CtaTtuncrtmnyeckoe MoaernunpoBaHue CUCTEM

B npaktuke mMopgenupoBaHMsi CUCTeM Haubornee 4yacTto
npuxoanTcs UMeTb Aeno ¢ o06beKkTaMu, KOTopble B npouecce cBoero
(pyHKUMOHMpPOBaAHNA coaepXaT 3fIeMeHTbl CTOXaCTUYHOCTU WU
noaBeprarvdTCs CTOXaCTUYECKUM BO3OEUCTBUSAM BHeELWHeNn cpeabl.
[Mo3TOMy OCHOBHbIM METOAOM MNONyYeHUA pe3yribTaToB C NOMOLLbLIO
UMNTALUNOHHbLIX MoAerien TaKUX CTOXaCTUYECKUX CUCTEeM SIBNsAeTcs
MeToA cTaTUCTUYeCKoro moaenupoBaHusa Ha 3BM, ncnonb3yrwwmm B
KayecTBe TeopeTnyeckom ©Oa3bl npepenbHble TeopeMbl Teopuwm
BEPOATHOCTEMN.

Ha o3Tane wuccnepgoBaHMsi W MNPOEKTUPOBaAHUA CUCTEM MpU
NOCTPOEHUU U peanu3aumm MaWUHHbIX MoAenen (aHaNMUTUYECKUX WU
MMUTAUMNOHHbLIX) LWNPOKO WUCMONMb3yeTCA MeTo[ CTaTUCTUYECKUX
ucnoitauun (MonTte-Kapno), kotopbin 6asumpyeTcs Ha MCNOSIb30BaHUMU
CJly4YauHbIX Yuces, T. €. BO3MOXHbIX 3HAY€HUU HEKOTOPOMN Crly4YanHOM
BEJINYMHbDI c 3agaHHbIM pacnpegerneHuem BEPOATHOCTEMN.
Ctatuctnyeckoe mopgenupoBaHue npeacraBnser cobou mMeton
nony4vyeHus ¢ nomouwbio IBM cTtatnctnyeckmx gaHHbIX O npoueccax,
npoucxogawmMx B MogenupyemMoum cucteme. [AnA nonyyeHus
npeacTaBnAOWMX UHTEpPEC OLEHOK XapaKTepUCTUK MoaermpyemMow
cuctembl S C y4yeTOM BO34EeMCTBMA BHewHen cpeabl E
CTaTUCTUYECKMe AaHHble obpabaTtbiBaloTCAA U KraccuduumpyroTcsa c
MCNoNb30BaHNEM MEeTO4OB MaTeMaTU4YeCKON CTaTUCTUKMN.

CywHOCTb MeToa CTaTUCTUYECKOro MoaenmpoBaHUA CBOAUTCA K
NOCTPOEHU Ana npouecca GPYHKUMOHUPOBAHUA MUCCIieayeMoun

CUCTEeMbl S HEKOTOPOro MoAenupyloLwero aaropuTrMma, UMMTUPYOLLLEro



nosBegeHne U B3auMoaeuCcTBUE IMEMEHTOB CUCTEMbl C Y4eTOM
CJly4YamHbIX BXOAHbIX BO34eNCTBUA U BO3OAEUCTBUU BHeELIHEeN cpeabl
E, v peannsauum 3TOoro anroputma ¢ UCnosfib3oBaHUeM NporpamMmMmHoO-
TeXHU4YeCKUX cpeacTs.

PasnuyaloT aoBe obnactu npuMeHeHUA meToaa:

1) ANA N3y4eHns1 CTOXaCTUYECKUX CUCTEM;

2) Ansa peweHns AeTepMUHUPOBaAHHbIX 3a4au.

OcHoBHOM wupeen, KoTopas WUCMNONb3yeTcA AN pelleHus
AeTepMUHUPOBAHHbIX 3apad MeToAOM CTaTUCTUYECKOro
MoaenupoBaHuUsl, SABNSETCA 3amMeHa AeTepMUMHUPOBAHHOW 3apayuun
3KBMBANleHTHOU CXeMOWM HEeKOTOPOU CTOXaCTUYEeCKON CUCTEeMbl,
BbIXOAHbIE XapaKTepPUCTUKM NoOcriegHenW cCoBnaaalT C pe3ysibTaToM
peweHUs aeTepMUHNPOBaAHHOMN 3apadn. EcTecTBeHHO, YTO NpU Takowm
3amMeHe BMeCTO TOYHOro pelleHUsa 3agaduum nony4vyaercs npmonmnxeHHoe
peweHne U MOrpewHoOCTb YMeHbluaeTcss C YyBefIM4YeHUeM uYucna
UCNbITaHUU (peanusauumn mogenupytowero anroputma) N.

B pe3ynbTtate CTaTUCTUYECKOro MoAeriMpoBaHUA CUCTEMbl S
norsiy4aeTcA cepusi 4YacTHbIX 3HAY€HUMU MUCKOMLIX BEeFfIMYUH WU
(pyHKUMN, cTaTUCTUYECKasA oOpaboTKa KOTOpPbIX MNO3BOMSAET NONy4YnTb
cBeleHUss O noBeAeHMM pearibHOro oOObLEeKTa unM npouecca B
NPou3BOSibHble MOMEHTbl BpeMeHU. Ecnun konuyectBo peanusauun N
AOCTAaTOYHO BEJIMKO, TO MNOJIyYeHHble pe3yribTaTbl MOAenupoBaHUA
CUCTEMbI MNpuUoOOpeTaldT CTAaTUCTUYECKYHD YCTOMYMBOCTbL U C
AOCTAaTOYHON TOYHOCTbIO MOTYT ObITb MPUHATbLI B KayeCcTBe OLeHOK
MCKOMbIX XapaKTepuUCcTuK npouecca GPyHKLUOHUPOBAHUA CUCTEMDI S.

TeopeTnyeckomn OCHOBOM MeToaa CTaTUCTUYECKOro
MoaenupoBaHua cuctem Ha IABM saBnsawTca npedesibHbie meopeMsbl

meopuu eeposimHocmed.



MHoXecTBa  cnyyYyauHbIX  ABMEeHUU  (COObLITUN,  BENUYUH)
NOAYMHAKOTCA onpeaerieHHbIM 3aKOHOMEPHOCTAM, MO3BONAIOWMUM He
TONMbKO MNPOrHo3vpoBaTb WUX MoBeAeHMe, HO U KONNYeCTBEHHO
OLeHUTb HEeKOTOopble cpeAHUEe WX XapaKTepUCTUKU, MNpPoABnAroLiMe
onpeaerieHHYD YCTOMYMBOCTb. XapakTepHble 3aKOHOMEPHOCTHU
HabnwaarwTCA TakKkKe B pacnpegerieHUsX Crny4YaMHbiX BeJIMYUH,
KOTOpble 00pa3yroTca Npu CrOXeHNNn MHOXeCcTBa BO34EeNCTBUMN.

NMpuHUuMNManbHOe 3HaYeHue npeaenbHbIX TEOPEM COCTOUT B TOM,
YTO OHU rapaHTUPYHOT BbICOKOE Ka4eCTBO CTaTUCTUUYECKUX OLLeHOK Npun
BeCbMa 6onbloOM 4yucne ucnbitaHun (peanunsauuun) N. lMpakTnyecku
npuemMnemMbie NpU CTaTUCTUYECKOM MoAesNIMpOBaHMUU KONIMYECTBEHHbIe
OLleHKU XapaKTepPUCTUK CUCTEM HAaCTO MOTYT ObITb NONY4YEeHbI YXXe npu
CpaBHUTENbHO Hebonbwux (npn wucnonb3oBaHnn IBM) N.
Cratuctnyeckoe  mopgenupoBaHnme cuctem Ha IBM  TpebOyer
chopMmmpoBaHMsa 3HAYEHUN CrlyvYauHbIX BeSIMYMH, 4YTO peanusyeTcs C
NOMOLLLIO A4aTYUKOB (reHepaTopoB) CyYauHbIX Yncern.

Mpwm MUCMNOoJib30BaHUM CTaTUCTUYECKOrOo MoAaenupoBaHus
He3aBUCUMO OT npupoabl obbekTa uccnegoBaHusa (OyaeT nuM OH
AeTepMUHNPOBAHHbIM nnu CTOXaCTUYECKUM) Heobxoaumo
npeaBapuTesibHO MOCTPOUTb CTOXACTUYECKYKHD CUCTEMY, BbIXOAHbIE

XapaKTepUCTUKN KOTOPOW NO3BONSIIOT OLLeHUTb UCKOMbIE.

NMpun cTaTtucTtnyeckom mMoaenUpoBaHMM CUCTEM OOHUM U3
OCHOBHbLIX BOMPOCOB SIBNSIETCA y4YeT CTOXAaCTUYeCKUX BO3OEUCTBUM.
KonuyecTtBO crnyYauHbIX 4Yucesl, UCNOJSib3yeMbIiX ANA MNony4YeHus
CTaTUCTUYECKM YCTOMYMBOM OLIEHKU XapaKTepuUCTUKU npouecca
(pyHKUMOHMPOBAHNA CUCTEeMbl S Npu peanusauvm Mopenupylowero

anroputma Ha OBM, KonebneTtca B A4OCTaTOYHO WWMPOKUX npepenax B



3aBMCMMOCTM OT Knacca oObekTa MoAenupoBaHuUA, BuAaa
OLeHMBaeMbIX  XapaKTepPUCTHUK, Heobxoaumon TOYHOCTMU 7
AOCTOBEPHOCTU pe3ynbTatoB MogenupoBaHusa. [Ona  MmeToaa
cTaTUCTUYecKoro moagenupoBaHusa Ha IBM xapaktepHo, 4YTo 6onbLoe
Yyucro onepauvm, a COOTBETCTBEHHO U Oonbluasi AONA MalUHHOIO
BpeMeHM pacxoayrTCcA Ha AeUCTBUA CO ClyYauHbIMM 4YUCIaMMu.
Kpome TOro, pesynbraTtbl CTaTUCTUYECKOro MoAeriMpoBaHUA
CYLeCTBEHHO 3aBMCAT OT KayectBa wucxoaHbiXx (6a3oBbliXx)
nocriegoBaTenbHOCTEM cCrny4vyalHbiXx 4ucen. [losatomy Hanuuue
NPOCTbIX 7 3KOHOMMYHbIX cnocob6osB ¢opmupoBaHus,
nocneanoBaTesibHOCTEU CrlydauHbIX 4Yucesn Tpebyemoro KayectBa BO
MHOrom onpegensieT BO3MOXHOCTb MPaKTUYECKOro UCMNosfib30BaHUS
MaLWWWHHOro MoAeriMpoBaHnUs CUCTEM.

Ha npakTtuke ucnonb3ylOTCA TPU OCHOBHbLIX crocoba reHepauuu

CIlyYauHbIX- YUcen:
1. annapaTHbIn (¢pnsnyecknn);
2. TabnuyHbIu (hannoBbIn);
3. anropuTMmYeckum (nporpamMmMmHbIN).

AnnapaTHbIX cnocob. NMpn aTom cnocobe reHepauun criydyamHble
yucna BbipabaTbIiBalOTCA cneuuanbHON 3NIEKTPOHHOMN NMPUCTaBKON —
reHepaTopoM (AaT4yMKOM) crlydYamHbIX YMcesn,— cnyXxawen B KayecTBe
O4HOro M3 BHewHuUx yctponcts ABM. Takum obpasom, peanunsauus
3Toro cnocoba reHepauMm He TpedyeT AONONHUTESNbHbIX
BblYMCIIUTENbHbIX onepauun IBM no BbipaboTKe criydyamHbIX 4Yucen,
a Heobxoauma TONbKO onepauusa odbpalleHUs K BHELWWHeMY YCTPOUCTBY
(maTumnky). B kayecTtBe husnyeckoro adpdekra, nexaiwero B OCHOBe
TakKuX reHepaTtopoB u4ucers, 4alwe BCero UCNosib3yrTCA WyMbl B

ANEeKTPOHHbLIX U NONynpoBOAHUKOBbIX an6opax, ABJIeHNUA pacnana



pPagnoaKTUBHbIX 3J5IEMEHTOB U T. A. PaccMoTpuM npuHLUMN NOJyYeHUs
Clfly4YauMHbIX 4ucen OT MPUCTaBKU, OCHOBaHHbLIA, Hanpumep, Ha
achhekTe Wyma B NonynpoBOAHUKOBbLIX Npudopax.

CTpyKTypHasi cxemMa annapaTtHOro reHeparopa criy4amHbIX yucen

npuBeneHa Ha puc. 1.
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Fne ULl — wctouyHMK wyma; KC— knwyeBasa cxema; OU —
¢opmupoBatens wumnynocoB; [IC — nepecyeTHasas cxema, [lpu

yCUNeHun wymMoB Ha Bbixoge ML nony4daetcsa HanpshkeHue uy(l),
KOTOpoe SABNSIeTCA CllydYauHbIM TMpPOLECCOM, MOKa3aHHbIM Ha
BpeMeHHOU pauarpamme puc. 1. [Tlpuyem OTpPe30K LWYMOBOW
peanusauum uy (f), chopmmupoBaHHbIM Ha UHTepBane BpemeHu (0, T) c
nomowbio KC, copaepXuUT criydamHoe 4ucrno BblopocoB. CpaBHeHue
HanpsxeHua u, (t) ¢ noporoBbim U, nosponsetr ccgopmupoBaTb Ha
Bbixoge ®U cepuio UMNYNbLCOB Ug(t). Toraa Ha Bbixoge [IC moxeT
ObITb NOJly4YeHa nocrneaoBaTeNbHOCTb Crlyd4anHbIx Yyncen X(1).
Hanpumep, ecnn npoBecTu macwtabupoBaHue U NPUHATb OJIUHY

uHTepBana (0, T) 3a eaMHuUy, TO 3HAa4YeHUSA UHTEpPBarioB BpPeMeEHU



At =t,,, —t;, Mexay cocegHUMMN MMNYNbCamu Ug(t) ByayT crnyYanHbIMU
yuncnamm x;&(0, 1). Bo3MOXHbI UM [Apyrne CXeMHble pelleHUs
annapaTHbIX reHepaTopoB Clly4YanHbIX YMCen.

OAaHako annapaTtHbIM Croco6 NoNlyyYyeHUs cCrny4vyamHbIX Yucen He
nossonseTt rapaHTUpoBaTb Ka4yecTBO nocnegoBaTesibHOCTHU
HenocpeacTBEHHO BO BpeMA moaenupoBaHusa cuctembl S Ha 9BM, a
Takke MOBTOPHO nMoflyyaTb MNpuv MoAenuMpoBaHMN OAMHAKOBbIE
nocneanoBaTeNibHOCTU YMCen.

TabnuyHbIn cnoco6. Ecnn cny4vyanHble yucna, ocpopmMrieHHble B
Buae tabnuubl, nomMewaTb BO BHELUHIOK WUIU OnepaTUBHYHO NaMATb
9BM, npepBaputenbHo cdopmMupoBaB M3 HUX COOTBETCTBYHLLUN
¢ann (maccuB uucen), TO Takom cnocob6 OyaeT Ha3bIBaTbCSA
TabnnyHbiM. OgHaKo 3TOT CNOCOO NONy4YeHUs1 CrlyYamHbIX Ynucersn npwu
MmoaenupoBaHmm cuctem Ha IBM  06bIMHO  pauuMoOHanbHO
MCNOJSIb30BaTb NMPU CpaBHUTENIbHO HeOONbLLOM OO0bLemMe Tabnuubl U
COOTBETCTBEHHO danna uucen, Korga AnA XpaHEeHUsI MOXHO
NPUMEHATb oOnepaTUBHYK NamMATb. XpaHeHue danna BO BHELUHEW
namMaTU nNpuM YacTHOM oOpaweHuMM B npouecce CTaTUCTUYECKOro
MoaenupoBaHUA He pauuMoHaribHO, TaK KaK BbI3blBaeT yBeriM4YeHue
3aTpaT MaWMHHOro BpeMeHU nNpu MoaenumpoBaHUUN CUCTEeMbl S U3-3a
Heo6xoAUMOCTM OOpalleHna K BHeWHeMy Hakonutesrniio. BO3MOXHbI
NPOMeXyTo4yHble cnocobbl opraHusauum amna, Koraa OH
nepenncbiBaeTcsl B ornepaTtuBHYO NaMATb NepuoanyvYecKkn no 4actam.
3TO yMeHblaeT BpemMss Ha obOpaweHuMe K BHeWwWHeW MnamMATU, HO
CoKpawaetr o00beM onepatTMBHOM MNaMATU, KOTOPbIX  MOXHO
ucnonb3oBaTb ANA MoaenupoBaHua npouecca PyHKLUUOHUPOBaAHUA

cuctembl S.



AnroputmMuyecknm cnocooO. Cnocob nosiyvyeHus

nocrnenoBaTefibHOCTEMN CIlyYauHbIX yucen OCHOBaH Ha
¢hopmupoBaHumn cnyvyamHbix yncen B IBM ¢ nomowbio cneunanbHbIX
anropuTMoB U peanusyrwmx nx nporpamm. Kaxagoe crnyvyamHoe yncno
BbIYMCIIIETCA C NMOMOLWbLIO COOTBETCTBYHLUEN MporpamMmmbl Mo mMepe
BO3HUKHOBEHUA MNOTpebHOCTEeM nNpu MoAenupoBaHUU CUCTEMbl Ha
SBM.

JocToMHCTBA M HeOAOCTaTKW TpPeX MNepeyvUcrieHHbIX cnocobos
Nosfly4eHus1 cny4yamHbIX Yucen Ans cpaBHeHUA npeacTtaBrieHbl B Taon.

1. U3 aTon Tabnuubl BUAHO, YTO anNrOpUTMUYECKMM CNocob nony4vyeHus

CcrflydYauMHbIX 4ucen Haumbonee pauuoHaneH Ha TnMpaKTUKe npu
MoAenMpoBaHMM CUCTEM Ha YHUBepcarnbHbix IBM.

Cnoco6 JdoctonHcTBa HemnocTtaTtku
AnnapaTtHbIn ::3anac yncen HeorpaHW4eH; ::TpebyeTcsa nepuognyeckas

TabnuyHbIN

Anroputmmnyeckum

::Pacxopayetcs mano onepauun
BbIYUCITUTENIbHOW MALUUHbI;

::He 3aHMmMaeTcs mecTo B namMATn
MaLUMHBbI.

::TpebyeTcsa ogHOKpaTHasA NpoOBepPKa;
::MoxHo BoCcnpousBoaUTb
nocriefoBaTeNIbHOCTMU.

::TpebyeTca ogHOKpaTHasA NPoOBeEpPKa;
::MoXHO MHOrokpaTHo
BOCMPOU3BOAUTDL
nocrnenoBaTeribHOCTH;

::3aHMMaeT mano MecTta B NnamMATU
MaLUUHbI;

::He ucnonb3yrorca BHeLWHME
yCTpOMUCTBaA.

NnpoBepKa;
::Henb3sa BocnpoussoagnTb
nocnenoBaTenibHOCTY;
::Mcnonb3yeTcsa cneuynanbHoe
YCTPOWUCTBO;

::Heo6xoaumbI Mepbl No
obecne4yeHnto cTabunNbLHOCTU
::3anac 4yucersn orpaHuU4eH;
::3aHMMaeT MHOro mecrta B
onepaTUBHOM NaMATU UMK
Heo6xoAuMO BpeMs Ha
obpalieHMe K BHELUHEeN NaMATM.
::3anac uucen
nocnenoBaTesibHOCTU OrpaHu4eH
ee nepvoaom;

::CywecTBYHOT 3aTpaThbl
MaLUVMHHOIro BpeMEeHM!.



NMpu mopenupoBaHun cuctem Ha IBM nporpammHasa umutauums
Clly4YaMHbIX BO3OeNCTBUA  JNIOOOM  CNMOXHOCTM  CBOAMUTCA K
reHepMpoBaHUID HEKOTOPbIX CTaHAAPTHbIX (6a30BbIX) NpoUECcCOB U K
ux nocnepywouwemy dQyHKUMOHaNbLHOMY npeobpa3zoBaHuto. Boobuie
roBops, B KayectBe 6a30BOro MoOXeT ObITb NPUHAT NHOOON yAOOHLIN B
criy4yae mMoAennpoBaHUA KOHKpPEeTHOM cucteMmbl S npouecc. OgHako
npu AUCKPETHOM MoAenupoBaHMM Oa3oBbLIM MpPOLECCOM SIBNSETCS
nocnefnoBaTesibHOCTL YUcen npeacTtaBnAOWMX cobom peanusauum
He3aBMCUMbIX, paBHOMEpPHO pacnpenerieHHbIX Ha uHTepBane (0, 1)
Crly4YamHbIX BEJINYUH.

Ho nonyuntb ero Ha uudpoBon IBM HEeBO3MOXKHO, TaK Kak
MallMHa onepupyeTt C - paspagHbiMu uyucnamu. Noatomy Ha IBM
BMECTO HenpepbiIBHOM COBOKYMHOCTU pPaBHOMEPHbLIX Cly4YauHbIX
yucern UHTepBana (0, 1) MCNONb3YyHT AVUCKPETHYI0
nocnepoBaTenbHOCTb 2" cnyvyalHbIX uYucen TOro e WHTepBana.
3aKOH pacnpegeneHUss TakKoM AOUCKPETHOM MnocnenoBaTefibHOCTHU
Ha3bIBalOT KBa3anpaBHOMEpPHbLIM pacnpegeneHuem.

Ha IBM HEeBO3MOXHO NOoNy4uTb naeanbHyIo
nocrieaoBaTeNbHOCTb CIyYauHbIX Yncesn XoTs Obl MOTOMY, YTO Ha Hen

MOXHO onepupoBaTtb TOJIbLKO C KOHe4YHbIM MHOXEeCTBOM 4YUcern. Kpome

TOro, ans nony4yeHus 3HayYeHuw crny4yamHou BeNINYMHbI
MCNOJIb3YHTCSA ¢opmynbl (anroputmbil). NMoatomy Takue
nocrieaoBaTeNibHOCTMU, asnsiowmecs no cBoen cyTun

AeTePMUHUPOBAHHbLIMU — Ha3bIBaKOTCS NceBOOCYYauHbIMM.
Mony4yeHHble € MNOMOLWbLIO reHepaTopa nceBAoCNyYanHble
nocrneaoBaTeNnbLHOCTU YMcen AOMXHbI COCTOATbL U3 KBa3MpPaBHOMEPHO

pacnpenerieHHbIX 4ucersi, cogepxatb CTaTUCTU4eCKM He3aBUCUMbIE



yucna, 6bITb BOCNPOU3BOAMMBLIMU, UMETb HEMOBTOPSAIOLWMECH YUCHNA,
nosly4atbCA C MMHUMAlNbHbIMWU 3aTpaTaMyM MaLUMHHOINO BpPEMEHM,
3aHMMaTb MUHUMaASIbHbIN O0bEeM MaLIMHHON NaMATMU.

Hanbonblee npumeHeHUe B NpakTuke moaenupoBaHus Ha BM
ANs reHepauuu nocnegoBaTesibHOCTEU MNCeBAOCNYYaUHbIX Yucern
HaxoasAT anropMTMbl BUAa

Xi+1 = D(X;), (9.1)
npeacrtaBnsaOWiMe Ccobon peKyppeHTHble COOTHOLEeHUsI NnepBoro
nopsiaka, AN KOTOPbIX Ha4vanbHOE YUCNO Xp WU NOCTOSAAHHbIE
napameTpbl 3agaHbl.

OgHoM M3  UCTOpMYECKM nepBbiX npoueayp nony4vyeHus
nceBAocny4YamHbIX 4yucen Obina npoueaypa, NorfiyyMBlUAA Ha3BaHUe
MeToAda cepeauvHHbIX KBagpaTtoB. Hepoctatok 3toro metoga —
Hannyme Koppensauuvum Mexay u4Yucnamum nocrenoBaTesibHOCTU, a B
psaae criydyaeB CNy4YauHOCTb BOOOLLE MOXET OTCYTCTBOBATb.

LlLnpokoe npumeHeHue npu mopenupoBaHum cuctem Ha IBM
NONYUYUNIN KOH2PYIHMHbIEe rnpouedypbl reHepauun nceBaocny4amHbIX
nocnepgoBaTeribHOCTEU, MNpeacTaBnsowme codonm apudmetTnyeckune
onepauuu, B OCHOBE KOTOpPbLIX NeXuUt dyHAaMeHTasribHOe MNOHATUe
KOHIPY3HTHOCTU. [IBa LenbiX YMucrna o U § KOHFPY3HTHbI (CpaBHUMbI)
no mMoAaysnw m, rge m — uenoe 4ucrio, Torga UM TONbKO Toraa, Koraa
CyLleCcTBYeT TaKoe Lenoe YMCIo K, UTO a-B=Km, T. €. eCNnn pa3HOCTb a
- B pennTca Ha m v ecnuv Yucna o 1 § AalT oANHAKOBbLIE OCTaTKU OT
AeneHusa Ha abConTHY BENMMYMHY YMcra m.

Hanpumep, 1984-4 (mod 10), 5008 = 8 (mod 10%) u 1. A.

KOHrpysHTHble npoueaypbl MMeeT BUA

X.., =X, + ulmod M), 9.2)



rae Xi A, u, M — HeoTpuuaTernbHble Lenble Yucna.

KoHrpyaHTHaa npoueaypa nosiy4eHUs nocrnenoBaTeribHOCTEN
nceBAoOCIy4YanHbIX KBa3upaBHOMEpPHO pacnpeaerieHHbIX YNCern MOXeT
ObITb peanu3oBaHa MYNbTUMMIMKAaTUBHbIM NNOO CMeELUaHHbIM
MeToAOoM.

MynbTuUnnukKkaTUBHbLIA  MeTod. 3agaeT nocrieaoBaTeribHOCTb
HeoTpuuaTenbHbIX Uenbix u4ucen {X;}, He npeBocxoaawmx M, no
¢opmyne

Xi+1=7\.xi (mod M), (9.3)
3TO YacTHbIU cny4yan cooTHoweHus (9.2) npu ,u = 0.

B cuny  AeTepMUHUPOBAHHOCTMU MeToAa nosiyyaroTcs
BOCNpou3sBoAuUMbIe nocnefoBaTtesibHOCTU. TpebyemMbin 00BLEM
MaLUMHHOWU NaMATU NMPU 3TOM MUHMUMANEH, a C BbIYUCIIUTENBHON TOYKHN
3peHusa HeobxoauM nocnepoBaTesibHbIA NoACYET NPou3BeAeHUs ABYX
LenbiX 4ucen, T. €. BbINOJIHEHME onepauun, KoTopasa ObICTpO
peanusyeTtcsi coBpeMeHHbiMu IBM.

Ona malwMHHOW peanu3auun Hanbonee yno6Ha sepcua M=p?, roe
p — 4ucno uncgpp B cucteme cuucneHus, npuHatonm B IBM (p = 2 gna
ABon4yHou u p= 10 ona gecATUYHON MaLUUHBbI); g — 4YMuCno OUTOB B
MawWWHHOM crioBe. Torga BblYMCIIeHUE oOcTaTka OT AeneHusa Ha M
cBOAMUTCA K BblAeNeHnl g Mnagwmx paspsagoB  Aenumoro, a
npeobpasoBaHne wuenoro uucrna X; B pauuoHanbHy Apodob wu3
UHTepBana x; € (0, 1) ocywecTBnAeTcA NoACTaHOBKOU cneBa OT Xj
ABOUYHOWN UNMKN OECATUYHOMN 3ansATOMN.

AnropuTM nocCcTpoeHusi nocrnenoBaTeNibHOCTU AN ABOUYHOMU
MawunHbl M=2° cBOAUTCA K BbINOJTHEHUIO TaKUX onepauum :

BbiOpaTb B KayecTtBe Xy NPOU3BOSIbHOE HEYeTHOe YUCHO.



Bbluncnutb koadpduumeHt A = 8t * 3, rge t — nroboe uenoe
NOJIOXUTENbHOE YMCNO.

Hantn npousBegeHne AX, copaepxawee He Oonee 2g
3Havawmx paspsaaos.

B3atTb g Mnaawux paspsanaoB B KavyecTBe MepBOro 4neHa
nocnepoBaTenibHOCTU X; a oCTalibHble OTOPOCUTD.
Onpegenntb Apobb x1=X1/2° u3 untepsana (0, 1).

Mpuceoutb Xp = X;.

BepHyTbCa K n. 3.

CMeLllaHHbIN MeTon. NMo3sBonser BbIYUCNUTb
nocrieaoBaTeNbHOCTb HeoTpuuaTenbHbIX Uenbix 4ucen {X;}, He
npesocxogswmx M, no popmyne

Xi+1=AX; +u(mod M), (9.4)
T. €. B OTNUYMe OT MynbTUnnukatmBHoro metoga u # 0. C
BblYUCNIUTENIbHOU TOYKU 3pPEHUS CMeLlaHHbIUM MeToA reHepauuu
CIIOXHee MYNbTUMNMKaTUBHOIO Ha OA4HY ornepauuro CIIoXeHUs, HO Npun
3TOM BO3MOXHOCTb BblOOpa AONONHUTESILHOIO NapamMeTpa No3BonseT
YMEHbLUNTb BO3MOXHYHO KOppensuuio nosy4vyaemMbiX Yyncern.

KayecTBO KOHKpPEeTHOM BepCUU TaKoro reHepartopa MOXHO
OLEeHUTb TOJSIbLKO C TMOMOLUbLK COOTBETCTBYHOLEro MallUHHOIO
3KCnepuMeHTa.

B HacTosilwee BpeMsi NOYTU BCe NaKeTbl NPUKMAAHbLIX NMporpamMm
yHuBepcanbHbix 3BM ana BbluucneHusa nocriegoBaTeNibHOCTEN
paBHOMEpPHO pacnpeaesieHHbIX Clly4YauHbIX 4Yucesyl OCHOBaHbl Ha

KOHFPY3HTHOM npoueaype.



