3anucKM Hay4JHBIX
cemunapos [ITOMUA
Tom 278, 2001 r.

. ®. Kysnemos

HOBLIE ITPENCTABJIEHN PA3JIOKREHNS
TEMJOPA-CTPATOHOBMUA

1. BBEAEHUE

Myctes (02, F,P) — moiHoe BepOATHOCTHOE MPOCTpPaHCTBO, {F,
t € [0,7T]} — ueybbiBawlilee HenpepblBHOE CIIpaBa CeMeRcTBO o-
noxanrebp F, a w; — F; usMepumbiii npu kazkaom ¢ € [0, T] m-mepHbiii
CTaHAAPTHBIA BUHEPOBCKUM MPOTECC ¢ HE3aBUCUMBIMI KOMITOHEHTAMU

wgi) (i =1,...,m). Paccmorpum croxactudeckoe aupepeHmaib-
Hoe ypaaenne (CIY) 1o Braa:
dx; = a(xy, t)dt + B(x,t)dwy, (1)

rjae X; — N-MEpHBIA CIy4YaWHBIA OpollecC, ABJIAIOINMUCA pellleHrneM
ypaBrenusa (1); Hecimydwaiiabie pysrmmm a(x,t) : ®” x [0,7] — 7,
B(x,1) : ®" x [0, T] — R"*™ ynoBAeTBOPAIOT yCIOBUAM CYIIECTBOBa-
HUA U e AMHCTBEHHOCTU B CMBICJIE CTOXACTAYECKON YKBUBAJIEHTHOCTH
pentenns ypasrerna (1) [1].

B sureparype [2—8] M3BECTHO HECKOJIBKO BAPUAHTOB CTOXACTUYE-
croro anaJjora ¢Gopmynsl Teitmopa AJA ciaydaiHoro mpoiecca BUIA
R(x5,s); s € [0,T], vae x; — pemenne CHY Uro (1), a R(x,t)
R x [0,T] — R! — HecayuaitHasa, HocTaToUHO TaaAKaA (YHKIMAA.
IlepBrii pesyabTar B AaHHOW o6iacTu nojyded B [2, 3] u Gbli Ha-
3Ban pasnoskenuem Teiinopa—Uro. Pasnosxkenue Teiinopa—Uro [2, 3]
mpeacTaBifaeT coboii pasiokenue nmporecca R(x;,,s); s € [0,7] B pan,
KayKJbIil UjieH KOTOPOIO COMEPKUT B KaUeCTBE MHOMKUTEIA ITOBTOP-
HBII cToxacTuyeckuii maTerpaa MTo Buaa:

/.../dwgiw...dwgin, 2)
1 1

. . 0) def
rae t1,...,0 =0,1,... m; W(T) =T

PaGora BbIMONHeHa HpU QUHAHCOBOW MNOAZEPyKKE MUHUCTEPCTBA O6IIEro U

npopeccuonansHoro obpasosannsa P® (rpant No. 97-0-1.8-71) u POPU (rpant
No. 99—01—00719).
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B pa6ote [4] (cMm. Takke [5]) npeanoxken Apyroil BapuaHT pasiio-
seHnA npornecca R(x;,s); s € [0,7] M0 MOBTOPHBIM CTOXACTUYECKIM
maTerpasam CTpaToHOBMYA BUIA:

// dwlis) . dwlin), (3)
t }

KOTODBIM Ha3blBaeTCA pasioxkenueM Telnopa—CrpaToHoBUYA;

"
..., = 0, 1,... m; f — O3HayvaeT CTOXACTUYECKUI WMHTerpaJl
CrpaToHoBUYA,

B [7] ¢ nomolublo crHenuaibHBIX peobpa3soBaHUil pas3iioKeHue
Tetinopa—Mro u3 [2, 3] npeobpaszoBano k Hojee npocroid popme,
Ha3bIBaeMoOl yHMUIMPOBAHHBEIM pa3ioxkeHmeM Tlefimopa—MTo. Ka-
FKIBIA YJIeH MAHHOTO Pa3iIOMKEHUA CONEPKUT B KAUECTBE MHOMKUTEIA
MMOBTOPHBIA cTOXaCTUYeCKUA mHTerpai Mto Buaa:

5 T2

Jismr [y awin, ™)
¢ 1

rae i, =1,...,m; b, ..., =01,....

NsBectho [6], 4To HekoTopble cTOXacTUYeCKUe UHTerpadbl Mo
Buaa (2) unm (3) cBA3aHBI APYT C APYTOM JMHEHHBIMU COOTHOIIEHN-
AMM, B TO ’Ke BpeMsA A MHTerpanoB Buga (4) esto He Tak. [losTomy
COBOKYIIHOCTh CTOXACTUUECKAX MHTErpajoB Buaa (4) ABidAeTcA B He-
KOTOPOM CMBICJIE MUHUMAJbHOM 1, KaK CIAeACTBUE, COOTBETCTBYIOIIEE
yauduimpoBantoe passoxkenue Telnmopa—Wro [7] okasbiBaercsa 6o-
Jee MpocThiM, YeM pasioskenue Teitmopa—Mro usz [2; 3].

OTMeTuM, UTO ¢ IOMOIILIO IMOJAX0Aa, OMUCAaHHOrO B [7], B pa-
Gore [8] moaydena apyras GpopMa YHUPUIMPOBAHHOTO PAa3JIOKEHUA
Teitmopa—UTo 110 TOBTOPHBIM CTOXACTUUECKAM MHTerpasaMm MTo Bu-
aa:

T2

/(t — ) /(t - Tl)lldw(él) . .dw(Tik),
i i

rae i, =1,...,m; b, ..., =01,....
Henr macrtosmeid paboThl 3akIIOYaETCA B MOJYUYEHWU ABYX HO-
BBIX MpeAcTaBieHnit pasnokennsa Teimopa—CTpaToHOBUYA, KAk ABIA
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YJIEH KOTOPBIX COAECPANT B KAUECCTBE MHOKNTEIA HOBTOprIﬁ CTOoXa-
CTUYECKUI WHTErpaJ CTpaTOHOBI/ILIa BUda

%S * T2

/ (s— Tk)lk . / (s — 7.1)11 dwg_il) . dws'lk) (5)
4 t

niain Buia

* S * T2

/ (t=m)l ... / (t =) dwlit) L dwlir), (6)

t t

rae t1,...,0 = 1,...,m; ly,... .,z = 0,1,.... llpn monyuenun nan-
HBIX PA3JIOMKEHUIA UCIOJb3yeTCA NOAX0, ONUCAHHBIA B [7], a Takke
HEKOTOPHBIE CBOMCTBA CTOXaCTUYECKMX MHTerpaJtoB CTpaTOHOBHYA.

Nssectho [5, 810], uro 0oAMH M3 MOAXOJOB K UMUCIEHHOMY pe-
menmio CY WTo oCHOBBIBaETCA Ha YMCIEHHOM MOIEJIVPOBAHNN
pellennii »TUX ypaBHEHW B AVCKpPETHBIE MOMEHTHEI BPEMEHU C IT0-
MOINBIO CTOXACTUYeCKUX pasioxkenmii Tefimopa—Wrto m Teitmopa—
CrpaToHOBHMYA, a TaKkKe C MOMONILIO CIIENUAJNBLHBIX METO 0B aTlIIpOK-
CMMalMM TOBTOPHLIX CTOXacTHYeckmx mHTerpasoB Mto m Crpato-
HOBMYA, BXOIAMMX COOTBETCTBEHHO B JAHHLIE CTOXACTUYECKUE Pas-
nosxkenus. B pabore [11] npennosen apPEeKTUBHBIT MeTOA CpPeaHe-
KBaJpaTUIEeCKO AIpOoKCUMAIMU TIOBTOPHEIX CTOXACTUYECKAX WMHTE-
rpanoB Crparonosuda suaa (5), (6). Takum obpasom, NpuUHUMAA
BO BHUMaHUe pe3yibral paborhl [11] U yuuThIBasg MUHUMAJIbLHOCTH
COBOKYTIHOCTEH CTOXaCTHUeCKnX mWHTerpaiios suaa (5), (6), MoxHO
NPUIATHA K BLIBOJY, UTO pa3joxkenus Teiimopa—CTpaToHOBMYA TI0 TI0-
BTOPHBIM CTOXaCTHUYeCKNM nHTerpasaMm CTtpaToHoBnda suaa (5), (6)
MOTYT 0Ka3aThCA IMOJNE3HLIMU TIPU MOCTPOEHUM YMCJIEHHBIX METO0B
ansa CIHY Uro.

2. O HEKOTOPBIX CBOWCTBAX CTOXACTWYECKUX MHTETPAJIOB

IMycrb wy,t € [0,T] — Fy usmepumbiii ipu kaskaom t € [0, T] ckadsap-

HBIA CcTaHAapTHHI BUHEpOBCKUI mpolecc. Beemem kiace Ma([0,T])

caydainbx QyHrImin &(t,w) def & o [0,7T] x @ — R, woropwie

M3MEDPUMEL 110 COBOKYTHOCTH TlepeMeHHBIX (¢,w), F; M3MepuMBbI 1Ipu
T
kaaom ¢ € [0,T] u yHOBIETBODAIOT yCIOBUAM: fE@Zdt < o0,

0
E¢? < oo npu Beex ¢ € [0,7]. Bpenem na xnacce Ms([0,7]) nopmy
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1/2

T
€Il = | [E&2dt . Croxactudeckum mHTETpaioM MTo oT ¢pyHK-
' 0

win & € Ms([0,7T]) HazoBem [1] cpenHekBaApATUIECKUI TIPeIe:

N-1 z
ki 32 650 (v —ege) / o ™
rue ft(N) — TOCJIeIOBATENBLHOCTh CTyeHdaThix yukimii 13 Ma([0, T7)
BUAA: ft(N) = €TJ(N) cB.luputée [T]»(N), T]'(fl)); j=0,1,... ,N—1, xoro-

pas cxoaurcs o HopMme |||, p ¥ yHEIIMNM &) {T]»(N)};VIO — pa3buenme
npomeskyTka [0, 7] misa koToporo:

0=ri™ <« M« <M=,

Oé?lé%(—l |TJ(-IJYl) - TJ'(N)| — 0 mpu N — oo (8)

Benem knace @ ([0,7]) nponeccos Uro {n;,t € [0,T]} Buma:

1 1

- no+/asds+/bsdws, (9)

0 0

rae (a:)™, (b)™ € M2([0,T]), upuuem mpu Beex s, 7 € [0,7T] u HEROTO-
peix C,y € (0,00): E|bs — b, |* < Cls — 7|7.

Paccmorpum dynkimio F(z,t) @ Rt x [0,7] — R uz Coy(—00, 00)
(Cy(—00, 00) — KaAACC ABAMKIBI HENPEPBIBHO MM (epeHITMpPYEeMBIX 110 &
Ha MHTEpBaJe (—00, 00) QYHKIMHA ¢ OrpaHUYEHHBIMY MEPBOM U BTOPOH
TIPOU3BOIHBIMH) .

CroxactuueckmM wuHTerpadoMm CTpaToHoBAYa OT IIPOIECCa
F(m,t), t € [0,7] nazosem [5, 13, 14] cnenyromuii cpeaHeRBaApa-
TUYECKHUA Ipened:

N-1
. 1 (N) def
i 3 (5 (o +g) ™) (g =)

=0 !
T

9 [ Fdu (10)

0
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DJe COXpaHeH CMBIC 0Go3HaYeHnid, BXoAANMX B (7).
Nssectho [b, 13, 14], uro npu onpemeseHHBIX yciaoBusax ¢ B.l
cripaBeanBa Gopmya:

P I [ or
/ (e, t)dwy = /F N, 1 dwt—l— e — (e, )bt (11)
0 0
Ecnn ske BUHePOBCKMe mpoleccH B (9) u (10) HE3aBUCUMBI, TO
«T T
/ F(ng, t)dw, = /F(m,t)dwt ¢ B.1. (12)
0 0

OmHUM U3 BO3MOMKHBIX BapUAHTOB YCJOBUWA, NMPU KOTOPHIX CITpa-
BeanmBbl popmyaer (11), (12) MoryT 6BITH, HAIpUMeED, CIEAYIONIAE
yeaosua: 1 € Q4([0,T1), F(ne,t) € M2([0,T]), F(z,t) € Ca(—00,0).

B [8, 12] mokazana TeopemMa 0 3aMeHe IODAAKA WHTEr PUPOBAHUS
B TIOBTOPHBIX CTOXACTUYECKUX WMHTerpasax Mto. B maibHelniem Mol
6yAeM MCTIOTB30BaTh ®TOT PE3YAbTAT, MOBTOMY MPUBEAEM €0 Gop-
MYJIUPOBKY U HE0OXO0AUMble 0603HAUEHUSA.

MMycte S2([0,T]) — moarmacc Ma([0,7]) cpenHekBaApaTUYECKN He-
npepbiBHBIX Ha npoMeskyTke [0, T] cayualiHbix GyHKIMA.

O6o3naunm

76,6 M / dalts) / vilts / brdultDdui) . dul?),

rae ¢ € So([¢, T]); [¢t,T] C [0,T]; 3mech w nmanee: w = w, 6o
wi = r; w, — cranmaprHBi BuHEpoBCKMit mponece; [ = 1,... k4 1;
P1(8), ..., ¢¥r(s) € C([t,T]) (C([t,T]) — rIacc HEMPEPHIBHBIX HA TIPO-
MexkyTERe [¢, T] QyHEIMiA).

Onpenemmm croxacruaeckue urrerpadst [vM]r o k> 1 suna:

™y, /¢k (ty)dw!®) . /¢ (t1)dw!)

CIHEAYIIM PEKY P PEHTHBIM COOTHOIIIECHUEM!

1™ o 1 L.m. Z Yp(T Aw(k)fw(k RIr (13)
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rae k> 1 I, E 15 [s,7] C [1,7); Awl) = o), —wll; i =
1,00, k+1; T]»(N) def 7;7=0,1,...,N—1; {T]»(N)};VIO — pasbuenue

npoMexkyTKa [s, 7, yA0BIETBOpAIOIIEe yCIOoBUIO THiTa (8).

3aTeM oIpeNeduM IOBTOPHLIA cToxacTudeckuid wuHTerpan J[g,
1/)(’“)]T7t; k > 1 Buma:

T

6, W = / I Ca) (L)

t

CJeAYIM O6pa3OMZ
def N-1
T k e . k ~ k
T, ¢"r, = Lim 2% r AT
]:

rJie COXpaHeH CMBICH obo3HaueHwid, Bxoaammx B (13).

Teopema 1 [8, 12]. ITycms ¢, € Sz([t,AT]), i(r) € C(It,Th; | =
1,..., k. Tozda cywecmeyem unmezpaa J[¢>,1/J(k)]T,t u J[qb,d)(k)]TJ =
j[qbﬂ/)(k)]TJ ce.l

B nmanbuefitiem HaM Takke moTpebyeTcA cienyiolllee yTBepEIe-
HUE.

Jemma 1. [Iyemo h(7),9(7),G(7) : [t,s] — R — dynwyuu us xaacca
C([t, s]), npuvem G(1) — nepeoobpasnag Pynxyuu g(7). Hycms maxxce
W e Qa4([t, s]) v umeem eud:

fg) = /audu—i—/budwl(]); =1, 2.
i i
Tozda
s *T x0
/ g(7) / h(6) / ¢DdwDdw dr =
i i i

%S (4

= [ (@) - copho) [ elawing (1)
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. 1 2
c el z0eijl=172; W(T ), W(T) - F, usmepumsie npu ecex T € [i, 5]
HE3ABUCUMBLE CAKO)APMHLE BUNEPOBCKUE NPOUECCH.

JlokaszaTesqnLCcTBO. B yCioBUAX JIEMMBI MOKHO HUCIIOIL30BaThL paBeH-

crBa (11), (12) upu F(z,0) = zh(6), ne def f fz(j)dwl(f), T.K. OYEBMIHO
t

ng € Qa([t,s]), zh(0) € Ca(—00,00), noh(f) € Ma([t,s]). Takum obpa-

30M HMMEeEM:

«T 0
/ h(6) / ¢VdwDdw() =
t t
r «0 T
:/h(g)/ ¢Ddwdwli) + %I{i:j}/h(e)&fél)de, (15)
t t t
« 0 9 ) 2
[ et = [ eawd + Jxmsy [ (16)
t t t

¢ B.1, e I4 — nramrarop muokectBa A. IMomcrapum (15), (16) B
neByro 9acTh (14) m ABaMKIBI BOCTIONB3yeMcA TeopeMoii 1:

* T %0

/ g(7) / h(6) / D dw(dwdr =
3 3 3

= / D dw® / h(@)dwgﬂ / g(T)dr+
t [ 7]

+%1{,Ii} /budu/h(é)dng)/g(r)dr—i—
t U [4

1 5 5
+5 L= /h(a)gg”da/g(r)dr =
t 0

= G(s) (/ €5’>dW$>/h(9)dw§” + §I{i:j}/h(9)gg’>da+

t t
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1 B3 B3 '
+5 L= /budu/h(e)dw§f>)—
1 U
(/g(l)dw()/(; dwl) 4 I{Z_]}/G 0 oy
1
1{, Z}/b du/ W)

5 5

= G(s) (/ /gg”dwg)dwg]) + §I{i:j}/h(9)€§l)d9+
t t f

s 9

+%1{,Ii} /h(a)/bududwgﬂ)—

t t

—(/G(a /5<’>dw< Jdwl) + I{Z_]} /G (0)¢ do+
1

s 9

+%I{,:Z»}/h(G)G(G)/bMudwé”) (17)

t t

c¢B.1. Ucnompaysa (15), (16), popmyay, koTopasd orandaerca oT (15)
samenoit h(0) na G(0)h(0), a Tarke (17), momyumm (14). Jlemma mo-
Ka3aHa.

3. Pa310XKEHUE TEAN0OPA—CTPATOHOBUYA

B amannom naparpade npubenem pasioskenue Teitmopa—Crpato-
HOBUWYA, MoJyuyeHHoe B [4] U BBeaeM psin HeoO6X0 IUMBIX B AadbHelem
0603HaAYUEHNIA.

Oycte £ — wmacc ¢ymrmmit R(x,t) : R" x [0,7] — R!, xoropbre
JABAaIBI HEMIPEPLIBHO AU epeHIMPYEMBL 10 X U OJAMH pa3 1o {.

Onpenenum Ha Kaacce £ CleayIONMeE OTIEPATOPHI:

LR(x,t) = W(x,t)—i—Za( )(x,t)m(x,t)—i—
i=1
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O*R
E E l g
+ ‘ 1B(]) X t)B(])(X t)m(x t) (18)
] i=
def ; OR )
G()R(Xt E B(])Xt)a()(X,t);zzl,...,m. (19)

ji=1
ITo popmyae Uro [1]:
R(xs,5) = R(x,1) + /LR(XT, dr—|—Z/G( )R (%, 7 )dw() (20)
t =15
cB.l, e 0 <t <s < T w npennonaraercd, 4yro GyHKIWNA a(x,t),
B(x,t), R(x,t) takoBwl, uto LR(x,,7), GO R(x,,7) € Mo([0,T]); i =
1,...,m.
Mpeanonoskum kpome storo, uro GOR(x,t) € Cy(—00,00); i =
1,...,m; R(x;,7) € Q4([0,T]). Torma ¢ momomipio (11), (12) momy-

/G(i)R(XT, m)dw!!) =

*8

= /G(i)R(XT,T)dWS_i) - %/G(i)G(i)R(XT,T)dT cB.l; (21)

1=1,...,m
Ncnonbaysa (21) nepemmimem (20) B Bume [4]:
R(xs,5) = R(x:,t) + /ER(XT, m)dr+

t
+Z/G(i)R(XT,T)dWS_i) cB.1, (22)
i=1 +

riae

- . 1S o s
LR(x, 1) LR(x,1) — 5 2. GUGIR(x 1), (23)
i=1
Bseaem obosmauenus:

WA= “A(il"'ik) ml o Sma, ..., my 2> 1 (24)

i1=1,...,4x=1
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kRt 4 g =
Mmi41 Mitk

”i % Al deqr) Uiy 1)

i1=1 =1

apu k > 1

fi41=1,... ,f14r=1

i Zf Alir.i2) Blir.in) npu k=0
i1=1 =1

m

HAk DU Ay ADUD A R(x, ||

i1=1,...,ix=1
= WA DyAy .. Ay Dy Ay R(x, 1), (25)

e Ap,D((]Z); p=1...,k+1;9q=1,...k;2=1,...,m — omepaTophl,

olpenenennbie Ha MHokecTBe L. [Ipeamomaraercs, 4To jeBas 4acThb
0

(25) cymectByer. JloroBopuMcsa MOHUMATH - Kak OOBIUHOE yMHOMKE-

Hie. Ecam npu Hekotopom | € {1,... k} : m;y = 0 B (24), 10 ycio-

BUMCH MOHMMAThL TPaBYIO YacTh (24) cilegyronmM o6paszom:

oMp—1 Mi41 ... Mg

. . . . mi
HA(ZI~~~ZI—IZI+1~~ZI¢)

. . . . )
11=1,... —1=1,441=1,... ix=1

W B coKpalnenHoii samacu: (F~1 A,
BBenem takke cieamyionre o603HAUEHNA:

mAy maA;

HDE\ZO . .Dgfll)R(x,t) def (P¥) Dy, ... Dy, R(x,1):

i1=A1,.. 0=\

mAy maA;

(pl)JEkAl...Al)s,t = HJ(*)EIH )jl))s .

. )
11=A1,. =N

M Z O, A A =1mm 0y I=1,... kb k>1

e o oo

A =1 umm 0 Dgfll) =Lui=0mpu \ =0; D(il) = Gy =

riae

]
L...,mopu =1, pp=> A l=1,...,r+1; w()(z—l m)
— F; usmepumble 1pu Bcex 7 € [0,T] He3aBUCKUMBbIE CTAaHAADPTHBIE

(0) def _
BUHEPOBCKHUE IPOLECCHI; W1 =
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TIpuMeHsA MHOTOKPATHO TIOCIe0BaTeNbHO popMyny (22) K mpo-
neccy R(Xs, §) MO¥HO MONYUIUTh pasnoskeHne Teiinopa—CrpaToHoBU-
a [4, b]:
R(xs,5) = R(x4,t)+

_|_Z Z (pk)D)\k ...D)\IR(Xtat)p'k (pk)‘]gk)\k...)\l)s,t—i—(DT+1)svt
k=1 (}\ky...)\l)e./\/lk
(26)

¢ B.1, roe

(Dr+1)s,t = Z X

A1y, A )EMpga

>\7‘ 1 1
x/ / P Dy Dy R(xe ) dwey o AW, (27)

IIpy »TOM IpeamoJaraeTca, YTo BBIIOJHEHB] YCIOBHUA CYIIECTBO-
BaHMUA NpaBoii gactn (26).

OHMM M3 BO3MOMKHBLIX BapUaHTOB TAKWUX yCIHOBHUIA MOTYT IOCIY-
KUTL CJEeIYIOIME YCIOBUA:

(1) dax ecex (A, ..., A1) € U M, Q(” ...Q()fll)R(x,t) eL;
r+1
(i) Oux scezx,y € R”; £, s €[0,T]; (Ar,..., A1) € U M, u nexomo-
g=1
pozo v > 0:
Q% QN R, ) = QY QN Ry Ol < Klx -yl (28)
Q5 QLY R(x D < K(1+ [x]), (29)

10V .. QUVR(x, 1) — QY . .QVY R(x,5)| < K(1+ |x|)[t — s]",

20e K < 0o — nocmosunas; Q( R 1y =0 npu A; = 0; Q(” =G
wig=1,...,m npu A; = 1;

(iil) gynryuu a(x,t), B(X,1) usMePUMBL RO COBOKYNHOCINU NEPEMEN-
nuz u yoosaemeopaom ycaosuam (28), (29);

(iv) xo — Fo usmepuma u Elxg|® < co.
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4. ITIEPBAA ®OPMA YHUSUIIMPOBAHHOTO
PA3JOKEHUA TEXT0PA-—CTPATOHOBUYA

B namrOM maparpade ¢ momommbio TeopeMmbl 1 m jgemMEl 1 mpa-
Bad 9acTh (26) Gymer mpeobpasoBaHa K MPEJICTABIEHUIO, B KOTOPOE
BXOJIAT MOBTOPHBIE CTOXACTUYECKUE MHTEr pajbl CTpaToHOBAYA BUAA

(6).

ITomoxnum
liodee s =
* S *Tk—1 R .
_ f (t—ﬁ)lk f (t—Tk)lldw(Tll)...dw(flk) npu k > 1
fu— t t )
1 mpu k=0
Thoe 21, ...,0g = 1, ,m;
#(iy.. m def (f
Il ll ) . . = )Il*l...lkst;
Loocths,t i1=1,...,ix=1 >

~y def 1/ =) = i .

G ];(G;le—LG<_> ); p=1,2,...:i=1....m (30)
ng’) def GW:i=1,... m; oneparoper L u G): i =1,... m ompene-
aaroTca pasenctBamu (18), (19), (23);

k
Ay E kgt ) kG4 by kgl =01,
p=1

déf (k)éll e .le Ej R(X, t);

i1=1,...,4x=1

N L...LR(x,t) mpuj>1
LR(x,t) = Y

|G G Rrix )

R(x,1) npu j =0

Teopema 2. ITycmy emnoanens. ycaoeug (1)-(iv). Tozda dag anbuz
s,t € [0,T] maxuz, wmo s >t u awbozo wamypaasnozo r ¢ e.1 cnpa-
BE0AUBO PAZAONCEHUE:

R(xs,5) = R(x4,t)+
(s =ty

r ~ L k .
+> > T““)G,l G Rk ) P+
9=1 (kjh,... Ix)EA,
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+(Dr+1)s,ta

20e (Dry1)se umeem gud (27).
JlokazareabcTBo. [lokaxkem, uto ¢ B.1
Pq *
Z () Dy, - Day R(x4, 1) - (pQ)J()\q...)\l)s,t =
(>‘qw~~y>‘1)qu

- S (s =ty PG, G R(x, ) BT e, (32)

(k4,01 Ik )EA, 7'

Tlpu ¢ = 1 pasencrro (32) cupasemnubo. IIpeanonoxum, uro (32)
cIpaBeIuBo IIpu HekoTopoM ¢ > 1. Toraa

Patl (pgy1) 7%
; +1 —
) S O A gg)s it =

> (o) Dy Dy, R, t

(Agt1,-, A1)EM g4

- > / £ =

Xg+1€{1, 0} % (Ag,... , A1)EM,
q * Ag+1
% ((Pq+1)D)\1 .. 'D>\q+1R(Xt’t) p. (pq)J(Al...Aq)G,t) + dW9
/ (0 -1y

zz/zﬂx

Ag+1€{1, 0} % (k,j,0r,.. ,lk)EA,

_ _ . Aga1
x (Ao G, G Dy R, D) L, ) dwe =

S R YTy [
(kg la,. Ik )EAG / gl

(6 —t) (k)]l1 Tre %dWG) (33)

+[0G, G DGRt >./
_].

t

cB.1.
Coranacao aemMme 1

u(k)[* do =
]' 11 kg ¢

t
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)it
) L L
e O e Ol s i, mpn k>0

(34)

C B.l. KpOMe DTOT'O COI'JIaCHO BBeJdcHHBIM O603Ha‘~IeHI/IHM

[0ty (~1y

=8 iy 5 Ciegr) def (Z 1) a(in . inign)

/ i Ill...lko)t dwg = ;! Ill...lkjs)t . (35)

TMoacrasum Beipaskenusa (34), (35) B (33). Hasee crpynmupoBas
caaraeMple B IIOJIYYUBIIEMCS BEIPaKeHUN IPU TOBTOPHEIX CTOXACTH-
yeckmnx uaTerpatgax CTpaToHOBAYA ¢ 0 AMHAKOBLIMHU HUZKHUMUY UHICK-
CcaMU ¥ BOCIOJIbL30BaBIINChL PaBeHCTBOM:

~(i 1 ¢ Fq ) Fp— p!
GIRGe ) = D (=) CHLIGT IR, 1); Cf = o, (36)

=0 "odlr -9V

KoTOpOe BhITekaeT u3 (30), 3aMeTnM, UTO TOJYUMBINEECA BEIpaKEHIE

¢ B.1 paBHO

AY) B L
Z M““)G,l .G L R(x, 1) k W
(kg0 €A1 ‘

P

Hanee cymmupys paseHcTBa (32) mpw ¢ = 1,2, ... 7 U UCHONB3YA
(26) mpugem k (31). Teopema mokaszaHa.

YHopAZoYMM 4ieHEl pasnoskeHus (31) mo mopagkaM MaloCcTH Ipu
s | t B cpenHeKBaApATUYECKOM CMBICIIE!

R(xs,5) = R(x4,t)+
r (S_t)](k), _ _ . k(k‘) "
+> > MG, G D R(xe )WL+
=1 (kg1 ol)eD,
FH(Hrg1)s 15 (37)
riae
ot = wea  a E )
TARNER SRR LN
(kg k) EU, J:

+(Dr+1)s,t;
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D, =

k
=S hdhy ) k2G> b =gk =01,

k
Up =S kgl ) k454 1y <7

k
k+25+> b)) >r+1 kg, =01, p; (39)
p:

(Dy41)s,+ uMeer BuUA (27).

Pasznoskenne (37) obiagaer TeM CBOMCTBOM, UTO €10 OCTATOYHBIN
uitet (Hy41)s,+ AMeeT GONBINNIA TOPATOK MAJOCTH IPX § | ¢ B cpenHe-
KBaJpaTUIeCKOM CMBICJIE [0 CPaBHEHWIO C YjeHaMU OCHOBHOI YacTu
pasnoxkernsa (37).

5. BTOPAA ®OPMA YHUSUIIMPOBAHHOTO
PA3JOKEHUA TEXT0PA-—CTPATOHOBUYA

BBeﬂeM B paCcCMOTpeHUE IMOBTOPHBIE CTOXACTUYECKNE MHTET PAJIBI
CTpaTOHOBI/ILIa BUAa:

*(1...0%) def
J kgt
*S % Th—1 . .
def f (s — Tl)lk f (s — Tk)lldw(é:) .. .dw(flk) npu k > 1
fu— t t )
1 mpu k=0
THoe 21, ...,k = 1,...,m.

HerpyaHo BumeTh, 4TO B CUITY aJANTUBHOCTH CTOXACTUUECKAX MH-
TerpaiioB u GopMyasl 6umHOMa HrloToHa cnpaBenmmsBo ¢ B.l paBeH-
CTBO:

I*(lek:kt) _ Z Z HCJg _ ll+ Al—ji—.. —]kJ*(“]kst) ¢,
J1=0  jr=0yg=1
(40)
def n

rie C’lk = m=Ry 6uMHOMMAJBbHBIN Koo dummment. Takum obpa-

3oM, pasnoskeHue Teiimopa—CrpaToHoBrya mpornecca s = R(X;,s),
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[0 T] MO¥HO CTPOUTH KaK IIO IMOBTOPHBIM CTOXaCTUYECKMM WH-

*(“k“i), 4To OBLIO 37eJaHo B NpedBLAyINeM maparpade,

k)

Terpajam I,

TaK W IO ITOBTOPHBIM CTOXAaCTUMYECKMM MHETpaJaM J ( 1 E)TOMy

BOTIPOCY IOCBSAIIEH JAHHBIA maparpad.
ITomoxnum

HJ*(“ Ak) m m

def (k) 7%
lks,t - Jll

. . LAk ’
i1=1,...,ix=1 st

m

Hingjl) .. .G;ik)R(x,t) Lt (k)ijéll .G, R(x,1).

i1=1,...,4x=1

Teopema 3. ITycmy emnoanens. ycaoeug (1)-(iv). Tozda dag awbuz
s,1 € [0, T] makuz, wmo s > 1 u awbozo namypaavnozo r ¢ &. 1 cnpaseo-
AUBO PAZAONCEHUE:

R(xs,5) = R(x4,t)+

! s—t) - = ~ k "
Y G, G R0 E O +(Desi)e

gl
q=1(k,j,l1,...,lx)EA,
(41)
20e (Dry1)se umeem gud (27).
JlokazaTeJanLcTBO. TeopeMbI CBOINTCA K IpOBepKe ipu ¢ = 1,2,..., 7
CIIPaBEJJNBOCTU PaBEHCTB!
s—1 ~ k
Z ( 7 Y S WLIG, G R(xq ) (k)‘]l*l...lks)t =
(kojila, bk ) €A '
(S_t) k ~ Fj k(&
= > i WG, G D R(xe ) - L esll
(3,01, Ik )EAg '
(42)

Pagenctro (42) mpoBepseTca MyTeM TOACTAHOBKM B €ro MpPaByIo
gacTh BeIpaskeHna (40) u ucnonbsoBarna Gpopmyisl (36).

YTOpAAOUMM UJIEHbI pa3iokenusa (41) 1Mo mopaaKaM MalocTH Mpu
s |t B cpenHeKBaApATUIECKOM CMBICIIE:

R(xs,5) = R(x4,t)+

: s—t) s - ~ E y -
+>° > %(MUGII - ~leR(Xt,t)'(k)le...zks,tHHHl)s,ta

=1 (kb )eDy,
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riae

Iy e s—1 J = = — k "
(Hr+1)s,t d:f Z %(k)[/] Gh .. .leR(Xt,t) . (k)‘]ll...lks,t—i_
(k.j,01,... lx eU, ’

+(Dr+1)s,t;

(Dy41)s,t mmeer Bun (27), a Dy u U, — (38) u (39) coorBeTcTBEHHO.

B zaknodenue ormerum, 410 B [5] (mpeanoskenue 5.10.2, c. 210)
JOKa3aHa CXOOMMOCTL ¢ B.l ycedemHoro pasnoxkenusa Teimopa—
CrparonoBuda (26) (6es ocrarounoro unena (Dyi1)s:) K Ipoleccy
R(xs,s) mpu r — oo mus Beex s,t € [0,T]; s > t; T < oo. [Mockoub-
Ky pasnomxenus (31), (41) moaydener m3 pasnoskeHus Teiimopa—
CrpatoHoBrua (26) Ge3 KakuX-JMGO MOTOIHUTENBHBIX YCIOBMUIA,
To yceueHHBle pasznoskeHusa (31), (41) (6es ocraTouyHOoro UNEHA
(Dy41)s,t) 6ymyT B yenosuax npemioxenusa 5.10.2 ([5, ¢. 210]) cxo-
JUThCA K mpolieccy R(x;,s) ¢ B.1 mpn r — oo mns sBeex s,t € [0,7];
s>1; T < 00.
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pansion.

The problem of the Taylor-Stratonovich expansion of the Ito ran-
dom processes in a neighborhood of a point is considered. The usual
form of the Taylor—Stratonovich expansion is transformed to a new rep-
resentation, which includes minimal quantity of different types of mul-
tiple Stratonowich stochastic integrals. Therefore, these representations
are more convenient for constructing algorithms of numerical solution of
stochastic differential It6 equations.
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