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BBepeHue

Cuctema ynpaBneHuss pobOTOM MMeEET Mepapxuyeckyld CTpykTypy. Ha HukHeMm, nepBoM, YpOBHE
OCYLLECTBIISIETCS YNPaBMEHNE HENOCPELCTBEHHO ABUKEHMEM UCTIOMHUTENBHBIX MEXaHM3MOB poboTa. Ha BTopom
YpOBHe (hOPMMPYIOTCS CUrHambl ynpaBneHus. Ha 3ToM ypoBHe ynpaBneHue pacnpegensieTcs no BCEM
UCMONMHUTEMbHBIM MexaHu3Mam poboTa Ans ocyLLecTBNeHUs Tpebyemon anemeHTapHoit onepauun. Ha TpeTbem
YPOBHE OCYLLECTBIISIETCA pacunieHeHe Gonee KpynHOM onepawLmmu Ha anemMeHTapHbIe onepaLui 1 CoCTaBnseTcs
rnocrefoBaTenbHOCTb  UX  BbIMOSIHEHMIA B COOTBETCTBMM C  HEKOTOPbIM Habopom npasun. CurHan o
HeOBX0AMMOCTY BbINONMHEHUS KO0/ U3 NeMeHTapHbIX onepaLiyit NocTynaeT U3 TPETLEro BO BTOPON YPOBEHb
CUCTEMbI ynpaBmneHus. YeTBepThlii YPOBEHb YNpaBNeHUs peannusyeTcs B MHTENNEKTyanbHbIX poboTax. JToT
ypoBeHb HeoBXoauM B Tex Cryyasix, KOrAa 3apaHee HeWsBECTHO, KaKyl OnepaLyio HyXHO BbINOMHUTL. PoboT,
UCXOAS W3 OKPYXKAIOLLEeN CUTyaLmu, KOTopasi NSl HEero HeW3BECTHa M KOTopast MOXET M3MEHSATLCS, JOKeH cam
MPUHSTb PELLEeHNe Kakylo omepaumio Heobxoaumo peann3oBaTb. CrefoBaTenbHO, YeTBEpPTbI YPOBEHb — 3TO
YpOBEHb BbIPaBbOTKM U MPUHSITUN PELLEHUS O HEOOXOAUMOCTY BbINOMHEHUS TOI UM MHOW Onepauuu B 3apaHee
HeomnpeaeneHHbIX ycnoBusix. MpUHSTOe pelleHne nepeaaeTcs B TPETUil YPOBEHb CUCTEMbI YNpaBNeHus Ans
peanusaumu. B foknage paccmatpuBatotcs po6oTbl ¢ YeTBEPTbIM YPOBHEM ynpaBneHus. Ha atom ypoBHe
npeanaraeTcs crefytowas npouenypa ynpaeneHus. PoboTbl CTPOSIT MaTeMaTUYeckylo MOAENb CUTyaluu, B
KOTOPOA OHM HaXOASTCS U HAa OCHOBE 3TO MOAENM CUHTE3VPYIOT YPaBHEHUS! YNPaBNEHWs Ansi MONyyYeHus
ynpasnsioLlen nHdopmaLmn. Ita MHAOpPMAaLMs 3aTeM UCTOMNb3YeTCs ANs ONTUManbHOro NpeobpasoBaHns M1
NCXOAHOM CUTYaLMM B HYXHYIO LiENEeBYH CUTyaLMio.

YnpaBneHue poboTamu BKMOYaeT Criedylolme 4eTbipe CTagun: 0OyyeHue, 3anoMMHaHWe NporpamMbl,
BOCMpOM3BEAEHNE NporpaMmbl 1 oTpaboTky nporpammbl. OOyyeHue poboTa OCYyLEeCTBNSIET YENOBEK
pasnuuHbiMKM NyTAMK.  TlonyyeHHas B npouecce 00y4eHWs WMHopmauns 3anomuHaeTcs poboToM B BuAe
nporpammbl B TEYeHMe 3adaHHOr0 BpeMeHW. BocnpowssegeHue nporpaMMmbl  OCYLLECTBASIETCS MyTeM
CUNTbIBAHMS MHCOPMALMM W3 YCTPOMCTBA NaMsATW U Nepefayy YNpaBnslWmMX CUTHamoB K UCMOMHUTENbHLIM
MexaHu3mam pobota. B uHTennekTyanbHbix poboTax BO3MOXHO W3MEHEHWe 3anuCaHHOM B namsT poboTa
NHOpMaLMK B COOTBETCTBUN C KOHKPETHOW cuTyaumen. OTpaboTka nporpaMMbl 3akmoyaeTcst B BbIMONHEHUN
pob6oTomM pabounx onepauuMim NO CUrHanam, nepefdaHHbIM  ero  WUCMOMHMTENbHBIM - MEXaHU3MOM  Npu
BOCMPOM3BEAEHNM NPOrPaMMbl.

Kaablit ypoBeHb CUCTEMbI ynipaBneHnst poboTa UMeeT 0BpaTHble CBS3W, N0 KOTOPbIM NepeaaeTcs MHopmaLms
0 COCTOSIHUM 11 IBACTBUM HXKHIX YPOBHEIA.

MocTpoeHne mopenu cutyauuu

ABTOMaTUYECKOE YNpaBreHUe UHTENMEKTYarnbHbIM POGOTOM ByIeM OCYLLECTBAATb Ha OCHOBE MOCTPOEHHON UM
MaTemMaTU4eckoil MOAEnM TOW CUTyauuu, B KOTOPOW OH Haxoautcs. Mogemnb CTPOMTCS Ha OCHOBE [aHHbIX,
nonyyYeHHbIX pobOTOM 3a OnpeaeneHHbIit MPOMeXyTok BpeMeHu. MocTpoeHHas Moaenb NO3BONSIET NPpaBuIbHO
CMPOrHO3MPOBaTH NocreaytoLme ero AeNCTBUS Anst NpeobpasoBaHNs UCXOLHOM CUTYaLMM B HYXHYIO LieneByto
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cutyauuo. byaem npugepxueatbes onpegeneHns cutyauumn, kotopoe npegnoxun B.MN. MTnagyH B [1]. Cutyauus
paccMaTtpuBaeTcs WM Kak cparmeHT cpefbl. Cpega onpedensieTcs kak Tpowka <V, K,A>, rme V -

MHOXeCTBO 00bekToB, K — MHOXeCTBO CBOWCTB, COCTOSHUIA U CBA3ei 0ObeKToB M3 MHoxectea V. A -
MHOXECTBO AEICTBUIA, KOTOPbIE MOXHO BLINONHATL C 3nemeHTamu MHoxectB V' u K. log cutyaumeir

MoHMMaeTcs napa <VS, KS>, rae V, n K, -nogmHoxecTsa cooTeTcTBeHHO MHOXecTB V 1 K .

Byaem cuutaTth, YTO CUTyaLUst COCTOUT U3 KOHEYHOro Yucna o6beKToB, CBOWMCTBA, COCTOSHUS U CBS3U MEXy
KOTOPBIMI OMUCHIBAIOTCS MHOXECTBOM NepeMeHHbIX. Bbiaenum cneaytoliye Biabl nepemeHHbIX. MepeMerHble,
OMUCLIBAIOLIME CUTYaLMIO, M 3HAYEHUS] KOTOPbIX MOTYT W3MEHSTbCA NpW OencTBUsX poboTa C LEnbl
Npeobpa3oBaHMi WM WCXOOHOW CUTyaLuu B LieneByl cuTyauuto, Oymem HasblBaTb CUTYaLMOHHBIMK W

o6osHayatb — (Y,,..., Yo) - eWicTaus pobota ocylecTBASIOTCA NOA BO3AEACTBUEM YNpaBsoLAX CUrHAMOB.
MepeMeHHble, OMUCHIBAIOLLME 3HAYEHUS! YMPaBMSIOWMX CUrHANOB pobOTa, Ha3bIBAKOTCS YNPaBRSHOLMMU —
Uy Uy ). TIYCTB &, 8g, Gy Gy — CRYYaMHbIE BOSMYLIEHNS, HE 3aBMCALME OT BPEMeEHN

BO3[E/CTBYIOLME COOTBETCTBEHHO HA CUTYaLMOHHbIE W ynpaBnsitowe nepemMeHHble. bes notepu obwHoCTH
MpeanonoXum, YTO ChyyalHble BO3MYLUEHWUS, BO3AENCTBYIOLIME HA CUTYaLMOHHble U  YNpaBnsioLimMe

nepemeHHble, uMetoT Hynesble cpephne: Mg, =0, i1=1,...,Q, Mg, =0, k=1,...,K . MNMyctb n3sectHa

KOBapaLyoHHas MaTpuua R cnyyaiHbix OWNBOK &,.., €q, Cprens Gy -

0'2(‘91) r(e,e,) . rlensy)
R, = r(e, &) 0'2(52) v T(&60) . (1)
rion,&) rlsy,&) - O-z(gN)

Ha guaroHanu 31O MaTpuubl CTOST AMCNEpCcMM BO3MYLLEHWA. [ns noCTpoeHus Mogenn cutyauun Oyaem
npeanonaratb, YTO 3HAYEHWS BCEX pacCMaTpUBAEMblX NepeMeHHblx Habnopanucb poboTOM B MOMEHTHI
BpemeHn t=1,...,Nn. Npegnonoxum, YTo B pasnuyHble MOMEHTbI BPEMEHW BO3MYLLUEHUS Mexay coboil He

KoppenupoBaHHbl. C Lienbto yyeTa U3MEHEHW, MPOUCXOASILLMX B CUTyaLumu Npu ee npeobpasoBaHun poboTom,
Mofienb 6yaem CTpOUTb B BIAE CUCTEMbI PASHOCTHBIX YPABHEHNI, B NEBbIX YACTSIX KOTOPbIX CTOST MPUPaLLEHMS
CUTYaLMOHHbIX 1 YNPaBMSIOWMX MEPEMEHHbIX, @ B MPaBblX — HEKOTOPbIE (DYHKLUMM OT CUTYaLMOHHbIX U
yNpaBnsoLLMX NEPEMEHHBIX.

B ocHoBy MeToAa NOCTPOEHMS MOAENM CUTyaluu MNONOXEH noaxod, nossonsowmin usbexats 60mbLLoro
nepebopa Mogenei, 1 OCHOBaHHbLIA Ha CReayoLeM NpuHUMNe: B MOAENb JaHHOMO NOpsiaka AOMKHBLI BXOAWUTL
NepeMEHHbIe, UMEILLME TOMNBKO 3HAUMMbIE 3HAYEHMS YACTHOTO KO3GhULMEHTA KOPPENsLMA COOTBETCTBEHHO C
NPUPALLEHUSMU CUTYaLMOHHOW UNK YNpaBnsIoLLEN NEepPeMEHHON, YTO 3HAYUTENBHO YNpowaeT Mogenb npu
COXPaHEHMM €€ KOPPEKTHOCTW. MHOXECTBO TakuX NEPEMEHHBIX NOMyYaeTCs C MOMOLLb0 annapaTta 6accenHoB
UMEET aHanornio ¢ 3 eKTMBHLIM MHOXECTBOM PErPECCOPOB B PErpecclMoHHOM aHanuae [2]. M3 ucxoaHoro
NpvHUMNA BbiTEKAeT crieaylowass 0cobeHHOCTb npeafiaraeMoro MeToda: nepebop Mogenen B npepenax
MHOXeCTBa MONMHOMMArbHLIX MOLENEN OQHOTO 1 TOT0 Xe Mopsiaka He MpOM3BOAWTCS: ONTMMarbHas Mogenb
[aHHOTO MOpsidka HaxoauTCs C MOMOLLbIO MOCTpoeHns GacceiHa, a nepebop OCyLecTBNseTcs cpeau
ONTUManbHbLIX MOZENen pasHblX MOpSAKOB, YTO MO3BOMSET PE3KO COKpaTUTL 0bWwuii nepebop BCex mogenen.
MpuHuUMn oTOOpa nepeMeHHbIX, nonajarlmMx B 0GaccelH, MMeeT aHanorvio C NPUHLMNOM  BKITOYEHMS
MEepPEMEHHbIX B LLIArOBOM PerpeccroHHom metoae [2]. OgHako oba MeToaa UCnonb3ylT pasHble CTaTUCTAYECKME
KPUTEPUM MPOBEPKM 3HAUMMOCTU MEPEMEHHBIX, MPUYEM MPUMEHEHME LIAroBOro Metoga TpebyeT nocTpoeHus
NPOMEXYTOUHbIX  MOLeNnei C WCMoMb3oBaHWEM MeToda HaumeHblumx keagpatoB (MHK), koTopbii
MPMHUMNMANEHO HE MPUMEHMM B HaLUEM Cryyae, MOCKOMbKY apryMEHTbl MOAENM MOABEPXeEHbI CryYaiHbIM
Bo3MyLleHusM. Ecnm  ucnonb3oBate MHK, TO nonyyatcs Mogenu, He COOTBETCTBYIOWME WCTUHHBIM
3aBUCMMOCTAM MEXIY NePeMEHHbIMU.

B pesynbrate cryyaiiHbiX BO3MYLLEHWA HAOMIOAAIOTCS HE WCTWHHbIE 3HAYEHUS! MEPEMEHHbIX, a 3HaYeHws,
OTNMYAOLMECS OT HWUX HAa HEKOTOPYK ChyyaiHylo BenuuuHy. byaem obo3HauaThb hakTuyeckue 3HaueHus
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NepeMeHHbIX, TO €CTb Takue, KoTopble HabMAalnTCs — C BOMHOW, @ UCTUHHbLIE 3HAYEHMS MEPEMEHHBIX — CO
Wwrpuxom. Torga

Yo =Yit & Yo = Yo TEgy Uy =Uj+6p,0, Uy =Ug +6y¢ (2)

3apaya cocTOMT B MOCTPOEHWW MO SKCMEPUMEHTarbHbIM AaHHbIM O HabriogaeMblX 3HAYEHUsSX NepeMeHHbIX
MaTeMaTUYeckon MOAEenu cuTyauuu, kotopas Obl yuuTbiBana WCKaXalolee BO3LENCTBME  CIyYaMHbIX
BO3MYLLEHUIA Ha 3TW nepemeHHble. [yCTb CBA3b MexXay NPUPALLEHWSMA CUTYaLMOHHBIX 1 YNpaBsHOLLMX
NEPEMEHHbBIX U 3HAYEHUSIMW BCEX MEPEMEHHBIX, OMUCHIBAIOLLMX CUTYaLMo, (hyHKUMOHAMbHA M OMWChIBaETCA
CUCTEMON YPaBHEHMIA:

A 4 ’ ’ ! !/ Ay !/ ! !
A FL(Yeee Yo U U)o s == fo (Yo Yo, U U )
At At 3)
Au ! ! ! Au’ ! ! ! !
Atl fou(Virees Yo Uy Uy ) oo , AtK = Tk (Vireems Yo lp,.. Uy )
Yawe Bcero dyHkumm f, i=1,...,Q, B (3) Heu3BecTHbI. [103TOMY WILETCS WX annpoKcUMaLysi C MOMOLLbHO

Kakux-HMOydb NPOCThIX MaTeMaTuyeckux dyHKUMA. Mog mogenbko cutyauun Oydoem noHMMaThb CUCTEMY
COOTHOLLEHUI

Ay, Ay N
R VAR VARTINNTIS R s = =Ry (Ve Y U U ),
At At @)
Au; Co Au, , .
Atl Fo(Y1i-- Yo Uy U ) s o : AtK = Four (Y1, Yo U, ..Uy ),

rme  F(Y....¥o,Up,...Ug) - annpokcumauma  HemssecTHo  pykumm L (yy,..., Yo, U,.. Ui ),
,Q,0+1,...,0+K.

OrpaHu4MMcst PaccMOTPEHUEM MONMHOMMUAnbHbIX Moaenel. B nomuHomuanbHo mogenu K -ro nopsaka
dbyHkums F(y;, ..., yé,u{,...u,’() npeacTtaenseT coboit oTpesok psaa Tennopa 40 nponssoaHbix K +1-ro
nopsaka. iobyto nonuHoMMUansHYo MOAENb MOXHO I'Ipe,CI,CTaBVITb B BUJE NIMHEHON MOfeny:

AY! L .
iy +3,7,,i=1...,Q,50 b|0+ZszJ, ~1...K 5)
At 0T At

rae L, — paBHO uncny BCex YneHoB annpoKCUMUPYHOLLEro OTpe3ka psaa Teinopa, CoaepxalLynx nepeMerHble,

z; obosHayaeT nepemeHylo, NMBO NPOM3BEAEHNE MEpeMeHHbIX, Ans j-ro Takoro unexa, a by J.

COOTBETCTBYHLLMI KO3phuLmeHT. Takum 0bpasom, N3ydeHne NoIMHOMUANbHBIX MOAENEN CBOANUTCS K U3YUYEHUI0
NuHenHbIX Mogdenert (5). B otnuune oT MIYA [3], B KOTOPOM NepeMeHHble MOZen HaxoasTes MHOropsiaHOM
CeneKUMen, Unm Npu ManoM ux Yncre — nosnHbIM nepebopom, MHOXKECTBO NEPEMEHHBIX, BXOAALWMX B MOLESb
(5) HaxoauTCAa ¢ NomoLLbH HaccenHoB.

Baccelin ans nepemenHolt Ay, npeacTaBnsieT cofoii Habop Takux NepeMeHHbX M3  MHOXecTBa
yl',...,y'Q,ul’,...u;, KOTOPblE WMET 3HAaUMMYl0 CBSi3b C nepeMeHHol Ay . AHanmoruuHsiM o6pa3om

onpepensieTcs GacceiiH Ans nepemMeHHoit AU/. [Ns W3MepeHWs CBA3M Mexdy nepeMeHHbiMu Gynem

NCMONb30BaTb YaCTHble KOIDMULMEHTbI KOPPEnsLMu, KOTOpble W3MEpPSOT CTAaTUCTUYECKYKD CBS3b Mexay
NepeEMEHHbIMW, «OYULLEHHYIO» OT OMOCPEAOBAHHOTO BMSHWA APYrUX nepemeHHbiX. [1og 3HauMMOCTbio 3TOM
cBA3n Oygem MOHWMATh 3HAYMMOCTb (C BEPOSTHOCTBIO OLWMOKM () 3HAYEHWSt YaCTHOMO KoapduumeHTa

KOppensLMn Mexay HUMK [2]. Hanumyuyiumm MHOXEeCTBOM NepeMeHHbIX ANs nepeMeHHon Ay, noHumaeTcst Habop
TaKMX MEpPEMEHHbIX U3 MHOXECTBa yl’,...,y(’?,ul',...u,’(, KoTopble 06ragalT CcreaytowyuMn CBOACTBAMM:

1) MNONHOTOM: BCe nepemMeHHble, UMetoLLIne C 3aaHHON BEPOATHOCTbLIO OLUMOKM 3Ha4YNMY0 CBA3b C nepemeHHoM
Ay:, BXOOAT B 3TO MHOXECTBO, 2) OTCyTCTBNEM U30bITOYHOCTH: NnepemMeHHble, UMELLNE C 3aaHHoON
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BEPOSITHOCTBHO OLUMBKM HE3HAUMMYIO CBS3b C MEPEMEHHOI Ay, , He BXOAST B 3TO MHOXECTBO. AHaMOM4HbIM
06pasoM OonpefenseTcs Haumyyllee MHOKECTBO ANA nepemMeHHod Au!. Haunydwwve MHOXecTa Anst
nepemMeHHbix Ay, M AU/ HaxopsTcs nyTem noctpoenusi GacceitHoB. bacceiiHom K -ro nopspka ans
nepemeHHoli Ay, Ha3oBeM MOAMHOKECTBO B cuTyaLMOHHbIX M YNpaBRsioWMX NEPEMEHHbIX, a Takke

BCEBO3MOXHbIX WX MPOM3BEAEHUIA (C YMCIIOM COMHOXMTENe He Gonee K ), Bknovarollee BCe NepeMeHHble,
KOTOPbIE UMEIT 3Ha4YNMbIIA (OTHOCUTENBHO MHOXECTBA B ) YacTHbIN BbIGOPOUHBIN KO3hDULIMEHT KOppensLum ¢
Ay, . AHanormuHbIM 0bpa3om onpegensietcs 6acceitH K -ro nopsiaka Ans nepemenHoin Au; .

Bcerna cyliectByeT GECKOHEYHOE YMCIO (DYHKLMIA, MOCTPOEHHBIX MO 3KCMEPUMEHTANbHBIM AaHHBIM, KOTOPbIE
MOXHO B3SiTb B KAYecTBe MOAEnM Ans WUCTMHHOW 3aBUCKUMOCTW MEXAy nepeMeHHbIMU. Mo3Tomy BO3HMKaeT
BOMPOC: Kak Hammy4LuM 06pa3om MCMonb3oBaTh SKCNepPUMEHTarbHbIE AaHHbIE AMst NOMYYEHIUs B KaKOM-TO POAe

ONTUManbHOI MOAEMN W YTO MOZ 3TUM CrieyeT NoHMMaTb. OnTUManbHON MoAenbio Ans Ay, Ha30BEM MOfenb,
NOCTPOEHHYIO 13 NEPEMEHHbIX HaUMyYLIEero MHOXECTBA, AN KOTOPOW CyMMa KBafpaToB OTKIMOHEHWI (DyHKLK
F(Yise.. YoiUps.. Uy ) oT metuiHoin dyrkumn  fi(Yy,..., Yo, Up,...Ug) MMHMManbHa no cpasHeHmio ¢

apyruMmmn mogenamu:

mFinZ[fi(yl',...,yé,ul’,...u;)—Fi(yl',..., Yo Ui, U )T (6)
! 1

Byaem cuTatb, 4T0 K03(MUMEHTbI NP NepemeHbIx B Bbipaxenn F (Y, ..., Yo, Uy, ..U ) dopmynbl (6),

He Boweawwe B 6acceiH B, paBHbI Hymio. AHanor1yHbIM 06pasoM onpeaensieTcs onTManbHas Mogenb Ans
nepemeHHol Au; . PaccMoTpum METOAMKY MOCTPOEHIUSt ONTUMANbHO IMHEHOI MOAENY ANs nepeMeHHol Ay, .

MycTb B GacceitH Nepeoro mnopsipka [Ans  MepeMeHHoi Ay,  BOWNM  Crieylolwmue nepeMeHHble:
Yirr---s Y1y Upgsees Uy, KOTOPbIE  COCTABMSOT — HaWmyyllee MHOXECTBO MepemeHHblX. [peAcTaBum

ONTUManbHyto NMHEHY0 MOAENb A5 NepemMeHHoit Ay, B Buge:

Ay! ' 4 ! !
_ytl =D +b, Y+ DY D U DU (")

Halinem BblpaxeHuss Ons KO3G(ULMEHTOB STOM MOZen, 4TOObl BbIMONHANOCH YCIOBME OMTUMANbHOCTM
moaenv. [ins onpepenenms koadbduunentos b o, b, ,,...,b B PErpeccuoHHbIX MeTodax MCnonb3yeTcs

I, v+w
MeTOA HaluMeHbLUMX KBagpaToB Ans HaGﬂlO,U,aeMle NepemMeHHbIX, Npu KOTOPOM MUHUMU3MPYETCA cnepyollan
CyMMa KBaapaToB:

n A~< - ~ ~ Y
z A_)'::I_(bO+bi,1y|1+"'+bi,vy|v +bi,v+luk1"'+bi,v+Wukw)}2' (8)
t=1

B cnyyae, koroa BXOfAHbIE NEPEMEHHble MOABEPXKEHbI CrydyaiiHbIM OLMOKam, MPUMEHEHWe 3TOr0 MeTofa
NPUBOAMT K OLINGOYHBIM MOAESSIM MO CPABHEHMIO C UCTUHHBIMU 3aBUCUMOCTSIMU MEXY NepeMeHHbIMM.

Moatomy KoahuumeHTbl Mogenu (7) OnpeaensTCs He MyTeM PELUeHUS CUCTEMbI HOPMarbHbIX YpaBHEHNH,
KoTopasi MofyyaeTcs B pesynbTaTe MAHUMM3ALMK BblleykadaHHOM CyMMbl kBaapaToB (8), a nyTeMm peLlueHus
CUCTEMbI YPaBHEHMIA, KOTOpast NONyYaeTcs B pe3ynbTaTe MUHUMK3AL/MN CyMMbI KBaapaTos (6):

- A |’ !/ ’ ! !/
> SO (00 +biaYi +- B Y, + by U by U )T 9
= At
MpenctaBum BblpaxeHne B KBagpaTHbIX Ckobkax (9) 4epe3 Habntogaemble nepemeHHble ¥ OWwMbkM no
thopmynam (2). Monyuum
LV (EHAYD) =L () —e(t+ AL + (L)
2.t =
1 At

(10)
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(b|0+b|1yll+ +b|vylv+b +b| v+WukW)_

i v+l

- (bi,15|1 +...+ bi,vglv + bi,v+lgkl"' + bi,v+w§kw)}2

Tak Kak koapuumentsl b, o,0;;,...,b; ., nOCTaBAAT MuHMYM (6), TO OHM YMOBNETBOPSIOT CUCTEME

ypaBHEHWIA, Nosy4aemoit n3 BelpaxeHus (10) nytem ero auddepeHLMpoBaHMs No KaxaoMy 13 koahduumeHToB
(P N ! C nocneayoLLMM NpupaBHUBaHWEM NPOU3BOAHBIX K HYMH0. B NonyYeHHOM cucTeMe ypaBHEHN

ML Vv+wW
BbIOOPOYHbIE KOS (ULMEHTBI KOBapuauuin OWMOOK 3aMEHUM WCTUHHBIMK KO3(hULUMEHTaMK  KOBapuaLmii
ownbok 3 matpuupl (1), a BIBOPOUHbIE CPEAHNE 3aMEHUM UCTUHHLIMU CPEOHUMM, T.€. — Hynamu. B pesynbTtate
Oyaem UMeTb CredytoLyto CUCTeMy ypaBHeHUIA. [epBoe ypaBHEHWE 3TON CUCTEMbI PABHO:

%zbi,0+bi,lyll+"'+b ylv+b +b|v+wukw' (11)

i, v+1

o1& - 1S~ _ 1&- _ 1S~
roe y; :_Z Yi(®), Y :_z V), ¥, :_z Yi, (1), o Uy :_Zukw(t)'
N N N N
BTOpOG ypaBHEHWE CUCTEMbI UMEET BUA:

sz'y.l—b.wb.l{ z[y.l(t)l (& E )}

t=1

“+bi'2{ﬁz Y (Y, (1) - (CPTY) S
"+bi,v{%i Yu®)Y, O —=r(e 6,0 ...

1& -~
+ bi,v+w{ﬁz yll (t)u kw (t) - I’(‘c"l ,17gk,w)}
t=1
M, HaKOHeL, nocneaHee ypaBsHEHNE PaBHO:

Zﬂuk w = bi,o + bi,l{%i[yl,l(t)ﬁk,w] - r(‘9|,1: gk,w)}"'
RRWHOTNORLENER) T8
RN N MO CHER) o

+ bi,v+w{%i[ﬁk,w (t)]2 - r(gk,w' gk,w)}

HeussecTHble KO3hDULMEHTDI bi,O’bi,l"" b nerko Haxogutcs u3 (11)-(13) no npasuny Kpamepa.

1ML v+ u+w

AHarnornyHbIM 06pa3om CTPOUTCS ONTUMarbHasi MOLEenb s NepemMenHoit Au; .

B cuny (5) MeToauka MOCTPOEHWS OMTUMANbHBIX MONMMMMHENHBIX MOAEneid Ansi nepemMeHHbx Ay, W Au/

aHarnorMyHa MeToauke NOCTPOEHNS ONTUMArbHBIX IMHENAHBIX MOZENENA, HO YXe C UCTofb3oBaHneM GaccenHoB
k -ro nopsinka ans nepemerHbix Ay 1 AU C y4eTOM He TONbKO KOBapuaLyii OLMBOK, HO M UX CMELLaHHbIX
MOMeHTOB 6oree BbICOKOro nopsiaka. MocTpons Moaenb cutyauum (7) Ha OCHOBE SKCMEPUMEHTaNbHbIX [aHHbIX,
MoNy4YeHHbIX 33 Mepeble N TakToB BpeMeHu t=1,...,N, MOXHO Ha OCHOBE 3TOW MOZENM CMPOrHO3vpoBaTh

3HAYEHWs! CUTYaLMOHHBIX W YNpaBRSOWMX NepeMeHHbIX B criegylowmin N+1 TakT BpemeHn. O603HauMM
HailieHHble TakuM 06pa3oM MPOrHO3Hble 3HAYEHUS| CUTYALMOHHbIX UM YNPaBNSOWMX  NEPEMEHHbIX
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COOTBETCTBEHHO 4€PE3 Yy yrogn (N +1),..0s Vo progn (N+1) 1 Uy o0 (N+1),.. (n+1). Mogens

cutyaumm (7) HasoBeMm MporHoavpytowen. MonyymB MPOrHO3HbIE 3HAYEHUS! CUTYALMOHHBLIX U YNPaBRSHOLMX
nepemMeHHblx B N+1 TaKT BpemeHW, CTPOMTCS Tak HasblBaeMasi MOAENb YrpaBneHus cutyauueir. Ee
MOCTPOEHME aHanorMyHo npeablaylien mogenu. HasHaueHue 31O MOAENN HaWTM ONMTUMANbHbIE 3HAYEHUs
MpypaLLeHni ynpaBnsioLwmx NepeMeHHbix B N+1 TakT BpemeHu. B oTnmume oT nporHosupytowleidt Moaenu B
9TON MOAENN B KA4YecTBe [AOMOSHUTENbHBLIX MEPEMEHHbIX WCMONb3YIOTCH CUTYaLMOHHbIe U YyhpaBnsioLme
nepeMeHHble Anst MOMeHTa BpeMeHn t =N+1, a B kaYecTBe UX 3HAYEHUiA NpK ONpeaeneHnn KoaULMEHTOB
MOAENN — MPOTHO3Hble 3HAYEHMSI CUTYALMOHHBLIX W YNPaBMSIOLMX MEepeMeHHbX B N+1 TakT BpemeHwm,
MOMyYeHHbIX U3 MOLenu cuTyauun. B Mopenu ynpaBsnenus cutyaumeit byaem Takke Y4uTbiBaTb NPeabiCTopuio
CUTyaLK, TO €CTb 3HAYEHUSI CUTYaLMOHHBIX W YNPaBNSIoWLMX BO3AEACTBUIA 3@ NOCNeAHUE ABA UM HECKONBKO
TakToB BpemeHu. O603HauMM npeanocnenHne gsa MomeHTa BpemeHn t=n—-1, t=n—-2. Myctb At=1.
Mogenb ynpaeneHuss cutyaumeit — 310 cuctema M3 K ypaBHeHWit, koTopble Oynem Takke HasblBaTb
ypaBHeHusMK ynpaenerus. | -oe ypaBHeHe 3Toi CUCTEMbI UIMEET CrieayHoLLnii BUA

Auj(n) =D, o (n)+by,yi(N) +...+b o Yo (N) +

"uK,progn

+0y gt (M) +o by g U (N) 0y g ViD= +.. 4By 0, Yo (N-1) +

By 20kl (N=1) +. 40y 0 ok Ui (N=1) +By 55,511 Y1 (N=2) +... 4Dy 50,k Yo (N—2) + (14)
+0) 30, 2kaU1 (N=2) + .40y 50,3 Uk (N=2) + by 3031 Y1 (N+D) + o4+ 0y 4o 5 Yo (N+1) +
0y 40iky (N+D) +oo+ by 4o, acUic (N+D),...,1 =1 K.

[ina Bcex nepeMeHHbIX, PUrypupyroLLmMX B NeBom YacTu (14), HaxoaaTCcs YacTHble KOAPMULMEHTBI KOPPENSLMM C
nepemenHoir Au;(n). Mocne uyero Ko3duUMEHTbI MPU NEpPeMeHHbIX B NeBoi yactu (14), umerowmx

He3HauNMble YacTHble KoadhduLMeHTbI koppensumm ¢ nepemeHHolt Au(n), obHynsioTcs. [anee HaxoasTes

3HauYeHMss OCTaBLUMXCA KOIPUUMEHTOB cucTembl (14) aHanmorMyHo TOMY, Kak 3TO Obino mpogenaHo Ans
cucTeMbl ypaBHeHUi (7). KoadhduumeHTbl HaxogaTes U3 ypaBHeHuin ananormyrbix (11), (12) u (13), B koTopbIX
nenonb3yTes MPOrHO3HbIE 3Ha4eHui CUTYaLMOHHbIX " yNpaBnsoLLMX nepeMeHHbIX

Y1 progn (N + D)3 Yo progn (M+1) 5 Uy progn (N+1),.. Uy o (N+1) B N+1 Takt Bpemenn. Onpenenvs

KO3(PULMEHTBI YpaBHEHUs (14), CreaylLLMM LIaroM SIBMSIETCS HAXOXAEHWE ONTUMArbHbIX YNpPaBAsHOLLMX
Bo3geitctBui U;(N+1),...,u; (N+1) B n+1-i TakT Bpemenu. 3apaya obneryaetcs Tem, 4To ypaBHeHue (14)
NWHENHO OTHOCUTENbBHO YNPaBMSOLWNX BO3AENCTBIUA. BeneacTeme yero, ynpaensiollne BO3AENCTBUS 3@ OAMH
TaKT BPEMEHN UMEIOT BEPXHIO W HUXHIOK rpaHiLly No CBOe BennumHe. MoaTtomy, uernonb3aysi NomHbIin nepebop
BCEBO3MOXHbIX MaKCUMarbHbIX ¥ MUHUMaINbHBIX 3HAYEHUA 3TUX BO3LENACTBMIA, MOXHO BbIOpaTh Tpebyemble
ynpaensiowme Boagenctans U;(N+1),...,u, (n+1), koTopele obecneunBanu makcumanbHoe npubnimxeHne

CUTYaLMOHHBIX NEPEMEHHbIX K TPeOyeMbIM Ux 3Ha4eHusM. B MomeHT Bpemenn t =n+1 poboT peanuayet 3t
BO3AENCTBNS, NPK 3TOM CUTYaLMOHHbIE NEePEMEHHble MPUHUMAOT HEKOTOPbIE HOBbIE 3HAYEHMS, MOCTynatLLme
Ha AaTuukn pobota. Takum 06pasoM, K MOMEHTY BpeMeHW t =N+ 2 MMetoTCs HOBble 3KCMEPUMEHTAMbHbIE
JaHHble 00 CMTYaUMOHHbIX U YNPaBRsIOWMX NepeMeHHbIX. Ha OCHOBE 3TWUX AaHHbIX U, MCMOMb3ys MpexHue
[aHHble 33 nepuof BpeMeHn t=2,...,N, CTPOSTCS HOBble MOZENM: MPOTHO3WpYyHLas MOAEeNb U MOAENb
yrpaBneHus cuTyauuen, aHanoruyHo Kak 370 ObINo NpoAenaHo Bbilwe. Takas npouedypa MOBTOPSETCH CO
CABUIOM Ha OJWH TakT A0 Tex nop, noka poboT He Npeobpa3yeT UCXOLHYI0 CUTyaLuio B Tpebyemyto cuTyaumio.
Ona noctpoeHnst ©Gonee TOYHOM MPOTHO3VPYIOLLEN MOLENMN MOXHO MCMOMb30BaTh CUTYaUMOHHbIE W
ynpaBnsoLWe nepeMeHHble 3a MOCrefHWe [Ba TakTa BPEMEHM, Kaxgas W3 KOTOpbIX BbICTYNaeT B poSu
CaMOCTOATENbHOM NepPEMEHHON:

Ay{(n) = b o (n) + bi,lyi(n) +...t bi,Qyé(n) +
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+ bi,Q+lu:[(n) +"'+bi,Q+Ku:< (n) +bi,Q+K+1y:{(n -1 +"'+bi,2Q+K Yé (n-1)+

+ bi’2Q+K+lu1'(n -D+..+ bi’ZQQKu[( (n=1)+ bi’ZQgKﬂy{(n -2)+...+ bi,3Q+2K y('g (n-2)+
B 30,0k aU (N =2) +.o 4B, 565U (N=2), 1=1...,Q.

AU() = by () +ByYi(M) + By gy () +

+0; gl () + By g Ui (M) 4By g g Yi(N=D) 4Dy g, Yo (N-1) +

+B) s0ucaU (N =1 44Dy 5o ok U (N=1) +0; 50,5101 Yi(N=2) +.0 4Dy 50,06 Vo (N=2) +
+0 30,0k aUi(N=2) +.o 4By 50, 5¢U (N=2), 1=1,...,K.

B oTnuuMe OT ypaBHEHWit ynpaBneHUs B MPOrHO3WPYIOLLEA MOLZENM He WCMOMb3ylTcs YhpaBnsioLme
nepemeHHble 4151 GyAyLLEero MOMEHTa BPEMEHH.

BbiBoabl

B poknage npeanoxeHo Ha YeTBEPTOM YPOBHE CUCTEMbI YNPABNEHUS! MHTENNEKTYanbHbIMU pOBOTaMn CTPOUTH
NPOTHO3MPYIOLLYI0 MOAENb CUTyauuW, B KOTOPOW OH HAaxoAgWTCs, a Takke Ha ee OCHOBE CHHTE3MpOBaTb
YPaBHEHMS YNPaBNEHNs, Un MOAENb YnpaBneHus cutyaumnen. Moaenb cutyauum ctpontcs poboToM Ha OCHOBE
AaHHbIX, NOMyYeHHbIX MM 3a HEKOTOPbIi MPOMEXYTOK BPeMeHM HabnioaeHus 3a cutyaumeir. MocTpoeHHas
MOAENb CUTyaLuu NO3BONSIET MPaBUIbHO CMPOrHO3MPOBATb M3MEHEHWE CUTYAUMOHHBIX NEPEMEHHbIX B
nocneaytoLLMin MOMEHT BPEMEHW. VIMesi B CBOEM PacnopskeHUN CNPOrHO3MPOBAHHbIE 3HAYEHNS CUTYALIMOHHBIX
W YNpaBnAKLMX NEPeMEHHbIX, POBOT CUHTE3NPYET NMHEeMHble YpaBHEHUs ynpaBneHuns. Ha ocHoBe 3TuX
YPaBHEHMIA MyTeM MOMHOro nepebopa MakCMMasnbHbIX W MUHUMAMbHBIX BO3MOXHBIX 3HAYEHMIA YNPaBNAKLMX
BO3AENCTBAN 3@ OAWH TaKT BPEMEHW POBOT HaxoauT [N OYEepPeSHOro MOMEHTa BPEMEHM 3HaYeHus
ONTUManbHbIX YNPaBMAKOWMX CUTHANOB ANS UCMONHUTENBHBIX MeXaHn3MOoB. ONTUManbHOCTb NOHMMAETCS B TOM
CMbicrne, 4To obecneymBaeTcs MakcumarbHOe NPUONMKEHWE CUTYALMOHHBIX NEPEMEHHbIX K TpebyeMbiM ux
3HayeHuaMm. B pesynbrate pgenctBuii poboTa M3MEHSIIOTCS 3HAYEHWS! CUTYaLMOHHBLIX MEPEMEHHbIX B
nocnesyoLwmin MOMEHT BpEMEHU. JTU U3MEHEHHbIE 3HAYEHMS CUTYaLMOHHbIX NEPEMEHHbIX UCMONb3YKTCS ANs
NOCTPOEHNS HOBON MOAENN CUTYaL B O4EPEAHO MOMEHT BpeMeHu. [poLieaypa NoBTOPSETCS CO CABUIOM Ha
OOVH TaKT, Noka poboT He NpeobpasyeT UCXOAHYI0 CUTYaLMIO B TPEDYEMYIO CUTYaLMo.
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