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HA3AN OIMABIEHUE BMNEPELQ

maBa 5
OUNCKPETHO-CTOXACTUYECKUE MOAENU

B HexoTOpbIX Cnyyasax PYHKLUMOHUPOBAHUE CUCTEMbI He ornpeaenseTcs
MNONHOCTbHO ee MAapameTpamu, Ha4anbHbIM COCTOSHUEM U BHEWHWUMU BO3Ae-
CTBUAMM, G 3GBUCUT OT KAKUX-TO CNTYYAMUHBIX (PAKTOPOB. TaKUE CUCTEMbI Ha3bI-
BAFOTCS CTOXACTUYECKUMU. [Na UX U3yyeHus UCnonb3lyeTcs MeToA CTaTUCTU-
YeCKOro MOAEsIUPOBAHUA, KOTOPLIA COCTOUT B MHOTOKPATHOM MpoBeAeHUU
UCMBLITAHUMA C NOCNeAyHoWen CTATUCTUYeCKOM 06paboTKOM nonydaroWwmxcs
pesynbTatos [11; 13]. Hactoswasa rnaesa nocedleHa paccCMOTPEHUHO TaK HA3bI-
BaeMoUn P-cxemsbl, B paMKax KOTOPOU UCCNefyemas CUCTeMa 3aMeHseTCs Bepo-
ATHOCTHBIM asTomaTtoMm [2; 7; 10]. 3ToT noaxon no3BonseT uccnenosartb Le-
NbIN KNACC CTOXACTUYEeCKUX MpoLeCcCcoB, CpeAu KOTOpbIX: nepefaya cooblie-
HUW NO KaHany ceasu, obyyeHue BepOSTHOCTHOrO aBTOMATaA, nosefeHue Auc-
KpeTHO-AeTepPMUHUPOBAHHLIX CUCTEM, Ha BXOA KOTOPBLIX MOCTYMArOT Cly4au-
HbIe curHanel, u 1. A. [8; 9. 12]. BepoaTtHOCTHbIEe KneTOYHLIE ABTOMATHI MO-
3BONAFOT CO3AaTb MOAENb PAa3MHOXeHUs bakTepuid, aBTOBOMHOBLIX MPOLECCOoB

B AKTUBHOM cpefie, NOCTPOUTL CTOXAacTUYeckue pparTansr [1].

5.1. MeToa cTaTUCTMYECKOro MoaeriupoBaHus

CyWHOCTb MeTOAA CTATUCTUYECKOrO MOAESIUPOBAHUS HEKOTOpPOU cucTe-
MbI 3aKNHOMAeTCa B CO3AAQHUU KOMMbOTEPHOU Modenu (TO ecTb MPOrpaMMBI),
UMUTUPYHOLLLEW NOoBeAeHUE 3N1eMeHTOB CUCTEMBI U UX B3AUMOAEUCTBUE ApYT C
APYrOM U BHelUHeW CpeAOW, U NpOBeAeHUU CepuUU BLIUMCIIUTESIbHBIX 3KCMe-
PUMeHTOB. B pesynbtaTe nony4yaetcs mMaccue AAHHLIX, COOTBETCTBYHOLMX BbI-
XOAHBLIM CUMHANAM, KOTOpbIe MOABEepraroTCs CTaTUCTUYeckou obpabotke. TTpu

AOCTATOMHO 60NbWOM KONMUYecTBe WUCMLITAHUM nonyJvarowmeca 3HayeHus
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nNpuobpeTaroT CTAaTUCTUYECKYHD YCTOMYUBOCTb U MOTYT PAacCMATPUBATLCA KaK
XAPAKTEPUCTUKU (PYHKLIMOHUPOBAHUS UCCneayeMou cuctemsr [11].

MeTton crtatuctudeckoro mopenuposaHus, unu metos Morte-Kapno,
NpUMeEHSeTCa ANS U3yYeHUs Kak CTOXACTUYECKUX, TaK U AUHAMUYECKUX CUC-
TeM. Bo BTOpOoMm cnyvae AeTepMUHUPOBAHHAS CUCTEMA 3aMeHSeTCsS COOTBeTCT-
BYFOLLEM CTOXACTUYECKOM CUCTEMOU, XAPAKTEPUCTUKU BBIXOAHBIX CUTHANOB
KOTOPOW COOTBETCTBYHOT pe3ysibTaTamM aHasnn3a AeTepMUHUPOBAHHOW CUCTEMBI.
CywHocTb metoaa coctout B crieayrowem (puc. 5.1): 1. Cospaetca Komnbho-
TepHas mofenb UCCreAyeMOU CUCTeMBbI, NO3BONAHOWAS MONYy4YaTb BEKTOp BbI-

XOAHbIX CUTHANOB (V],)7,...,V;;) NPU 30AGHHBIX BeKTOpe BXOAHbIX CUIHAMOB

(x1,X,...,X,) WU BeKTOpe BHellHUX Bo3aekicteuu (F],F,...,F} ). 2. AsTomaTu-

YeCKW BLIMOJSIHAETCA cepusa U3 10° =10° mcnbITaHmit KOMMbFOTEpPHOU moaenu,
B XOAe KOTOPLIX CIyYaMHbBIM O6pPa3OM U3MEHAHOTCS BXOAHbIE CUMHAMLL U
BHelWHWe BO3AeUCTBUS. 3. PesynbTaTbl BbIMUCIUTENLHOrO 3KCNepumeHTa obpa-
6aTbIBAFOTCS CTATUCTUYECKUMU METOAAMU, UHTEpNPeTUpyroTCS U aHANU3UpYy-
toTca. BernonHeHWe 3ToM Nporpammel He TpebyeT 3aNOMUHAHUS BCeX BXOAHBIX
W BbIXOAHLIX BeNIMUMH. B namatn IBM 3anomuHaroTcs oblyme cymmbl pasnuy-
HbIX UCXOAOB U KONMUYECTBO UCMBLITAHUW, YTO NO3BONSET paccyUTaTh BeposT-

HOCTU TOro U NHOro UCxXoAaa, cpeaHmne 3Ha4yeHua, aucnepcnro n 7. A.

v
OpHoKpaTHaA pea- N N
nusayusa npoyecca !
) k CraTuctuyeckan ob-
Moacuet uncna pas- paboTka pes3ynbTaToB
NUYHBIX UCXOA0B !
! BeiBog Ha akpaH
N = N + 1 h L
—_*é—‘ N>10000 >* (_Koney )

Puc. 5.1. CywHoCcTb meToaa CTaTUCTUYECKUX UCMBITAHUM
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OcHOBHOe NpeumyLLecTBO CTATUCTUYECKOrO MOAESTMPOBAHUS COCTOUT B
TOM, UTO OHO NO3BONSET UCCMEAOBATb NOBeAeHUE CIOXHBIX CUCTEM, OMUCHI-
BAFOLUMUXCSA FPOMO3AKUMU COOTHOLIEHUAMU, COACPKALLUMMU KAK HenpepbIBHbIE,
TaK U OUCKpeTHbIe 3MeMeHTbI, Ha KOTOpbIe BIUSHOT passfiUyHbIe CrlyYauHbIe
(paKTopbI. Pe3ynbTaTbl MOAENUPOBAHUS MO3BONSHOT YCTAHOBUTL CTATUCTUYe-
CKMe XAaPaKTepUCTUKU U3yUaeMOU CUCTEMbI, 3aKOHOMEepPHOCTU ee mnoseAeHUs,
ONTUMU3UPOBATHL NPOLIECC ABTOMATUYECKOro ynpasneHus [13].

TeopeTtuyeckon OCHOBOW 3TOFO MeTOAA SBNAHOTCS NpeaesibHbIe Teopembl
Teopuu BepoaTHOCTel: Teopembl bepHynnu, TTyaccoHa, Yebbriwesa, Mapkoga,
Nannaca, ueHTpanbHas npepaenbHas Teopema [10, c. 109]. He 6yaem npuso-
AUTb 3[eCb BCe (POPMYJSIUPOBKU, PACCMOTPUM NULLb yTBEpXAeHUe, U3BecTHoe
KaK 3aKOH 60NnblIMX YUCen: ecriv OMbIT C HECKOJIbKUMU UCXOAAMU NOBTOpSET-

€ MHOTO pas, To YactoTta 7114/ N ucxona A CTpeMUTCA K ero BepOSTHOCTU:

py= lim "4

N—wo N
BaXHLIM CBOMCTBOM CIYUGIHOrO NPOLIECCa SBMSETCS 3proAUuHOCTb. OHO
COCTOUT B TOM, UYTO BCe peanm3auum npouecca mumerot oamHakoebie CTaTUCTU-
UecKMe XAapakTepuUCTUKU, U MO3TOMY OAHA peasin3aums XapaktepusyeT Bechb

npouecc. To ecTb maTemaTuyeckoe oxuaaHue M (x) v cpefHee KBaapatuye-
ckoe oTknoHeHue (CKO) s(x) cny4ariHOM BeSIUUMHBL X MOTYT 6bITb MOJSyYeHbI

He TOJIbKO ycpeAHeHUMeM MO MHOXeCTBY peanus3aumii MOoAenMpyemMon cucte-
MbI, HO U yCpelHeHWem NO BpemeHW OAHOM peanusaumu. B ocHose auckper-
HO-cToxacTuveckoro noaxoaa (P-cxemer) kK popmanusauuu PyHKLMOHUPOBA-
HUS UCCNeAyeMOM CUCTEMBI JIeXUT NOHATUE BepOSTHOCTHOTO aBTOMATA - He-
KOTOpPOro MMNoTeTUYeCKOro YCTPOUCTBA, KOTOPOe NpU NOCTYMNNEHUU BXOAHOO
CUrHana nepexoamMT U3 OOHOFO COCTOAHUS B ApYroe C 3aAGHHOW BepOSTHO-
CTbtO. BepoAaTHOCTHLIM GBTOMAT MOXHO pacCMATPpUBATL KAK AMCKPETHLIA nNo-
TAKTHLIW NpeobpasoBatesib UHPOPMALMU C NAMSATHLHO; ero nepexoa B cle-
Aytollee COCTOSHUE U BLIXOAHOW CUTHAN onpepensetca COCTOAHUEeM NamsaTu

Ha AGHHOM Liare U CTOXACTUYECKOM MaTpuLieit nepexonos.
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Beepem noHatue sepoatHocTHoro astomata (BA) [7: 10]. Hdonyctum,
UMeeTCs QaBTOMAT C MHOXeCTBOM BHYTPEHHUX COCTOaHUU () U MHOXeCTBAMU
BXOAHbLIX U BbIXOAHLIX curHasios X u Y. Beegem mHoxectso A, cocTosuee

W3 BCEBO3IMOXHBLIX nap (X;,q), rAe Xx; 6eperca U3 MHOXeCTBA BXOAHLIX CUT-

Hanoe X, a g; - U3 MHOXecCTBa cOCTOaHUU (. 3aAaAUM PYHKLUIO nepexona

q”l =0, ¢ ) u (PYHKLUIO BLIXOAOB yt+1 = LP(xl‘,q’fﬂ). Toraa natepka F =
<0,X,Y,0,¥Y > 3aaaet asTomat aetepmmuHUpoBaHHoro Tuna (rnaea 4).

Tenepb paccmoTpum 6onee obwmid cnyudant. TTyctb mHoxecTBo B BKIO-

YaeT B Cebs BCeBO3MOXHbIE NAPLI (.Y ;). TIPeANONOKUM, UTO SMeMeHTLI

MHOXeCTBa A CBS3GHLI C 3/IeMeHTAMU U3 MHOXecTBa B cnlyyaiHbIM obpasom B

COOTBETCTBUU CO CTOXACTUYECKOU MaTpuLie, NpeaCTaBIIeHHOM HUxXe.,

M3 MHO- SDnemeHTbI U3 MHOXecTBa B

xectea A (91,)1) (q1,¥2) (q2,¥3) (9K-YJ)
(x1,91) P11 P12 P13 Pln
(x1,92) P21 P22 P23 P
(x7,95) Pml DPm2 Pm3 DPmn

B 31Ol matpuue pj3 - BepoATHOCTb MepexoAa aBTOMATa B COCTOSHUE ¢y U
NOSBIIEHUS Ha ero BbIXOAEe CUTHANG )3, eCli OH 6bIN B COCTOAHUU ¢ WU Ha
ero BXof, NoCTynun curHan xj. Tak Kak asTomaT obsa3atenbHO AOSIXeH nepeid-
TU B KaKOe-TO COCTOsSHWe U3 MHoxecTBa () W BbIAAGTb BLIXOAHOW CUTHAN U3

MHOXecTBa ¥, TO Cymma 351eMeHTOB KaXAO0W CTpoku p;; paeHa 1. Takum cno-

cobom 3aaaeTcs BepOATHOCTHBIN asTomar (P-asTomar).
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5.2. CnocoObl nony4yeHUs cnyvyamHbIX BeSIMYUH

NccneposaHue ctoxactuyeckux mopenen Ha IBM Ttpebyer nonyyeHus
CNYYAMHBIX BeSIUYUH, UMeroWUX TOT UMM UHOW 3aKOH pacnpepdenieHus. [ns
3TOr0 UCMONb3YHOTCA CneLmanbHbIe FeHepaTopbl CAYYaiAHBIX Yucen, BbIpaba-
TbIBAFOLME PABHOMEPHO pacrnpeaesieHHyH CIy4auHyHo BeSIYMHY X U3 3aA4aH-

Horo uHTepeana (Hanpumep, [0, 1]). OT KauecTBa reHepUpyembIX CIYyYAUHBIX

unucen, XapakTepusyemoro cTeneHbro 65IM30CTU Mosyvarowerocs pacnpeae-
neHUs K paBHOMEpHOMY, YaCTO 3GBUCUT TOUHOCTb OLIEHKU Onpeaensemou Xa-
PAKTEPUCTUKU U3yyaemoro npouecca. TTo3ToMy Heob6X0AUMO HAUTU U UC-
NONb30BATb MPOCTOU CMOCO6 (POPMUPOBAHUS MOCNEAOBATENBHOCTU CIyYaid-
HbIX Yucen Tpebyemoro kadectea. CyliecCTBYHOT Tpu cnocoba: annapaTHLIN,
TabNUUHBIN U anroputmudeckui [10].

ANNAapaTtHLIN, UNU PU3nYeckuin cnocob, npeanonaraeT UCNONb3OBAHUE
CMeumnanbHOro 3f1eKTpOHHOro 6n0Ka, BbIpAbATHIBANOLErO XAOTUYECKU UsMe-
HarolWeecs HanpsxeHWe, KOTOpoe Mocfie OLUUMPOBKM AdeT NocCreaoBatesb-
HOCTb CIyYaMHbIX 4ucen. B ocHoBe Takux reHepaTOpOB JNeXWUT CIYYaUHBIU
(PU3UYECKUI NpoLecc, HaNnpUMep WYM B 3NeKTPOHHLIX U MOJ1yNPOBOAHUKOBBLIX
npubopax, paANOaKTUBHLIM pacnad v apyrue. [Jonyctum, paaom C paavoak-
TUBHLIM MpPenapatom HaxXoAUTCA AATUUK, PerucTpUpyroWMUU NPOneT 3MemeH-

TApHOM YaCTULILL U BLIPAGATLIBAFOLMIA UMMYSIBC HanpsxeHUus. Bpems ¢; mexay

COCEeAHUMU UMMNYNbCAMU SBNAGTCS CNYYAUHOU BenUuuHOWM. TTpeumyluecTsa
COCTOAT B TOM, 4TO: 1) 3anac Ymcen He OorpaHuyeH; 2) mansl 3aTpaThl MALUUH-
Horo BpemeHu; 3) He TpebyeTca onepaTtusHas namaTte IBM. Hepoctatku meto-
Aa: 1) HeobxoauMo cneumanbHoe YCTPOUCTBO, KOTOpPOe MPUXOAUTCS Mepuo-
AWNYECKU NpoBepsaTb, obecneynBatb CTaAbBUNBLHOCTL paboThl; 2) MeToA He no-
3BONSeT BOCMpPOU3BOAUTL OAUHAKOBbIE NMOCNeA0BATEIbHOCTU Yucen.
TabnuuHbIK, UNU PaMNoBLIM cnocob, COCTOUT B CO3AAHUU TabnuLbL
CNYYAUHBIX YUcesnl U MNOMelleHUU ee B OMepaTuBHyro Namatb IBM B Buae
qparina. B npouecce pabotbr nporpamma obpaiiaetca K painly U CUUTHIBAET

CNy4ariHoe YUCNo U3 3aAaHHOrO AuanasoHa. MeToa umeet HepocTaTku: 1) 3a-
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nac NoNy4aembIX TaKUM CNOCObOM Ymcen orpaHUYeH; 2) HaxXoxaeHUe AAHHBIX
B OMepaTUMBHOW MAMATU YMeHbluaeT ee 0bbem, KOTOpbIU TpebyeTca Ana BbI-
NOJIHEHUS BLIYUCIIUTESNIBHOTO 3KCMEepUMeHTa; 3) UCMOMb30BAHUE XeCTKOro
AUCKAG UNU Apyroro BHewHero 3Y yBenuuMBaeT BpeMeHHbIe 3aTpaTbl Ha UC-
NOSIHeHWe NPOrPaMMBI, MOLETIUPYHOLE U3yuaemyo cuctemy. TTpeumyluecT-
BA COCTOAT B TOM, 4TO: 1) AOCTATOMHO OAHOKPATHOU MpPOBEpKU Ka4yecTBa CIy-
UaMHBIX YMcen; 2) meToA No3BoJsiSeT BOCMPOU3IBOAUTL UX OAUMHAKOBLIE NOCSie-
AOBATESIBHOCTH.

ANropuTMUYECKUU, UMY NPOrPAMMHBIM cnocob, npesycmatpusaeT Uc-
NONb30BAHUE CMeLuanbHOU Nporpammel, BbIpabaThIBArOLLEM Cny4YanHoe YnCo
U3 3aAaHHOrO WHTepeasia. OH NO3BOSISIET MHOFOKPATHO BOCMpPOU3BOAUTL MO-
CNnenoBaTesIbHOCTL Yncen, TpebyeT manoro obbema NAMSTU U He UcMoNb3yeT
BHelHUX YCTPOMUCTB. HenoCTATKU 3aKNHOUaroTCs B TOM, UTO: 1) yepes HekoTo-
PLINA Mepuoa NPOUCXOAUT NOBTOpPEHUE reHepupyembIx Ymcen; 2) UCNOsb30Ba-
HUe 3TOro meToaa TpebyeT onpeaesieHHbIX 3aTPAT MAWUHHOTO BpemeHMU.

MopenuposaHue cuctem Ha IBM TpebyeT reHepupoBaHUsS HeKOTOPbIX
6a30BbIX CITYYAMHLIX MPOLIECCOB, MOAYUHSFOWMUXCA TOMY UNU UHOMY 3aKOHY
pacnpeneneHua. Tak, NpU UMUTALUU PYHKLUOHUPOBAHUS CUCTEM MACCOBOTO
obcnyxusaHus (CMO) 06bIMHO reHepupyroT MYacCOHOBCKUM MOTOK 3asBOK.
Ana nonyyeHus cnyyYyauHOU BenUUUHLI, MOAYMHAIOWEMUCS TOMY UMU UHOMY
3aKOHY pacnpepeneHus, Heo6XoauMO MOJyYUTb NOCNeAoBaTeNbHOCTb PaBHO-

MepHO pacnpeperneHHbIxX B UHTepeane [0; 1] cnyyarHbix umucen. Y Takux ymcen

PYHKUMA NNOTHOCTU f(X) U PyHKUMA pacnpeneneHus F'(x) umerot BuA:

0, x <0,
1, 0<x<l,

f(x)= F(x)=49x, 0<x<1,
0, x<0, x>1;

1, x>1.

B cuny auckpetHoctn 3BM Ha Heli MOXHO ONepupoBaTb C KOHEYHLIM Ha-
6opom uucen, U NO3TOMY MOSMYYUTb MOCIEA0BATENbHOCTb CIYYAMHBIX Besu-
UWMH, UAEANbHO COOTBETCTBYHOLYHO PABHOMEPHOMY pacnpeneneHuro, Hesos-

MOXHo. [na reHepauuum nocneanoBaTesibHOCTU Yncen Ha KoMmnbroTepe UCNOoNb-
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3yeTcs anroputm, NO3TOMY BBIMUCIUTENbHBIN NpoLecc 9BnaeTcs AeTepMUHU-
POBAHHBIM, @ NONYYarOLMECs YUCIIa NCeBAOCTYUYAUHBIMMU.

B uaeane reHepatop nNceBAOCNYYAMHLIX uYUcen BbIAAET NOCIeAOBA-
TeNbHOCTb Yncen KoTopble AOJSIKHBI: 1) 6bITb CTATUCTUYECKU HE3aBUCUMBIMU,
BOCMPOU3IBOAUMBIMU U HeMoOBTOPAFOLMMUCS, 2) UMETb KBA3UMpPABHOMepHOe
pacnpepefieHne; 3) NOMy4YaTbCsd C MUHUMATIBHBIMU 3aTPATAMU MALMHHOIO
BpemeHU; 4) 3aHUMaTb MUHUMAINbHBLIA 06bem namatu IBM [10]. Yacto ans
noJlyYeHUs NOoCefoBAaTEeNbHOCTU CIYYAMHBIX YUCel UCNONb3YHOT peKyppeHT-

HbIe COOTHOWeHUs Buaa X;, 1 = f(x;) npu 3aAaGHHOM 3Ha4eHUU X(. KauecTBeH-
HbIe CllyuYaliHbIe YMcna Nony4yaroTca TOraa, Koraa yHkuma x; .1 = f(x;) aoc-

TATOYHO MNOTHO 3aNONIHAET e AUHUYHBIN KeaAapar.

5.3. leHepaTopbI NceBAOCITY4YaUHbIX BeNIMYUH

PaccmoTpum OCHOBHbIe mMeToAbI reHepauuu NCeBAOCIYYaMHBIX Ynucen u
KpaTKo MpoaHanmsnpyem mux:
1. MeTtoA cepeAVHHBIX KBAAPATOB COCTOUT B Crieayroliem: bepyT

2n-paspapHoe uucno x; =0,bb...by, ., KoTOpoe MeHble 1, n BO3BOAAT ero B

KBaapaT, nonydas 4n-paspsaHoe umucno. M3 Hero BbIpe3aroT cpedHue 2n pas-

paaoB u nonyyarot umcno x;.1 =0,b,,1b,,.1.--b3,,. 9Ta npouenypa nosTopaeTca

Tpebyemoe KOnu4ecTBO pa3. HeaoCTATOK MeTOAA COCTOUT B HANTUYUU 3AKOHO-
MEpHOCTU MeXay YUCNIamuU NonyYarolencs nocsieaoBaTesIbHOCTU.
2. MynbTUNNUKATUBHLIA MeTOA OMUCLIBAETCS peKyppeHTHLIM COOTHO-

weHuem x;, = (ax;)modM . B pesynbtate nony4aetcs nocsieAoBatesibHOCTb

HaTypanbHbIX Ynucen us uHtepeana ot 0 ao M . YnobHo B kavectse M 6pathb

P", rpe P - OCHOBGHUE CUCTEMBbI CUUCIIEHUs, Ucnonb3yemoli B OBM, a » -

ymcno 6uT B MaWMHHOM cloBe.
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3. CMewaHHLIW MmeToA MO3BOMSET MOJyYUTb MOCNefoBAaTeNbHOCTDb
NCeBAOCNYYAMHBIX LenbIX uncen us uHtepeana ot 0 go M no qopmyne
Xj+1 =(ax; +b)mod M .

TTocnenHve ABa meTona UCNOMb3YHOT KOHIPY3HTHYHO npoueaypy reHe-
pauuu NcesaOCNyYaUHBLIX Yncen. DTO HA3BAHUE CBA3GHO C MOHATUEM KOHrpy-

3HTHOCTU no moaynro M : aa ymcna x v y o6naaaroT 3TUM CBOMCTBOM, ec-
nU cyulecTByeT Uenoe k Takoe, uTo x — )y =kM .

4. Metoa TuboHauyum ¢ 3anasabIBAHUSMU COCTOUT B UCMOJSIb30OBAHUMU
cnepytolle peKyppeHTHOMU (POPMYbL:

Xi—q = Xi=b> Xi—q Z Xj—b>

xl-z

Xi—q = Xi—p +1, Xi_g <Xj_p.

3aecb X; - pencTBUTenbHbIE Yucna u3 amanasoHa [0; 1], a a u b - naru (ue-

nble NONOXUTenbHbIe Yncna), npudem a > b . Nlaru cneumansHo noabuparotcs
Tak, YTO6bI B pe3ynbTarte NOsMyyYanacb paBHOMepHO pacnpenenieHHas Cay4vamHas
senuuuHa: (a,b)=(55,24), (17,5), (97,33). Yem 6onblie a, Tem BbIlle KayecT-
BO MOnyuvaroliencs nocneposatenibHoCcTU. Ecnu 310T anroputm peanusosatb
Yepe3 Lienble YUCna, TO NOAOUAET POPMYNA X; = X;_, — X;_p. B 3TOM Clyuae
6yayT MpoUCXOAUTb apupMeTUYeckue nepenosiHeHus, obycriosneHHble KO-
HeYHbIM YUCNOM pa3psaaos, OTBOAUMBIX ANs 3anucu yucna 8 O3Y. [ns pabo-
TbI 3TOrO reHepaTopa NCeBAOCITYYAMHBIX Ymucen Heobxoammo B namatu IBM
XpaHUTb m =max(a,b) =a npeAbIAYWMX CIYUAHHBIX YUCES: Xi_,_1, Xi_m.
Xi—m+ls = + Xj—]- TIpeUMyLLECTBO 3TOrO MeTOAd B TOM, YTO OH He TpebyeT ym-

HOXeHUq, a HepoCTaTKM, - HeobxoammocTb 6onbworo obbema NamaTu U UC-
XOAHOTO MACCUBA YMCen ANA 3anyCKa NpOrpaMMBI.

KauecTBO nonyuarowmxca nceBAOCNyHAMHBIX YUCen MOXeT bbITb OLieHe-
HO TONbKO MyTeM MpOBeAeHUS BbIYMCNUTENbHOrO 3KCnepumeHTa. HaumHas ¢
HeKOTOpOrOo MOMeHTa, FreHepaTop MepexoAUT B UCXOAHOe COCTOAHUE U 3aTem
HaYMHaeT NoBTOpATbCA. BaxXHOM XapakTepucTUKOU MPOrpaMMHBIX FreHepaTopoB
NCeBAOCNYYAMHBIX Yncen aBngeTca AnuHa nepuoaa L (AnvHa oTpeska ane-
puoauuHoctn). Ecnu B ctatucTuyeckom skcnepumeHTe UCNONb3oBaTb Nocrie-
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AOBATESIBHOCTb YMCen, ANIMHA KOTOPOU NpeBbIlaeT OTPe3oK anepuoanYHOCTU
L, TO ucneItaHUsa KOMMbOTEpHOM Moaenu 6yayT npocto nostopsaTbes. C Ue-
NbFO YBeJIYEHUS ANUHLL Nepuoaa L ucnosnb3yroTcs pekyppeHTHbIe (POpMYSIbI
Buaa X; 1 =F(X;,X;_1,X;_0,-»X;_j+]), B KOTOpLIX MoOcCnenyHolee 3Ha4YeHue
BBIUMCIINETCH UCXOAS U3 HECKONbKUX MpeAbIAylmX, Kak B metoae duboHauuu.
WHoraa, 4To6bI NONYyYUTL HEMOBTOPAFOLWYHOCA MOCNEAO0BATENbHOCTL CIyYai-

HbIX Yucen, paboTy reHepaTopa CBA3LIBAFOT C MOKA3AHUSAMU CUCTEMHOro Tau-
mepa 3BM.

flx)  N=30000 N fx) N=20000

Uﬁi_-w - e (e

.y T 1| -

0 1x 0 1 x

Puc. 5.2. TTpaktuyeckmn paBHoMepHbIe pacnpeaesieHUs Cy4YamHbIX Yucen

PaccmoTpum puboHauumeBbIN reHepaTop NCeBAOCYYaUHbIX YMucen ¢ na-
ramm a =53 u b =24 (nporpamma TTP-1). B nepeom LUKNe C NOMOLbFO One-
patopa random () reHepupyeTcs NOC/ef0BATENbHOCTb U3 55 uYucen, KoTopble
coxpaHsaroTca B maccuse x[i] . Bo BTopom uukne peanusyetca metoa $ubo-
Hauyuu, KaxAaoe creaytrollee CNy4YauHoe YUCNO COXPaHaeTCca B NepemMeHHOM y .
YT06bI OLIEHUTL KAYeCTBO CITYYaUHBIX YUcen, NOMyYUM UX pacnpenenieHue B

uHtepeane [0; 1]. Aina atoro ananasoH ot 0 ao 1 pasobrem Ha 20 noaaunana-
30HOoB wupuHou 0,05 u 6yaem noacUUTLIBATL KONUYECTBO "NonaaaHUK" cny-
YAMHOTO YUCNa ) BHYTPb KAXAOro noaauvanasoHa. TTocneaHun uukn npo-

FPAMMBI BLIBOAUT FMMCTOrPaMMy pacnpeneneHus Ha 3kpaH (puc. 5.2.1).
BaxHbIM NpaKTUYECKUA MeTOA NOSyYeHUs NCeBAOCTYYAMHBIX Ymcen Co-

CTOUT B UCNONMb30BAHUU CUCTeMHOro Tavimepa IBM. B kauecTee npumepa pac-
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cmoTtpum nporpammy TTP-2 (TTpunoxeHue). OHa cOAepKUT LUK, B KOTOPOM
BbIMOMHACTCS MNOCNeAOoBATesIbHOCTb AeUcTBuM: 1) ¢ nomowpro onepatopa
GetTime (h,m,s, hs) onpenensertcs cuctemHoe spems SBM ¢ TouHocTbrO A0

COTBIX CeKyHAbI hs; 2) paccumTbiBaeTCS 3HAYeHWe CNyYauHOU BeNUUUHLL ) U

oT6packIBaeTCA ee Lienas YacTb C MOMOLLHO ONepaTopos.:
y:=1.11*y+hs/100+ (hs/100) *random (1000) /1000; y:=y-int(y) ;.

TTporpamma CTpOUT rUCTOrpammy pacrnpeaesieHUs nosyyarolwencs cny4amHom

BenuuuHbr ) (puc. 5.2.2); BUAHO, YTO OHO 61IU3KO K paBHOMEPHOMY.

5.4. MogenupoBaHue criy4amHbIX COObLITMX U NpoLEeCcCoB

Y106bI NPpOMOAENUPOBATL CBepLUeHUe CNYYaUHOro cobbITua A ¢ BepoaT-

HOCTbHO D 4, HEO6XOAUMO paccmoTpeTb MOMAAAHUE 3HAYeHUS X; CIyuYariHOU
Be/IMUMHLI X , paBHOMEpHO pacnpeaenieHHou B uHTepeane [0; 1], B uucnosou
untepsan [0; p4] (puc. 5.3.1). Ina moaenuposaHUa HAcTynseHUs MNOSHOU
FPYNAbI HECOBMECTUMBIX CITyYaMHbIX cobbituud Sy, 5>, S3, .. ¢ BepoaTHOCTS-
MU D|, P>, P3. .. UCMOMb3YHOT MeTOA OnpepeneHus UCXoAoe NO Xpebuto.
Onsa ero peanusauuu Heobxoaumo (puc. 5.3.2): 1) untepsan [0; 1] pasbuTb Ha
1 4YacTel TOYKaMu lj ¢ ANUHAMU P, j=L2,...,n (cymma Bcex Pj pasHa 1);
2) reHepupoBaTb cryvariHbie X; U3 uHTepeana [0; 1], umerowme pasHomepHoe
pacnpeaesieHue; 3) ecnu YUCNO X; NOMNANO BHYTPb j-TO OTpe3Ka, TO HacTyna-

et coburtne S;. Tlpu atom [;_j <x; <l;,rRe l;=p+pr+..+p;. [, =1L

s (o

ll'i E J(I:i
v x
4 S

0 By ! 0By Pg P Ppl

Puc. 5.3. MeToa onpeneneHus ncxonos No xpeburo
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[na nonyyeHus nocneposatenbHOCTU U3 N 3HaYeHUM AUCKPETHOM cny-

YAMHOW BENUYUHBL X , MPUHUMAOLEIM 3HaYeHUs X| < Xy < ...<X; <... C Bepo-
atHocTtamum p; (i =1,2,3,..n), He06X0AUMO OpPraHU30BaATH LUK, COBEpLIAHOLLUIA

N wvtepaumii. B pesynbrate Kaxaou Utepauum peanusyetcs meToa onpeaerne-

HUa ncxoaos no )er6Ml-O U HaXoamTc4a cneayroulee 3Ha4yeHune x;.

B obuwem cnyyae BepoOSTHOCTb Mepexoaa B cleayrollee COCTOSHUE Ha
ware f+1 3aBUCUT OT TeKylLero cOCTOSHUSA CUCTeMbI Ha ware ¢. B atom cny-
Uae roBopaT O CTOXACTUYECKOM npolecce. B kauecTse npumepa paccMoTpum
Takyro urpy [8, c. 221]: 6pocaroT MoHeTy, ecnin nonyyaerca open, To ee bpo-
CaroT CHOBa. B cnyuyae koraa pelwka, 6pocaroT UrpanbHyro KOCTb (Kybuk ¢ npo-
HYMepOBAHHLIMU rpaHamu). Ecnuv BbINANO YeTHOe YMCNO OYKOB, TO CHOBA 6po-
CaeTCca MOHeTa, a ecsin HeyeTHOe, - UrpanbHas KocTb. TTpomoaenupyem nose-
AeHWe AAGHHOW CUCTEeMBI U C MOMOLLbHO MeToAd CTaTUCTUYECKUX UCMBITAHUU

onpeaenmm smnupuldeckmue H4acToTbl pas3siIMyHbIX NCXOAO0B OMbITA.

Pewsikca

Op en Heuemmnoe
_ YUCAO
S=T7 $=1,3,5

Yemmnoe wucao

Puc. 5.4. pap, onucbIBarOWMM CMEHY COCTOSHUMN CUCTEMBI

TToBepeHWe cuUCTeMbI OMNUCBLIBAETCS [PAPOM, NpPeAcTaBreHHbIM Ha
puc. 5.4. Ha ero ocHose moxeT 6bITb cocTasneHa nporpamma TTP-3 (TTpuno-
XeHue), B KOTOpOW, UCXOAS U3 3aNMUCAHHOrO BbIle Npaswusia, onpeaensercs
COCTOSIHUE CUCTeMbI Ha creayrolem ware ¢ +1. BOT TUNWUYHLIN pesynbTat pa-
60Tbr nporpammer: “OREL - RESHKA - 6 - RESHKA - 1 - 4 - OREL - OREL -
RESHKA - 2 - OREL ..". B nporpamme B maccuee n[k] noacumTbiBaeTcs KOnu-
4eCTBO pPA3NUYHBLIX UCXOAO0B OMLITA U HAXOASTCA UX IMNUPUYECKUE BEPOATHO-

ctm p; (i=12,...,8), koTopbie 3aTem BbIBOAATCS Ha 3kpaH. TTocne 10000 umc-
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MbITAHWUMA MOTYT MOMYYUTLCA Clelyrolme 3MNUPUYECKMe 3HaYeHus  pj;:
0,0911, 0,0843, 0,085, 0,0805, 0,0877, 0,0824, 0,241, 0,247. OHu cooTeeT-
CTBYHOT TEOpeTUYECKU OXUAAEMbIM BEPOSTHOCTAM.

YacTo Ana usyyeHUsa cTOXacTUYecKoro mpoLecca UCMOoMb3yHoT MApKOB-

ckue uenu. TTpocTtas oaHopoaHas uenb Mapkoea, cocToswWwas U3 cobbitun 4,

Ay, Az, ..., Aj, MOXeT 6bITb 304aHA CTOXACTUYECKOU MATpULIE NepexonoB:

P11 P12 - Pk
se e k
p— P21 P22 P2k ’ ngijgl’ Zpy:]l i=12,..,k.
j=1
Pkl Pk2 - Pk

MaTtpuua P onpepenset BepOSTHOCTHbIM GBTOMAT C kK BHYTPEHHUMU CO-
CTOAHUAMU, KOTOPLIE MOXHO MpPOHYMepoBaTb uucniamu ot 1 Ao k. dnemeHT

MATPULIBL p;; paBeH YCIIOBHOW BEpOATHOCTU MepexOAd B j-e cocTosHue (Ha-
CTYnJIeHWs cobbITua A ;) B Cnyyae, KOrAa UCXOAOM MpeAbIAyLEero UCMLITaHUS

6b1n0 i-oe coctosHue (cobbitwe A;). Moaenupyrowas Nporpamma AOJIXKHA

COAepXaTb LMUKI, B KOTOPOM MeTOAOM OrnpeferieHUus UCXOAOoB MO xpebuto,

y4YnuTbIBAA TeKyllee COCTOsAHUEe ABTOMATa B MOMEHT [, YCTGHGBNIMBAETCA ero

COCTOgHUE B MOMeHT ¢ + 1. N3 HauyanbHLIX BepoaTHOCTel p10 , pg , pg - p;?

CNy4aliHo BbLIGUpAeTCS HOMep ¥ U COOTBeTCTBYHOLee eMy HadaslbHoe CoCTos-

Hue q?. Ncxona w3 sepoatHocTew p,i, Py, Pr3. -, Drk ., MO Xpeburo onpe-
1 <
AenaroT Creayrollee COCTOSHUE ¢,.. KaxabIh Homep 7 onpefenseT He TONMbKO

ouepesHoe COBLITUE . Ha wWware ¢, HO U pacnpeAeneHUe BepOATHOCTER p,q,
D2+ Pr3. - Dy 808 BbIOOpA CreaytolWwero COCTOAHMA Ha ware ¢ +1.
Mapkosckue Lenu MNo3BONAFOT MPOMOAECSIUPOBATL MPOLIECCHI, KOTOPLIM
ApUCYLUM Cleayrolme CBOMUCTBA: 1) MMeroT KOHeYHoe MHOXeCTBO COCTOSHUIA;
2) BpeMa U3MeHseTCa AUCKPeTHO, 3) nepexoabl NMPOUCXOAAT CryyvanHo; 4) se-
pOATHOCTb MepexoAa U3 TeKyllero COCTOSHUS B Crieayioluee He 3aBUCUT OT

npeasicTopuu. Llenb moaenmposaHus 3aknkodaeTcs B HaXOXAEHUU BepOSTHO-
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CTU TOro, 4TO MCCJ’IC.D.yeMbIﬁ npouecc Ha k —OM LWare OKaxeTca B KAKOM-TO

KOHKpeTHOM COCTOSHUU qf . B kauecTBe npumepa paccmoTpum 3aaavy O nose-
AeHUU UTPOKa, Bnaaerolero Asyms ctpaterusmm A u B. lonyctum, nssectHo,
YTO ecnu Ha Npeabiayliem ware (B NpeAblAyllei Urpe) Urpok Beibpan ctparte-
Mo A, TO BepOSTHOCTb BbIbOpa cTpaTerun A Ha Tekywem ware pasHa 0,62, a
ctpateruu B - 0,38. Ecnu xe urpok sbrbpan ctpateruto B, 1o Ha cneayrowem
ware oH ¢ BepoaTHocTbrto 0,43 BbIbUpaeT cTpateruro A, a ¢ BepOATHOCTbIO
0,57 - cHoea B. HecnoxHo HapucoeaTtb rpacgp nepexoaoB U CO3AaTb KOMMbHO-
TepHYHO MoAenb aHANU3Upyemou cucTemsl. CMeHa COCTOSHUM CUCTeMbI OMuU-
CbIBAETCS CTOXACTUYECKOU MaTpulieid Nepexonos:

0,62 0,38

0,43 0,57)

TTposeans cepuro u3 1000 ncnbITaHU, MOXHO YCTAHOBUTDL, C KAKOM BEpOATHO-
CTbHO UTFPOK BbI6UpaeT cTpaTeruro A unu B,

Paccmotpum ele oauH npumep ucnonb3osaHusa uenen Mapkoea. [ns
TOTrO 4TO6LI NPOMOAENUPOBATL AUPPY3UHO HEKOTOPOrO rasa, HaNOSTHAROLWEro
cocya, NpeAcTasum cebe ABe YpHLI, B KOTOPbLIX JlexaTt 7 Lapos, YTO COOTBeT-
CTBYeT n MONaMm BellecTBa. TTycTb B NepBoOM ypHe k LWapos, TOraa BO BTOpPOU
n—k Wwapos. 3TO 03HA4aeT, YTO B JIeBOU MOSIOBUHe cocyAa kK moneu rasa, a B
npason - (n—k) monel rasa. [HaHHoe cocTosHWe o0603HaUuUM Tak: {1:k;

2:(n—k)}. TTpeanonoxum, 4to NoBeAeHUe CUCTEMbI OMUCLIBAETCA MpaBU-

NOM: B CNeAyHOLUIA AUCKPETHBIA MOMEHT BpeMeHu ¢ +1 cuctema nepexoaut B

coctosHue {l:k+1; 2:(n—k—1)} c BepoatHOCTbO (N —k)/n, nubo B cocTos-
Hue {l:k—1; 2:(n—k+1)} c BepoaTHOCTbIO k /1. 3TOT ANrOpUTM peanusoBaH

B nporpamme TTP-4. TTpu ee 3anycke NpoucxoamT nocTeneHHoe BbIpaBHUBA-

HWe Yncna wapoe (monen, monekyn) B ypHax (NONoBUHKax cocyaa).
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5.5. [Npumepbl ncnonb3oBaHUA MeToaa
CTaTUCTUYECKUX UCMbITAaHUN

PaccmoTpum HeckonbKo 3a4a4, pelleHWe KOTOpbIX TpebyeT CO3AAHUS
KOMMbFOTEpHOU Mofenu obbekta U nposefeHUs cepun U3 N UCNLITAHUU C
nocneayrollet crtatucTuveckon obpaboTtkon pesynbtatos [2; 7; 9; 12]. Tlo-
cnefHee NpeanonaraeT HAXoXAeHWe MaTeMaTUYeCcKoro OXUAAHUS Cy4YaiHoU

BeNTMUUHBL X; U CpeAHeKBaApaTuyeckoro oTknoHeHus (CKO) s no popmynam:

N N
xcp:%ZXi:x1+x2+]\)[c3+...xN’ o ﬁZ(xi_xcp)z-
i=1 =l

3aaaua 1. TexHonoruyeckut npouecc coctout us 5 onepaumii, Beznon-
HAFOWMXCS MO NopaaKy. [JnuTenbHOCTb U BEpOSATHOCTb MPABUINBHOMO BbIMON-
HeHUsa KaxAoW onepauuu 3aaarotca matpuuamu: 7; = {1,6; 2,7; 1,4; 3,8; 2,6} u
p; =10,6; 0,7; 0,4; 0,8; 0,6}. Ecnu onepauusa BbINONMHeHa HeBepHO, TO OHa
nosTopseTca CHosa. Heob6xo0AMMO BbIMUCNUTL CpefHee BpemMs BbIMOJSIHEHUS
TeXHONOrn4yecKoro npoLecca v AUCNepcuro 3ToM BesTUUYUHBL.

Ncnonb3syetca nporpamma TTP-5. OHa coaepXuT UUKN, B KOTOPOM Mofae-
nupyeTcs OAHOKpATHOe BLIMOSHEHWe TexHonorudeckoro npouecca. Bernon-
HeHWe onepauum MOAenUpyeTcs C MOMOLLbFO FeHepaTopa CRyYamHLIX Yucenn.
B cnyuae npaBubHOrO ee BLINOSIHEHUS, ABTOMAT MepexoamT K Creaytollel
onepaumu (i ysenuumeaetca Ha 1). Ecnu onepauusa sbrinonHeHa HesepHo, TO
OCYLLeCTBNSeTCS MOBTOpPHAs MOMbLITKA ee BbIMOSNHeHus. B pesynbtaTte onpepae-
ngeTca CymmapHoe Bpems j - peanusauum TexXHOnoru4yeckoro npouecca. 3a-
Tem ocylecTengetcs cneayrowgas (j +1)-a peanusauma u tak 2000-5000 pas.
B pesynbTtaTte BbIUMCNAGTCS CYMMApHOe Bpems BbINOJSIHeHUs Bcex M peanu-

3aUMiA, cpedHee 3HaveHue u CKO BpemeHn 7, oaHOW peanusaumu. TTporpam-
Ma TaKXe ro3BONAeT MOHATb XapakTep pacripeferieHns BeNUUMHLL T, U, No-

cne HebonblWOW AOPABOTKU, NOMYYUTL COOTBETCTBYHOLLYHO FMUCTOTPAMMY.
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3aaaua 2. Ha Bx0Aa KaHana cBA3M NOCTynaeT NOCfefoBaTeslbHOCTb CUM-

BOJIOB U3 TpexbykBeHHOro angasuta A = {aj,a,,as}, BepOSTHOCTU UCNONb3O-

BAHUA KOTOpPbLIX U3BECTHbLI. Ha BbIxoAe KaHana ceasu nony4yaeTca NnOToK CUM-

Bonos w3 angasuta A'={aj,a,,as,b}, roe b - owmnbouHbIn cumeon. CTaTu-

CTUYeCKUe CBOUCTBA KaHana CBA3U 3aAarOTCA CTOXACTUYeCKoW matpulen. He-

06X0OMMO NPOMOAENUpOoBATL Nepeaady UHMPOPMALUM MO KaHasy CBS3U U Me-

TOAOM CTATUCTUYECKUX UCTILITAHUMA OnpeaenuTb OTHOCUTENbHYHO OLWUGKY.
[onyctum, 4To BEpOATHOCTU UCNONb30BaHUA bykB angasuTta 4 onpeae-

narotca matpuuen p; =(0,3; 0,25; 0,45), a ctoxacTuyeckas maTpuLia, Xapak-

TepusyHolas KaHan ceasu, umeeT BUA!
0,7 01 0,1 0,1

P=101 08 0,1 0,0].
0,2 02 05 0,1

Ee anemeHTaMu asnarotca BEPOATHOCTU pi,j TOro, YTO Npm BXOAE B KaHan

cBa3mn - byksbI U3 angasmuta A Ha ero BbIXoAe nosBuTCa j -9 6yksa U3 an-
pasuta A' (i=1,2,3; j=1,2,3,4). Ana usyyeHua nepeaaym coobilieHu no Ta-
KOMY KaHany cBs3m mucnonb3dyetca nporpamma TTP-6. OHa conaepXuT uukn, B
KOTOPOM MeToAOoM BbIGOpa No xpeburo onpeaensetcs BXOAHOM CUMBON, a 3a-
TeM C MOMOLLBHO MATPULILI BepoATHOCTel P pasbIrpbIBaeTcs BLIXOAHOU CUM-
son. Tlpu 3TOoM ocyliecTBNSeTca MNOACYET OTHOCUTENbHOro 4umcsa owmubok

Ry /1, W pe3ynbTaT BIBOAUTCA HA 3KPAH. DKCNEpUMEHTUPYS C NpOrpammon,

MOXHO ycTaHoeuTb, yto nocne 2000-3000 ncnbitaHUM pe3ynbTaThl BEIMUCTIE-

HUS 7, / n NpUO6PeTaroT CTATUCTUYECKYHO YCTOMUYMUBOCTD.

B kavecTBe elle 0AHOrO NMpumepa paccMOTPUM 3aAa4Y O AYEeUcTonU nep-
konauuum [1; 4], umerowyro 6onbluoe 3HaYeHUe AnNg Teopuu nepronaumm (Npo-
CAYUBAHUS UMK NPOTEKAHUS). Ta TeopUs OMUCLIBACT (PU3UYECKMe NpoLiecChl,
NpoUCXOoAasLme B HEOAHOPOAHBIX CpPeAax CO CIyYaUMHBIMU CBOUCTBAMU. K Held
OTHOCATCS UCCNEefOBAHUS 3S1eKTPONPOBOAHOCTU KOMMO3ULMOHHLIX MaTepua-

OB, CcoCToaAWUX U3 npoBoAdlLIMX U HenpoBOoAAWUMX KOMMNOHEHTOB, U3y4eHusa
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PA30BbIX MNepexoaoe rasa B XUAKOCTb, O6POSOBGHM$I MArHUTHbIX AOMeHOB,

ANPPY3UU B HeynOopSAOYeHHbIX Cpeaax U T. A.

3aaaua 3. TTpeactasum cebe metannuueckyro cetky M x M , pacnono-
KeHHYHO Mexay ABYMS 3S1eKTPOAAMU, U3 KOTOPOU CrlyuYarHbIM 06pasom c 3a-
AGHHOW BepOATHOCTbHO ¢ YAAeHbI HeKoTopbIe Y3/bl UK 94elku (a ¢ BepoAT-
HocTbto p =1-—¢g 3aHaTeI). TTpu 60nblKX g 6yAeT BLIPE3aHO CIULIKOM MHOMO
Y3NOB, U UCYe3HeT NYTb, COeAUHSFOWMUU HUXHUM 3NMeKTPOA C BEPXHUM, - CeTKa
nepecTaHeT NpoBoAUTb TOK. Ecnu BbIpe3aHO mano ys3nos, To byaeT CylecTBo-
BATb OAUH WUINU HECKOSIbKO MEepKONAUMOHHLIX KNacTtepoe, MPOHU3LIBAFOLUMX
AGHHYHO CTPYKTYPY HACKBO3b U COEAUHAROWMX 3M1eKTpoabl. ITOT nepexoa U3
COCTOSHUSA, NPU KOTOPOM HeT COeAUHSHOWero Knactepa, B COCTOsSHUe, coaep-
Xallee COoeAUHAIOWMI KracTep, 9BngeTca PasoBbIM Nepexoaom. ITpobnema

COCTOUT B HAXOXAEHUU NOpOra MepKoNALUUMU p., TO eCTb KPUTUYECKOro 3Ha-
YeHWUs BepOSTHOCTU HAnMUuus ysna p =1—¢q, npy KOTOpOM BO3HUKAET XOTS 6bI

OAVH Knactep U3 6eCKOHeYHOro Ymcna ysnos.

NTaK, COBOKYMHOCTb 3aHATLIX S4eeK, CBA3AHHLIX C 6AMXaUWMMK No CTo-
poHe, 0bpasyroT knactep. [lee a4erkM OTHOCATCA K OAHOMY Knactepy, ecnu
CyWwecTByeT MyTb U3 3aHATBIX S4eeK, COeAUHSHOWMIM ux apyr ¢ apyrom. Ha
puc. 5.5.1 aueriku, Bxoadwme B OAUH KracTep, 3aKpaleHbI OAHUM LIBETOM.
KpacHble g4yeliku 06pasyro nMepKONSUMOHHLIW KracTep, MPOHU3LIBAFOWMUA BCHO
CTPYKTYPY U COCAUHAIOLWMM BEPXHUM U HUXHUIMA 3nekTpoabl. Halaem 3asucu-
MOCTb BepOoaTHOCTU P 06pa3soBaHUS NepKOSIALUMOHHOMO KnacTepa OT BepOaTHO-
CTU P HAnMUuus y3na.

Onsa atoro ucnonbsyercs meTon CTATUCTUYECKUX UCMBITAHUM, peanuso-
BaHHLIW B nporpamme TTP-7. CHa4ana, UCXoAs U3 3GAAHHOU BepOoSTHOCTU p
HaNUYUS 3aHATOU SYelKK, CIyYarHbIM 06pasom opmUpyeTCs a4emncTas
cTpykTypa (puc. 5.5.1), nocne yYero onpepenseTca, COAEPXUT OHA NepKONALU-
OHHbIN KNacTep UK HeT. Ta NpoLieAypa MHOTOKpPATHO MOBTOPSETCH, YTO NO-

3B0NfeT onpefefinTb BepOATHOCTb nepkonauuu P npu AGHHOM 3HaYeHUU p.
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3aTeM NpOBOAUTCA QHANOTUYHBIN BLIMUCIIUTENbHBIU 3KCMEepuMeHT npu Apy-
X p U CTPOUTCA rpacpuk 3asucumoctu P(p).

[ns yctaHOBNeHUs pakta Hammuusa Unm OTCyTCTBUS MepKonaumMmn cos3aa-
eTCa CMUCOK CBA3SHOCTU, B KOTOPOM CYLLUECTBYHOLWMM (He BbIpe3aHHLIM) y3am
CeTKU, BXOAAWMM B OAUH Knactep, MpUCBAMBAETCS OAUH U TOT Xe Homep.
TTporpamma HaxoauT cyllecTByrowmi ysen (i, j) U NpuceameaeT emy Homep
knactepa N, =1, koTopbIK 3anucbIBaeTCa B cneumanbHei maccus glk]. TTo-
Cne 3TOro nepebuparoTca BCe CyLLeCTBYHOLME Y3NbI (S4Yelkn), U ecniv OHU 9B-
nArOTCA CMEeXHBIMU, TO ecTb yAaaneHsl oT y3na (i, j) Ha 1, To um Toxe npu-
csauBaeTca Homep N,, =1. Ecnu ysen (i, j +1) cywecTtsyeT (a8ngetca cmex-
HbIM), TO AN Hero NOBTOPAHOT 3Ty MPOLEAYpPY, HAXOAS BCe Y3Ibl, CMEXHbIE C
HUM. B pesynbTate Bce y3nblI, oTHOCAWMeCs K Knactepy ¢ Homepom N, =1,
nony4arotT Homep 1, koTopeIv XpaHuTca B maccuse g[K].

TTocne atoro nporpamma, nepebupas Bce CylieCTByHOLWMUE Y3SibI, HAXO-
AUT nrobon ysen, y kotoporo Homep N,, =0, To ecTb OH He OTHeCeH K nep-
BOMY knactepy. Emy npuceansaetca Homep N,, =2, 1 3TOT Xe HOMep Nony-
4aroT BCe OCTaNbHbIE CyllecTByroWMe Yy3nbl, 0bpasyrowme C HUM OAUH Kna-
cTtep. TTocne atoro, cHoBa nepebupas Bce CylecTBYrOLWME Y3NbI CETKU, HAXO-

AaT nrobon ysen, y kotoporo Homep N,, =0, To ecTb OH He OTHeceH HU K

NepBOMY, HU KO BTOpOMY KnacTepy. Emy npucsausarot Homep N, =3 u T. 4.

1.20
1,00 [_.—.~
080

D g0

040

020

I:I I:ID = T i
0,00 0,20 0,40 060 0,80 1,00

Puc. 5.5. N3yueHue nepronaumm metoaom CTaTUCTUYECKOrO MOAETUPOBAHUS
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TTocne TOro, Kak Bce 3aHATbIE A4YEUKU OTHECeHbI K TOMY UMW UHOMY Kna-
CTepy U UMerOT HoMepa, 3anUcaHHbIe B maccuse g[k], ycTaHaBNuBaeTCS akT
CYLLeCTBOBAHUS MepKOoNaUMUOHHOTo knactepa. TTepebupas Bce y3nbl, ULLYT Ta-
Kue ABa, AN KOTOPLIX BLINOMHAMOTCSA YCNOBUA: 1) OAMH y3en KOHTaKTupyeT C
BepxHel nnactuHou (j=1), a apyrou ¢ HuxHeu (j=M ). 2) oba y3na oTHo-
CATCA K OAHOMY U TOMY Xe KracTepy, TO eCTb UMerOT OAUHAKOBbIE HOMepa

N,.,. TTpu nepkonauuu Ha 3KkpaH BeiBOAUTCA 1, Npu ee otcyTcTeum - 0.

[na HaxoxaeHus BepoaTHOcTU P 06pa3oBaHUs NMpOHU3LIBANOLWEro Kna-
CTepa npoleaypa (pOPMUPOBAHUS HOBOWU SYEUCTOM CTPYKTYpbI U YCTAHOBMEHUA
(PAKTA CYLLECTBOBAHUS MepKONSUUU MHOFOKPaTHO nosTopseTtcs. B nporpamme
TTP-7 sbrnonHsetca S =20-50 ucnbitaHuiA, nonydarowmecs pesynbTaTbl BbI-
BOASTCA HA 3KpaH. OTO MNO3BOJISET OLEHUTb BeposTHOCTb P nepkonauuu npu

PA3fINYHBIX p U nocTpouTb rpagpuk (puc. 5.5.2). 3 Hero BuaHO, UTO C pocTOM
p ot 0,4 po 0,7 pe3ko yeenuumeaetcs BepodTHOCTb nepkonauuu P. [ns

yBeSIMUeHUS CTaTUCTUYECKOM 3HAYMMOCTU pe3ynbTaToB cliedyeT MpoBecTU

6onbluee KONMYeCTBO UCTMLITAHUNA.

5.6. Mogenb o6y4yeHUss BepOATHOCTHOro aBTomara

Co3paHue poboTOB U CUCTEM UCKYCCTBEHHOrO UHTesnekTa notpebosano
peleHus npobnemsl obyyeHUs U camoobyuyeHus HeupoceTelh U BepOATHOCT-
HbIX asTomatoB. PaccmoTpum mucnonb3osaHue P-cxembl AnNs MoAenupoBaHUS
npouecca (POpMUPOBAHUA HABLIKA Y Yernoseka unu pobota. Jonyctum, “yue-
HUK" [OMXeH Hay4yuTbCs BBLINOJSIHATL OMpeAeneHHyo NOoCfeAoBaTesNbHOCTD
onepaumii: onepaums 1, satem onepauma 2, nocne 3Toro onepaums 3, 3atem
cHosa onepaumsa 1 u 1. 4. @opmupoBaHUE 3TOrO HABLIKA Y YerloBeKa MPOUCXO-
AUT GHANOMUYHO 0byuYeHUo BepoaTHOCTHOro astomata (BA) c Tpems cocros-
HUAMU, KOTOpbIe COOTBeTCTBYHOT onepauuam 1, 2 u 3. [lo obyuyeHus BA cny-

UaMHbLIM 06pa3sOM BbIMONHSET pasnUuHbIe Onepauuu, Cosepluas MpuU 3TOM
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OWUbKU. ANropUTM ero paboTbl UmeeT BUA CTOXACTUYECKOTo (BepOSTHOCTHO-
rO) rpacpa - COBOKYMHOCTU BeplUMH, COeAUHEHHBIX CTPesIkamu, KOTOopbIe COOT-
BETCTBYHOT MepexoAam OT OAHOU Onepauuu K Apyrou. BepostHocTu p;; nepe-
XoAa oT i-4 onepauuu K j 4 06pasyroT ABYMepHYHO MaTpuLly BepOSTHOCTEMW.

Ecnu asTomat He 0byyeH, TO BepOSATHOCTU BCeX MepexoAoB paBHbI:

0,33 0,33 0,33
P=(033 033 0,33],
0,33 0,33 0,33

TO eCTb OH BbIOMpaeT ceayHoLLyHO OMepaLuto CoBepLUEHHO MPOU3BOJILHO.

3a paboton obydyaemoro BA cneaut “yuutenbv” - neTepMUHUPOBAHHBIU
ABTOMAT, 3HAFOLWMU NPABUIIBHYHO NOCNEeAOoBATeNIbHOCTb ACUCTBUM U (PYHKLIMO-
HUPYHOLMIA NO CneaytollemMy XecTKoMy anroputmy. Ecnu “yuyeHuk" cosepumn
npasunbHOe AeUCTBUE, TO ero "'nooLpatoT" BLICOKOWU OLeHKoMU 1, B pesynbTtaTe
4ero BepoATHOCTb MOBTOPEHUS 3TOrO AeUCTBUS YBESIUUMBARTCS, G OCTASTbHBIX -

nou

ymeHblaeTca. B cnydae owmbku “yyeHuka" "Hakasbiearot" oueHkou 0, uto
NPUBOAUT K YMeHbLUEHUHO BEpOSTHOCTU ee nosTopeHus. B pesynbrate obyue-

HUS BepOSTHOCTU MPABUIBHLIX NMepexofoB Py, P23, P3| BO3pACTAOT, cTpe-

macb K 1, a BepoaTHOCTU OCTANbHBIX OWMUOOYHBIX AEMUCTBUU - YMeHbLIaroTCs,

npubnuxasce k 0. Matpuua BepoaTHOCTeM CTpemMUTCa K BUAY:

01 0
P=/0 0 1
1 0 0

B KoHuUe obyyeHus asTomart npaktuyecku 6e3 owMbOK BbINONHSET Tpebyemyro
nocneposatenbHoctb 1 > 2 - 3 > 1 > 2 - 3 — 1.. AHANOrnYHLIM 06-
Pasom ocyllecTBrgeTcs obyyeHue HelpoceTu: e MHOrOKpaTHO MpeAbaBnaroT
pasfinuHbIe O06beKTbI, B Clly4Yae UX MpPABUNBLHOTO Y3HABAHUS BeCA GKTUBHBLIX
CBA3eM YBesIMUMBAKOT, a B CJly4ae HenpasmUIbHOrO - YMeHbLUIAHoT.

PaccmoTtpum BA ¢ asyma coctosHuamu [B], cooTseTcTBYHOWMMU Onepa-
umam 1 u 2 (puc. 5.6). byaem cumTatb, YTO aBTOMAT 0byUeH, KOoraa U3 cocTos-

Hua 1 oH nepexoauT B COCTOSHUE 2, a U3 COCTOSAHUS 2 - B COCTOSHUE 1 u T. A.:
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152->1>52—>1—>.Tlepexoabr ]| >1 u 2—>2 asnarotca oWMb60OUHbI-
MU. BepoaTHoCTb NpaBunbHOro AeucTeus 0603HAYUM Yepes p, TOrAa BeposT-
HOCTb owmbku pasHa g =1— p. MOXHO U3y4aTb paboTy BepOSTHOCTHOrO aBTO-

marta ¢ 60NbWUM YUCTOM COCTOSlHMﬁ, HO Npu 3TOM Ha nrobom ware ¢ 0AUH U3

nepexonos 6yaeT NpaBUIbHLIM, @ OCTANbHbIE ~ HEMPABUITbHBIMU.

p
@)
g=I-p = q=I1-p

Puc. 5.6. narpamma Mypa asTomarta ¢ ABYMS COCTOSAHUSMU

Ona mopenuposaHus npouecca ObyyeHUs UCMOSb3yeTCs MpOrpamma
TTP-8. N3HauanbHO aBTOMAT He 0byuyeH, BepOATHOCTb MPABUIIBHOIO AeUCTBUS
mana (p =0,01). TTporpamma conepxuT LUUKN, B KOTOPOM BbI6Op KaXAOMU One-
pauMU OCyLLUeCTBNSeTCa C MOMOLLbFO FeHepatopa CryyaHbIX uducen. Ecnu
cnyJariHoe Ymucno x w3 uHtepeana [0; 1] meHbwe p, 10 “yyeHuk" cosepaet
NpaBunbHOE AelCTBUe, eCcnn HeT, - AenaeT owwubky. TTpouecc obyyeHus npu-
BOAUT K U3MEHEeHUO MAaTpULibI BEpOSTHOCTEN: BEpOSTHOCTb MpPABUILHOrO BbI-
6opa p ysenuuueaetca Ha a(l—p)=aq, rae a - KOIPPUUUEHT Hay4deHUs
(0O<a<l1), a BepoaTtHOCTb OWWOKU yMeHbLIAETCA HA Ty Xe BeNIUYUHY:
p:=p+a*q; q:=g-a*q;. YpoBeHb CPOPMUPOBAHHOCTU HABLIKA MOXHO CYUU-
TaTb PABHLIM BEpOSTHOCTU p BbI6OpA MpABUIILHOU OMepaumu.

TTpy obyyeHUU 4yenoseka YacCTb UHPOpMauuM 3abbiaeTcs. YTobbI 3TO
yyecTb, Ha KAXAOM BpeMeHHOM lare 6yaem ymeHbluaTb BepOSTHOCTb MpaBUIIb-
HOrO AeWCTBUA p Ha gp, rAe g - KO3pguuUeHT 3abbieaHua (0 < g <1), u Ha
TAKYHO Xe BesIMYUHY YBesIMUMBATL BEpOATHOCTb OWUBKU ¢ p:=p-g*p;
q:=q+g*p;. Pe3ynbratbl paboTbl Nporpammel npeactasneHsl Ha puc. 5.7. TTpu

3TOM NMPOMOAETUPOBAHLL Cllieaytolme CUTyaumu:
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1. O6yvyeHue c noouipeHuem: nMpu BLINOSIHEHUU MPABUSIBHOTO AEWCT-
BUS YYeHUKa "nooLwparoT", nepecunuTbIBas BEPOSATHOCTU p U ¢. TaK KaK CHa-
yana y4yeHuk owwubaetcsa ropasno uawe (g > p), TO NpyU Manbix ¢ obyyeHue
npoucxoaut meaneHHo (puc. 5.7.1). 3ato no mepe yeenuueHusa "3HaHu" Be-
POATHOCTb COBeplUeHUs MpaBUNTbHOTO AEUCTBUA pacTeT. AKTbI 0byuyeHus npo-
NUCXOAAT BCe udlle, BepOSTHOCTb p yBenuuueaeTca novtu ao 1. TTporpamma

AONXHA coaepXaTb onepaTop:
If (x<p)and(t<4000) then
begin p:=pta*q; q:=q-a*q; end;

114 1.-Z 1-‘.Z

|
|
|
0 t' t 0 t' t 0 ¢ t

Puc. 5.7. 3aBUCUMOCTU YpOBHS 3HAHUU "yYeHUKa" OT BpemeHU

2. ObydyeHune c HakasaHUWeM: B criyyae OWWOKU yyeHUKa "HakasbIBaroT",

MOACKA3bIBAS eMy MpPABUJIbHLIN OTBET, YTO MPUBOAUT K POCTY P U YMeHblue-
HUO ¢ . CHayana yYyeHUK owwnbaeTcs 4acTo, NO3TOMY ypOBeHb ero '3HaHuK"
6LICTPO pacTeT, BEpOATHOCTb OWMbkM g naaaet (puc. 5.7.2). AkTbr 0b6ydeHUs

NPOUCXOAS pexe, ypoBeHb 3HaHUU 3a cyeT 3abbiBaHUS He aocTuraet 1. TTpo-

rpPamma AOSIKHA COAepXaTb YCNOBHLIM Onepatop:
If (x>p)and(t<4000) then
begin p:=pta*q; q:=gq-a*q; end;
3. ObyuyeHue c noouipeHUemM U HakasaHUem: rMpu NpasUsIbHOM OTBeTe
YYeHUKa noowpsaroT, a NpU HenpasUIbHOM HAKA3bIBAFOT, MOACKA3LIBAS Mpa-

BUNbHLIW OTBeT. B 0boux cnyvasx BepoaTHOCTb MPABUMBHOTO AGUCTBUS D

pacTeT, a BepOATHOCTb OWUOKU ¢ CHUXaeTca. Tak Kak npu nrobom AencTeum

151



Maiiep P. B. KomnbrorepHoe MmoienupoBanue: y4e0.-MeTo 1. IMocoOue sl CTYICHTOB TE/IBY30B

yJalleroca ero yuyat, TO YpoBeHb 3HaHUU 6bICTpPO pacTeT U pocturaet |

(puc. 5.7.3). TTporpamma ponxHa copepxaTb onepaTop:
If t<4000 then begin p:=pt+a*q; gq:=gq-a*q; end;
AuckpeTHo-cTOXacTUYECKOe MOAeNMpOBAHUE MO3BONSET Uccrnenosatb U 6o-

ee CNoxHbie OGYHGI-OLIJ,MZCQ CUCTEMDL.

5.7. BepoATHOCTHbIE KfleTOYHble aBTOMaThI

B otnuume ot AetepMUHUPOBAHHBLIX KA BepOSTHOCTHbIE KNeTOYHble aB-
TOMATLI MOAYMHAOTCS MPABUIIAM, B KOTOPbIe BHeCeH 3/1eMeHT CNyYamHOCTU
[1]. BbIwe 6bINa NPOAHANU3UPOBAHA NPOCTEUWIAS KOMMbHOTEpHAs MOAeSb
ANPPY3UU. Ee MOXHO YCNOXHUTL, pacCCMOTpeB AeneHue ANIMHHOro CocyAaa He
Ha Age, a Ha M =100 uacTel. B 3Tom cnyyae cuctema moxeT b6bITb NMpomose-
NUPOBAHA OAHOMEPHLIM BEPOATHOCTHLIM KNETOYHBIM aBTOMATOM, COCTOALUM
us M aueek. COCTOIHUE KAXAOW i-U 94YeUKU paBHO YUCNy Moniekyn (monewn)

k;, Haxopawmxca B 1-U YacTu cocyaa, U NpuHUmaet 3HaveHus ot 0 ao 3000

(unu 6onble). Ha KaxaomM AUCKPeTHOM BpemMeHHOM Liare nepebuparotcs Bce

cocenHue KA u onpepensetca cymma S; ;.1 =k; +k; | monekyn B coceaHux
i-u un (i+1)-u yactax cocyana. TTepemeHHoOM d, paBHOW YUuCny Monekyn, ne-
pexoaswmx u3 i B i+1 4actm unmu HaobopoT, NpUCBAUBALTCA pe3ynibTaT OK-
pyrnenus alk; —k;.1|. Kosppuument a (0<a<1) onpenenser ckopocTb
ANPPY3UN.

TTocne 3TOro reHepupyeTtcs CrlydaiHoe YUCSIo X U pacCUUTLIBAETCA CO-

ctosHue KA c Homepamu i u (i +1) ¢ nomowpro onepatopa:
If x<k[i]/S then begin k[i]:=k[i]-d; k[i+1]:=k[i+1]+d; end
else begin k[i]:=k[i]+d; k[i+1l]:=k[i+1l]-d; end;

Ecrm k;/8; ;.1 <05, T0 BepoatHee Bcero monekynsl nepenayt u3 (i+1)-u

aYeuiku B 1-+0. Pe3ynbTaTtbl BLIYMCNEHUMN YCPeAHSHOTCS U BLIBOAATCA HA 3KPaH

(puc. 5.8). AHANOrUYHBIM CNOCO6OM MOXHO NPOMOAENUPOBATL TeNsIONpOBOA-
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HOCTb CTepXHS. YTO6bI CbIMUTUPOBATL UCTOYHUK Tensa B y3ne C HOMepom

i =80, Heo6x0aMMO Nepuoanyeckn kgy yBenmumMBaTh Ha Lienioe YUCno.

A A

r—— —
0 M 1 ] M 1

Puc. 5.8. MoaenuposaHue aANPEpysum ¢ NOMOLLLHO BEpOSTHOCTHLIX KA

B rnase 4 obcyxaanacb nporpamma “XusHb", cosaaHHas Ha ocHoBe Ae-
TEPMUHUPOBAHHBIX KMIETOYHLIX aBTOMATOB. B Heli peanusyetca xectkuii anro-
PUTM, NO3TOMY NH06as HAYaNbHAS KOH(PUIYPALIUS KUBBLIX KIeTOK Yepes OAUHa-
KOBOE YMCNO LWAroB BCeraa npueefet K OAHOU U TOU XKe KOHeUYHOU KOH(UrY-
paumun. Ha camom pene npouecc pasmHoxeHUs b6axkTepuit 9BngeTca BeposTHO-
CTHBIM U MOXeT 6bITb MPOMOAETUPOBAH METOAOM BEPOATHOCTHLIX KNEeTOYHLIX

aGBTOMATOB C MOMOLLbLO Nporpammer TTP-9.

PaccmoTpum npasuna, KoTopble peanusyroTca B 3TOW nporpamme. Kax-
AGS 94YeKa MOXeT HaXoauUTbCa B 6 XuBbIX (BO36YXAEHHBIX) COCTOSHUAX § =1,
2,...,6 unu B meptBom coctosHuu s = 0. XXueaa kneTtka noTpebnser nonesHole
BeleCTBA U3 NUTATenbHOU cpelbl (MX KONMUYeCTBO B KAXAOWU S4yelKe 3anucChl-
BaeTca B maccuBe pli, j] ) v ocTtaetca xuBok 6 TaKTOB, NOCNe Yero ymupaet OT

cTapocTu. TTpy 3TOM KONUYEeCTBO NOMEe3HbIX BelleCTB pij 8 AGHHOU ayeUKe C
KQXAbIM TAKTOM ymeHbluaetca Ha Apy. Ecnu pij = 0, To kneTtka norubaet ot
ronopa. Ecnu ayelika mepTea ajj =(0, a KONUYecTBO NUTATESIbHLIX BellecTs

MeHbllle 3aAaHHOIr O YpOBHA U2 , TO OHO C KAXAbIM LWArom nosbIWAETCAa Ha He-

KOTOPYHO MOSIOKUTENbHYHO CRYUYaitHYHO BenuuuHy Apy: py = pi + Ap,. HTobbr
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avYeuka a;; oxwna, el HeobxoanuMo umeTtb 3 unu bonee XUBLIX COCeaa, a ypo-

BEHb NMUTATENIbHbBIX BelleCTB pl] He AoNXKeH 6bITb MeHble Ul' 3anuwem 3Tm

NpaBUNa a@;; B MaTemaTUyeckom Buae ANa AeTepMUHUPOBAHHOTO KA:

y
(O, ecau afj =0 u pfj <Uj,
0, eciu afj >0 u pfj =0,
afjJrl =20, eciu afj =6,
1, ecu afj:O u pijUl u S>2,
\afj +1, ecu afj <6 u pfj > 0.

B obcyxaaemom Hamum BepoaTHOCTHOM KA npeanocnenHas CTpouka, COOTBeT-
CTBYHOLLAS "POXACHUHO" KNETKU, AOMXHA BEINOMHATLCA CIYYaliHO, Hanpumep, C

3aaaHHOM BepoaTHocTbro 0,7.

Puc. 5.9. Poct konoHuu 6aktepuin: BepoaTHOCTHBIN KA
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PaccmoTpeHHbIV BbIWe anroputm peanusosaH B nporpamme TTP-10. Pe-
3yNbTaThl MOAENUPOBAHUSA npuBeaeHbI Ha puc. 5.9. TTpu onpeaeneHHbIX na-
pameTpax moaesiu NpouCXOoAUT GBTOBOJSIHOBOW npoLecc, Npu KOTOPOM B pac-
CcMaTpuBaeMon 06nactTy BO3SHUKAFOT CMUpanbHbIe aBTOBOJHBI. B apyrux cny-
yasx No cpefe pacnpoCcTpaHseTcs OAMHOYHAS BOSHA BO36yxaeHus, nubo sce
XUBbIE 94elKU BbICTPO NOrMbaAOT OT HeAOCTATKA MUTAHUA,

Tenepb paccmoTpum apyryro cutyaumro. TTycTb umeetcs apymepHas nu-
TaTenbHas cpena, pa3buTas Ha KBaApATHbIE SYEMKU, B KOTOPLIX MOTYT XUTb
6akTepum (Hacekomeble, Yepsu). Jonyctum, uto baktepum us knetkm (i, j) no-
TpebnaroT nuTaTenbHble BelecCTBa U3 cOoceAHUX uYeTbIpex knetok (i—1,j),
@+1,j), (G,j—=1), (i,j+1). Ecnu B auelike Haxoaatca baktepum, To ee byaem

cuMTaTL BO3GYXAeHHOU unu xusou (sospact a; =12,3,..), a 8 npoTueHOM
criyvae - mepteon (a;; =0). Tleperiaa B xuBOe COCTOSHUe, kneTka byaeT Ha-

XO0AUTbCA B HEM CKOJlb YroaHO AONTO, Npu 3TOM ee BO3pacT al-j C KaAXAbIM Wa-

rom ysenuumusaetca Ha 1. BakTepuu ¢ HekOTOpPOU BepOATHOCTLFO MOFYT nepe-

XOAUTb B CM@XHYHO KNeTKy, Hanpumep, B a4enky (i+1,j), kotopas npu atom
v o +1
TOXe CTaHeT XUBOU unu Bo3byxaeHHoU (6b1na af +1,; =0, cTana af 11, =1).

Ecnu gauemka mmeeT HeCKONMbKO XUBBLIX cocefeU, "BbICcacbIBAFOWMUX" U3 Hee
nuTaTenbHbIE BeleCTBa, TO C KAXALIM LIAroM ¢ BepodaTHOCTb Mepexona ee B
BO36YX/AeHHOe COCTOoaHUEe yMeHbluaeTcA.

B nporpamme TTP-11 nepebuparotca Bce aueuku, ANS KAKAOU HAXOAUTCS

cymma S Bospactoe 4 BO36yxAeHHbIX coceAel, U pe3ynbTaTbl HaKanUBArOTCA
t+1 _ 4t _

B maceuse by (b =bj; +S). Ecrm by =0, TO ecTb y KNeTku HeT npuuvH

OXMBATb, BEPOATHOCTb MepexoAa B XUBOE COCTOSHUE p;;. Ecnu bl-j 6onbwe 0,

HO He npesbIwaeT 3, To kNetka (7, j) Ha creayrolWwem Wware Bo3byxaaeTcs C Be-

pOATHOCTbIO p;;, KOTOPas yMeHbluaeTcs ¢ poctom b;;. Ecom by; >3, 10 KneTka

He MoXeT BOSGYDMTbCSI, TAK KaK B HEW Mano nuTartesbHbIX BELLeCTB, BepoaT-

HOCTb p;; = 0. PaccunTtaHHbIE BepOATHOCTU COXPAHAHOTCA B MACCUBE Dij-
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Puc. 5.10. CtoxacTuueckuii gpaktan

TTocne 3toro 3BM nepebupaet Bce MepTBbIe SYEUKU U, UCXOAS U3 HAU-

AeHHbIX BEPOATHOCTEW p;;, C MOMOLLBHO FeHepaTopa CTy4arHBIX Ynces onpe-

AengeTr Ux CoCToaHue Ha cneayrouwem BpeMmeHHOM Lware. ﬂpM 3TOM COCTOdHUEe

@jj KUBBIX KIeTOK, COOTBeTCTBYHOlee BO3pacTy, yBenmumeaetca Ha 1. Ecnm

cAenaTtb Tak, YTO6LI LBET KNEeTKU 3aBucen oT ee BO3pacTa, TO HA 3KpaHe nony-

UUTCA CTOXACTUYECKUM (PPAKTAs, NepesIMBArOMUIACA PasSTUUHBIMU  LiBETAMU
(puc. 5.10).

NMpunoxeHue K rnaBe 5

B npunoxeHun npeActaBneHbl TeKCTbI MPOrpaMm, MNO3BOnsHOWMe pe-

WKUTb paCCMOTpeHHbIe BbIwe 3aaa4Yu. OHU HanucaHbl B cpeaax Borland Pascal
7.0 u Free Pascal 1.0.10.
TTporpamma TTP-1

uses crt, graph;

var a,b,i,j,k,DV,MV,EC: integer; y: real;

n: array[0..25]of integer; x: array[l..55]of real;

BEGIN

DV:=Detect; InitGraph(DV,MV, 'c:\bp\bgi'); EC:=GraphResult;
For i:=1 to 55 do x[i] :=random(10000)/10000; a:=53; b:=24;
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Repeat inc (k) ;
If x[56-a]>=x[56-b] then Y:=x[56-a]-x[56-b]
else Y:=x[56-a]-x[56-b]+1;
For i:=1 to 54 do x[i]:=x[i+1]; x[55]:=y;
For j:=0 to 20 do If (y>=j*0.05)and(y<(j+1)*0.05)
then inc(n[j]) -
until (k>30000)or (KeyPressed) ;
For i:=0 to 22 do rectangle(50+20*i,
450-round(n[i]/6) ,68+20*i,450) ;
Repeat until KeyPressed; CloseGraph;
END.

TTporpamma TTP-2
uses crt, dos,graph;

var a,b,i,j,DV,MV,EC: integer; k:longint;

h,m,s, hs: word; y: real;

n:array[0..25]of integer;

BEGIN randomize;

DV:=Detect; InitGraph(DV,MV, 'c:\bp\bgi'); EC:=GraphResult;

For j:=0 to 22 do n[j]:=0;

Repeat inc(k); GetTime(h,m,s, hs);
y:=1.11*y+hs/100+ (hs/100) *random(1000) /1000
y:=y-int(y);

For j:=0 to 22 do If (y>=j*0.05)and(y<(j+1)*0.05)
then inc(n[j]) -
until (k>20000)or (KeyPressed) ;

For i:=0 to 22 do rectangle(50+20*i,

450-round(n[i]/5) ,68+20%*i,450) ;

Repeat until KeyPressed; CloseGraph;

END.

TTporpamma TTP-3
uses crt;

var x: real; q,S,k,L: integer;

n:array[l..8]of integer; Label m;

BEGIN clrscr; Randomize; q:=1; L:=1000;

Repeat x:=random(1000)/1000;

If g=1 then If x>0.5 then S:=7 else
begin S:=8; q:=2; goto m; end;
If g=2 then S:=round(0.5+random(600)/100) ;
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If S mod 2=0 then qgq:=1;

m: If S=7 then Writeln(' OREL ') ;

If S=8 then Writeln(' RESHKA ') ;

If S<7 then Writeln(S,' '); inc(k); inc(n[S]);
until (KeyPressed)or (k=L) ;
For k:=1 to 8 do writeln(n[k]/L); Readkey;
END.

TTporpamma TTP-4
uses crt;
const N=200; Var x: real; k,t: integer;
BEGIN clrscr; Randomize; k:=20;
Repeat x:=random(1000)/1000; inc(t);
If x<k/N then k:=k-1 else k:=k+1;

writeln(k,' = ',n-k,' | ");
until (KeyPressed)or (t>300); ReadKey;
END.

TTporpamma TTP-5
uses crt, graph;
const M=5000;
p_op:array[l..5]of real=(0.6,0.7,0.4,0.8,0.6);
t op:array[l..5]of real=(1.6,2.7,1.4,3.8,2.6);
Var x,D,t,pr,S,tsr,SP:real;
i,j,n,DV,MV,k:integer;
nn : array[l..30]of integer;
BEGIN clrscr; k:=0; tsr:=9.97; D:=0;
Repeat n:=0; t:=0; inc(k);
Repeat t:=t+t_op[n+l];
x:=random (1000) /1000;
If x<p op[n+l] then inc(n);
until (n=5)or (KeyPressed) ;
S:=S+t;D:=D+sqr (tsr-t);
For i:=6 to 30 do

If (t>i)and(t<i+l) then inc(nn[i]);
until (KeyPressed)or (k>M) ;
For i:=6 to 30 do writeln(i,' ',nn[i]);
writeln(S/M,' disp=',sqrt(D/(M-1)));
Repeat until KeyPressed;
END.
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TTporpamma TTP-6
uses crt, graph;
const p: array[l..3,1..4]of real=((0.7,0.1,0.1,0.1),
(0.1,0.8,0.1,0.0),(0.2,0.2,0.5,0.1));
pa: array[l..3]of real=(0.3,0.25,0.45);
var x,y,error,n,nl,i: integer; sl: real;
BEGIN randomize;
Repeat inc(n); sl:=random(100)/100;
If sl<pa[l] then x:=1;
If (sl>pa[l])and(sl<pa[l]+pal[2]) then x:=2;
If (sl>pa[l]+pal2])and(sl<l) then x:=3;
sl:=random(100) /100;
If sl<p[x,1] then y:=1;
If (sl>=p[x,1])and(sl<p[x,1]+p[x,2]) then y:=2;
If (sl>=p[x,1]+p[x,2])and(sl<p[x,1l]+p[x,2]+p[x,3])
then y:=3;
If (sl>=p[x,1]+p[x,2]+p[x,3])and(sl<1l) then y:=4;
If x<>y then inc(error); If y=4 then inc(nl);
writeln(n,' vhod ',x,' vihod ',y,
' otn osh ',error/n,' ',nl/n);
until (n>3000)or (KeyPressed); Readkey;
END.

TTporpamma TTP-7
uses crt, graph;
const M=20;
var 1,p,xx : real; h,ii,i,j,k,n,z,t,£,DV,MV : integer;
X,y,g: array[l..M*M] of integer;
BEGIN Randomize; p:=0.6; clrscr;
For h:=1 to 10 do begin
For i:=1 to N do begin x[i]:=0; y[i]:=0; g[i]:=0; end; n:=0;
For i:=1 to M do For j:=1 to M do begin
xx:=random(1000) /1000;
if xx<p then begin n:=n+l; x[n]:=i; y[n]:=j; end; end;
g[l]:=1; j:=1; k:=1; t:=0;
Repeat t:=t+1;
For z:=1 to N do For i:=1 to N do For j:=1 to N do begin
If (g[j]l=0)and(g[i]=k) then begin
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l:=sqr(x[j]-x[i])+sqr(y[j]l-y[i]); If 1=1 then g[j]:=k; end;
end;

{For ii:=1 to N do begin write(ii,' ',g[ii],' | '); end;}
i:=1; Repeat i:=i+l; until(g[i]=0)or (i=N); k:=k+1; g[i] :=k;
£f:=0; For i:=1 to N do if g[i]=0 then £f:=1;

until (t>N+1)or (£=0)or (Keypressed) ;

£:=0;

For i:=1 to N do For j:=1 to N do begin

if (gl[il=gl[jl)and(y[i]=1)and(y[]j]=20) then £f£:=1;

end; write(f),; end;

readkey;

DV:=Detect; InitGraph(DV,MV, 'c:\bp\bgi') ;

For i:=1 to N do begin

circle (15+20*x[i] ,15+20*y[i],6) ;

circle (15+20*x[i] ,15+20*y[i],4);

rectangle (5+20*x[i] ,5+20*y[i] ,254+20*x[i] ,25+20*y[i]); end;
rectangle (25,25,425,425) ;

Repeat until KeyPressed; CloseGraph;

END.

TTporpamma TTP-8
uses crt, graph;
var t,Gd,Gm : integer; x,p,q,a,g : real;
BEGIN
Gd:=Detect; InitGraph(Gd, Gm, 'c:\bp\bgi');
Randomize;
line(0,450,640,450); 1line(10,0,10,480);
p:=0.01; gq:=1-p; a:=0.003; g:=0.0004;
Repeat
inc(t); x:=random(1000)/1000;
If (x>p)and(t<4000) then
begin p:=pta*q; g:=g-a*q; end;
pP:=p-g*p; q:=q+g*p; {BabmBauue}
circle (10+round(t/15) ,450-round (400*p) ,2) ;
until (t>10000)or (KeyPressed) ;
Repeat until KeyPressed; CloseGraph;
END.
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TTporpamma TTP-9
uses crt,graph;
const M=100;
var S,x: real; Gd,Gm,t,1i,d: integer;
k: array[l..M]of integer;
BEGIN
Gd:= Detect; InitGraph(Gd, Gm, 'c:\bp\bgi\');
Randomize;
For i:=1 to M do if i<30 then k[i]:=2000 else k[i] :=200;
Repeat inc(t);
{if t mod 10=0 then k[80]:=k[80]+1;}
For i:=1 to M-1 do begin
x:=random(1000) /1000; S:=k[i]+k[i+1]+4+0.001;
d:=round (0.02*abs (k[i]-k[i+1])+1) ;
If x<k[i]/S then begin k[i]:=k[i]-d; k[i+1]:=k[i+1]+d; end
else begin k[i]:=k[i]+d; k[i+1l]:=k[i+1l]-d; end; end;
if t =2000 then begin cleardevice; t:=0;
For i:=2 to M-1 do
circle (10+6*i,round (450-(k[i-1]+k[i]+k[i+1])/15),2);
line(0,450,640,450); end;
until KeyPressed; CloseGraph;
END.

TTporpamma TTP-10
uses crt, graph;
const N=110; M=90; Ur=8;
var a,b,p : array[l..N,1..M] of integer;
Gd,Gm,t,S,1i,]j: integer; x: real;
Procedure Draw;
begin
For i:=1 to N do For j:=1 to M do begin
If a[i,]j]=0 then setcolor (black)
If a[i,]j]>0 then setcolor(red);
If a[i,j]>4 then setcolor (blue);
circle(5*i,5*j,1); circle(5*i,5*3,2);
If p[i,j]>Ur/2 then setcolor(8);
circle(5*i,round(5*j),3); end;
end;
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Procedure Raschet;
var il,jl: integer;
begin S:=0;
If a[i,j]=0 then begin
For il:=i-1 to i+l do For jl:=j-1 to j+1 do
If a[il,3j1]>0 then inc(S); x:=random(100)/100;
If (p[i,j]l>Ur/4)and(S>2)and(x<0.7) then b[i,j]l:=1; end;
If (a[i,j]>0)and(a[i,]j]<6) then b[i,j]l:=al[i,j]l+1;
If (a[i,j]=6)or(p[i,j]=0) then b[i,]j]:=0;
end;
BEGIN Gd:=Detect; InitGraph(Gd, Gm, 'c:\bp\bgi')
setbkcolor (15) ; Randomize;
For 1:=40 to 43 do For j:=40 to 43 do al[i,j]l:=1;
For i:=1 to N do For j:=1 to M do begin
x:=random(800) /100; p[i,Jj]:=Ur*(round(0.2+x)); end;
Repeat inc(t);
For i:=2 to N-1 do For j:=2 to M-1 do begin
If (t mod 3=0)and(p[i,j]<Ur) then
pli,jl:=pl[i,j]l+round(random(400)/100) ;
If p[i,]J]>Ur then p[i,]j]:=Ur; end;
For i:=2 to N-1 do For j:=2 to M-1 do Raschet;
For i:=2 to N-1 do For j:=2 to M-1 do
begin a[i,j]:=b[1i,]]:
If a[i,J]>0 then If p[i,j]>1 then p[i,]j]l:=p[i,]j]-2
else p[i,j]:=0; end; If t>100 then Draw;
until keypressed; CloseGraph;
END.

TTporpamma TTP-11

uses crt, graph;
const N=120; M=120;
var a,b,p: array[l..N,1..M]of integer;

Gd,Gm,i,j,S,x: integer;
BEGIN Gd:=Detect; InitGraph(Gd, Gm, 'c:\bp\bgi')
Randomize; setbkcolor(1l5); a[60,40]:=1;
Repeat delay(100) ;
For i:=2 to N-1 do For j:=2 to M-1 do begin
S:=a[i-1,jl+al[i,j-1]+a[i+l,]j]+a[i,j+1]
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{+a[i-1,j-1]1+a[i+l,j+1]+a[i+1l,j-1]1+a[i-1,j+1]1};
b[i,j]:=0*b[i,j]l+S; If b[i,j]=0 then p[i,j]:=0;
If b[i,j]<>0 then p[i,j]:=round(60/b[i,j]/b[i,]]); end;
For i:=2 to N-1 do For j:=2 to M-1 do begin
If a[i,j]>0 then a[i,j]l:=a[i,j]l+1l; x:=random(100) ;
If (a[i,j]l=0)and(x<p[i,]j]) then a[i,j]:=1; end;
For i:=2 to N-1 do For j:=2 to M-1 do
If a[i,j]>0 then begin If a[i,j]/6>12 then a[i,j]:=1;
setcolor (round(a[i,j]/6+1)) ;
circle (5+5*i,5+5*3,2); circle(5+5*i,5+5*j,1); end;
until keypressed; CloseGraph;
END.
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