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HNPUBJIN/KEHHBIE ®@OPMYJIbI 1J151 BBIYUCJIEHUA
MATEMATHYECKOI'O O KUJIAHUA ®YHKIINOHAJIOB OT PEIIEHU A
JUHEMHOI'O YPABHEHUSI CKOPOXOJIA

AHHoTanus. JlaHHas paboTa MOCBSIICHA MPUOINKECHHOMY BBIYMCICHHIO MaTEMATHYCCKUX OXHIAHUI HEITHHEHHBIX
(GYHKIMOHAIOB OT pelieHHsl JUHEHHOro ypaBHeHUs CKOPOXO/a ¢ BEIyIIMM BHHEPOBCKHM IPOLECCOM U CIyYailHBIM Ha-
YalbHBIM yCIOBHEM. [Ipe/UiokKeH HOBBI MOAXOM K TOCTPOCHUIO KBAAPATYPHBIX (HOPMYII, TOYHBIX JUISl (YHKIHOHAIBHBIX
MHOTOYJICHOB TPETHEH CTENEHH, KOTOPBIA OCHOBAH Ha MCIIOJIb30BAHUU KpaTHBIX HHTErpasioB Ctuinrheca. Takxke mocTpoeHa
cocTaBHasi pulIMKeHHas GopMyJia, TOUHAsK IS PyHKIIMOHAILHBIX MHOTOYJIEHOB TPETHETO TIOPSIIKA, CXOAAIIASCSA K TOYHO-
MY 3HAYEHHIO OKUJIAHHs, OCHOBAHHAS Ha KOMOMHAIIMH [OJIyYEHHON KBaApaTypHOM (GOPMYIIbI M alllpOKCHMAIMH BEYIIETO
BHHEPOBCKOT'O TpoIecca. PAcCCMOTPEHBI TECTOBbIE TIPUMEPHI, HILTIOCTPUPYIOIHE TPUMEHEHHE TOTYYCHHBIX (POPMYIL.

KuoueBbie ciioBa: croxacruyeckue audpepeHiuaibible ypaBaenus, ypapaerre CKoOpoxo/aa, MaTeMaTHUCCKUE 0K~
JNaHust GyHKIUOHAJIOB OT PEIICHUsI, IPUOIINKEHHBIE (YOPMYJIIbI
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APPROXIMATE FORMULAS FOR THE EVALUATION OF THE MATHEMATICAL EXPECTATION
OF FUNCTIONALS FROM THE SOLUTION TO THE LINEAR SKOROHOD EQUATION

This paper is devoted to the construction of approximate formulas for calculating the mathematical expectation of non-
linear functionals from the solution to the linear Skorohod stochastic differential equation with a random initial condition. To
calculate the mathematical expectations of nonlinear functionals from random processes, functional analogs of quadrature
formulas have been developed, based on the requirement of their accuracy for functional polynomials of a given degree. Most
often, formulas are constructed that are exact for polynomials of the third degree [1-9], which are used to obtain an initial
approximation and in combination with approximations of the original random process. In the latter case, they are usually
also exact for polynomials of a given degree and are called compound formulas. However, in the case of processes specified
in the form of compound functions from other random processes the constructed functional quadrature formulas, as a rule,
have great computational complexity and cannot be used for computer implementation. This is exactly what happens in the
case of functionals from the solutions of stochastic equations. In [1, 2], the approaches to solving this problem were consid-
ered for some types of Ito equations in martingales. The solution of the problem is simplified in the cases when the solution
of the stochastic equation is found in explicit form: the corresponding approximations were obtained in the cases of the linear
equations of Ito, Ito — Levy and Skorohod in [3—11]. In [7, 8, 11], functional quadrature formulas were constructed that are
exact for the approximations of the expansions of the solutions in terms of orthonormal functional polynomials and in terms
of multiple stochastic integrals. This work is devoted to the approximate calculation of the mathematical expectations of non-
linear functionals from the solution of the linear Skorokhod equation with a leading Wiener process and a random initial con-
dition. A new approach to the construction of quadrature formulas, exact for functional polynomials of the third degree, based
on the use of multiple Stieltjes integrals over functions of bounded variation in the sense of Hardy — Krause, is proposed.
A composite approximate formula is also constructed, which is exact for second-order functional polynomials, converging to
the exact expectation value, based on a combination of the obtained quadrature formula and an approximation of the leading
Wiener process. The test examples illustrating the application of the obtained formulas are considered.

Keywwords: stochastic differential equations, Skorochod equation, mathematical expectations of functionals from solu-
tions, approximate formulas
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Beenenue. [IpubnuxeHHOE BEIYMCICHUE MATEMaTHUECKOTO OKUJaHHS (DY HKIIMOHAJIOB OT PEIICHHH
croxactuyeckux AuddepeHInaIbHbIX YPAaBHEHUH SBISCTCS aKTyaJ bHOW U B OOIIEM CiIydyae 4pe3Bbl-
YallHO TPYAHOH 3a7a4eil. DTO CBA3aHO C OOJBIIOI BEIYUCIUTEIBLHON CIIOKHOCTHIO alITOPUTMOB, B KOTO-
PBIX JOIKHBI COETMHUTBCS allPOKCUMAIUN TPACKTOPUN PEIIEHUI CTOXaCTUYECKUX YPaBHEHUH U all-
MPOKCUMALMH UHTEIPUPYEMBbIX (DYHKIIMOHAIOB OT PELICHUH, KOTOpble 00ecrednan Obl 10CTAaTOYHYIO
JUISL CXOIMMOCTH METOZA CyMMAapHYIO IOI'PEIIHOCTh allpoKCUManuu. M3BecTHble (yHKIMOHAIbHbIE
KBaJIpaTypHble (OPMYITBI JUISI BBIYHCICHUS MAaTeMAaTHISCKUX OKUJIAHUH HEIMHEHHBIX (YHKITHOHAJIOB
OT TPAeKTOPUH CIIy4allHBIX MPOIECCOB TPEOYIOT BBHIITOJHEHUS YCIOBUSA UX TOYHOCTH ISl TIOJIMHOMHU-
aJpHBIX (PYHKIIMOHAJIOB 3aJjaHHOl crenenn. Hanbomnee yacTo MCMOMB3yIOTCS (OPMYIIBI, TOUHBIC IJIS
MOJMHOMOB TPEThEel CTENEeHH, KOTOPble MPUMEHSIOTCS ISl TOTy4YeHHs] OBICTPOro MepBOHAYAIBHOTO
NpHOJIMKEHHUSI, @ TaK)Ke B KOMOMHAIIMK C APYTUMHU anmpoKcuManusiMu (coctaBHble Gopmynsl [1-9]).
OpnHako B cily4ae MpOLECCOB, 3aJaHHBIX B BUAE CIOXHBIX (PYHKIMHA OT APYTHUX CIydYaHHBIX MpoLEC-
COB, KaK 3TO UMEET MECTO ISl (PYHKIIMOHAJIOB OT PELICHUH CTOXAaCTHYECKUX YPaBHEHHUH, IOCTPOCH-
Hble (YHKIIMOHAJIbHBIE KBaJIpaTypHble (JOpMYJIbl, KaK IPABHJIIO, 00J1a1al0T OOJIBIION BEIYUCIUTEIBHON
CIIO)KHOCTBIO M HE MOTYT OBITh MCTIOTH30BaHBI JIJIs1 KOMITBIOTEPHOH peanuzanun. B [1, 2] paccMoTpeHsr
MO/IXO/IbI K PEIISHUIO 9TOW 3aJ1auy JIJIsi HEKOTOPBIX BUJIOB ypaBHeHUH MTo nmo maptuHranam. Pemenue
3alau¥ YIPOIIAETCs B CIydasX, KOTAA pEIICHHE CTOXAaCTUYECKOTO YPAaBHEHHs HAXOAUTCS B SIBHOM
BHJIE: COOTBETCTBYIOIIME ANIIPOKCUMALMU MTOJYUYEHBI ISl cilyvas JUHEHHbIX ypaBHeHul Wto, Uto —
Jleeu u Ckopoxopa B padotax [3—11]. B [7, 8, 11] mocTpoeHb! pyHKIIMOHATBHBIC KBaApaTypPHBIC POpMY-
JIbl, TOYHBIE JJIs1 HEKOTOPBIX allpPOKCUMAIINi, TOTyYEHHBIX Pa3JI0KeHHEM PElIeHUH o OPTOHOPMHPO-
BaHHBIM (D)YHKIIMOHAJIBHBIM MOJMHOMAaM U TI0 KPaTHBIM CTOXaCTHYECKUM MHTErpajam. B Hacrosmei
paboTe mpeaiaraeTcst HOBBI MOAX0/ K TIOCTPOCHHUIO KBAAPATyPHBIX TPUOINKEHHBIX (OPMYJT 7151 BbI-
YHUCIICHUS OKMJIAHUHN (QYHKIIMOHAJIOB OT peleHus ypaBHeHnid CKOpoxoza co clly4aiiHbIM HadaJIbHbIM
ycnoBueM. PopMyiibl OCHOBaHBI Ha MCIIOJIB30BaHUHM KpaTHOro mHTerpana Crtuiatbeca 1o (QyHKIHSIM
OrpaHMUYCHHOM Bapuauuu B cMbicie Xapau — Kpayse v TOUHBI 1U1sl (yHKIMOHAJIBHBIX MHOTOUYJICHOB
BTOPOTO M TPETHETO MOPAAKOB. PaCCMOTpPEHBI TECTOBBIE MPUMEPHI, WILTIOCTPUPYIOIIHE TPUMEHEHHE
TTOJTYYEHHBIX (POPMYIIL.

IlpenBapuresabHble cBegeHus. IlycTh 3amaHo croxactuueckoe auddepeHLnaIbHOe ypaBHEHUE
BHJIA

t
X =Xo+[o()X W, te[0,1], 1)
0

rae Wy, te[O,l], — CTaHJapTHBIM BUHEPOBCKUN MPOIIECC, ONpPEIAEICHHbIH HAa BEPOSSTHOCTHOM IPO-
1

crpanctee  Q=Cy([0,1]), Wi(w)=o(t); o(s) — neTepMuHHpOBaHHAS GYyHKIHS, _[cz(s)ds <oo;

0
Xo=XoW()) e L,(Q) nnst vexotoporo p > 2. UuTerpan B npasoii yactu (1) moHUMaeTCss B CMbICIIE
uHTerpana Ckopoxona, OCKOIBKY X, HE aJallTHPOBaH K npoueccy W, Ussectro [12, 13], 9yTo enun-
cTtBeHHOE perienue (1) maeTcs paBeHCTBOM

t t
X, =X (T,_Gm)exp jc(s)dWS —%jcz(s)ds ,
0 0

rae Ty ° — npeobpa3oBanue Ha (), OnpeensieMoe paBeHCTBOM

tAS

(T,_(’oo) (s)=w(s)— | o(v)dr.
0
Hanee, B CHIly OPHHATOTO OTOXKAECTBIEHUS W,(®)=m(f) HaM OyneT yIoOHO HCIOIB30BATh 3aIHUCH
peIIeHNUs B BHJIE
123 t 1 t )
Xi=Xo| W - f o(s)ds |exp fc(s)dWs —Efc (s)ds ¢. )
0 0 0
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[Ipu mocTpoeHNM MPUOTUKEHHBIX (OPMYIT UCTIOIB3YIOTCS TIEPBBIX TPH MOMEHTA penieHus. B 00-
IeM clly4ae MOMEHTBI HE MOTYT OBbITh BBIYMCIICHBI B SIBHOM BHJIC, TEM HE MEHEEe COOTBETCTBYIOIIUE
MaTeMaTHYECKHE OKHJIAHUS, 3aIAI0IIHEe MOMEHTBI, MOKHO HECKOJIBKO YIPOCTHTh U CBECTH K BBIUKC-
JICHUIO OXUJAHUN (YHKIIMOHAJIOB OT BUHEPOBCKOTO MPOIECCa, HE COMEPKAIUX BTOPOTO0 MHOKHUTEIS
B (2), ucnons3ys Gopmyiry ['mpcanosa

Q) 1 1
E[F(W(.) )] = E|:F(W(.) - I b(S)dSJ:l exp {j'b(s)dWS - %Ibz (S)ds}, 3
0 0 0
riae b(s) — aeTepMUHHPOBAaHHAS QYHKITHS. 3aMETHUM, YTO IIEPBBIf MOMEHT UMEET BU]T

M; = EI:XO (W(.) + [j.\.G(‘C)d’E\J:|.
0

Hanee, nocnenosarensHo npumenss (3) npu b(s) = 1jg1(s)o(s), nomyuunm [9]

AL
Mz(tl,lz)EE[Xanz]ZeXp{ [ o (r)dr}x

xE{XO (W(.) + tlf.c(r)drj Xo (W(.) + tz.[A.G(r)dr]:l,

0 0

M3(tl,lz,l3)5 {HX :l [Xo(W(),ll,tz)Xo(W(.);l1,13)Xo(W(.);tz,lg)]X
xexp{t Ajt GZ(T)d’C}{t /j\t Gz(r)dr}exp{t ft cz(r)dr} 4

rae

ti A tj/\’

Xo(W(.);ti,tj)=X0 W(.)+ ({ o(t)dt+ ({ o(t)dt |.

Mgl OyneM Takke MCHOIb30BaTh B (2) cxonsmyocs B L,((2) anmpoKCUMAalNi0 BUHEPOBCKOTO MpPO-
Lecca:

W=y ja (t)dW. Jaj(r)dr— j(l[O 1) (D,
J=lo
rac
a(t)= Zoc/(t)Ja(r)oc (Vdt, o), j=12,.
]_

— OPTOHOPMUPOBaHHBIN 0a3uc B L,([0,1]), ¥ cOOTBETCTBYIOIIYIO AIIIPOKCUMALIUIO PELICHUS:

1

A" 1 I
Xt(n) — XO (J’(l[o’] )n (’C)dWT — j G(T)deeXP{I(l[O,t]G)n(T)dWr —%JGZ(T)GIT }a (5)
0 0 0

0

HPH YCIOBUH CXOAUMOCTH M,E”) (t1,02,t6) > My (t1,02,8 ), k=1,2,3.
3ameTuMm, 9To (5) MOKET OBITh IMPEACTABIICHO B BUJIE

xm - X()(Zéjj.aj(‘f)dt—tj‘\ cs(s)dsJexp{Z& jo(r)a](r)dr——Jo (T)d‘t}

J=1 0 0 J=l 0
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rac
1
aj ZJ‘O(.J'(‘C)dW-C, j=l,2,...,
0

SBJISIOTCS HE3aBUCUMBIMH CTaHAAPTHBIMU IayCCOBCKUMH BEJIMYUHAMH.

MowmenTsl mpotecca (5) Oyaem o6o3HauaTs M ,E”), k=1,2,3.

OcHoBHBIe pe3yabTaThbl. 3ajauyeil JaHHOH PabOTHl SBJISETCS MOCTPOCHHUE MPHUOIIKEHHBIX (op-
MyJl, TOYHBIX JJIs1 (PyHKIHOHAJIBHBIX MHOTOUYJICHOB TPETHEro MOPSIKA, JJIsl BHIYHUCICHUS MaTeMaTH-
YECKUX OXKUIaHUH OT (DyHKIIMOHAIOB Buaa F (X %) ), rne F'— HenmnHeHHbIN (QyHKIIMOHAI, 3aJaHHBIN Ha
TpaekTopusx X . [lpeanonaraercs, 4To F 10IyCKaeT annpoKCUMALNIO (yHKIMOHAIbHBIMA MHOTOYJIE-
Hamu P (X %) ), JOCTAaTOYHYIO JJIS MOJTYUYCHHS] HA4aJbHOTO NMPUOIMKEHUS s £ [F (X O ):|, KOTOpOe
MOXeT OBITh UCIIOJIB30BaHO CaMO 110 cede, TMOO0 P MOCTPOSHUH COCTABHBIX MPUOIMKEHHBIX (OPMYI,
CXOISIIMXCSI K TOUHOMY 3HaueHHIo okuganus. IIpennonaraercs, 4To GyHKIHOHAIbHBIE MHOTOUYJICHBI
Ha IPOCTPAHCTBE TpaeKkTopuii mpotecca X;, ¢ €[0,1], MOTyT OBITH IpEICTABICHEI B BHJIC

3 k
P(3)(X(.))=const+ > | [1X,dPA4t,..t;), 6)
k=1pg 3¢ 1=1

I7Ie B MPAaBOW YAaCTH CTOSAT KpaTHble mHTErpansl Ctuirheca, A;(f,t2,t3) — QYHKIHU OTpaHUICHHON
BapHanuy, a X, HEIMPEPbIBHO 3aBUCHUT OT .
Teopema 1. Ilyemv My (tl,...,tk ), k=2,3, HenpepvieHbl Ha [O,I]k, a  @yuxkyuu

k
F| Y lpo.q(u;) |, k=2,3, umerom ocpanuuennyio éapuayuio na [0,11" 6 cubicre Xapou — Kpayse. Tozoa
j=1

umeem mecmo cnedyoujas npudauUdNCeHHas Gopmyna, moyHas 0ns QYHKYUOHATbHLIX MHO20YIEHO8
mpembveti cmeneHu:

3
E[F(x)]~ kzzl Ji(F)=J(F), (7)

rIe

2
JI(F)=F(0)+ -21 A;NF (c;M ),
J=

J2(F)=0,5 [ My(ui,uz)dy, . AF (10.3(u1) +1j0,1(12)),
[0.112

1 3
J3(F) === [ Ms(uiuz,us)d) .  AF| Y1) ;
[0.1° J=1

20e 6 npasoll wacmu cmoam Kpamuule unmeepaivl Cmunmveca, koncmaumol A,, A,, ¢, ¢, Haxo0samMcs
uz yenosuii ey + Axca =1, Aici + Ac3 =0; AF(x)=0,5(F(x)+ F(=x)), AF(x)=0,5(F(x) - F(-x)).

HJokxaszaTtenbcTBo. CrpaBealnBOCTh TEOPEMBI JI0KA3bIBAETCS HEMOCPEACTBEHHBIM BbIUHCIIE-
HUEM NPaBoil U JeBoH yacTeid Gpopmydbl (7) Iis yKazaHHBIX (yHKIIMOHAJIBHBIX MHOT'OWIECHOB (13 (6)
CIIEAYET, 4TO JAOCTATOYHO JI0Ka3aTh €€ JJi1 MOHOMOB Py :]_[5‘=1 Xy, k=1,2,3, n nocroanuoro QyHk-
nuoHana). IlpuBenem nuiIb 10Ka3aTeNbCTBO TOYHOCTH (HOPMyYIbI Ajii MOHOMOB Ps; ciydau P, u P,
paccmarpuBatotcs aHanoruuHo. Ilockonsky Ji(P;) = 0, B cuity onpezneneHus: kodpduuueHTos 4, c;,
k=1,2,3, u J,(P;) = 0, B cuity cBOHCTB oneparopa A JOCTaTOYHO PACCMOTPETH TOJIBKO ciyuail J;(Ps).
Kpatnsiit uaterpan Ctuntbeca

3
| fuzus)dy . 8Guus,us)
[0.1°
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OIIpeACIACTCA KaK MPEAC CYMM

n om p
» Zf(ul*,iau;,jau;,k)[g(ul,iauZ,jau3,k)_g(ul,i—lauz,jal'{S,k)_

i=1 j=1k=1
—guri,un o1 uz )+ guyi—t,uz, j1,u3 k) — g(uy;,ua j,u3 1)+
+g(uyi-1,u2, j,u3-1)+ (Ui Uo, j-1,U3 k-1) — g(ul,i—l,uz,j—l,u3,k—1)], (8)

The Uy <ut; <uy;, Uz jog <us;<uaj, Uzg-i<U3g <U3g TPH GECKOHETHOM HM3METBUECHHH TIPOME-
KyTKOB JeneHns otpe3koB 0 <uy <1, 0<u, <1, 0<uj3 <1. Ecnu dynxuus f(u,u,,u3) HempepbIBHA HA
[0,17, a g(u1,uz,u3) — GyHKIMS OrpaHHYEHHOI BapHAIHK B cMbIcie Xapau — Kpayse [14], To nnterpan
Crunteeca cymecTByeT. OrpaHMUEeHHOCTh Bapualuu (QYHKIIUH TpeX MepeMEeHHBIX B CMbIciie Xapau —
Kpay3e o3HauaeT HOMUMO OIpaHUYCHHOCTH BapUaluy Kak (YHKIIMH TPEX MEPEMEHHBIX JAOTOIHUTENb-
HOE TpeboBaHMEe OTPAaHMUYSHHOCTH BapHalllu 10 KaXKI0H nepeMeHHOH oTaenbHo. s GyHKuuit

3
Sfuruz,uz) =M (ur,uz,u3),  gui,uz,uz)=AF| > 110 q(u;)
j=1

NPUBCACHHLIC YCJIOBUA CYIIECTBOBAHU S BBITIOJITHCHBI U, TAKUM 06pa30M, COOTBCTCTBYIOHH/Iﬁ HUHTETrpal
Crunrbeca B (7) onpezeneH.
[TpoBepuM TOYHOCTH (HOPMYJIBI:

1 3 S
J3(P3(X(.)))=—g I M3(M1,uz,u3)dul’u2,u3n[z1[0,t1](uj) =
[0,1]3 1=1\_j=1
=— [ Ms@u,uz,us)d) ) (o101 0,01 @2)T0.51(13)). ©)
[0.1°

31ech MBI UCIIOIB30BAIM CHMMETPHYHOCTD GYHKIUU M 3(u1,u7,u3) ¥ TOT (HaKT, 4TO
3 —
I[0,1]3 M3 (ul’uz5u3)dul,u2’u3g(ulau25u3) - 0,

ecnu B g(u1,U2,U3) XOTS OBl OJTHA U3 IEPEMEHHBIX U1, 7,43 OTCYTCTBYET (CM. BBIIIC ONPEACICHUE KpaT-
Horo uHTerpana Crunteeca). [lanee BbluncieHue HHTErpana B npaBoi yactu (9) HECIOKHO POHU3BeE-
ctu 1o opmyie (8), MOCKONBKY MHTerpupyromas GyHKuus lpo s, 1(u1)ljo,1(u2)l[0,51(u3) ABaASETCS
IIPOCTOH, ¥ PE3yJITATOM BBIYMCICHUN CIIYKUT 3HAUCHHUE MOABIHTETpaIbHON (PyHKLIMH B TOUKAX CKay-
Ka, T. €. M3(u1,u2,u3).

3amernM, uTo J5(F) = 0 1151 MOHOMOB YETHOIO MOPsIAKA B CHITy Halu4us oneparopa A. OueBuaHO
TaKXe, 4TO MapameTpsl 4,, A,, ¢;, ¢, 3aJaHHBIMH YCIOBUSIMH OIPEIEINIAIOTCS HEOIHO3HAYHO.

3aMeuaHue. B paccMOTpeHHBIX jaliee MpUMepax UCIONb3yeTcs JUIsl CPAaBHEHUS TOYHOCTH all-
POKCHMAIIMK TaKke MpuobImkeHHas Gopmyia, TouHas Juisi QyHKIHOHATBHBIX MHOTOYJICHOB BTOPOH
CTeINeHH, TPECTABIIIONAs co00i CyMMYy NIEpPBBIX JIByX cllaraeMbIX mpaBoil yactu (7).

[IpuBeaeM cocTaBHYIO MPUOTMKEHHYIO (GOPMYILY, IPU HOCTPOSHUH KOTOPOH HCHOIB3yeTCsl Mpu-
OnmvxeHHast popMyIia, TouHas AJs GYHKIHOHAJIBHBIX MHOTOUJICHOB TPETHEH CTEIICHH.

Teopema 2. Ilycmo M,E")(tl,...,tk), k=1,2,3, nenpepuisnor u pasnomepro cxodsmes na [0,1]°
Kk My (ty,...,t;) npu n — . I[lycmop F(X(.)(OJ)) — Henpepvignviil na L,(QQ) ¢pyuxyuonan, maxoi umo
onpeoeeHvl U PpAGHOMEPHO 0SPAHUYEHbI NO Il NOCAEO08AMETbHOCIU YHKYUOHALO8

k
j'kM,E”)(ul,...,uk)dilwukAF _211[0,.](%-) , k=23 (10)
(0.1] /=

Toeoa npubausxcennas popmyna
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E[F(X()]= E[F(Xg) )} —JD(FY+J(F)= I (F), (11)
20e annpoxcumayus X t(”) onpeoenena opmynoii (5), a J (")(F ) — gpopmynoii (7), 6 komopoii Hado nono-
arcumv M ,E") emecmo My, k=1,2,3, mouna ons yHKyUOHATLHBIX MHOCOUIEHO8 Mpembell CmeneHu
U CX0OUMCS K MOYHOMY 3HAYEHUIO NPU N —> 0,

Jloka3zaTelbCTBO TOYHOCTH POPMYIIBI 17151 GYHKITHOHATBHBIX MHOTOUJICHOB MPOBOIUTCS aHa-
JIOTHYHO JI0Ka3aTebCTBy TeopeMbl 1. CxomumocTpb ciexyer u3 cxomumoctu W, (1) = W(t) B L,(Q),
HeTrpepbIBHOCTH F (X O (m)) Ha L,(2) ¥ TeopeMbl O MpPEACIFHOM IMepexo/e MOoj 3HAKOM HHTEerpala
Crunreeca.

YucjieHHbIE Pe3yabTaThl. PaccMOTpHM YnCIeHHBIE TPpUMEpHI puMeHeHust hopmyi (7) u (10)—(11).

1
Mpumep 1. F(X(.)):sin(XXt+§j, te[0,1], Xo=[a(t)dW, a(T) — nerepMuHEpOBAHHAS

0
¢yuknus. [IpubnuxenHoe 3HaueHue, MojdydyeHHoe mo gopmyne (7), B JaHHOM Cilydyae MPHUBOAMTCS
K BUTLY

J(F)= sin(ﬁj + Mz(t,t)ﬂ(cos(ﬂ» +£J - 2cos(k+ EJ + 1]0,5 +
4 2 4 4

+M 5 (1,8, t)%(sin@k) —3sin(21) +3 sin(k))%.

. T
Tounble 3HAYCHUS OKUITAHUST £ sm(kX .+ Zj ¥ MOMEHTOB TIpH a(T) =T, 6(T)= \/E, MOJIyYEHHbIE

UX CBEIEHHEM K JBOHHOMY MHTETpaiy 10 rayCCOBCKOMY paclpeiesieHUIo (1o GpopMyIie BHIYUCICHUS
OKUJAHUK OT (QYHKIMH ABYX JIMHEHHBIX (QYHKIIMOHAJIOB OT BUHEPOBCKOTO IMpolecca), U UX MpuoOIIu-
JKCHHBIC 3HAUCHUS 151 pa3lIMYHbIX 3HAaYCHUH ¢ TpUBEICHbI B Ta0M. 1.

Tabnuya 1
Table 1
/ Toutoe 2-ii cTeneHn 3-ii creneHu Anmnpokcumanus 3-ii creneHn Cocr. 3-ii crenenn, | Coct. 3-ii crenenu,
TOYHOCTHU TOYHOCTH n=2 TOYHOCTH, 1 =2 n=2 n=4

0,2 [0,677621 |0,681326 0,681167 0,678346 0,681913 0,6776 0,677595
0,3 [0,676426 |0,686589 0,680116 0,677115 0,680729 0,676503 0,676477
0,4 |0,674660 |0,679541 0,678459 0,675314 0,679016 0,676503 0,674694
0,5 10,671991 |0,677983 0,675790 0,673401 0,677167 0,672025 0,671979
0,6 [0,668173 |0,675660 0,671462 0,671508 0,675145 0,667825 0,668025
0,7 10,663061 |0,672152 0,664238 0,669033 0,671844 0,661428 0,662487
0,8 10,656736 |0,666768 0,651718 0,664280 0,668126 0,64802 0,655296
0,9 10,649404 |0,663671 0,644558 0,641323 0,671312 0,614569 0,651912

1
[pumep 2. Ilyctp onexp{Ja(T)th}, F(X(A)):sin(XX,), a(t) =T, G(’C)=\/¥, t € [0,1],
0

A =0,5. [IpubnmkeHHbIe 3HAUCHU S, TOJTyUeHHBIE 10 hopmyrie (7), B TaHHOM ciTydae MPUBOASATCS K BUITY

J(F)= —%sin(x\ﬁ exp(%D + 2sin[kexp(é)j +

Pe3ynbrarhbl BEIYHCIEHUH TPUBEICHBI B Ta0. 2.

+M;(t,t, t)%(sin(i%%) —3sin(21) +3sin(X)).
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Tabnuya 2
Table 2
! 0.1 02 0.3 0.4 0.5
Tounoe 0,5092 0,5045 0,4956 0,4818 0,4630
2-it cTerenn 0,5895 0,5895 0,5895 0,5895 0,5895
3-i1 cTeneHu 0,5218 0,5161 0,5042 0,4820 0,4423
1
3aMeTuM, 4TO B 00OMX MpHUMEpax HCMOIb30BAINUCH 3HAUCHUS 4] =——=, Ay =2, ¢| = \/5 , cp=1.

Tounsle 3HaueHus £ [sin(X ,)] u M;(t,¢,¢t) OydeHBI CBEICHHEM, KaKk U B NPEbIAYIIEM IpUMEpe,
K ABOHHOMY HHTErpajly II0 I'ayCCOBCKOMY PaCIpENENICHUI0 U €ro IPUOIMKEHHBIM BBIYUCICHHEM,

1
M| =E[X,]=exp i [IpuBeneHHbIC YHCICHHBIC PE3YNBTaThl MOKA3BIBAIOT THIIMUHYIO A1 HOopMyJ,

TOYHBIX JJIs1 (DYHKIIMOHAJIBHBIX MHOTOYJIEHOB TPEThEH CTENEHW OT MPOIecca, TOYHOCTh allpOKCH-
Malli¥ B 33/ITaHHOM BPeMEHHOM uHTepBaje. [lo mpuunne ObICTpOro pocTa 3HAYSHHIT MOMEHTOB pelle-
Hus X, ucnosnb3oBajcs Maiblil napameTp A. Ilockonbky B npumepe 2 nepsblii MOMEHT M, HE 3aBUCHUT
oT t, a cimaraemoe Jo (F) = J,(sin) B (7) oOpaiaercs B HyJIb JUIsl YSTHBIX ()yHKIIMOHAJIOB, TIOJTYUYECHHOE
1o GopMyJie TOYHOW JJisi MHOTOUJICHOB BTOPOW CTEIIEHH MPHUOJIMIKEHHOE 3HAUCHHE B OTOM cllydae He
3aBHUCHT OT 1.
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