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Sty 00
OBIAfl XAPAKTEPYCTMKA PABOTH

AKTYaJbHOCTE TeMh Teopus IMPPepPSHIMAJHHX UID ABJIASTCA CPaBHU-

TSJBHO HOBHIM DasIeJioM MAaTeMaTUYEeCKOH TeOpMM OITUMAJBbHOIO YIIPaBJe—
HUA, CBABAHHHM C (QYHKIMOHMPOB2HMEM B YCJOBUAX KOHQUMKTA WM HEOI-
PeleJI6HHOCTH. [lepBhe MIPOBbE 33034y IWHAMUKYA CblJY KCCJeIOBAH
P.Ai3eKCOM C IIOMOUBH METOIA IMHAMUYECKOT'O IIPOTpaMMUMpPOBaHMA. Ha oc-—
HOBE 3TOT0 METOHa UM OhJO BHBEISHO YPaBHEHWE, KOTOPOe B IaJbHEMISM
[IOJYYMUIO Ha3BaHWe YPaBHeHUA Am3eKca-beJumaHa.

CymeCTBSHHbZ IIPOIPSCC TEODUMM IeTePMUHUDOBAHHLHX IMpdepeHIMa b
HHX WI'P CBA3AH IPSKI® BCEI'0 C UMEHAMM COBETCKMX MAaTeMaTUKOB. KpyIi-
Hbi€ PeB3YJBbTaTh B 3TOX OCJACTH 3TO# TeOpuM Cblym oaydeHs J.C.I[IoHT-
pArveEbM, H.H.KpacoBckiM, E.®.Mmiesxko, b.H.IlmeHw4ssiM, 10.C. Ocumo-
BhiM, A.JM.CycCoTuHbM,II. B.TycATHMKOBHM, J.A.lleTpocAHOoM, M.C.HuKOJB—
ckum, H.I0.CaTumoBhiM, O.J.YepHOYCBKO, A.A.Yuxpuen, A.B.Kypwanckum,
A.B.KpaxuMcKiM, A.T.YeHLIOBHM ¥ Ip.

TIOBVIMOHHENA TONXON K IMDPePSHIMANLHEM ATPaM, Pa3paGoTaHk
H.H.KpacoBcKum " 6T0 MKOJIOR, TIO3BOJIAST C IIOMOUBI0 IIPUHLIMIIA 3KCTpe-—
MaJbHOT'O NPULISJMBAHUA pellaTh WIPOBHE BalauM ¢ TOYKM BPeHUA UIPOKa-
COWBHUKA Ge3 IMCKPUMMHALWM MPOTMBHUKA, B YaCTHOCTH, IOKaB3aTh DAL
yTBepkOeHMA (B (GopMe aJbTepHATMB) O CYWNEGCTBOBAHMM CUTYALW DaBHO-
BecUA (E-DaBHOBeCHA) B IMOBMIMOHHHX IMDPepeHLMANBHNX UTPaX, OIACH—
BaeMbX CUCTEMamy OCHKHOBEHHHX IMPPepeHLMAJBHHX YPABHOHMA, CUCTEMa-
MU C TIaMATHI, SBOJWIMOHHMMY CUCTEMaMy, CUCTEMaMy YPaBHEHUM B YacT-
HHX INMPOWSBOIHWX ¥ IMDPepeHIMaNbHO-QYHKIMOHAJBHNX YPaBHEHUR .

HoBoe HalpaBJeHUe B TEOpPUM IETEPMUHMPOBAHHBX IMpdepeHIMalEHbX
rp usydeH B pacdoTax M.C.TacpueJsdHa, B aTux padoTax peueHa
3amavya COJMKCHUA-YKJIOHGHUA C HECKOJBKUMM LEJIeBbMY MHOMECTBaMU B

PaBJMYHLX KJaccaXx CTpaTerud, UMewlve “KOHEeYHyK" IaMAThL O CKJIALOBaB-
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IMXCA IO TEKYNeIo MOMEHTa CUTYallt B OTHGJbHHE MOMOHTH BDEMOHH,
KOTJIa TIOPANOK BCTPeY C LIEJSBHMI MHOKSCTBAMM HE (UKCHMPOBAH.

[lpn MCCIONOBaHMM CTOXACTUYSCKUX IMPPEpPOHIMANLHENX WD BOBHMKA—
0T CJOKHOCTH, OCYCJOBJOHHE TPYINHOCTAMM COBIAHUA KOHCTDYKTMBHHX Ma-
TOMaTUYECKIX IIOCTAHOBOK M DaBBUTUA S(OQEKTUBHHX BCIIOMOTaTOJbHLX
KOHCTPYKIMA B OCWSM CJy4Yae NPUCYTCTBYWNESTO B MIPe BEOPOATHOCTHOI'O
[POLIeCcCa ¢ HeBaBUCHMbIMKA [PUPANCHUAMY.

B mocJemHve Tolp YISHHHMM CBEpIJIOBCKOR WKOJH IAHA HOBasf MaTe-
MaTUYECKaA MOCTAHOBKA CTOXACTUYECKOM MOBULWMOHHOR IAD(epeHIMAIbHOR
WIPhl, NOKa3aHO CYNECTBOBAaHWE LiGHH M CEIJOBOM TOYKM WIPH, yKasaHa
CTPYKTYPa ONTMMaJbHHX CTPaTeTMl, pas3pacoTaH MEeTOIl CTOXacTUYeCKOTO
NPOTPaMMHOT'0 CUMHTE3a, YCTAHOBJEHAa CBA3L 3TOIO MeTONA C IPYTUMK W3-
BECTHHMY IOIXOLaMA B TeOpMM IAP)ePEHIMANLHNX UIP.

B HacTodAlel padoTe PacCMOTPeHh CTOXaCTUUSCKUE U e Te PMUHNPO-

BaHHHE IMPPePSHIMANbLHEE WIPH C MOBOIMNDEM IPU HECKOJBKUX LEJOBHX
MHOKECTBaX IJf JWHEHHHX, COCCTBEHHO-JMHEHHHX ¥ HEJVHEHHHX CUCTEM B
KJacce CTpaTeIM C “KOHEYHOR" IIaMATHI O CKJANOBABIMXCH IO TeKylmero
MOMEHTa CUTYalli# B OTHEJLHHE MOMEHT:H BPEMEHH.

[eJblo PaGoTH ABJAASTCA IOKA3aTEJbCTBO CYNECTBOBAHMUA CUTyaLmn
PaBHOBECUfl (E-PaBHOBECUf) U ONTUMAJBHHX CTPATETU# B paccMaTpuBae-
MbX IADPepeHIMAJBHHX UTPaX, a TaKKe TOCTPOSHMe QYHKIMM IIOHH WIphl ¥
ONITMMAJIbHBIX CTPAaTETU# IJIA JMHEWHHX U COCCTBEHHO-JMHENHHX CUCTEM.

MeToIRa MCCJASNIOBAaHUA COCTOUT B WCIIOJB30BAaHUM CIIOCOGa yrpaB-

JEHUS C TIOBOIBPEM LJA IOKa3aTeJbCTBa aJbTePHATUBHOTO yTBEDKICHUA
IPY CTOXACTUIE CKUX npoue}lvpﬂtvnpaanem. B UCIIOJB30BAHWA METOMA
CTOXaCTUYECKOT0 IPOTPaMMHOIO CHHTE3a ISl MOCTPOSHUA (QYHKIAM LIGHb
WTPhl ¥ ONTHMAJBHBX CTPATETWH.

HayyHas HOBUBHA [IOCTaBJCH:H ¥ pelieH: HOBHE B3a3Lauut Teopm I
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(PepeHIMaJbHNX WID NP HECKOJBKMUX [IJEBHX MHONSCTBAaX. OIpeleJieHh
HOBbiE KJACCH IOBMIMOHHBIX U npor;ﬁaMMHux CTpaTermt ¢ “KOHEYHOM" ITa-
MATEN O CKJAIOBaBUMXCA IO TEKYUSI'0 MOMEHTAa CUTYaly B OTHSJbHbHE
MOMEHTb BPEMEHW. BBelieHH BCIIOMOTaTeJbHbE KOHCTPYKIWM, [103BOJANIME
TIOCTPOUTH QYHKIMAKW LIeHH MIPH ¥ ONTUMaJbHHE CTPaTeIMM IOCTATOYHO
3QGSKTMBHO JJIA WHPOKOIO KJAACCa NETSPMUHUPOBAHHHX U CTOXACTUYSCKUX
IMpOepSHIMAJbHBX WUIP.

AnpoGaimsA pacoT. OCHOBHME pe3yJbTaTi PacoTh OOKJAAIHBAJMCh M

O0CY®IAJMCh Ha eKSTONHNX KOHPePeHIMAX NpodeCcCOopPCKO-TIPeonaBaTeIb—
CKOTO COCTaBa M acCIMpaHTOB EpeBaHCKOI'0 IOCyHUMBepcuTeTa B 1988-1992
IT., Ha CeMMHapax Kajelph TEeOpPeTUYeCKOM MeXaHVKMA B I1988-1992 rT.,
Ha cemuHape Kajeiph IMpPepeHLMAJbHHX YPaBHEHUA ¥ (QYHKIMOHAJLHOTO
aHa/M3a EpeBaHCKOTO T'OCYHMBepCHTeTa B I993r. Ha cemuHape mnpopecco-
pa H.B.EHTWOGapsAHa MpU [EHTPe MaTeMaTUYeCKOR OUBUKY BlopaKaHCKOR
a6cepBaTOPHH.

[ly6/mxaipy. OCHOBHWE pE3YJbTaTh IUCCEPTAalMM OIyGJMKOBaHH B
padoTtax tI-51.

CTPYKTYpa ¥ 06BeM pacoTh. HacToAWas MACCEPTALMOHHAsA pacoTa

COZIePHUT 163 CTPaHMIB MAlMHOIMACHOTO TEKCTa, BKJNYAWIMX BBeICHUS,
TPY TJ2Bh COCTOANMX 3 I4 IaparpadoB, BaKkJWYeHWe U GUSJATOTpadudec—

Kt CIMCOK, colepkamui 80 HaUMEHOBaHWUH.

KpaTkoe coliepkanue pPacoTH
Bo BBeleHMM OCCYKIAeTCHA AaKTYaJbHOCTL TEMbl, I26TCA KpPATKWMA
0630p pacor, OTHOCAIMXCH K 3aavyam JeTePMUHUPOBaHHbX
IMpPepeHIMANBHX WID C OIHMM M HECKOJBKUMM I[GJSBHMA MHOKSCTBAMU, K
3alavyaM CTOXaCTUYSCKUX IMPPepeHIMa bHNX WD, [PUBOIATCA KpaTKoe

COIISPKaHWe Da3IeJioB IMCCepTaLMu.
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llepBad IJaBa MOCBfAllGHA IMPPSPSHIMATLEOR UIPe COJMKSHUA-YKJIO-
HeHMA C TIOBOIBIPEM IIPU m IGJEGBHX MHOMECTBAX, KOTIA WIPOKM CBOM
CTpaTeI'¥ BHOMPaWT U3 KJACCa KYyCOYHO-TIOBMIMOHHMX, IIpU (OpMApoBa-
HMM KOTOPHX YYUTHBAWTCA CJYYaWHbE BEJMUMHL, [OABJAOIMXCA B XOIE
V3MEePSHMH .

B §I.I. naeTcA TOCTaHOBKA 3alauM phepeHIMaIbLHOR WIphl
COJIAHSHNA C LISJCBLHMM MHOKECTBaMM M, Ck=1,....m> BHYTPM N, Tl M o"

n+i

N BallaHHbe KOMIIGKTHHE MHO¥eCTBa U3 R U YKJOHSHUA XOTA Obl OT
OIIHOT'O M3 HMX IJf CUCTEM HEeJMHEHHHX IM(IXIB]IBHIM&JIBHHX YpaBHEeHMRA
).(=fCt,x.u.v) (I)

Toe OQyHKIMA f YIOBJSTBOPAEST CTAHIAPTHHM YCJOBUAM CYHEeCTBOBAaHUA,

PoCTa ¥ JIMIMIMISBOCTU @ TAKKe YCJOBMW CEIJIOBOX TOYKU MaJSHBKOR WIDhL:

minmax<S-fCt,x,u, v>>=maxmin<{S-fCt,x,u,vd> . (2)
uePvea veauep

rie SeR”, a P<R® M OcR%- KOMIIAKTHHE MHOKECTBA, XapaKTepuUaywlue
BOBMOKHOCTYM WIPOKOB. I[lIaTOM WMIDH ABJASTCA IIOJYHEIIPOPHBHHA CHUBY
OyHKIMOHAI

7(x[-1)=o(ml(x[»])....,'tm(xc-l)) (3)
Toe 1T, (x(-1)-TepBh# MOMEHT BCTPEYM MIBWKGHUA x[-] C IEJCBHM
MHOKECTBOM M, . )

[lpemriosaraeTesa, YTO peaMBybIMEcs B IPOLECCEe UIPH (GasoBbHE
BEKTOp CUCTeMbl (1) MBMEPAETCA KawIbiM U3 UIPOKOB HETOYHO, IIPUYEM
Pe3YJAETaTH 3TOT0 MBMEPEHMA CYTH CJYYARHHE BEJIMHE ;Z[t]'”, paB-
HOMEPHO pacrpelieJeHHNe B clepe pamayca € C.=1.2> ¢ LGHTPOM B TOYKe
x,[t1, Ille x,(t] pea/M3oBaBlieecs Ha IeJe 2HAUEHMe (A30BOrO BEKTOpA
cucTemh (I).

OnpelieJIfATCA CTOXACTUYECKUe NPOLENYD YIPABICHUA C [OBOIHDPEM

4JA TIePBOT0 ¥ BTOPOTO WI'POKOB, I'lie YIPaBJEGHUA WT'POKOB BHOUPaNTCA

oL b
3 COOTBOTCTBYWIMX OKCTPEMAJbHHX 33May B BUIE UBMEPUMLX II0 BOpeJbio
QyHKIMA 10 (Ga30BHM TIEPSMSHHLIM.

ATTIDOKCUMALIAOHHNES 3allauyM COJMKCHUA ¥ YKJIOHSHUA ONpeleJsoTcH
CJeIywliM 0Cpa3oM.

OnpeneJenne I. CKameM, YTO BHOPaHHOS I[EPBhM WIPOKOM CTOXac-—
TUYECKOe YTPaBJSHME C TMOBOIBHPSM HNOCTABJAEST AIMIPOKCUMAlLMOHHOS pe-
MeHre 3amavy COJIDKSHAA C m [OJeBbHMA MHOKESCTBAMM K MOMEHTY t=49,
€CJM IJIA JIOHX YUCeJ p<1 U €O MOKHO YKasaTh uYucJaa ECE,pd>0 U O&CE,
p>>0 TaKWe, YTO PacCMaTpUBaeMOe CTOXAaCTUYECKOe YIIPaBJSHWE C TIOBO-
IBPSM TePBOI'0 MI'POKA, PeaJu30BaHHOE IIPU BHOOpe IIapaMeTpoB

. §,<kCcE.pP>, B =supCT -TO<BCE,pd (4)
LAl CAYIaREHX IBUKSHME X,(t1=x,(-;t_,x_,U°] TapaHTUpyeT C BOPOAT-
HOCThi0, HE MEHBUSHA YMCJAA p, BCTPEYM BHYTpU N°
€T, %, 0T e, CT . X, T DM,

o~ £
<
Ct.xA[t])eN " Ct.o_t.<'l:k, keld {5)

‘¥ BHIIOJHEHWE HEPABEHCTBA IJIA JIGOTO YMCJA c

SRS S e L2 (6)
€CJM TOJBKO OHO BHIOJHAGTCA B HAaYaJbHHA MOMEHT BPSMOHH.
Ompeneservie 1.I.2. CkamkeM, YTO PacCMAaTPUBaeMOE CTOXaCTUYSCKOe
yIpaBJeHMe ¢ NOBOJHNPSM BTOPOTO MIPOKA IOCTABJAET AITPOKCHMAILMOHHOE
pellcHMe 3alla¥ YKJIOHGHMA XOTA Obl OT OIHOTO M3 LeJeBHX MHOMECTB M,
BHYTPM N, €CJM IPH JIOGOM BHOODE UMCeJ €0 U p<l MOKHO IOJOGPaTh
qucaa ECE,pd>>0 U OCE,pd>0 TaKWe, YTO PAacCMaTPUBAEMOe CTOXaCTU4EC-
KOe YNpaBJeHUE C TOBOIHIPEM IIpH
E,<ECE.p>, O, =supCT -TOI<KE,pd (7)
rapaETApyeT LA CJAYYARHHX IBUKCHUA x ALt1=x,0 ity»x,»v1 BHIOJHOHMS
C BEpOATHOCTHI0 HE MGHBUSA YMCJA p, HOPABEHCTBA

ToMt ik o VT 12berE (8)
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3Ieck T, y3Jhl Pa3CUeHWA IOJYOCH [t o0,

B §1.2 cQopMy/MpyeTcs ¥ IOKasHBaeTCA CJeIyWilas TeopeMa o6
aJbTEePHATUBE IVIA CTOXaCTUYOCKUMX IPOLELYD YIPaBJeHUA C TTIOBOIBIPEM .

Teopema I.IA JioGow HAYaJLHOR TIOBUIIAM Ct »x 2 U ILJsA JeG0ro
9MCJa ¢ JUGO CYWECTBYET CTOXaCTUYECKOS YIIPaBJSHUE C TIOBOBIPEM
[ePBOT0 MIPOKa, KOTOPOe NOCTaBJAET allIPOKCUMALMOHHOE pelicHME 3aja-
YU COJIDKEHUA C m LIGJCBHMU MHOXSCTBAMH, JUGO CYWECTBYST CTOXacCTHUYEC—
KO€ yIpaBJeHUe C TOBOIHPEM BTOPOIO MTPOKA, KOTOPOE NOCTABJAET all-
[MPOKCUMAIMOHHOE DelleHUe 3alauyM YKJOHSHUSA .

BTopas rJaBa mocBAleHa MHHepeHIMATLHNM urpam IJA JVHEHHbHX
CHCTEM, KOTIa ILIAaTOR MIDH ABJAETCA QYHKLMOHAN OT TPaeKTOPMM B 3a-
I2HHEHE MOMEHTh BPSMEHMU.

B §2.1 maéTcA NMOCTaHOBKA 3aIaduu Idde PeHIMANLHOR UTPhl A J—
HEeWHOR CUCTEMbI

x = ACtDx + BCtdu + CCtdv (9)

C TIOKa3aTeJieM KavecTBa
m 2 172 n m 5 172
T(EIxto3 1) <[ 3 T (x9,0)7) (10)
v=1 J=11=1 4

rie t0=so< 81< 82<. g .<sm=e — SallaHHHEG MOMCSHTH BPEMEHU.

OrpezieJiAlTCA KYCOYHO ~TIOBULIMOHHbE CTPaTeIn

it 4 B R BRI Y T L O RO (II)
W TapaHTUDOBAHHHE peByJbTaTh pUtu(-);t,,x,.b™,. . b1,
Pt b At e NepBOTO ¥ BTOPOIO WIPOKOB  COOT-

BETCTBEHHO.
CoopmysvpyeTca cJenywiasn TeopeMma

Teopema 2. PaccmaTpuBaemasi MOBMIMOHHAA MADJEpEHIMANLHASA urpa

MeeT IIeHy b(“,. ; ,b(l)) S5 p(l) [UC ok b“:. i ,b(b

SE )

o
=4 (t,‘-x’. P S
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S AL
(1)
= max pl[vC‘);t‘,x',b 3 al
o ol SN2

6] U cemtoByl TOUKY <u®(-),v°(-)>.

BBOIIATCA BCTIOMOTATeJbHbE KOHCTPYKIMM ILIf z-MONSJM ¥ IOKA3hBa-—
6TCAl CJUB0CTh IBUKSHUA CUCTeMh (9) U z-MomeJm, BhOUpas yIpaBJSHUE
LJIS CUCTEMbl (9) ¥ z-MOLeJM U3 COOTBETCTBYWUMX 3KCTPSMAJOHHX 3alad.

B §2.2. oueHMBanwTCS rapaHTMPOBAHHNE DE3YJLTaTH NEPBOTO M BTO-
POTO WUIPOKOB C TIOMOWBK (YHKIIMMA 5(t1,t2,z“’,...,z;”’), KoTopad 3a-
JAETCA alpUOPH ¢ MBBOCTHHMM CBOXCTBAMHM.

JlokasbiBaeTCA, YTO (QYHKIMA plt,.t,.2".....2™) sBaseTCA IE-
HOX WIDh, 2 ONTUMAJbHHE CTPATeTMM ONpPeleJANTCA COOTBOTCTBOHHO U3
YCJIOBMI SKCTPEMAJbHHX CHBATOB HA COBOKYIHOCTB COIYTCTBYWIMX TOUSK
[6PBOTO ¥ BTOPOI'O MIPOKOB COOTBOTCTBOHHO, IPM 3TOM COIYTCTBYOUMS
TOYKM ONPSIEJANTCA U3 COOTBOTCTBYWIUMX 3KCTPOMAJbHHX 3amad I
dymKIDM P(t,.t,.27. ..., 2™),

B §2.3. IOKaspBaeTCA CYlECTBOBaHME QYHKIIMA Pt v 2™,
z™), oCJafanlie® 3amaEHHMUA CBOACTBAMH.

B §2.4. paccMaTpuBaeTCAi CTOXaCTUYeCKasd IMPPepeHIMaNbHAA UIDa
DA w-MOZeJM, KOTOpas OIMCHBAGTCH AHAJOIMYHO CHCTeMb (9). Ompeme-
JAOTCA CTOXaCTUYSCKNE YaCTUYHO-TIPOTPAMMEME CTPaTerumt u(T,w,w™,

R PR T w=(E,.....E )- ©CTb B3JEMEHTap-
HOe COCHTMG U3 BEPOATHOCTHOI'O MPOCTPAHCTBA <Q. B, P>, a L S
k> HO3aBUCUMbE B COBOKYIHOCTM CJYYaMHH® BOJWIMH:H, DaBHOMEPHO pac—
NpelIoCHENS Ha TOJYUHTePBaJe O<E <1.

3aTeM ONPeMieNAETCA CTOXACTUYECKUR YaCTUYHO-TIPOTPAMMEA MAKCH-
MUH ¥ BKCTDPSMYM, U LOKashBalkTCHA IBEe JOMMHl O DABEHCTBS Y JMAIIIMIC-
BOCTH MO (a30BhM [IOPOMEHHHM STUX BEJIAYMH.

B §2.5. MccuenywTcs CBORCTBa MaKCUMUBUDYOIMX I0CJAe0BaTeJb—
HOCTeH, HA KOTODHX NOCTUTa6TCA CTOXACTUYOCKMM JaCTUIHO-IIPOTPAMMHBIR

SKCTPEMYM.
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