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LV. Kalchuk, T.A. Stepaniuk, U.Z. Grabova. Approximation of Differentiable Functions
by Poisson’s Biharmonic Integrals

The article focuses on the problem of approximation of Weyl-Nagy differentiable functions,
which obey Lipschitz’s conditions of Ol (0 <a< 1) order by biharmonic integrals of Poisson.

The problem of Kolmogoroff-Nikolsky on the classes Wﬂr H? on approximation of Poisson’s

biharmonic integrals in uniform metrics is solved.



MATOMATHIKA 93

VJIK 517.9
T.U. Kapumoesa, O.JI. Aononckuii

CUCTEMbI HEABTOHOMHbBIX CTOXACTUYECKHX
ANOPEPEHIINAJIbHBIX YPABHEHUHU B AJI'EBPE
OBOBIIEHHBIX CYYAUHBIX ITPOLHECCOB

B pabore paccMmaTpuBarOTCS HEAaBTOHOMHBIE CHCTEMBI CTOXAacTHUECKHX JU(depeHInanbHbIX
ypaBHeHHH B anreOpe OOOOIIEHHBIX CITydalHBIX NPOLECcCOB. VIcClemyroTesl MpOLEcChl, acCOIMHPOBaHHBIC
C pelmieHnsIMH cucTeM B and¢epeHnmanax B anreOpe OOOOMIEHHBIX clydaiiHBIX mpoueccoB. [yt 3TOTO
paccmarpuBaeTcsl MpeiebHOE TMOBEJCHUE TIPE/ICTaBUTENel yKa3aHHBIX pemeHuil. J[okasaHo, 4To mpenesioM
pelICHHIT CHCTEM KOHEYHO-Pa3HOCTHBIX YPABHEHHUH SBILSIFOTCS PEIICHHUS CHCTEM CTOXAaCTHYECKUX HHTEIPATBbHBIX
ypaBHeHuid ¢ @ -unTerpanamu, npudem 6 €[0,1/2]. Ecnmu 6 €[1/2,1], To pelieHuss CHCTEM CTOXAaCTUYECKUX

YpaBHEHHUH MOTYT OBITh NPHUONIMKEHbI PEIICHUSIMH CHCTEM KOHEUHO-PA3HOCTHBIX YPABHEHMH C OTEPEKECHUEM.
JlokazaHHbIE TEOpEMBbl HOCAT HEOOXOAWUMBIH U JOCTATOYHBINH XapakTep. Takke IaHbl OICHKH CKOPOCTH
CXOJUMOCTH.

[Ipu uccnenoBaHNM anMmpOKCUMAIINI CITy4aiiHOTO Tpoliecca OPOYHOBCKOTO JBHYKEHUS
BO3HHMKAIOT TPYAHOCTH, CBSI3aHHbIE C TEM, UYTO COOTBETCTBYIOIIUE «IPUOIMKEHHBIC)
MHTErpAJIbl HE CXOAATCS K CTOXaCTH4YeCKOMy MHTerpainy Mo, eciin faxe npenesn CylmecTByer.
AHanoru4Has CUTyalus BO3HUKAET pu paccMOTpPEHUH CTOXaCTHUYECKUX
mubdepeHIMaNbHBIX ypaBHeHUH. [Ipenen penienuil annmpoKCUMUPYIOIIUX YPaBHEHUH, €Ciu
OH CYLIECTBYET, KakK IIPaBWIO, SBJIAETCA PEIIEHUEM HEKOTOPOro JPYroro ypaBHEHUS.
VYuutbiBas MOJ0OHYIO HEYCTOWYMBOCTb PEIICHWH CTOXaCTHYECKUX U (depeHINaTbHBIX
ypaBHeHUH B cMmbicie MTo, koTopas BrepBble Obuta oTMeueHa Bonrom u 3akaem [1], MoxkHO
MOHSATh, MOYEMYy B 3aJayax I[0J00HOrO THUMA YpaBHEHHsS] OOBIYHO pPACCMATPHUBAIOTCS
B CUMMETPHU30BaHHOMN dopme. Baxxnoit OKa3bIBACTCS «COTJIACOBAHHOCTHY
CUMMETPU30BAHHBIX CTOXACTUYECKUX M OOBIKHOBEHHBIX IU((depeHInaIbHbIX ypaBHEHUH.
B paGore [2] 6bU10 mpeasiokeHO M30aBUTHCSA OT BBILICYKA3aHHBIX CIOKHOCTEH BBeIEHHEM
3ana3apiBaHus. C Jpyroidl CTOPOHBI, OBLJIO MOKAa3aHO, YTO CTOXaCTUYECKHUE YpaBHEHUS
B cMmbiciie MITo MoryT OBITH anmpoOKCUMUPOBAaHBI TPU TMOMOIIM KOHEYHO-Pa3HOCTHBIX
YpPaBHEHUU.

Ha ocHoBe anmapara anreOpbl 00OOIIEHHBIX CIy4alHBIX IMPOLECCOB B cTarhe [3]
NpeJIOKEH €OUHBIA TOAXOJ K aIllPOKCHUMAIUKA CTOXacTHYeCKUX U depeHIHaIbHbIX
YPaBHEHMH, KOTOpBIM MO3BOJSET MCCIENOBATh JIOBOJBHO IIHPOKHI Kjacc YypaBHEHH.
Hcnonp3yss 3TOT mOIX0J, Hampumep, B paborax [4; 5] uccienoBaHbl CTOXAaCTUYECKUE
ypaBHEHHUsI, coseprkaiue uHrerpainsl Mto, CTpaToHOBHYA U CTOXAaCTUYECKHE & -MHTErpajbl,
rae € €[0,1].

B nmanHoit paboTe paccMaTpUBAalOTCS HEABTOHOMHBIE CHCTEMbBl CTOXaCTHYECKHX
muddepeHMaIbHbBIX YpaBHEHUI B yKazaHHOW anrebpe. B 3ToM ciydyae mnpuxomutcs
UCCJIEIOBaTh IPOLIECCHl, ACCOLMHUPOBAHHBIE C pELIEHUSIMU cHucTeM B auddepeHnunanax
B ayireOpe 0OOOIIEHHBIX CIIydailHBIX MporeccoB. s 3TOro HEOOXOOUMO paccMaTpUBaTh
MpeAeIbHOE MOBEICHNE MPEeCTaBUTENeH yKa3aHHBIX perieHuil. B crathe [6] mokazaHo, 9To
9T PELIEHUS YJIOBJIETBOPSIOT KOHEYHO-PAa3HOCTHBIM YPAaBHEHHSM C  OCPEICHHEM.
B Hactosmeli pabote 0OKa3bIBaCTCs, YTO MPEACIOM PEIICHUH CUCTEM KOHEUYHO-Pa3HOCTHBIX
YPAaBHEHUH SIBJIAIOTCS PELIEHUS] CUCTEM CTOXACTUYECKUX WHTErPAJbHBIX YpPaBHEHUH C
0 -unrerpanamu, npuaem 6 €[0,1/2]. Ecm 6 €[1/2,1], To penmieHus] CHCTEM CTOXaCTHICCKUX

YpaBHEHHI MOTYT OBITh MPUOIMKEHBI PEIICHUSAMU CUCTEM KOHEYHO-PAa3HOCTHBIX YpaBHEHHM
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¢ omepekeHueM. JlokazaHHBIE TEOPEMbI HOCAT HEOOXOAMMBIA M JOCTATOYHBIA XapakTep.
Taxxke JaHbl OICHKHU CKOPOCTH CXOAUMOCTH.
Ha momnom BepostHoctHOoM mpoctpanctBe (Q,A,P) paccmotpum  cucremy

G hepeHINATEHBIX YPaBHEHUN
dX'(t)= f'(t,X(t))dB(t)+g'(t, X(t))dt, i=1,r, t€[0,a], (1)

¢ HayanbHbIM ycrnopueM X' (0) =x'.

B anrebpe o00oOmeHHbIXx choyuyaiiHeix mporeccoB  G(7,Q) [6] el Oyaer
COOTBETCTBOBATH ClieAyIomIas 3anada Komm:

d-X'(1)= i 7. X(0)d.B' (1) + &' (t, X (1))d- 1,

X'(0)];;=X"(®, i=Lr, )

0,7)

rie 0=[(0),h=[(h)1eT, 7' =[(fN]eGR™) n & =[(g))]eGR™) accommupyior

bynkim 7w g’ i=1,r, j=1,m coorserctBenno, a B’ =[(B/)]e G(T,Q) — 060GLCHHEI

mpouecc GPOYHOBCKOrO JIBIKGHHS M «HauanbHoe ycinoBhey X =[(X")]e G(T,Q) —

accouuupyer x' € R .
Ha ypoBHe npeacraButeneii 3aaaya (2) MOXKeT OBbITh 3aMucaHa CIeIyIUM 00pa3oMm:

Xie+h)= X0 =3 17X, OB+ ) B+ &, X, (O, 5

X:t(t) |[0,hn):Xr(1)i(t)3 izlara tE[O,T],

re B () =(B"*p)\) = "B/ (t+5)p/(s)ds, p() T (R), p] 20, supp p) () <[0,/n],
ij pl(s)ds=1, j =1,m, B(t)=(B'(?),..,B"(t)) — m-MepHBIil CTaHAAPTHBIA MPOLECC

6poyHoBckoro asuwkenus, £/ =(f"*p), g =(g'*p,), f' eC,R™), g' eCLR"™),

a p, — HeoTpularenpHas OeckoHeuHO auddepeHpyemas QyHKIHSI, HOCUTEIb KOTOPOH

conepsxures B [0,1/n]" n j;/n ...I;/n p(s,S,,...5,)dsds,...ds =1.

Cucrema ypaBHEHUI, aCCOIIMUPOBAHHBIX cucTeMe (3), UMeeT BU:
X'(t)=x"+(0)] f7(s,X(s)dB' (s)+] &' (s,X(s))ds, i =1L, )
Jj=1

e X=X, X @),. X @), x=(x"x",...,.x)eR, g eCL,R™), fleCL(R™),

i=1,r, j=1,m, croXacTHUYeCKHe HWHTErpaJibl B MpaBOd 4YacTu (4) — 3TO CTOXACTHYECKHE

@ -unrerpansl, 6 €[0,1].

ITycts ¢ — mpousBojbHas GUKCUPOBAaHHAS TOYKa U3 oTpe3ka I . Torma umeroT MecTo
CIIeyIOIMe IPeACTaBIeHus: ¢ =7, +kh, =7,+mo, 6,=Ah,, Ae N, 1/n<6,<1/n+h,, rae
T, =7+k'h,, 0<7,<8,1/n<d=Ih, <1, I,m,k, k' eN.

toVes
HCHOJ’IB?»YH 3THU 0603H8.LICHI/I$I, peHIICHUC CUCTEMBI (3) MOKHO 3aIinucaTtb B BUJC:
L k’ -1 ..
X, (O)=X" )+ > /(e +kh,, X, (z] +kh,))x
Jj=1 k=0
X[B!(z]+(k+1Dh,)— B/ (zr] +kh, )]+ Z g (t/+kh,X (z/+kh))h,. (5)

k=0
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BBeneM B paccMoTpeHue mocienosatenabroctd K'(n,h,) [7], ¢ MOMOMIBIO KOTOPBIX

Oynytr chopMynupoBaHbl HEOOXOAMMOE ¥  JOCTAaTOYHOE  YCIIOBUS
TOCTIEOBATENBHOCTER X | K PEMICHUSIM CHCTEMBI (4):

Kouh)= [ ( - ']m(s)p,,(r)dsdr

\ \<h

CXOOAUMOCTH

MO’KHO MOKa3aTh CIPaBEAJIMBOCTh CICAYIOIMIUX JIEMM.
Jdemma 1. Ilycms  f7 e CL(R™), g'eCL(R™), i=Lr, j=1,m, mozda ona
peweﬂuﬂ 3a0ayu (3) X, (t) uecex t €T cnpasednuso credyroujee HepageHcmeo:

E[i Z [t +kS, X, (z, + k&) B! (r + (k +1)0)— B! (z, + k&) - Z(I)j (s, X(s))dB(s5)] <
¢ +£+C5+C5i’n’ZfE[X’(T +kS)— X' (x, +k5)]
4§2h no pgre

Jlemma 2. I[Iycmo  6vinonnenvt  ycnosus nemmst 1. Tocoa ona nwboco teT
Cnpaseonuso Cﬂe()yiomee HEPAaeHCmeo.

E[ZZZf‘”@ fi(r, +k8, X (z, + kO)[ B/ (z, + (k +1)8) — B (7, + k&) —

j=1l k=0 a=1

Foom—

—ZZ j 190, 17 (s, X(s))ds] < —+ C5+C8Y Z E(X!(z,+kS)—X'(z, + k5))’.

jlalr i=l k=0

Jdemma 3. I[Tycmo X, (t)  pewenue 3adauu  (3), npuuem  f7 e CL(R™)

u g' e CL(R™). Tozoa onsa scex t € T byoem cnpaednuso nepasencmeo:
m m~—1]1-2 r

EDY SN 190, (7, + kS, X, (7, + kS)) %

j=1 k=0 g=0 a=1
x([B!(z, + k& +(q+Dh,)— B/ (z, + k& + qh)I —h,K' (n,h, ) < CS +——

Jlemma 4. [Iycmo svinonnsaromes yciogus npeovioywux semm. Toeoa ons ecex teT
0yoem cnpageonuso HepaseHCmao:
m,—1 |1 . .
ELY. Y. @iz, +k6+ phy, X, (5, +k6+ ph))h, — [ €'(s, X (s))ds]’ <
k=0 p=0 b
C52 c i i 2
+C8) Z E[X!(t,+kS)— X'(z, +kS)].

i=l k=0

Teopema 1. Hycmb 0, €[0;1/2], f1eCy,R™) u g eCL(R™), «unauanvnoe

yenosuey s3adauu Koww (3) XV'(t) npunaonescum L(QAP) u sersemes F,

t+1/n
usmepumvim 05 ao6ozo t €[0,h,). Tozoa ons pewenus 3adauu Koww (3) X.(t) u pewenus

cucmemvl (4) X (t) cnpasednrugul ciedyrouue HepaseHCmaa:

sup E | X, (1) = X () |’< C sup E| X, (@)—x|* +Cy, +CD (K’ (n,h,)~(1-26),)),

tel te[0,h,) j=
e0e y,=1/(m’"h) ecu 1/n’”<h <1/n”*, y =1/ h") ecru 1/n’* <h <1/n"?,
y, =h ecwu 1/n"* <h,.
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Jloka3aTejlbCcTBO. B nanbHEHIINX BBIKJIAJAKAX BOCHOJIB3YyEMCS TEM, YTO CHUCTEMa
ypaBHeHUI (4) ¢ @-uHTerpajamMu »SKBHBAJIGHTHA CJEAYIOLIEH CHUCTEME ypaBHEHUU
¢ uaterpanamu Uto (cMm., Harmpumep, [8]):

X(f)=x+ i(z) j (s, X(5)dB(s) +i iejj £ (s, X (9))8, 7 (s, X (s))ds +

j=1 a=1

+g'(s. X (s)ds, i=Tr.
0

Ucnons3yst o1y cBsa3sb u  (Qopmyny (5), mpeacrasum pasHocth X, (f)— X'(¢)

B CJIETYIOIIEM BH/IE:
m k[—l

X;i(t)_Xi(t) = Xy(,)i(Tlt)"i_ZZ fnij('l'lt+khnaXn(T’t+khn))x
j=1 k=0
k-1

X[B!(¢',+ (k+1)h,)— B/ (¢, +kh,)+ z g (¢ +kh, X, (¢, +kh))h, —
k=0

X =Y (D] (5. XENAB ()= 2 0, [ 10,7 (5, X(s)ds ~ [ ¢'(5, X (5))ds =

Jj=l a=1 0 0

m k'~
=[Xf"(r't)—xi+zzﬁ"(f’,+khn,Xn(f’,+khn))x

j=1 k=0

MBI+ (kD)= B+ k1= Y (O) £ (5, X()dB ()4
P32l kX, (2, — [ . X ()]

A3 (e, 4 k8, X (1, + kOB (4 (k + D)3)— B (5, + k)]~

j=1 k=0

Y (D] £, X (5)aB 501+

7]
m m—1 -1

DD D (S (z, + kS + ph,, X (7, + kS + ph,))) - [V (7, + kS, X (7, + k5)) %

Jj=1 k=0 p=0

X[B/(t +kS+(p+1)h,)— B/ (z, + kS + ph)]— iiajjf”jﬁaf”(s,X(s))ds]+

j=1 a=1 2

K

m,=1 -]

HY D gz, +kS+ ph,, X, (7, + kS + ph))h, - [ g'(s, X (s))ds] =
k i

=0 p=0
=H,()+H,(t)+ H,(1) + H;(¢).
PaCCMOTpI/IM HO (t) . Hecnoxno Y6C,Z[I/ITBC$I B CHpaBCIMBOCTHU  CJIICAYIOLICTO

paBCHCTBA:

Hy )= [ X0 )= [+ (5 3 7+ My, X, K, )

j=1 k=0

B2+ (k+ D))~ B+ k)1~ 13 (6)] 17 (s X(s)dB! (5)} +
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-1

+{Z g, (¢ +kh,, X, (' +kh,))h,} — {Jg (s, X (5))ds} =

k=0
=[ X0 ()~ |+ A0~ 4,(0)+ 4,0~ 4,0,
Ucnonb3ys OrpaHuueHHOCTh GyHKIMA 7, a Tak sKe mpeacTaBienus i, U &, MOKHO

II0KAa3aTh, 4TO JUIA cJlaraeMoro A, (¢) crpabelUIMBa OLIEHKA:
2
Co

E(A4(1)* < (6)

n

Jnst oueHku A, (¢) BOCIIONIb3yeMCsl CBA3bIO MEXAy € -UHTEerpajioM u uHrerpaiom Uro,
a Tak)Ke CBOMCTBaMHU I/IHTeraJ'Ia HUro.

E(4,(1))* = 2(1) j f7(s, X (s))dB’ (s)+ ZZ@ j £, (s, X(s))ds]<CS.  (7)

j=1 a=1 7,

Ucxopst 13 OrpaHUdeHHOCTH GyHKIMA g’ , momyunm oueHku st A, (1) u A,(1):
k-1 1/n 1/n

E(A4,(t)* =E[Y. j '[g(z-,+kh +5, X, (¢, +kh))+u) p(s,u)dsdu-h T <CS>. (8)
k=0 ¢
. 2
E(A4,(1) = E[ j g'(s, X(s))ds} <Cs?. 9)
0
W3 onenok (6) — (9) nomyuum oueHky s H () :
2 0i i) Cs’
E(H, (1))’ <C( X} —x'] e (10)
ITo nemme 1 nis cmaraemoro H,(f) umeeM:
E(H, (1)) < 4; P (;+C5+ cazz [X;(r,+k5)—xf(r,+k5)]2. (11)
n

n Jj=1 k=0
Jnst oneHku cinaraemoro H,(¢) Bocnons3yemcs BunoM X, (f) u3 paBeHCTBa (5).

m m—1 -2

Hy(0)= (), 2 2 (/) (2, + kS +qh,, X (7, + kS +qh,)h, x

j=1 k=0 ¢=0
X[B) (7, +(k+1)8) =B (z, + k& +(q + Dh,)]} +

m m—1]-2

+O- DD S0, 1z, + kS + qh,, X, (7, + kS + qh,)) %

j=l k=0 ¢=0 a=1

X[B!(z, +(k+1)8)— B! (z, +k6 +(q + D) [B/ (z, + kS + (g +1)h,)— B/ (z, + kS + qh,)] -

—ZZ@ j F90. (s, X (s))ds} +

Jj=1 a=1 7,
m m-1]-2
= Z[fafa [t +kd+qh,, X, (t,+kd+qh,)) -
j=1 k=0 ¢=0 a

170, [ (r, +kS +qh, — 6, X, (z, + kS + qh, — 5,))]x
X[B!(z, +k6 +(q+)h)— B/ (r, +kd +qh )] [B! (zr, + (k+ 1)) — B! (r, + k& + (g + 1)h )]} +
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3

m 1712 r
Z £70, f(r, + kS +qh
]: 0 q a=l1

X[B!(r, +kS+(q+1)h)— B! (t, +kS +qh ) [B! (z, + (k + 1)) — B! (z, + k& + (¢ + )k )]} +

m_ m—11-2 r

+O. D 3> 840, [z, +kS +qh,, X, (z, +kS +qh,))

j=1 k=0 g=0 a=1

[B)(z, + (k+ 1)) = B (z, + k& + (g + Dh,)]} +

S8}

X, (t,+ko+qh)))x

no

b
I
I

(=}

+%{i 3 f Y G XGB!z, + (k +1)8)— Bz, + k5 + (g + D )T} +
EDNW] aa .G X, G, (X (7, + kS +(g+ D)~ X7 (5, + k5 + qh, ) x

X[B!(z, + (k+1)8)— B! (z, + k& + (g +1)h)]} +

+— {ZZZ > o ﬁf"(s X)X (z, +kS+(q+1)h,) -

j=1 k=0 ¢=0 a,p=1
~X (7, +kS+qh))) X/ (t, +kS+(q+Dh)— X (z, + kS +qh,)) %
X[ B, (z, +(k+1)6)— Bl (t, + kS + (g +1)h,)]} =

O+ IO+ O+ O+ T+ 0+ T+ 30,0

rje § IpUHAJUIeXKaT NONyuHTepBaly [z, + kO +qh,

LT, +ko+(qg+1Dh).
PaCCMOTpI/IM cJaracmMoc J] (l‘) I[J'I}I €TI0 OLICHKHU BOCHOJ’ILSY@MC}I Ol"paHI/ILIeHHOCTBIO

dynxuun (f7), u tem, uro (cM. Hampumep, [7]) a1 npouecca B, (f) u moObIX 4,1, €T

uneN CHpaBeI[JII/IBI:I HEPaBEHCTBA E (Bn (t,))-B, (tz))zl7 <Clt,—t,|";
E(B,(1)-B(t))’" <C/n*, p=1,2,.... Torna:
m m—=1]-2
E(J,(t))* < Cmm,(l —1)hjz D > E[B/(z,+(k+1)8) =B (z, + kS +(q +Dh,) <C5. (12)
j=1 k=0 g=0

IIpencraBum ciaraemoe J,(f) B CIEIYIOIEM BHUJE:

m m—11-2 r

L= £70, [z, + kS, X, (7, + k5))

j=1 k=0 g=0 a=1

X[B!(z, + (k+1)8)— B! (z, + k& + (g +1)h,)]

X[B!(t, +k& +(q+1)h )— B/ (z, + kS + qh,)) —i Hji j f0, 17 (s, X(s))ds} +

j=1 a=1 7,

m m—1]1-2

D D 0N (5 + kS + gh,, X, (¢, + kS +qh,) — [0, £ (7, + kS, X, (¢, + kS))] x

j=1 k=0 ¢=0 a=1
B! (z, + (k + 1))~ B! (z, + k& + (q+Dh,) Bl (z, + k6 + (g + Dh,) ~ B (7, + kS +qh,))} =
=J () + 7 (@)
st ouenku J,,(¢) BOCHOIBb3yEeMCs TOKIAECTBOM:
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/
(B, (5, + (k+1)8) = B, (r, +k&+ ph )P = D [B, (5, +k&+ jh,) =B, (5, + k6 +(j =Dk, =

Jj=p+1

!
=ZZ [B,(tr, +ko+ jh,)—B, (t, +k6+(j-1Dh)I[B,(r, +(k+1)0)-B,(zr, + ko + jh,)]. (13)

Jj=p+l
[Tpumensis Toxaectso (13) an p=0, npeoOpasyem Bbipaxkenue J,, () K BULY:
J,,(0) _%{Z Z S £990, (1, + k8. X, (1, + k&) x
j=1 k=0 a=l

B, + (K +08) B (5, + ko) 33 [ 770,17 (5, X (5))ds} -

j=1 a=1 7,

m m—=1]1-2

——{ZZZZf‘”a fi(z, +k8, X, (z, + k) x

Jj=l k=0 ¢=0 a=1

x([B/(t, +k&+(q+Dh)— B/ (zr, +kS+qh )] —h K’ (n,h,))} -

_{Z K’ (n h,) z Zr“fnajaaﬁ/(z-t +kd,X,(r, +ko6))o —iiJ.fajaafﬁ(S,X(S))dS}‘F

1-260, - K’ (n,h,
+Z:1: ; (n, )Z}J‘f«z/a fU(s, X (8))ds = Ty, () + T, () + T, 15 (£) + T, (2).

W3 nemMEI 2 BBITCKACT, YTO

-1
E(J,, (1))’ < %+ Co + 052 Z E(X/(z, +kS)— X' (z, + ko))’. (14)
j=1 k=0
JlemMa 3 maet cieayronyro OLEHKY Ui ciaraeMoro J, ,(¢):
C
E(Jy, (15)

Ucnonb3yst Teopemy Jlarpamka W TpenCTaBieHWE [, TOJNYYMM OLEHKY IS
ciaraemoro J,(f):

rom—1
E(J, (1)) < £ +CS+C8Y Y E(X(z, +k8)— X'(z, +k5))’. (16)
i=l k=0
Tx. f7eC3(R™"), To nns cnaraemoro J,,,(¢) crpaBeaIuBO:
E(J,, () <CY (K (n,h,)~(1-26))) . (17)
j=1

Taxum oOpaszoM, u3 Gopmy (14) (17) BBITEKAET, YTO

E(J, () < %+ c5i Z E(X!(r, +k8)— X'(z, +k5)) +

i=1 k=0

C52 +Ci (K’(n,hn)—(l—2t9j))2. (18)

n

PaccmoTtpuMm cnaraemoe J,, (t) . Jlms ero oueHku npuMeHMM Teopemy Jlarpamxka
0 KOHEYHBIX MpUpAIIeHUsAX, HepaBeHCTBO Ko — byHsikoBckoro u Toxxaectso (13).
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m 172 r

E(J (1)’ Z—E{ZZZZ[f””a 1) (@, + k6 +qh,, X, (7, + k5 +qh,)) -

j=l k=0 ¢=0 a=1

;70,1 (7, + k8, X, (z,+ kS)] (1B] (7, +(k +1)8) = B (¢, + k5 +gh,)) -

—Z [B/(z, +kS+(s+1)h )~ B/ (z, +kS +sh )))} <C§2 (19)
OKOH‘-IaTeJ;BqHaSI oueHka s H, () nonyqaeTc;I u3 o1eHOK (18) ; (19).
E(H, (1))’ < (“; 43N Z E(X!(z, +k8) = X' (z, + k&) +
i=1 k=0
+ &5 +ci (K (n.h,)—(1-20,))*. 20)
Jlemma 4 naet OLIEHKY cnnaraeMoro H,(1):
E(H,(t))’ < 6;152 +C§Zr:§: E[X!(z, +kd)— X'(z, + kS (21)

n i=l k=0
OxonuarenbHo u3 popmyn (10), (11), (20), (21) cnenyet HepaBEeHCTBO:

2
BUGO=X 0 < XY =o'+ St o

r m[ _1 . . UL .
+COY. Y E| Xi(z, +k8)- X'(z,+ k5)]2 +CY (K (n,h,)—(1-20)))".
i=l k=0 J=1
[IpumeHrB AUCKPETHBIM aHAJIOr HEpaBeHCTBA [poHyona K  MIPEAbAYLIEMY
HEpaBEHCTBY, MOJIy4aeM:

2
ElX,(O-XOIP<CI X! x| +C§ +%+£+C§ +C(K' (n,h)—(1-26,))". (22)
h n'o°h, noé !

n n

Ecmu  1/n’? <h <1/n”*, 1o, monoxus B (22) S=hn""

HEPaBEHCTBO W3 yCIOBUA TeopeMmbl, ecau 1/n’'* <h <1/n"?, Torma BeiGpas & =h"/n'",

, TIOJIy4duM IIepBOE

1/2

IIOJIy4UM BTOPOE€ HEPABEHCTBO, IpU 1/n"" < h B34B O = h,, IOIy4UM TPETbE HEPABEHCTBO.

CnenacrBue. [lycmv  gvinoinenvt  ycioeus — meopemvt 1. Tozoa,  ecau
sup E[X,?i(t)—xi}z—)O ons mo6ozo i=Lr u Kj(n,hn)—>(l—291), npu 6, €[0,1/2],

te[0,h,)

j=Lm, ne, b, =0, maxumo Un'* = o(h,), mo sup E|[X, ()~ X(0)] 0.
tel

Hoxa3areancTBo. [Toyuaercs npeenbHbIM IIEPEX0I0M B HepaBeHcTBe (22).
Teopema 2. IIycmv f7eC3(R™), g'eCL(R™), i=Llr, j=1m. Ectu n—> o,

. .72
h,—>0 max, umo 1/n’* =o(h,), npuuem sup E[Xf’(t)—x’] — 0, mo ona cxooumocmu
1e[0,h,)

nocnedosamenvrocmu X, (t) pewenuii 3adauu Kowu (3) ¢ L'(Q,A,P) u pasnomepno
no teT HeobX00UMO U 0OCMAMOYHO, YMOObl CXOOUNUCL YUCLOBblE NOCLE008AMENbHOCMU
K'(n,h)), j=1,m

UTtoObI MONYy4YUTHh AHAJIOTMYHBIE TEOpPEMBbI i ypaBHeHHs (5) B ciydae Korja
0 €[1/2,1], paccmoTpum creayrontyto 3anaqy Ko ¢ onepexxeHueM:
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X, (t+h) =X, (@)= [t +h, X, (t+h))B](t+h,)~B(O)]+g,(t+h,, X, (t+h,));
j=l (23)

X:l (1) |[o,h,,): Xr?i(t)o i= L_Vat e[0;T].
C MOMOIIBKO MMPUHIHUIIA CKUMAIOIIUX OTO6pa)KeHI/II>’I HCCJIOKHO II0Ka3aTb, YTO AaHHAasd

3aJa4a UMEET pelIeHre, OHAKO B 00IIeM ciydae OHO OyJeT He eMHCTBeHHBIM. Ho, 1 B 3TOM
Cllydae CIipaBeJIuBa TeOpeMa, aHaAJIOTHYHas IPEIbI Ty IIEH.

Teopema 3. Ilycmo 0, €[1/2,1], f7eCL®™) u g'eCLR™), «nauarvnoe
yenosuey s3adauu Koww (3) X.)'(t), npumnaonewcum 1'(Q,A,P) u sersemcs F,,,
usmepumuvim 05 1106020 t €0, h,). Toeoa ona pewenus saoauu Kowu (3) X, (t) u pewenus
ypaeuenus (4) X (t) cnpaseonuswl credyrowue HepaseHcmesa.:

Sup E || X, ()= X (@) |’< C sup E|| X, (6)~x| +Cy, +CD (K’ (n,h,)~(1-26)))*,

teT te[0,h,) Jj=1
20e y,=1/(n’"h), ecru 1/n’* <h,<1/n”*, y =1/(n""h"), ecru 1/n’* <h <1/n"?,
v, =h ecwu 1/n"* <h,.

Teopema 4. Ilyemv f7 e CL(R™), g'eCL(R™),

Lr,j=1Lm. Echu n— o,

1=
. -2
h,—0 max, umo 1/n’* =o(h,), npuuem sup E[X,?’(t)—x’] — 0, mo ona cxooumocmu
te€[0,h,)

o 2
nocnedosamenvocmu X, (t) pewenuti 3aoayu Koww (3) ¢ L (Q,A,P) u pasnomepno
no teT HeobOX00uUMO U 0OCMAMOYHO, YMOObl CXOOUNUCHL YUCLOBblE NOCLE008AMENbHOCMU
K’ (n,h)), j=1m.
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