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Conoenbesa A.A.
U3y4yeHue annaparta Ceteu lMNMeTpu

Cern Ilerpu — MaremaTH4eCKWMU arapar sl MOJSIMPOBAHUS JIMHAMHUYECKHUX
IMCKpeTHbIX cucteM. Briepsrie orncansl Kapiiom [letpu B 1962 roxy. Teopus cereit [letpu
JIEJIAET BO3MOXKHBIM MOJICJIIMPOBAHUE CUCTEMbl MAaTEMAaTHYECKHUM IIPEICTABICHUEM €€ B
Bujie cetu IleTpu, aHaIM3 €e TIOMOraeT I0JyYHTh BAXKHYHO MH(DOpPMAIMIO O CTPYKTYpe U
JTMHAMUYECKOM I1OBEICHUU MOJIEITUPYEMOU CUCTEMBI.

CucreMarnyeckoe M3y4YeHHe CBOMCTB cereid lletpm Hauanmoch Ha pybexe 60-70
rojloB W Tnpojoipkaercs cerogus. Cpeau aBTOpPOB, B pa3HOE BpeMs 3aHUMABIIMXCS
uccieaoBaHusMu B oosactu cerer Ilerpu, moxkHo ormeTuth H.A. AHncHuMOBa, K.ﬁeHceHa,
O.J1.banuman, B.E.KoToBa 1 MHOTHX JPYTHX.

Hekoropeie u3 ujeit Ilerpu 1ojaHSThI HEIABHO, a HEKOTOPBIE 10 CHUX IIOP KAYT
ceoero uvaca. Tak B.E.KotoB B cBoeii kuure «Cerm Ilerpm» ormeuaer: «Xora K
HACTOSIIIEMY BpeMEeHH (PpOHT padoOT CYLIECTBEHHO paciiupwics, Teopus cereit [lerpu emme
HEHM3BECTHA IIUPOKOY [1].

TakuMm 00pa3zoM, JlaHHAs 00JIACTh eIIE JJ0 KOHIIA HEe MCCIIeOBaHA U €€ TTOTCHIIMAJ HEe
packpsIT. B Haie Bpemsi, 3T0 OY€Hb aKTYaJbHBIA BOIIPOC, KOTOPBIA 00YCIIOBJICH TEM, YTO B
NOCJIEHUE TOJIbl PA3BUTHE BBIYUCIUTEIBHON TEXHUKH XapaKTEPU3YETCs HE CTOJbKO
YBEIMYCHUEM 4YHUCJIA DJIEMEHTOB, YYacTBYIOIIMX B 00pabOTKE JAaHHBIX, CKOJIbKO
YCJI0)KHEHUEM CTPYKTYPbl MX B3aUMOCBSI3M, YIIpaBJ€HUs B3auMmoeicTBueM. KauecTrBeHHO
HOBBIA XapaKTep B3aUMOJICUCTBUS B COBPEMEHHBIX BBIUMCIMUTEIIBHBIX CUCTEMAX IOCITY KU
INPUYMHOM TIOSIBJICHUST HOBBIX 3aJlay, CBSI3aHHBIX C aHAJIU30M, MOJIEJIMPOBAHUEM U
HPEJCTABICHUEM [PUYMHHO-CIICACTBEHHBIX CBS3€H B CIIOXKHBIX CHCTEMAX IIapajuIeIbHO
JIEHCTBYIOIIMX 00BEKTOB. MOIIIHOE CPEJICTBO PELICHUs ITUX 3a/1a4d — ceTH [leTpu, uzydeHue
KOTOPBIX U SIBIISIETCS 1EJIbIO JJAHHOM palboThI.

JIJIst TOCTHOKEHUS ITOCTaBICHHOW 11€1M HEOOXO0AUMO PELINTh CIIeIYIONIMe 3a1a4u:

1. Paccmorpers OcHOBHBIE MOHATHS, Kacatomuecs cTpykrypsl Cereit [lerpu.

2. Onpenenutrh ocodeHHocTH Moaupukaumii Ceredt [lerpu, KOTOpbIE MOXXHO
YCJIOBHO Pa3/IeiiuTh HAa 2 KaTerOpHUHU:

. Ceru IleTpu ¢ «OrpaHUUCHUSIMIY.

o Pacuupennsie konpurypamnuu Cereit [letpu.
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IIpocroii cernro [leTpu Ha3biBaeTcst Habop N=(S,T,M,P,F), riue:
1.S={sl,..., sN} — MHOECTBO MeCT;
2. T={tl,..., tN} — MHOXECTBO I1epex0J10B Takux, uro S N T =0;
3.M = {ml,..., mN} — MHO>XECTBO METOK;
4. P={pl,..., pN} — MHOKECTBO COOBITHN;
5. FEuSxTxpuS — oTHOIIEHNE UHIIMACHTHOCTH TaKO€, YTO
a) V(Sl , t1, Sl ), (Sz , b, Sz ) CF : (Sl , 4, Sl )75 (Sz b, Sz)$ t17ft2 ;
0){t|<S,t,S>CF}=T.
Cerb Ilerpu npencraisier coOOM IBYIOIBHBIN OPUEHTUPOBAHHBIN rpad, COCTOAIIIHMA
U3 BEPIIMH JABYX THUIIOB — IO3MIMH M IEPEXOHOB, COSIUHEHHBIX MEXIy COOOH ayraMu,
BEPIIMHBI OJHOrO THIIA HE MOryT OBITh COEIMHEHBI HEIOCPEICTBEHHO. B mo3ummsx
pa3MeIeHbl METKU (MapKephl), CIIOCOOHBIE Irepemelnarbcs 1o ceTu. CoObITHEM B CeTH
Ilerpu Ha3biBaeTCsi cpadaThIBaHHE IIEPEeX0ja, IIPH KOTOPOM METKH M3 BXOIHBIX IHO3ULIMM
HepPEMEIAOTCs B BBIXOIHBIC 1103uLnK. [lepexoy cpabarbiBaer, €Clii UIMEETCS KaK MUHUMYM
1 MeTKa B KaXKIIOM M3 €I0 UCXOOHBIX ITO3ULIMH.
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Puc. 1 —Ilpumep npocroit ceru [letpu

OyHkuMoHMpoBaHKe cetn Ha Puc. 1 3akitouaercs B riepeMenieHnd MeTok ml-m4 1o
ayram Mexnay mecramu S1-S4 u popmupoBanuu coobiTuid. [lepexox t1 cpaboraer TOIBKO B
TOM ClIy4ae, eCiIi B NO3UIMK S1 HaxoauTcst X0Ts Obl OJIMH MapKep, IPH ITOM COOBITUH B
no3ursax S2 u S3 oSIBUTCS XOTs OblI 110 0qHOMY Mapkepy. [lepexon t2 cpaboTraeT TOIBKO B
TOM CJIy4ae, €CJIM U B IO3MIUU S2 M B MO3UIMK S3 HAXOIUTCS XOTS OBl II0 OJHOMY
MapKepy, IPH TOM COOBITUH B 1TO3UIIKAX S1 1 S4 mosBUTCS XOTs ObI 110 OJIHOMY MapKepy.

Bo MHOrux 3ajauax JMHAMHUYECKUE OOBEKTHI MOTYT ObITh HECKOJIBKUX THIIOB, U VIS
KaXKIOTO THIIA HY>KHO BBOJIUTh CBOM aJITOPUTMBI TIOBEIEHUS B CETH. B 3TOM Citydae KaxbIii
MapKep JODKeH MMETh XOTS Obl OJIMH IapaMerp, 0003HAYAIONIMK THII Mapkepa. Takou
napamMerp OOBIYHO HA3bIBAIOT I[BETOM; I[BET MOXHO HCIIOJIb30BaTh KaK apryMEHT B
GbyHKIMOHANIBHBIX ceTsixX. CeTh 1P 3TOM Ha3bIBAIOT IIBETHOM ceThio [lerpu.

Pacumiupenue npocThix ceTel B I[BETHBIC 3aKIIIOYACTCS B J00ABICHHH MH(POPMAIIUN K
JIEMEHTAaM CEeTH, OCHOBBIBAaSCh HA KOTOPOM, IPU OIPEHACIIEHHBIX YCIOBHSAX, MOXHO
peodpa3oBaTh MBETHHIC CETH B IIPOCTHIC.

1. Mapkepbl BMECTO IIPOCTOI0 0003HAYEHHUSI COACPKMUMOr0 MeCTa IIpeodpasyroTcs B
00BEKT, KOTOPBIM MOXET COJepKaTh B ceOe OJuH Wiu Ooiee IapaMeTpoB, KKIbIA U3
KOTOPBIX MOXET NPHUHMMATh JAMCKPETHBIM HAa0Op 3HAUYCHHWH. B COOTBETCTBHMH C 3TUM
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MapKephl Pa3jIMvaroTCs 110 TUIIAM I1apaMeTpoB (IIepeMeHHbBIX). UTOObI OTiINYaTh MapKephl

Pa3JIMYHBIX THUIIOB MX MOXXHO OKpallIMBaTh B Pa3/IMYHBLIC IIBCTa (HOBTOMy CC€THU HA3bIBAKOT
LIBETHBIMU).

Token Bl (XY2): Counter X(mod ), Counter I { mod 4 ), Baum 20 1,257 ),
Token DBpel (XMl Counter X mod 5), Buuwm M 1.2,3.06,7),

2. K Mecram j1o0aBiisieTcss HHpOPMALKS O THIIAX MAPKEPOB, KOTOPbIE MOT'YT
HaXOAUTHCS B JIAHHOM MECTE.
Flaces [Taken Rpel, Token Tpel T,
3. K gyram, ucxousium u3 Mect, 400aBisieTcs HHOOPMAIKS O THIIAX MapKEPOB,
KOTOPBIE MOI'YT Y4acCTBOBATh B BO30YKICHUH IIEPEXOI0B, MHIIUACHTHBIX YTUM JIyTaM.
fToken Bpeld, Toker Bmpe2 B
4. K epexojiaMm MOKET ObITh JI00aBjIeHa HHPOPMALIKS ¢ IPEIUKATOM BO30YKICHHS

nepexoaa, B 3aBUCUMOCTH OT IICPEMECHHBIX, COACPIKAIINXCA B MapKepax.
(AX > BX gpg AV<BY)

5. K gyram, ucxosium 13 IepexoioB, J00aBisseTcss HHQOPMAIUs O THIIAX
MapKepoB, UCXOJAIIMX U3 IEPEeX0/ia K O IIpeoOpasoBaHUU IIEPEMEHHBIX.

[Token_TpelCl< CX=BX.CY=AX +BX>

6. K HauanpHOM MapKUpOBKe ceTH 100aBisieTcs nHGOPMALIHS O 3HAYSHUU
MIEPEMEHHBIX, COJIEPIKAIIUXCS B MapKepax.

B rpaduueckom rnpeicraBiieHnd HHOOPMALIHIO, KOTOPYIO MOXHO OJHO3HAYHO
JIOCTPOMUTH M3 COIYTCTBYIOIICH HH(POPMAIIMK, MOXKHO TIpoITycKaTh. [IpuBeaem mprumep
userHoit cetu [lerpu (Puc. 2)

[Typel: X Comnter(mod N), Y Emam[1.N]

Type2 X Counter
ff}pe?): X Comter{mod N) Data D
o Datax D
Data D X0
Typel A<Y=Y-1>
A e
Type2 C<X=X+>
h 4 / },\
AY-0 &BX=CX | { ./}
A kO
s E’Z
XADD> c M
B
Data D <D-B.D>
¥ Benxan

Puc. 2 —Ilpumep userHoit cetu IleTpu (oueperp)

Ha nepBbiii B30IIsi KaXKETCs, YTO MPEIACTABICHUE [IBETHOM CETH BBITJISIUT TaK, 4TO
Ka)K/1as U3 IyT, BBIXOIAIIAS M3 IIEPeX0/ia, COACPIKUT HEKOTopoe JericTBre. B
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JIEHCTBUTEIIBHOCTH XK€, IIPU IIPe0OPa30BaHUH IIBETHON CETH B IIPOCTYIO, BCE JIEHCTBUS
NEPEXOIAT B CTPYKTYPY CCTH. DTO NOCTUTACTCS paS6I/IeHI/IeM MECT M IIEPEXO0J0B Ha
KOJIMYCCTBO PABHOC ACKAPTOBY IIPOU3BCACHNIO MHOXKECTBA BCEX 3HAYCHHUH BCEX THUIIOB
JaHHBIX, COOTBCTCTBYIOIIKUX 3TUM MCCTaM M IICPEXOoaaM. HpI/I 9TOM BCC IICPCMCHHBIC B CCTHU
MMOJIYy4aroTCA YK€ 3aJaHHbIMH U BMCCTO OYyT HBCTHOﬁ CCTHU PUCYIOTCA AYTU, COCIUHAIOIMINC
MeCTa U IIepex0/bl, COTJIACHO CBOMM “‘IIBETHBIM > OITHMCAHUSIM.

B onucannu IBCTHBIX ceTel HeT IIPUHOUIINAJILHOI'O OT'PaHNYCHHMA Ha UCII0JIb3YCEMbIC
ICPEMCHHBIC. Tem He MeHee, Hp606p330BaHI/Ie LIBETHOM CETHU B ITPOCTYIO0 BO3MOXKHO TOJIBKO
TOoraa, Korga BCC rNCpeMCHHBIC UMCIOT I[I/ICKpCTHLIﬁ CIICKTP 3HAYCHUM.

Takum 06p3.30M, MOJKHO CKa3aTb, YTO OCHOBHOM OCOOEHHOCTBHIO CeTeM HeTpI/I C
KOIrpaHUYCHUAMMNY  ABJEACTCA  BO3MOKHOCTH  IIOJYUCHHA HCKOTOPBIX TCOPCTUUCCKHUX
PE3YyJIbTATOB. HaHpI/IMep, MOXHO IIOCTaBHUTh MU pe€luarb BOIIPOC O AOCTHIKHUMOCTHU TaKoM
CCThIO q)I/IHaJ'H:HOFO COCTOAHHA, OTIHMYAIOIICTOCA XapaKTCPpHbIMU 0COOEHHOCTSIMHU.
HecmoTpss Ha TO, 4TO0 B Ha3BaHUM JAHHOM KATErOPUM YKa3aHbl OIPAHUYCHHUS, 3TO HE
03Ha4acT, 4YTO TaKHUE CCTH SBJIAIOTCA YaCTHBIM CiIydyacM KJIACCHYCCKHUX. Taxoke Xopouo
MU3BCCTHbBI «LBCTHLIC» Cern HeTpI/I, IIOABJICHHUE KOTOPBIX CBA3aHO C KOHHCHHHCﬁ
HCIIOJIB30BaHUA Pa3jIMYHBIX MCTOK. ((HBCTHBIC» CCTHU HeTpI/I Jal0T BO3MOXKHOCTDH
HUCCIICAOBATCILAM IIOJIYHATD II0JIC3HBIC TCOPCTUUCCKUEC PE3YIIbTATEI.

Pacumupennbie ke koHpuryparuu Ceredr [lerpm upemnararorcss B BulE psja
JOIIOJIHUTCIIbHBIX BOSMO)KHOCTCﬁ, KOTOPBIC MOI'YT 3HAYHUTCIIbHO ITIOBBICUTH BHIPA3UTCIIBHBIC
H MOICIMPYIOIINUE BO3MOXHOCTH 3THUX cereii. OgHAKO TaKOM BBIMIPBILI, KakK IIpaBHIIO,
HMCET CBOM HEAOCTAaTKH, a MMCHHO IIPUBOAUT K IIOTEPE BO3MOKHOCTH TCOPETHYECCKOI'O
uccienoBanus Cereit [lerpu.

I[J’ISI IIOJIHOLICHHOI'O MOACIUPOBaHUA BCCX aACIICKTOB CJIOKHOM CHCTEMBI YCIICIITHOCTDH
npumenennst Ceredr Ilerpu ¢ «orpaHndyeHusiMH» MajioBepositHO. OOuine HIOAHCOB
IIOBCACHU, CIOXHOCTD B3aHMOHeﬁCTBHH KOMIIOHECHTOB HOTpC6yIOT oT CpeaACTBa
MOACIUPOBAHHUA COOTBETCTBYIOIIMUX BbIPAZUTCIIbHBIX BO3MOKHOCTEH.

Jlumepamypa:

1. Koros B.E. Ceru Iletpu. — M.: Hayka. I'naBHas penakuust pu3nko-
MareMarudeckoit sireparypsl, 1984.— 160 c.
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Tkay /[.B.
ObGecne4yeHne yCTOMYUBOCTU CTEraHOCOOOLLEHUA K
onepaumm cxatus

JIBa OCHOBHBIX HANPABIICHUS IIPU PEIICHWH 3aJa4d 3alUThl HHPOPMAIUU OT
HECAHKI[MOHUPOBAHHOTO  JIOCTYIIA, BBIACIMBIIUECS €L B JPEBHEM MHUPE U
CYILIECTBYIOLIUE JI0 HACTOSIIEr0 BPEMEHH, - 3T0 Kpunrorpadus [1] u creranorpadus
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