS
npubausuTeabuo npu 30 OykBax.

[l HEKOTOPBIX «A3BIKOBY MOXKHO IOCTPOUTH TaKNE CEKPETHLIE CUCTEMBI
C KOHEYHBIM KJIYOM, B KOTOPBIX HEOMPEIEJEHHOCTD HE CTPEMUTCA K HYJIIO
npu N — co. B aTOM ciaydae IPOTUBHUK HE IOIYYUT €JUHCTBEHHOI'O pe-
IIeHUA TAKOoro mudpa, CKOIbKO OBl MAaTepuaaa OH He MePEXBATII, U Y HErO
OyeT OCTaBaThCs MHOI'O AJLTEPHATHUB C AOBOJBLHO OOIBIIAME BEPOSTHO-
cramu. Takue CUCTEMBI HA30BEM UJEaAbHbIMY CUCTLEMAMU. B 11000M A3BIKE
MOXKHO aIIPOKCAMUAPOBATH TAKYI0 CUTYAIHIO, T.€. OTCPOYUTEL IPUOIIKe-
e H(N) x Hymo 10 ckoab yroguo Goabmmx N. OZHAKO Takue CUCTEMB
MMEIOT MHOT'O HEJOCTATKOB, TAKUX KAK CJIOKHOCTb U IYBCTBUTEIHHOCTH K
omubKaM IPU MePeJade KPUITOrPAMMEL.

TpeThsa 9acTb CTATbU MOCBAIICHA «(MTPAKTUIECKOU CEKpeTHOCTM». [IBe
CACTEMBI C OIWHAKOBBIM OOBEMOM KJHOUYa MOI'YT OBITH OO pas3penmMbl
€IUHCTBEHHBIM 00pa30M, KOrjaa mepexBadeHo [N OYKB, HO OHU MOT'YT 3Ha-
YUTENBHO OTJINIATHCA O KOJUIECTBY BPEMEHU U yCUIUN, 3aTPAIUBAEMBIX
oI monydeHus pemenus. Ha ocHOBe aHaIm3a OCHOBHBIX HETOCTATKOB Ce-
KPETHBIX CUCTEM [IPeIIaraloTCsi METOAbI IOCTPOEHUS CUCTEM, IS PEIIeHus
KOTOpHIX Tpebytorcs Gonbmue 3aTpaTel Bpemenu u cuii. Hakonern, paccma-
TPUBAETCA MPOOIEMA HECOBMECTUMOCTHY PABIUIHBIX JKEMATEIBHBIX KAIECTB
CEeKPEeTHBIX CHUCTEM.
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Yacrsl

MATEMATHUYECKASA CTPYKTYPA CEKPETHBIX
CUCTEM

2. CekpeTHbBIE CHCTEMBI

YT06L OPUCTYIUTh K MATEMATUICCKOMY aHAIN3Y KpUOTOrpadum, He-
00X0 MO BBECTHU Y IOBICTBOPUTEILHYIO UICATUIAINIO U ONPEACIUTDL MaTe-
MATHYIECKN IPAEMIEMEIM CIIOCOO0M, ITO Oy IeT MOHMMATBCA IO TEPMIHOM
cexkpeTHas cucteMa. CxeMaTUIecKas CTPYKTYpPa CEKPETHOU CUCTEMBI MO-
KazaHa Ha puc. 1.

Ha mepegarolneM KOHIIE UMEIOTCA ABA UCTOYHMKA MH(GOPMALMM — WC-
TOYHUK COOOIIEHMU U KMCTOYHUK KIH0Yer. VCTOYHMK KIIOYern OTOUpaeT

Puc. 1. Cxema 0011es CeKpETHOU CHCTEMEL.

KOHKPETHBIN KJIIOY CPEIU BCEX BO3MOXKHEIX KIIOUEU TaHHOU CUCTEMBI. DTOT
KJI0Y IEPEIALTCA HEKOTOPBIM CIIOCOO0M Ha TIPUEMHBIN KOHEIl, IPUYEM MPe/-
[OJIAraeTCsl, ITO er0 HeJdb3s IePeXBATUTH (HAIPUMED, K09 [ePefaeTCs IIo-
ceUIbHBEIM ). VICTOYHUK cOOOIIEHNN (GOPMUPYET HEKOTOPOE cOoOlIIeHue (He-
3aIn@POBAHHOE), KOTOPOE 3aTeM 3AIIU(POBLIBAETCS, U [OTOBAs KPUIITO-
rpaMMa MepPeIaeTCsa Ha MPUEMHBIN KOHEIl, TPUYeM KPUITOrPAMMa, MOXKET
OLIThL IepexBadeHa (HampuMep, mepecwsuiaercs no paawo). Ha mpuemuOM
KOHIIe Mu(POBAJILIINK C IOMOLIBI0 KIYa [0 KPUITOIPAMME BOCCTAHA-
BIMBAET MCXOTHOE COOOIIEeHUE.

OueBugHO, MUPPOBAIBIINK HA IEPEAAIONIEM KOHIIE BBIIOIHAECT HEKOTO-
pyio dyHKIMOHAABHYIO onepanuio. Eciu M — coobmenne, K — xmo4 u
E — 3amu¢pposannoe coobumenue (KpUITorpaMMa), TO UMeeM

E= f(M,K),
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T.e. E asnaerca pyukuumen or M u K. Ynob6uee, oquako, mouuMars E He
Kak (DYHKOUMIO ABYX IEPEMEHHBIX, a KaK (OZHOIapaMeTpPUIecKoe) ceMel-
CTBO OIepaIui Wik OTOOPAKEHNN, U 3aliCLIBATEL €r0 B BUIE:

E=T;M.

Oro6paxenue T;, npumenenHoe K coobuennio M, gaet kpunrorpammy FE.
Wugekc ¢ COOTBETCTBYET KOHKPETHOMY UCIOJIB3YEMOMY KIIIOUY.

Boo6me mMbr 6ygem npeanonaraTh, YTO UMEETCS JUIIbL KOHEYHOE TUCIO0
BO3MOXKHBIX KJIIOYEN, KaXIOMy U3 KOTOPBIX COOTBETCTBYET BEPOSTHOCTH
pi- Takum 06pa3oM, UCTOYHUK KIIOYUEHN ABMACTCA CTATUCTUIECKUM MPOLEC-
COM, WK yCTPOUCTBOM, KOTOPOE BHIGUPAET OMHO U3 MHOXKECTBA OTOOpaKe-

aun 11, ..., Ty, C BEPOATHOCTAMHA P1, . . . P COOTBETCTBEHHO. Bynem Takxke
MPEANONAraTh, YTO YUCIO BO3MOXKHEBIX COOOUIEHUN KOHEYHO U DTHU COOOIIe-
uus My, ... M, uMeoT anpuopHbIe BEPOATHOCTH (1, - . . , ¢,. Hampumep, Bo3-

MOXHBIMU COOOIIEHUAMY MOTJIX ObI OBITH BCEBO3MOXKHBIE TTOCIEI0BATETHHO-
CTU AHMVIMACKUX OYKB, BKAOYAIMNX 00 [N OYKB KaxK Ias, a COOTBETCTBYIO-
MU BEPOATHOCTAMU TOTJA OBLIM OBl OTHOCUTEIBHBIE aCTOTHI TOABICHUS
TAKUX MOCIEIOBATEIBHOCTEN B HOPMATUBHOM AHTVIMUCKOM TEKCTE.

[omxHa UMETHCsI BO3BMOXKHOCTE BOCCTaHABAUBATE M HA IPUEMHOM KOH-
ne, korga m3secTHel £ u K. IlosTtomy orobpaxenue T; m3 HAaIero ce-
MEUCTBA, MOMKHO UMETh €IMHCTBEHHOE OOPATHOE OTOOPaKEeHUe Ti_l, TaK
9TO0 TiT[1 = I, rge I — ToxmecTBenHOe oTobOpaxkenme. Takum obpa-
30M:

M=T'E.

Bo Bcakom caydae, 5To o6paTHOE 0TOOpaKEHUE Ti_1 MOMKHO CYIIECTBO-
BaTb u OBITH EQUHCTBEHHBIM s Kaxgoro FE, koropoe MmoxkeT OBITH
noryderno w3 M ¢ momombio kiaoda ¢. [Ipuxogumm, Taxmm o6pasoM, K
CJELYIOMIEMY OINpPEIEJICHUI0: CEKPETHAs CHUCTEMa €CTh CEMENCTBO OTHO-
3HAYHO OOPATUMBIX OTOOpaxkeHun T; MHOXKECTBA BO3MOXKHELIX COOOIIE-
HUU BO MHOXECTBO KPUIITOI'DAMM, IPU BTOM OTOOpaxkeHue T; uMeeT Be-
positHOCTb p;. O6paTHO, JI060€ MHOXKECTBO OOBEKTOB TAKOIO THIA Oy-
IeT Ha3BIBATBLCA «CEKPETHOU CUCTEeMOWy. MHOXKECTBO BO3MOXKHBIX COO00-
meHu 1 ynoObcTBa OymeT HA3LIBATHCA (IIPOCTPAHCTBOM COOOIIEHWI,
a MHOXECTBO BO3MOXHBIX KPUIOTOTPAMM — «IPOCTPAHCTBOM KPUIITO-
rpaMmy.

[lBe cexpeTHBIE CHCTEMBI COBIAJAIOT, €CIAM OHU OOPA3OBAHBEI OLHUAM U
TeM Ke MHOXECTBOM OTOOpaxkeHun T; U OTUHAKOBLIMHU TTPOCTPAHCTBAMEI
COOOIIEHNN U KPUIITOIPAMM, MIPUIEM BEPOATHOCTU KJIIOYEU B DTUX CUCTE-
MaX TAKXKe COBIATAI0T.

CekpeTHy0 CHCTEMY MOXKHO IIPENCTABIATL cebe KaK HEKOTOPYIO Ma-
MIMHY C OJHUM Wau GOee mepexIdamuMu yerpoucrsamu. [locaenosa-
TeIbHOCTh OyKB (COOOIIEHWE) MOCTYHAeT HA BXOA MAIUWHBI, & HA BBIXO-
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Ie ee MOMydaeTCAa Opyras MOCIeIOBATEIHLHOCTH. KOHKpDETHOE IMOTIOXKeHUe
MEPEKIIOYAIOIINAX YCTPOUCTB COOTBETCTBYET KOHKPETHOMY UCIIOIb3YEMOMY
kmody. [lus BeIOOpa KIIOYa M3 MHOXKECTBA BO3MOXKHBIX KJIIOUEH TOTKHBI
OBLITH 3aJaHBI HEKOTOPLIE CTATUCTUIECKUE METOIHI.

[I1s1 TOro 9To0kI HAILY IPO6IEMY MOXKHO OBLIO PACCMOTPETH MATEMATH-
YeCKU, TMPEANOJOXKIM, UYTO IPOTUBHUKY U3BECTHA UCIOIb3yeMas CUCTEMA.
NupivMu ctoBaMu, OH 3HAET CeMencTBO OTOOpaxenuu T; U BEPOATHOCTU BhI-
00pa pPa3IUYHLIX KIro4derd. MOXHO OBLIO ObI, BO-TIEPBHIX, BO3PA3UTh, UTO
TaKOe IPEeION0KEeHNEe HePEAIUCTUIHO, TaK KAaK MU(POBATIBIINK IPOTUB-
HUKa JaCTO He 3HAeT, KaKad CUCTEeMa HCIOJb30BAJACH WIN UeMy PABHEBL
paccMaTpuBaeMble BEpOATHOCTH. Ha 5TO BO3paxKeHUe MMeeTCs ABa OTBe-
Ta.

1. Hamoxennoe orpanundenue caabee, YeM KaKeTCs ¢ MepBOro B3TVIAIA,
¥3-32 WIXPOTHI HALIET'O OMPEAETICHUS CeKPETHON CUCTEMBI. [Ipeamomnoxum,
4TO MU(GPOBAILIINK IEPEXBATHIBAET COOOIIEHNE U HE 3HAET, UCIOIb30Ba-
JIACh JIM 3[1€Chb [IOJACTAHOBKA, WIX TPaHCro3ummys, uind mudp tuna Bmxe-
mepa. OH MOXKET CUMTATH, IYTO COOOMEHNE 3AMpPOBAHO C IOMOIIBIO CU-
CTEeMEBI, B KOTOPOU YaCTh KU, ABIAETCA YKAZAHUEM TOT'0, KAKOU U3 TPEX
TUIOB UMEOIIUXCA KII0Ued ObLI UCHIOAB30BAH, & CJAeIyIOUas 9acTh — KOH-
KPETHBIN KIIOY DTOTO TUIA. YKA3AHHBIM TPEM PA3IUIHBIM BO3MOXKHOCTAM
mu(POBATIBIINK IPUINCLIBAET BEPOATHOCTH, YIATHIBAA IIPU DTOM BCE UMe-
IOIIMEeCcA y Hero cBeleHud 00 allpMOPHBIX BEPOATHOCTAX UCIONB30BAHUA IITH-
GPOBATBIINKOM TPOTUBHUKA COOTBETCTBYIOIINX TUIIOB IIU(POB.

2. Hame orpanuienune OOBIYHO B KPUNTOIPAPUIECKUX KCCICTOBAHUIAX.
OHO ABASETCA TECCUMUCTUYHBIM, HO O€30IMACHO, M B KOHEYHOM CUETE pe-
QIUCTUYHO, TAaK KAK MOMXKHO OXUJIATH, YTO IPOTUBHUK PAHO WIN IIO3IHO
packpoeT Jo0yio ceKpeTHyo cucteMy. lloaToMy maxe B TOM caydae, KOTIa
paspaboTaHa COBEPIIEHHO HOBAS CUCTEMA, TAK UTO IPOTUBHUK HE MOXKET
MPUMUCATH €U HUKAKUX AlIPUOPHBLIX BEPOATHOCTEN, €CIM TOIHKO OH €€ YKe
He PACKPBLI, HYKHO UMETH B BHLY €r'0 BO3MOXKHYIO OCBEIOMIEHHOCTb.

OTa CUTyalus aHAJOTUIHA, CUTYAIINN, BOSHUKAIOIIEN B TEOPUN UT'D, T'Ie
TIPEANOJAraeTCsa, UTO MapTHED «OOHAPYKUBACTY UCIOIBL3YEMYIO CTPATETUIO
urpel. B o6oux ciydasx 5TO HPEANOTIOKEHNE CAYXKUAT NI OOIee IeTKOro
OTMCAHUA CBEICHUN, KOTOPLIMU PACIONATAET TPOTUBHAA CTOPOHA.

Bropoe Bo3MO)HOE BO3pakeHNE IPOTUB HAIIErO ONPENeIeHUs CEKPeT-
HOU CUCTEMBLI COCTOUT B TOM, UTO B HEM HE MPUHUMAIOTCA B PACIET WUC-
IOIb3yeMble OOBIMHO Ha IPAKTHUKE BCTABKU B COOOIIEHNE TOCTOPOHHUX HY-
JIEBBIX 3HAKOB M KCIOJBL30BAHUE MHOTOKPATHHIX TOJCTAHOBOK. B Takmx
CIydaax s TAHHOIO COOOIIEHUA U KII0YA UMEeeTCA He e TMHCTBEHHAA KPU-
OTOorpaMMa U MuMPOBATIBIMK MOXET BHIOPATH IO CBOEMY KEJTAHUIO OXHY
73 HECKOJBKUX PABIMYHBIX KPUMTOIPAMM. DTy CUTYAIMIO MOXHO OBLIO OB
pPaccMOTpeThb, HO 3TO TOJILKO BHECJO OBl TOMOJTHUTENIbHBIE YCIOXKHEHUA Ha
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TAHHOM DTAIe PACCY XK IeHUN 03 CYNIECTBEHHOTO U3MEHEHUA KAaKUX-T100 u3
OCHOBHBIX BHIBOIOB.

Ecan coobuenus co3m1ai0Tcsa MaPKOBCKUM MIPOIECCOM, TO BEPOATHOCTHU
PA3HBIX COOOIIEHUU OMPENEIAIOTCA CTPYKTYPOU STOTO0 MAPKOBCKOI'O MPO-
mecca. OIHAKO MOZOUIEM K BOTIPOCY C 60Mee OOIIEN TOYKY 3PEHuI U Oy 1eM
TPAKTOBATH COOOIIEHUS IPOCTO KAaK abCTPAKTHOE MHOXKECTBO OOBEKTOB,
KOTOPHIM IIPUIINCAHLI BEPOSITHOCTY, [MPUAYEM DTU OOBEKTHI He 00s13aTeslb-
HO COCTOAT W3 MOCJIENOBATEILHOCTEN OYKB U HEe 00A3aTEIbHO CO3AAI0TCA
MapPKOBCKUM IIPOIIECCOM.

Caenyer mOQYEpKHYTH, 9TO JaJee BO BCEX CAYUadX CEKPETHAs CUCTe-
Ma O3HAYAET HE OMHO, & IeJ0e MHOXKecTBO oToOpaxenuu. [lociae Toro kak
BREIOPAH KJIOY, UCIOMb3YETCA TOJLKO ONHO U3 DTUX OTOOPAKEHUU U OT-
CIOZIa MOXHO OBLIO ObI MPUUTH K OMPEAETCHUIO CEKPETHOU CUCTEMBI KaK
€IUHCTBEHHOTO TPe0Opa3oBaHus A3biKa. O THAKO IPOTUBHUK HE 3HAET, Ka-
KOU KJII0Y BBIOPAH, U OCTAJbHBIE BO3MOXKHBIE KIIOYA CTOJb K€ BAXKHEL I/
HEro, KaKk M WUCTUHHBIA. VIMEHHO CyIIECTBOBAHME S>TUX APYTUX BO3MOK-
HBIX KJIIOYEN U TPUIAET CUCTEME CeKPETHOCTh. TaK KaK MBI HHTEPECYeMCs
B IEPBYIO OYepenb CEKPETHOCTBIO, TO BBIHYKIEHBI MPEANOYECTh ITAHHOE
HAMU OINpEIeTIeHNe TOHATUA CEKPETHOU CUCTEMBI. TUI CATyanuu, KOrIa
OCTAJIBHBIE BO3MOXKHOCTY TaK K€ BAYXKHBI, KAK U OCYIIECTBUBIIAICST, IACTO
BCTPEYAETCA B CTPATErHIECKUX UIPaX. XOJ MIAXMATHOU UIPBL B GOJIBIION
CTeleHy KOHTPOIUPYETCsl yrPO3aMu, KOTOPEIE He OcymecTBasaoTcsa. Hearo
o 00HOe TIpEenCTaABAgeT U3 cels «pPaKTUIECKOE CYIIECTBOBAHUE)Y HEPEAJIU-
30BAHHBIX BO3MOXKHOCTEU B TEOPUU ULD.

Caenyer OTMETUTH, YTO CUCTEMA, COCTOSIIAS U3 €IUHCTBEHHOU Orepa-
LU HAT A3LIKOM, IPEICTABIAET COOOU MDY HAIIEM OIIPENeIeHUN BEIPOXK [EH-
HBI TUI CEKPETHOW CUCTEMBI. JTO — CUCTEMA C €JUHCTBEHHBIM KJHOUIOM,
KOTOPBIA UMEET BEPOATHOCTH, PABHYIO eIUHUIE. B Takou cucreme HET ce-
KPETHOCTU — MIN(POBAIBIIUK TPOTUBHUKA, HAXOIUT COOOIIEHUE, TTPUME-
HAA K IEPEXBAYMEHHON KPUITOTPAMME 00PATHOE OTOOPAKEHUE, TAKKE €TUH-
CTBEHHOE B TaKOU cucTeMe. B 5ToM ciiydae mmdpoBaIbIuK TPOTUBHAKA 1
G POBATBINUK TTOMyIaTeNa WHGOPMAIUA PACIONATAIOT OIUMHAKOBOU WH-
dopmanuen. B obmem ke caydae efuHCTBEHHOE DA3IUYUE UX CBEIEHUU
COCTOUT B TOM, YTO MOCIETHEMY W3BECTEH KOHKPETHO HCIIOJb30BABIINN-
CA KJIIOY, B TO BPEMs KAK MEPBOMY W3BECTHBI JIUIIL ANPUOPHBLIE BEPOST-
HOCTHU PA3JIWYHBLIX KIIOYEU U3 JaHHOrO MHOxecTBa. [Ipouecc pacmmdpos-
KU JIs IIOJLy 9aTesiss MHMOPMAIMY COCTOUT B IPUMEHEHUN K KPUITOrPAMMe
oTobOpaxeHusa, 0OPATHOI'O IO OTHOIIEHNID K KOHKPETHOMY OTOODaXeHUIo,
KCIIOJB30BAHHOMY [JIS1 COCTABJIEHUS KpunrorpaMmmel. [Iponece pacmudpos-
KU [JiA TPOTUBHUKA MPEICTABIACT COOOU MOMBITKY OMPENeIUTh COOOIEHEe
(MM KOHKPETHBIU KJHOY), UMEA B PACHOPAKEHUN TOJBKO KPUITOIPAMMY U
AIPUOPHLIE BEPOATHOCTU PA3IMIHBIX KAOYEH U COOOIIEHNN.
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CymecTByeT MHOT'O TPYAHBIX DIUCTEMOJOIMYECKUX BOIPOCOB, CBI3AH-
HBIX C TEOPUeN CeKPEeTHOCTHU, WIN BEpHee C JIOOU TeOpuer, CBA3BAHHOU C
PeasbHBIM IPUMEHEHIEM BOIIPOCOB TEOPUM BEPOSTHOCTEN (Tak OOGCTOUT ae-
JI0, B Y4CTHOCTH, C AIIPUOPHLIMU BEPOATHOCTAME, TeopeMon Baneca u T. 1.).
TpakTyemas abCTPAKTHO TEOPUA BEPOATHOCTU MOXKET OBITH M3J0KEHA HA
CTPOruX JOIUMIECKNX OCHOBAX C MCIIONL30BAHUEM COBPEMEHHOU TEOPUU Me-
pel. OIHAKO B MPUMEHEHUAX K (PU3UYECKUAM CUTYALIUAM, OCOOEHHO KOr'Ia
[EJI0 KaCaeTCsA «CyOBEKTUBHEIX)Y BEPOATHOCTEN M HEOBTOPUMBIX DKCIIEPH-
MEHTOB, BO3HUKAIOT MHOT'OYUCICHHBLIE BOMPOCH, CBA3AHHBIC C JOTUIECKIM
obocuoBanmeM. Hampumep, mpu HaieM Mogxoie K mpobaeMe CEeKpeTHOCTH
OOIIYyCKAETCsI, YTO AllPUOPHEIE BEPOATHOCTH PA3IMIHBLIX KJAOYEN U COOOIme-
HUU W3BECTHHI MU(MPOBATBIINKY TPOTUBHUKA, HO KAK OH MOXKET OMpeme-
JUTh UX >PPEKTUBHBIM CIIOCOO0OM NaXXe MPHU KCIONIL3OBAHUN BCEX CBOUX
CBEJCHUI O JAHHOU 0OCTAaHOBKE?

Mok HO cO3maTh MCKYCCTBEHHLIE KPUNTOrPAPUIECKNE CATYAIIMN THUIIA
«(YPHBI U UTPATHLHOU KOCTU», B KOTOPHIX ATPUOPHBLIE BEPOATHOCTU UMEIOT
BIIOJIHE OIPEIEJCHHBIA CMBICI U UIEAIN3AIUA, UCIOAb30BAHHASL 3 1€Ch, ABJLA-
eTcsa HaBepHaKa noaxonsmen. Ho B pyrux ciydasx, KOTOpLIE MOXKHO cebe
MIPEICTABUTEL, HAIIPUMED, [IPU IePEXBaTe COOOLIECHNN, ITepeIaBACMBIX MEXK-
oy coOOU MapCHaHaMM, BEICAIUBIIMMUCA Ha, 3EMIIO, AIIPUOPHLIE BEPOATHO-
ctu ObLIX OBl HACTOJBKO HEOMIPEeNeJEeHHBIMU, UYTO HE MMETU ObI HUKAKOTO
3HAYCHUA.

Haubosee 9acT0O BCTpEYarOIMecs Ha MPAKTUKE KPUITOrpadgpuIecKne 3a-
OaYM JeXKAT [Ie-TO MEXIy STUMU KpauHuMmu mpegeaavu. [udposanbmuk
TIPOTUBHUKA MOXKET UMETh KEIAHNe Pa3IeluTh BO3MOXKHEIE COOOIICHN HA
KATErOpuu «IPUEMIEMBIX», «(BO3MOXKHBIX, HO MAJIOMIPAB JOTOIOOHBIXY U (HE-
MIPUEMJIEMBIX», HO IyBCTBYETCS, ITO OoJee MOAPOOHOE MOApa3aeIeHre He
nMesno OBI CMBICTA.

K cuacThio, HA TpaKTUKE TOJIHKO OUCHBb OOJBIINE OMMOKN B AIIPUOPHBIX
BEPOATHOCTAX KIKYEN U COOOUIEHUN MOTYT BBI3BATH 3aMETHBLIE OMUOKU B
BAJKHBIX IapaMeTpax. JTO MPOUCXOAUT U3-33 TOr'O, YTO YUCJIO COOOIIEHUN
¥ KPUITOIPAMM BeIeT CeOs KaK DKCIOHEHIINAIbHAS (DYHKIUSA, & U3MEPIETCSA
JOrapupMUIECKON MEPOU.

3. Croco6b1 n306paKeHus CUCTEM

Cekpernas cucremMa, B TOM BHUJE KAK OHA OIPENENEHA BBIIIE, MOXKET
OLITH U300paKeHa pa3InIHbIMU crocobamu. O qua u3 Hux (yI0OHBIN 1 1e-
JIeWl WILTIOCTPALNN ) UCIOAb3Y€eT JIUHENHbBIE CXeMbL, B300PaKEHHBIE HA PUC. 2
u puc. 4. Bo3amoxubIe COOOIIEHNA TPEACTABIAIOTCI TOYKAMHI CIEBA, a BO3-
MOYXKHEIE KPUTITOIPAMMBI — TOYKAMU CIPaBa. FCIU HEKOTOPHIN K04, CKa-
xKeM, KIo4d 1, orobpaxaer coobienue My B kpuntorpammy Fs, To M.
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3amkHyTasi cucTema HesamkHyTasi cuctema

Puc. 2. CxeMbl IPOCTBIX CHCTEM.

u E> coequHArOTCA JuHUEN, 0003HAYeHHON 3HAaYKOM 1 u T.1. [I1a Kaxmo-
'O KJI0Ya U3 KaxXOoro COO6H.[€HI/IH JOMXKHA BBIXOOAWTH POBHO OOHA JUHUA.
Ecau 5T0 %e BEepHO U I KaxkK JOU KPUITTOTPAMMEI, CKA¥KeM, UTO CUCTEMa,
ABIACTCA 3AMKHYMOU.

Bonee obmuu crocob onucanusa CUCTEMBI COCTOUT B 3aJaHUN ONEpAlN,
C IIOMOIILI0 KOTOPOU, IPUMEHSIA K COOOMIEHNIO IPOU3BOILHBIN K0T, MOXKHO
MOJYYUTH KPUTTTOTPAMMY. AHAIOTMYHO HEABHBIM 00PA30M MOXKHO OMpEe-
JINTh BEPOATHOCTU PA3JIMIHBIX KJIIO‘Ieﬁ niIn C IIOMOIIBIO 3a0aHWUsI crmocoba
BEIOOpA KAIOYEN, WM C TIOMOIIBIO OMUCAHUA CBEIEHUUM O TOM, KaK OOBLIU-
HO BLIOMpAaeT KUK NPOTUBHUK. BEpOATHOCTH COOOIIEHUN OIPEIeasai0TCs
MIPOCTO MOCPEACTBOM U3JIOKEHUA HAIITNX AITPUOPHBIX CBEIEHUN O A3BIKE TTPO-
TUBHUKA, TAKTUIECKOU 06CTAHOBKe (KOTOpas OyAeT BIAUATH Ha BO3MOXKHOE
COJiepIKaHme COOOMIEHNN) 1 JHOOK CIIENuaTbHON NHPOPMALUY, KACAIOIENCA
KPAITOTPAMMEIL.

4. ITpuMepsl CEKPETHBIX CUCTEM

B mamHOM pa3smene paccMaTpPUBAIOTCA HECKOILKO MPUMeEpOB mudpos. B
TATbHENIIEeM B Ie/IIX WITIOCTPAUY Oy IeM 9acTO CCBLIATHCA HA DTHU IPUMe-
pHI.

1. ITugp npocmoi nodcmanosku.

B rakom mwudpe mpousBOAUTCA 3aMEHA KaXIOU OYKBBI COOOILIEHUs HA
HEKOTOPHIN OIPEIEIEHHBIN CUMBOI (OOBIMHO TaKXKe Ha OYKBY ).

Takum o6pasom, coolOrneHue

M =mimomzmy...,
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rae mi,ms, ... — TOCIENOBATEILHEIE OYKBLI, TEPEXOIUT B
E = ejesezes - = f(ma) f(m2) f(ms) f(ma) ...,

npuaeM Gyukius f(m) nvmeer obparryo dyrknuo. Kawow asasercs mpo-
CTO MEePECTAHOBKOU anhaBuTa (€Cau OyKBbI 3aMEHAIOTCA HA OYKBHBI), HATIPY-
Mep,

XGUACDTBFHRSLMQVYZWIEJOKNP.

[MepBas 6yxkBa — X 3amenser 6ykBy A, G 3amenser B u T. 1.

2. Tpancnosuyus ¢ Gurcuposanmubim nepuodom d.

B sToMm caydae coobmieHue qeauTcs Ha CPYINbI CAMBOJIOB IJIUHBL d U K
KaXK IOU T'PYIIE TPUMEHACTCA OMHA U Ta XK€ TePECTAHOBKA. JTa MepecTa-
HOBKA, ABMACTCA KAIOYOM; OHA MOXKET OBITH 3a,aHa HEKOTOPOU TTEPECTAHOB-
KOU TEPBBIX d LEABIX IUCE.

Taxkum obpaszoMm, maa d = 5 B KadeCTBE MEPECTAHOBKU MOXKHO B3fAThb
23154. 9o Gyger 03HAYATD, ITO

mimomsmamsmegm7MmMgimgiig . . .
mepexoaiuT B
momsamimsmamyMmgMmemigmg ... .

IMocnenoBaTesbHOE TPUMEHEHUE IBYX WM GOJee TPAHCIO3UIUEA OyIeT Ha-
3LIBATLCA COCTABHOUM TPAHCHO3MIMed. Ecau meproasl 5TuxX TPaHCIO3UIIAN
dy, ..., ds, TO, O9EBUIHO, B PE3YJIbTATE MOIYIATCA TPAHCIOSUIUS IEPUO-
na d, roe d — HamMmeHbItee ooiiee KpaTHoe dy, . .., ds.

3. Hlugp Buxrcenepa u €20 8apuUGHMbL.

B mm¢ppe Buxkenepa kmou 3agaercsa mabopom u3 d 6yks. Takume mabo-
PHI HOAMUCHIBAIOTCSA C TOBTOPEHUEM IO COOOIIEHUEM U TIOJYYIEHHBIE IBE
[OCJIEI0BATEILHOCTY CKIALBIBAIOTCA N0 MOAyaio 26 (kaxnmas OykBa pac-
cMaTpuBaemMoro aiadasura nymepyercsa or A =0 go Z = 25).

Taxum o6pazom,

li=m; +k; (mod 26),

rae k; — OyKBa KIOYa, MOMYIEHHAA COKDAIICHUEM YUCAA § 0 MOAYJIIO d.
Hampuwmep, ¢ momompio kaoda GAH moxydaem

Coobmwenne | N O W I S T H FE
IMosropssembin kirod | G A H G A H G A
Kpunrorpamma | T O D O S A N E

[MMudp Buxenepa c nepuogom 1 vaswisaerca mudpom Lezapsa. O mpex-
cTaBiaseT coO0H IMPOCTYIO MOACTAHOBKY, B KOTOPOU KaxK1as OyKBa coOOIe-
vus M caBuraercs Bmepeq Ha (PUKCHPOBAHHOE HUCJIO MECT IO aahaBuUTy.
OTO YMCIO U ABIAETCA KIHYOM; OHO MOXKeT ObITh Mo0biM oT 0 no 25. Tax
uaseBaeMbin mudp Bodopa (Beaufort) u Bugousmenenusn mudp Bodopa



TEOPHA CBA3M B CEKPETHBIX CUCTEMAX 265

nogo6HuI mudpy Buxenepa. B HuX coobmeHus 3ammdpoOBLIBAIOTCA C MO-
MOIIBIO PABEHCTB

li = k‘l —m; (mod 26) n

li =m; — k‘l (mod 26)
coorBercTBenHo. [lludgpp Bodopa ¢ meprogom 1 Ha3BIBAETCS OOPATHBIM K-
dpom lesaps.

[TorTOpHOE MpUMeHeHUE MBYX mIu Gogee mudpoB Buxkenepa OyzxeT Ha-
3BIBATBCA COCTAaBHBIM mudpom Buxenepa. Ou umeer ypaBHeHue

li=m;+ki+1;+---+s; (mod 26),

rae ki, l;,...,S8; BOOOIIE IOBOPs, UMEIOT pa3andHbie mepuonsl. Ilepuon ux
cyMMmet k; +1; +- - -+ §;, KAK U B COCTaBHOU TPAHCIIO3UIIAA, Oy 1€T HAUMEHb-
MM OOIIMM KPATHBEIM OTIEJLHBIX [IEPUOI0B.

Ecau uconsayerca mudpp Bukenepa ¢ HEOrpaHUYEHHBIM HEIOBTOPIIO-
IIIMCSA KJII0Y0M, TO MBI nMeeM mudp Beprama, B koTopoMm

li=m; +k; (mod 26)

u k; BoIOUpaoTCa caydanHo u HesaBucuMo cpeau uucea 0, 1, ..., 25. Ec-
JIU KJIHOUYOM CIYKUT TEKCT, UMEIOLIAA CMBICT, TO uMeeM Iuudp «GeryIero
KJTIOYIay.
4. Juepammnas, mpuepammuas U n-2pamMmras nodcmanosKu.

BumecTo mopcranoBku ofHON GYKBBI MOXKHO HCIOJAB30BATH MOACTAHOB-
Ky OUTDAMM, TPUTPAMM U T. . [[1a IurpamMMHOU TOACTAHOBKYU B OOIIEM
BHjfle TpeGyeTcsa KI0Y, COCTOAIINA 13 mepecTaHoBok 262 murpamm. OH Mo-
JKET OBITH TMPEICTABIECH C MIOMOIIBIO TaOINIIB, B KOTOPOU PAI COOTBETCTBY-
eT mepBou OyKBe AUIPAMMLL, a CTOJI0en — BTOPOU OyKBe, MpUIeM KJIETKN
TaOMUIBI 3ATTOMHEHBl 3AMEHANMMA CUMBOIAMHU (OOBITHO TAKXKe IUrPaM-
MaMu).
5. MTugp Buscenepa c nepemeutanmubim 00uh pas aidhasumon.

Taxon mmupp npencrasigser coOO0U MPOCTYIO MOACTAHOBKY C IIOCIELYIO-
M npuMmenenveMm mmdgpa Buxenepa

li = f(m;) + ki,
m; = fH(l; — k).

«O6paTHEIMY K TakoMy mudpy ABIgeTcs mmdp Buxenepa ¢ mocaenyo-
e IPOCTON II0ACTAHOBKON

li = g(m; + ki),
mi =g~ (li) — ki.
6. Mampuunas cucmema

Nmeercs oauH METO[ TIOACTAHOBKU N-T'PAMM, KOTOPBIN 3aKII0YAETCA B
MPUMEHEHUN K MOCJAEJOBATEILHBIM N-I'PAMMAM HEKOTOPOU MATPUIIBI, MMe-
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rormen obpaTuyw. [Ipeanonaraercs, 9To 6yKBBI 3aHyMepoBaHsr oT 0 10 25
U PACCMATPUBAIOTCA KAK DIEMEHTHI HEKOTOPOT'O alIredpamtdeckKoro KOMb-
na. Ecim x n-rpaMme cOOOIEHNA NPUMEHNTH MATPHILY G;j, TO HOXYTUTCA
n-rpaMMa KpAIITOIDAMMBIL

n
li: E AijMy, i:l,...,n.
j=1

Matpuna a;; ABIAETCA KIOYOM, U PACII(POBKA BEIIOIHACTCA C IIOMO-
upio obparHon MaTpuikl. O6parHas MaTpuia 6yIeT CyleCTBOBATH TO LA
U TOIBKO TOL[IA, KOIJA ONPEIeIUTENb |G| IMeeT OODATHEIN DJIEMEHT B Ha-
[IeM KOJIBLIE.

7. Mugp Ilardigep
ODTOT mudpP ABIACTCA YACTHLIM BUIOM AUTPAMMHOU TOACTAHOBKM, KO-

TOpasg IPOM3BOLUTCA C IIOMOIIBIO MIEPEMEIIaHHOrO aadasuTa u3 25 OyKB,
3anMCaHHBIX B Buie kBaapara 5 X 5. (Byksa J 9acro omyckaercs mpu Kpu-
nTOrpapuIecKon padoTe, TaK KAK OHA, PEIKO BCTPEIALTC, U B TEX CIYUIaX,
KOI'J1a OHA BCTPEYAeTCs, ee MOXKHO 3aMeHuTh Oyksou [ ). [Ipeamonoxum, 1o
KJIIOYEBOU KBAAPAT 3AMUCHIBACTCS CASLYIOMUM 00pa3oM:

L 7z @ C P

A G N O U

R D M I F

K'Y H 'V S

X B T E W

B srom cayuae gurpammva AC, Hanmpumep, 3aMeHAECTCA HA mapy OyKB, pac-
MOJIOXKEHHBIX B MIPOTUBOIMOJIOKHBIX YIVIAX MPAMOYTOIBHUKA, OIPENEIIeMOT0
oyksamu A u C, T.e. na LO, npudem L B3ATa MEepBOU, TaK KAK OHA BBI-
me A. Ecau GykBBI QUrpaMMBI PACTIOIOXKEHBI HA OMHOU TOPU3OHTAIM, TO
KCIOJB3YIOTCs CTOsIIME CIpaBa OT HuxX OykBbl. Takum obpasom, RI 3a-
mensgerca Ha DF, RF 3amenserca Ha DR. Eciu 6yKBEI pacHOIOXKeHH HA
OJHOU BEpTUKAIN, TO UCIOAL3YIOTCSA OYKBBI, CTOSAIINE MO HUME. Takum
obpaszom, PS zamensercsa ua UW . Eciu 06e 6yKBBI TUIDAMMEBL COBIIAIAIOT,
TO MOXHO HCIONB30BATH [ WX Pa3AeNeHIsa HYJb WIX XKe OIHY U3 OyKB
OIMyCTUTDb U T.II.

8. lepemewusarue aiPasuma ¢ NOMOWbIO MHOOKPAMHOT NOICTNAHOBKY.
B sToM mmdpe uCmoab3yoTesa mocaer0BaTeNbHO d MPOCTHIX M0 ICTAHO-
Bok. Tak, ectu d = 4, TO

mi1momMmsmqamsmseg . - .
3aMEeHAeTCsA Ha
Ji(ma) fa(mz) f3(ms3) fa(ma) fr(ms) f2(ms) - . .

uT. O
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9. Hlugp c asmoxa0wOM.

MMudp Tuna Buxenepa, B KOTOPOM WIN CaMO COOOLIEHVE WA PE3YTb-
TUPYIOMAsS KPUIITOrPAMMA UCIIONB3YIOTCA B KAYECTBE (KII0Ya», HA3BIBAETCS
mmdpoM ¢ aBTOokM0U0M. IlludpoBaHme HAYMHAETCA C MOMOIIBIO (IEPBUY-
HOI'O K/I049ay (KOTODBIM SABIAETCS HACTOSLIMM KIIOYOM B HAIIEM CMBICJE)
U IPOJOIKAETCS C MOMOIIBIO COOOIIEHNS WIN KPUITOIPAMMEI, CMEIIEHHON
Ha [UIMHY [IEPBUYHOrO KJII0Ya, KAK B YKA3AHHOM HUXKE IIpUMepe, rae mep-
BUYHBIM KII0U0M siBasgeTcsa Habop OykB COM ET. B katecTBe «KI0¥ay UC-
MOJB3YEeTCs COOOIIeHnE:

Coobmenne S E N D S P L I S
Kuroa C O M E T N D S P
Kpunrorpamva |[U S Z H L M T C O AY H

u P E
S E U

Ecian B xadecTBe «ki1r04ay UCIOAB30BATH KPUMITOIPAMMY, TO IHOJIYIUT-
1)
cs

Coobuenne S FE N D S U P P L I E S
Kiroa Cc O M ETU S Z HL OH
Kpunrorpamva |[U S Z H L O H O S T T S

10. Apoobuwvie wugdpor.

B stux mudpax kaxjgas 6yksa cHadaIa 3aIn(pPOBLIBACTCSA B ABe (WIn
6onee) OYKBBEL WiaK B ABa (Miu 6oOJee) TUCTA, 3aTEM IOJLYIeHHBIE CAMBOJIBL
KaKUM-1160 CIOCOO0M MepeMeruBalTCsa (HanpuMep, ¢ IOMOIIbI0 TPAHCIIO-
3ULUK), HOCJAE Yer0 UX MOXKHO CHOBA IIEDPEBECTU B [EPBOHAYAILHBIN AJl-
dasur. Takum 006pa3oM, UCHOAB3YA B KAYECTBE KIHOYA MEPEMEIIaHHBIN
25-6yKBEHHBIN AJI(PABUT, MOXKHO IEPEBECTU OYKBHI B [BYX3HAYHBIE IIATE-
PUYHBIE YUCIA C TOMOIIBIO TAOMUIIBL:

0 1 2 3 4
0L Z Q C P
1 4 G N OU
2 R D M I F
3 K'Y HV §
4 X BT E W

Hampumep, 6ykse B coorBeTcTByeT «amcaoy 41. Iocae Toro kak momy-
YEHHBIN PAJ YUCET MOABEPTHY T HEKOTOPOU MEPECTAHOBKE, €M0 MOXKHO CHOBA,
pa3buTh Ha Maphl YKUCE U IMePenTH K OyKBaM.

11. Kodwi.

B xonax cioBa (uiu MHOTIa CJIOTH) 3aMEHAITCA Mpynnamu Oyks. MHor 1a

3aTeM [PUMEHseTCs mudp TOro Wid MHOrO BALA.

D3ra cucrema apiseTcsa TPUBUAILHOM C TOYKM 3DEHUs CEKPETHOCTH, TaK Kak, 3a
HCKITIOYEHNEM IIepPBEIX d OYKB, B PACIOPAXKEHIN IMPOTUBHUKA UMEETCS BECh «KIIOh.
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5. OI_IEHKa CEKpeTHBIX CHUCTEM

NmeeTcss HECKOIBKO PA3INYIHBIX KPUTEPUEB, KOTOPLIE MOXKHO OBLIO OB
UCIONB30BATH [JA OLUEHKM KAYeCTBA MPEIIATAeMOU CEKPETHOU CUCTEMHI.
PaccmoTpum Hanbomee BaXKHBIE U3 DTUX KPUTEPUEB.

1. Koauuwecmso cexpemmocmu.

HekoTopuie cekpeTHbIE CUCTEMBL ABIAIOTCSA COBEPIIEHHBIMA B TOM CMBI-
CJie, 9TO MOJOKEHNE IPOTUBHUKA HE 00MErvaeTcsa B PE3yIbTATe IEPEXBATA
JI000I0 KOIMIeCTBa coo0menun. [Ipyrue cucTeMul, XOTA 1 Jal0T IPOTUBHUA-
Ky HEKOTOPYIO NH(GOPMALMIO [IPU IEPEXBATE OUEPEIHON KPUITOIPAMMEIL, HO
HE IOIyCKAIT €IUHCTBEHHOTO «pernenusy. CUCTeMbl, TOMYCKAIOIINe equH-
CTBEHHOE DPEeIeHNe, OYeHb PA3HOOOPA3HEI KAK TI0 3aTpaTe BPEMEHU U CUII,
HEOOXOAMMBIX [JIsA IOLYIEeHNUs DTOr0 PEIIeHNsI, TaK U 10 KOJUIEeCTBY MaTe-
puaia, KOTOPBIM HEOOXOAUMO MEPEXBATATE [JIA MOJYICHUA € UHCTBEHHOTO
peleHns.

2. Ob6wvem Kaoua.

Kurou gomken OBITH TepeNaH W3 MEPeIaiollero MyHKTa B MPUEMHBIN
IIYHKT TAKUM CIOCOOOM, ITOOBI €0 Hesb3s OBbLIO MepexBaTuTh. MHOr1a ero
HYKHO 3aMOMHUTE. [[05TOMY XKeraTelbHO UMETh KJII0Y HACTOJBKO MAJBIN,
HACKOJBKO 3TO BO3MOXKHO.

3. Caosxcrocmv onepayuu wudposanus u dewu@puposanus.

Oneparuu mudpoBaHusa U AMUGPUPOBAHUA NOJKHBL ObITH, KOHETHO,
TI0 BO3MOXKHOCTHY TIPOCTHIMU. Ecau 5T omepanuu npou3BOAATCA BPYUHYIO,
TO UX CIOXKHOCTb IPUBOAUT K IOTEPE BPEMEHHU, MOABICHNAIO OMUOOK U T. .
Ecin orr npou3BoAsATCS MEXaHUYECKH, TO CIOXKHOCTD IPUBOIUT K HCIIOIb-
30BAHUIO OOJBINNX U JOPOTUX YCTPOUCTB.

4. Paspacmanue wucaa owuwoox.

B mexoTopeix Tunax mmdpos ommbka B 0qHOU OyKBe, MOIIYIIEHHAS IPU
mrpOBaHUYN WIN Tepefade, MPUBOIUT K OOMBIIIOMY YHUCAY OIMIMIOOK B pac-
mpOBaHHOM TekcTe. lakue OmuOKM Pa3pacTaloTCsa B PE3yabTaTe Olre-
panuu nermdpUPOBAHAA, BEI3LIBAA 3HAUUTENbHYIO TOTEPI0 NHGOPMALAY U
9aCcTO TpelOysa MOBTOPHOU TEpeNadn KPUMTOrpaMMEL. ECTeCTBEHHO, XKera-
TeJbHO MUHUMU3NPOBATH 3TO BO3PACTAHUE YUCIA OIINOOK.

5. Yeeauuenue 06vema coobwenus.

B HEKOTOPBIX THUIAX CEKPETHHIX CUCTEM 00BEM COOOUICHUS YBETUMINBA-
€TCsl B PE3YJAbTATE ONEPALNU MUPPOBAHUA. DTOT HEKEMATEIHHBIN d(PPEKT
MOXKHO HaOII0JATh B CUCTEMAaX, B KOTOPBIX NEIAETCA MONBITKA INOTONUTH
CTATUCTUKY COOOIIEHNA B Macce N00ABIAEMBIX HYJIEBBIX CUMBOJIOB, WIX T'I€
UCIOJB3YIOTCSA MHODOKPATHBIE 3aMeHbl. OH UMeeT MeCTO TAaK¥Ke BO MHOI'MX
cuCTeMaX TUIA «(MACKAPOBKW (KOTOPBIE HE SABIAIOTCA OOBIMHBIMU CEKPET-
HBIMU CUCTEMAMU B CMBIC/IE HAIIErO ONPEICTICHN ).
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6. Aure6pa cCeKpeTHBIX CACTEM

Ecan umerorcst nBe cekperHbie cucteMel I 1 R, UX 9acTO MOXKHO KOM-
OVHUPOBATL PA3IUIHBIMU CIIOCOOAMU [ TOLYICHUSA HOBOU CEKPETHOU CU-
cremel S. Eciu T u R umeror oguy u Ty ke 061acTh (IIPOCTPAHCTBO COO6-
[IEHUN ), TO MOXKHO 06Pa30BaTh CBOEI'O POJA (B3BELIEHHYIO CYMMY»

S =pT +¢qR,

rae p+ ¢ = 1. OTa onepamnus COCTOUT, BO-IEPBLIX, U3 MPEIBAPUTEILHOIO
BeIGOpa cucteM T win R ¢ BEPOATHOCTAMU P U ¢. DTOT BBIOOD ABIAETCA
qacTeio kao4da S. [locae TOro kak »TOT BBIOOP CHENIAH, CUCTEMBI 1 win
R mpuMeHAIOTCA B COOTBETCTBUU C WX OmpegeieHuaMu. [lomubm ki S
IOJIKEH YKA3BIBATD, Kakas u3 cucreM 1 wiv R BEIOpAHA U € KAKAM KJII0YOM
KCIIOJIB3YETCSA BEIODAHHAA CUCTEMA.

Ecmu T cocroutr u3 orobpaxenunt 11,...,T,, ¢ BEDOATHOCTAMA P1, ...

-yPm,a R—wu3 Ry,..., Ry C BEPOATHOCTAMU ¢y, . - ., Gk, TO CUCTEMA, S =

= pT + qR cocrout u3 orobpaxenun 11,...,T, Ry,..., R ¢ BepoaTHO-
CTAMUA PP1,--- -y PPm,qq1s - - - , (@ COOTBETCTBEHHO.

O606mmas gajnsee, MOKHO 0OPA30BATH CYMMY HECKOIBKUX CHCTEM

S=pT+pR+--+palU, > pi=1.

3amerum, 4To a00as cucreMa T MOXKeT OBITH 3alMCAHA KaK CyMMa (PUKCHU-
POBAHHBIX OMEPAIAN
T=pTh +pTo+ -+ pmTm,

rae T; — ompeneneHHas omepanusd mudpoBaHua B cucteMe 1, COOTBETCTBY-
oIIasg BEIOOPY KJII04a ¢, IPUYIEM BEPOITHOCTH TAKOI'O BHIOOPA paBHA Pj.

Bropon cmoco6 KOMOMHUPOBAHUS IBYX CEKPETHBLIX CUCTEM 3aKIHTaeT-
cs1 B 0OPa30BAHUN «(IIPOU3BENEHUsD , KAK IOKA3AHO CXeMATUIECKU HA PUC. 3.
Ipeanonoxum, uro T u R — Taxme ABe CUCTEMEBI, ITO OOJACTDH ONIpee-
JeHuA (IPOCTPAHCTBO A3BIKA) CUCTEMBI R MOXET OBITh OTOX IECTBJCHA C
001acTbio onpenesenns (IpocTpancTBoM Kpunrorpamm) cucreMsl T'. Torga
MOXHO TIPUMEHUTH CHadaIa cucTeMy 1’ K HaIlleMy SI3BIKY, a 3aTEM CUCTEMY
R x pe3yabTaTy 3TOU OHEPAIN, 9TO JAET PEe3yIbTUPYIOIYIO OmepaIuo S,
KOTOPYIO 3aIUIIEM B BUIE TPOU3BEICHUS

S =RT.

Kurou cucrembr S cocTOMT Kak U3 Ki04Ya CUCTEMBI 1’ TaK U U3 KIHOYA
cucteMbl R, mpuyeM IPeANOIaraeTcs, 9TO 3TU KJIIOYN BBIOUPAIOTCI CO-
OTBETCTBEHHO WX MEPBOHAYAJBLHLIM BEPOATHOCTAM U HE3aBUCUMO. Taxmm
00pa3oM, eCIu M KJAYeH CUCTEMEL 1 BEIOMPAeTCsA C BEPOATHOCTAMU

P1,D2,---3Pm;

a n KIoYen cucTteMbl R mMeroT BEPOATHOCTHU

/ / /
pl)p2) e )pn>
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TO cucTeMa S mMeeT camoe GOTbIIee M KIIOYell ¢ BePOATHOCTAME PP .
Bo mHOrux ciry4asx Hexkoropsle u3 orobpaxkenur R;T;j OyiyT ofMHAKOBBI-
MU ¥ MOT'YyT OBITH CPDYNIUPOBAHLI BMECTE, 8 UX BEPOATHOCTU MPU DTOM
CJ0KATCA.

[Ipoussenenue mudpoB UCIOIL3YETCA IACTO; HAIPUMED, MOCIE TONCTa~
HOBKU IIPUMEHAIOT TPAHCIO3UIUIO WX NOCIE TPAHCIO3WIUA — KOI Bumke-
HEpa; WIKM XK€ MPUMEHAIT KOJI K TEKCTY U 3allr(POBHIBAIOT PE3YJbTAT C
TOMOMIBIO TIOACTAHOBKY, TPAHCIO3UIAN, TPOOHEIM M(pPOM H T. 1.

MoXHO 3aMEeTUTb, YTO TAKOE YMHOXKEHUE, BOOOIIE I'OBOPA, HEKOMMY-
raTuBHO (T. e. He Bcerga RS = SR), XOTA B 9aCTHEIX ClIydaiX (Takux,
KaK MONCTAHOBKA M TPAHCIO3ULUA) KOMMYTATUBHOCTDL UMEET MeCTO. Tak
KAaK Hallle YMHOXEHWE MPEJICTABIAET COO0N HEKOTOPYIO OIEPAIAIO, OHO II0
OTIpeNeNeHnIo acconmaTuBro, T. e. R(ST) = (RS)T = RST. Kpome Toro,
BEPHEI 3AKOHEI

p(P'T +¢'R) + ¢S = pp'T +pg' R +qS
(B3BELIEHHBIN ACCOMUATUBHBIN 3aKOH A CIOXKEHI);
T(pR+qS) =pTR+ qTS
(pR + ¢S)T = pRT + qST
(mpaBo- U JIEBOCTOPOHHUE TUCTPUOY TUBHEIE 3AKOHBI), & TAKKE CIPABEIJIUBO
PABEHCTBO
pT +pT +psR= (p1 +p2)T + p3R.

CaenyeT moa4epKHyTh, YTO DTU ONEPAIN KOMOUHUPOBAHUA CJAOKEHUS 1
YMHOXEHUS IPUMEHAIOTCA K CEKPETHBIM CUCTeMaM B 1esioM. [IpousBenenue
nByx cuctem TR He CreIyeT CMEIUBATHL C MPOU3BEICHUEM OTOOPAKEHUN
B cucremax 1;Rj, KOTOpoe Tak:Ke IacTO UCIOIb3YeTCA B HACTOAIIEH pabo-
te. [lepBoe ABMACTCA CEKPETHOU CUCTEMOU, T. €. MHOXKECTBOM OTOOPAKEHUN
C COOTBETCTBYIOIIUMU BEPOSTHOCTIMU; BTOPOE — SABIAETCI (PUKCUPOBAH-
HbIM oTOoOpaxenueM. [lamee, B To Bpems xak cymma aByx cuctem pR + ¢T
ABIAETCA CUCTEMOU, CyMMa, IBYX OTOOpaxeuuu He onpegenena. Cucremur T’
u R mMoryr KoMMyTHpOBaTH, B TO BpeMa KakK KOHKpeTHble Ii; um T; He
xomMmyTupyior. Hanpumep, ecim R — cucrtema Bodopa manuoro nepmoaa,

T R R'T '

Puc. 3. IlpousBesernne aByx cuctem S = RT.



TEOPHA CBA3M B CEKPETHBIX CUCTEMAX 271

BCE KJIIYM KOTOPOU PABHOBEPOATHHI, TO, BOOOIIE TOBOPA,

R;R; # R;R;,
HO, KOHEYHO, IpousBefeHne RR He 3aBUCAT OT MOPAAKA COMHOXKUTEIEN;
JNEICTBUTEILHO

RR=V

ABISETCA CACTEMOU BukeHepa TOrO X)e CaMoro MEePUOfA CO CIIyIauHBIM
kmodoM. C Ipyron CTOPOHBI, eciu oThenbHele oTobpaxkenus 1; u R; nByx
cucrem 7' u R KOMMYTHUDPYIOT, TO U CUCTEMBI KOMMYTUPYIOT.

Cucrembl, y KOTOpBIX mpOCTpaHcTBa M um E MOXHO OTOXIECTBUTH
(eTOT Cay4gall ABIAETCA OYEHb YACTHIM, €CJAU IIOCJAEIOBATEILHOCTUH OyKB
IpeobpasyIoTCsa B HMOCJAEIOBATEILHOCTH OYKB), MOLYT OBITH HA3BAHBL JH-
domopPuvimu. JugoMopdHas cucrtemMa 1 MOXKeT ObITH BO3BEJEHA B CTe-
menn 1.

Cekpernas cuctema T', mpousBeqeHre KOTOPOU Ha caMy cebs paBuo T,
T.e. TaKasd, ITO

T =T,
OyJeT Ha3LIBATLCA udemnomewmmuoti. Hampumep, mpocTas MOICTAHOBKA,
TPAHCIO3ULAA C IEPUOIOM p, cucTeMa Bukenepa ¢ mepuogoMm p (Bce ¢ pas-
HOBEPOATHBIMU KJIKOYAMU) ABIAITCA UIEMIOTEHTHBIMA.

MmuoxecTBO BCeX DHIOMODP(HBIX CEKPETHBIX CHCTEM, OIPEIeIeHHBIX B
(PUKCHPOBAHHOM IIPOCTPAHCTBE COOOIIEHUN, 0Opa3yeT «aarebpamdecKyro
CUCTEMY», T.€e. HEKOTOPBIN BU AIreOphI, UCIOMb3YIOMIEN OMEPALIAN CJIOKE-
HUA U yMHOXKeHUA. [[eNCTBUTEIRHO, PACCMOTPEHHbBIE CBOUCTBA, CJIOKEHUA U
VMHOXKEHUT MOXHO PE3IOMUPOBATEL CAEIYIOUIUM 0OPa30OM.

Mmnoxcecmso sndomopPupix wudpos ¢ 00HUM U MeEM Hce NPOCMPa-
cmeom coobuernuti u J8YMA ONEPAUUAMY KOMOURUPOBAHUA — onepayuet
B36EULEHH020 CAOHCEHUS U ONEPAYUET, YMHONCERUS — 00PA3Y0OM AUHETHYIO
accoyuamuenylo aa2ebpy ¢ edunuyel, ¢ mot Auwb 0COOEHHOCMBIO, UMO
K03 PPUUUEHMBL B0 638EULEHHOM CAOHCERUY DOANCHDL GBIMb HEOMPUYAMEAL-
HBLMU, G UL CYMMA DOAHCHAE PABHAMbCA euNUYeE.

OTu onepanuy KOMOUHUPOBAHUSA JAIOT CIIOCOOBI KOHCTPYUPOBAHMUSI MHO-
I'MX HOBBIX THUIIOB CEKPETHBLIX CHCTEM W3 OIPEeNeJEHHBIX TaHHBIX CHACTEM,
KaK 5TO OBbLIO [TOKA3AaHO B MPUBENEHHBIX IpuMmepax. VX MOXKHO Takxke uc-
MOJIB30BATD /A OMUCAHUA CATYAIUN, C KOTOPOU CTATKUBALTCA MA(PPOBATH-
VK TPOTUBHUKA, KOI'Ja OH MBITAETCA PACHIN(pPOBATH KPUITOIPAMMY He-
u3BeCTHOro tumna. PaxkTudecku OH pacmudpPOBLIBAET CEKPETHYIO CUCTEMY
THTIA

T=pA+pB+-+pS+pX, D pi=1,
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rae A, B,...,S B JaHHOM CIydYae — W3BECTHBIE TUIHI MUMPOB C UX ATPU-
OPHBLIME BEPOATHOCTAME P;, & P' X COOTBETCTBYET BO3ZMOXKHOCTH MCIOMB30-
BaHUA COBEPIIEHHO HOBOT'O HEM3BECTHOI'O IUdpa.

7. YucThle u cMenianubie MUAQPHI

Hexoropsie Tunbl mudppoB, Takue KaK TPOCTasd MOJACTAHOBKA, TPAHC-
MO3UIKAA C NAHHBIM [EPUOIOM, CHCTeMa BukeHepa ¢ TaHHBIM MIEPUOIOM,
CUCTEeMa BH)KeHepa CO CMEIIaHHBIM aJI(l)aBI/ITOM uT.no. (Bce C PaBHOBEPOAT-
HBIMN KJIIO‘IaMI/I), OGJIaAaIOT HeKOTOpOﬁ OMTHOPOOTHOCTBIO II0 OTHOMIECHUIO K
KJIIOTY. KaKOB ObI HI OBLI KJI0', IIPOIECChL H_II/I(I)pOBaHI/IH, ,qemmbpnpOBa—
HUA aJpecaToOM ’ l[eIIII/I(l)pI/IpOBaHI/Iﬂ TIPOTUBHUKOM ABJATCA IO CYIIECTBY
TEeMU 2Ke CaMBbIMU. STI/I CHUCTEMBI MOKHO IIPDOTUBOIIOCTABUTH CUCTEME C IIN-
dpom

pS+4T,

rpe S — mpocTas MOACTAHOBKA, a 1 — TPAHCIO3ULUA C TAHHBIM IIEPUO-
moM. B Takom caytae mporecchl mudpOoBaHUA U AemudpUPOBAHUA aIpe-
CaTOM WU IIPOTUBHUKOM IIOJHOCTBKO MEHAIOTCA B 3aBUCHUMOCTH OT TOro,
UCIIOJBb3yeTCA MOACTAHOBKA UJIU TPAHCIO3UIINA.

OcTaTouHble OcTaTouHble

Knaccobl Knaccobl
coobLieHnm KpUNTOrpamm

Cs | M. B, | C

Yucras cuctema

Puc. 4.
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[Tpuavna 0JHOPOIHOCTY TAKWX CUCTEM JIEKUT B TPYNIOBOM CBOUCTBE:
3aMeTHM, YTO B IPUBEIEHHLIX BBIIIE IPUMePaX OLHOPOLHEIX MKI(pPOB IIPO-
m3Begenne T;1T; moOBIX IBYX OTOOPAKEHUN 13 MHOXKECTBA PABHO TPETHEMY
orobpaxenuto T u3 sroro xe muoxecrsBa. C gpyrou cropossr, 1;S5; He
PaBHO KaKOMY-HUOYIb OTOOPaXEHNI0 1A mudpa

pS +qT,

KOTOPBIU COAEPKUT TOJBKO MOACTAHOBKY ¥ TPAHCIO3UIUY, HO HE UX MPO-
U3BEJICHUA.

Breuio 661 MOXHO, TakuM 00Pa3oM, OMPEAEINTb «IUCTHIN MUPP Kak
mmdp, B KxoTopoM T obpasyioT rpynmy. OgHAKO 5TO OBLIO GBI CIMITKOM
CHJIBHBIM OrpPaHUYEHUEM, TaK KaK TOrJa MOTPebOBaJOCh ObI, YTOOBI IIPO-
crpancTBo F coBmagaao ¢ mpocTpancTBoM M, T.e. 9TOOBI cucTeMa ObLIA
sugoMOpdHON. [IpO6HAA TPAHCIO3UIUA TAK XKE OTJHOPOJHA, KAK 1 OOLIIHAIL
TpaHCIo3uuys, HO OHa He >HxoMopdHA. [loaxoasammm sBIsEeTCS Caeqyoiee
onpefenenue: mudp 1" ABIAeTCA YUCTHIM, ecau 1aa Kaxaex 15, T, Ty, ume-
ercsa Takoe T, 9TO

T,T; 'Ty = Ts,

U BCe KJIIOYM PABHOBEPOSATHHL. B mPOTUMBHOM ciydae UMD ABIAETCA CMe-
mauHeM. [Hludper HA puc. 2 ABIAIOTCA CMENIAHHBIMU, a Ha puc. 4 — uu-
CTBIMH, €CJU TOJBKO BCE KJIIOYN PABHOBEPOSTHEL.

Teopema 1. B uucmom wugppe onepayu Ti_lTj, 0MooOpaHCcaOUUE NPOCTN-
pancmeo coobwenuti 8 ceba, o0paszyom epynny, nopadox Komopol pasen
m — YUCAY PABAUYHBLE KAl0UeT.

Tax xak
T, 'TWT, ' Ty =1,

TO KAXKALIU 2IEMEHT UMEeeT O0paTHHIA. ACCOIMATUBHBEIN 3aKOH BEPEH, TaK
KaK DTO OIEPAIH, a CPYIIOBOE CBOUCTBO CIEAYET U3 TOrO, ITO

T\, T\ =T, 0 T, T = T, T,

rJe IpeAnoaaraloch, ITO T;lTj = T, 'T}, mna HeKOTOPOTO S.

Onepauusa Ti_lT]- o3HavaeT mudpPOBAHUE COOOIIEHUI C ITOMOIIBIO KO-
4a j C MOCAEIYIONIM AemrdppOBAHNEM C IOMOIIBIO KTIOUA ¢, ITO IPUBOIUT
HAC Ha3a[ K IpocTpancTBy coobmenuu. Ecnu cucrema T sugomopdHa, T. €.
T; oTo6paxkaroT MpOCTPAHCTBO () B camo ceba (ITO MMEET MEeCTO s
GOJIBIIMHCTBA MUPPOB, B KOTOPHIX U MIPOCTPAHCTBO COOOIIEHUN, U MIPOCT-
PAHCTBO KPUOTODAMM COCTOUT U3 IIOCIELOBATEILHOCTEN OyKB), u ecau 1;
00pa3yIoT TPYMNY U PABHOBEPOATHBI, TO 1T — YUCTHIA MUdP, TaK KaK

T.T; ‘T, = T\T, = T..
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Teopema 2. IIpoussedenue 08YT wUCTBIT KOMMYMUPYIOUWUL WUPPO8 A68-
AAEMCA YUCTNBIM WUPPOM.

Ecm T' n R xommyTupyior, o T;R; = BTy, aaa mo0wIX 4, j IPA COOT-
BercrBytomux [, m. Torga

T;R;(TyR) " Ty Rp = TyR; R M T, ' Ty Ry = Ry R, 'R, T, T, Ty = R, T,

YciaoBue KOMMYTUPOBAHUS HE SIBASETCS, OQHAKO, HEOOXOIUMBIM [JIsI TOrO,
49T00BI IpOou3BeeHne ObLIO YUCTHIM III(PPOM.

CucreMa, COCTOALIAA U3 OJHOIO KIIOYa, T.€. U3 eJUHCTBEHHOU OIpee-
JIEHHOU omepauuu 17, ABAAETCA YACTLIM Mu(pPOM, T.€. IPU eIUHCTBEHHOM
BO3MOXXHOM BEIOOpE MHIEKCOB MMeeM

T =T

Takum o6pasom, pasioxkeHue Mmudpa B CyMMY TAKUX IIPOCTHIX 0TOOpaxKe-
HUW TPENCTABIACT COOON PA3NOKEHNE B €r0 CyMMY IUCTEIX MAMPOB.

UccnenoBanue mpuMepa, TIPUBEIEHHOTO HA pUC. 4, BCKPLIBAET HEKOTO-
peie cBoucTBa ducToro mmdpa. Coobmenna pacnagaloTCsa Ha OOpeaeseH-
HBLIE TTOJIMHOKECTBA, KOTOPLIE MBI OyIeM HA3LIBATE OCMAMOYHBIMU KALC-
camMu, 1 BO3MOXKHBIC KPDHUIITOI'DAMMBI TaKXK€ DpaCladalTCAad Ha COOTBET-
CTByIOIIME WM ocmamounble kaacchl. OT KaxKIOr0 COOOLIEHUA B JTIOOOM
KTacCe K KaxkIOU KPUIITOIPAMME B COOTBETCTBYIOMIEM KJIACCE UMEETCS
HE MeEHee OAHOIK/JI JINUHUU U HET JII/IHI/IEI MEX Iy HEeCOOTBETCTBYKINNMU KJacC-
cavu. HuCa0 COOOMIEHWI B KJIACCE ABIACTCA METATENEM IOJHOTO THCTA
karov9er. ducio «mapaLielbHbIXy JUHAA 0T coobmenus M K KpUITorpam-
Me B COOTBETCTBYIOMIEM KJIACCE PABHO YUCIYy KIIOYEH, TETCHHOMY Ha HH-
CJIO COOOLIEHUI B KJIACCE, CONEPKAIIEM 3TO COOOmeHe (Ml KPUITOIPaM-
My).

B HpI/I.T[O)KeHI/II/II) MOKa3bIBACTCA, ITO 3TO BEPHO OJIA TUCTBIX IHI/ICprB n
B o0mmem caydae. PestoMupys ckazaHHOE, MBI IMEEM

Teopema 3. B uucmoti cucmeme cooOUWEHUL MOHCHO DPA30CAUMD HA MHO-
scecmso  «ocmamounbly kaaccosy Ci,...,Cs, a Kpunmoepammvl, — #Ha
coomsemcmsylouee Mroxrcecmeo ocmamounuix kaaccos Cp, ..., CL. Omu
Kaaccbt 6yoym umemnv cacdyrowue ceoticmea:

1. Ocmamoumnbie Kaaccobl co0buenutl 83aUMHO UCKANVUAIOM OpYe 0pY2a U
codepacam ece 803MoNCHbIE COOOWEeHUA. ARas02uun0e YMBEepHcIenie 6epHo
U 048 0CMAMOUHBIY KAGCCO8 KPUNMOZPAMM.

2. Ecau 3awugposamsb atboe coobuenue uz xaacca C; ¢ nomowpro 410-
6020 Ka0ua, MO NoAyuuMEs Kpunmozpamma uz xaacca C]. Jewudpuposa-
nue 410001 Kpunmozpammor u2 Kaacca Cl ¢ nomowpro 4106020 Ka104a NPU-
sodum x coobwenuio u3 xaacca C;.

D¥meerca B BU/IY NpUWIOXKEHUEe K moraomy Tekcty paborsol K. [llennona. — npum. ped.
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3. Hucao coobuenut 6 xaacce C;, cKa®cem, ©;, PABHO UUCAY KPUNMO-
epamm 6 xkaacce C! u asasemes deaumenem k — wucaa Kaoued.

4. Kaxcdoe coobwenue u3 xaacca C; moxcem O6vimb 30wudposano 6
Kaxcdyio kpunmoepammy u3 xaacca C, npu nomowy mouno k/; pasavunbis
rxatoueti. To oce camoe sepno u daa dewudpuposanus.

Cwmbica noHATUA YUCTHI WUdp (1 IPUYUHA 1S BHIOOPA TAKOrO TEp-
MUHA) JEXUT B TOM, 9YTO B UUCTOM IMUMPE BCE KIUU ABIATCA MO Cy-
IIECTBY OQUHAKOBEIMU. KaKou ObI KIHOY HU UCIOJB30BAICA A 3aJaAHHOTO
COOOIIEHNs, AIOCTEPUOPHEIE BEPOATHOCTHU BCEX COOOIIEHNN Oy Iy T TEMU XKe
camMbIMU. UTOOBI TOKA3aTh 3TO, 3AMETUM, UTO ABA PA3JUIHBIX KIIOYa, IPU-
MEHEHHBIX K OJHOMY COOOIIEHUIO, JaIYT B PE3yIbTATE ABE KPUITOIPAMMEL
U3 OJHOIO OCTATOYHOrO Kiacca, ckaxem Cf. [lopToMy 5TH IBe KpUIITO-
FPaMMBI MOT'YT OBITH PACHIM(POBAHEL € MOMOIIBIO k/@; KIIOUYEN B KaxX10e
u3 coobmeHnn B knacce C; m GOIbIIE HI B KaKAEe BO3MOXKHEIC COOOIICHUA.
Tak xak Bce KII0YU PABHOBEPOSTHHI, TO AlIOCTEPUOPHBIE BEPOATHOCTH Pas3-
JIUYHBIX COOOMIEHUN PABHLI

P(M)-Py(E) _ P(M)-Pu(E) _ P(M)

P(E)  SuP(M)Py(E)  P(C;)

Pp(M) =

rge M — coobwenne u3 xnacca C;, E — xpunrorpamma u3s kiacca C] u
cymma 6epercs mo Bcem M u3 kmacca C;. Ecan F u M He mpuHamgmexar
COOTBETCTBYIOIIUM OCTATOYHBIM KiaaccaM, T0 Pg(M) = 0.

AHaMOrMIHO MOXKHO MOKa3aTh, ITO HAOOP ANOCTEPUOPHBIX BEPOSTHO-
CTel pPa3JUYHBIX KIIOYEd BCerja ONUHAKOB, HO DTU BEPOSTHOCTU CTa-
BATCS B COOTBETCTBME KIIOYAM JHUIIb [OCJAE TOIO, KAK yXKe HCIOAb30-
BaH HEKOTOpHIN KaY. [Ipy m3MeHEHWM YaCTHOI'O KIKYa 5>TO MHOXKE-
crBo uucen Pg(K) nogsepraercs nepecraHoBke. WHbiMu cioBamu, ume-
eM:

Teopema 4. B wucmoti cucmeme anocmepuopuble 8EPOAMHOCTIU PA3AUY-
norr coobwenuti Pg(M) ne asucam om ewvibopa kaoua. Anocmepuopubie
sepoamuocmu kaouel Pp(K) obpasyiom odun u mom e nabop eeau-
YUH, HO NOJBEP2AIOMCA NEPECMAHOBKE 8 PE3YALMAME PA3AUUHBIL 6bL60POE
KAI0UQ.

I'py60o roBops, MOXKHO CYMTAThL, YTO JIOOOU BEIOOD KJIOYA B GUCTOM
mudpe IPUBOIUT K OMUHAKOBLEIM TPYAHOCTAM npu gemudpuposanuu. 1lo-
CKOJIbKY Pa3/XYHbIE KJII0YM BCE MIPUBOIAT K (POPMUPOBAHUIO KPUIITOIPAMM
U3 OJHOTO U TOTO YK€ OCTATOYHOI'O KJIACCA, TO BCE KPUITOTPAMMEI U3 OJI-
HOI'O OCTATOYHOI'O KJIACCA SKBUBAJEHTHBLI C TOYKU 3PEHUs CIOXKHOCTHU [e-
mppUPOBAHUA — OHU IPUBOIAT K TEM XK€ CAMBIM AIOCTEPUOPHBEIM BEpO-
ATHOCTAM COOOIIEHUN U, €CJAU YINTHIBATH TIEPECTAHOBKHU, K TE€M K€ CAMBIM
BEPOATHOCTSAM KJIIOYEH.
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B kavecTBe mpuMepa IuCTOro mmdpa MOXKET CIYKUTL MIPOCTAA MOACTa-
HOBKA C PaBHOBEPOATHLIMU KiaodaMu. OCTaTOYHBIN KJIACC, COOTBETCTBYIO-
MY JAHHOUW KpunTorpamme F, fABIAETCA MHOXECTBOM BCEX KPUITOPAMM,
KOTOpBIE MOT'YT OBITH TOIyueHHI u3 F ¢ momomisio omepamuu 157 'E. B
paccmaTpuBaeMom ciaydae onepamms 157 ! cama sBIAETCA IO 4CTAHOBKOM 1
MO3TOMY JH06as TIOACTAHOBKA TIEPEBOJUT KPUITOrpaMmy F B Ipyrou wwiexn
TOr'0 € CAMOI'0 OCTATOYHOI'O KJIACCa; TAKUM 00DPa30M, eCIr KPUIITOIDAM-
Ma TPEACTABIACT COO0U

E = XCPPGCFQ,
TO

E, =RDHHGDSN,
E, = ABCCDBEF 7 T. I

TMPUHALIEKAT K TOMY K€ OCTATOYHOMY KJIaccy. B »TOM ciydae OYeBUI-
HO, 9TO KPWUIITOrPAMMBI [0 CyIIECTBY SKBUBAJIEHTHLI. BCe CyIIeCTBEHHOE
B TPOCTOU TOACTAHOBKE CO CIYYAWHBIM KIIOYUOM 3aKIIOYEHO B XapaKTe-
pe moBTOpeHus OyKB, B TO BPeMA KAK CAMU OyKBBLI ABJIAOTCA HECyIIe-
CTBEHHOU MACKUPOBKOU. B NEeNCTBUTEIHLHOCTU MOKHO OBI TIOTHOCTHIO 000U-
THChL 6€3 HUX, YKA3aB XapakTep MOBTOpeHun OykB B F caemyiomum obpa-
30M:

OT0 0603HAYEHNE OMUCHIBAET OCTATOYHBIM KJIACC, HO YCTPAHAET BCKO WH-
¢ opMaINI0 OTHOCUTENBHO KOHKPETHBIX WIEHOB 3TOr0 KJIACCA; TAKUM 00pa-
30M, OHO MPEACTABIIET KAK Pa3 Ty HHPOPMALNIO, KOTOPAs MMEeT 3Hade-
HU€e Ui MU POBATIBIINKY IPOTUBHUKA. DTO CBI3AHO C OMHUM U3 METOIOB
MOAX0Aa K PACKPBITUIO MUMPOB THUIA, MPOCTOU TOICTAHOBKU METOJIOM Xa-
PaKTEepPHBIX CJIOB.

B mndpe Tuna lezaps umeror 3HaMEHNE TOJBKO IEPBBIE PA3HOCTU KPU-
OTOrPAMMEL IO MOAY.II0 26. /[Be KpUOTOTPAMMEBI C TEMU K€ CAMBIMU Pa3-
HoCcTAME (Ae;) IPUHALTIEKAT K OTHOMY OCTATOYHOMY KJIACCY. DTOT mudp
MOXKHO PACKPHITBH IIyTEeM IPOCTOrO IPOLECCa BHIIUCHLIBAHUS ABAIIATH IIIe-
CTH COOOIIEHUU U3 DTOr0 OCTATOYHOrO KIACCA U BHIOOPA TOrO U3 HUX, KO-
TOPOE UMEET CMBICI.

MIudgp Buxenepa ¢ nepuogom d CO CAYIaUHBIM KIIOYOM MPEICTABIACT
co60U APYTOU IPUMEP UUCTOrO HmdpPa. 3AeCh OCTATOYHBIA KIACC COODIIe-
HUU COCTOUT U3 BCEX MOCJAENOBATEILHOCTEN C TEMU ¥Ke TePBBIMU PA3HOCTS-
MM, 9TO U Yy KPUITOIPAMMBL AJsi OyKB, OTCTOAIMX HA paccrosuue d. [lis
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d = 3 0CTATOYHBLIN KIACC OMPEIEIAETCA C MOMOIIBI PABEHCTB

m; —mygy = €1 — €4
mog —1MMs = €3 — €5
m3 — Mg = €3 — €
myg —Mmy = €4 — €7
rae F =ejes ... — KpUOTOTpaMMa, & m1Mms ... ABIAETCS JIOOLIM COOOIIe-

Hrem )M B COOTBETCTBYIOWEM OCTATOYHOM KIACCE.

B Tpancnosmnuun ¢ nepuogom d CO CIy9alHBIM KIIOIOM OCTATOYHBIN
KJIACC COCTOUT M3 BCEX CIOCOOOB PACCTAHOBOK CHMBOJIOB KPUIITOIDAMMBL,
B KOTODBIX HUKAKOE €; He BEIIBUIAETCS U3 CBOEr0 GIOKA JIUHEL d 1 II00BIe
IBa e; C paccToAHueM d OCTAITCI Ha TAKOM JK€ PACCTOAHUU. DTO KCIOIb-
3yercsa LI pacKperTua mmdpa CIeyomuM 00pa3soM: KPUOTOrDAMMA 3a-
MUCHIBAETCS B BUJE MOCIEJOBATEILHBIX OI0KOB IIMHEL d OQVWH IO IPYTUM,
Kak NmokasaHo Huxke (gt d = 5)

€1 €2 €3 €4 €35

3areM cTOJIOIBI IEPECTABIAIOTCA 10 TEX MOP, MOKA HE TOLYIUTCA OCMBI-
creHHLn TekcT. [locae TOro Kak KpumrorpamMma pasOuTa Ha CTOJOLEL,
OCTABITICUCA CYIIECTBEHHON UHMOPMAILUEN ABIACTCA TOJBKO OCTATOTHBINA
KJIaCC KpUIITOI'PaMMBI.

Teopema 5. Ecau wudp T — wucmuii, mo TinlT =T, ede T;,T; —
aobvie dsa omobpanxcenua uz T. Obpammno, ecau MO BLINOAHAECMCA 04
ao0vix npunadsencowus wudpy T, T, mo wudp T asasemca wucmoim.

IlepBas 9acTh DTOU TEOPEMHI CICAYET, OYEBUIHO, U3 ONPEIEJCHU M-
croro mudpa. UTo6bI 10Ka3aTH BTOPYIO YaCTh, 3aMETUM CHAYAIA, ITO €CIN
TinlT =T, to TiijlTs apaseTcs orobpaxenuem u3 1. Ocraercsa nmoka-
3aTh, ITO BCE KMOUN paBHOBEpOATHHL. Umeem T' = p,Ts u

> psTiT ' To =Y paTs.

Craraemoe B crosmien cireBa cymme ¢ s = j gaer p;T;. ExnacrBenHEIM
craraembiM ¢ T; B mpaBou dactu asasgercs p;1;. Tak kax Bce Koo HUIMEHTH
HEOTPULATEJIbHEI, TO OTCIOLA CIEAYeT, ITO

Dpj < Di-
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To xke camoe paccy:KIeHUe OCTAETCA CIPABEIIUBLIM, €CIN | U j MOMe-
HATHL MecTamu. CreqoBaTeIBHO,

bi = Dj

u T — uucrem mmdp. Takum o6pasoM, ycrioBue TiT]-_lT = T MOXHO OBLTO
OBl UCIOJIB30BATH B KAYECTBE APYIOrO ONPENeIeHUs IUCTOro mmdpa.

8. Ilogo6HBIE cUCTEMBI

[Be cexpernsie cucrembl R u S OyneM HA3BIBATH MOLOOHBIMU, €CAU CY-
mecTByeT oToOpaxkenue A, mMeromee o6parHoe A~!, Takoe, 1TO

R =AS.

OTOo O3HA4YAET, 4TO HmdpOBaHUE C TOMOIIBID R mact To xke, 9To mmdpo-
BaHUE C TOMOIIBIO S C TMOCIAYIOMUM npuMeHeHreM oTobpaxkenusa A. Ecin
UCIONB30BaTh 3anuchk R ~ S mia o603Hadenus Toro, 4ro R mogobuHo S, To,
oueBugHO, 3 R ~ S caenyer S ~ R. Kpome Toro, u3 R~ Su S ~ T caery-
er, uro R ~ T u, naxonenu, R ~ R. Pe3ioMupys BHIIIEN3JI0KEHHOE, MOXKHO
CKa3aThb, 9TO MOJ0OUE CUCTEM SABIAETCA COOTHOLUIEHUEM >KBUBAJICHTHOCTH.

Kpunrorpaduiecknn CMBICT TOI00UA COCTOUT B TOM, UTO ecin R~ S,
T0 R v S — DKBUBAJIEHTHBI ¢ TOYKU 3peHus nemmdpupoBanus. [lencrsu-
TEIBHO, eCIn MU(pPOBATBIINK TPOTABHAKA MEPEXBATHIBACT KPUITOTPAMMY
U3 CUCTEMHI S, OH MOXKET TIePEBECTH €€ B KPUIMTOIPAMMY U3 CUCTEMEI R Tpo-
CTBIM TprMeHeHreM K Hen orobpaxkenus A. O6paTHO, KpUNTOrpaMMa, U3
cucTeMbl R IepeBOAUTCA B KPUITOIPAMMY U3 CHCTeMEL S ¢ momorbio A7 L.
Eciz R u S npuMeHSIOTCA K OMHOMY U TOMY K€ IIPOCTPAHCTBY COOOIIEHUN
WM A3LIKY, TO UMEETCSA B3AUMOOTHO3ZHATHOE COOTBETCTBUE MEXKIY TOIY-
qaommMuca kpunrorpamvaMu. COOTBETCTBYOMNE APYT APYTY KPUITO-
rpaMMBI JAIOT OQMHAKOBOE AMIOCTEPUOPHOE PACIPENENCHNE BEPOATHOCTEN
IJIS BCEX COOOILIEHUN.

Ecar umeercs HekoTOpBIM CIOCOO PACKPBITHA cUCTeMbl R, TO mobas
cucrema S, nogobuas R, MoxkeT ObITH PACKPBITA MOCJE IpUBeAeHUs ee K R
C TIOMOIIBIO omeparm A. ITOT €cmocod IaCTO UCTOIBL3YETCA HA MPAKTUKE.

B kadecTBe TPUBHAILHOrO HpUMEpPa PACCMOTPUM IPOCTYIO MOACTAHOB-
Ky, B KOTOPOU OYKBHI COOOIIEHUS 3aMEHSIOTCA He OYKBAMU, & MPOU3BOIb-
HeIMI cuMBOIaMu. OHa 10 400HA OOLITHON IPOCTON IO ACTAHOBKE C 3aMEHON
Ha OyxBel. Bropeim mpumepom morytT cayxuth mmdp llesaps u obpar-
poi mmdgp esapsa. Iocregaun MHOrLa pacKpBIBAIOT, MEPEBOAA €ro CHa-
vaga B umdp lezapsa. 9To MOXKHO caejgaTb, 06pATUB AN(PABAT B KPUITO-
rpamme. [Mudpper Buxenepa, Bodopa u Bapuant Bodopa Bce mogobHbL, ec-
JM K04 ABAAETCA ciaydansbiM. [udp ¢ «aBTokmroaomy (T.e. cooOmenneM,
UCIIONB3YEMBIM B KAUeCTBE (KIK0Uay) C UCIOIb3YEeMBIMU BHAYAIE KIOUYAMU
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K1 K> ...Kqgnonoben mudgpy Buxkenepa ¢ KI0U0M, IOOYMEPETHO CKIAIBIBA-
€MBIM U BEIMUTAEMBIM 10 MOy o 26. OTobGpaxenue A B 5TOM caydae mpej-
CTaBIAET COOOU «IEMM(PPOBKY» ABTOKIIOUA C MOMOIIBIO TOCAEIOBATEILHO-
ctu u3 d TAKUX OTOOPANKEHUN IS KAXKIOTO U3 HAYAIBHBIX KIIOYEn.

Yacrs 11
TEOPETUYECKAS CEKPETHOCTD

9. Beegenue

PaccMoTpuM BOMIPOCEHI, CBA3AHHBIE C «TEOPETUYECKOU CEKPETHOCTHION
cucteM. HacKOIBKO yCTOUYIUBA HEKOTOPASA CUCTEMA, eCan I(POBAIBIIAK
TIPOTUBHUKA HE OrPAHUYEH BpeMeHeM M 00J1a1aeT BCEMU HEOOXOAMMBIMU
cpeacTBaMu [is aHaau3a kpunrorpamm? Wmeer g kpunrorpamma eguH-
CTBEHHOE pelieHue (Jaxke ecid g HAXOXKIEHUA DTOr0 DEIIEHUSA MOXKET
moTpeboBaTLCA TAKOU 00BeM padoT, 9YTO ero MPaKTUIECKH Heab3s Oymer
BLIIIOJHUTE), 8 €CJAM HET, TO CKOJIBKO OHA MMEET NPUEMJIEMBIX PEIleHUn?
Kakon o6bem TekcTa, 3amudpoOBaHHOTO B JAHHOUW CUCTEME, HYXKHO Tepe-
XBATUTL sl TOT'O, YTOOLI pelleHne CTaJ0 eIuHCTBeHHBIM? CylmiecTByooT
JIU CEKPETHHIE CUCTEMBI, B KOTOPLIX BOOOIIE HEIL3A HAUTU €IUHCTBEHHOT'O
PelIeHNsT HE3aBUCKMO OT TOI'0, KAKOB O0BEM IEePEXBAMEHHOI0 3aIIIpPOBAH-
uoro tekcra? CyIecTBYIOT i CEKPETHBIE CUCTEMEI, B KOTOPBIX IIPOTUBHUAK
HE MONYyYIAeT HUKAKOU MHMOPMAINU, CKOJBKO OBl OH HU TIEPEXBATHLIBAT 3a-
umdpoBaHHOro Tekcra? B aHammse 5TUX BONPOCOB HAMAYT HIXPOKOE IPU-
MEHEHUe MOHATUA DHTPONNU, N3OBITOYHOCTH, & TAKXKe U IPYyrue MOHATU,

BBeJeHHEIE B paboTe «MaTeMaTuueckas Teopua cBa3m ).

10. CoBepilteHHasA CeKpEeTHOCThH

[Ipeanomoxum, 9TO UMEETCSA KOHEYHOE YUCJI0 BO3MOMXKHBIX COOOIIEHUN

My, ..., M, c anpuopusimu BepoaTHocTamu P(My), ..., P(My) u aro >tu
coo0IIeHN TPeoOPa3YIOTCA B BO3MOXKHBIE KpunTorpaMmel Fy, ..., E,,, Tak
9TO

E=T;M.

ITocse Toro kak muUppPOBAIBIIVK NPOTUBHUKA MEPEXBATUI HEKOTOPYIO
kpunrorpamMmy F, OH MOXET BBIUUCINTD, IO KPAWHEH Mepe B MPUHIIUIE,
AIOCTEPUOPHEBIE BEPOATHOCTH Pa3iudHbix coobmenuu Pg(M). Ecrecrsen-
HO OIIPENeNUTDb CO8EPULEHHYIO CEKPEMHOCMY C IOMOIIBIO CAEIYIOUIEro yCIo-
BUA: Ui BCeX F anocTepropHBIE BEPOSTHOCTU PABHBL AMPUOPHBIM BEPOAT-

1)l_Iepemozg sron pa6orsl cM. B KHure K. [Ilennon «PaboTsl mo Teopuu nHbOpMALUYN U
kubepHeruke», M., IJI, 1963, c. 243-332. — ITpum. ped.
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HOCTAM HE3aBUCUMO OT BEIUYUHBI DTUX NOcAefHuX. B aToM caydae mepe-
XBaT COOOIIEHUA HE TAeT MUMPOBAIBIINKY TPOTUBHUKA HUKAKOU MHQOD-
vauun’). Temepb OH He MOXeT KOPPEKTHPOBATH HIKAKME CBOK JCHCTBUA B
3aBUCUMOCTY OT MH(MOPMALUK, COAEPKAIIENCA B KPUITOIPAMME, TaK KaK
BCE BEPOATHOCTHU, OTHOCAIINECT K COAEPKAHUIO KPUMTOTPAMMEI, HE U3Me-
uaoTcA. C Ipyrou CTOPOHBI, €CAU DTO YCIOBUE PABEHCTBA BEPOATHOCTEN
HE BBINOJHEHO, TO UMEIOTCA TaKWe CIydaud, B KOTOPBIX IS OIIPEIeJeHHO-
o KJIIOYa U ONPEeIeJeHHBEIX BLIOOPOB COOOIIEHUN AINOCTEPUOPHBIE BEPOAT-
HOCTM IPOTUBHUKA, OTJAMYAIOTCA OT AIpPUOPHEIX. A 3TO B CBOIO OdYepelb
MOXKET MOBIUATH Ha BEIOOP IPOTUBHUKOM CBOUX JAEUCTBUU U, TAKUM 0Opa-
30M, COBEPIIEHHON CEKPeTHOCTH He moayuurca. CilenoBaTelbHo, IPUBeIeH-
HOE OIpeneaeHne Hem30eXHBEIM 00Pa30M CJIeqyeT U3 HAIIEro HHTYUTUBHOIO
MIPEICTABICHNUA O COBEPIICHHON CEKPETHOCTH.

Heobxonumoe n mocTaTOYHOE YCJIOBUE IJII TOT'O, ITOOBI CHCTEMa, OBLIA
COBEPIIIEHHO CEKPETHOU, MOXKHO 3alUCaTh B caeayoineM sume. [lo Teopeme
Baneca

rue

P(M) — anpuopnas BepoATHOCTb coobtenus M

Py (E) — ycaoBHas BEPOATHOCTH KpunTorpaMmel E mpu yciaoBuu, 9T0
BLIOpaHo coobmmenne M, T.e. cyMMa BEpOATHOCTEH BCEX TeX KJIHYeH, KO-
TOphIe mepeBoaAT coobienue M B kpuntorpammy FE;

P(E) — BepOATHOCTB IOLyYeHUs KPUITOrpaMMbL F;

Pg (M) — anocrtepuopHas BEpOATHOCTH cooOmenusa M mpu ycaosuu,
9TO MepexBadeHa Kpunrorpamma F.

[1s1 COBEPIIEHHON CEKPETHOCTU cucTeMbl Benuunubl Pp(M) u P(M)
NOKHBL OLITH paBHBL mia Beex F u M. CrenoBaTeabHO, TOMKHO OBITH BEI-
HOJIHEHO OZHO u3 papeHcTs: wiu P(M) = 0 [pT0o pemenue NOIXKHO OBITH
oTOpolleHo, TaKk KakK TpebyeTcsa, YTOOBI PABEHCTBO OCYIIECTBJIAIOCH IIPU
mobwIX 3HadeHuax P(M)], wm xe

Py (E) = P(E)
st aobpix M u E.
Hao6opor, eciu Py (E) = P(E), To

1)HypI/ICT MOr Obl BO3Pa3uTh, YTO IIPOTUBHUK IONYyHMJI HEKOTOPYIO MH(MOPMAIUIO, a
MMEHHO OH 3HAeT, UYTO IOCIAHO Kakoe-TO coobiierue. Ha 3TO MOXHO OTBETUTH ClIeny-
omum 06pa3om. IlycTh cpean COOOMIEHNN MMEETCA «IUCTHIU OIaHK», COOTBETCTBYIONIMMA
«OTCYTCTBUIO COOOmenus». Ecau He cO31aeTCs HUKAKOTO COOOMIEHUsA, TO YUCTHIA GIAHK
Ba.I_LII/I(prBI:»IBaeTC}I U IIOCBhLIAETCA B Ka4eCcTBe KpI/IHTOFpa.MMI:J. Tory:(a yCTpaHﬂeTCH Taxe
3Ta KPYHNUHKA WHGODPMAIIIY.
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U CHCTEMa COBEPIIEHHO CeKpeTHa. TakuMm o6pa3oM, MOXKHO CHOPMYIUPO-
BATh CJAEIYIOIIee:

Teopema 6. Heobzodumoe u docmamounoe ycaosue 0aa cosepuennoti ce-
KPEmHOCMU COCMOUIM 8 MoM, %Mo

Py (E) = P(E)

Oasn 6cex M uw E, m.e. Py(E) ne doasxcrno zasucemv om M.

[dpyruMu caoBaMu, MOMHAA BEPOATHOCTb BCEX KIIOUEH, MEePEBOIANIMX
coobuienre M; B maHHyo Kpuntorpammy F, paBHa HOIHOU BEPOATHOCTH
BCeX KJIIOYel, IePeBOJAIMX cooOiIeHne M; B Ty ke CaMyl KPUITOIDAMMY
E nna secex M;, M; u E.

[lajee, DOMKHO CyIIECTBOBATL II0 KPAWHEN Mepe CTOJLKO XK€ KPUIITO-
rpamm E| ckoabko u coobmenun M, Tak Kax i (PUKCUPOBAHHOIO i OTO-
Opaxenue T; n1aeT B3aMMHOOTHO3HAYMHOE COOTBETCTBUE Mex Iy BceMu M u
HEeKOTOpPLIMU u3 F. /[ COBEPIIEHHO CEKPETHBIX CUCTEM I KaXKIOTr'0 U3
stux E u mo6oro M Py (E) = P(E) # 0. CiegoBaTenbHO, HALLETCS 10
KpauHen Mepe OIWH K4, oToOpaxawomuu gansoe M B moboe u3 E. Ho
BCe KJTI0UM, oToOpaxkatomue ¢pukcupoBanuoe M B pasauuuble F, TOTXKHBL
OBITH PA3IUIHBIMU, U NOIMOMY UUCAO PABAUUHBIT KAOUET He MeHbULe Ui
caa coobuenuti M. Kak mokaselBaeT Caeqy o IPpUMeEpP, MOXKHO IOy YUTh
COBEPINEHHYK CEKPETHOCTD, KOT/a YUCJAO COOOLIEHUN TOYHO PABHO UUCTY
xiaogen. Ilycrs M; 3anyMepoBaHEBL 4nciaMu OT 1 10 n, Tak ke Kak u F;, u
MyCTb UCIOAL3YIOTCA N Kiaoden. Torga

T;M; = E,,
rae s =i+ 7 (mod n). B aTom caydae 0Ka3eIBa€TCA CIPABEIIUBLIM DABEH-
crBo Pp(M) = L = P(E) u cucTema ABIACTCA COBEPUICHHO CEKDPETHOM.

Onun mpuMep TAKOU CHCTEMBI TOKA3aH HA PUC. H, DA
s=j+i—1 (mod5).

COBEepIIeHHO CeKPETHRIE CUCTEMBI, B KOTOPHIX YUCI0 KPUITOTPAMM PaB-
HO YMCIY COOOIIEHNN, a TAKXKe YUCIy KII0Yel, XapaKTepPU3yITCs CAeryio-
UMy ABYMs cBorcTBaMu: 1) kaxaoe M cBsa3bBaeTcs ¢ KaxAbM E TOIbKO
OIHOU JUHVER; 2) BCE KIIOYU PABHOBEPOATHHL. TakuM 06pa3oM, MaTPUIHOE
[IPENCTABICHNE TAKON CUCTEMEIL ABIACTCS IATUHCKAM KBAIPATOMY.

B «(MaremaTnieckon TEOpUM CBA3M» IOKA3aHO, YTO KOJIMIECTBEHHO MH-
dopManuio yIoO0HO U3MEpATH € MOMOUIBIO SHTponuu. Eciu umeeTcs HEKO-
TOpas COBOKYMHOCTH BO3MOXKHOCTEUN C BEPOATHOCTAMU Pi, ..., Pn, TO DH-
TPOMUA TAETCA BHIPAKEHUIEM

H=-) pilogp.
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Puc. 5. Cosepiiennas cucrema.

CekperHas cucTeMa BKIOYALT B cebs [BA CTATUCTUIECKUAX BHIOOPA: BHIOOD
coolrnenns u BeIOOD Kitoda. MOKHO M3MepATH KOJUIECTBO MH(OPMAIUH,
CO3IAaBAEMON Ipu BLIOOPE coobIenus, epes H (M)

H(M) == 3" P(M)log P(M),

PIe CYMMUPOBAHUE BBHIMOMHACTCA TIO0 BCEM BO3MOXKHBIM COOOIIEHUAM. AHa-
JIOTUYHO, HEOIIPEIeJeHHOCTD, CBA3aHHAA C BEIOOPOM KJIIOYa, NAETCA BEIPA-
KeHueM

H(K)= - P(K)log P(K).

B COBepINeHHO CEKPETHBIX CUCTEMAX OMUCAHHOTO BHIMIE TUMA KOJUYE-
cTBO uH(pOpMaLuK B COOOIEHNN PABHO camoe Goubiiee logn (3Ta Bernduna
DOCTUT'AETCA A PABHOBEPOATHHIX COOOIIEHUN). DTa HHPOPMALUA MOKET
OBITH CKPBITA MOJHOCTBIO JUIIb TOT 1A, KOIa HEOIPENeIEeHHOCTh KIYa He
MeHbINE 10gn. DTO ABIAETCA TEPBBIM MTPUMEPOM OOIIErO MPUHIAA, KOTO-
pBII OyAeT 9acTO BCTPEYATHCS HUKE: CYIIECTBYET IIPENei, KOTOPOTro He-
JIb35 MPEB30UTH [PU 33 AHHOU HEOIPENENEHHOCTH KIYa — KOIUIECTBO
HEOTPEIEJEHHOCTH, KOTOPOE MOXET OBITL BBEIEHO B PEIIECHUE, HE MOXKET
OBITH OOJIBIIIE YeM HEOMPEeIeJeHHOCTDh KIYa.

[MonoxkeHre HECKOMBKO YCAOXKHAECTCA, €CAN IUCJIO0 COOOMEHNN 6eCKOHEe -
uo. [Ipeamonoxum, HATPUMEDP, ITO COOBIICHUA TTOPOK TAIOTCA COOTBETCTBY-
IOMVM MAPKOBCKUM TPOIIECCOM B BUAE OECKOHETHOU MOCJIENOBATEILHOCTH
O6yKB. SICHO, YTO HUKAKOU KOHEYHBIN KJIIOY HE JACT COBEPIIEHHOU CEKPETHO-
cru. [IpeamnosoxumM TOrga, ITO UCTOUYHUK KIHUA, MOPOK AT KIIOY aHATIO-
PUYHBIM 06pPa30M, T.e. KAK OECKOHEYHYIO IOCAEI0BATEIHLHOCTD CUMBOJOB.
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[Ipeanonoxum pamee, ITO NAa MUGPOBAHUA U TEMTUMPUPOBAHUI COOOIIIe-
HUA AMuHBL L)y TpebyeTcsa TOALKO onpeneneHHas amwHa kroda Ly . IllycTs
Jgorapudm umucia OykB B andaBuTe cOOOIEeHun OyaerT Ry, a Takoun ke Jo-
rapudm i kiaoda — Ry . Torga us paccy X geHun f/si KOHETHOTO CJIydas,
OYEBUIHO, CJIEIYET, YTO I/ COBEPIIEHHOU CEKPETHOCTH TPebyeTcs, 9TOObI
BBIMOJTHATIOCH HEPABEHCTBO

RyLy < RxLgk.

Taxou BUI COBEPIIEHHON CEKPETHOCTHU PEATU30OBaH B cucTeMe BepHama.

OTU BEIBOIBI IETAIOTCA B TIPEANOI0KEHNAN, ITO ATPUOPHBIE BEPOATHOCTH
COOOIIEHNY HEU3BECTHHI WM IPOU3BOJILHLL. B 5TOM caydae ka4, Tpely-
€MBII IS TOrO, YTOOBI UMEJIa MECTO COBEPIIEHHAS CEKPETHOCTDb, 3ABUCUT
OT MOJHOT'O YUCJIA BO3MOMXKHBIX COOOIIEHUN.

MoxHO OBLTO OBI 0XUIATH, ITO €CAU B MPOCTPAHCTBE COOOUICHUN MMe-
I0TCA (PUKCUPOBAHHBIC U3BECTHBIE CTATUCTUYECKUE CBA3U, TAK UTO WMe-
€TCA OIpeleleHHas CKOPOCTh CO3JAaHUA COOOmEeHn R B CMBICIE, IPUHSI-
ToM B «MaTeMaTnIeCKOn TEOpuu CBA3M», TO HEOOXOAUMEIN OOBEM KJIHYTA,
MOXKHO OBLIO Obl CHU3UTH B cpeiHeM B R/Rj; pa3, u 5TO A€NCTBUTEILHO
BepHO. B camoMm mene, coobiieHre MOXKHO MPOIYCTUTE Yepe3 nIpeobpa3oBa-
Telb, KOTOPHIN YCTPAHAET U3OBITOYHOCTH M YMEHBIIAET CPEIHION IIUHY
COOOIIEHNS KaK Pa3 BO CTOJBKO pPa3. 3aTeM K Pe3yJbTaTy MOXKHO TpUMe-
uuth mudp Bepuama. OueBuguo, 4T0 06BEM KII0YA, UCHOIB3YEMOr0 HA Oy-
KBY COOOLIEHWsI, CTATUCTUIECKN YMEHBIIAETCs HA MHOXUTENb R/ Ry, u B
DTOM CJAyYae UCTOYHUK KII0Ya U UCTOYHUK COOOIIEHUN B TOYHOCTHU COMVIA-
COBaH — OIWH OUT KJIHYa MOJHOCTHIO CKPLIBAET ONUH OUT WH(DOPMAIAY
coobmennsa. C mOMOIIBI0 METOLOB, UCIOAb30BAHHLIX B «MaTemaTniecKon
TEOPUU CBA3WY, JErKO TaKXKe [MOKA3aTh, ITO DTO JAydIlIee, 9ero MOXKHO I0-
CTUTCHY Th.

CoBepIIEHHO CEKPETHBIE CUCTEMEBI MOT'YT MPUMEHATHCA U HA MPAKTUKE,
X MOXKHO HCIOJb30BATH WIA B TOM CJIy4ae, KOJa MOJHOU CEKPETHOCTHU
TMPUIAETCA IPE3BLIYANHO OOIBINOE 3HAYMEHUE, HATIPUMED, 11 KOIUPOBAHUA
NOKYMEHTOB BBICIIINX BOGHHBIX WHCTAHIVN YIPABICHUA WIA XKe B CIy9aAx,
I'Jle 9MCJI0 BO3MOXKHEIX COOOmenun MaJo. Tak, 6epsa KpalHUN IpUMep, KOraa
UMEIOTCS B BUAY TOJBKO OBA COOOIIEHUsA — «Ja» WIN (HET», — MOXKHO,
KOHEYHO, UCIOAb30BATH COBEPIIEHHO CEKPETHYIO CHUCTEMY CO CJAEeIyIoLen
TabIMIEeN 0OTOOPAKEHIN:

M K | A B
Ia 0 1
HET 1 0
HemocTaTkoM COBEPIIIEHHO CEKPETHBIX CUCTEM [ CIydas KOPPECIOH-
IeHIuu O0JBIIOro 06beMa ABIIETCA, KOHEYHO, TO, IYTO TpeOyeTCs IOCHLIATD
SKBUBAJEHTHHIN 00beM Kiao4a. B caenyommx pa3genax 6yger paccMOTpPEH
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BOIIPpOC O TOM, 9€rO0 MOXHO NOCTUTIHYTH IIPU IMOMOIIN MEHBIITUX 00BEMOB
KJII0Ya, B 9aCTHOCTH, C ITOMOIIBIO KOHEYTHOI'O KJII0Ya.

11. HenagexxHoCTb

[IpeamosoxuM Temepb, UTO [LIA AHTIXUCKOTO TEKCTa, UCIOIL3YeTCa
umdp IPOCTON MOACTAHOBKY U ITO MEPEXBAYEHO OMPEIEIEHHOE TUCIO, CKA-
xeM N, 6ykB 3amudpoBaHHOTO TekcTa. Eciu N 10CTaTOYHO BEINKO, CKa-
xeM 6osnee 50, TO MOYTH BCerja CYMIECTBYET €IUHCTBEHHOE DEIIeHUE IIIN-
dpa, T.e. eAMHCTBEHHAS MOCIEIOBATEIBHOCTD, UMEIOIIAS CMBICJ HA AHTJINH-
CKOM A3LIKE, B KOTOPYIO TEPEBOIUTCA TEPEXBAMCHHBIA MaTepUaa C MOMO-
IO IPOCTOU MO ACTAHOBKU. [[71s1 MeHbInx N MIAHCH HA HEEIUHCTBEHHOCTD
petenust yBeauwausaroTcs; qis N = 15, Boobwe roeBopsi, OygeT CyumecTBo-
BATh HEKOTOPOE YUCJIO TIOAXOIAININX OTPHIBKOB OCMBICIEHHOT0 aHTVIMUCKOTO
TEKCTa, B TO BpeMs Kak i N = 8 OKaxkeTcs MOAXONAIEN 3HAYUTEIbHASA
gacTh (mopagka 1/8) Bcex BO3MOMKHEIX 3HAYAIINX AHIVIMACKUX HOCIELOBa-
TEILHOCTEN TaKOU MJWHBI, TaK KAaK U3 BOCBMU OYKB PEIKO MOBTOPUTCA
6ounbire 1em ogHa. Ilpy N = 1, o4eBUIHO, BO3MOXKHA J00as OyKBa U amo-
CTEPUOPHAA BEPOATHOCTL JIOO0U OyKBBEL OyIeT paBHa €e alpUOPHOU BEpO-
araoctu. [l ogHoun GYKBBI CUCTEMA, ABJIACTCA COBEPIIEHHO CEKPETHOU.

OTO MPOUCXOIUT, BOOOIIE TOBOPS, CO BCEMU PABPEIIMMBIMY IA(DPAMUA.
[Ipex e uem mepexBatdeHa KPUITOTPAMMA, MOXKHO MIPEICTABUTEL cebe ampu-
OpPHBIE BEPOSATHOCTH, CBA3AHHBIE C PA3JUIHBIMU BO3MOXKHBEIME COOOIIEHMSI-
MU, a TakK¥Xke C pa3IuIHbIMKU KiaodaMmu. llocrme TOro xax MaTepuan mepe-
XBaI€eH, MI(POBAILIINK IPOTUBHUKA BEUUCAAET UX AIOCTEPUOPHLIE BEPO-
araoctu. [pu yBennydenun quciaa N BEpOATHOCTUH HEKOTOPBIX COOOIIECHUN
BO3PACTAIOT, HO [ GOJBITMHCTBA, COOOIIEHNN OHU yOLIBAIOT IO TEX TOP,
TIOKa HE OCTAHETCA TOJBKO OMHO COOOIIEHYE, UMEIOIIee BEPOATHOCTD, O3~
KyIO K €IUHUIE, B TO BPeMs KaK IOJHAs BEPOATHOCTL BCEX NPYrUX Oim3xa
K HYJIO.

[l1s1 caMBIX IPOCTBIX CUCTEM DTU BBIYUCICHUS MOXKHO d(PPEKTUBHO BBI-
noauuTh. Tabauia [ gaeT amocTepuopHbie BeposaTHocTH mias mmdppa Ilesa-
P, IPUMEHEHHOT'O K AHDJIUUCKOMY TEKCTY, MPUYeM KJI0Y BBIOUPAICS CIy-
JarHo 13 26 BO3MOXKHEIX Katoded. [ Toro 4ro6sl MOXKHO OBLIO HCIOAL30-
BaTb OOBIYHBIE TAOIUIBI YaCTOT OYKB, IUT'DAMM M TPUT'PAMM, TEKCT OBLT
HAYaT B CAy4alHOM MecTe (Ha CTPAHUIY OTKDPBLITOU HAyral KHUM ObLI
cayganHo omyiieH kapaugami). Coobienue, BLIOPAHHOE TaKUM CIIOCOGOM,
HAUUHAETCA C «creases to» (KapaHIall OmyIieH Ha TPETbI0 OYKBY CJIOBa in-
creases). Ecau usBecTHO, 9TO COOOLIEHNE HAYUHAETCA HE C CEPEAUHEL, a C
HAYaIa HEKOTOPOrO MPENIOXKEHUA, TO HYXKHO MOJb30BATHLCA UHOU TAOIU-
IIeW, COOTBETCTBYIOIIEN YaCTOTaM OYKB, AUTPAMM U TPUTPAMM, CTOAIIAX B
HadaJe [IPeNI0KeHIs.
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Ta6auna 1. Anocmepuopuvie BEDOATHOCTH JJIA KPUIMITOTDAMMBI THIIA
Heszapsa
Pacumdporku N=1|N=2| N=3|N=4| N=5
CREAS 0,028 | 0,0377 | 0,1111 | 0,3673 1
DSFBT 0,038 | 0,0314
ETGCU 0,131 | 0,0881
FUNDV 0,029 | 0,0189
GVIEW 0,020
HWJFX 0,053 | 0,0063
IXKGY 0,063 | 0,0126
JYLHZ 0,001
KZMIA 0,004
LANJB 0,034 | 0,1321 | 0,2500
MBOKC 0,025 0,0222
NCPLD 0,071 | 0,1195
ODQME 0,080 | 0,0377
PERNF 0,020 | 0,0818 | 0,4389 | 0,6327
QFSOG 0,001
RGTPH 0,068 | 0,0126
SHUQI 0,061 | 0,0881 | 0,0056
TIVRJ 0,105 | 0,2830 | 0,1667
UJWSK 0,025
VKXTL 0,009
WLYUM 0,015 0,0056
XMZVN 0,002
YNAWO 0,020
ZOBXP 0,001
APCYQ 0,082 | 0,0503
BQDZR 0,014
H(gecaruunwix equnnn) | 1,2425 | 0,9686 | 0,6034 | 0,285 0
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MIudp Lesapsa co crydanHBIM KIIOYOM ABIACTCA YUCTHIM, U BEIOOD TaCT-
HOT'O KJII0Ya HEe BINAET HA AlOCTEPUOPHBLIE BEPOATHOCTU. ITOOBI ompeme-
JUTH 3TU BEPOATHOCTH, HAQO IPOCTO BBHIIUCATH BO3MOXKHBIE paciirdpoB-
KU C TOMOIIBIO BCEX KJIKYEM U BLIYUCIUTHL UX ANPUOPHBLIE BEPOATHOCTH.
ArnocTrepuopHBIe BEPOATHOCTH MOMYIATCA U3 DTUX MOCJACTHUX B PE3YIbTA-
Te [JeJeHUs UX Ha UX CYMMY. DT BO3MOXKHBIE PACIIA(POBKY, 00pa3yomue
OCTATOYHBLIN KJIACC DTOTO COOOIICHUSA, HAWAEHBI C TTOMOIIBIO CTAHIAPTHO-
I'0 MPOIECCA IOCIEeJOBATEIBLHOIO «IIpoberanus audasuTay, B Tabaume I onn
OaHbl caeBa. [ 0HOU mepexBaveHHON GYKBBI ATIOCTEPUOPHLIE BEPOATHO-
CTY PABHEI AIIPUOPHEIM BEPOATHOCTAM 1A BCex Oykn') (OHEM mpuBegeHb B
rabauue nox pyopukon N = 1).

1 IByX mepexBadeHHBIX OYKB 3TU BEPOATHOCTU PABHBEI AMPUOPHBIM
BEPOATHOCTAM AUrPAMM, IPOHOPMUPOBAHHLIM HA UX CyMMy (OHU IpUBene-
Hel B croibue N = 2). TpurpaMMHbe 9acTOTHL MOLYy9EHBl AHAJIOIUTIHO U
npuBeneHbl B ctoabdbme N = 3. [I1a deThipex- ¥ ONATUOYKBEHHBIX TTOCTIENO-
BATEIBHOCTEN BEPOATHOCTU HAXOAUINCH U3 TPUCPAMMHBIX YACTOT C TIOMO-
b0 YMHOXKEHUsA, TaK KaK ¢ HEKOTOPBIM MPUOINKEHUEM

p(ijkl) = p(ijk)pjk (D).
3amMeruM, 4TO MIA Tpex OYKB UMCJIO0 BO3MOXKHBIX COOOLIEHUN CHUXKAETCSI
IO 9eThIPEX COOOIIEHUN TOCTATOYHO BHICOKOU BEPOSTHOCTH, IPUUEM BEPO-
ATHOCTYU BCEX APYTUX COOOIIEHUN MAJHI IO CPABHEHUIO C BEPOATHOCTAMU
STUX YeThipex coobineHuu. [ derTrsipex OYKB MMEIOTCA ABA BO3MOMXKHBIX
COOOIIEHNS U I HATU — TOJBKO OTHO, a UMEHHO TIPABWIbHAA IEIIn(POB-
Ka.

B mpunmune 3T0 MOXeT OLITH MPOBEIEHO I JHOOOU CUCTEMBI, OIHA-
KO B TOM CJIy4ae, KOT'Jaa 00beM KI4Ua He OUYeHb MaJ, YUCAO BO3MOXKHBIX
COOOIIEHNN HACTOIBKO BEIUKO, YTO BBIYUCICHUS CTAHOBATCA IPAKTUIECKN
HEBBIMOJTHUMBIMU.

[Tonyyaemoe TakuMm 0OPa3zOM MHOXKECTBO AMOCTEPUOPHBIX BEPOSTHO-
CTeN OMUCHIBAET, KAK TOCTEMEHHO, TI0 Mepe MOIYYeHUs 3arudpOBAHHOTO
MaTepuaa, CTAHOBATCA OOJIee TOYHBIMU CBEIEHUs MU(pPOBAIBIINKA IPO-
TUBHUKA OTHOCUTEJIBHO COOOMIEHNUSI U KIIOYA.

DTO OMUCAHUE, O THAKO, ABIAETCA CAUIIKOM UCIEPIBIBAIOIIAM U CAUMIKOM
CJIOXKHBIM I HAIIUX [ETer. XOTeJOCh ObI UMETh YIPOIIEHHOE OMUCAHUE
TaKOT'0 IPUOIMKEHNA K eIMHCTBEHHOCTY BO3MOYXKHOT'O PElICHNUS.

AnanmoruvyHas cUTyaluA BO3ZHUKAET B TEOPUU CBA3U, KOTIa TEpenaBae-
MBIM CUTHAJ UCKAXKAETCA MIyMOM. 3[IeCh HEOOXOIMMO BBECTH MOAXO0 IANLYIO
MEpPY HEONPEIEJEHHOCTH TOI'0, 9TO NEUCTBUTEILHO OLLIO MEPEIaHO, MPU

1)BepoATHOCTH B IPUBOAMMON TAGIMIE GBLIM B3ATH M3 TAGIMI Y9ACTOT, JAHHLIX B
xuaure Pratt F., Secret and Urgent, Blue Ribbon Books, New York, 1939. Xors srtu
TAGIANBl ¥ He ABIAIOTCA MOJHBIMHA, HO VIS HACTOSIIMX LIEJed UX NOCTATOYUHO.
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YCIOBUM, 9TO MU3BECTEH TOJBKO MCKAKEHHBIN IIYMOM BAPUAHT — MOPUHA-
THIN CUTHAT.

B «(MareMaTu4ecKod TEOpUU CBA3W» [MOKA3AHO, YTO €CTECTBEHHOU Ma-
TEeMaTUIECKON MEPOU DTOU HEOIPEIeJeHHOCTU ABJIAECTCS YCJIOBHAS DSHTPO-
U IEePeaBaeMOro CUIHAIA IPU YCJAOBAY, 9TO MPUHATHIA CUTHAI M3BECTEH.
OTa yCIOBHAA DHTPONUA A yAOOCTBA Oy I€T HA3BLIBATHCA HEHA,IEXKHOCTBIO.

C xpunTorpad@uIecKou TOYKU 3PEHUS CEKPETHAsA CUCTEMA MOYTH TO-
XK IECTBEHHA CUCTEME CBS3U NpU Haau4duu myma. Ha coobmenue (nepegasa-
€MBIIl CUTHAT) JEMCTBYET HEKOTOPBIM CTATUCTUIECKUAU DIEMEHT (CeKperT-
Has CUCTEMa C ee CTATUCTUYIeCKM BBIODAHHBIM KJIIOYOM). B pesyabrare
MOMYYaeTCA KPUNTOrpaMMa, (aHAJIOD UCKAXKEHHOI'O CUTHAJA), IO IJIeKAIIAs
nemnmdpupoBarno. OCHOBHOE pasjawyue 3aKII0YACTCI B CAEIYIOMEM: BO-
[EPBBLIX, B TOM, 9TO IPe0OPa30BAHUE MPU MOMOIIN MUpPA UMEET OOBITHO
607ee CIOXKHYIO MPUPOAY, 9eM BO3HUKAIOIIEE 33 CYeT LIyMa B KaHAJE; U,
BO-BTOPHIX, KJIIOY B CEKPETHOU CUCTEME OOBIYHO BHIOUPALTCA U3 KOHEIHOT'O
MHOXKECTBA, B TO BPeMs KakK IIyM B KaHAJe Yallle ABIAETCA HENPEPHIBHLIM,
BLIODAHHEIM IIO CYIIECTBY U3 O€CKOHEYHOI'O MHOMXKECTBA.

YauThIBasg 5TH COOOPAXKEHUs, €CTECTBEHHO WCIOJb30BATL HEHAIeXK-
HOCTb B Ka9€CTBE TEOPETUIECKON MephI cekperHocTu. Caegyer OTMETHUTD,
YTO UMEIOTCS IBE OCHOBHBIE HEHAEKHOCTU: HEHA,IEKHOCTD KIOYa, U HEHA-
gexHocTh coobmenus. Oun 6yayT obosnadaThcs depes Hy(K) u Hi(M)
COOTBETCTBEHHO. VX BEIUYIMHLI ONIPEAENAIOTCSA COOTHOIIEHUAMY

Hp(K)=-Y_ P(BE,K)log Pg(K),
E,K

Hy(M)=— ) P(E,M)log Pg(M),
E,M
rae E, M u K — xpunTorpamma, COOOIIEHNE U KII0Y;

P(E,K) — BepoaTHoCcTb Kao4ua K u kpunrorpaMmbr F;

Pg(K) — amocrepuopHas BepOATHOCTH Kaova K, ecau mepexsBadena
kpunrorpamma F;

P(E,M) n Pg(M) — aHanorudssle BEPOSTHOCTH, HO HE I KIKOYA, &
IJIST COOOIIEHNS.

CymmupoBanve B Hp(K) mpoBoguTcs mo BceM BO3MOXKHBIM KDPUIITO-
rpaMMaM OHPEIENeHHON MIuHBL (CKaxeM, IN) U 10 BCEM BO3MOXKHEBIM KJIIO-
gam. [an Hg(M) cymmupoBanume OPOBOAWTCS MO BCEM COOOLIEHUSAM U
kpunrorpaMvam riuasl N. Taxkum ob6pasom, Hg(K) u Hg(M) asraor-
ca pyskmmamMu or N — 9uCIa MEPEXBAYEHHEIX OyKB. JTO OyJeT WHOTIA
ykaseiBaTbCsa B o6o3navenun tak: Hy(K,N), Hg(M,N). 3amerum, 9T0
STHM HEHAJIEKHOCTHU ABIAIOTCA (IOJHBIMU», T.€. HE meaaTcsa Ha N ¢ Tew,
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YTOOBI TOMYYIATH CKOPOCTH HEHAMEXKHOCTU, KOTOPasA PACCMATPUBAIACH B
pabore «Maremarudeckas TeOPUs CBA3MY.

Te xe camble pacCyXIeHUA, KOTOpLIE OLLIM UCIONbL30OBAHBEI B «Mare-
MATUIECKON TEOPHH CBA3M M OOOCHOBAHWUA BBEICHUSA HEHATEKHOCTHU B
Ka4veCTBE MepPHI HEONPEIEJEHHOCTH B TEOPUU CBA3U, MPUMEHUMEL U 31Ch.
Tax, u3 TOro, 9YTO HEHAAEXKHOCTH PABHA HYJIO, CIEAYET, ITO OJHO COOOIIe-
Hue (WK K/I09) IMeeT eIUHUIHYIO BEPOATHOCTD, a BCE APYTMe — HYJEBYIO.
ODTOT CIAyYald COOTBETCTBYET MOJHOU OCBEIOMJIEHHOCTH MIM(DPOBATBIINKA.
[Mocrenennoe yObIBaHME HEHALEKHOCTU € POCTOM N COOTBETCTBYET YBEJIM-
YEHUIO CBEeJeHUN 06 UCXOTHOM Kiioue win coobmennu. KpuBbie HeHamgex-
HOCTU COOOIIEHUA U KII0Ua, HAHECEeHHbIE Ha rpaduk Kak GpyHKIuum oT IV,
MbI Oy 1eM Ha3BIBATH XapPAKTEPUCTUKAMUI HEHAAEKHOCTH PACCMATPUBAEMON
CEeKPEeTHOU CUCTEMEI.

Bemnaunan Hg (K, N)u Hg(M, N) nas xpunrorpammer ummdpa lesaps,
PACCMOTPEHHOU BBIIIE, COCIUTAHBL U IPUBEJEHBI B HUXKHEU cTpoke Tadu. L.
Yucna Hp(K,N) u Hy(M,N) B 5TOM CIy4ae PaBHLL U JAHBEL B JECATUY-
HBIX euHANaX (T.e. IPU BBIYUCICHUAX B KAYeCTBE OCHOBAHUA Jorapudma
6pamnock 10). CaenyeT OTMETUTD, YTO HEHANEKHOCTD 30€Ch COCIUTAHA, 1A
YACTHOU KPUITOIPAMMBI, TaK KAK CYMMUPOBAHUE BENETCS TOABKO 10 M
(um K), vo we no E. B obmem ciydae cyMMUPOBaHUE JOKHO OLLIO OB
MPOBOAUTHLCA TIO BCEM MEPEXBAYEHHLIM KPUMTOCpaMMaM IauHbI N, B pe-
3yJbTATE Y€ro MOSYUMIACh ObI CPEIHSA HEOMPEAEJIeHHOCTh. BhrancanTens-
Hble TPYIHOCTHU HE TO3BOJAKT CIEIATH DTO MPAKTUIECKHU.
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