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JUOOEPEHIIMAJIBHAA UI'PA CBJIMXEHUA C HECKOJIbLKUMH
LIEJIEBBIMU MHOXECTBAMU JUIS1 CTOXACTUYECKHUX JIMHEMHBIX
CHUCTEM

PaccMarpuBaeTcs 3ana4a COMDKCHHA C M LENEBLIMH MHOXKECTBAMH, KOTAd
. JABHIKCHHE CHCTEMbl OfIMCHIBAETCA CHCTEMOW NHHEHHBIX CTOXACTHYECKHX AH(-
tepenuManbueX  ypaBHeHul. JIOCTPOEHO CTOXACTHYECKOE THMOTETHYECKOE
4 paccornacosatue. flomyueH croxactuueckuil AHdPEPEHUNAN THIIOTETHYECKOTO
PaccoriacoBaHHs, KOTOPBIH [acT YCNOBHE IS ONPEACNEHHS IKCTPEMAaTbHbIX

cTparcruil.

PaccMoTpHM cTOXacTHYECKYIO AuGdepeHLHaNbHYIO HIPY NIPH m UeIeBbIX
MHOXECTBaX I8 JIMHEHHBIX CTOXAaCTHYECKMX cucTeM. [lycTb ABHXKEHHE KOHG-
JINKTHO-YNIPaBJAAEMON CHCTEMbI ONTHCHIBAETCS ClENYIOUIEH CHCTEMON CTOXacTHYe-
cKHX auddepeHUHATEHBIX YPaBHEHUA:

_ dx(t)=A(t)x(r)dt + B(t)udé(t,0)+C(1)vdé (1w), 4))
rae A(r), B(t), C(t) - (nxn)-, (nxp)-, (nxq)-MaTPHUL C UIMEPHMBLIMH H
OrpaHHYCHHBIMH 3JIEMEHTAMK MpH te[to, T]. YNpaBieHHA u M V CTECHEHb
BIJTIOYEHHAMH

uePcR’, veQc R, Q)
rade P u O — 3anaHHble KOMNAaKThl, XAPAKTEPH3YIOLHE BO3IMOXHOCTH HIPOKOB.
& =&(t,w) — cnyvaiHelit npouece, onpeeieHHbIA Ha BEPOSTHOCTHOM MPOCTPaH-
ctee (£2, B, P) 1 H3MEPHMBIH OTHOCHTELHO B? . (£, B, P) obosnavaer Hexo-

TOpoe (UKCHPOBAHHOE BEPOATHOCTHOE MPOCTPAHCTBO: {2 MPOCTPAHCTBO 3Jie-
MEHTapHBIX coObiThii; B - c-anrebpa noaMHoxecTB {2 ; P — BEPOATHOCTB, Ofpe-

aenexHas Ha B; B — neyGuipaiowmee cemeicTBO GopeneBckux o-nonanre6p B,
T.e. nipH f, <f, HMeeT Mecto Bkmiodenue B < B . Mycrs £(1,w) arnsetcs onHo-

PONHAIM MPOLIECCOM C HE3ABHCHMBIMH MPHDAILEHHAMH H KOHEYHBIM MOMEHTOM
2-ro nopsaka, a MOMeHTH! 1-ro u 2-ro nopsaka ¢yukusn &(1+hw)-£(t0)
YIAOBNETBOPAIOT CIEAYIOLUMM YCTOBHAM:
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ME(+ @) -E(1,0)| <Ch, M|(&(1+h)~E(to)) <Ch,b>0,C =const.(3)
Torpa ciy4aiiroe mosie ‘
¢ (t,x,hw) = A(t)xh+ B(Ou(E(t+ ho) - &(t,0))+ CUW(&(1 + hw) - £(1,w))

YHOBJIETBOPSET YCAOBHIO KBasHAH(GEpeHUHaNbHOCTH, onpeaeneHHoMy B [1].
O6Go3Hauum uepe3 H. NpOCTPaHCTBO CiydyalHbIX MnpoueccoB (CayyadHbIX

kpusbix) x(¢)=x(t,w), te[t,9], we2, co sHauenuamu B R, H3MEpUMBbIX

NpH KaKIOM @ M CPEIHEKBAAPATHYECKH HEMPEPLIBHLIX Ha [t.,.9], T.€.

M|x(1+h,a))—x(t,a))|2 -0 npu h—>0, t,t+he[n,9]. lpu stux npeanono-

XEHUAX, COTJIaCHO TEOpEME CYLUECTBOBAHMA M €AHHCTBEHHOCTH [1], cToxacTHue-
ckoe aupdepeHumanbHoe ypasHenue (1) npv no6oM HaYalbHOM 3HAYEHHH X

umeeT B H, eQHUHCTBEHHOE pelLieHHE.

Takum obpasom, cnyvaitHoe JBHKeHHE CHCTEMbI (1) MOKHO TPaKTOBATh Kak
My4OK peanm3aLuii {x(t,,[-],s,w), we .(2} . Kaxnas peanusaums x(t,,[-],&,a))
OTBEYaET HEKOTOPOMY 3HAYEHUIO @ € (2 . :

TpeanonoXum, 4TO 3aaaHbl HEKOTOPbIE 3aMKHYTHIE W OFPAHUYEHHBIE MHO-
xectBa M,, kel=(l,..,m), B esxmigoBom npoctpaictee R™'. IlycTs Takke

3az1aHbl MOMEHTHI Bpemenn {9, } Takue, uto 1, < 9 <...< 3, <T . Ilpeanonoxum,
YTO APOEKLIMA MHOXKECTBA M, Ha OCb ! COAEPXKHMT TOuKy &, , T.e.
M, N[(1.x):t=8,,xe R" | =M, (8)#D, kel.
Iycte M, (9, ) — BbiTyKiibie, 3aMKHyTbie M OrPaHUYCHHBIC MHOXECTBA B
npocTpaHcTe R".
PaccmoTpum 3agady c6niwkenus ¢ Muoxectsamu M, (9,) B MomeHTsI I, .
CornacHo [2], pemwenue cuctemsl (1) onpenensercs cnenyioulei gopmynoii:

x(t,@)=X[t,5]x(1,) + "[X[t,t]B(r)udf,‘(r,w)+ ]’X[t,r]C(r)vdé(r,w), (4)

rae NocnenHue 1Ba HHTErpaa CieAyeT NOHUMATh KAk CTOXACTHYECKHE WHTErPans
no npoueccy &(1,@), a X[t,r] — HopMupoBaHHas dyHaaMeHTanbHAd MaTPHUA C
a6COMOTHO HENPEPHIBHBIMU 31EMEHTAMH.
- HMmes B Buay dopmyny peuierus (4), ais ypasHeHus (1) nocrasum cienyio-
uylo 3anavy. , .
3adaua. JlaHa HauajbHas NO3MUUA (t,,x,) M MOMEHTB BpemeHH J, .
Tpebyerca HaHTM crtpaternio U, +u, (t,a)) , Kotopaa ofecneudBaer BCTpeYH
x[9.t., %, Uy, 0] € M, (9, ), keI, nourn HasepHO (M.H.) [PH MOGLIX AEHCTBUAX

HOPOTHBHHKA, CTECHEHHbIX BTOPBIM YCJIOBHEM H3 (2).
Henonb3ys npusesennbie B [3], a Takke B [4—6] an1a m LeneBbIX MHO-
XKECTB PacCyXICHHA A1 NEeTEPMHHHPOBAHHBIX SMHEHHBIX CHCTEM, MOXEM MNO-
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CTpPOHTb FHMOTETHYECKOE PpaccoriacoBaHHMC, KOTOpO¢ B HalwleM ciy4yae 6)’1161‘
CTOXaCTHUYCCKHM!

I-1 il . _
& (t.,x.,x,,...,x,_,,{@,,},w)=tﬁig( {gl,:x,, +_‘§_g$‘1,',p,‘ +§I;X[.9,‘,t,,]x. +

N m = S m =
+ IrzleipEI;X[.Si,‘,r]B(r);dé(r,a))+ j‘nvLanEI;X[S,‘,r]C(r)ldf(r,mﬁ (5)

+3 min I, p,]

k=t ~PL M, .
B & (s %er X0 X {5} ,@)=0, ecnu npasas uacs B (5) orpuuarensHa [3-6].
3nech {f,,%,} — HauaTbHOE MONOKEHHe CHCTeMsI (1), NputeM f, € [9-1:9),

BEJIMUMHBI X, j=1..,0-1, cuHTalOTCS MOCTOAHHbIMH, & MATPHLIbI X [Iz_f ] H

X [t, r] OMpeeNAIoTCs ClEAYIONHM 06pasom: | A
— X[tz], t27, = X|z|, t>1,
X[,,,]z{ [1e), 127 { [te], 157
E, t<7t
U3 dpopmynbi (5) BbITEKAET CIIPaBEITMBOCTD CNE/YIOWETO YTBEPKACHHA.
Eciu &, (t,x(t,w),{B,,},w) =0 nH. npu teft,,9,], T0 as Beex kel
x(9,w)e M, nu. [3-6].
CkaxkeM, 4TO 3a/1a4a Pery/ispHa, eClIH MaKCHMYM B npaBo#t yactH (5) nocTy-
raeTcs Ha CAMHCTBEHHOM BEKTOpE {1,? } IR KKA0H PHKCHPOBAHHOH @ .

BCheacTBHe €AMHCTBEHHOCTH MakcHMu3upylouiero sextopa [° ={l,?} , OH

H3MEHSETCA HEMPEPLIBHO C H3MEHEHHEM MO3HUMK {L, %} , 1€[%_,,9; ), Ana kax-

ao# ¢pukcupopaHHoit @ [3].

ITprMeHHM TIPAaBHIO CTOXACTHYECKOrO AHPHEPEHUHPOBAHHA 1A THIIOTCTH-
4ecKOro paccorjiacoBaHHs.

Teopema 1. (Ddopmyna Uro. ITpaBuno croxactuyeckoro auddepeHuupo-
sanu). [TycTb z — n-MepHbIH BEKTOP, KOTODBIH YOBNETBOPAET CTOXACTHYECKOMY
AuddepeHLHATLHOMY YPaBHEHHIO

dz = f(z,0)dt +q(z,t)dé(Lw). 6)

Mycts dyHKUMA e(z,t) HenpepuIBHO mHGdepeHLMpYeMa N0 ¢ H ABaXabl audde-

peHuupyema no z. Torna s(z,t) TaKKe HMEET CTOXACTHHECKHI aMPdepeHLman
(1,2,7]

e &os, 1 & &¢ 2 e
de=|—+) —f += ——qu g |dt+.—(gqdE) . 7
[ax 2573, "’qf*} 25 (@d). D
B peryspHOM cilyae FHNOTETHHECKOe paccornacoBanue &(-) — Hempepsis-

Has GYHKUHA Ha KaxaoM ripomexyTke (&_y, 9, ) 1 uMeeT cenyrowmii BUAL:
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()= Zl"’ +Z min 1;°pk+21,:°X[.9k,t]x+

+9I min il,:")?[&k ,7|B(rudé(r,0) + j' r&%"g":oi;[‘g" 7|C(rvdé(r,0)

ﬂpuuuuax

@®)

fmmZI,ZOX[&,‘,r]B(r)Jdé(r,a))+fmale,:oX[.S‘k r]C(r Wdé(r,@), (9)
NOMy4HuM
0= Eretf min 0 S0KGaen]. a0
k=l k=)~ PR €M, k=t i

TAe X,y YAOBNETBOPAIOT CEAYIOUWIMM CTOXaCTHYECKHUM aubdepeHHanbHbIM
YP2BHEHHAM:

dx = A(t)xdt +(B(t)u+C(t)v)dE(tw), =~~~ - BE¢R)!
dy:—hipiz,;%\:’[sk,:]a(:);+m%xilk’%\:'[s,,,t]c(z)v]dg(t,w). (12)
OGo3nawmuM z =(x,y) H MOAYUHM B

e(-)=R, +Ryz, o L 13)

1=t 1’°X 9.t
rae R =Y +Z mm liop;,, " Ry= k. [% ]

k=1 k=1~ PreEM _
1

Torna dz=A4(t,2)dt+Q (1,2)dé(r,0), rre An(t,z)i(A((;)xj,
| |  BusC()y o
_[rii;]illzof’[&,t]B(t)z+rrvlea})xilff[bqb,]c(t)vjl .

B cuity HENpepbiBHOCTH I OT CBOMX apryMeHTOB Kak B AEeTEepMHUHUPOBAH-

@ (h2)=

HOM Clly4ae,TaK H 31€Ch HTHOPHPYEM 3aBHCHMOCTS BekTopa /y oT { npu audde-
peHuupoBanuu. Torna

o o, (FwEsda0), .

ot ot 0 |

8 I°X[9,,t e ,

& _ (7— (9 IJ, G as)
oz . oz

B cuny Teopemsl 1 Ha KaXaOM npomexyTke (.9,(_,,..9,() FHIOTETHYECKOE
paccornacoBanne UMEeT CTOXacTHYECKHH AHpPepeHuHan
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dc @ 8
da—[-af 5-:‘.4(1 )]dﬂ-a-j-Q,(t;z)dg(t,w),

dg=[i1;°§[.9k,:]3(:)u~mi’?iz,;"f'[sk,:]B(x)u]dg(z,w)+ (16)
k=t UER kw

[21,:°X[.9k,t]C(t)v-maxZ R[St ]C(t)v]d{(t o).
B cnyuae xorna £(f,00) — BuHEpOBCkHH npouece, TO & (1.@) umeer ueo-
d
6eraHbIi auddepeHuran (%—tff)—)- =e(t, a))] , KOTOpBIH ABNSETCS 6ENbiM INYMOM.

B 3TOM Citydae, Koraa mepBbiii WIPOK BBIGHPAET IKCTPEMAILHYIO CTPATErHIO U3
CAENYIOLIEro YCNOBUSsA

il;f):( [S.1] B(t)u'e(r,0) = min il,;"f [9,,0]B()ue(r,0), . (17)
k= UER k=l : _

TO'

<0 ana kaxaol peanu3auWK TPACKTOPHH. °

d()
dt

Teopema 2. Tlycte pna Bcex te[to,sm) CHTyauMs JUis 3afiayd pery-
napua. Toraa skctpemansHas crtparerus U, +uy(f,@), onpesensemas npu
& (t.x,@)>0 ycnosuem (17), rae I;°(-) - mMakcumusupytowwmit Bextop u3 (5), a
mpu & (1, x,@)=0 — mo6GuM AOMycTHMBIM ynpasnenueM ue P, obecneunt
BCTpedy Beex ABixeHuH x(f,9,,uy,@) co BceMu MuoXecTBamu M, , ke l, nh,

el TONBKO £ (f5,% {9, },@)=0 n.h.

Hoxaszamenvcmeo. Jloka3aTenbcTBO aHaOTMYHON TEOpEMbl B AETEPMHHH-
pPOBaHHOM CiIyyae OCHOBBIBAETCS Ha TOM (aKkTe, YTO BAONb BCAKOTO peLUEHHS
CYUWIECTBYET MPOU3BOAHAS TUMNOTETHYECKOrO PaccoriacoBaHWs M BAO/Mb BCAKOIO
PElICHHA THMOTETHYECKOE paccoriacoBalie He Bospacraet [3-5]. B Haiuem ciy-
Yae CTOXACTHYECKOE HMOTETHHECKOE PacCOrIacOBAHME MMEET CTOXaCTHUYECKHiA
avMddepeHunan, KOTophiil He BO3pacTaeT AnA KaKIOH peanusalyu TPacKTOPHH,

4To W npu ycrosuit & (f, %, {9 },@)=0 n.n. nokassiBaer Teopemy 2.

Kagpedpa meopemuvecxoii mexanuxu Mocmynuaa 18.02.2005
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Uh £UUD LAUSUUUShL AUQUNPEBARLLLLh 4bS UNSLESUUL
AhdHLLBLShUL bUA USAUUShU GBUSHL (UUUUUNGGLh
| AGMRNRT ’

core s oo Udpmmad o

Yhnwpyywd tm Guywwnwlyuhl puqinmpmGitph htin inunbigiwl nh-
$uptGghwy fuwn, bpp hwdwluwpgp Gyuwpugpymd £ wnnfuwunhy nhpbipbi-
ghwy hwywuwpmiGhpny: Ywrmgywo t unnfuwuwnpy hhynptinhy wihwiw-
wwwnwufuwlnpjwuG ghdtintlighwip, npp wwihu t tpunpbitwy unpuntghw-
(tpp npnbim wwiwGGen: .

R

.-.. A.G. MATEVOSYAN

DIFFERENTIAL GAME OF RAPPROCHEMENT WITH SEVERAL
TARGET SETS FOR STOCHASTIC LINEAR SYSTEMS
Summary cromen
The problem of rapprochement with m target sefs when movement of
system is described by system of the linear stochastic differential equations is
considered. The stochastic hypothetical mismatch is constructed. The stochastic
differential of a hypothetical mismatch gives a condition for definition of extreme
strategy.
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