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IIpenenbHoe pacnpejiesieHne B3aUMHBIX yTJIOB 00X0/1a
94acTUIl B OPOYyHOBCKOM CTOXAaCTUYECKOM ITOTOKE
CO cTapImuM mnokasarejieM JIsimyHoOBa, paBHBIM HYJIIO

(IIpedcmasaeno waerom-koppecnondenmom HAH Yrpaunw H. . ITopmentko)

Hcenedosarue zeomempuneckus c60ticme mpaekmoputi 4acmul, 6 CmoTacmMUMECKUT NOMOKAT
npusodum K UYUEHUIO NPEIENBHO20 NOBEJEHUA UL B3AUMHBIEL Y2A06 0bxoda. Aemop pewaem
amy 3adany 6 cAyuGe USOMPONHHIT OPOYHOECKUT CTNOTACTNUMECKUT NMOMOKOE CO CTNAPUWUM NO-
rKazamenem JIanynosa, pasHvim HYAIO.

Katouesnvte cao8a: GPOYHOBCKUE CTOXACTUYECKIE ITIOTOKH, YIVIbI 00X0a, Ioka3aTesnu JIamyHosa.

1. IIpeaBapuTrenbHbie 3aMedaHus. 3a1a9a 00 ACUMITOTHIECKOM MTOBEICHUN B3aNMHBIX
YIJIOB 06X0O/1a HE3aBHCHMBbIX JIBYyMEDHBIX ODOYHOBCKUX JIBUYKEHMIl Oblia pereHa B crarbe [1].
B nacrosimeit paboTe TpUBOANTCS PEITIEHNE COOTBETCTBYIOMIEH 38N I TACTUTL, TBUKYTIIIXCST
B OPOYHOBCKOM CTOXaCTHIECKOM TIOTOKE. BPOYHOBCKME CTOXACTUYIECKUE TIOTOKU BO3HUKJIU B Pabo-
Tax |2-4] Kkak Mojiesu TypOYJIEHTHOTO TEYEHUsT XKUJIKOCTH.

Omnpegaenenne 1 [5|. CToxacTuuecKmM MOTOKOM roMeoMopdu3MoB B mpocTpancTse RY ma-
3BIBAETCS CeMEHCTBO caryuaiinbix orobpaxkennii Fyp = Fyi(w,-) : R* = R% 0 < s < ¢, obraznaio-
IIUX Ha HEKOTOPOM MHOxKecTBe (g ¢ P({)y) = 1 ciemyromumMu cBoiicTBaMu:

1) nose (s, t, x)="Fj+(w, ) sBisieTcst HEIPEPBIBHBIM 110 COBOKYIIHOCTH LIAPAMETPOB S, t, 1

2) Bce orobpazkenus Fy; SBIISIIOTCS TOMEOMOP(HU3MAaMI R%;

3) mpn KazkaoM s > 0 mumeer mecro Fy o=Id, T.e. orobpazkenme Fy s ABIACTCA TOXKIECTBEHHBIM;

4) npu m00bIX § < ¢ < u BBIIOJHSETCs cOOTHOIeHne Fy,oF, =Fj,,.

Onpegenenue 2 [5]. BpoyHOBCKIM cTOXacTHUECKUM TOTOKOM B R? Ha3bIBaeTCs CTOXACTHYEC-

KU1 TOTOK TOMEOMOP(H3MOB Fs,t CO CJIEJTYFOIIIUM CBOMCTBOM: TIPU JTIOOBIX 0 < 81 < 82 < ... < 8y
orobpazkenus Fy, o, F, s.,..., Fs, | s He3aBUCHMBIL.

Coruacro [5], 6poyHOBCKHIii cTOXaCTHIECKHIT HOTOK Fj ¢, yIOBIETBOPSIONMIT OIIPEIeTeHHbIM
YCJIOBUSAM PEryJISPHOCTH, MOYKHO 33/aTh KaK PeIlleHne CTOXaCTUIeCKoro guddepeHIimaabHOro
ypaBHEHUS

dFsi(x) = U(Fsy(z),dt), Fss(z) =z, (1)

rae U — HeKOTOpBIiT HEIPEepbIBHBIA IayCCOBCKHI CeMUMApPTHHIAJ C IIPOCTPAHCTBEHHBIM IIapa-
merpoM [5]. Ypasuenue (1) cieyer oHUMATH KaK COKPAINEHHYIO 3aIMCh COOTHOIIEHUST
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¢
Foi(z) =x+ /U(Fs,r(x), dr),

S
a MOCJICHIIT MHTErpaJsl ONpeAe/IseTcsa KaK HHTErPAJI 110 CeMUMAPTUHTAY C IPOCTPAHCTBECHHBIM
napamerpoMm |[5].

BaxKHBIil KJ1aCC TOTOKOB COCTABJISIIOT OJHOPOIHBIE M30TPOIHBIE OPOYHOBCKHE IMOTOKH, BO3-
HUKIINE IIPA U3yYeHUH HamboJsee IPOCTOM MOAEIN TypOyJIeHTHOCTH — U30TPOIHON TypOy/IeHT-
HocTu. B 3Toit Mojiesn pacupe iesieHne 1moJjisd CKOpocTeil KIUIKOCTH MHBAPUAHTHO OTHOCUTEIHLHO
napaJLIeIbHBIX IIEPEHOCOB, IIOBOPOTOB U OTPAKEeHUIA.

Cuavasa BBeJsieM, cJieltyst pabore [6], onpeeseHne oHOPOIHOCTH W U30TPOIHOCTH JIJIsT TayC-
coBeKmX cityyaitnpx noseit va RE Iyers a(z,y) = (ax(,Y))1<k,i<d — KOBAPUAIIMOHHAS MATPUIIA
KOMIIOHEHT IIEHTPUPOBAHHOTO I'ayCCOBCKOrO HOJsA V, T.e.

EVi(z)Vi(y) = ap(z,y).

ITose V oxHOpOAHO, ecnt agi(x,y) 3aBUCHT JINIIb OT PA3HOCTH T — Y-
EVk(x)‘/l(y) = akl(may) = bkl(x - y): kvl = 17 <. 7d'

Hanee, ognopoanoe mose V u30TpoOIHO, ecin MarpuuHO3HA4UHAs GyHKIUA b(2) = (bg(z))
VIOBJIETBOPSET COOTHOIICHUIO

Gb(G™12)G™ = b(2) (2)

JJIsT BCEX OPTOIOHAJIBLHBIX MaTpull G U I BCeX z € RC.

OrnpeieieHnst OTHOPOIHOCTHA U M30TPOIHOCTH MOYKHO JIaTh U JjIsl OPOYHOBCKUX CTOXACTUIEC-
KUX TOTOKOB. OJIHOPOJIHBINH GPOYHOBCKHUIT CTOXACTHYECKUIl TIOTOK OMUChIBAeTCs ypasHeHnueM (1),
BKOTOpPOM U — IEHTPUPOBAHHOE I'ayCCOBCKOE CJIYUIAHOE I0JIe, YAOBJIETBOPSIOIIEe COOTHOIEHIIO

EUk(z,t)U;(y, s) = bg(x — y) min{t, s}, k,l=1,...,d.

Buech 7,y € R, t € [0,+00), b(2) = (bgi(2),1 < k,I < d) — HekoTopass MaTpuaHO3HAYHAS DYH-
k. OJHOpPOAHBI OPOYHOBCKHII IOTOK HA3BIBAETCA M30TPOIHBIM, €CJIM COOTBETCTBYIOIIAS
MaTpuaHOsHAUHAsA yHKIHA b = b(z) YJIOBIETBOPSET cooTHOMeHMo (2) ars Kaxoro z € RY
U KazKJIOH OPTOTOHAJBHON MaTpuibl (. 3aMETHM, UTO 3TO YCJIOBHE SKBUBAJEHTHO CYyIIECTBO-
BAHUIO OJIHOPOJIHOrO u30TponHoro nosst V = V(2), mist koroporo by (z) = cov(Vi(z), Vi(z + 2))
IpH BCex &,z € RY.

Ves0Bre N30TPOIHOCTH HAKJIA/IBIBAET OMPAHUYCHUs Ha BUJI MATPUYHO3HAYHON (DyHKImME b(Z).
[TosHOEe omnmcanme KOBAPUAIMOHHBIX (DYHKIUI KOMIIOHEHT M30TPOIHBIX CJIyYailHbIX TTOJIei
66110 TIosTyueno B pabore A. M. fryoma [7|. Mbl npusesem pesyabrar JJist CJiydasi JIByMEPHOIO
6poynosckoro noroka (d = 2), ciaenys pabore [6]. B sTom cirydae BuL MaTpuibl b OMICHIBACTCS
CJIEJTYIOIINAM YTBEPKICHUEM.

YrBepxkaenue 1 [6]. Ecau mampuunosnaunas gyrnkyus b = (b (2),1 < k,l < 2) asaa-
emcs Ko8aPUAUUOHHOT MAMPUUET KOMNOHEHM HEKOMOP020 00HOPOOH020 U30TNPONHO20 CAYY AT
1020 NoAA f, mo ona umeem 6ud

2kt

bri(2) = Orbn (l2[]) + BE L1 = bn(l=1))-
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3decv by, by: [0,00) = R — nexomopuie Gyrryuu, K0Mopwvie MOHCHO NPeIcmasums 6 cude

Vi , 7 Ji(ra)

br(r)= | Ji(ra)®p(da) + | ———®g(da), (3)
OoJl(ra) T ,

by(r) = Op(da)+ [ Ji(ra)®s(da), (4)

das nexomopoir konewnvx mep Pp, ®g na [0,+00); J1 — Pynxyua Becceas nepsozo poda.

IIpu onpeaeseHHbIX JOMOTHATEILHBIX IPEAIOI0KEHUAX (PYHKINN by, 1 by ABJISIOTCA JOCTa-
TOYHO IIaAKuMu. B aToM ciydae, cormacno pesymbrara [5], HOTOK F ; SABJISETCS IIOTOKOM [Tdh-
dbeomopduzmMoB. TO JaeT BOZBMOKHOCTH TOBOPUTDH O NMOKazaTeastx JIsamyrosa A1, g (A1 > Ag)
noroka F. DTu nokazaresn, Kak ObLIO 1I0Ka3aHO B pabore [8], BeipaxkaioTcst uepes dyHKIuM by,
u by. Tak, umeer MeCTO CIIEYIONINNA PE3YIIHTAT.

Yreepxkaenue 2 [6]. IIycmo U(z,t),z € R2,t > 0 — 2ayccosckoe 6eKMopHoe noae co 3Ha-
wenuamu 6 R2, zadarouee 00rnopodnwiti usomponnwiii 6poynoscrkuti nomox F. IIpednososicum,
umo mepv. Pp, Dg 6 npedemasaenuar (3), (4) us ymeeporcderua 1 umerom konewnvild wemeep-
moii momenm. Tozda dynruuu by, by wemupescdv. nenpepuieno dugddepernyupyemos U yYdos-
AEMBOPAIOM, CACOYOULUM ACUMNMOMUYECKUM COOMHOUEHUAM:

bi(r) = by — %ﬁer +O0), 10, (5)

b (r) = bo — 3Br? +O(Y), 70, ©)

2de br,(0) = by (0) = bo, u

3 (o] 1 o
Br, = g/052@1t>(d0z) + g/QQQ)S(da),
0 0
BN = 3 a*®p(da)+ < [ a*Pg(da)
0 0

IIpu smom noxasamenu Jlanynosa pashvl
1
A= §(ﬁN -BL), X=-PL.

[Tokazaresnu JIsmyHoBa OnpeaessioT aCUMIITOTUYECKOE ITOBEICHNE PACCTOSTHUS MEYK Ty IaCTH-
namu B oToke. Tak, MMEeoT MeCTO CJIYIONe Pe3ysIbTraThl, oIy YeHHbIe B paborax [3, 9.

Teopema 1. /[as dsymeprozo 00H0podno2o uaomponmozo OpoyHO6CKo20 CMOTACINUMECKO20 OO~
KQ UMENTM MECTMO CAEOYOULUE BAPUAHINDL ACUMNIMOMUMECK020 NOGEIEHUA Ry (t) = || Ft(a) — Ft(b) ||
PACCTNOAHUSA MENCIY HACTNUUAMU, BBULEIWUMY U3 0BYT MPOUSEONOHBIT PA3AUMHDIT TMOYUEK
naockocmu o u b, 8 3a8UCUMOCTIU OM MAKCUMANADHO20 NOKA3GMENA JIANYHO8aA A1 :

1. Ecau A1 <0, mo Rgp(t) == 0 nowmu nasepoe.
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2. Ecau M1 =0, mo Rgp(t) W 00 MO GEPOATNHOCTIU.

Samevarue 1. Mbr obosuagaem Fy(z) = Fy(z).

BaMeTnM, 9TO U3yIeHNe TPAEKTOPUIl YACTHIL, JIBUXKYIIIAXCS IO JeHCTBUEM TIOTOKA YKUJIKOCTH,
MOXKET OBITH HCIIOJIB30BAHO JJIs AQHAJIM3a CBOMCTB CaMOIO IOTOKA. DTOT MOIXOI IIPUMEHSIETCS
Bpabore [10]. ITosromy mpescraBisier WHTEPEC OIMCAHUE PA3IMYHBIX I€OMETPUYIECKUX XapaK-
TEPUCTUK CHCTEMbI JACTHUIl, ABUKYIIUXCS IO BO3AEHCTBHEM CTOXACTHIECKOro moToka. OmHoit
M3 TAKUX XapaKTEPUCTUK SIBJSIOTCS B3aUMHBIE YIJTBI 00XOfa YaCTHI] BOKPYT JPyT Jpyra. Mot
IPUBOJIUM PEIIeHNe 38291 00 aCUMITOTUYECKOM PACIPEIEJCHIA B3aUMHBIX YIJIOB 0OXO0Ja dac-
THI[ B OPOYHOBCKOM CTOXaCTHYeCKOM IoToKe. TouHast popMy/IMpPOBKA IIOIYUIEHHOIO PE3YJILTATA
OPUBOJIUTCA B 1. 2. Iy He3aBUCHMBIX OPOYHOBCKMX JIBUXKEHUH aHAJOIMYHAA 3aJ1a4a ObLIa pe-
nrena B cratbe [1]. B aToit pabore GbL1 mOMIyUeH ciieyommii pe3yibTar.

Teopema 2. [Iycmov wy, . ... w, — He3a6UCUMbBLE JBYMEPHBIE CTNAHIGDMHBIE OPOYHOSCKUE J6U-
IHCENUA, BOITO0AULUE U3 NONAPHO PASAUNHOIT Movek naockocmu. Tozda das yenos obroda Py(t)
MPAeKMopuy, 6pOYHOBCK020 JBUNICENHUA W), BOKPY2 OPOYHOBCKO20 08UNCEHUA W) CNPABECAUBO ACUM-
NMOMUNECKOE COOMHOULEHUE

2 d
(m@kl(t),1<k<l<n> m(5k1,1<k<l<n)

3decy &, 1 < k < I < n, — He3a8UCUMDIE 8 COBOKYNHOCTIU CAYUGTHDIE BEAUMUNDL, UMEIOULUE
pacnpedeaenue Kowu ¢ napamempom 1.

B macrositieit pabore moKaszaHo, UYTO TO YK€ CaMoe IIPeJIeJIbHOe COOTHOIIIEHNE BBITTOJIHEHO JIJIsT
TPAEKTOPHl IacTUIl B OPOYHOBCKOM CTOXaCTUIECKOM IIOTOKE, B KOTOPOM (byHKIMHU by, u by coB-
nagaor: by = by. Kak u B paccmorpenHom B pabore [1] ciaydae He3aBHCHMBIX GPOYHOBCKHX
JIBUYKEHUI, JIOKA3aTEIHLCTBO UCIIOJIB3YET OIEHKY HA POCT COBMECTHON XapaKTEPUCTUKHU yIJIOB 00-
xofa gacTul] (®gp, Poc)t- Ho ecim B ciiyduae He3aBUCHMBIX OPOYHOBCKUX JIBUYKEHUIl 9Ta OIEHKA
MOZKeT OBITH ITPOBEJICHA 33 CUET IBHOIO HAXOXKICHHs MaTeMaTudeckKoro oxugarnst E(Pqp, $ge)t,
TO B HAIlEM CJIydae U3ydeHne aCUMIITOTHIeCKOro roBefeHust (P qp, Poe)r ropasio 6osee CI0XKHO.
OcHOBHasl CJIOXKHOCTH COCTOUT B TOM, UTO JIBUXKEHUsI PA3JIUIHBIX UACTHUI[ B IIOTOKE Telephb He
SABJIAIOTCS HE3ABUCUMBIMH. BMECTO MCIIOIb30BaHUs MOHATUS HE3ABUCUMOCTHU IIPUXOJIUTCH IIPO-
BOJIUTH PACCYKJIEHUsI, OCHOBaHHBIE HA MOHATUU OPTOTOHAJBLHOCTUH MAPTUHTAJIOB.

Sameuanue 2. KcTecTBEHHO 0KUIATDH, UTO MTOJIYIECHHBI HAMU PE3yJbTaT BLIMOJIHEH B Oosee
obreM ciydae OPOYHOBCKOI'O IIOTOKA CO CTApPIIUM IOKa3zarejieM JIdmyHoBa, paBHBIM HYJIIO.
OnHaKO paccMOTpeHHe 3TOr0 CJIydasi TeXHUIeCKH 0oJiee CJIOKHO U Tpedyer JIajibHeNInero
HCCJIE/IOBAHUS.

2. OcHOBHOI1 pe3ybTarT.

Teopema 3. Ilycmv F — 00nopodviti uzompontiviii 6poyHosckutl Cmoracmuseckutl nomox,
300a6aeMBIT CMOTACTIUMECKUM OUPPEPEHUUANDLHBM YPABHEHUEM

dFy(z) = U(Fi(x),dt),

z€R%,t >0, 2de U="U(z,t) — uenmpuposanmoe 2ayccosckoe cay4ainoe 6eKmopHoe noae ¢

]EUk(x?t)Ul(ya 5) = bkl(x - y)t NS,
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a mampuya b umeem eud b(z) = (bki(2)) = (Orbr(||2]])), 1 < k,1 < 2, br: [0,00) = R — nexo-
mopas Pyrryua, YyooBAEMEOPAIOUAAL YCAOBUAM
bO = bL(O) = 1;

br(r) <1 npur>0;
by, € CH(R);

br(r) =0 (r — oo);

S r|b(r)]dr < oo;
0

o0

Ofr]b’L(r) — b (r)|dr < oco;

br(r) =1—3Br2 + O(r*), r — 04 daa nexomopozo B, > 0.
IIyemo Fy(z1), ..., Fi(x,) — mpaekmopuu nomoka F, evixodaujue us nonapho pasiusmoi mo-

eK NAOCKOCTNU T1, ..., Tn. To20a dasa yesos obxoda Py (t) mpaexmopuu Fi(xk) eoxpyz mpaex-
mopuu Fy(x;) cnpasedauso acumnmomuueckoe coommouwenue

(E¢MQJ<k<l<n>—i%@%1<k<l§m.
Int t—00
3decov &k, 1 < k < 1 < n, — HE3ABUCUMDIE 8 COBOKYNMHOCTU CAYUATIHBLE BEAUNUHDL, UMENULUE PAC
npedenenue Kowu ¢ napamempom 1.

Jlist aJibHERIIX pacCMOTPEHMIT HaM IOHAJ00UTCS CJIeAyIOIIee OIpeaeseHne.

Onpenenenne 2. BpoyHOBCKUM JBUYKEHUEM, aCCOIMUPOBAHHBIM C HEMPEPBIBHBIM JIOKAThb-
HBIM MapTHHTajaoM M, HazbIBaeTcs Takoe 6pOyHOBCKOe jBrzKeHune 3, 9ro npn Beex ¢ >0 ¢ BeposT-
HOCTBIO 1 BhImosiHeHo cootHomenue My = B((M)y).

3ameTuM, 9TO TakKoe OPOYHOBCKOE JIBUYKEHUE CYIIECTBYET B CHJLY U3BECTHOIO PE3yJIbTara
Hambuca—/Ty6unca—IIIsapua (cm. Teopemy 18.4 B [11]).

st moKaszaTebeTBa TEOPEMBbI 3 UCIOJIb3YeTCsl CIIeytolee yrBepxieHue u3 [12].

Teopema 4. IIycmov (M]”, 1 < j < m) — nocaedosamesvHocmsd M-KOMNOHEHMHBLEL HAOOPOG
HENPEPBIGHBIT NOKANDHLL MAPMUHLAAO0E MAKUL, 4IMNO

vj?” <M]n>00 = o0,

U Oas A1000T NAPYL PABAUMHLIT UHOEKCO8 jJ, k cyuiecmsyem nocaedosamesvbHOCMs NOAOAHCU-
MENLHBIT CAYHATHOLL seaudur Hy, maxux, wmo

P P
n—roo n—o0
H, P
n n
¢
3decv vepes [ |df(s)| moL 0bosnanaem nomupo sapuauro dyrxuun f na [0,t]. Toeda npu n — oo
0

bpoynoscrue deustceHus ﬂ;?, accoyuuposannvie ¢ M, acumnmomunecku He3a6uCUMbL, M.€.
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( 7, 1< j < m) —— (ﬁoo 1<j<m), ede B 1 < j<m, - mesasucumvie bpoynoscrue
n—0o0

dsustcernus.

[TosicanM, Kak IpUMEHSIeTCs TeopeMa 4 JIIsl MOJIydeHns] HAIEro Pe3ysbraTa B caydae m = 3,
KOIJIa PACCMATPUBAIOTCST TPH TPAEKTOPUH MOTOKa ' (cxeMa paccyzKIeHuit B 00IIeM CJIytdae OCTAeTCs
takoii xke). Ilycrb a, b, ¢ — nomapHo pazim4Hble TOYKN 1I10CKOCTH, Pyp(t) — yros obxona Fy(b)
BOKPYT Fi(a), @uc(t) onpenensiercs anamormano, Rp(t) — paccrosnne Mex 1y 9acTUIAMA @ 1 b
B MOMeHT BpemeHu t. JInst npuMenennst reopemMbl 4 Hy?KHO HOKa3aTh, 9TO COBMECTHBIE XapaK-
TEPUCTUKI (7)

(B, Pac)t, (In Ry, In Rae)t, (Pap, In Rap)s, (8)
<(I>a<:a In Rac>t; <1n Rap, (I)ac>ta <ln Rae, qDab)t,

B OIIPpEZIEJICHHOM CMBICJIE, DACTYT 110 BpEMEHU t HaMHOT'O MeJ/JICHHee, 9YeM XapaKTePUCTUKN

<(I)ab>t = <1n Rab>t7 <(I)ac> t— <1n Rac>t-

<q)ab>t
(Int)2

MOJIOZKUTEJIBHON ¢ BEPOATHOCTBIO 1 ciryyaiiHoil BeJimynHe, a

<(I)aba (I)ac>t P .
(ln t>2 t—oo

Tak, MOXXHO ITPOBEPUTH, UTO CXOIUTCH MO PACIpeIeJIeHUIO TP t — 00 K HEKOTOPOU

ocrasbHble XapakTepucTuku B (7), (8) oneHnBalOTCS AHAJIOTUYHO.

[Tocneayromue paccyKIeHnsT aHAJOTUIHBI [IPOBEJACHHBIM B cTaThe [12]| jurs mcciietoBaHus
ACHMIITOTHIECKOTO PACIIPE/IEJICHNs YITIOB 00X0/1a JBYMEPHOTO OGPOYHOBCKOTO JIBUKEHUST BOKPYT
HECKOJIbKUX TOYEK IUIOCKOCTH. IlosyueHHble OIeHKHM Ha XapaKTEePUCTHKHU JA0T BO3MOKHOCTH
IPUMEHUTH TeopeMy 4 K I0CJ/IeI0BATEIbHOCTH JIOKAJIBHBIX MAPTHHTAIOB

In Ry InRac Pap Pac
ho ' hn hn hy

hpn — HEKOTOpas BO3pacTaoNiast OECKOHETHO OOJIBINAs MOCIETOBATEIHHOCTD TOJTOKATEIHHBIX
qucest. Takum oOpazoM, Mbl IMEEM ACUMIITOTUIECKYIO HE3aBUCUMOCTD HaOOPOB

(B a/B(hn)alyab ) ((chn))

ITOJTy YEHHBIX U3 aCCOIMMUPOBAHHBIX C JIOKAJBHBIMU MapTUHTagaMu In Ry, In Ree, @up, Poe OpOY-
HOBCKUX JIBUKEHUI

(ﬁaba Bacs Yabs ’Yac)

C TIOMOIIHIO [TEPEMACIITAONPOBAHIS:

1

B 0) = - BulIE0), B (0) = - Bucli2)

1 1
WO = (B30, () = 5 Yaclh28).
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I/ITaK, MbI ITOJIyIaeM C.Ha6y10 CXOIUMOCTD IIOCJIEI0BATCJIbHOCTHU

(B 7ﬁ(h")7’Yab ) é}cln))

K HabOPYy HE3aBUCUMBIX OPOYHOBCKHX JBHKeHWil. B TO ke BpeMsi 3HadYeHUs YTIJIOB 00XO0Ia
By (t), Pac(t) B MomenTsr Typ(en) = inf{t: Ryp(t) = e}, Tyoe(en) = inf{t: Rye(t) = e} Bor-

X078 Ryy(t), Rue(t) Ha ypoBens e Bprpazkarorcs uepes GpOYHOBCKHE JBIKEHIST
hn, hn hn
/3( )7 ) 72[; )7 (S,c ) )
D up(Tap ehn n hn
L€ 0 intfu - B0 (w) = 1))
Do (Toc(eM .
Lacllecle)) _ 0o it - Y (w) = 1))

Otcrona  u3 Toro, ato ®gp(e2m), ®,4.(e?n) xopormo mpubIIKAIOTCS CITyIARHBIMI BeTIIHI-
Hami ®gp(Top (")), @uc(Tac(e)), yke nomydaercs cooTHomeHue

(%b(e%") Dye(e?m) ) d

B ) B (517 52)7

n—oo

e &1, &2 — He3aBUCUMbBIE CIyYaifiHble BEJUYIUHBI CO CTAHIAPTHBIM pacipejesiennem Korrm.
HauboJstee TexHUIECKN CIOKHBIM MOMEHTOM JIOKA3ATEIbCTBA SIBJISETCS OIEHKA XapaKTepPUC-
TukH (Dyp, Poc)e. IIpuBeeM cxeMy COOTBETCTBYIONUX PACCYZKIEHHI.
Qukcupyem QYHKIHUIO fTaKyro, 9TO

f(t) = oot — 00);
f(t) =o(Inlnlnlnt)(t — co).

Beigennm kommonenty tpaekropun Fi(c), oproronasnbhyto K Fi(a), Fi(b). A umenuo, npe/-
crasuM Fi(c) B Buze

Fi(e) =&+ G,
e & n3MepuMo oTHOCHTENBHO o-airebpbl F = o{Fy(a), F5(b) | 0 < s < oo}, mOpPOXK IeHHOT
3x
3

) oproronasbHbiii Kk F(a), F(b)

JIBHZKEHUsIMU CTAPTOBABINMX W3 @ W b vacTul, a (=

JIOKAJILHBIH MapTunraJ. TodHee roBops, mycThb

_ / br(Rac(s)) — br.(Ra(5))br (Rpe(s))
-/ ChRaR e
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d<<x>t
dt -

mporiecc, He 3aBucsmmii or Fb,

t
O6oznaaum 1y = Torma (¢ =w ( i nSds), rjge W — JBYMEpPHbI BUHEPOBCKUA
0

Boibepem R > 0 Tak, 9to mpu Jo0oM s > (0 MMeer MeCTo 1) > Z, KaK TOJBKO Rgp(s)>R,
Rac(5)>Ra Rbc(3)>R .

“Tunmanoe” noBejieHre xapakTepucTUKU (Pgp)y CYIECTBEHHO OTIMYAETCS OT IIOBEJICHUS ee
MATEMATIHIECKOTO OsKIIarns. Tax, MOXKHO ToKa3aTh, 9To E(®4;); Beser cebs kax v/t Int, Toraa
Kax B “rurmuanom’’ ciydae (Pqp)¢ Beser cebst kak (Int)?. Boimenanm Tenepsb “xoporee’” MHOXKEC-
TBO TpaeKTopuii A;, Ha KOTOPOM XapaKTEPUCTUKA HE OYEHb OOIbIIAsL.

Ob6osnaunMm st Kaxkioro ¢ > 0
t

Ar=Qwe: /]lRab(s)ngS < (Int)?f(2),
0
t

t
/ Lp,(oyerds < (n6)2f(8), / 1p, o)<rds < ()2 (1)
0

0
Mozxkuo nokazars, uto P(Ay) — 1 (¢ — 00).

Temepb MBI TOTOBBI HOJIYIUTE OIEHKY Ha moBegeHue (Dyp, Pyr)t.
VYrBepxKaenue 3.

E(<(I)aba (I)ac>t]lAt) = 0((1Ht)2), t — o0.

U3 yreepxkyaenns 3 u Toro dakra, uro P(A4;) — 1 (t — o0), caeayer
VYrBepxkaenue 4.

<(I)ab; ‘I)a(:)t P

2 oo
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I'panuvHMii po3moaiji B3BAaEMHUX KYTiB 00X01y YaCTUHOK
y OpOyHIBCBKOMY CTOXAaCTUYHOMY MOTOIIi 3i cTapUInM IMOKA3HUKOM
JIsmyHoBa, 10 JIOPiBHIOE HYJIIO
Hocridotcenns 2e0MEMPUIHUT  BAGCTIUBOCTNET, MPAEKMOPIT “UACTMUHOK Y CMOTACMUNHUL NO-
MoKaT npusodumsd Jo BUGHEHMHA 2PAHUYHOL NOBEIIHKY TTHIT B3AEMHUT KYMi8 00x00y. Aemop
P036°a3ye w0 3adavy Oas 6uUNAOKY OPOYHIBCHRUL CMOTACTNUMHUL NOMOKIE 31 CMAPULUM NOKA3-
Hukom Jlanynosa, wo Aopienioe Hyso.
Karouo8t ca08a: OPOYHIBCHKI CTOXACTUYHI TOTOKU, KyTH 0OXOy, MOKa3HuKu JIsamyHosa.
V. A. Kuznetsov
Institute of Mathematics of the NAS of Ukraine, Kiev
E-mail: vasylkuz@mail.ru
The limiting distribution of the mutual winding angles of particles
in a Brownian stochastic flow with Lyapunov’s zero top exponent
The investigation of geometrical properties of particles moving in stochastic flows leads
to the study of the limiting behaviour of their mutual winding angles. This problem is solved
for isotropic Brownian stochastic flows with zero top Lyapunov exponent.
Keywords: Brownian stochastic flows, windings, Lyapunov exponents.
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