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MopenupoBanue SABISETCA OJHUM U3 MOIIHBIX COBPEMEHHBIX MHCTPYMEH-
TOB MCCJICIOBAHMUS CHCTEM M UX B3aUMOJCHCTBHS MEXAy coboil. B psamy cyte-
CTBYIOIIMX METOAOB MOJEIUPOBAHUS BAXKHENIIYIO POJIb UTPAET UMUTAMOHHOE
moxaenupoBanue( UM ) va OBM unm unudpoBoe MoaenupoBanue. B ocHoBe
UM nexut 3ameHa peanbHOW (U3MUECKOW cucTeMbl( mpolecca) ee npuOiu-
’KEHHbIM OTOOpa)XEHHEM B BUJIE MAaTEMaTHYECKOW MOJENH, MOIEIHPYIOIIETO
QJITOPUTMA M COOTBETCTBYIOIIETO MPOrPAaMMHOI0 00OECreYeHus, B CBOEH COBO-
KYITHOCTH peaju3yIoLUX BOCIPOU3BeIeHHE HAa DBM HHTEpecyromux acleKToB
(YyHKIMOHUPOBAHUS UCXOAHOUM cucTeMbl. BaxkHOo moauepkHyTh, uTo UM 310 He
TEOpHUs, & CUHTETHYECKAss METOJOJIOTUS PEUICHUs] MpOoOJIEMbl HCCIIEJOBaHUS
CJIOHBIX CHUCTEM, OCHOBaHHAasl Ha SKCIEPHUMEHTHUPOBAHMM C UU(POBON MOJe-
JIbKO PEATBHOUW CUCTEMBI.

JIaHHBIN KypC SIBJIIETCSI €CTECTBEHHBIM IPOJOJDKEHHMEM Kypca «Monenu-
pOBaHME pPAJAMOTEXHUUYECKUX KAHAJOB Mepefadyd HHGOpMALMHU», YUTAEMOTro
CTyZeHTaM 4 Kypca JHEBHOTO OTIEJEHHUs B 7 CEMECTPE, B KOTOPOM OCHOBHOE
BHUMAaHHUE YJEIAETCS PACCMOTPEHUIO BOIIPOCOB MOJCIMPOBAHUS B3aUMOJIEUCT-
Bus B uH(popmanmoHHsix cuctemax (MC) u, rmaBHbIM 00pa3om, B paluOTEXHU-
yeckux cucremMax. HeoOXoIMMOCTh CHENUanbHOIO PacCMOTPEHHUS BOIPOCOB
MojenrMpoBaHus kKaHaioB nepenaun nHpopmauun (KIIN) onpenenserca neoo-
XOJIMMOCTBIO a0CTparupoBaTbcs OT psjia TOHKUX 3(PGHEKTOB MpPU BOCHPOU3BE-
AeHUU OOJBIIOr0 KOJMWYECTBA BO3HUKAIOIIMX B3aUMOJEHCTBUA C OOBEKTAMHU
BHEIIHEN cpesibl, UTO XapaKTEpHO AJI YCIOBUN (PYHKIIMOHUPOBAHUS CIIOKHBIX
U OonblIKX cucteM. K 4unciny Takux paHee pacCMOTPEHHBIX BOMPOCOB OTHOCST-
Csl BOIPOCHI aHanu3a MpeoOpa30BaHU CUTHAJIOB U MH(OPMAIIMOHHBIX MPOLEC-
COB B JIMHEMHBIX W HEJIMHEMHBIX 3BEHBAX PAJIUOTPAKTOB, HA TPACCE pacmpo-
crpanenus paanoBoiH KIIW u t.1. B pe3ynprare co3naHa OCHOBA, MO3BOJISIO-
1iasi B COOTBETCTBUU C OCHOBHBIM INPUHIUIOM (PYHKIIMOHAIBHOTO MOJEIHPO-
BaHMs B PAMKax JAHHOTO Kypca NEPEUTH K PACCMOTPEHMIO MPHUHIUIIOB II0-
CTpOEHHUS MaTeMaTU4YeCcKux U nu@poBbix Mozaenerd MC, BBo yrpoIleHHbIE Je-
TEPMUHUPOBAHHBIE WM BEPOATHOCTHBbIE (YHKIMOHAJIBHBIE HKBHBAJICHTHI
B3aMMOCBS3€¥ CUCTEMBI C BHEIITHEU CPENOH, a TAKKE MEXKAY DJIEMEHTAaMU BHYT-
pu caMOl cHuCTeMbl. B JaHHBIX METOIMYECKHMX YKa3aHHUAX PacCMATPUBAIOTCS
pa3zHoo0pa3Hble METO/bl U MOAXOAbl CUCTEMHOTO MOJEIUPOBAHUS, 00bEINHEH-
HbIE B paMKax MEpBOM - oOmmiel yacTu yutaeMoro kypca. [lo tekcry marorcs
IpUMEPBl U KOHTPOJbHBIE 3a/IaHMs], CIIOCOOCTBYIOIINE, YIIyOJIEHHOMY H3yYe-
HUIO IpeMeETa.
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1.AcxoaHble M0J10:KeHUs METOI0JIOTMH CHCTEMHOT0 MO/IeJIUPOBAHUS
1.1.0cHoBHbIe NOHsATHS. MepapXxuyeckne ONMUCAHUSA CIO0KHBIX CHCTEM

Cucrema - 1EJIOCTHOE, OPraHWYHO €IUHOE OOpa30BaHME, COCTOSIIEE M3
MHO>KECTBA AJIEMEHTOB, HAXOJAUIMXCSI B OTHOLLEHUSAX WJIM CBA3SIX IPYT C ApY-
TOM.

I{enieBoe Ha3HAYEHUE CUCTEMBI - KEJIAEMBIM PE3yJIbTaT, KOTOPBIM JOIKEH
OBITh JOCTUTHYT B Ipoliecce GyHKIMOHUPOBAHUS CUCTEMBI.

CrpykTypa - ONMCaHWE COBOKYITHOCTH YCTOMYHMBBIX CBSI3€H MEXIy 3Jie-
MEHTaMU CUCTEMBI.

BHemHss cpena - COBOKYNMHOCTh CHEUANBHBIX 3JIEMEHTOB -O0BEKTOB €C-
TECTBEHHOI'O WJIM HMCKYCCTBEHHOTO IPOUCXOXKICHHS, HE BXOIAIIMX B COCTaB
CUCTEMBI, HO OKa3bIBAIOIIMX HA HEE ONPEIEICHHOE BO3ACHCTBUE W OIpese-
JISIFOLLMX CYIIECTBEHHbBIE YCIOBHS €€ (PYHKIIMOHUPOBAHUS.

B3anmoneiictBue cucrteM( 3J€MEHTOB CHCTEM, OOBEKTOB) - B3aMMHOE
BIIMSIHUE, NIPUBOJSAIICE K HEKUM CYIIECTBEHHBIM U3MEHEHHSIM B UX COCTOSIHUU
(PHEpTreTHYECKIM, XHMUYECKAM, HH()OPMAIIHOHHBIM H T.II.)

Nudopmannonnas cucrtema MC - cuctema, ieneBoe Ha3HaYeHUE, COCTaB U
CTPYKTypa KOTOPOW OpPHEHTHPOBAHBl Ha Pa3IMYHOrO poja MHpeoOpa3oBaHUs
uHpopmanuu. COOTBETCTBEHHO OCHOBHBIM THUIIOM B3aumoneuctsus it MC
sBisieTcs nHpopMamonHoe B3aumoeiicteue (MB).

Hepapxus - pacnosio)keHUe 4acTed MU 3JEMEHTOB LEJIIOr0 B MOPSAKE OT
BBICIIIETO K HU3IIEMY.

[Ipn nepapXuuecKOM OMMCAHUU CIIOKHBIX CHCTEM IMPUMEHSIOTCS pa3iny-
Hble cI0coObl. BO BCceX HUX MCHOJIB3YETCSl POJIOBOE MOHATHE - YPOBEHb Hepap-
XUH, UMEIOLIEE Pa3IuYHbIA CMBICT B 3aBUCMMOCTH OT criocoba onucanus. Cy-
IIECTBYET TPU OCHOBHBIX THIAa HMepapXuu:. l)Ha OCHOBE BBIJECIECHUSA CTpAT -
YpOBHEW aOcTparnpoBaHus (aCIIEKTOB) ONMHUCAHMS CUCTEMBI; 2)HAa OCHOBE BBIJIE-
JIEHUS CIIOEB - YPOBHEW CJIOKHOCTU NPUHUMAEMBIX PEIICHUN MPU TOCTUKEHUN
rJI00aJIbHOW 11eNIM; 3)Ha OCHOBE BBIJEICHUS SIICIIOHOB WM YPOBHEW MOIYU-
HEHHOCTU B OPTraHU3AalMOHHOM CTPYKTYpE CHUCTEMBI. /{11 ONMMCaHUU pealbHOU
CUCTEMBI MOTYT MCIOJIb30BAThCS BCE TUIIBI UEPAPXUU.

[Tpu paccMoTpeHMH BOIPOCOB CHHTE3a M aHanu3a ciaokHbIX MC o0bIYHO
MPOBOJUTCA MX JIEKOMIO3UIMS HA CHCTEMbl HU3IIETO YPOBHS, KOTOPHIE Ha3bl-
BalOT MOICUCTEMaMHU U KOTOPBIE, B CBOIO OUYE€pelb, 00a1at0T (PYHKIIMOHATIBHOM
LEJIOCTHOCTBIO, BBINIOJIHSAS ONPEEICHHYIO ONEpalfio, 00eCIeUnBalOLIyI0 pea-
JU3aIuoo oo0me 1meneBor (QPyHKIMM cucTeMbl. JlanpHEHIas AECKOMITO3UIIUS
MOJICUCTEM NPHUBOJUT K 00pa30BaHUIO0 HUEPAPXHH, B KOTOPOH OOBIYHO BBIJIEIS-
I0T YETBIPE YPOBHS. YPOBEHb CaMOMl CHCTEMBI; YPOBEHb IOJCUCTEM; YPOBEHb
TEXHUYECKUX YCTPOMCTB WIM (DYHKIIMOHAIBHBIX 3BEHBEB; YPOBEHb CXEMHBIX
AJIEMEHTOB, SBJSIOIIMXCSA B JAHHOM CIIy4ae NPEIeIbHbIMU €IUHULIAMU Hepap-
XUYECKOro onucaHus. BeiieneHHas nepapxusi NpeaIonaraeT He TOJIbKO pas3fe-
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JICHUE CHCTEM, MOJCUCTEM W T.A. Ha YaCTH , HO M MCIOJb30BaHUE PA3TUIHBIX
aCIEKTOB OMMCAHUSI CUCTEMbI, TOHUMaHUS €€ Kak 00beKTa MaTepUabHOTO MU-
pa. Ha camom BepXHEM ypOBHE 4acTO pacCMaTpPHUBAETCS MPOIecC PyHKIIMOHHU-
pPOBaHUSI CUCTEMbl KaK CyObeKTa SKOHOMHUKU M T.M. CreAyromuii ypoBeHb MO-
3BOJISIET OINMUCHIBAThH Mpouecc MpeoOpa3oBaHus MH(pOpMaUU NpU PYyHKIUOHU-
pPOBaHUU TOJCUCTEM. YPOBEHb 3BEHHEB OJHOBPEMEHHO MpPEAIoJiaracT Onuca-
HUE MPeoOpa3oBaHUN CUTHANIOB - HocuTeneld nHpopmaruu. Husmmii ypoBeHs -
YpOBEHb OMUCAHUs PU3HUECKUX IMPOIIECCOB, MPOTEKAIOIIUX B 3JIEMEHTAX CUC-
TEMBI.

1.2.MaremaTn4yeckue onpeaeeHus CUCTEM U MOJeJIel CHCTeM.

NC, xak mro0ast croskHasi CUCTEMa, OMpeIesaeTCs TPeMsi OCHOBHBIMU KaTe-
TOPHUSMH. DJIEMEHTBHI, OTHOIICHHsI, CBOMCTBA. OIHO3HAYHOE U TOJTHOE 3aJaHue
ATUX KaTeropuil PakTUYECKH OMPENENseT CUCTEMY: €€ CTPYKTYpY, IIeJIeBOE Ha-
3Ha4YC€HUE, Ka4ecTBa U T.JA. PaccMoTpeHne BO3MOXKHBIX COCO00B (hopManuzo-
BAaHHOTO OMHUCAHWS CHUCTEMbI OJIHO3HAYHO CBS3aHO C MOHATHEM Mojenu. Mo-
nenb (J1aT. «Mepay) 3TO OOBEKT - 3aMEHUTENIb 00bEKTa OpUTHHAJIA, 00ECTIeUH-
BAIOIIMM H3yuyeHHE HaumOoJiee CYIIECTBEHHBIX B HWHTEPECYIOIIEM aCIEKTe
CBOICTB TOCJIEHEr0 M, HA00OpOT, MO3BOJIAIOIINI a0CTparupoBaTbcs OT €ro
HECYIIIECTBEHHBIX XapakTepuCTHK. [Ipu maremaTudeckoil ¢hopmaninzanuu Omnu-
CaHHUsl CHUCTEM pa3IMyaloT JIBa IMOAXOJA. CTPYKTYPHBIM, B paMKaX KOTOpPOTO
0oco00oe BHUMAHHE YHAENSAETCS aHaU3y BHYTPEHHHX COCTOSIHUU CHUCTEMBI, U
GyHKIIMOHATBHBIN, B paMKax KOTOPOTO COCPEAOTAYMBAIOTCS HA WCCIICIOBAHHUH
BHEIIIHUX MPOSBICHUN CUCTEMBbI Kak MpeoOpa3oBarelisi «BXOJ -BBIXOI», a caMa
CHCTEMa PACCMATPHUBACTCS KAK «UEPHBIN SIIIHK.

bunapHbIM oTHOIIEHMEM R Ha MHOXeECTBaxX MpoU3BOIBLHON NpupoAsl X,Y
HA3bIBAC€TCA TMOJAMHOXKECTBO JIEKapTOBAa TIPOW3BEACHUS DJTHX MHOXKECTB
ROXxY. Ecin mapa snementos x OX, y OY Takosa, uro (x,y)OR, TO 3TOT

hakr oGosHauaroT Takke cremyouuM obpasom: XRy. Iyers X ={x;, i 0I,}

CEMEUCTBO MHOXECTB, I'le | MHOKECTBO LIEIOYMCIEHHBIX MHIEKCOB. Torna B
COOTBETCTBUHU C TEOPETHKO-MHOKECTBEHHBIM MOAXO0JI0OM 001Ias cuctema S, 3a-
JaHHasi Ha DTOM CEMEUCTBE, ONPENENACTCS KaK N-apHOe OTHOLIEHHUE WIH IMOJ-
MHOXECTBO A€KapToBa mpomsseAeHus X;, iUI,, SUX; xX; x.xX; .

JlanHoe ob1iee ornpeAesieHne B 3aBUCUMOCTU OT TOTO, KAKUM COJEP>KaHU-
€M HAJEIISI0TCA MHOXECTBA X, i Ul , TO3BOJIAET MONYYUTh ONIPEACIICHUE CHUC-
TEMbl B COOTBETCTBUU C TEM WJIM UHBIM MOAX0J0M. BBelieM MoHsTHE YHUBEP-
CyMma, MOJ KOTOPBIM MOHHUMAaETCs 0a30BO€ MHOKECTBO, COJAEprKallee Bce dJie-
MEHTbI Kakoi-mu0o0 npeaMetrHoi odnactu. Ilycts M - yHuBepcym anemeHToB; T
- YHUBEPCYM OTHOLIEHUW MEXTy HUMH; V - YHUBEPCYM CBOMCTB, pPE€an3yeMbIX
Ha 3TUX OTHOIICHUSX, TOT/Ia CUCTEMA S

SO MXTXxV =Y, = WxV,
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rae Ys - yauBepcyM cucteM ; W = MXT - yHuBepcyM CTPYKTYPHBIX XapaKTepH-
CTUK, a V - YHUBEPCYM IapaMETPOB CUCTEM, 00ECIICUMBAIOIINX HEOOXOUMbIN
YPOBEHb JICTATU3AIMK OTIMCAHUS JIEMEHTOB U CBSI3€H MEKy HUMHU.

Onpenenum tenepb X Kak MHOXKECTBO BXOJHBIX OOBEKTOB, a Y - BBIXOJ-
HbIX 00beKkTOB. Torga mpu peanuzanuu (QyHKIIMOHAIBHOIO IMOJIX0Ja CUCTEMA
onpenensercs kak OunapHoe oTHoueHue S [ X XY . YacTto BMeCTO OMHApHOTO
OTHOUIEHUS MPU ITOM HCHOJIB3YETCA 0TOOpakeHre WU QyHKIIHS

S: X - Y; f: X - Y, (x,y)DS - y=1x),

TO €CTh OJHO3HAYHOE TIPeoOpa30BaHUE BXOI-BBIXO, /I KOTOPOTO MPH JHOOBIX
X1, X2, %Sy1 A\ XSy, - yi=Yo.
Jlia ompexnenieHus MOJENEH CUCTEM UCIHOJIB3YIOTCS MOHATUA MOP(QU3MOB.
Mop@usm 03Ha4aeT COOTBETCTBUE, TO €CTh MPABHIIO, II0 KOTOPOMY KaXKIAOMY
DJIEMCHTY HPOCTPAHCTBA K CTaBUTCSL B COOTBETCTBUM JJIEMEHT IIPOCTPAHCTBA
K . Boigemsitor monsitust romoMopgusma u nsomopdusma. B tom ciydae, korna
K oTobpakaercst He o0s3aTenbHO HAa Bee K, HO ¢ COXpAaHGHHEM HEKOTOPBIX
OOIIIMX CBOWMCTB, TO TakO€ OTOOpakeHHE Ha3bIBaeTcsi roMomMopdusmoM. Eciu
ke Mop(u3M oTobpaskaer Bce d1eMentbl K Ha K B3aMMHO - OZHO3HAYHO, TO
9TO HasbiBaeTcs m3omMopduamom, a mpocrpanctsa K u K - nsomopdabivu. s
OOLIEro omnpeaeneHusi CUCTEM BBOJAUTCS cCieayrollee NoHsATHE Moaenu. [IycTsb

SOXxYwu S OX xY uheX-X' h:Y_Y orobpaxenns. Torma oToGpa-
KeHue h (x,y)= (hx(x),hy (y)) HA3BIBAETCA FOMOP(U3MOM OTHOIIEHUM U3 S B

S',a S’ MOJENBIO CHCTEMBI, €CIIH
El(x,y): (x,y) as - (hX (x),hy(y)) 0S.
ITycte cucrema SLJ WXV ecTh MOAMHOXKECTBO JEKApPTOBA MPOU3BEICHUS
MHOKECTB CTPYKTYPHBIX XapaKTEpPUCTUK U MapamMeTpoB cUCTeMbl. Kaxabii

aJeMeHT S Oy/ieM Ha3bIBaTh BapUAHTOM CHCTEMBI, ONpeesieMblil mapou (W,V)
u o6o3Havars S, = S(w,v) O S.

1.3.3apauu cuHTE3a M AaHAJIU3A CJO0KHBIX CHCTEM
COBOKYMHOCTh 33J1a4, BO3HUKAIOIIUX B CBA3U C MCCIICTOBAHUEM CIIOKHBIX
cCUCTeM, pa3OMBaeTCs Ha JBa Kjlacca: aHaJu3 U CUHTE3.
3agaya aHaar3a COCTOMT B U3YUYEHUH CBOMCTB CUCTEMBI, €CJIM 3aJaHbI. Xa-
PaKTEPHUCTUKH BHEIITHEH CpeJIbl, a TAaK)Ke JIFOOBIX CTPYKTYPHBIX U MapameTpuie-
CKMX HEOIpPEJICTICHHOCTE B BUJE YNOPSAIOYEHHOTO Habopa JaHHbIX  [1Q;
CTpyKTypa u napamerpsl w JW, v L1V Bapuanra cuctemsl S, [IS ; olleHOYHOE

otoOpaxenue Bujga K: SxQ - U" ,rme U" - MHOXECTBO 3HAUYEHUI OIICHOY-
HOM (DYHKIIMM, OMUCHIBAIOLIMX HA0Op U3 N mokazareneil 3ppexTuBHOCTH CHUC-
TEMBI.
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B xogxe peuieHust 3ajauv cUHTE3a TpeOyeTcsl HAWTH BapHAHT Siw S,
Y/IOBJIETBOPSIIOLIMI PECYPCHBIM Q(Siw) :Q(w*,v*) <Q, U KPUTEPHAILHBIM
K(s;

VW 2

oo) > K,(w) orpaHmueHHsIM, TAKOMH, 4TO IS
Ow0Q, 0S,,08:  K(S,.0) RK(S,,.w), (1)

rae 1{H IIpaBUJIO HOPCAIIOYTCHHUA B BHIC 6I/IHapHOFO OTHOLICHUS ITOPAOKA

%

vw 2

(«ObITH myumre») va U". Muoxectso S, O S, S : {SWV: Q(st)s QO} Ha3bIBa-
€TCsS  MHOXECTBOM  JIOIyCTUMBIX — cucTteM. Mmuoxecrso S U S [ S,
Seut {Suv- K(S
T'O JOMYCTUMBIX CHUCTEM.

Jlyis momaBIsitonIero OOJIBIIMHCTBA CIOXKHBIX CHCTEM pEIIeHUE 3a7adu
CUHTE3a B MOCTaHOBKE (1) He MOXKET OBITh MOJYYEHO MyTeM OAHO#M (opma-
JHHO OMpeNeJeHHON omepanuu onTumuzanuu. [loaTomy B Xolie peasbHOro
CHUHTE3a OCYIIECTBIISICTCSI CUCTEMHBIN MOAXO/, TI1aBHAs UAESI KOTOPOTO COCTOUT
B coueTaHuu (PopMaibHBIX U HEDOPMAIbHBIX (IBPUCTHUECKUX) MPUEMOB, Ha-
MPABJICHHBIX HA pacwieHEHUE (IEKOMIO3UIIMIO) TpOoIlecca PEHICHHs CIO0XKHOM
poOJIEMbl Ha OT/ACIbHBIE COCTABISIONINE, HO ITPU ATOM TaKUM 00pa3oM, YTOObI
HACTOJIBKO, HACKOJBKO 3TO BO3MOXKHO YYE€CTh CBSI3U MEXIY HUMH U COXPAHHTH
LIEJIOCTHOE MpeAcTaBieHue o cucreMe. [Ipu 3Tom BBOAUTCS cieayromias uepap-
XHS CJIOEB MPUHATHS PEUICHUH, B pPaMKax KaKJI0TO M3 KOTOPBIX (UKCHUPYIOTCS
napameTpbl pelIeHus o0IIel 3a/1auu M0 YaCTsM

1) cnoit BEIOOpa MHOKECTBA HEOMPEICIIEHHOCTEH U aIbTEPHATUBHBIX CTpa-
TEruii, Ha KOTOPOM 3a/1ae€TCsl AUCKPETHOE MHOKECTBO BapUAHTOB CHCTEMBI U

HNCXOOHBIX JAHHBIX
A: S, ={S,,, vOV,, wOW,, w0Q,};

W) 2K, (w), ®09Q, S, OS Zl} Ha3bIBAETCSA MHOYKECTBOM CTPO-

wv 2 wv 2

2) ciioii 0OyYCHHMS WIIM aalTalliy, 3aJ1adei KOTOPOTO SBISETCS CY)KCHHE
MHO’KECTBA HEOMNPEACICHHOCTEN 3a CUET U3YyUEHUs BHEIIHEU CpPEeJlbl U Ha KOTO-
poM (paKTUYECKU MPOBOJUTCS aHAIN3 KAXOTO U3 albTEPHATUBHBIX BapUAHTOB
CHCTEMBI

o: {K(SWVQ)) Q[ss,). st 0, w, DQa};
3) cioit  camoopraHuzanKMM, Ha KOTOPOM OKOHYATEIbHO BBIOMPAIOTCS

CTPYKTYPBI U CTPATETHH, UCCIICIOBAHHBIC HA HUKECTOSIINX YPOBHSX, TaK, 4TO-
OBI 110 BO3MOXHOCTH MPUOIUZUTHCA K TJI00ATLHON 1NN

B: K(S3,.0,) f, opt,Si, OS,,. @, 0Q,.

Hepapxuro MmOAIPOLECCOB NPUHATHS PELICHUN NPEACTaBIAET cxeMa puc.l.
@dakTUYECKH OHA pealM3yeT PEIICHHE 3aJayd CHHTe3a «uepe3 aHanms». C uc-
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IMOJIb30BAHUCM 3BPHUCTUKHU IIPHU I'CHCPpALIMU MHOKXCCTBA AJIbTCPHATUBHBLIX BapH-
dHTOB I[aJIbHGI\/JIHIaSI ACTalIN3alus IMPpoLecCCa IPUHATHUA pGH_IeHI/Iﬁ 10 CUHTC3Y
CJIO’KHOM CHUCTEMBI OCYIICCTBIIACTCA Ha OC-

~—
HOBC CTpaTI/I(bI/IKaHI/II/I CUCTCMBI, TO CCTb 443 >
BBIACJICHUA PA3JIMYHbIX ypOBHefI a6CTparI/I—

pPOBaHUA IIPU €C OIIMCAHUHU, 4 TAKIKC 9TAIlOB

CO37aHusl CUCTEMBbI BO BpeMeHU . [Ipu aTom |
(aKkTUYECKH OCYIIECTBISIETCS MPOEKLUA
MHOTOCJIOMHOTO TpolLecca MPUHATHS pe-

IIEHUW Ha MOCIEA0BATEIbHO JIETAIU3UPYE- _» A
MO€ U YTOYHSEMOE NPEACTABIECHUE CHUCTE-
MBI, TJ€ MEPEXO]] HA Ka)XXIbIi 3Tal COMpO- Puc.1

BOX/IAETCSI MIEPEX0JIOM HAa HOBYIO CTpaTy, UMEIOLIYI0 00Jiee HU3KUN YPOBEHb
abctpakiuu. UnmoctpupyeT 3ToT MpoIiecc cxema puc.2.
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Puc.2
BrizieneHHbIe B HEM YPOBHM COOTBETCTBYIOT: 00IIEMY KOHIICTITYaJIbHOMY TIpe/-
CTaBJICHUIO CUCTEMbl BO B3aMMOJCHCTBUM C BHEIIHEH cpenol; PyHKIHOHAIb-
HOMY MPEJCTABICHUIO CUCTEMbI B BUJ€ COBOKYITHOCTH B3aMMOCBSA3aHHBIX IO/JI-
CUCTEM, HAJCIEHHBIX XapaKTEPUCTUKAMHU «BXOJA - BBIXOJIA»; PACCMOTPEHUIO
CHUCTEMbI U €€ MOJCUCTEM KaK COBOKYMHOCTH TEXHHUYECKHUX YCTPOHCTB (dJie-
MEHTOB), 00ECIEUMBAIOIINX COTJACOBAHHOE MPEOOPA30BAaHUE CUTHAJIIOB U WH-
dbopManui B COOTBETCTBUM C (DYHKIIMOHAJIBbHBIMH 3aJjadyaMU TOJICHCTEM; CXe-
MOTEXHUYECKOMY TMPEJICTABICHUIO CUCTEMbI, MOJCUCTEM U YCTPOMCTB B BUJIEC
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COBOKYITHOCTH €IMHUII 3JIEMEHTHOU 0a3bl. B cxeme puc.2 peanusyercs urepa-
LIMOHHAs TPOLEAYpa, TO €CTh Ha KaXKJIOM LIare 00ecreynBaeTcsi yTOUHEHUE UC-
XOJHOM MH(pOpMAIMU U PEUIeHUH, MPUHATHIX HA NpeAblaylux Imarax. [lpu
9TOM C BBILIECTOSIIUX CTPAT Ha HIDKECTOSIIUE MIEPENAIOTCS UCXOAHBIE TaHHbIE
Y OIPAaHUYECHMS I NPOBEACHUS CUHTE3a HA HUXKECTOALIMX, € MPOBOIUTCS
AanbHeNas qekoMno3unust cucreMbl. Hao00poT, ¢ HUKECTOAUIMX Ha BBbILIE-
CTOSIILIUE CTpaThl NepenaeTcss UHPopMalus O BO3MOXKHBIX, TO €CTh (PYHKIHO-
HaJIbHO, TEXHUYECKU WM TEXHOJIOTHMYECKU PEATU3YEMBIX B YCIOBHUSAX ITUX OI-
paHUYeHU, BapuaHTax. [Ipr 3TOM IIPOBOAUTCA KOMIIO3ULMS U CHOBA UCCIIENY-
€TCsl MOBEACHUE CUCTEMBI B I100AIBHBIX aCIEKTaX, HO MPH 00Jiee KOHKPETHBIX
3HAHUAX O CBOMCTBAax €€ dJeMeHTOB. [IpenacraBieHHas cxeMa MO3BOJIAET IIpU
U3YyYEHUN Kypca HAriJIHO IPOUJUIIOCTPUPOBATH KIIKOYEBYHO POJIb MOJEIHUPO-
BAHUs B IPOLECCE CO3/JaHUs U UCCIEI0BAHUSA CHUCTEM, TaK KAK BBEICHHAs He-
papxus cTpaT sBisieTcs (PaKTUUECKU MepapXueil pa3Iu4HbIX BUJIOB MOJENEH, a
IIPOBEJICHUE OLICHKU BAPUAHTOB B MHOT'OCJIOMHOM M MHOI'OACIIEKTHOM IIpOLIEC-
CE NMPUHATHUA PELICHUN PEANM3yETCs 4epe3 CTaTUCTUYECKOE MOJEIUPOBAHUE U
aHaJIN3 YTUX BAPUAHTOB B YCIIOBUAX CYLIECTBYIOLIUX HEOIPEAEICHHOCTEN.
2.MaremaTH4YeCKHe MOJEJIN 3JIEMEHTOB CHCTEM M UX B3aMMOJCHCTBHE
2.1. TunoBbie MAaTEMATHYECKHE CXEMBbI ONIMCAHMUS 3JIEMEHTOB CHCTEMBI
[TocTpoeHre UMHUTAIMOHHOW MOJENIM CUCTEMBbI BCerjga Oa3upyercss Ha ee
MaTEeMaTUYeCKOW MOJIENH, pa3pabOoTKa KOTOPOH SABISAETCA JOCTATOUHO CIOKHON
3amaden. Maremarndeckass MOJEIb CUCTEMBI B CBOIO OYE€pEIb COCTOUT U3 Ma-
TEMATUYECKUX MOJEJIEH JIIEMEHTOB U MATEMAaTUYECKON MOJIEIIM UX B3aUMOJIEH-
CTBUS.
BaXHbIM 11 MOCTPOEHUST MATEMATUYECKUX MOJCIIEH 3JIEMEHTOB SIBIISETCS
nousaTtre o6miei auHamuueckoi cuctembl (OJIC). s OIAC 3amarorcs mpo-
CTpaHCTBA BXOIHBIX X =X, x...xX,y BO3AEUCTBUN, BO3ICUCTBUNM BHEIIHEU

cpenbl Q=le...><QNQ, BHYTPEHHUX ITapameTpoB cucreMbl H =H,x..xH,,,

SBIIIONINXCS HE3aBUCUMBIMU (9K30T€HHBIMH) TIEPEMEHHBIMH, UMEIOIIUMH KaK
JETEPMUHUPOBAHHBIE, TAK ¥ CTOXACTUYECKHUE COCTABIIAIOIINE, U IIPOCTPAHCTBO
BBIXOJHBIX M 3aBUCUMBIX (3HJIOT€HHBIX) MEPEMEHHBIX Y = Y, x...x Yy '

X(0)= (5, (Denx (D) OX; h(©)= (b (0,....h ()" OH;
W(t) = (@ (,...0 ()0  y(1)= (¥,(.....y, ()" DY.
Torma npouecc @ynkuronnposanust OJ[C onuceiBaercs Bo Bpemenu t [T one-

patopom Y(t)= Fg(X',0d,h',t), roe X',,h' peanmsamuu nponeccos X(t), w(t), h(t)
Ha BCEM IPEIIICCTBYIONIEM HHTEpBaje BpeMeHH. HacTo BBOIST TaKKe IPO-
CTPAaHCTBO BHYTPEHHHMX COCTOSHHHA CHCTEMBI Z=Z,x..xZ , UMes B BU]Y, 4TO

BEKTOP BHYTPEHHUX COCTOSIHUM Z(t) = (zl(t),...,zNZ(t))T [0 Z B m060if MOMeHT t
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. [o<t MOJTHOCTBIO ONpenensAeTCA 3HAUCHUSIMHU z = (zl(to),...,zNZ (to))T , a4 Tak-

xe peammsarusamu X(t),0)(t),h(t) Ha uarepsane [to,t]. B atom cayuae OAC ymo06-
HO OIMCBHIBATh JBYMS OIEpaTOpaMM, COCTABJISIOIIAMHU IEMOYKY «BXOJI-
COCTOSTHUC-BBIXO/I»

72() =® (z,x; by 00,0, yO=D («t),b).
0o 0 0

Takum obpazom, OIC kak MareMaruyeckass MOJEIb 3JIEMEHTa CIIOKHOU Ccuc-
TEMBI B OOIIEM CiTy4yae OMpEeNEessieTCs] BOCbMEPKON MHOXKECTB U OTOOpaKeHUMN
oAcC = <T,X,Q,H,Z,Y ,®,,D,>. Moaens OJIC sBisieTCss OCTAaTOYHO aOCTPaKT-
HOW. [ToaTOMy 171 MOCTPOEHUST MATEMATUUYECKUX MOJEIIEN 3JIIEMEHTOB HUCITOJIb-
3yl0T 0oJiee MPOCThIE MATEMATHYECKHUE CXEMbl, OTOOpa)KaIoIIKUE PA3THUYHbBIC
MOJXOAbI K YIPOILICHUIO OMUCAHUS.

1. HenpepriBHO - netepMuHupoBaHHbIi moaxof (D - cxemsr). B pamkax
JAHHOTO MOJXO0J1a BO3JACHUCTBUSA CTOXACTHYECKOTO XAPAKTEPA HE YUUTHIBAKOTCS
Y BBIXOJHBIE BO3JIEUCTBUSA OJHO3HAYHO OIPEIECIAIOTCS BXOJHBIMU BO3IECHCT-
BUSIMH, 33JIAaHHBIMU B HEMPEPBIBHOM BpPEMEHU. JJisl onmucaHusi BHyTPEHHUX CO-
cTosiHUM B D - cxeMe TUIMHUYHO MCIIOJb30BaHNWE OOBIKHOBEHHBIX TuddepeHIin-

aJbHBIX YPaBHEHUMN

t

L= gt 20.x0), 2= 2, FETADXOMT YO=HE(D)
0

Takum o6pazom D - cxema onpezensercs mecrepkoit <T,X,Z,Y,g,f>. MaTtema-

TAYECKasi MoJieNib D - cXeMbl B OCHOBHOM OIpPEJESECT U MOJACTUPYIOIIUN ajro-

putMm ee UM.

2. JluckpetHo - nerepMmuHupoBaHHbid moaxona (F - cxemsr). [lpu peanuza-
MU MOJXO0AAa XAPAKTEPHO OTCYTCTBHME BO3MYLIEHUW CTOXAaCTUYECKOTO Xapak-
Tepa U 3ajlanre (PyHKIU BXO/a, COCTOSIHUS U BBIXOJa B JUCKPETHOM BPEMEHH.
THUIIOBOM MAaTEMATUYECKON CXEMOU B IAHHOM CIIy4ae SIBIIIETCS CXeMa KOHEYHO-
ro aBTOMAara, y KOToporo MHoxectBa X,Y,Z UMEIOT KOHEUHOE YUCIIO 3JIEMEH-
TOB. s 3amanust aOCTPaKTHOTO KOHEYHOT'O0 aBTOMara TpeOyeTcsl OnmpenennuTh
OTOOpaXKEHUsSI IEPEXOJIOB U BHIXOJIOB

¢ XxZ > Z; P: XxZ > Y.
Hampumep, s F - aBromarta nepBoro pojia rnpoiecc GpyHKIIHOHUPOBAHUS OIl-
penensieTcs: BhIpaKeHUEM
z(t+1)=[z(t).x(O],  y(O)=W[z(1).x(0)],
x(t) O XZ{XI,...,XI}; .Z(t) D{zl,...,zj}; y(t) O Y={y1 ,...,yK} ,1=0,1,2.
B o6mem cinywae F - cxema omnpenensiercs MATbIO COCTABISIONUMU

<X,Z,Y,0,p>. 3aganue oToOpaxkeHuit 11 F - cXeM OCyIIEeCTBIISAIOT B BUJIE Ta0-
JIUIT COOTBETCTBUS MEPEXOJ0B W BBIXOJOB WK rpadoB mepexoaoB. MaremaTu-
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yeckast MoJielib JI1sl F - cxembl pakTHUUeCcKr JaeT W MOJTHOE OMUCAHUE MOJCIIH-
PYIOIIIETO aJITOpUTMA.

3. MuckperHo-croxactuueckuii moaxoy (P-cxembr). JlaHHBIA moaXoa Xa-
PaKTEPHU3YETCs CTOXACTUYECKUM XapakTepoM IpeoOpa3oBaHusi HHGOPMAIUH
NP1 3aJaHUU CUCTEMBI B JUCKPETHOM BPEMEHM. TUIIOBOM CXEMOW 311€Ch SBJIS-
€TCsl CXeMa BEpPOSITHOCTHOTO aBTOMATa, y KOTOporo MHoxectBa X, Y, Z, Kak U B
NpeAbIYIIEM CiTyuae, sIBISI0TCS KOHEUHbIMU. B 00miem ciydae P- aBTomar on-
penensiercs yetBepkoit <X, Y, Z, B>, rae B cemelictBo KX| maTpuil pazmepHo-

ctu JxJ B= {Bpﬁr, p=1K r= l,I} , IPUYEM DJIEMEHTaMU MaTpulpl By sBs-

FOTCSL BEPOSITHOCTH TepexonoB by =P(y, 7/zX,), i,j=17.

@DaKTUYECKU JIaHHOE OIKUCAHUE HKBUBAJICHTHO 3aJaHUI0 CIy4allHbIX
byskui ¢, , onpeneIeHHBIX HA TEX e MHOXKECTBax, 4yTo ¥ GyHKIUU ¢, | B

F-cxeMe, HO C BBEICHHEM COOTBETCTBYIOLIMX BEPOATHOCTHBIX Mep. 3aaanue P-
CXEM aHaJIOTUYHO MOXET OCYIIECTBIISITHCS B BUJAE TaOJIUILl WK IpadoB, JOMOJI-
HEHHBIX 3HAYCHUSAMH BEPOSATHOCTEN IMEPEXOM0B. 3/1€Ch, KAK U B IPEABIAYIINX
clly4asix, MareMaThuyeckass MOJIEJb JA€T IMOJHOE OMHCAHUE MOJEIUPYIOIIETO
anroput™Ma UM, KOTOpPBIN JOJIKEH OBITH TOJBKO JOMOJHEH Te€HEepaTopamMu CTO-
XaCTHYECKOM KOMITIOHEHTHI IEPEX0JI0B.

4. HenpepoiBHO-cTOXacTuueckuit moaxon (Q-cxemsl). Jjig TaHHOTO Kiacca
MoOJIeJIeld UMEET MECTO CTOXAaCTUUYECKUN XapaKTep CMEHbI COCTOSIHUI MpHU ONU-
caHuu (PyHKIMI "BXOJI-COCTOSIHME-BBIXOJ' B HENPEPHIBHOM BpeMeHU. B kaue-
CTBE CTAHJIAPTHOIO OOBEKTAa B JAHHOM CIyyae pacCMaTpUBAETCs JIEMEHTap-
HBI TTpubop obcnyxuBanus (II10) nmotoka 3asBok wim Q-cxema. Taxoit mpu-
60p (cM.puc.3) COCTOUT U3 HAKOMUTENA 3as1BOK H, B KOTOpOM Mo-

J)KET HaxXxoauThcsa 1= m 3asBOK, U U

xaHana oociyxusanus K. Ha kaxapii — ‘ —»O——}
OIIO noctynmaer TOTOK  3asBOK w K

W :{(tn,fn),n = 1,2,...} OW ¥ 1oTokK
u ={(tk,gk),k = 1,2,...} OU oOcnyxuBa-

H

Puc.3

Husl. 3adBKU, OOCHyXEHHbIe KaHaoM K, W 3asBKM, MOKMHYBIIME MPUOOp IO
pa3HbIM IPUYMHAM (HANpUMEp, U3-3a MEPENOJHEHUS] HAKOMUTENs), 00pa3ytoT

BBIXOJHOM MOTOK Y ={(t i»d j), j= 1,2,...} Y. 3aech tg- MOMEHTBHI BPEMEHU CO-

obiTuii, a f, g5 (- mpu3Haku coObITHI. BEeKTOp BHYTpEHHUX COCTOSHUH IS
T

OI1O umeer BUA z = (zﬂ,z“) OZ, roe z" D{O,l,...,LH} - COCTOSIHME HAKOMUTENA

110 YKMCIIy XPaHSIIUXCS 3asABOK; Z' - COCTOSHHME KaHana obciykuBanus (Z'=1 -
KaHai cBooozer; Z =0 - kanan 3ausT). s D110 Taxke 3agaeTcs COBOKYITHOCTh
BHYTpeHHUX mapaMmeTpoB C u airoput™ (QyHKIIMOHUPOBAHUSA A, ONpEeIsio-
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vt Habop mpaBuJl, MO KOTOpbIM 3asaBku nmokuaaroT H u K. Takum o6pazom Q -
cxema omnpezaemnsercs Habopom nanubpix <W,U,Y,Z,C,A>. Cuctembl, 3J1IEMEHTHI
KOTOPBIX OMHUCHIBAIOTCS Q - CXeMaMu M KOTOPhIe Ha3bIBAIOTCSI CHCTEMaMH Mac-
COBOTO OOCITy’KMBaHUS, YIUTHIBAS WX BaXXKHOE 3HAUYCHHE, OyyT J1ajiee paccMOT-
pEHBI TOAPOOHO.

5. O600menHbIN TOaX0 1 (A-cxemsl). JlaHHBIN 1TOX01 BOMpaeT B ceOs Bce
PacCMOTpPEHHBIE BBIIIE U SABIsAETCA WX 0000meHuem. [Ipu 3ToM BBOAMUTCS TO-
HATHE arperara uid A-cxema, MpeCTaBIISIONas co00i MaTeMaTHYECKYH MO-
JI€Jb DJIEMEHTa CIIOKHOW cuctembl M BBelneHHas H.II. bycnenko crenuanbHO
JUTSL CO3JIaHMS YHUBEPCAIBHBIX aBTOMAaTU3WPOBAHHBIX UMUTAIIMOHHBIX MOJICIICH
CIIOKHBEIX cucTeM. OCOOEHHOCTBIO A-CXEMBI SBISICTCS TO, YTO M3 HEe KaK 4a-
CTHBIE cllydau MOTYT ObITh mosydeHsl D, F, P, Q -cxembl. MaTemaTruueckas
MOJIeNIb arperata OyneT MoApoOHO paccMOTpEHa B pasfele, MOCBAIIEHHOM BO-
pocaM MOJICTUPOBAHUS arpeTraTUBHBIX CHUCTEM.

2.2MareMaTu4ecKre MOJIeJIM B3aUMO/IeilicTBHS B CJI0KHOM cCHCTeMe

[Ipu Gpopmanuzanuu B3anMOEHCTBHSI SJIEMEHTOB CJIIOKHOW CHCTEMBI TIPH-
JIEP)KUBAIOTCS TPEATNONIOKEHNS, COTJIACHO KOTOPOMY OHO JOCTaTOYHO ITOJTHO
OMMCHIBACTCS B paMKax MeXaHHW3Ma oOMeHa « curHamammu». CUTHaNIBI mepena-
IOTCS 110 KaHaJlaM CBSI3U, TIPOJIOKEHHBIM MEXy diemMeHTamu. Hadamom manHo-
ro KaHaja SBJISICTCS BBIXOJ (BBIXOJIHOM IMOJIIOC) 3JIEMEHTA, BBIJAIOIIET0 CUTHAI,
a KOHITOM - BX0J1 (BXOJHOM IOJIIOC) AJIeMEHTa, MpuHUMaroIiero curuai. Kanan,
NepPETArOIINI CUTHATIBI MTHOBEHHO U 0€3 MCKa)XEHUH, Ha3bIBACTCS HMJICATLHBIM.
AnexkBaTHO hopMaIn30BaHHas CJIOXKHAs CUCTEMa UMEET TOJbKO HcalbHbIC Ka-
Haubl CBsi3W. DU3NUYECKWe KaHAIbI, BHOCAIINE WCKAXKCHUS B IepeaaBacMbIe
CUTHAJIBI, PACCMATPHUBAIOTCS KaK CaMOCTOSTEIIbHBIC SKBUBAJICHTHBIC YJIEMECHTHI
cuctembl. [Ipy TakoM MOIX0/Ie OCHOBHBIM B ONHMCAHWHM MEXaHW3Ma OOMEHa
CUTHAJIaMU CTAaHOBUTCS ONPEACICHUE CXEMbI COMPSHKEHUS JIEMEHTOB IO BXO-
JaM 1 BBIXOJaM.

[Tycth cnoxkHas cucteMa S cofepkuT 3iaeMeHTsl Cy,...,Cy. s moboro u3
snementoB Cj Bxoxmoi curman xV(t) = (x{”,...,x))" npexcrasmser cookyn-

HOCTb 3JI€MEHTAPHBIX BXOJHBIX CHUTHAJIOB, MOIKIIOYEHHBIX KO BXOAHBIM KOH-
g e N T

raktaM X\, i=1,m,, a Beixoguoit y" (t) = (y{",...,y{")" - coBoxymHoCTE 11€-

MEHTApHBIX BBIXOJHBIX CHTHAJOB, BBIXOASANINX M3 BHIXOJHBIX KOHTAKTOB

YD, 1= l,r;. BHemnsis cpena npejiCcTaBisieTcss B BUE (PUKTHBHOIO DIEMEHTa

Co, comepikaiiero BXOJIHbIE KOHTAKThI Xﬁo), i=1,m, ¥4 BBIXOJHBIC KOHTAKThbI

Y”, 1=1,r,. Takum 00pa3oM, KaxIbli SJIEMEHT CIOXKHOH cucteMbl C; xapax-
N
J

Tepu3yeTcss MHOXKECTBOM BXOJHBIX KOHTakTOB X :{ng)} M BBIXOIHBIX

i=1
Ij

KOHTakToB Y ={Y1(j)} j=0,N. OCHOBHO! HPHMHLUII MOCTPOEHUS CXEMEI

=1’
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COTIPSDKEHUS DJIEMEHTOB OMPENETSETCS CICAYIOMNUM 00pa3oM: KO BXOJHOMY
KOHTAaKTy JIIOOOTO 3JIeMEHTa MOAKIIIOYaeTCs He 0oJiee OJJHOTO SJIEMEHTApPHOTO
KaHaJla CBSI3W; K BBIXOJHOMY KOHTAaKTy JIFOOOTO JJIEMEHTa MOXKET OBITh IO/I-
KIIFOUEHO JIF000€ KOHEYHOE YKCIIO JIEMEHTapHBIX KaHaioB. Torga MOXHO BBe-
CTH OJTHO3HAYHOE OTOOpaKCHHE

) Ny ()

R: XY, X=yUyXx"; Y=Yy"v.
=0 =0
CoBokynHocTh <X,Y,R> Ha3pIBaeTCsi CXEMOH CONPSIKEHUSI DJIEMEHTOB B

cucteme S. Onepatop conpsbkeHus R 3amgaeTcs B Bujae TabIUIBI, B KOTOPOM Ha
NIEPECCUYCHUH CTPOK C HOMEPAMHM 3JICMCHTOB | U CTOJIOIOB C HOMEPaMH KOHTaK-
TOB | pacmonaraercs napa uucen (K,l), ykaspiaronmx HoMep 3JieMeHTa ¥ HOMEp

koHTakTa Y, "', ¢ KoTOphIM coemunen X!V,

Hycts X ={X§j)} OX u Y ={Yl(k)} 0Y HEKOTOpHIE MOJMHOXKECTBA,
mpuaem YX = R(XW), X OX", 10 ectb Y =R(X'). IIpu 3TOM 0OuYEBHIHO,
uto coorBercTBHe Mexay YX) m XU He sBisercs B3aMMHO OIHO3HAYHEIM.

PaccmorpuMm Teneps onepatop Rj Ha MHOkeCTBE X9 Torpa B CUJTy OCHOBHOTO
NPUHIMIA CONPSHKEHUA i J00oro R;, j=0,N CymecTByeT OJHO3HAYHBIH

omeparop R;', comocTraBisonMii KaXJOMY KOHTaKTy W3 MHOMECTBA
J

Y" =R ;(XY) coorsercrByrommit kontakt X\ =R;'(Y¥), Y¥ OY™.

(0)
o ; () X
Y1 Xg) Yl
) 0o Cs | 0—Ppe 0)
N0 (1) X
2 Y2 (3)
X5 /_/
i
(0) 0o pd Co i i Cs 00 Ppe X
H 0D > Y(4)
Yo X0 o <@ 1
’ Y 3 3
Puc.4

[lycTh Temeph cllOXkHas CUCTEMa pacuwieHEeHa Ha HEKOTOPOE MHOXKECTBO
MOJCUCTEM S, U=1,M(cm. puc.4). Kaxnas u3 MmoACHCTEM I0JDKHA HMETh

koHTakThl X\ m Y "M, xapaxrepusyromue (QUKTHBHBIA dnement Cl, mpes-

CTaBJISIFOIIMMI JIJI1 HEEC BHEIIHIOKO CPEAY, a4 TAKXKE BBIXOJAHBIC KOHTAKTHI Xﬁ”) u
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Y™ nns ceasu ¢ gpyrumu moacucTeMamu. Tak, moacucTeMa S MMeeT KOH Tak-
e Y, X\, xapakTepusyromue MCTOYHMKH M TOTPEOUTENH €€ BHELIHEH
cpenbl, a Takxke KoHTakThl X%, YU} ans cAsu ¢ Apyrumu mojcucTeMamw.
CootserctBytomue kouTakTsl X\* n Y% mpu i=l, a Tarke X\ u YW upn
i=] 06beuHAIOTCA B PUKTUBHBIEC IBOMHBIE KOHTAKTHI HA IPAHHUIAX TIOACHCTEM.
BBeneM MHOXKECTBA BXOJHBIX M BBIXOJHBIX KOHTAKTOB BCEX OJIEMEHTOB
C,; US,, coennHeHHBIX co Bcemu antemeHTamu C, LS,

* | al o | 0. O
X, ={x0} = y guC uxmoy, ={¥P0} = U U Uy
"oCiBu “Bu [ HoCBu “*Bu [
roe X' = Rj'l[Y(k)ﬂR(X“))], Y =YD NR(X™) mMHOKecTBa KOHTAKTOB, CO-
CIMHSIONMX 10 BXOJaM H BEIXOJaM asneMeHTsl C; i C,. KaxaoMy KoHTakTy
Y” Y, MOXHO IIOCTAaBUTH B COOTBETCTBHE KOHTAKTHI
YEQuY: XM =R,

rae omepatopsl Q) M Q) 3a1af0TCs TAGIMIAMU COOTBETCTBHIA M HMEIOT OJHO-

Y-1
u

{ng)} 0 X; , umeromeit oot Y* = R(ng)), BBOJATCS OIEPATOPHI
XM =pX(xP); v =pY(x(P), {Xi(j)  R(xX]) = Ylk} .

Omneparopsl P:fﬂ PJ HE UMEIOT OJJHO3HAYHBIX OOpaTHBIX OMEPaTOpPOB, HO AJIS

3HAYHBIC OIMEPATOPHI 151 Qif'l. To4HO Tak ke JJIsl KaKJA0M COBOKYITHOCTH

nanHoro X!' MOKHO BBIOpATh IPOU3BOJILHO OJMH U3 BO3MOXKHBIX X\ (Hanpu-

M€p, ¢ MUHAMAJIEHBIM i) B 0003HAYUTh €r0 CUMBOJIOM PJH(X}“) ) :

Ha ocHOBe BBEJIEHHBIX ONEPATOPOB MOXKHO U3 OJJHOYPOBHEBOM CXEMBI CO-
npspkeHns <X, Y, R>10CTpouTh IBYXYPOBHEBYIO CXEMY, COCTOSIIIYIO U3 CXEMBI

COIPSDKEHUS MOACUCTEM <X, Y,RH> U CXEM COIIPSIKEHUS 3JIEMEHTOB B IIOJICHC-

TeEMax Su: <Xu’Yu>Ru>>“ = I,_M, e Ru ONPENCIISIETCA B BUJIE

(o) x0oy yxe
0 €8y Ck By
() ) = E%(«»u _pY )y w0 ik,
YO =R, (XP) = O =R (X XPO Y UXP
] j5u Cklbby
RO X0 =X of{xer),

M. M
Omneparop R,: X= U {XE”)} ~Y=U {Yl(“)} OIPENENSETCS COOTHOIIEHUEM
u=0 u=0
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_ _ Y(y®), k#0,C, OS,;

Y =R (XM) = %z}o)( | )(0) s
YO =Y, k=0,

rae Y = R[PJ(_1 (5(9‘))]. To4HO Tak ke MOXKET ObITh pEellcHa U oOpaTHas 3a-

Jadya HaXOXIEHUs omnepaTopa R mpu 3agaHHON JIBYXYpPOBHEBOW CXEMe cOmpsi-
YKEHUSI. AHAJIOTUYHOE MTOCTPOCHUE CXEM COMPSIKEHUS KaK MOJIJIe B3aUMOCBSI-
3€H DJIEMEHTOB CJIOKHOM CUCTEMBI MOKET MPOBOJUTHCS JJIsl TIOOOTO KOJIUYECT-
Ba YPOBHEN UEPAPXUUECKOTO OMMCAHUS CIIOKHON CUCTEMBI.
KoHTponbHbIE BONPOCHI U 3a1aHUs
1. Onpenenuth CTPYKTYpy (POPMAIM30BAHHOTO TAOJIMYHOIO OMHUCAHUS ONepa-
TOpa NEPEX0/1a COCTOSIHUN KOHEYHOTO aBTOMATa.
2. OnpenenuTsb CTPYKTYpY (GOpMaIN30BaHHOTO OMUCAHUS ONepaTropa nepexoaa
COCTOSIHMM KOHEYHOT'0 aBTOMaTa B BUjie rpada.
3. Beimonauts 3aganus n.1,2 qist P - cxeMbl.
4. Onucath TabJIUIly OmepaTopa CONPsHKEHUS SJIEMEHTOB CUCTEMBI puc.4.
5. OnucaTh JBYXypPOBHEBYIO CXEMY COMPSIKEHUS SJIEMEHTOB CUCTEMBI purc.4.
6. [lonyuuTs 00IIME COOTHOIIEHUS JIJIsl Mepexojia OT JBYXYpPOBHEBOM (MHOTO-
YPOBHEBOM) CXE€MbI CONPSKEHUS B OJJHOYPOBHEBYIO.
3.MoaeaupoBaHue CHCTEM MACCOBOI0 00CTyKUBAHUS
3.1. Knaccudukanusi CMCTeM MAaCCOBOT0 00C.Ty:KMBAHMS

[Ipyr MOJIENTMPOBAHUM CIIOKHBIX CUCTEM U MCCIECIOBAHUU MPOTEKAIOIIUX B
HUX TPOLECCOB YaCTO peau3yeTcs MOAXO0J, OCHOBAaHHBIM HAa UX IMpeJCTaBlie-
HUU Kak cucteM maccoBoro oociyxkuanusi (CMO) unu cereit CMO, koTopbie
MPEACTABISIIOTCA B BHJAE KOMMO3UIIMUA Q-CXeM WM 3JIEMEHTAapHBIX MPUOOPOB
o0CITy’>KMBaHUs1, COEIMHEHHBIX B COOTBETCTBUU C UMEIOIIIMMUCS

FAHATEI 0f-

HeoTouHHEH C"LIEpE,ﬂ;HH By
1

A\ = O

s N E

L I{]'l'[

s O
Puc.5

B3IUISIaAMU Ha CTPYKTYpPY cuctembl. B 00600menHoi ctpykrype CMO (puc.5)
BCET1a MOKHO BBIICNIUTH TPU KOMIIOHEHTHI: HCTOYHHUKHU, (POPMUPYIOIITHE TTOTOK
3asBOK; HAKOMHUTEIHU, OMPEACINISIIONIe BO3MOXHOCTU CO3JaHUs odepeacit 3as-
BOK Ha 00CITy)KMBaHWE,; KaHAIBI OOCTY)KUBAHMS, OTPEEIISIONTNE BRIXOIHOMN T10-
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TOK OOCIY’>KEHHBIX 3asBOK WJIM 3asBOK, MOKHIAIOIIMX CUCTEMY HEOOCTY>KEH-
HbiMU. KoHkpetusanusa 0006menHon cxeMbl CMO MOeT ObITh POBE/ICHA ITy-
TEM KJIaCCU(PUKALINH.

[Ipexne Bcero Bce CMO nensT Ha Ba OOJBIIMX KJacca: Pa30OMKHYTHIE, B
KOTOPBIX BXOJHOM MOTOK HE 3aBUCHUT OT Ipollecca 00CTyXKUBaHUS, U 3aMKHY-
ThI€, B KOTOPBIX CYHIECTBYET 00paTHas CBS3b U BXOJAHOM MOTOK 3asiBOK 3aBUCHUT
oT mpotecca o0cimyxuBaHud. [loMrUMO 3TOro: Mo HAJIMYKIO BO3MOKHOCTU OXKH-
naHus 3as8BOK B ouepenu Boiaeasator CMO 6e3 oxunanus, CMO ¢ oTkazamu, a
TaKXe€ CMEIIAHHOTO TUMA; [0 YUCITY NapaieIbHO BKIIFOYEHHBIX JIEMEHTAPHbBIX
npuOOpPOB OOCITY)KMBAHMS BBIICIAIOT OJHOKAHAJIbHBIE M MHOTOKAHAJIbHbBIC
CMO; no yucny stanoB (¢ha3) oOcayKUBaHUSI TPHU MOCIEAOBATEILHOM BKIIIO-
YeHUU MNPUOOPOB OOCIYKUBAHUS OMPEACIAIOT OAHO(A3HbIE M MHOTO(a3HbIE
CMO unu cetu MaccoBOT0 00CITyKUBaHUS.

Jro6as CMO npenHazHaueHa ajisi 00CIyKUBaHMs BXOJIHOTO MOTOKA C 3a-
AaHHON 3 ¢eKTUBHOCTHIO. B KauecTBe OCHOBHBIX MOKa3arened 3P(eKTUBHO-
ctu ags CMO ¢ oTkazaMH HUCIOJIB3YIOT aOCOMIOTHYIO MPOIYCKHYIO CIIOCO0-
HocTh Q (cpemHee 4ncio 0O0CITy)KEHHBIX 3asiBOK 3a BpeMsi T) M OTHOCHTEIHHYIO
MPOIYCKHYIO CIIOCOOHOCTh MJIM BEPOSTHOCTH OOCTYy>kKuBaHUS q=Q/A, rae A
CpeHee YuCo NoCcTynuBIIuX 3adaBoK 3a Bpems T. g CMO ¢ oxuganuem J10-
MOJTHUTEIBHO B KA4YECTBE IMOKA3aTENEN HMCHOJIb3YIOT BPEMEHHBIE XapaKTEepH-
CTUKU NIPEOBIBAHUS 3aIBOK B OUEPEU U B CUCTEME B IICJIOM.

3.2.0c00eHHOCTH MOCTPOEHUSI HMUTALMOHHBIX Mojesieiit CMO.
I'enepanusi NOTOKOB COOBITHI

CymHoCTh METOJa MMHUTAMOHHOTO MOJEIUPOBAHUS MPUMEHUTEIBHO K
CMO cocrout: 1) B MOCTPOSHUHU aJITOPUTMOB (POPMUPOBAHUS PeaTH3AINH T10-
TOKOB COOBITHI (3a5BOK), TO €CTh aJITOPUTMOB «MCTOYHUKOBY; 2) B TOCTPOCHUU
QJITOPUTMOB TMpoliecca OOCITYKMBAaHUSI OTIAEIBHBIMU AJIEMEHTAMU (KaHaJlaMH,
HakorurensiMu) 1 CMO B 1ienom; 3) MHOTOKPAaTHOM BOCIPOU3BEACHUU MPO-
1ecca OOCIY)KHUBaHUS pealn3alliii BXOJHBIX MOTOKOB MpHU (HUKCUPOBAHHBIX
BHYTpeHHUX napameTpax CMO c 1enpio CTaTUCTUYECKOW OIIEHKH MMOKa3aTeNeu
s dexktuBHOCTH. B pamkax umutanronHoil Mmojenu CMO npuHSTO BBIIETATH
TPU THUIA 3JIEMEHTOB MOJEJIM. aKTUBHBIC, MMACCUBHBIE M AKTHBHO-IIACCUBHBIC.
3MeHeHNEe COCTOSIHUNM aKTHUBHBIX 3JIEMEHTOB OOYCJIOBJIEHO TOJIBKO MX BHYT-
PEHHHMU CBOWMCTBAMH, TOTJIa KaK MAaCCHUBHBIE AJIEMEHTHI U3MEHSIOT CBOU CO-
CTOSIHUSI TOJIbKO TIOJ] BO3J€cTBHEM BHeEmHUX ¢akTopoB. K akTuBHO-
MaCCHUBHBIM 3JIEMEHTaM OTHOCATCS TaKue, KOTOPbIE B OJHOM W3 BO3MOXKHBIX
COCTOSIHUU SIBJISIFOTCSI aKTUBHBIMU, a B IPYTUX TACCUBHBIMU.

IToBenenue cucrem nmpu UM BOCTIPOM3BOAUTCS HA ONPENCIIEHHOM OTPE3KE
Bpemenu [0,T]. BocripousBenenue ycnoBaoro Bpemenu B UM, koTopoe mpuHsi-
TO Ha3bIBaTh «MOJICTLHBIM BPEMEHEM», SBJISIETCS OJJHUM W3 HanbOoOJee BaXKHBIX
BOIIPOCOB, TPEOYIOIIUX OMNPECICHHBIX TBOPUYECKUX YCWIMH. BbIIEHsIOT ciie-
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IYIOIME OCHOBHBIE CIOCOOBI 3aJlaHUsi MOJEJIBHOTO BPEMEHU: CIOCO0 «At»,
IPA KOTOPOM B MOJEIHUPYIOLIEM aITOPUTME MPUPALLECHUE BPEMEHHU OCYIECTB-
JSOT ¢ PUKCUPOBAHHBIM MHTEPBaAIOM At; cioco0 «Azy, Mpu KOTOPOM pHUpa-
HICHUE MOJEIBHOIO BPEMEHU OCYILIECTBISAIOT TOJIBKO B MOMEHT HACTYIUICHUS
OUYEpPEIHOTO COOBITHS, CBSI3aHHOTO C MU3MEHEHHEM COCTOSIHUS JIFOOOTO U3 3Jie-
MEHTOB CHCTEMBI M €€ BHEIIIHEU Ccpe/ibl; croco0 « At X Az, peamu3yomuii KoM-
OMHAIIUIO ATUX CIIOCOOOB B Pa3IMUHBIX KOMIOHEHTax M.

Bo3snaetictBue BHemHeH cpenl a1 Q-cXxem peanusyercs yepe3 NOCTPOCHUE
aIrOPUTMOB (POPMUPOBAHUS IOTOKOB COOBITUIN WJIU T€HEPATOPOB UCTOUHUKOB,
KOTOpBIE SIBJISIOTCS aKTUBHBIMU dJIeMEeHTaMH. B o01ieM ciyuae aliropuTMbl Ta-
KOT0 TUIA MOTYT OBITh MCMOJIb30BaHbI JJIsl JOOBIX T'€HEPATOPOB BHYTPEHHUX
aktuBHOCTer CMO. IIpu mocTpoeHN KOHKPETHOTO AJITOPUTMA CIIEIYET MPEXK-
JIe BCEro OMPECNIUTh. KAKOW THUIl MOTOKA COOBITHI MOJICKUT BOCIPOU3BE/IC-
HHUIO.

N3BECTHO, UTO MTOTOKHU AENATCS HA OHOPOJAHBIE, XapAKTEPU3YEMbIC TOJIb-
KO IIOCJIEI0OBATEIBbHOCTIMHU MOMEHTOB HACTYILUICHUSA COOBITHIA
{tn,O <t,.<t, s} , 1 HEO[THOPOJHbIE, B KOTOPBIX KaXXJ0€ COOBITHE MOCIE0-

BATCJIBHOCTH  ONMUCHIBAETCS  JONOJIHUTEIBHO  HEKOTOPBIM  IIPU3HAKOM
{(tn,fn),OS t,..<t, <....f, EIF}. [ToTok cOOBITHI, B KOTOPBIX MHTEPBaJbl Bpe-

MEHU T,,...,T,,T, =t; —t,_, >0 HE3aBUCHMBI, Ha3bIBACTCS IIOTOKOM C OrpaHH-

YyeHHbIM mnocJeneicTeueM. IlotokoM 0e3 mocaeaeiicTBusi (0ojee CUIbLHOE
yCIIOBHME) HA3bIBACTCS MOTOK, B KOTOPOM BEPOSTHOCTH P, (t,T) HacTyruieHus K

COOBITUI HAa MHTEpBAJE [t,t + T] HE 3aBUCHUT OT MOSIBJICHUS COOBITUN HA APYTUX

HETIEPECEKAIONINXCS C TaHHBIM MHTepBaiax. I10TOK COOBITHI Ha3bIBAETCS Op-
JHHAPHBIM, €CIH BEPOSTHOCTh TOSBJICHHS OOJICE OJHOTO COOBITHSA B Maloi
OKPECTHOCTH MOMEHTA t IIPEeHeOPERNMO Masia [0 CPABHEHHIO ¢ BEPOSTHOCTBIO
BBIIIAJICHHS OXHOTO CoObITHs P (t,At)>> P, (t,At) = ©(At). D10 03HAYAET, YTO

COOBITHSI B OCHOBHOM TPOHUCXOJAT MO OTIAEIHLHOCTH, 0€3 00pa3oBaHUs CTyCT-
koB. [I0TOK COOBITHII HA3BIBACTCS CTALIMOHAPHBIM BO BPEMEHH, €CIIH BEPOST-
HOCTh MOSBJICHUS TOTO MJIM MHOTO YUCJIa COOBITUM HAa (MKCUPOBAHHOM HHTEP-
Basie He 3aBucHT oT Bpemenu P (t,7) = P (1),k = 0,1,...

Z[J'IH OpAUMHAPHBIX ITOTOKOB BBOJHUTCA IIOHATHC HMHTCHCHUBHOCTHU IIOTOKa

A(t) = lim P, (t,,At)/ At. JUis cTausoHapHBIX HOTOKOB A(t) =\ = const, a ecin

9TO €I U IIOTOK C OI'PaHUYCHHBIM HOCJ'ICI[GI\/JICTBI/IGM, TO AJIA MHOFOMCpHOI\/'I
INIOTHOCTHU MHTCPBAJIOB MCKIY COOBITHSMH BBITIOITHSIETCS

£, (ty,..1,) = (1) )% xf, (T,)
B

fl(Tl)Z)\El—J’Of(T)dTE; £,(1)=..=f,(1) = f(1); )\:/]jtf(T)dT.
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OOuuit MoAX0J K MOJICTMPOBAHUIO OPJIMHAPHBIX, CTAIIMOHAPHBIX MTOTOKOB
C OrpaHUYEHHBIM TocnenelcTerueM (motoku [lampMa) 3akirouaeTcs B Cleqyro-
meM. CuuTaeTcs M3BECTHBIM 3aKOH pAacHpeesiCHUsI MHTEepBaJa MEXAY COOBI-
tusimMu f(T). Torma cHayana mogenupyercss MOMEHT HAaCTYIUICHUS IEPBOIO CO-
OBITHSI B COOTBETCTBUU C COOTHOIIIEHHUEM

|
L=+t T, = ¢1_1(X1)1 ¢,(t))= ,!;fl(u)dU,
a 3aTCM BCCX IMOCICAYIOIMIUX B COOTBETCTBUU C COOTHOIICHUCM
Gt 4T, T =07 (x), 0(1) = [F(u)dui=2.n,
0

rae X,,i = 1,n MOCIeA0BAaTEIbHOCTh PABHOMEPHO PACIIPEACICHHBIX CIIyYalHbIX

yucen Ha uaTepsane [0,1].
[Ipumep 3.2.1.1Totok Ilyaccona unu npocrteitimuii (opAuHaApHBIN, 0e3 mo-

CIEAEHCTBYSA, CTALIMOHAPHEIHN ) TIOTOK C f(‘[) =Ae™™. Torma

fi(1)= )\Q —JT’)\e_A“duQ= Ae™M = f(1),

TO €CTh B JAHHOM CJIy4ae IMEPBbIA MHTEPBAJ PACHPEACICH TaK K€, KaK U BCE
ocTanbHble. OTCIOAA IS ITOCJIET0BATEILHOCTH MOMEHTOB COOBITHM

¢1(T)=¢(T)=}f(u)du: I—e™=x, =t +T, T =_%lnxi>i:13_n-
0

[Ipumep 3.2.2.I1otok Dpnanra. [lotok Dpnanra M-ro nopsiaka odpazyercs
U3 MPOCTEHIIEr0 B PE3yJIbTaTe €ro «IPOPEKUBAHUS, KOT/Ia BHIOPACHIBAIOTCS
BCE€ TOYKM 3a UCKJIIOUCHHEM M-0u. /)11 Takoro moToka
m 0 m-1
() " e AT "

*
Te e M A=,

0 - (1) m

[Tycte m=2,Torna

g

)= N B e E g () =1-0+ 2 0EA

2 [ 2 0

U U1 HAXOXKACHUS T, TpeOyeTcs peniaTh ypaBHEHHUE
e_zz(z+l):X, z=M\71,/2.

Jlist i>1 wHTEepBaI MEXIY COOBITUAMHU B TIOTOKE (DOPMHPYETCS C YUETOM TOTO,
4TO T, =T, +T, €CTh CyMMa JIByX OJJMHAKOBO PACIpPEIEIEHHBIX 110 NOKa3aTelb-
HOMY 3aKOHY BEJIMYHH C IapaMeTpoM A~, KOTOPBIi 110 CyTH ONpeseseT HHTeH-
CUBHOCTb UCXOJIHOTO «IIpopexuBaemMoro» notoka [lyaccona. Torna

_ 1
L=64,+T, T —_ﬁ

Inx;x;,1=2,n.
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Haxoxenue anroputMma Ajis MOAECIMPOBAHHUS MOMEHTA MEPBOIO COOBITUS
NOTOKa M-TO MOPsAKA CBSI3aHO C PELIEHUEM elle Ooyiee CIOXKHBIX TPAHCLEH-
JNEHTHBIX ypaBHeHMU. [loaTOMy ecinu peanusanuss BO BPEMEHHU JOCTATOYHO
JUIMHHAS, TO MOXHO I10JIb30BaThCS CIEAYIOIINM YHUBEPCATIbHBIM AJITOPUTMOM
Lt =-2maxYi=1n.

j=1

[TpyHIMIBI MOAETMPOBAHUS HECTALIMOHAPHBIX OTOKOB MOTYT OBITh MPO-
WJUTIOCTPUPOBAHBI HA CIIEIYIOIIEM [TPUMEPE.

ITpumep 3.2.3.Hecrammonapusii motok IlyaccoHa, HHTEHCUBHOCTh KOTO-
poroA =A(t) 3aBHUCHT OT BPEMEHHU, a IJIOTHOCTb PACIpPEACIICHUs HHTEpBaJa
MEX1y COOBITUSIMU, TPOUCXOAAIIMMU B MOMEHTHI t U t+t, UMEET BUJ

f{teot) = A1), Aftet)= A(ubi,
o

roe N\ (t* ,t) = )\(tD + t). Otcroga aJisi MOMEHTA MOSIBJICHUS IEPBOTO COOBITHS

t =Ty, }lfl (u)du = A(0,T,) = }IA(u)du =-Inx,, f;(u)= N (O,u)e"/\(o*“) _
0 0

JlanpHelmas MeToIMKa HaX0KACHUS MOMECHTOB COOBITHI aHAJIOTHYHA
L *t
=t +T, AltionT)=
ti-1
Hna  MoaenupoBaHUs HEOPAUHAPHBIX  MOTOKOB B Q-cxemax
(lim P, (t,At) # 0) KpoMe 3a7aHUsI 3aKOHOB pAaCIpPEAEICHUSI MOMEHTOB IOsSBJIE-
At 0

i)\(u)du =-Ilnx,, 1=2,n.

HUA t;,i=1,n HEOOXOIUMO ONpeeNaTh pacipeeeHle Ynucia cOObITHIA B pac-
CMaTpPUBAaE€MbIi MOMEHT BPEMEHHU. AHAJIIOTMYHO JJIsI HEOJHOPOJHBIX MOTOKOB
TpebyeTcs 3aaHKe 3aKOHA pacrpeieIeH s IPU3HAKOB COObITHiA f,,i = 1,n
3.3 llocTpoenue moaeaupymwouiero ajaropurma CMO B nesiom
Kpome 3amanust moTokoB cOObITHI mpu QopManu3anuu npouecca (QpyHK-
MOHUPOBAHUS CUCTEMbI C TIOMOUIbI0 Q-CXEeM M MOCTPOEHUH €€ MOEIIUPYIO-
HIEr0 ajJropuT™Ma HEOOXOAUMO 33JaTh CTPYKTYpPY Takoil cuctemMbl. OHa mpeaBa-
PUTENIBHO OIpeenseTcs COOCTBEHHbIMU BHYTpeHHMMH mnapameTpamu CMO:
KOJMMYECTBOM (a3 L, ; KOIMYECTBOM KaHAIOB OOCIYKMBaHWs KaKIOW (asbl

Ly;,j=1L, ; KOJMYECTBOM HAKOMUTENEH Kaxaon passl Ly;,j=1L;; eMKOCTbIO

Kaxporo Hakomurens Ly;,i=LLy,j=1,L,, a Takke CBIA3SIMU MEXIY NH u

K, To ects onepaTopom compsbkeHus: R snemeHToB cuctembl. Kpome Toro, 3a-
Ja0TCa AUCIUIUIMHBL 0KUIaHUM 3asBOK B H 1 BbIOOpa nx Ha 00CIIyKUBaHUE B
K. lnsa pa3paboTku MOAEIUPYIOIIETO aNrOpUTMa 1eIeCO00pa3HO UCIIOIb30BATh
cnienuaibHblie rpaduyeckue n3oopaxenus (cM. puc.6) ctpykrypsl CMO.
H1
(Y<I) Ka)

~— ~—
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3nech 0003HauU€HUS A ONPENETSAIOT UHTEHCUBHOCTH BXOJIHBIX MIOTOKOB, a -

MHTEHCUBHOCTH TMOTOKOB 0OcHyXuBaHUsA. [IITpUXOBBIMH JMHUSMU MOKAa3aHbI
BO3MO>KHBIE OJIOKMPOBKH.

B cooTtBercTBUH ¢ MOAyabHBIM npUHOKANOM noctpoeHuss UM CMO B Hen
JOJDKHBI IIPUCYTCTBOBATH CIIENYIOIIUE DJIEMEHTEI.

1. OnemenTsl THNA U, sSBISIOMIMECS AKTUBHBIMHU, IPUYEM TEKYILIEE COCTOS-

HHUE KaXKIOTO ONKMCHIBAETCA MApOi 7, = {t(n‘l) A (Y )} ,rae t') - ppems mocrym-
JIEHWs OUEPETHON 3asBKH, a )\i(tg)) MHTEHCUBHOCTB MOTOKA OT U, .

2.JnemeHTsl TUIIA H, aBisgronmecs naccuBHbBIMU. Kaxkaplil I-bIii HAKOIH-
Tenb K-oii  ¢dasel  H, MOXeT HaXOAWTBbCI B TEKYIIEM COCTOSHHH

z\0 ={1E) DO,...,lHik}. [epexox M3 OMHOTO COCTOSHMS B JPYrO€ MPOUCXOIUT

MI'HOBEHHO IIPH MOCTYIUIEHUU (YXOJ€) 3asBKH U COMPOBOXKIAETCS yYBEIUYEHU-
eM (ymeHbienuem) 1\ Ha eMHUIY 32 MCKIIOUEHMEM MPAHUYHBIX COCTOSHUIA,

3. DnemenTsl THNA K, sSBistomumecs: akTHBHO-MMTAaCCUBHBIMU. OHM MOTYT Ha-
XOJIUTHCSI B COCTOSHHUH «3aHST», I'IC SABISIOTCA AKTUBHBIMU, U B COCTOSIHUM
«CBOOOICH», TJI€ SBJISIOTCS MACCUBHBIMH. TeKyIee COCTOSHUE I-TO KaHaja j-Oi

daser  K;

ONPEIENSeTCs TPOMKOH BENHUMH z] = {O((i’j),tf’j),uij(tgi’j)} , TIE
a) = 0;1 («3ansT», «cBOGOMEHY), tU-)- BpeMs oOcmyKuBaHMS OuepemHON 3a-
SIBKH, a W (1)) - HHTEHCHBHOCTB ITOTOKA 06CTy)MBaHUA. [Iepex0a U3 OHOTO
COCTOSIHUS B JPYrO€ MPOUCXOJUT MTHOBEHHO MPU MOCTYIUIEHUH 3asBKU Ha 00-
CIIy’>KHBaHUE UM OKOHYAHUU OOCTYKUBAHUSI.

Kpome toro B UM 1enecoobpa3sHo BBECTH JBa THIIAa BCIOMOTATEIbHBIX
9JIEMEHTOB: OYepe/b 3aABOK M O4Yepe/lb CBOOOIHBIX KaHaloB. Ouepean 3asBOK
(O3) na Bxoje Kax10M (azpl 00CTyKUBAHUS SIBISETCS MACCUBHBIM AJIEMEHTOM,
U €€  COCTOSHME  OIpeleiseTcs  BEeIWYMHOM  oOmed  odepenu

() = {6 =00 5oy H ¢
Zy, =y s Loy = Zl s B H0 el [ OCTOSIHHMSI M3MEHSIOTCS MI'HOBEHHO
1=
o k k
IIPY MOCTYIIJICHUU HOBOU 3asIBKU (IEB) = IEB) + 1) WY IIPH OCBOOOKIEHNH KaHaja

03 03

dazbl (l(k) =10 - 1) . Ouepenp cBoOoOaHBIX KaHANoB (OK) kaxmoit j-oi (a3bl

ABJIACTCSA ITACCMBHBIM 3JICMCHTOM M XaPaKTCPHU3YCTCS YHCIOM ( K BO3MOXKHO
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TUTIOM ) CBO6OI[HBIX kaHanoB. /[yt OK ee cocrosHue onpenensiercs: BEIMYNHON

OK OK ?

. t 0
A = 5() ZG ) ) 00,...,L;0 CocrosHMe H3MEHAETCS MIHOBEHHO

IPU MOCTYIJIEHUU HOBOU 3asIBKU (IE)JK) = IE)JK) = 1) WJIH IIPU OCBOOOKIAEHUY JIF000T0
KaHaJia (1(') 1() +1).

Takum oOpazoM, npu UMHUTAIUU Tpoiiecca GYHKIHMOHUPOBaHUS Q-CXeMbl
Ha DBM n0mxHO OBITH OPraHW30BaHO MATh OCHOBHBIX MACCUBOB JIAHHBIX

A=A =T} Ay ={zd =TT k=1L )

Ac={) i=TLg, =T} A, ={z, k=TT }; A, {() _]—IL}

K] 2 03 2 OK 2
KOTOPBIE UCTIOIB3YIOTCA NPU PEAIN3ALMH JIFO00T0 TUIIA MOJAETUPYIOLIETO aro-
puUTMA.
OOmas O60K-cxema Takoro ajJropuTMa npu peainusanuu metona Az 3ana-
HUS MOJIEJIbHOTO BPEMEHHU UMEET BH/JI, TIOKa3aHHbIN Ha puc.7. B 06i10kax cxemsl:
THIA 193) = 193) +1 3an0MHMHAETCsI MOMEHT NOCTYIUICHUS 3asiBKU B OJIUH U3 HAKO-
nurened H; © ee NPUOPUTET B MAacCUBE OYEPENM 3aiBOK (asbl; THMa

15,4) = 15)) —1 BbIOMpaeTcs 3asBKa U3 HakonuTenss H., pukcupyercs Bpems BbI-

ijo
O0opa u BpeMsl MPOBEACHUS 3asBKH B OYEpENHU; TUIIA IE)JK) = 18() — Il mpousBoaUTCA
BbIOOp KaHanma K; W3 MaccuBa OYepe/ld KaHaJOB, BBIYMCISETCS JIUTEIBHOCT
oOCIy>)KMBaHUsI M BpeMsi OCBOOOXJICHMsS KaHajla OT JaHHOM 3asBKH; THUIA
IE)JK) = IE)JK) +1 MpOM3BOAUTCS 3aCbUIKAa MOMEHTAa 0CBOOOXAeHMs KaHana Kj u ero
IPUOPUTETA B MACCUB OYepear CBOOOJHBIX KaHAIOB (pa3bl, KaHAJT CTAHOBUTCS
MACCHUBHBIM U UCKIIFOYAETCS] U3 BPEMEHHOM MOCJIEI0BATEILHOCTU COOBITU.

[IpeacraBnennas cxema moctpoenuss UM sBrisercs qocTaTouyHO OOIIEH,
XOTsl, ECTECTBEHHO, B KaXX/JOM KOHKPETHOM CJIy4ae OHa MOXKET OBbITh YTOYHEHA.
Hamnpumep, B cityuae, ecinu peanusyercs meron - At 3agaHust MOIETBHOTO Bpe-
MEHH, B HEH JOJHKEH OBITh TOTIOJHUTENBHO BBEJIEH LUK IO YUCITY OTCUETOB Ha
BpeMeHHOU ocu N=T/At, a cpaBHEHHE BPEMEHHBIX WHTEPBAIOB COOBITHI TPO-
BOAUTCS ¢ TOYHOCThIO At. ['1aBHOE K€ B MPEJICTABIEHHON CXEME TO, YTO OHa
WIUTIOCTPUPYET BAXHEUIINNW NpUHUKN 1ocTpoeHus MM, npu KOTOpOM OCHOB-
Hble OJOKM MOJENH, UMEIOIINE aHAIOTMYHbIE (PYHKIIMH, BBITOJHAIOTCS B BUE
OTJEJIBHBIX MOJYJIEN WM NOAIIPOTrPpaMM CTaHAAPTHOTO BUAA.

KoHTpObHBIE BONPOCH! U 3a1aHuUs
1.3anucarh aJITOPUTM MOJICIUPOBAHUS MMOTOKA COOBITUI JOPOKHOTO Tpadurka
C PaBHOBEPOSITHBIM 3aKOHOM pactpenenenus f(T) Ha uaTrepsane [a,b].
2.3amucarh anrOpUTM MOJCITUPOBAHUS MOTOKA COOBITHIA, B KOTOpOM T=a+¢,
e & - pacrpeieneHa mo MmoKa3aTeIbHOMY 3aKOHY.
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3. Onpenenuth anroputm MoaenupoBanuss CMO umeroieit CTpykTypy B COOT-
BETCTBUHU C puC.0.

4. Kak U3MEHUTCS CTPYKTYpa UCXOJHBIX JTAHHBIX U MOJEIUPYIOLIETO aJrOpuT-
Ma B 11e51oM a1t CMO ¢ HeMcrpaBHOCTSAMU KaHAJIOB OOCITyKUBaHUS ?

5. Kak u3MeHHUTCS CTPYKTypa UCXOAHBIX JAHHBIX U MOAEIHUPYIOUIETO alrOpUT-
Ma CMO npu HAJIMYUKM HEOJHOPOIHOTO MOTOKA 3asBOK?

[ Hauaio ]
YCTaHOBKA Ha4. yCIIOBUU BCEU MO-
nemu, Hayano muknamo 1 =1, N
® =
YCTaHOBKA Ha4. YCIOBHU HA OJHY
pean3anmo
® -
IIOMCK
= mi SR () P ¢
t, =min(min t,;”’ ,min t.’)

nepexoa K UMHUTAIIUU COOTB. aK-

l THUBHOI'O OJICMCHT l

MOCTYIIJICHUE 0CBOOOXKIEHHE 0CBOOOXKIEHHE
3asBKH oT U KaHaJia Heroc. (a3bl KaHaJ1a 1moci. (aszbl
- + - + -
ouepenb ouepenp ouepenb
B. Ka 3asB 3asB.
I —q D _q i — 10 ) — 1G] (Lg) _ (Lg) (L (L
1() 1() +1 () 1() II)JK) _1ng) +1 I(dIS) _II)_Is) -1 IOK(I) ZIOKq) +1 I03(I)) =I03(I))_1
I I L I I I

Y

hopmupoBaHue
HOBOM 3asIBKU
te =ty + Ty

'

(bukcamnus mnapa-
MeTpoB 00cy-
KEHHOM 3asBKU

oucpeab
CB. KaH,

87 =17 ) [ =17 -
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L obOpaboTtka pe3ynbraroB M —|

[ KOHEIl ]

Puc.7

6.Kak m3MeHHTCS CTPYKTypa UCXOTHBIX TAHHBIX M MOJICIUPYIOIIETO alropuTMa
CXeMBI puc.7 Tpu peanm3anuu meroaa At?
7.0npenenuThs UCXOAHBIE OMHUCAHUSA IS MOJACIUPOBaHUA MHGOPMAIMOHHO -
BBEIYMCIIATENIEHON ceTh npeanpusTus kak CMO cTaHmapTHON CTPYKTYPHI.
4.MonenupoBaHue arperaTUBHbLIX CHCTEM
4.1.ITonsATHE arperara M ero MaTeMaTH4ecKasi MoJeJib

Hanbonee obOmmMm momxogoM K ¢dopMaau3aliid OIMHCAHHMS IPOIECCOB
(GYHKIIMOHUPOBAHHMSI CIIOKHBIX CHCTEM SIBIIICTCS arperaTUBHBIN MOIXO0, B paM-
KaX KOTOPOTO JJIEMEHTHI OMHUCHIBAIOTCS Ha OCHOBE A - CXE€M WM arperaros.
JIro6oii arperar (puc.8) XxapakTepu3yeTcsi MHOKECTBOM [y MOMEHTOB BPEMEHH,
BXOMHBIX X, ympaBistomux G W BBIXOAHBIX Y BO3JCUCTBUIN, MHOXKECTBOM
BHYTPEHHUX COCTOSHHMMA Z, a TakKe ciaydaiiHpIMu omnepaTopamu H m F - mepe-
XOJIOB M BBIXOZIOB. /{7151 (QyHKITMOHMPOBAHUS arperara XapakTepHO, YTO BXO/I-
Heie X(t), ynpasnstomue ¢(t) 1 BBIXOAHBIC BO3JACHCTBUSA MOCTYIAIOT B ONpe/e-
JICHHBIE MOMEHTHI BPEMEHH W 00pa3yloT Mapbl CIyYalHBIX MOCIEAOBATEIHHO-

cTeH (t?,xi), i=12,...; (tjg,gj),jzl,Z,...; (ti,yk), k=1,2,.... CauTaercs, 41O 3a

KOHEYHBI UHTEPBAJ BPEMEHH B arperar MoCTyIMaeT KOHEYHOE YUCIIO BO3AEUCT-
Buii. COBOKYITHOCTH BO37cHCTBUI Ha monyuHTepBaie (to,t] Ha3pIBalOTCS COOT-

BETCTBEHHO BXOJHBIM - xto, YIIPABJISAOIIUM - gio A BBIXOIHBIM COOOIIEHHEM

yy, - BHyTpennue cocrosnus Z(t)JZ usmenstotcs B oOuiem ciyyae

BO BpEeMEHM MNOCTOSHHO. COCTOSHUS ®
arperata B MOMEHTBI TOCTYILJICHUS x(t) 9
BXOJHBIX W YIPABJIAIOIMINX BO3JCUCT- —> H,F — (1)
BHH, a TakKXe BBIJJAYM BBIXOJHOTO —> 2(t) ’

. —> I
BO3JICHCTBHS HA3BIBAIOTCS OCOOBIMH. —>
N3 0coOBIX COCTOSTHUI arperatr mepe- Puc.8

XO0JUT B HOBBIC CKAYKOM, TO €CTHh 3a
OECKOHEYHO MAaJIBLIN HHTCPBAJl BPCMCHH. HOC—)TOMy AJA arperata InpOBOJUTCA
KOHKPCTHU3aAllKA B4 OIICPATOPpa H JJIsL pa3JIMYHbIX CI/ITyaI_[I/Iﬁ BO3HUKHOBCHUA

0co0bIX cocTossHui. IlycTh ti MOMEHT BO3HMKHOBEHHS OCOOOTO COCTOSHHSI
z(t¥), CBSI3aHHOTO C HACTYIUIGHHEM BXOJHOTO Bo3zzeicTBus x.[X, a g 0OG

nocJie/IHee ynpasisitolee Bo3aencTue t§ < ti, Torna oneparop H umeer Bua
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z(tE: +0) = Hl(z(ti‘),x*,gs,ti‘), tS <t

Ecmu t§ - MOMEHT MOCTYIUICHHsI YIIPABISAIONIETO BO3JICUCTBUS U BO3HUKHOBE-
HUS COOTBETCTBYIOLIETO 0COOOT0 COCTOSHUSA, TO

z(t§ +0) = Hz(z(tf),g*,tf).
Ecnu ti - MOMEHT BbIJa4¥ BBIXOJIHOTO CUTHAJa, TO
o1 +0) = H3(z(tz),gs,tz), (<t
Haxkonen, Ha nHTEpBage BpeMEHU (t*,t**], rJIe HET OCOOBIX COCTOSHHUI, MOBE-
JIEHUE arperaTa OMUChIBAETCS OMEPATOPOM
z(t) = H4(Z(t* + 0),gs,t), t8<t.,t D(t* t]

Jlns onpenenenust oneparopa F Ha MHOXKecTBe Z BHYTPEHHUX COCTOSIHUMN

arperaTa BBIIEISIOT CEMECTBO moaMHOxkecTB Z ) :{Zy}, oOJiaiaroniee cie-

OyIOIUMUA CBOWCTBAaMM. BBIXOAHOW CHUTHaJ BBIJIACTCS B MOMEHT ti, €CJIu:
1)cocrosnue Z(tZ) 0z, uo z(t¥ —8) 0z; 2)cocrosnue z(tZ +O) 0z, Ho

z(tﬁ) 0zY). TIpu stom onepatop F npexncrasnsercs B Bujie

2 (¥).
y(t) = F ((t). 2..1)F, (z(t),t,Z(Y))) tf <tl; Fy(t) = g) z((tt)) DDZZ(Y),.

Ponb oneparopa F, 31eck cBoauTCS K PUKCAlIUM MOMEHTA ti JOCTHUXKEHHUs Ipa-

HUI[ OJJHOTO W3 MOJMHOECTB CEMEICTBA z¥) Takum o0pasomM, 1oJ1 arperaTom
MOHUMAETCSI O0BEKT, OMPEACIISIFOIIUNCST COBOKYITHOCTBIO MHOXECTB U CIydaii-
HBIX OIEPATOPOB A =< TX,X,G,Y,Z,Z(Y) ,{Hi},{Fi} >,

[Tpumep 4.1.1. Paccmorpum onHokaHanbHyt0o CMO 3nemeHTapHOro THUIa,
OMMCHIBAOIIIYIO MPOIIEeCC pelieHus 3a1a4d Ha DBM wiu B crieruaan3upoBaHHOM
npoueccope. Kaxzaas 3amada nmocrynaeT B ClrydaliHbId MOMEHT {j U XapakTepu-
3yeTcs CIy4alHbIM IapaMeTpoM aj. Ecim BeIYMCIUTENL CBOOOJEH, TO 3aJ1ada
MPUHUMAETCS K PEUICHUIO, B MPOTUBHOM CJIy4yae OHa MOCTYIMAET B OYEPEab Ha-
KOIUTES, TIe HaxonuTcs He Ooee, ueM Vi=¢(a,3), rue B - BHyTpeHHHH napa-
METP, XapaKTepU3YIOIUN Mponu3BoauTeabHOCT DBM. Eciim 10 MoMeHTa tj+V;
3a/laya He OyJieT MpUHATAa K OOCIYy>XKHMBaHUIO, TO OHA YXOJUT. J[JTUTETbHOCTH
perreHus 3axadu onpenensercs BennunHou N;=Y(a,B). [To oxonwanuu pemre-
HUS 33]]1a4¥ BBIYUCIIUTEND IPUCTYIIAET K PEMICHUIO CIICTYIOIICH.

BHyTpeHHUE COCTOSHMS CHUCTEMBI OMPEACISIOTCS CICAYIOIIUMUA KOMIIO-
HeHTaMu: Z5(t) - Bpemsi, ocTaBIleecs 10 OKOHYAHHUS PEIICHUS 3a1a4M, HaXO/Is-
mieiics Ha oOcaykuBaHuu; Zp(t) - yncio 3agad B cucTeme (B ouepeau U Ha 00-
CIy)KHBaHUE); Zy(t)=a, m=1+2k, k=,z,(t)-1 - mapaMeTpsl 3a7a4 B OUCPE/IH;
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z(t), r=2+2Kk, kZW - OCTaBIIIeecs BpeMsl HaxoxkJaeHus K - oif 3am1auu B
o4yepe 10 MOMEHTA MOJYy4YEHHsI OTKa3a. BXogHoe BO3AEHCTBUE B MOMEHT t]‘
ompesensercss napamerpoM 3anadn X(tj)=g. IlycTs t; MOMEHT MmOCTyIIEHHUs
HOBOU 3amauu, Torga omneparop H=H;=H, (ympaBnstomux BO3IEUCTBUI HET)
3aJ1aeTCs MpU Zz(t}()>0 COOTHOIIIEHUAMHU
zl(t}‘ +O) = Zl(t}‘); zz(t}( +0) = zz(t}‘) +1;
zl+2k(t}‘ + O) = zl+2k(tj‘); zz+2k(t}‘ + 0) = zz+2k(t}‘), 1<k< zz(t}‘) -1
Zl+2z2§}<g(t}( +0) = X(t}(); Z2+2z2§3<§(t}( + 0) = ¢(X(tj()’B)’

a IIpH zz(t}‘) = 0 COOTHOIIICHHUSIMU BH/Ia

zl(t‘; + 0) = q;(x(tj‘),[s); zz(t}‘ + 0) = zz(t}‘) +1=1
3neck u ganee npu Zy(t)=0 cocrosuus Z;.2(t), Z+2t), @ k=1 He onpenecHbI.
CemelcTBO MOJIMHOKECTB yAY ONPEAEIACTCS MApOU
zY) = {ZYI 9ZY2} : Zy, = {Z(t)3Z1 (t) = O} ;
Zyy ={2(t): 25,9, (t) = 0,k O1,...,2, (1) — 1}.
Torma, ecnu t =t,; U 5TOT MOMEHT COOTBETCTBYET OKOHYAHHIO PELICHHUS OYe-
peaHol 3a1a4n, TO oneparop H; packpbIBaeTCst TAKUM 00pa3oM

Zl(t*yl + 0) = L11(23 (t3) ):B)Q Zz(t*yl + 0) = Zz(tzl) -1 E

Z142k (tzl + O) = Z1+2(k+1)(tzl); Zy42k (t’-}‘/l + 0) = Zz+2(k+1)(t>¥1)@2(tz) >1;
I<k<z,(t)-1 E
zl(t){1 +0):zl(tzl):0; zz(t){l +0)=0 } zz(ti)zl.

Ecnu ke t =ti, MOMEHT BpEeMEHH, KOrJa UCTEKAeT BpPEMsl OKHMJIaHMs OJHOU U3
3asBOK B ouepeu, Harpumep |-oit , To omepatop H; onpenensercs Tak

zl(tﬁ2 +0) = zl(tzz); zz(tZ2 + 0) = Zz(t*yz) -1
SR T P Y R
zmk(tZ2 + 0) = zl+2(k+1)(t52); zerzl(('[Z2 +O) = zz+2(k+1)(tZ2), 1<k < zz(tzz) -1.

HaKOHGH, B MHTCPBAJIaX MCKIAY MOMCHTaAMHM HACTYIIJICHUA 0COOBIX COCTOSTHHI
MMOBCACHHUC arperara OIrucChbIBaCTCs OIICPaTopoOM H4 BHUa

z,(t) =z, (t: +0) = (t—t.); z,(t) =2z, (t. +0);

Zrook (1) = Zpaaic (6 +0); Zpuni (e +0) = (£ = ).
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BbIXoaHbIE BO3AEUCTBHS B JAHHOM MPUMEPE ONPEAENSIOTCS B BUJIE Y = (y1 ,yz),

rne y, =1; O - mpusHak OOCIy>XWUBaHMs 3a/layd, MOKHIAIOIICH CHUCTEMy, a

T
=(a.,B,ti] - ecTb COBOKYIIHOCTb CBEICHUI O 3aJade, ONPEAEIISAIONINX THII
y2 jor 9

3a/1auu, TapaMeTp CUCTEMbl M BpeMs BbIXoJla U3 cucTeMbl. COOTBETCTBEHHO
oneparop F 1ji1 MOMEHTOB BpeMEHH ti, U ti, ONPEAEHsIeTCS COOTHOLIEHUSIMHU

y:(lsaj’Batzl)s Zl(tzl) :01 y:(oaajDB)ti/2)9 ZZ+2l(t"}‘/2) =0.
B JAHHOM HpI/IMepe pOHB OHepaTopa F2 (i)aKTI/ILIeCKI/I CBOJIUTCA K HpOBepKe

IPAHUYHBIX YCJIOBUHN JJI1 BPEMEHU HAXOXJCHHS 3a7ad B cUCTeMe (B odepeau
WM Ha OOCTY>KUBaHUM).
4.2.CxemMa KyCOYHO-JIMHEHHOI0 arperara u ee NpMuMeHeHue

BaxxHbIM 4YacTHBIM cllydaeM OOIIEH MOJiesd arperara SBJISETCS MOJEIb
kycouHo-nuHerHoro arperata (KJIA). [na KJIA oTaensHO He BBIICISIOT
YIPaBJISAIONIME BO3JACHCTBUS, HO TJIaBHAsE OCOOCHHOCTh 3aKJII0YaeTCsl B 0CO0O0M
CTPYKTYpPE MHOKECTBa BHYTPEHHHX COCTOSIHUW. 3a/1a€TCSI HEKOTOPOE CUETHOE
MHOECTBO | OCHOBHBIX COCTOSIHMM (Harpumep, I={O,1,2,...} ). Daement v OI
HAa3bIBACTCS OCHOBHBIM COCTOSIHHEM, KOTOPOMY CTaBUTCS B COOTBETCTBUE LIEJIOE
HEOTPHLATEIbHOE YUCIO V|, HaspiBaeMoe paHroM cocrosuus. Kaxgomy v Ol

CTaBHUTCS B COOTBETCTBUE IOAMHOKECTBO Z, JOMOIHUTEIBHBIX COCTOSHUM, 00-
pasyioliee B EBKIMJOBOM MPOCTPAHCTBE Pa3MEPHOCTH n, =|\V| BBIMYKIbIH

MHOT'OI'paHHUK. TOF)Ia 06mee MHO>KECTBO COCTOSIHUM nNpeaACTaBIISACTCA B BUAC
06I>GI[I/IHGHI/I$I CUCTHOI'O Ha60pa HCIICPCCCKAIMUXCA IOAMHOXKCECTB U COCTOUT

3 BCEBO3MOKHEIX T1ap (V,z“’)).
T
z=Uz,, zt)= (V,z(v)) Oz, vor zM = (ng),...,zg\')) 0z,.
vl

Ecin B HadanbHbIi MoMeHT to Z(tp)=(v,2")(0)), 2”(0)0Z,, To Ha mHTEpBanax
BPEMEHH , HE COJEPKAIINX OCOOBIX COCTOSIHUM, MpH t > t, TOUKa z(")(t) nepe-
MEUIAETCsl BHYTPU Z,, A0 TEX MOp, OKA HE IOCTUTHET €ro rpaHullbl B OTIOPHBIN
MOMEHT BpemeHu t,. Torma mpu t, <t<t, noexnenue KJIA onuceiBaercs

YpaBHEHUEM
v v V) V) dZ(V)
V(t):V =const; z (t)=z( )(0)+(t—t0)a( , a' :T’
T
rae a') - mOCTOSHHBIH BEKTOP pPa3MEpHOCTH n,, = ||V ,aV) = (a(v),...,a;‘\',)) s

KJIA 3HaueHMe ONOPHOrO MOMEHTa t, ompegensercs tpackropuei z“(t) u
(opmoii MHOrOrpaHHUKA Z,
t, = inf{t:zv(0)+(t—t0)a(v) Oz, ,t >t0}.
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OO6miee uncno rpaHed Z, paBHO m,, IPUYEM KaKJas TpaHb ZS,J) omnpeje-
JISIeTCSl ypaBHEHUEM

. nv .
Z0: 3 ya 4yl =0, j=Tm
Toraa MOMEHT JOCTHIKEHUS TPAHUIIBL Z,, OTIPEAEIAETCS yPaBHEHHEM

ti=to+min T,
T‘i:—@%)ﬂgvlvﬁiv)zgv)(O) évﬂﬁ)a?), j=T,m,.

Crnenyromeit ocooeHHoCThI0 KJIA sBIIsSIeTCS TO, YTO B MOMEHT t; €ro COCTOSTHHE
HU3MEHSETCSl CKauKOOOpa3HO B COOTBETCTBUM C 3aKOHOM pacmpejeieHus P, 3a-
BHUCSAIIEM TOJIBKO OT cocTosiHuUS Z(t1) U ABISETCS 0COOBIM COCTOSIHHEM arperara,
COIIPOBOKIAIOIINMCS BbIJAYEN BBIXOJHOTO CUTHAA

Z(t1 +O): P, (Z/Z(tl)) = P“(V' /z(tl))P12 %(V') /v ,z(tl)g.

rae V [JI HOBO€ 3HAaYEHHWE OCHOBHOI'O COCTOSIHUS. XapaKTepu3ysl MPOILIECC BbI-
Ja4u BBIXOJHOTO CHUTHAJIa MPU JIOCTHXKEHUU OCOOOT0 COCTOSIHUS B JIAHHOM

caydae, clelyeT OTMETHTh, YTO CeMelcTBO moaMmHoxkecTs Z'"), BBeJeHHOE B
00IlIEM ONpeENIeHNN arperaTa, B JAHHOM CJIydae COBNAIAET C MOBEPXHOCTHIO

o my
Beex rpaneit KITA Z™) = 5 (JZ{ . Takum oGpazom, mocsie ckauka 1o J0CTH-
v=0j=1

xeHnn rpanuibl Z, KJIA nomamaer B cocTosiHue z = %)',z" (t, +0)% KOTOpPOE
MOYHO CUHTAaTh HOBBIM HadalibHbIM. Jlanee nipu t>t; nuxenne KJIA ocymect-
BJISIETCSl BHYTPH 00JIaCTU Z . 10 aHAJIOTMYHOMY 3aKOHY.

\Y

B oTHoOIIeHMM onMcaHus BXOJHBIX M BBIXOJHBIX BO3JCHCTBHM BAXKHO yKa-
3aTh, YTO MHOXECTBa X U Y UMEIOT aHAJIOTUYHYIO0 Z CTPYKTYpYy. BxoaHbIe BO3-

I[CP'ICTBI/ISI NpEACTaBJIAIOTCA B BUJAC IIapbl X = (H,X(u)) , A€ M- 3JICMCHT HECKOTO-

T
pOro CueTHOro MHoecTBa, a XM :(X(I“),...,x;ﬁ)) - BEKTOp, NMPUHUMAIOLINIL
3HAUEHHS M3 EBKJIMIO0BA IIPOCTpaHCTBA X, pa3sMepHocTH n, = |u|. Berxoxusre
BO3/ICHCTBHS NPEJICTABIIAIOTCA COOTBETCTBEHHO B BHJIE NApPhI y = ()\,y(”), rae

M) M)

T
A- 3JEMEHT CYETHOTO MHOXecTBa, a y™ =(y1 ,...,yn)\) -ICUCTBUTEIIbHBIN

BeKkTop, n, = |[A|. Onucanue nosenenus KJIA mpu mocTymieHHN BXOJHBIX BO3-

)

nevicteuii, Hanpumep x) B Momenr tY (omeparop Hi B 06mieii cxeme arperara)

ompejenseTcss 3aKOHOM pacmnpeneneHuss P, 3amamoniyM CKadyoK M3 TOYKHU

z(té) = (v,z(")) B TOUKY z(té + 0) = %) 2" )E, MMCIOMINM B
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Z(té + O): P, (z/z(té),xm) = le(V" /z(té),xD)P22 %(V") /V",Z(té),XDE.

Kpome Toro, B MOMEHT IOCTYIUICHHMsI BXOJHOIO curHaja u ckauka Z(t) KJIA
MOYKET BbIJIABATh BBIXOJIHOW CHUTHAJ, COACPKAHUE KOTOPOTO CTATUCTUYECKHU 3a-

BHCHT OT Z(ty) x(“)(té). B o6mem ciydae BhIXOAHBIE coobmenus KIIA -

¢dyHkroHan ot mporecca Z(t).

Takum oOpazom, KJIA mpeacraBisieT coO0M KOMMO3UIIMIO CHHXPOHHBIX
BEPOSITHOCTHBIX aBTOMATOB, JIBIJKEHHE KOTOPHIX COCTOUT M3 CKAYKOB IMPHU TO-
CTYIUIGHUH BXOJHBIX CHUTHAJIOB, M CHUCTEM, OINHUCHIBAEMBIX OOBIKHOBCHHBIMH
nuddepeHInaTbHBIMA YPABHEHHUSMHU TaM, TJ€ CKauKd OTCYTCTBYIOT. BaKHbIM
CJICJICTBUEM KYCOYHO-JTMHEHHOr0 XapakTepa 3aKoHAa M3MEHEHUS BHYTPEHHHX
COCTOSIHMI SIBJISIETCS BO3MOYKHOCTH BBIYMCIICHUSI MOMEHTOB HACTYTUICHUS OCO-
OBIX COCTOSIHMI B OIOPHBIE MOMEHTBHI BPEMEHH, YTO CYIIECTBEHHO OOJerdyaer
UX MOJICIUPOBAHUE, OCOOEHHO €CIIM UCTIONIB3YyeTCsl MeTof Az.

C Touku 3peHust yHU(PUKALUU ITpoliecca MoaenupoBanus arperat u KJIA B
YACTHOCTH BBICTYIAET KaK JOCTATOYHO YHUBEPCAIbHBIA MOAYJIb NMEpepadOTKH
uH(popMallMi U TOPENCTaBIAeT cOO0M MaTEeMaTUYECKYyI0 CXeMy OOIIero BU[a,
JaCTHBIMHU clTydasiMu KoTopou sBistores D, F, P, Q <xeMbl. 3T0 MOXHO BH-
JETh Ha CIEIYIOUUX NPUMEpax.

[Ipumep 4.2.1. PaccmoTpuM acCMHXpOHHBIN BEPOATHOCTHBIN aBTOMAT C ajda-
BHTOM BXOJIOB M BBIXOJOB X, Y 4 M1 KOHEUHBIM MHOXECTBOM Z,; BHYTPEHHHX CO-
CTOSIHUU

X, ={L....,k}; Y, ={1,....M}; Z, ={1,..,N}.
Ecimu B MOMeHT t ero coctosinue Zy(t)=i 1 mocTymui BXoaHOM curHai Xq(t)=K, To

. . N
cocrosinue Zy(t+0)=] BIOUpaeTcs CIIy4aiiHO ¢ BEPOSTHOCTHIO Piﬁk) 20,y Pijﬁk) =1
=

s mroooro 1<k<K. To ecTh aIsg BXOIHOTO COCTOSHHS Xq(t) Hamo 3amaTh MaT-
X

pHHy‘P§”

X0, BBIaBA€MBIi B 3TOT MOMEHT, OJHO3HAYHO OIPEAEISACTCS OIEepaTOPOM

Ya(t+0)=D(j)=m. PaccmarpuBas aBromar kak KJIA, MoxxHO BBecTH Z, KaK MHO-
’KECTBO OCHOBHBIX COCTOSIHMIi, cuutas, 4to n, =|v|=0 npu v OI. Bekrop no-

, @ JUI1 KOHKPETHOI'O COCTOSHHUS Z(t) CTpOKy (PZ(:?),...,PZ(;(;)). BbI-

MOJHUTEIBHBIX COCTOSHHUU B JaHHOM CJIydac HC OIPCACIIACTCA TaK KC, KdK U
MHOT'OI'PAHHUK Zv‘ Bce ABHMXKXCHHEC COCTOUT U3 CKAYKOB OCHOBHOI'O COCTOSAHHA

IpU NOCTYIUICHUH BXOJHOTO BO3JIEUCTBUSA M (PAKTUUYECKU OIpEAeNsieTcss pac-
NpeAeIeHueM P, , OMChIBAEMBIM CEMENCTBOM MaTpPHIL

PZ:{‘PiEXa) X, DXa} :

Ecnu nonoxuts |V =|u|=[A|=0 mrs Bcex v,p,A, To KJIA mpespauiaercs B

BEPOSTHOCTHBIN aBTOMAT JJOCTaTOYHO OOIIIET0 BU/IA.
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[Tpumep 4.2.2.Paccmotpum D-cxemy, onucbiBaeMyro ypaBHEHUEM

dz _ (t,2(0),x(1))

IpHY MHTEIPUPOBAHUU pelieHUs MeTooM Ditnepa. Illar uaTerpupoBanus h BbI-
OupaeTcs 13 yclIoBUs OJIU30CTH YPABHEHHS M €r0 KyCOYHO-JIMHEHHOMN aIpoK-
cumanuu. IIpu atom kpuBas z(t) 3aMeHseTCS KyCOYHO-JTMHEHHOW (QyHKIHEH
Z(t), 3BeHbs KOTOPOU B TOUKax t, =t, +kh,k =0,1,...,s UMEIOT yroa O HaKJo-

Ha, ONPEEISIEMbIN KaK

tgay = f(tk JZ(ty ), x(ty )) ,
a mudepeHnmaIbHOe YPAaBHEHHUE 3aMEHSIETCSl YPaBHEHWEM B KOHEUHBIX Pa3HO-
CTAX

Z(tye) = Z(t )+ hf(tk S Z(t ), x(ty ))
[peacrasiss Takylo AMHAMHUYECKy0 cuctemy B Buae KJIA, B kauecTBe co-
crosiHus BeIGepeM mapy z(t)=(v,Z"), rme v - Homep I/IHTepBaJIa BpEMEHU BUA
[to+vh, +(v+1)h], sBasromuiicss OCHOBHBIM COCTOSIHHEM, a A :( z,(t),z, (t))
7\ =7%(t), z{) =t, +vh—-t=1"- BekTOp HOMONHMTENBHBIX cocCTOsHUIA. Ta-
kuM 06pasoM, z(t) = (V,Z(t),z, (t))T. [Tapa z;(t),z(t) u3mMeHsIeTCs TMHEHHO MPH
¢ukcupoBannom Vv, HO 1npu Zx()=0 mnpoMCXOAUT CKAYOK B MOMEHT
t, =t, +Vh,v = 1,s, onpeensieMblil ypaBHCHUSIMH
V' =v+1 7, (t, +0)=2,(t,), 2,(t, +0)=h, z(t, +0)=(v+1,2,(t,),h)"
[Tocne ckauka mpu t, <t<t,,, JABHKCHHUE CHCTEMbI MPOUCXOIAUT B COOTBETCT-
BUU C COOTHOIIICHHEM
z,(t) =z, (t,) +(t =t f(t,,7,(t,),x(t,)),
z,(t)=h—-(t—-t,)=t, +(v+D)h-t=t,,, —t
Taxkum 00pa3oM, MOKHO CUMTATh, YTO B JaHHOM ciydae maisa KJIIA
1={0L...s}, n, =|v[=2, z,={z":z" 20},
m, =1, 2\ :{Z(V)ZZ(ZV) :()}_
BxongHou curnan x(t,) mOCTyImaeT B MOMEHTHI t, =t, + Vh U YYHUTBIBACTCS NPU

BBIUHCJICHUH TAIBHEUIIIETO HATPABIICHUS IBUKCHUS.

MoskHO mokasarh, 4To ogHoKaHanbHass CMO, To ecTh TumoBas Q-cxema,
npejcTaBiseTcs B nmpumepe 4.1.1. kak arperat o0I1Iero Bujia, MOXKeT ObITh aHa-
Joru4yHo onpeneneHa kak KJIA.

4.3.ArperaTuBHbIN MOAXO0] PH MOJACJIUPOBAHUN CJO0KHBIX CHCTEM

[Ipu uccnenoBaHUU CIOKHOM CHUCTEMBI €€ MOJICNIb YJI00HO MPEJACTAaBUTh B
BHJIE arperaTUBHOW CHUCTEMbI (A-CHUCTEMBI), SIBIAIONIECHCA YHOPSA0YECHHBIM
MHOKECTBOM JJIEMEHTAPHBIX arperatoB (A-cxeM) U OTHOUICHHM (B3aMMOCBSI-
3eil) mexay HuMu. OOMeH nHpopManuen Mexay A-CUCTEMOU U BHEITHEHN cpe-
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J0¥M MPOMCXOJUT MO KaHaJIaM CBSI3M YE€pe3 arperarbl, Ha3bIBaeMbIE IOJFOCAMU
(A1A2A4 Ha puc.9)./lBa arperata A; u A; Ha3bIBalOTCSI HEMOCPEICTBEHHO CBSI-
3aHHBIMH, €CIIM MEXJY HUMHU CYIIECTBYET MpsiMas Tepejaada MHPopMmaiuu U
CBSI3aHHBIMM, €CIIM MEXJAY HHUMH CYIIECTBYET COBOKYIHOCTh arperaTtoB
AiAy,...,An,Aj Takas, 4TO KaX/ble Ba U3 COCEIHUX arperaToB HEMOCPEICTBEH-
HO cBsi3aHbl. [lpu 3TOM arperar Aj HEOCPEACTBEHHO ClEAYyeT (CIenyeT) 3a ar-
peratoM A;, a Aj HENIOCPEACTBEHHO INPEAIIECTBYET (IIpeauiecTByer) Aj, ecnu
HEKOTOpasi 4yacTh BBIXOJHOW HMH(popManuu A; sBisgercs BxogHou g A;. Ilo
aQHAJIOTUM U1l YOPABJISIOMIMX BO3JACHCTBUN HMCIOJIB3YIOTCS OTHOIICHUS THUIIA
«arperat Aj HEOCPEJACTBEHHO YNPAaBIIIET (YIpaBisIeT), a Aj HEOCPEICTBEHHO
NOJYMHEH (TOJYMHEH) arperary Aj», €claM HEKOTopas 4acTh YIPaBISAIOLIEH
uHpopMmanuu Juist A SBJIsieTCs BBIXOAHOM 1 A.

YO } - X ©
o Al - A3
Ao
) /
- Az > Ay >
[ ]
—
Puc.9

JIro0ast moacucrema A-CUCTEMBI TaKKe SABIIAETCI A-cucTeMou. A-cucrema
Ha3bIBAETCS KOMIUIEKCOM, €CIIH €€ JIF0OOM arperar CBs3aH XOTsS Obl C OJHHUM ar-
peratom 3Toi A-cuctemsl. B o01iem ciiydae A-cucTeMa He SBIISIETCS KOMILICK-
COM, HO KOMIUIEKCAMH MOTYT SIBJISIThCA €€ MOJICUCTEMBI. A-CHCTEMa HA3bIBACTCS
M-a3HoM, eciii OHA COCTOUT U3 KOMILJIEKCOB, KKl U3 KOTOPHIX (32 UCKITIO-
YEHHUEM IIEPBOI0) HEIMOCPEICTBEHHO CJIEAYET TOJBKO 32 OJIHUM KOMILIEKCOM.
Muorodasznas A-cucrtema sIBJISIETCS KOMIUIEKCOM. A cHUCTeMa Ha3bIBaeTcsl N-
KaHAJIbHOM, €CIIM OHA COCTOMT M3 N HECBSI3aHHBIX MEXIY COOOM KOMILICKCOB.
MHoroxkaHalibHast A-cUCTeMa He ABJISIETCS KOMIUIEKCOM. A-CHCTEMa Ha3bIBaeT-
Csl UepapXM4ECKoil (C OAHUM YpOBHEM YMpaBJICHMS), €CJIM OHAa COCTOUT U3 He-
KOTOPOr0 KOJIMYECTBA KOMIUIEKCOB, MOJYMHEHHBIX OJHOMY W3 YHPaBIISIOLIAX
KOMIIJIEKCOB.

OO1ue NPUHITUITEI B3aUMOJICUCTBUSI arperaroB B A-CHUCTEMax COOTBETCT-
BYIOT paHEE PACCMOTPEHHBIM ITPU OMMCAHUM CXEMBI CONPSIKECHUS B pa3aeiie 2.2.
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OHU MO3BOJIIOT BBECTH CIEAYIOIIEE ONpEETIeHHE: J00as COBOKYIMHOCTh arpe-
raToB HA3bIBACTCS arpeTaTUBHON CHUCTEMOM, €ClI Tiepeaada nHPOpMaIii Mex-
Iy arperatamu MPOUCXOJUT MTHOBEHHO M 0€3 MCKaKeHHs. MaremaThueckoe
ONMCAHUE CTPYKTYPhl A-CHCTEMBI MPOU3BOAUTCA IYTEM 3aJaHUs OIEparopa
CONPSIKCHUS

RU=XUG-Y, YV =Rr(uP),

CIOCOOBI MOCTPOEHUSI KOTOPOTO paccMoTpensl B 2.2. [Ipu MonenupoBaHuu ar-
PEraTUBHOW CHUCTEMBI CUMTAKOT M3BECTHBIMHU: ONEPATOP COMPSIKEHUS, HUCXOJ-
HbIE JIaHHBIC, HEOOXOAUMBIE JIJII aBTOHOMHOTO MOJICIUPOBAHUS KaXKJIOT'O arpe-
rata CUCTEMbI, BPEMEHHYIK AHarpaMMy NOCTYIUICHUS BO3JCHMCTBUN BHEIIHEU
cpeasl (Mosienb arperara Ao).

OO6mmii MoAX0J K MOCTPOCHHUIO MOJETUPYIOIINX aJITOPUTMOB A-CHCTEM
3aKJIF0YAETCs B CBEJICHUU 3aJ1a4l K MOCJIEA0BATEILHOMY MOJICIIMPOBAHUIO arpe-
raToB, BXOASAIIUX B cuctemy. [Ipu 3TOM ucnone3yrorcs MeToabl Kak "Az", Tak u
"At". Ecnu B cucTeMe OTCYTCTBYIOT OOpaTHBIE CBSI3U, TO PEATM3YETCs CIEAYIO-
Ui moaxoa. MojaenupoBaHue HadyWHAETCS € J000r0 BXOMAHOTO IIOJIIOCA H
MPOJOJKAETCS TI0 X0y Nepelaud BO3JACUCTBUM 10 TEX MOP, IMTOKA HE IOXOJIUT
JI0 BBIXOJIHOTO ITOJIFOCA WJIM arperara, Ha KOTOPbIA MOCTYNAIOT BO3JACUCTBUS OT
HECKOJIbKMX arperatoB. B mociienHeM ciiyyae MOJEIHUPYETCS CIeayromas Ie-
IO0YKa arperaroB OT BXOJHOTO IOJKOCA 0 ATOr0 arperara Tak 0 TeX Iop, Mo-
Ka He OyJleT MojydyeHa MoJiHas AuarpaMma BXOJHBIX U YIIPABIISIONIUX BO3JIEH-
CTBUH, NMOCTYIAIIUX HA 3TOT arperar. JlaHHas nuarpamma sBJIsS€TCS IPOME-
KYTOUHOM JUArpaMMOM BXOJHBIX BO3JEUCTBUN MO OTHOLICHUIO K IIPABOM Yac-
TA A - CUCTEMBI, JIEBasi TpaHulla KOTOPOH (CM. puc.8) omnpeaensiercs npu nepe-
MEIIIEHUH JIEBOW TPaHUIbI CUCTEMBI, YEPE3 KOTOPYIO MPOXOASAT BXOAHBIE BO3-
JNCUCTBUS BHEIIHEW Cpelibl. TeM caMbIM CUTyalus MO CYIIECTBY BO3BpAIACTCs
K Ha4aJbHOM, W MPOLECC MOJCIUPOBAHUS MPOIOKACTCS aHAIIOTHYHBIM 00pa-
30M. MojiennpoBaHie OKaHYMBAETCS TOT/IA, KOorja OyayT pacCMOTPEHBI BCE I1e-
MOYKU OT BXOJHBIX /10 BBIXOJHBIX MOJIFOCOB. KaX bl arperar 3/1echb MOJICIIN-
pYETCsl B TOUKAX OCOOBIX COCTOSIHUW M MPHU 3TOM MOCJIEIOBATEIBHO MPOCIEKU-
BAETCS MyTh KaXXJIOI'0 BO3JCHCTBUS OT BXOJHOI'O TOJIFOCA JI0 BhIXOJHOTO. OO0-
masi CTPyKTypa MOJCIHUPYIONIETO aJIfOPUTMA, PEau30BaHHOTO0 METOJIOM «AZ»
B paMKax JaHHOTIO MMOJIX0/a npeAcTaBiieHa Ha puc.10a.

Eciu B A - cucrteme mMpUCYTCTBYIOT OOpaTHBIE CBSI3U, TO OUYEHb CIIOMKHO
OTIPEICTUTh MOMEHTHI TTOCTYIUICHUSI BO3JIEHCTBUM O KaHATy OOpaTHOM CBS3H
0e3 MoJIeTMpOBaHMS BCEX OXBAUEHHBIX €€ arperatoB. [103ToMy B JaHHOM Ciy-
yae 3 (PEKTUBHBIM SBIISIETCSA peain3alus ajJropuTMa mo mMerony «At», npuuem
KOHKPETHOE 3HAUYC€HHE WHTEpBaja MEXIY COCETHUMHU TOUYKaMu (UKCAIUU CO-
CTOSIHUUM 3JIEMEHTOB A - CUCTEMBI MOJOMPAETCS HA IBPUCTUYECKOM OocHOBe. Ha
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puc.100 nana o011ast CTpyKTypa MOAECIUPYIOLIETO AITOPUTMA, OTBEYAIOIIETO 32
UMUTAIMIO A - cUCTeMBI 110 MeToy At.

ArperatuBHBIN OAXO0 CO37aeT (HOPMaTbHYIO OCHOBY JJISI aBTOMATU3AIINH
MAIlIMHHBIX SKCIIEPUMEHTOB U MO3BOJISICT MOCTPOUTH YHUBEPCAbHYIO aBTOMa-
TU3UPOBAHHYI0 HMUTALMOHHYI0 Mozenb (YAWM), peanusyrouryto cTaHIapT-
HYI0 (OpMY OINKCAHUS CIIOKHOM CUCTEMBbI. JTa cTaHaapTHas GopMa pakTuyie-
CKH OTBEYAET PACCMOTPEHHBIM BBIIIIE MTOHATUSIM arperara U CXeM €€ COIpshKe-
Hus. YAUM odopmiiseTcst B BUje MakeTa NpUKIaIHbIX TPOrpaMM, OCHOBHAs

[]

@opmMuUpoBaHUE UarpamMmm
BXO/IHbIX BO3J1EUCTBUI

[]

Hauano uukna no uueiy
maroB B AMCKPETHOM

[
|t

Moaenuposanue (Az) j-ro
arperara B 1[EMOUKE OT i-ro

MnoJioca
Y

dukcalys BbIXOJHBLIX BO3-
AelcTBUl J-ro arperara

j-#
arperar sB-
JIACTCA BbIX.
MOOCOM?

j+1-i
HUMEET Hec-
KOJIbKO HCTOYHUKOB
Ha Bxone?

[Tpocm.
BCE BXOJIHbIC
[ONIOCHI?

DopmupoBaHue AUarpaMmbl

Ui A- cuctembl k=k+1 | Bpemenu t;=0+At
-y ~Y
Hauasio uukiia npocMorpa Onpejesenuye cnucka
BXO/IHBIX UJIH MPOM.IOJIIO- BXO/IHBIX U YNPABJISFOILMX
COB Ha COOTB.IPaHULIE BO3/ICHCTBUH A-CUCTEMBI,
i=i+1 [ A-cucrembl OTHECEHHbIX K MOMEHTY fi
=V Y
Bbi6op i-ro BxoaHoro no- Hauasio umksia no yuciy
JK0Ca U MOJICTIUPOBAHHE arperatoB A-CUCTEMbl
iZji+1 (Az) BbIX. BO3/ICHCTBUIH i=i+1

=

OnpeaenieHUe CrMUCKa BX.
W yNpaBJIsSItOLUX BO3/IEH-
CTBUH /1 i-TO arperara

Y

MojaenupoBaHue i-ro arpe-
rara Ha UHTepBaje
(tx, G+AL]

L

OnpeaesieHUe BbIXOIHbIX
BO3/IeiiCTBUI i-TO arperara,
OTHECEHHBIX K MOMEHTY

t+AL

+

[Tpupainenue MoaeabHOTO
BpEMEHHU
=t AL
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BXOIHBIX BO3IEHCTBUMI
IU1s1 OPOMEXKYT.IIONIOCa U 4W=T?
COOTB. F'PaHULIBI A-CHCTEMBbI
Y
DopMHUpOBaHUE AUATPAMMBI DopMHPOBAHUE BBIXOAHBIX
BBIXOJHBIX BO3IEHCTBUMI BO3JEHCTBUM, OTHECCHHBIX
K MOMeHTY 4, =T

i '
N O

Puc.10a Puc.106
4acTh KOTOPBIX OTBEYAET 3a (popMHpOBaHHE 0a3bl TaHHBIX 00 OOBEKTE HCCIie-
JOBaHUS U TIEPEBOA IaHHBIX B CTAHIAAPTHBINA BU/I.
KoHTponbHbBIE BOMIPOCH U 3a1aHUs

1. Onucats D - cxemy npumepa 4.2.2 B Buae KJIA npu ucnonb3oBaHUM APYTUX
M3BECTHBIX METOJIOB YUCIEHHOTO MHTETPUPOBAHHUSL.

2. PaccmoTpeth onmcanue D - cxembl cucTeMbl OOBIKHOBEHHBIX AUB(epeHITn-
anbHBIX ypaBHeHUH B Buae KJIA.

3. Omnucate cucremy (Q-cxemy), paccmMoTrpeHHyro B mpumepe 4.1.1, B Buje
KIJIA.

4. OnpenenuTh CTPYKTYPY UCXOIHBIX JAHHBIX ISl MOJETUPOBAHUS CIOKHOU
CHUCTEMBI Ha OCHOBE A - CXEM.

5. Onpenenuts OCHOBHBIE MOy Y AIM Ha OCHOBE arperaTuBHOTO MOJIX0/1a.
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