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OB OHOM YUCNEHHOM METOAE NONYYEHUSA
ONTUMANBHON ®YHKLIUM NANYHOBA

Paccmampusaemcs, cmaswasl yxe Kiaccuyeckoll, 3a0aqa uccnedosanust 2n106anbHol ycmodaqueocmu mpusuanbHo20 NosIoxe-
HUSl paGHOGECUST CUCMEMbI a8ITIOMamu4ecKo20 Pe2ysiupo8aHusi ¢ OOHOU HeTUHeHOCMBI0, PacONIONEeHHOU 8 3a0aHHOM NUHelHOM
cewmope. T.e. mak Ha3biéaeMasi npo6siema abCcoMOMHOU ycmoiyusocmu. Annapamom uccrieGoeanus 8bi6paH NPsiMotl Memod Jlany-
HO83, ¢ hyHKUUAMU U3 3a0aHHO20 Krlacca — keadpamuyHasi ¢popma nmoc uHmezpan om HenuxedrHocmu. [PednoxeH onMUMU3ayUOH-
Hbil 100X00 NpaKkmu4ecko2o nocmpoerust Gyrkyuu JlanyHoea Onst 3a0aHHO20 KITACCa, OCHOBaHHBIL HA MPUMEHEHUU 0606weHHOl

2paduenmroii npoyedypsi.
Kmoyesble crioea: cucmema pezynupoeaHus, dyrkyus JlanyHoea, abComomuas ycmodyueocms, onmumu3ayusi, 0606uieHHbIl
2epaduenm.

Bsenenue. OaHUM U3 yHMBEpPCanbHBLIX METOZIOB UCCNEA0BaHUA AMHAMWUKN CUCTEM Pa3fMYHOTO BUAA SIBMSIETCS BTOPOM
metop JlanyHoBa. OCHOBHbIE (DOPMYNMpPOBKM YTBEPXKAEHUIA METOAA MMACAT, YTO ECAM CYLIECTBYET NONOXUTENBHO onpeae-
neHHas hyHKUMsI, MOSTHaA NPOM3BOAHAs KOTOPOWN B CUMY CUCTEMbI ABMISETCS OTPULIATENBHO ONPeAEneHHO yHKUMeN, TO
HYNEeBOe pellieHne CUCTEMbI YCTOMUMBO (aCMMNTOTUYECKN yCTONUMBO). OCHOBHbIE TeOpeMb! JlanyHOBa NPO yCTOMYMBOCTL U
ACUMNTOTUYECKYIO YCTONYMBOCTL HOCAT HEOBXOAUMbIIA W [OCTaTOuHbIA XapakTep. [lokaszaHo, ecnn Hyneeoe peLLeHne CUC-
TeMbl aCUMNTOTUYECKM YCTOWYMBO, TO (pyHKUmMA JlanyHoBsa cywectsyeT [1]. OaHako HECMOTPS Ha TeOpeTUYEcKylo 3aBep-
WEHHOCTb MeToAa HepaspelumMmoin npobnemon sensietca cobcTBeHHO noctpoenne Tpebyemon cyHkumn. B kakom-To
cMmbIcne, 3apada HaxoxaeHuus dyHkuum JlsnyHosa noxoxa Ha 3ajadvy HaxoXAeHUs MHTerpana cucTembi. B ocHOBHOM,
thyHkumus JlanyHoBa ULLETCA B 3apaHee 33faHHOM Knacce (DYHKUMIA, HanpuMmep B Knacce KBaApaTUuHbIX dyHkuun [2]. B
3TOM criyyae 3aaaqa HaxoxaeHus cdyHkuum JisnyHosa obneryaetcs.

B pabotax [3-12] 6bino nokasaHo, 4to npobnemy HaxoxaeHust PYHKLMK JISnyHoBa MOXKHO CBECTM K PELUEHMIO 3a4a4m
BbINYKIIOr0 NPOrpaMmMnpoBaHns C Lieneson yHKUUEN, MEIoLLei BUA MMHUManbHoro cobcTBeHHoro uncna. beinm ciop-
MYNUPOBaHbI YCNOBUS CYLLECTBOBAHUSA PELLIEHWUS NOCTaBMEHHbIX 3aaay. M3BeCTHO, YTO OAHUM U3 3(DAEKTUBHBIX YNCIIEH-
HbIX METOAOB pelleHust 3a/ady onTUMM3auuu aBnseTcs rpagueHTHoii metos [13—15]). OgHako B 3aaayax onTUMU3aLmm
tbyHkuun JlsinyHoBa uenesble yHKUMM ABNAOTCS HeauddbepeHumrpyembiMu. Kpome Toro, BCTaeT npobnema nomyuexust
rpagueHTa B ABHOM BuAe. Hactoswen paboTe npeanaraeTcsi UCNONb30BaTL NOHSATUE "NPOM3BOAHON NO Hanpasnexwio”. U,
ecnn 6paTb NPOM3BOAHYIO NO KaXAO0W KOOPAWHATE NOMOXUTENBHO ONPEAENEHHON MaTpuLbI, BXoasied B dyHkumio lsny-
HOBa, TO MOXHO CHOpPMynNUpoBaTb NOHATUE "rpagueHTa".

YucneHHbIA METOA, OCHOBaHHLINH Ha rPafMeHTHOM npoueaype. PaccMOTPUM cUCTEMy NMPSIMOTO perynupoBaHusi,
OMNUCAaHYI0 CUCTEMOM

x(t)= Ax(t)+bf(o(t)), o(t)=c'x(t), AcR™, x(t).c.beR" (1)

Matpuua A nuHeRHoM YacTn cucTeMbl (1) aCUMMTOTUYECKW YCTOMYMBAS, a HEeNMMHENHas yHKLWS f (c), c(t) =c'x (t)
YAOBNETBOPSAET, Tak HasbiBaeMOMY "yCriOBHiO cekTopa”

O<of(c)<ks®,  k=const.

Cucrema HasbiBaeTcs abCOMIOTHO YCTOMUMBON, ECNIU €€ HYNEBOE PELLEHNE acUMNTOTUYECKN YCTOWYMBO B LIENOM, T.e.
BO BCEM MPOCTPAHCTBE, Npu Npon3BosibHOW chyHKUMKM f (0’) , YAOBNETBOPSIOLLEN "yCriOBUMIO cekTopa”.

OpaHum n3s meToa08B uccnefoBaHus 3anad abCOMOTHOW YCTOMUMBOCTU SIBNSIETCS UCMONb30BaHMe BTOpOro mMeroga Jis-
nyHoBa. PaccMoTpum 3agady NOMy4eHUs rapaHTUPOBaHHOTO YCrOBUS abCOMIOTHOM YCTOMYMBOCTM B 334aHHOM Kracce

dyHKumi JlsnyHosa
N V(x)=x"Hx +B[f(c)do . @)
0
C HEKOTOPOIi NONOXWUTENBHO onpegeneHHon MaTpuueit H v ckansipom B>0.

Wcnonbsys "ycnosue cektopa”, NonHyio NPOvU3BoaHyio dyHKLMK (2) B Cuny cucTeMbl (1) MOXHO 3anucaTth B BUAE KBaj-
paTuyHoi popmbl

LV (x(0) =X (OC(HB)x(1),
rae
_ATH-A —[Hb +-;—(BAT % Iv)c]
C(H.Bv)= ot = . ,
—[ +E(BA +Iv)c:, F+Bb c
Wnu B BuZe

LV (x(0) A [CHB)]|x (O

e [ -epuanyHas matpula, v >0 — HekoTopasi NocTosiHHasa (MHoXuUTenNb JlarpaHxa).
M 3apaua wccnepoBaHust abCOMIOTHON YCTOWYMBOCTM CBOAUTCS K ONTUMU3ALIMOHHON 33fa4e HaXOXAEeHUs! MOSOXM-

TensHO onpefeneHHoi matpuubl HY n senuumn B° >0, VP >0, npu KOTOPLIX MUHUMANbHOE COBCTBEHHOE YMCIIO
WKoxameToB A T.; laTbipko A B., XycauHos . H., 2014
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CUMMETPUUYHOW MaTpuLbl C(H°‘B°,v°), KoTopas onpeaensieT NPOU3BOAHYIO dyHKkuuK JlanyHoBa B cuny cuctemsl (1),

Oyaer makcumarbHbIM.
OnTUMMU3aLMOHHaA 3afaya paccMaTpuBaeTCs Ha MHoXecTBe Tpoek L = {(H,B,v) :H>0,p2=0,v> 0} ,rae nog H=0

NOHMMAaETCA NOMOXUTENbHas nosfyonpeaeneHHocTs Matpul, H . BoibepeM B KadyecTBe HOpMb!
2 02 2
[(H.8.v)] = [ +B2 V2 . [H| = A (H).
Tyt u nanee 6yaem obosHa4atb X, (%), A, (*)— 3KCTpEManbHble CODCTBEHHbLIE YCNA COOTBETCTBYIOLMX CUMMETPUYHBIX

NONOXUTENbLHO OMNPEAENEHHbIX MaTpuL,.
Kak usBectHo, cummeTpuuHas Matpuua C(H,B,v) nomoxuTenbHO onpedeneHa Toraa M TONMbKO Toraa, Koraa

Amin [C(H, B, v)] > 0. W 3apava HaxoxaeHUs rapaHTUpPOBaHHOIO yCroBus abcomnioTHOM yCTOMUMBOCTM cuCTeMbI (1) B knacce
yHKUMA (2) MOXHO paccMaTpuBaTh KaK ONTUMU3ALMOHHYIO 3aaady

o(H.8.v)~> min 3)
(HBv)eL
npu orpaHnyeHusix
A (H)20, B20 v20, o(H.Bv)=-2y[C(H.BV)] @

HeTpyaHO noka3aTb, YTO MHOXECTBO L — ABMISETCA NUHEWHLIM NMPOCTPaHCTBOM, KOTopoe npeacrtaenseT coboil Bbl-
nyKnbiid KoHyc [3]. W, ecnu ontummnsaumonHas sapava (3), (4) umeeT pelenvem Tpoiky (H,B°,v°), ans kotopon 6yaet
BbINOMHATLCA

o(H°,8°v°) <0,
TO cuctema perynuposatnus (1) 6yget abconoTHo ycToiumsoi. Ecnn
q)(Ho,Bo,vo) >0,
To 3aaaua uccneaoBaHus abcontoTHON yCTOMUMBOCTU B knacce dyHkuui Buaa (1) 3a cuet Boibopa H, B, v He peluaeTcs.

O603Hauum yepes L, nogmHoxecTBo L koTopoe coctouT 3 Tpoek (H,B,v), HaxoaswwuUxcs BHYTPU eANHNYHOMN ciepst,

T.€. YAOBNETBOPSIOLUX YCIOBUIO
A (H)+B2+vi <1, (5)

max
[prvBepeHHas 3agaya onTMMU3aLMKU ABNSETCA 3afad4eill AUHAMUYECKOro NPOrpaMMUPOBaHNs C orpaHudeHuamu. Haubo-
nee 4acTo UCMOMb3yEMbIM METOAOM pEeLLEHUst 33/1a4 TaKoro Tuna ecrb rpagueHTHbIA MeToz, u ero moaudukauum [13].
MockonbKy, BLIMMCAUTL FPAAMEHT OT LeneBoi yHKLMK, npeacTasnsiowen cobon akcTpemansHoe COBCTBEHHOE YMCno
B obLiem criyyae 3aTpyAHUTENbHO, ANS pelleHus 3agaym onTumusauum bynem nenonb3osaThb MOHATUE NPOW3BOAHON NO
HanpasneHuio.
Onpepenenve. 1. Tlycte nans  asyx Tpoek (H,.B,v,).€l,, (Moy)el, wn 0<t<t Bbinonusercs

(H, +tM,B, + ta, v, + ty) € L. Ecnu cyuiecTsyeT npesien

d(Mocr) 0o+ tM.By + tovy 4 1) 0(FouBo.ve )}, ©)

To BbipaxeHnue do(H,.B,,v,)/d(M,a,y) HasbiBaeTcsl NPOM3BOAHOW (DYHKUMK (p(H,B,v) no Hanpasnexuio (Mo,y) B Touke

(H07 Bo:Vo)-
Nemma 1. MpounssoaHas dyHkumn o(H,B,v) = -1, [C(H,B,v)] no Hanpasnexnio (M,a,y) B Touke (H,,By,v,) € L, uMeeT Bua

d(p(H BV ) T
* 970 0 _(y° } C(M,q, o . 7
dMoy) = Um) C(May)yn, @
3aechk y°. ~ rpaHNHHbIA eANHNYHDIA COBCTBEHHDIN BEKTOP MaTpuLibl C(H,.By.v,) No Hanpaenexuio (M,a,y) T.e.

y:lin = {ILnJJ ymin(t)’ .ymin (t) = ymin [C(HO + tM' BO + tO(, VO i Yt):| (8)

Hokasamenbcmeo. PaccMOTpUM BO3MYLLEHHYIO MaTpuLy C[(H0 +IM.By +ta, v + ty)] , 0<t <t wn cooTBeTCTBEHHO, ee
MUHUManNsLHoe cobCTBEHHOe Ynueno A, [C (Ho +tM, By + tat, v, +ly)] U MUHUMAambHLIA HOPMUPOBAHHBIN COBCTBEHHBIA Bek-
TOP ¥, (f). B cuny HenpepbisHocTH, Npu t — +0 6yaeT BLINOMHATLCS

Merin [C(H0 +IM,B, +ta, vy + ty)] = Ain [C (HO,BO,VO)] s Yo ) = ¥2
OCKONBKY ¥, (1) HOPMUPOBaHHBLIN BEKTOP, TO, NO onpeaenexuio, Anst 0 < ¢ < f, TOXAECTBEHHO BbINOMHSIOTCS COOTHOLLIEHMS
Yoin () Vi (£) =1,
Kin [ C (Ho + M, B + tat,vo +ty) | = y ] (0C (Ho + M, By + £, v + £ ) Y i (£).

CobcrBeHHOe uncno u cobCcTBeHHbIE BEKTOPbI CUMMETPUUHbIX MaTpuL SBRSIIOTCA KYCOYHO HenpepbiBHO anddepeHum-
pyemMbiMn DYHKUMSAMN (KPOME Cnyyas KpaTHbIX KOpHen). M B HekoTopom npomexyTke O0<t<f dyHkumm y, . (f) w

X [C(H0 +M, B, + fo, vy + ty)] ByayT “MeTb NPOU3BOAHbLIE.
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MpoauddepeHunpoBas npusegeHHble TOXAECTBA NO {, NONY4YUM
= .
(Yia(®) Yeun®)+ Yo (O (£ = O, ©)

%;"min I:C(Ho + tM.Bo + t(l,Vo + t}’):l = (yr’nin (t))r C(Ho + tM’ BO + toc,-vo . tY)y"“"‘ (t) +
(V) gt_C(/-/0 M, By +a, Vo + 1) Yo (1) +

;
o+ (Yoo (1)) C(Ho +tM,By +toe, v + 1) Y1 (£) (10)
MNepBoe TOXaeCTBO AaeT
T
(Yoia(®) Yoial) = =YW imalt)
NmetoT MeCcTo TOXAECTBEHHbIE COOTHOLLEHUS
C(Hy + tM,Bo +tat, v + 1Y) Yo (£) = K [ C (Hy + M, Bo + e, vy + 1) | ¥ in (£)

1
{-ATHO ~-H,A = [Hab + E(BOA’ +1v,) c}

C(H, +tM,B, + ta,vy +ty) = +

rae 1 F oo
[—{HObJFE([}OATuvD)c} —ki—BOch

-ATM - MA —[Mb+%(aAT +Iy)cj]
+t -
_l:Mb+%((xAT +Iy)cl} %—abTC
OTcioga cneayer, 4Tto

. d . ;
lim = Ao [C(Hy + tM,By +to, v, + ty) ] = iM(Y,p (1)) C(M.ct.7) ¥ o (1) = (Yon) C(M,x) v,

~ATM -MA - [Mb # %(aAT +1y) c}
c (M' @, Y) = 1 T 5
T
_{Mb + -2—((xA + Iy) c} e ab’c
a
dt
= Ain [C (Ho + tM,By + 01, vy +£7) ] (Vi (8) Yiun (€)= (Vi (£)) C (Mot Yoo (£) +
o [C(Ho +tM, By + £, vo + 1) ] (Voo (1)) Vin () = (Yo () C(ML00,7) Yo (8) -
Mepexons k npeaeny npu t — 0, nony4yaem yreepxaehuve (7) neMmsbl 1, 4To n HeobxoanmMo BbINo AoKa3aTh.

MpuBegem ycnosusi pelleHns sagadmn ontumusauuu (3), (4) B TepMuHax 0606LeHHOro rpagueHTa.
Onpepenenune 2. [Nycts U c L, HekoTopoe MHOXecTBO U (H,,B,,v,) € U. Hanpasnenue (M,a,y) Ha3oBeM BO3MOXHbLIM B

1 nonyuaem, uto M| C (Ho + M. By + to, vy + ty) | =

TOuKe (HO,BO,VO) ecnu cywecrsyet £, > 0 Takoe, uto npuBcex 0 <t <t, ByaeT BuinonHATbCA ( H, +IN,B, + fa, vy +ty) e U .

MpuBeaem Heobxoaumble ycnoBus pelueHus 3agadu (4), (5).

Teopema 1. [TycTb U. — MHOXeCTBO Touek MUHUMYMa cyHKkUMmM o(H,B,v) B L, u B Touke (H.,B.,v.) dyHkums o(H,B,v)
WMEET NPOU3BOAHBIE MO BCEM ;O3MO)KHbIM HanpasneHusm. Toraa, ecnu B Touke (H,,B,,v.) YHKUMSA BOCTUraeT MUHUMYM,
TO NO NPOU3BOSIbHOMY BO3MOXHOMY Hanpasnenuio (M,a,y) BbINONMHAETCs ycnosue

do(H.B.v.) . (1)
d(M,a,y)

Hokazamenscmeo. MNyctb (H.,B.,v.) e L, n (M,a,y) - BO3MOXHOE HanpaBnexHue B aToN Touke. Toraa, no ycrosuio

o(H, +tM, B, +ta, v, +ty)—o(H.,,B.,v,) 2 0.

Paspenus Ha t >0 w HanpasuB { — +0, nonyunm

IO(H..B..v.) _ o OH. + M, B. +touv. 1) = o(H. B v.) | o
d(M,a,y) t->+0 t

TO €CTb Nony4yaeM yTsepxXgeHua TeopemMsbl.
Bo3bMeM 3a BO3MOXHbIE HanpasneHna basncHbie BEKTOPbI, KOTOpble NOCTPOEHHbIe crneiyownm 06p330M. Bosbmem B

NPOCTPaHCTBE Nap CUMMETPUYHBLIX MaTpULL B KauecTee Gasnca MaTpuubl A, , Y KOTOpbIX Ha MecTe (s,k)—ro u (k,s)-ro

3rIeMEHTOB CTOMT OZHa BTOpas, a Apyrue 3NeMeHTsl Hynu (ecin s = k , T.€. 3TO ANAroHanbHbIA 3NIEMEHT, TO CTONT €ANUHU-
ua), © — Hynesaa matpuua. Torga NpPoOU3BONbHYKD CUMMETPUYHYIO MATpULly

H={n} 1<i<j<n

MOXHO nNpeacTtasuTk B BUae

S T S R SN R S
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H= 3 ha,

1<is<js<n

BosbMeM 3a 6asucHbie HanpasneHus TPOMKK (A,].,1,1), 1<i<j<n WUe KauecTse MPOWU3BOAHBLIX MO HanMpaBneHUsM
(M.a,v) doyskumm ¢(H,B,v) Byaem 6paTb NPOM3BOAHbBIE NO ITUM 6a3nCHBIM HanpasneHusam. OBpasyem Tpoiiku, NeEpBbIM
3NEeMEHTOM KOTOpbIX SiBNAETCA Habop n(n +1)/2 KBagpaTuyHbiX opm matpuy C (A,],,O, O), 1<i<j<n, aBTOpbIM ¥ TpE-

TUM 3NIeMeHTaMu KBaapaTuyHbie (opMel oT Matpul C(©,1,0), C(®,0,1)

V(H.BY)= {( Yin (s,k))T C(4;,0,0) Yria (5:K). (Y2 )T C(0.1,0)y2m(13) C(©.0,%) y;m} , (12)
rae
“ATA, —AA -Ab C ~Lae ® -vc
c(4,,00)=| 7 "1, c(e10)= 1 2 , c@00)=| . 1
=0 Aij —ECrA —bTC —cv .E

3peck y,‘nin (s,k)— npeaenbHbll eANHNYHBLIA MUHUMANbHBIA COOCTBEHHBIA BEKTOP MaTpuLibl C(A,,,0,0), KOTOpbLIA OTBe-

,.l.,0,0), yj,m — NpeAenbHbi eAUHUYHBIN MUHUManNbHbIA COBCTBEHHBIA BEKTOP MaTpuLb! C(G),1,0),

yaeT HanpasneHuio (A

KOTOpbIAA OTBEYaeT (6),1,0), yf’mn — npeaenbHbIA eA4UHUYHBIA MUHUMATIBHBLIM COBCTBEHHBIA BEKTOP MaTpuLbi C(®,0,1). KO-

TOpbIit oTBEYaET (©,0,1).
Onpepnenexune 3. HazoBem TPONKY
Y (H.B.1) = {(Vi (5.6) C(8,,0.0) 2 (5.6), (¥20) €(©:10) ¥ (v2) €(@.0. 1120
KOTOpast CoCTaBfieHa U3 NPoM3BOAHbIX N0 HBasucHseIM HanpaeneHusm (12) rpagueHTom gyHkuun o(H,B,y) .

UmeeT mecTo cneayloLiee yTeepxaeHue.
Teopema 2. Ecru (H,,B,.Y,) €CTb pelsenne 3anaun ontumusauum (3), (4), 7o rpagueHT Vo(H,,B,.v,) no Hanpaene-

Huam Basuca (A,],0,0), (©,10),(©,01) 1<i<j<n BTouke (Hy.Bo:7o) COCTONT M3 HEOTPULIATENbLHBIX INEMEHTOB.

[lokasamenbcmeo. YTBepxaeHe TEOPEMbl OCHOBAHO Ha yTBEPXAEHUN NpeaLlecTByioLlei TeopeMbl U BoiGope npous-
BOAHbIX M0 HaNPaeneHUsIM. .
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KuniBcbknit HauioHanbHui yHiBepcuteT iMeHi Tapaca LLieByeHka, Kuis

nPO OAMH YMCENbHUWA METOl OTPUMAHHA ONTUMAJIIBHOI ®YHKLII IANYHOBA

Po3sanadaemscs 3adava, Wo cmana exe Knacu4yHor, G0CNiOXeHHN 2i106ansHOIi cmilikocmi mpueianbHO20 NONOXKEeHHs! pieHoeazu cucmeMu asmomMa-
MUYHO20 pe2ynioeaHHs 3 00HIEI0 HeniHiliHicmio, Wo po3mauiosara e 3a0aHoMy niHiliHoMy cekmopi. T.e. mak 3éaHa npo6nemMa abconomuor cmitikocmi.
Anapamowm docnidwents o6paro npamull Memod JlanyHoea, 3 (hyHkuismu i3 3a8aH020 Knacy — keadpamuyHa hopma rmoc iHmezpan eid Henixitinocmi.
3anponoHogano onmumizayitHuil nidxid npakmuyroi nobydosu gyHKyil JianyHoea AN 3adaHo20 KIacy, 3acHOGaHUl Ha 3acMOoCyeaHHi y3azanbHeHol
2padicHmrol npoyedypu.

Knrouoei cnoea: cucmema pezymoearts, hyHKuis ﬂnqynoea, abconiomua cmitikicms, onmumi3ayin, y3azanbHeHull 2padicHm
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ON A NUMERICAL METHOD FOR OBTAINING THE OPTIMAL LYAPUNOV FUNCTION

The problem of studying the global stability of the trivial equilibrium position of the automatic control system with a non-linearity, which is located at a
predetermined linear sector, is considered. This is so-called absolute stability problem (or Lur'e problem), which has already become a classic. Lyapunov's
direct method, with the functions of a given class — quadratic form plus integral of the nonlinearity is selected as apparatus for studying. We propose an
optimization approach practical construction of Lyapunov function for a given class, based on the application of the generalized gradient procedure.

Key words: Lur'e type control system, Lyapunov function, absolute stability, optimization, generalized gradient.
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YepHiBeubkuit HauioHanbHUi yHiBepcureT, YepHisui

MOMEHTHI PIBHAHHSA ANA NIHIKHUX CTOXACTUYHUX PIBHAHDbL
13 BUNAOKOBUMMU KOE®ILIIEHTAMMU Y NNbBEPTOBUX NPOCTOPAX

Po6oma npucesyeHa AocnioxeHHIo cmitixocmi po3e's3kie NiHIGHUX cmoxacmuyHux dugepenyianbHux pieHsHb y 2inb6epmosux

npocmopax 3 GonoMo2010 MOMEHMHUX PiGHSIHb.
Kmoyoei cnoea: INns6epmoeuti npocmip, cmitikicmb, dugepeHryianbHi pieHAHHS

Hexait H — rinbbepTie npocTip i X(t) — BEKTOpHWUI A BUNAgKOBUIA npouec i3 H , WO € PO3B'A3KOM PIiBHAHHSA
dX(t) = A(t.E(t)) X (t)dt + IZB,-(L E)Xtdw(t), X(0)=¢, M
ae E(f) — HenepepeHM cnpaBa MapKOBCbKWA npouec, uWwio Habysae 3MiYEHHY KinbKiCTb 3HaueHb 9,,...0,..;
A(t.6,),B,(1,9,),s = W — HenepepBHi Ha Biapisky [0,7]1 dyHkuii, W(t),...,W.(t),... — HeaanexHi M coboio ckansipHi BiHe-
posi npouecy, npudomy senuunn (W(t),..., W, (f),....E(t),£) Takox € HesanexHumu. MosHaummo P (t) = P{E() = 6,} . Bea-

KaTuMeMo, Lo iCHYIOTb HenepepBHi Ha Biapisky [0,7] dyHkuil o, (f) Taki, wo

P, (t+h,t) =38, +a,(t)h+o(h), )
ae 8,; — cumeon KpoHekepa, h >0, 2(;?2 —->0,h—>0.
Hexai F (t,x) = P{X(t) < x,E(t) = 6,},

m(t)= [ xdF,(t,x),

R™

D)= [ xx'dF,(t.x).

Oaznauennst 1. Oymukuii m,(t),D, () Ha3usalMbLCSA YACMKOSUMU CEPEOHIMU ma 4acmKosuMU Mampuusmu dpyaux Mo-

MeHmie 8i0rnoeioHo.
Teopema 1. Hexali X(t) e po3e’s3kom pieHsiHHSA (1), <|C|2> <, a nepexioHi limosipHocmi mapkoecsbkoeo npouecy E(t)

3a0080MbHAIOMb yMO8i (2). ‘Todi crpasednueuMu € PieHSIHHS

ﬂ"(;fﬁ - A OO+ S om0, m©)=(0)RO), k=17, 3)

DL _ 5, 00,1+ D, (OA() + 3B, (OB (1) +

+3 D0, DO=(C)RO, k=1g )

Oe A (t)= A(t,0,),B,(t) = B,(t,0,).

NosenenHs. Posi6'emo iHTepsan (0,T) Toukamm O<t, <t<..<t, <T 3 kpokoMm f, . b, =h, t, =nh Tlo3Ha4UMO ve-
pes X(n)=X(t,), &, =E&(t,), AnE,)=Alt,Et)). B(nk,)=Bi(t,.E{t,)). MocraBumo y BIANOBIAHICTL piBHSHHIO (1) pi3HK-
ueBe piBHAHHSA

X(n+1)=X(n)+hA(n,E,)X(N)+ iBj(n,in)AV%(tn)X(n), X(0)=¢, (5)
j=1
AM//(tn) = ij(tnﬂ)"/vj(tn)'
[Ins 4acTKOBUX MOMEHTIB BekTopa X(n) 3anuwiemo piBHAHHS
C o mn+ )= 3P (MIE +hA,(n)]m,(n) -
s=1
© HikiTin A. B., 2014
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