1243

VIIK 511+519.719.2

KPUIITOI'PAOUNYECKAA CUCTEMA
ITAPAJIJIEJIBHOI'O MHOI'OKAHAJIBHOI'O
NINPOPOBAHUSA B ITIOJIMHOMUAJIbBHBIX

KJIACCAX BBIYETOB JIJIAd KAHAJIOB C IITYMOM

N UMUTUPYOIIUM 3JIOYMBIINIJIEHHNKOM

J1.B. Camoitienko
Kpacrodapcroe evicuiee soennoe yuuavute um. zenepanra-apmus C.M. [Imemenko
Poccusa, 350035, Kpacunonap, Kpacuna yi., 4

E-mail: sam-0019@Qyandex.ru

O.A. ®unbko
Kybancruti 2ocydapecmeennoili mexnoso2uMeckull YHUSEPCUMe.
Hnemumym un@opmayuonnos mexrnosozut u 6e30nacHocmu.
Poccnsg, 350072, Kpacnomap, MockoBckast yir., 2

E-mail: ofinko@yandex.ru

KuroueBbie cjoBa: J[ocTOBEPHOCTH, MOMEXOYCTOWYHBOE KomaumpoBanme, Kuraiickas Teopema 00
ocTaTKaxX, KPHUITOAHAJMTHK, KpUNTOrpadus, KPUITOCHCTEMA, MOIYISApHAS apudMeTuKa, MO
laya, momexoycToiauBOCTD

Key word: Reliability, error correcting coding, Chinese remainder theorem, cryptanalyst, cryp-
tography, cryptographic system, modular arithmetic, Galois fields, performance in terms of error
probability

PaccmarpuBaercs MTOMEXOYCTONIMBAS MO/IyJISIpHAST KpunrTorpaduyeckast cucrema,
GYHKIMOHUPYOMAS B TOJAHOMUAIBHBIX KJIACCAX BBIYETOB. lIpemjioXKeH ajJrOpUTM pPaCIIMPEHUst
CUCTEMBbI OCHOBaHWiT Kpunrorpadudeckoii cucrembl. IIpeacraBiena OIEHKA MOMEXOYCTONYINBOCTH
MIPEII0KEHHON KPUIITOrpadpUIecKOil CHCTEMBI IT0 OTHOIIEHUIO K TPAJUITHOHHOIM.
CRYPTOGRAPHIC SYSTEM IS A PARALLEL MULTI ENCRYPTION POLYNO-
MIAL RESIDUE CLASSES FOR CHANNELS WITH NOISE AND SIMULATE
AN ATTACKER/ D.V. Samoylenko (Krasnodar higher military school (MI), Russia, 350035,
Krasnodar, Krasina street, 4, E-mail: sam-0019@yandex.ru)./ O.A. Finko (Kuban state technolog-
ical university. Institute of information technologies and safety. Russia, 350072, Moscow street, 2,
E-mail: ofinko@yandex.ru). The noiseproof is considered a cryptographic system that operates in
polynomial residue classes. The algorithm of expansion of system of the bases of cryptographic sys-
tem is offered. The estimation of a noise stability of the offered cryptographic system in relation to
traditional is presented.

1. Bsenenune

Nudopmarusg, mnoasep:keHHas Kpunrorpadudeckoii o0pabdOTKe, JOCTATOYHO YYBCTBU-
TeILHA K BAUSHUIO TECTPYKTUBHBIX BO3ACHCTBUIT TP nepegade 1m0 KaHAJIAM CBA3M B HEKOTOPHIX
caydagx. llsmenenme ogHoro 6mra 3ammdpoOBaHHLIX JAHHBIX MOXKET IIPUBECTH K IIOJHOMN
noTepe JAHHBIX, YTO B CBOIO OYepeab INPUBEIET K YBEJHYCHHIO KOJMYECTBA IIOBTOPHBIX
nepejad ¥ 1oTepe MPONYCKHON CIIOCOOHOCTH 3allUIIEeHHOIO KaHaja CBs3u. llosromy, s
JIOCTOBEPHOMN Iepejadn KPHUITOrPAMM, YaCTO TPeOyeTcst MCIOJb30BAHHE MOMEXOYCTONYNBHIX
K0110B. [IpnMmenenue moMexoyCcToiauBoro KOAUPOBAHUS B KPUNITOTPA(UN IPUBEJIO K TTOABICHAIO
noMexoycroiauBbix Kpunrorpaduaeckux cucrem (KC) [1, 2|. B naunnoit pabore npemiaraercs
HOBasi moMexoycToiiunBast Moy asipaast KC, byHKIMOHUPYOIAst B KOJIbIe MHOTOWIeHOB G F(p)
1 CIOCOOHAS MPOTUBOCTOATL PA3IAYHOIO POJA ICCTPYKTUBHBIM BO3IEICTBHAM.
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2. Cucrema nmapaJjajaeJIibHOTO MHOI'OKaHAJIbHOTO
IHI/I(I)pOBaHI/ISI B IIOJIMHOMMAJIBHBIX KJIaCCaX BbIY€TOB

B paborax |3, 4, 5, 6] upemmoxkena Onounas KC, dyHKumoHupyIOmas B KOJIbIE
HOJIOKUTETBHBIX TebiX unce. Jlannas KC ciocobHa TPOTHBOCTOSTH JeCTPYKTHBHBIM BO3IIICT-
BUAM Pa3JMIHOTO TPOUCXOKICHNS (CIyvaiiHble TIOMeXH, MMUTHPYIOINHEe JefCTBUs KPHIITOAHA~
muruka). [pasuina sammdposanus 1 pacmudpoBaHus ONpPeIeTeHbl B 00IEM BUJIE:

(1) C — enc(ky, M),
(2) M — dec(ky, C),

e C' — KpunrorpamMma,

M — OTKPBITBIH TEKCT;

enc — pyHKIUA 3aIudpoBaHU;

dec — dpyuknus pacrudpoBanus;

ki1 m ko — kJy0oum COOTBeTCTBEHHO 3ammmdpoBanus u pacmudposanusa. [pu ky # ke — KC

SIBJISIETCS] ACUMMETDHYECKOM, a npu ki = ky — cumMerpudeckoit |7].

OrkpeiTeiit Teker M pazouBaercs wa Osoku My, Ms, ..., M,, tne M; — i-ii n-GutoBbrii
OJIOK OTKPBITOro TekcTa. COOTBETCTBEHHO /I MOy YeHHS MOCJIeI0BATETbHOCTH KPUIITOIPDAMM
C1,Cy,...,C, norpebyercs n olepanuii 3amrudpoBaHud W 71 Olepaluil paciIudpoBaHUL.
[Tosromy npeobpaszosanus (1) u (2) MOXKHO MEepENUCaTh B BUJIE:

Cl — encl(kl,l, Ml),

C! ki9, M
(3) 2 —>€HC2( 1,2 2),

Cy, — ency (k1 pn, M,);

M1 — decl(kzg’l, Cl),

M2 — decg(kfzg, CQ),
(4)

M, — decy(kan, Ch),
rie
kii # koy mim ky; = ko (1 =1,2,...,n) B COOTBETCTBYIONUX CJIy9asX.

ITpu 3TOM He BazKHO BO BpEMeHH f, KAK MPOUCXOAUT KazKAbli U3 IPOLECCOB 3audPOBAHNST HIIH
pacuudpoBatus: MOCIeI0BATEeABHO (puC. 1) Win mapanaeabuo (puc. 2).
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Puc. 1. CrpyKkrypa OpoIeccoB mocae0BaTeIbHOro mudpoBaHus
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Puc. 2. CTpykrypa OpoIeccoB mapasienbHOro mudpoBaHus

PacemorpuM cucremy 6710KOB KpUITOrpaMM (3) B BHJIE CHCTEMBI TBOMYHBIX BEKTOPOB:

_>
Cr={c, V), e},
Co={c?,c2, . 2y,

(5)
o= {cM ™,y

m—

rre ) €{0,1} (i=1,2,....n, j=m—1Lm—2,...

,0).
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WurepnperupyemM Ko3(pOUITEHTHI ng) cucrembl (5) Kak KOIDDUIHEHTH anrebpanIecKux

nostmroMoB nogieit Lanya GF(p) xapakrepuctuku p = 2. Torga (5) npuver Bu:

Ci(x) = b lefl + CSZQITHQ + ...+ cél),

2 m (2) ,m-2 (2)

Co(1) = 125+ Cplamy 2 4 g s

Cp(z) =" gt ™ gm=2 4l

[lpu mepemade nocaemoBarenbrocrn kKpunrorpamm  Ci(x), Cy(x), ..., Cp(x) Brusanue
MCKAKEHUH MPOSIBJISIETCS B TOM, Y4TO BMECTO OJHUX MEPEJAHHBIX KPUIITOTPAMM MIPHHUMAIOTCSI
apyrue Ci(x), C5(x), ..., C*(x). CoorBeTcTBEHHO, B pe3yiabTaTe pacuimdpoBaHUs TPUHATHIX
KPHUIITOIPAMM TOTydaTeb MOJIYIUT OJTOKH OTKPBITHIX TekcToB My, My, ... M}, ornmgatoniue-
¢ oT ucxomuwx My, Mo, ..., M,.

Cremyer orMeTuTh, 90 010KH OTKPBITOr0 Tekcta My, My, ..., M, Moryt ObITH 0Opa30BaHbI
U3 COODIIEHNs, TPUHAIIEIKAIIEr0 OJHOMY TOJIb30BATENI0 WM U3 HE3aBUCHMBIX COOOIEHUI
IPUHAIEKAIIIX 1 TOab30BaTe M. [ 3amudpoBanus u paciudpoBaHua MOKET HCIOTb30-
BAaThCs KaK OJMH KJIOY, TAK U N KJIYel, COOTBETCTBYIONIMX KOJTHYECTBY OJI0KOB OTKPBITOIO
rekcTa. Criocob BEIGOpa U pacpocTpaHeHust KIoua(eil) He pACCMaTPUBAETCsI, a IPEJIIoIaraeTes,
9TO KJII0U(H) y7Ke 3a/aH.

Bynem npencrasisars C;(r) Kak HaMMEHbIITHE HEOTPUIATEIHHbIE MOTHHOMHAAIBHBIE BHIYETHI,
0 OCHOBaHWAM — monumHOMaM m;(z), TakuMm 4rto ged (m;(z),mj(x)) = 1, tme i #
Jyt,7 = 1,2,...,n. Ipugem 0 < degCi(x) < degm;(z), tne degCi(xr) — cremnenb
muorowrena (i = 1,2,...,n). Torma muoxectBo kpunrorpamm {C)(z), Ca(z), ..., Cy(z)}
MOZKHO PAacCMaTpUBATh KaK €JUuHbI HHMDOPMAIUOHHDIH 610K MOJYJISIPHOIO OJUHOMUAJIBHOIO
kozna (MITK) mo cucreme ocroBanuit — mosmHOMOB My (2), Ma(z), ..., my(x). B coorBercrBun
¢ Kwuraiickoii meopemoii 06 ocrarkax st MHOTOUYJIEHOB |8, 9] mis 3aJaHHOTO MHOMKECTBa
MOTAPHO B3aUMHO MPOCTHIX MHOTOWIEHOB My (), Mo (), ..., My, (T) 1 MHOXKeCTBA MHOTOYJICHOB
Ci(z), Cy(x), ..., Cy(z), Takux, uro deg C;(x) < degm;(x), cucrema cpaBHEHUIL:

C(z) = Ci(x) mod my(x),
C(z) = Cy(x) mod my(x),

C(z) = Cp(x) mod my(x).

uMeer euHCTBeHHOE perrerne C(x).

Brimosnmstercss oneparust pacmmpenns MIIK {Cy(z), Cy(x), ..., Cy(z)} nyrem BBegenus
7 U30BITOYHBIX OCHOBAHUN — MOJHUHOMOB My i1(Z), Mpyo(T), ..., Myyr(T) u nomxydenme r
u36brT0uHbIX BoIYeTOB C 1 1(2), Chia(x), ..., Chir(2):

Cpa(z) = C(z) mod my(z),
Chr2(z) = C(z) mod mps(z),

Crir(x) = C(x) mod my,.(z).

[Mpuaem ged (m;(z), m;(z)) =1, tae i # j,4,5 = 1,2,...,n+r u degmy(z),...,degm,(z) <
degmy1(x) < ... < degmy, ().

B coBokynmnoctu, saements undopmanuonnoro 6aoka {C(x), Ca(x), . .., Cy(z)} n nomyden-
Has MOCJaeI0BATEIbHOCTD U30BITOUHBIX KpuntorpamM {Chii(x), Chia(z),. .., Chyp(x)} obpa-
sytor pacmupennsiit MITK {Cy(x), Cy(x), ..., Chir(z)} B KOTBIE MHOTOWTEHOB GF'(2).
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Pacwupennoid nosurnomuasonwld modyaapuud xod (PIIMK) — 1o kox

{C(x)} = (Ci(x), Cy(z), ..., Cpux), ..., Chpr(x)),

MOJIyYE€HHBIT IO PACITUPEHHON CUCTEME TTOTAPHO IPOCTBIX OCHOBAHWI — TOJWHOMOB:

my(z), mo(z), ..., mu(x), ..., My (2),

TaKUX, 4TO
degmy(x),...,degm,(z) < degmyi1(z) < -+ < degmp ().

Beenem mMerpuky MITK u smreitnoro asowdanoro koga (JIIK).

Metpuka MIIK: secom kodosozo sexmopa {C(x)} B MIIK sBaseTcs KOIHIecTBO HEHYIEBBIX
KpurorpaMm (Berderos) u obosuadaerca w ({C(z)}) .

Kodosoe pacecmosnue mexay {C(x)u D(x)} onpenensiercst Kak BeC UX Pa3HOCTH
w({C(z) = D(x)}).

Murumansvroe xodosoe paccmoanue MIIK — HanMeHbIllee DACCTOSHWE MeXKIY IBYMs
JOOBIMU KOJIOBBIMI BEKTOPAMU MO XIMMHHTY C YIETOM JTAHHOTO OTPeJIe/IeHUs Beca.

[Tox oamnounoit omwudbkoit B kojgoBoMm cjoe MIIK Oyjgem moHuMaTh [MPOU3BOJILHOE
HCKarKeHne 0IHOf n3 Kpunrorpamm KomoBoro cioa MIIK. CoorBercTBeHHO ¢-KpaTHas OMMOKa
orrpeiesIgeTcss KaK MPOU3BOJIbHOE HCKAYKEeHNe ¢ KpUITorpamMm KoaoBoro ciosa MITK.

[Tonyuennniit MITK ko obnapy:kuBaer Bce OJUHOYHBIE OIMMOKH, €CIU KOJHYECTBO H30bI-
TOYHBIX KPUNITOIPAMM 7 > 1 M UCHpaBJsgeT ¢ WK MeHee OMMUOOK, ecan 2q < 7.

Ob6napyzkenue omubOK B NPUHATOI 110cs1eoBaTeabnocTu Kpurrorpamm Cf(x), ..., Ck(z),

., Cr . (z) ocymecrsaserca myrem cpasuenus C*(z) ¢ M(z) = [\, mi(z), tne C*(z) —

perierne cucTeMbl cpaBHernuit (6) 1uia npuHATON mMocsaemoBaTeabHOCTH Kpunrorpamm CrF(z)
(1=1,2,...,n+7); *x — yKa3plBaeT Ha BO3MOKHbIE UCKAYKEHUSI.

Ecau 0 < C*(z) < M(x), To IpUHAMAETCST PEIICHHE O TOM, UTO HPUHSATAST HOCIeI0BATEb-

nocte Kpunrorpamm Ci(z),...,Cx(x),...,Cr () He cOTepKUT 0OHAPYKUBACMBIX OIIHOOK.

B nporusnom ciydae purcupyercd omubKa, mpeesabHas KPpaTHOCTb KOTOPOM, ONpeie/iseTcs
O0HAPYKUBAIOMINMH criocobHocTsMu kKozaa |10, 11].

Merpuka (JIJIK) coorBercrByer MeTpuke Xommuura. Hopmot (usu 6ecom) KOJOBOTO CIOBA
xr = (T1,%2,...,T,) HABBIBACTCS YUCJIO HEHYJIEBBIX CHMBOJIOB.

Kodosoe paccmoanue mexay cioBamu & = (1, Ta, ..., Tp) 1Y = (Y1,Y2, - - -, Yn) TAHEHHOTO
aBouvyHoro kozga Haj GF(q) paBHO Becy MX Pa3HOCTH.

Munumanrvhoe xodosoe paccmosrue JIJIK — MuHUMAIBHOE W3 BCEBO3MOYKHBIX IOMAPHBIX
PACCTOAHUI MeKTy ero KOJOBBIMHU CJOBAMU, PABHO diyip.

[lox omunounoi omubkoi B Merpuke JIIK monnmaercs uckazkeHue ogHOTO OUTa KPHUIITOT-
pammbl  Cj(x). CooTBeTcTBeHHO {-KpaTHasi ONIMOKA — ONpeIessieTcsi KaK MPOM3BOJIbHOE
uckazkenue t 6ut kpunrorpammbr C;(x).

[Ipumep n—kanaabuoit KC ¢ omauM n30BITOYHBIM KAHAJIOM TIPEICTaBICH HA PHUC. 3.

Takum 06pa3om, BBOMMAas H30BITOYHOCTH B BUJIE H30BITOUYHBIX KPUIITOIPAMM, 00€CTIeYNBAET
coiicrea KC koHTposupoBarh omuOKu KojoBoro cjiosa MITK (KOIMIeCTBO HCKAXKEHHBIX
KPUIITOrPAMM) ¥ KOPPEKTHPOBATH OMIMOKH B OTJETBHO B3ATOH KpHUITOrpaMMe (KOJUIECTBO
HCKasKeHHBIX OUT).
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Heticmeus

Tlomexu
l Cunxponuzamop ] \fwﬂlv CH wﬂmmmur:um l Cunxponuzamop l
My : G@) [V Gl : M
ency (k1,1, M) i decy (k2,1,Cf (2))
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[ | ¥
M, Co(z) | | C3(x) M;
ency(ky,9, My) : N decy(ka,, C5 ()
|
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M; ’ Cs(x) | | Cila) M;
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C T lox (2 >
| Pacu[l;;z;nmb n+1 (7) : . : n+1 (7> Obnapy Quubka
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Puc. 3. Brok-cxema KC ¢ obrapyKeHneM OIHOKPATHBIX OMIHOOK

3. AjaropuTMm pacHIIpeHHnd CHUCTEeMbl OCHOBAHMII
MOIYJIAPHOTO MOJMHOMHUAJIBHOTO KOJIa

Pacmmupenune MITK gaBasiercss 0fHONW W3 OCHOBHBIX ONEPAIUil, BHIIOJHIAEMbBIX B YKa3aHHON
KC. B [12] npemioxeH aaropurT™ paclidpeHusi MOJIYJISPHOIO KOja, (DYHKIMOHHPYIOIIETO B
KOJIbIIEe TIeJBIX uncesd. PaccMOTpuM JaHHBIN aaropuT™M TPUMEHUTENbHO K paccMaTpUBaeMOit
KC. Cyrp ero coctout B pemenun cucreMbl cpapuenuii (6). B coorsercrBun ¢ Kuraiickoii
TeopeMoil 006 OcTaTKax JIsi MHOTOUYJIEHOB |3, 9,
COOTBETCTBOBATDH BBIPAKEHHUE!

|, pemenuto cucrembr cpaBuenuii (6) Oymer

(7) Clz) = Z Ci(x)Bi(x) = ro(x) M (x)

riae B;(z) = k;i(z)M;(x) — nonmuaoMuaIbHBIE OPTOTOHATBLHBIE OA3UCHT;

ki(x) = M (@) mod my(x);
)

M(z) = [[i=, mi(x);
ro(z) — paar C(x); mast i =1,2,...,n.

EcrecrBenno mosarath, 4to onpejesaenue ro(x) Oyaer IPOU3BOANTHCS HEMOCPEICTBEHHO B
IpOIecce BBITIOTHEHUs onepanuu paciupenns. Torga [14]:

(8) ro(x) = Quotient (%@Z)@) :

m;(x)

riae Quotient < ) — naumenbinee nejioe or jenenust C;(z)k;(r) va ocHoBanue m;(x);

argt=1,2,...,n.
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Joa nosmyuenust Cy, 41 () Boipakenue (7) ¢ yaerom (8) mpumer Buf,

Cri1(z) = C1(x)B1(x) mod my, 1 () + Co(z)Ba(x) mod my, 1 (z) + . ..

Cn(2)Bn(z)  mod M1 (x) — ro(r)u(z)

rie f;(z) = Bi(x) mod my, 1 (x);

mod my, 1(z),

p(x) = M(z) mod my,(x);
argt=1,2,...,n
Beimosanm
Ga(x) = Ca(w)i(w) mod (€)= g 32 gl oa™ 2+ g 2™ 4 g
Ga(x) = Cafa)fa(w) mod i (2) = g 2™~ g pa™ 2 4+ g o™ 4t g
Gols) = Cola) i) o s (a) = 62021+ 22 4 27+l
A(z) = re(z)p(z) mod my, 41 (2) = A 12™ "+ Qo™ 2 + ap_32™ > + ... + ag.
IIpencrapum mommuoMet Gy(x) (i = 1,2,...,n) u A(x) B dopmMe HOCTCT0BATETEHOCTH TBOMIHBIX
K03(hpunueHTOB:
1
( Im— 1gm 2gm)3 g(())>’
(gm— gm 29m)— g(()2)> )
':E (gm lgm 29m13 s g(()n)> )
A(x) = (am-1Qm—2 A3 ... ap)
[Homyunm

+ xm_2 (am—Q S¥) @gg)2> +
i=1
+ g™ 3 (am_g ® @g,(fl)_g,) +
i=1
+ (ao > @g[(f)> mod my,1(z) =

7=0 =1

(a] ® gj ) mod my,41(x).

[IpuBesenubie Bbie Tpeobpa3oBaHUs MO3BOJISAIOT Oe3 mpsimoro ompeaenenus C(x),

B

coorBercrBun ¢ Kuraiickoit reopemoit 06 octaTrkax Jijigd MHOIOY/JIEHOB, OKOHYATE/IbHO TOJLY YU Th

HTOTOBOE BhIpazkenue jjist Boraucaenns Cpyq(x).

[IOK/AZbI MATON MEXXAYHAPOHOW KOH®EPEHLIM

«NAPANIIE/TbHBIE BbIMUCNEHWA N 3A0AYM YMPABJIEHNA», MOCKBA PACO "2010

PAPERS OF THE FIFTH INTERNATIONAL CONFERENCE
“PARALLEL COMPUTING AND CONTROL PROBLEMS”, MOSCOW




1250
ITpumep.

BBoa ucxoaubix ganubix (Tabma. 1):

Tabauia 1. Vcxomgmbie JaHHbIE

i Ci(x) m;(z)

1 r+1 2 +x+1

2 341 4o +1

3 2 +1 2 +a?+1

4| B +x+1 |22+ +22+2+1
5 ? S+t 41

Omnpenenurs: Cs(z)

M(z)=2""+ 2" + 2P + 2" + 2P + 2 + 2% + 2"+t + 2P+ P a4+ 1

&
8

I
H}—l

~
+
&»—-
+
&\1
+
&Cﬂ
+
&w
+
8

ki(x) =x + 1,
ko(z) =22,
ks(z) =2* +
ky(z) =2* + 2%;

ro(z) =z + 1,
Giz) =2 +2°+2>+1 ={101101}
Go(z) =2* + 2° + 2 ={011010}
Gy(z) =2+ 2° + o ={011010}
Gy(z) =2° + 2* + 1 ={100101}
U
A(x) =2® + 2* ={001100}
AN
Cs(x) ={000100}

Beisom: Cs(z) = 22
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4. Omnenka nomexoycroiranBoctu KC

Tak kaxk KC cnocobna oOHapyKHBATh M UCIHPABILATH OINIMOKH, BOZHUKAET HEOOXOIUMOCTD
B OIleHKe JIOCTOBEPHOCTH TMepeadn JAHHBIX. /IS 3TOTO BBITOTHUM pacdeT TOCTOBEPHOCTH JIJIs
upejoxkennoit muorokanasbnoit KC, u KC-pororuna ucnosb3yomnieit jinneiinbie KO/, IPU
nepejiaie 1Mo KaHaJly CBA3H.

YucieHHO JIOCTOBEPHOCTD Tepeaadn nHdopMaIu Oy/1eM XapaKTepu30BaTh BEPOSITHOCTHIO
HeoOHAPYKUBaeMOI OMIMOKN B KPUIITOTpaMMax Ha mpueMHo cropone KC.

KonkperusupyeM psj onpeeieHnil, BbIPAKAOMNUX PA3JUIHbIE XapPAKTePUCTHKH KOP-
PEKTHPYIONHX KOIOB [15].

Mepoit uzosrrounoctu KC, Oyzaem cauTaTh OTHOCHTEILHOE YHCIO JINITHAX OUT B TepeaBa-
€MOM MHOYKEeCTBE KPUIITOTPAMM:

rjie N — KOJUIeCTBO HHPOPMAIUOHHBIX KPUITOIPAMM,

[ = n + r — obiee KOJMIECTBO KPUIITOIPAMM.

BepogrHocTh HeoOHAPYKUBACMON ONMTUOKH — BEPOATHOCTD TAKOI'O COOBITHUS, MPU KOTOPOM
NPUHATAS MOCIEI0BATEIBHOCTh KPUIITOIPAMM OTIMIAETCS OT NepeJaHHoil, a CBOWCTBa MCIIO-
JIb3YeMOll CHCTeMBI He MO3BOJISIIOT ONMpeIeuTh (DAKTa HAJTAINSA UCKAYKEHUIA.

Beenewm pomymienne. OmubKH KPATHOCTH ¢ B TIepeiaBaeMoil MoC1e10BATeIbHOCTH KPUIITOT-
pamm C(x), Co(x), ..., Chir(x) TPOUCXOAAT HEZABUCHMO JIPYT OT APYTa U UX PACIpEIeIeHHe
HOAUMHAETCA OMHOMHUAIBLHOMY 3aKOHY. [1ycTh p — BEpPOATHOCTH OMUOOYHOIO MpUEMa KPHUIITOI-
pammbl Cj(z) (BeposTHOCTH TpaBUJIbHOTO TpueMa 1 — p). [IpaBuibHBIi TpHEM OTKPHITOTO
TekcTa M BO3MOXKEH TOJIBKO B TOM CJIydae, eCJIH BCsS MOCIET0BATETbHOCTb KPHITOTPAMM
Ci(z), Cy(x), ..., Cp(x) mocTynUBIIAS W3 KAHAJIA CBI3U, HE HOIBEPIVIACH HCKAZKEHHSIM.

CortacHO TeopeMe O COBMECTHMBIX ¥ HE3ABUCHUMBIX COOBITHSX BEPOSITHOCTDH MPABUIBLHOIO
npuema nocyegoparenpaoctu Kpunrorpamm Cy(z), Co(z), ..., Cy(z) pasna (1 — p)"™. Beposit-
HOCTB OIMMO0YHOTO mpuema nocieoBareabroctn kpunrorpamm Ch(z), Cy(x), ..., Cy(z):

Plg)=1-(1-p"

O6oznaunm 1 — p = a; p = b. Torga (a +b)" = 1.
[Tpumensig popmyny 6unoma Heiorona, nosrydum

I=(a+0)"=(1-p)" + (Tf)pa —p)

n

+ 4 pP(L—p)" 2+ 3 pPPL—p)" P+
A ()= py
q
nJin
n n n—1
1—-(1-p)"=Pq) = ) (I=p)" '+
n _ e
o )P A=)+ )PP =—p)" P

n
-+, pi(1—p)" .
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[Tomy4yaem, 9T0 MEepBbIil YI€H PA3JIOKEHUS PABEH BEPOSTHOCTH P OJIHOKPATHON OMUOKU B

nocienoBateabaoctu Kpunrorpamm C(z), Co(z), ..., Cp(x), BTOPOii 4ieH — BEPOATHOCTH Po
JBYKpaTHo#t omubku B mocsegoBaresbuoctu kKpunrorpamm C(x), Cy(x), ..., Cy(z) , Tperuit
YJIeH — BEPOATHOCTH P3 TPEXKPATHOI OMHUOKH B IIOCAEIOBATEILHOCTH KPUIITOIPAMM

Ci(z), Ca(x), ..., Cp(x) 1 ¢-it BepOATHOCTD P, OMMOKHE KPATHOCTH (.

Takum obpazom:

n

n .
(9) P(q)=pi+p2+pst...+pgt- =), j P11 = ).
q=1

[Tosmyuennprit psg Bepogrrocreii (9) ecTb OHHOMUANBHBL 3aKOH pacupeeaenus |10)].

s Toro, 94TOOBI ONEHUTH CTEleHb JeCTPYKTUBHBIX BO3JEHCTBUN Ha IepeIaBaeMyiO MO-
caemoBaresbHocTh Kpunrorpamm Cy(x), Ca(x), ..., Cpir(x) HEOOXOINMO 3HATH BEJUUUHY P
BEPOSITHOCTH OO0 UHOrO npuema kpuirorpamvbl C;(z). Beposgraocts p omubouHoro npuema
kpunrorpamMmbl  C;(x) SBASETCS BEIMYHHON MOCTOSHHON ¥ BBIYHC/ASETCS, €CJAH W3BECTHA
3aKOHOMEPHOCTh BOBHUKHOBEHUS MCKAYKEeHUIT BBI3BAHHBIX MOMEXOH (M) KPUITTOAHATHTHKA.

HeiicTBust KpUNTOaHATNTHKA Ha Kpuinrorpammy Cj;(r) HOCAT aHAJIATHYECKUH XapakTep,
IIOITOMY TIOCJIE/ICTBHS TAKUX BO3AEHCTBUI SBIISIOTCH HENPEICKAZYEMBMU U HOCAM, CAY4ATHBIT
xapaxmep |1 7]. Takoe BiusiHre KPUIITOAHATUTHKA YKA3BIBAET HA TO, YTO HCKAYKEHUST IIPOU30ILY T
win Her. [IpumMem B KavecTBe THIOTe3bI, CIAEAYIONIHE MOIYIIEHNE: HCKAYKeHWsI BbI3BAHHbBIE
JedCTBUSIME KpUNToaHaauTHKa Ha kpunrorpammy C;(x) HOCAT paBHOBEPOSITHBI XapakTep,
a MCKayKeHWs BbI3BaHHBble ToMexamMu B Kpumrorpammve C;(z), He3aBHCHMBI M IIOJIHHSIOTCS
OMHOMHUAJIBHOMY pacIIpe/Ie/IeHHIO.

[IycTh Proise — BEPOATHOCTH HCKazKeHHst 6uta KpunrorpaMMer C; (), BRI3BAHHOTO TTOMEXaMH,
& Per — BEPOSITHOCTH HCKazKkeHWsi Outa Kpunrorpammvbl C;(x), BBI3BAHHOIO JEfiCTBHSIME
KPUTITOAHATUTHKA.

Ha ocHoBanuM NPHUHATBHIX JIONYIIEHHH, & TaK K€ C YUETOM dyin, OUPEIETHM [T
KC-npororuna BeposiTHOCTH HCKaykeHuss Kpuirorpammbl C;(x), BBI3BAHHOIO JI€fiCTBHAME
KPUNITOAHATHTHKA:

- Per Z?:H—l (ltl) _ Per Z?:Hl (]tl)
O+ E 0 2

h h "
rae Y ;. (1) — obmee kKonmuecTBo nekazkenuit B kpunrorpamme Cy(x), He OGHADPYKUBACMBIX

JIAHHBIM METOIOM KOHTPOJIS;
1+1 <t < h—kpaTHOCTDb OIHOOK, KOTOPBIE He Oy /IyT 0OHAPYKEHBI JJAHHBIM METO/IOM KOHTPOJIL;
h — njuna 6JI0Ka KPUIITOTPAMMDBI;

(}f) + (g) + ...+ (;L) =2h ob11iee KOJIMYECTBO BO3MOXKHBIX UCKAYKEHUI;

BEPOSITHOCTH MCKazKeHust KpurrrorpaMmbl C; (), BBI3BAHHOTO JEfCTBUSAME ITOMEXaMU:

dmin_l h
noise; — 1— L i 1— noise hit-
Proiser ; + ) Proise(1 = Pnoise)

Hus muorokanasbnoit KC BepositHocTh uckakenust Kpuurorpammbl C;(x), BbI3BAHHOIO
AEHCTBUAMA KPUNITOAHAJIATHKA!

@@t () e
R
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BEPOSITHOCTH MCKazKeHust Kpunrrorpammbl C; (), BRI3BAHHOI TTOMeXaMu:

h

h _
DProises = Z + pfwise(l - pnoise)h t’
t=14+1

aro 06ycsoBneno crocobrocThio KC o6HapyKuBaTh (HCIPABIATH) OMUOKY OGO KPATHOCTH
(B Merpuke JI/IK) B kpuntorpamme Cj(z).

BeposiTHOCTh MOSIBJIEHUsI MCKAyKeHWH BBI3BAHHBIX mHoMexamu B kpumrorpamme Cj(x)
He 3aBHCHT OT pe3yibrata BozjedicrBust Ha kpunrorpammy Cj(z) kpunroaxanauTuka. A
BEPOSITHOCTD TOsIBJIEHUsI NCKazKkeHUH B Kpunrorpammve C;(x), BBI3BAHHBIX KPHITOAHAJIUTHKOM,
He MCKJII0YaeT TMOABIeHHs MCKaXKeHWH BBI3BAHHBIX ITOMeXaMu. lIlpudaem BHOCHMBIE HOMEXOH 1
KPUITOAHATUTUKOM HCKaykeHnus B Kpunrorpammy C;(z) sBISIOTCS COBMECTHBIMH WM HE3aBU-
cumbiMu  coObiTusiMu. Torima B cooTBercTBUM ¢ [18] mCKOMag BepOATHOCTH OIMUOOYHOTO
npuema kpunrorpammvbl C;(z) (Ipu 0THOBPEMEHHOM BO3/€fCTBUN KPUIITOAHAJIUTHKA U OMEX)
BBI3BAHHASA WJIN ITOMEXaMH WM KPUIITOAHAJIUTHKOM TPUMET BH/L
g KC-nipororumna:

(10) P1 = pc7'1 + pnoisel - pc7'1pnoise17

11 MHOrokaHa ibHOI KC:

(11) P2 = Pery + Proises — PeroProises

Takum o6pazom nojictaBus Boipazkenus (10) u (11) B (9), OKOHYATETHHO TTOJSYIUM HTOTOBBIE
BBIPAYKEHUsT JIJTsl ONEHKH JOCTOBEPHOCTH

gt KC-nipororuma:

" /n .
(12) Per, :Z pi (1—p1) ‘
q=1 q
ng muorokanaapnoi KC:

dmin -1

l _
(13) Py =1— Y . P (1 —po) .

q=0

[Tosy4yeHnbIe COOTHOMIEHU JAIOT BO3MOKHOCTD OIPE/IC/IUTD BEPOATHOCTH HEOOHAPY KUBae-
MBIX OMOOK Py, Per, B 3aBECUMOCTH OT pa3andHbIX napamerpoB KC n kaHama cBA3M.

[ToctaBum wucciaeayembie KC B paBHBIE YCJIOBHSI 1O BBOAUMON M3OBITOYHOCTH, KakK
OCHOBHOT'O TIOKA3aTe/ g KOPpPeKTupyoieit cnocodbnoctu. Oupegemym HeoOX0uM0Oe KOJTUIECTBO
n3bbTounbix Out s KC-npororuma. Jlas sToro, obimee KOW4IecTBO OUT M3OBITOTHBIX
kpunrorpamMm  C;(z) muOrokanampHoit KC pasmenny Ha KOJIMIeCTBO WHMOOPMAIMOHHBIX
kpunrorpamMm Cj(z). Ioaydenubie u36bToOUHbBIE GUTH H00aBUM K HH(MDOPMAIMOHHBIM OGUTAM
kpunrorpamm C;(z) KC-npororuna. Takum obpaszom, moaydaem pasabie KC mo KOppeKTupyo-
meil crocobHOCTH.

Boinosinum pacuaer P, Py, mnsa KC-npororuna n muorokanasipuoit KC mo dbopmysnam
(12), (13). TTomyuenHbIe 3ABUCHMOCTH aNIPOKCUMEPYeEM 1 u300pa3umM rpadpudeckn. B kagecTse
AIMIPOKCUMUPYIONIeit (DyHKIIMHE HCIOIb3YeM MOJTUHOMOM TPEThEl CTENeHH.

Ha puc. Al mpencraBiieHbl pacdeTHble JTaHHBIE 3aBHCHMOCTH BEPOSITHOCTEH HEOOHApPY K-
BaeMoii ommoKH oT Kodddunnenta n3obbToanocT ¢ napaMerpaMi KC ppoise = 4.2 % 1075, 1 =
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12,h = 11. 3uadyenune BepogTHOCTH OIMHKOKKM B Oure KpunTorpammbl C;(z), BBI3BAHHOI
KPHITOAHATHTHKOM, COOTBETCTBYET P = 1.5 % 1077, Tak »Ke IOAY4eHBI W IIPeJCTABJICHBI
pacuyeTHbIe 3HaUeHus BHIATphIIIa AP,., To ecTh TpenmyinecTBa cpaBuuBaembix KC. Ha puc. A2
Ipe/icTaBIeHbl aHAJOTHYHBIC 3aBHCHMOCTH, JJId CICAVIONMX 3HAYCHUN Dhoise = 4.2 % 107°,1 =
12,h = 11, p., = 8.5%107 7. Taxk e upejcrasiennl snadenusa AP,,. Pacuerunie gannbie Py, , Po,,
NpeiCTABJICHHBIE HA PUC. A3 BHITIOTHEHBI [T 3HAYCHAH Ppoise = 4.2% 1075, 1 =12, h = 11, p,r =
3.5 % 1072

Ha puc. A4 nokasaHa 3aBHCHMOCTH BEpOSTHOCTeHl HeOOHApyKHBaeMOH OIIHOKH OT
BepoSITHOCTH OMmuOKku B Oure kpunrorpamvbl C;(x), BBI3BAHHONW MOMeXaMu I 3HAYEHUIT
Por = 4.2%107°1 = 6,h = 11,dpi, = 2. llpunas sgavenus [ = 12, p,, = 4.2 % 1075 h =
11, dyin = 2 noJstygensl pacdeTubie Janubie Py, P, , AP, KOTOpbIE IIPe/IcTaBgeHbl Ha PUC. AD.
Ha puc. A6, A7 nmpencraBiaeHbl pacdeTHbIE 3aBHCHMOCTH BEPOATHOCTEH HEOOHAPYKHBAEMBIX
OIMHIOOK OT BEPOATHOCTH ONIMOKH, BBI3SBAHHONW KPUINTOAHAJTUTUKOM ¢ napaMeTpamMu KC ppise =
4.2 %1075, dpin = 2. B npumepe puc. A6 npuaEMaIoch 3Hadenue | = 6 , Ha puc. A7 [ = 12.
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