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Mpr m3yuaem Koppendanuu (QIIyKTyaruil 3aBUXPEHHOCTH BHYTPH KOI'€PEHTHOI'O BUXDs, BO3HHKAIOIIETO

BCJIEJICTBE 0OPATHOrO KacKa/a SHEPIruy B IByMepHOil TypOytenTHOCTH. Hasimane KorepeHTHOro TedeHust, Ko-

TOPOE fABJISACTCA ,HI/I(b(bepeHLII/Ia.HI)HBIM BpallleHnueM, I1oJaBJjasieT MeJIKOMACIITaOHbIe (i).HyKTyaLII/II/I IIOTOKa, KOTO-

PpbIe CO3Jar0TCA BHEIITHE CI/I.HOI"/‘I7 U IIPUBOJALAT K TOMY, 9TO 9TU d)nyKTyam/m MOTr'yT CHUTATHCA HeB3aHMOI[eI7ICTBy-

IOonmMMu 1, CJIe1oBaTeJIbHO, NU3Yy1IaThCd B JITHETHOM HpI/I6JII/I}KeHI/II/I. MpI BBIYHCTISIEM ITapHYIO KOPPEJIAIINOHHY IO

(byHKI_LI/I}O 3aBUXPEHHOCTU U JEMOHCTPpUPYEM, 9YTO OHa 06J1a,71aeT CTEII€eHHbIM ITOBEIeHUEM KaK B IIPDOCTPaHCTBE,

TaK "W II0 BPpEMEHU. HO.Hy‘IeHHbIe pe3yabTaTbl IIO3BOJIAIOT IIPHUCTYNIUTH K CUCTEMAaTUYIECKOMY HU3YYCHUIO ad)-

(dEKTOB, CBSI3aHHBIX C HEJIMHEIHBIM B3aNMO/IeiCTBAEM (DJIYKTyaIlnil, KOTOPbIe UT'PAIOT CYIIECTBEHHYO POJIb HA

Hepn(i)eplxm KOT'€pEeHTHOI'O BUXPA. Hamn pe3yabTaThbl IDUMEHNUMBI TaK2KE K CTaTUCTUKE ITACCUBHOI'O CKaJIsipa B

CHUJIbHOM CIABUI'OBOM IIOTOKE.

DOI: 10.31857/51234567823020076, EDN: oerbul

Kak nokazano B paborax [1-3], ocHOBHOiI 0cobeH-
HOCTBIO JIByMEPHOI'O TYPOYJEHTHOTO Te€UEHUsI, BO30Y K-
JIAeMOro BHEITHeH cuiioil (HaKauKoM), sIBJISETCS HAJIM-
qre 00pPaTHOTO KacKaJda SHEPTrUH, KOTOPI (hopMupyer-
CsI HAPSLYy C IPsIMBIM KACKaJIOM, KACKaJIOM SHCTPO(UH.
Ornucanue NpuYIuH BO3HUKHOBEHUSI OOPATHOIO KACKA 1A
u ero cBoiicTB copepxkurca B pabore [4]. O630p cospe-
MEHHOTO COCTOSIHUSI WMCCJIEIOBAHUI IBYMEPHON TypOy-
JIEHTHOCTH MOYKHO Haiitu B pabote [5]).

Tocsie BKIIIOUYEHUS HAKAIKU (BHENTHEH CHJIBI, BO3-
Oy aromieil TypOyJIEHTHOCTD) 38 CUeT 06PATHOIO Kac-
KaJ1a IPOCTPAHCTBEHHBII MacmTad MIyKTyaruit CKopo-
CTHU PacTeT CO BPEMEHEM, ITOKa ITOT POCT HE OCTAHOBUT-
¢st JInbO TPEHUEM O JTHO, JTHOO0 pa3MepOM CUCTeMBI. B mo-
ciegHeM ciaydae GUHAIBHON CTa ueil SBOIIOIII MOXKET
CTaTh CHCTEMa KOTE€PEHTHBIX BUXPEl. DKCIEPUMEHTAIIb-
HO KOTepeHTHbIe BUXpH HabJroasmch B padorax [6, 7],
B UNCJIEHHOM MOJEJIMPOBAHUU OHU HAOJIIOIAJIACH B pa-
6orax [8-10]. B nocsesneil pabore yCcTaHOBJIEH UIOCKU
poduIb CKOPOCTU KOI'€PEHTHOT'O BUXPSI UM IPHUBEICHBI
apryMeHTbhI, OObACHSIONNE €ro BOSHUKHOBeHne. Jlaiib-
Heife aHAIMTHYIeCKHE HcciiefoBanns [11-15] noxreep-
JIMJIN YHUBEPCAJIHHOCTD ILJIOCKOTO TPOMUIIS U CBA3AIN
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ero CyIeCTBOBAHUE C HACCUBHBIM (KBA3UJIMHEHHBIM) Xa-
pakTepoM (IIyKTyalnii BHyTPU KOT€PEHTHOrO Buxps. B
pabote [16] GbLIO TIOKA3aHO, YTO KOI€PEHTHBIE BUXPH
He MOTYT (POPMUPOBATLCS TPH 3HAYEHUH K0P DUIInen-
Ta TPEHUsSI O JIHO, MPEBBIMAIONIET0 HEKOTOPBIN TOPOT, B
pabote [17] aT0 HpencKazaHue IPOBEPEHO TIPSIMBIM YUC-
JIEHHBIM MO/ICJTUPOBAHUEM.

C TOYKM 3peHusl IHEPreTUIecKOoro OajiaHca, Kore-
PEHTHBIE KPYyIHOMACIITAOHble BUXPHU, BO3HUKAIOIIUE B
JIBYMEPHBIX TYPOYJEHTHBIX CUCTEMAX, HOIIEPXKUBAIOT-
cs MeJIKOMACIITAaOHbIMU (DJIYKTYaIusIMu, BO30YXKiae-
MBIMU BHEIIHEH CUJIOi. DTU (PJIyKTyaluu, B CBOKO OYe-
Pellb, SBOJIOIMUOHUPYIOT B KPYIHOMACIITAOHOM IIOJIE
ckopocTu. IX aMILUIATYIpI OKA3BIBAIOTCS IO/IABJIEHHBI-
MU BHYTPU KOTEPEHTHOI'O BUXDPS M B BEIYINEM IIPH-
O/IMKEHNY HEJIMHEHHBIM B3aMMOJIECTBHEM MEJIKOMAC-
mTabHbIX GUIyKTyarmii MoxKHO mpeHebpeus. Koppes-
[IUOHHBIE (DYHKIIUU TAKUX (DJIYKTYAIIU SBJISIFOTCS CAJIb-
HO AHW30TPOIHBLIMHU. B jaHHOI paboTe MBI BBIYUCIISI-
€M MMapHYI0 KOPPEIAIHOHHYI0 DYHKINIO (DIIyKTYaIlnoH-
HOI1 COCTABJISIOIIEN TI0JIsl 3aBUXPEHHOCTU BHYTPU KOIe-
PEHTHOI'O BUXPsI B IIACCUBHOM pexkume. Takast pyHKIUsT
HEIIOCPEICTBEHHO M3MEPUMa B HATYPHBIX U YUCJIEHHBIX
9KCIIEPUMEHTAaX U CPABHEHUE €€ C TEOPETHIECKUM IIPEJI-
CKa3aHMEM MOXKET CJIYXKUTh WHIXKATOPOM IIPUMEHUMO-
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CTH BCero moaxoja. KpoMe Toro, MpoOBEIEHHBIN aHATIN3
SIBJISIETCS [IEPBBIM HEOOXOJMMBIM IArOM B HCCJIEI0Ba-
HUW POJIK HETUHEHHBIX (DIYKTYAITHOHHBIX 3D PEKTOB,
OTIPEIEAIONINX CTATUCTHIECKIE CBOMCTBA TOTOKA BHE
KOTE€PEHTHOT'O BUXPSA U €TI0 Pa3sMephl.

B cucreme orcuera, cBst3aHHOI ¢ IIEHTPOM KOT'€PEHT-
HOT'O BUXPsI, OH B CPEIHEM U30TPOIIEH, T.€. CPEIHsIS CKO-
pocTh Buxpss V HUMEET TOJBKO IOJISPHYI0 KOMIIOHEH-
ty U(r), tae r — paccTosiHue 0 TOYKH HAGJIIOIEHUSI
oT 1eHTpa Buxps. [lojiHAs CKOpPOCTH ITOTOKa KUIKO-
CTH BHYTPHU BHUXPs MOXKET OBITH IPEICTABJCHA B BUIE
cyMMbl V + Vv, T7ie V — QJIYKTyaIllMOHHAS COCTABJISIO-
masi ckopocTu. AHajiornyHoe pasjoxkenue {2 + w, rie
Q=0.U+U/r, w =V XV, CupaBeJyuBO JIJis 3aBUX~
pernnoctu. OIyKTyaImOHHbIE KOMIIOHEHTHI V, T 3aBUCST
OT BpeMeHH ¢, OT PACCTOSIHUS I U OT ITOJISPHOIO YIJIa (p.

Mpbl mcxommM m3 ABYMEPHOro ypaBHeHusi HaBbe—
Crokca, KOTOPOM MBI HAPSITY C BE3KUM YJIE€HOM YUUTHI-
BaeM TpeHue O JHO. [Ipon3Bo/ist IeKOMITO3UITNIO TEeYEeHUsI
HA KOTE€PEHTHYIO U (DIIYKTYAIIMOHHYIO COCTABJISIIOIILYIO,
MBI HaxoauM u3 ypasaenns Hasbe—Crokca ciremytoriee
ypaBHeHHe Ha (PJIYKTYaIMOHHYIO 3aBUXPEHHOCTD T

0w + (U/r)0pw + 0,0:Q2+ V (v — (vw)) =
= ¢ — aw +vViw. (1)

3aech ¢ = V x f — porop sHemHeit cuibl f (Ha equHuMILy
MAacChl), ¥, — pajuaJbHas KOMIOHEHTa (DIIyKTyaIlMOH-
HOIT CKOPOCTH V, & — KO3(MDPUIINEHT TPEHHUsI O JTHO U U —
K03(dDUIUEHT KUHEMATHIECKON BA3KOCTH.

B nameit pa6ore BHemHsis cusa f, BO30yxKgatomast
TYpOYJIEHTHOCTD, IPEIIIOJATaeTCd XA0THIECKA MEHSIIO-
Imeficsi Co BpeMeHeM U UMEIOIeil KOHEUHYO JIJINHY KOpP-
peJisiiuu B IpocTpaHcTBe. MblI HCIIOIB3yeM MOJE/b CH-
gbt f, KOpOTKO KOppeaupoBaHHOI IO BpemeHu. B aToM
cJIydae ee CTATUCTUIECKHE CBOMCTBA OJHO3HATHO XapaK-
Tepu3yIoTCs MapHOil KoppesimonHoi dyuknueit. Ham
yI0O6HO paboTaTh B TEPMUHAX KOPPEJISIMOHHON (hyHK-
I POTOpPa BHEITHEIl CHJIbI

(B(t1,X)P(t2,y)) = —€d(ty — ) V' E(x —y),  (2)

IJle MbI IIPEJIIIOJIOKUIIN, YTO CTATUCTUKA HAKAYKH OJHO-
POJIHA BO BpeMeHHU U B mpocrpancTse. Jlamnacuan V2 B
upaBoii yacru (2) cBA3aH € T€M, YTO ¢ ABJAETCS POTO-
POM BHEITHEl CUJIbI, € — MOIIIHOCTh HAKAYKY Ha, € IMHUILY
Mmacchl, a =(x) — Ge3pasMepHas (QYHKIWMsI, YIOBJIETBO-
psirornas yeaosmo =(0) = 1. Mbr mosiaraeM, 910 E(X)
OBICTPO YOBIBAET MPU POCTE CBOETO apryMEHTa Ha Mac-
mradax 6oJIbIe HEKOTOPOH JIJTIHBI k:;l, KOTOpAasI sIBJIsI-
ercs JUINHOM Koppessruu Hakadkn. Mbr Oymem mosra-
raTh, 9TO JJIMHA k;l MaJjia 110 CPABHEHUIO C PACCTOSHI-
eM 7 OT TOYKH HabJIIOAEHHs JI0 eHTPa BUXps, kpr > 1.

Bue xopa KorepeHTHOro Buxps (e IJIABHYIO DOJIb
UTPAeT BSA3KOCTH U PEAIM3YeTCsl TBEPJIOTELHOE BpAaIlle-
HEE) €ro CpelHssl MOJIAPHAsA CKOPOCTh U MMeeT ILIOC-
kuil npoduwis [10, 15], aro coorsercrByer auddepennu-
ajbHOMY Bparienuio. JIokanbHo (Ha MacmTabax MeHbIIe
PACCTOSIHUSL JI0 TEHTPA BUXPsI) MBI IMEEM JIeJI0 CO CIBU-
roBeiM TedenueM. Kak nokazano B paborax [12, 13|, B
KOI'epeHTHOM Buxpe Temi capura ¥ = 10, (U/r) saBnser-
¢st MHOTO 60JtbImuM, 9eM KoJIMOroposcKast HelnHeiiHasa
JaCTOTa B3aMMOJIEHCTBUs (DIYKTyalnuil Ha Macrirabe
HAKAIKA (ek]%)Q/ 3, HO3TOMY HeIMHEHHBIME 1O (BIyKTya-
[IMOHHOM cKopocTH cyaraeMbiMu B (1) B Beymiem mpu-
OJIMKEeHNN MOXKHO TTpeHebpednb. Takum obpazoM, dIryk-
Tyarun Ha (POHE KOT€PEHTHOIO BUXPSI MOXKHO aHAJA3U-
POBATDH B IIACCUBHOM (KBA3WJIMHEHHOM ) NPUOIMIKEHUN.

OrmeTnm, 9TO st 06PA30BAHUSA TBYMEPHOTO TyP-
OYJIEHTHOTO COCTOSTHUSI I KOT€PEHTHOTO BUXPS JINCCUTIA-
THUBHBIE IAPAMETPHI JOJZKHBI OBITH JOCTATOYHO MaJIbl. B
JaCTHOCTH, ecyiu ¢hOPMUAPOBAJICS KOTE€PEHTHBINH BUXPb,
TO BHYTPH HETO BBIOJTHAETCS HEPABEHCTBO

%> vk, (3)

Hepasencrso (3) cupaBeiiuBo Be3je BHYTPU BUXDs 32
UCKJIIOYEHUEM Y3KOI 061aCTh BOIU3N IEHTPa BUXPS, TJIe
> — 0. HecMmoTpst Ha OTHOCHTENBHYIO CIa6OCTD JIUCCH-
HATUBHBIX YJICHOB, IIPEeHEOPEYh UMK [IPH aHAJIU3E KOTe-
PEHTHOTO BUXPsI HEJIB35l, TIOCKOJIBKY UMEHHO BSI3KOCTD W
TPEHMe O JIHO OIPEJEJISIIOT aMIUIUTY/IbI cpetHeli (Kore-
PEHTHOI1) ckopocTH Buxpsi U dbuykTyarnuil Ha ee dhoHe.
PaceMOTpEM MaJsIyio OKPeCTHOCTH OKPY?KHOCTH pa-
quyca R ¢ 1eHTpoM B IeHTpe Buxps. V3oTporms ero
CPEJIHErO TEIEHUS MO3BOJISET UCK/IOYATH OJHOPOIHOE
Bpairenue ¢ yriuosoit gacroroit U(R)/R, uepeiins B cu-
CTEMY OTCYeTa, BPAIIAOILYIOCs ¢ 3TON YIJIOBON CKOPO-
cro10. [Ipu pemenun ypasaenusi (1) Mbl orpanuduBa-
eMcsl 3HadeHussMu r, oim3kumu K R. Torma 1 = Ry
u o = 7 — R MOXHO paccMaTpuBaTh, KaK JIOKAJIbHBIE
JeKapToBbl Koopaunarel. Hepasencrso kR > 1 o3na-
YaeT, YTO MOXKHO NpeHeOpedb dieHoM v,.0p-{) B ypas-
Hernu (1) u, cienoBaTENHHO, UCHIOIB30BATH CABUTOBYIO
AIIIPOKCUMAIIUIO. Y PABHEHHE 3BOJIONMU (DJIyKTYAIMOH-
HOI 3aBUXPEHHOCTH, TAKHM OOPA30M, IPUHUMAET BUJL;:

ﬁ:6t+2x2i+a—yv2. (4)

Ew B (b’ 8:131

Baecy ¥ — remn capura, ¥ = ro,(U/r), B3areil npu
r=R.

Pemenue ypapuenus (4) 3anucbiBaercst B Buje

w(t,x) :/dtldQ:UG(t_tlvan)(b(tMY)- (5)
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Baecs G(t, x,z) — byuxius ['puna 9BOJIOIUOHHOTO OI1e-

paropa L (4), y0BJIeTBODSIONIAsl yPABHEHUIO
LG(t,x,2) = 6(t)6(x — 2). (6)

B cuty npuannaocTu dbyakuus I'puna G(t) pasHa Hyiio
mpu t < 0.

s mpoctpancTBennoit @ypbe-KOMIIOHEHTHI (DyHK-
muu puna Mmbl nosxygaem u3z (6) auddepennuanbHoe
ypaBHEHHUE IIEPBOr0 MOPSJIKA, KOTOPOE JIENKO PEIIaeTCsI
MeToJIoOM XapakTepucTuk. Ilocsie aToro obparHoe mpe-
obpazosanne Oypne gaer

V3 exp(—at) 3A(t,x,y)
Gley) =00 e {2

(7)

A(t,X, y) = (xl — Y1 — EtyQ)Q

1
— Xt(x1 — 1 — Stya) (w2 — y2) + 522752(932 —y2)?,

(8)

rue 0(t) — crynenvaras dyakuus Xosucaiina. Ormernm,
9TO TPEHHE O JIHO BXOJIUT B Bbipaxkenue (7) TOJBKO de-
pe3 daxrop exp(—at).

Boipazkernue (7) NOKa3bIBAET, YTO IBOJIOIUS MATHA
3aBUXPEHHOCTH Pa3MEPOM k;l, IPOHU3BOJAUMOrO HAKAY-
KOIl (), XapaKTepHU3yeTcs pa3HBIMU BpeMeHaMU JIJIs pas3-
HBIX HalpaBjeHuit. Ilomepek CIBUTOBOIO TEUeHUs Xa-
PAKTEPHOE BPEMsl BOJIIOIUH OIIPEJIENIACTCS BASKOCTBIO,
ono pasmo 7, = (vk7)~'. Baomb xe caBuroBoro Tede-
HHsI XapaKTepHOe BPeMsl SBOJIIONUI PABHO

7, = (Z20k2) 2. 9)

B cuny ycioBusg (3) cupaBeyiuBbl HEPABEHCTBA LTy >
> 1,7, > 7. Kak nokaszano B padorax [16, 17], yciaosu-
€M BO3HMKHOBEHUS KOI'€PEHTHOTO BUXPs ABJIACTCH O <
< ij%. Orciofa moydaeM a7y, < 1, Kak CJIeJCTBIE TOTO
ke ycaosus (3).

Bpems 7, uMeeT cieayromee npoucxoxkaeHue: JIan-
2KEBEHOBCKHUE CUJIbI, 0becrieanBaroniue Ba3kyo nuddy-
3UI0, IPOBOIAT K TOMY, YTO JlarpaHzkKeBbI TPACKTOPHA

1
UMEIOT yIJIOBOI pasbpoc 6, ~ (VkJ%/Z) /3. ITono06-
HBIIl yroJI BOSHUKAET, HAIIPUMED, B 3aJa4e O PACTsizKe-
HUHU [IOJIUMEpa B CABUTIOBOM IIOTOKE ¢ MaJIOH CJIy4ailHoi
cocrapssitorniedi [18]. B pesynbrare caBurosoe redeHne
TOPOXKJaeT Ha MacIiTabe HaKadKH pa3dpoc CKOpOCTei
Av ~ G*kflx, 4qTo U JiaeT 3 dexkTuBHOE BpeMs nedop-
manuu nstHa (9). Takast ”HTepIpeTanust COraacyercs ¢
Pe3yIbTaTaMU UCCJIEIOBAHNSA PACIIA/IA HAYAJIHHOTO IISAT-
HA [IACCUBHOI'O CKAJIfAPAa, IPUBEIECHHbIMU B pabore [19],
rjie ObLIO MMOKA3aHO, YTO XapaKTEPHOE BPEMsl PACIIajia
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—1/3
OIIEHUBAETCsI KaK (DZQ) / 12/3, rne | — pasmep sToro

nsitHa u D — kosdduruenT quddysun cKajspa.

W3zyunm napuyo Koppesinuonuayo dyHknmuio F 3a-
BUXPEHHOCTHU W B YCJIOBUAX CTATHCTUIECKOTO PDABHOBE-
cusi. OHA 3aBUCUT TOJILKO OT PA3HOCTH BpeMeH (B CHJIY
UPEIOoJIAraeMoil OJJHOPOJHOCTHU 1[I0 BPEMEHH), HO HpU
HEHYJIEBOI PA3HOCTH BPEMEH 3aBUCUT HE TOJIBKO OT pa3-
HOCTH KOODJIMHAT, ITOCKOJIbKY CIBUTOBOE TEUEHUE HAPY-
MAET MPOCTPAHCTBEHHYIO OJHOPOJIHOCTHL cuUcTeMbl. [lo-
9TOMY MBI UMEEM JIeJI0 ¢ pyHKIHei

Ft,x,y) = (w(t,x)=(0,y)), (10)

rjie YIJIOBble CKOOKHM O3HAYAIOT yCpeJHEeHHe II0 CTaTH-
cTUKe HaKadkyu. Hakadka mMeeT KOpPENAuOHHYTO JIJTh-
HYy k;;l, B TO BpeMs KaK KOppeidluoHHas (QyHKIUs
(10) mMmeeT CJIOXKHOE TIPOCTPAHCTBEHHO-BPEMEHHOE IO~
BEJICHUE.

Ucnonbsys upencrasienue (5) U ycpelHsis OPOU3-
Benenne w(t,x)w(0,y) ¢ moMompo cooTHOmeHust (2),
HAXOJIUM CJIEJIYIOIIEE BHIPAKEHHE

F(t,x,y) = —e/ dty X
0
X /d23 d?z G(t +t2,%,8)G(ta,y,2)V?E(s — z). (11)

Bripaxkenue (11) 1o3BoJigeT HeTaJbHO [IPOAHAJU3UPO-
BaTh NAPHYIO KOPPEIATUOHHYIO (DYHKIHIO 3aBUXPEHHO-
ctu. Hac 6y1yT uHTEpECOBATD CTEIEHHBIE ACAMITOTHKY
KoppessiinorHoit dyHknun 3asuxpersocru (10). Dtu
ACUMITOTUKH OIIPEIEJISIOTCs OLePATOPOM 3BoJIonmu (4)
U SBJIAIOTCS BCIEACTBUE 3TOTO YHUBEPCAJBLHBIME, T.€. He
3aBUCAT OT JeTajell HaKauKy.

Mbl HauHeM ¢ aHAJIM3a BTOPOrO MOMeHTa (ww?) =
= F(0,0,0). B aTom cityuae xapakTepHOe 3HAYCHUE S$1 —
— 2z~ kz;l B uHTerpate (11) onpesesnsieTcss HAKAIKOIA.
OcTanbHble XapaKTEepHbIE 3HAYEHUS BEJINIUH B HWHTE-
rpauie (11) onpenessiiorcst crpykrypoit dyukinuu I'puna
(7). IIpu TOM OKa3BIBAETCSI, UTO

to ~ Ty, S1,21 ~ k:;l, S, 29 ~ UT, K k:;l.

C MCHOMB30BAHMEM 3THX XAPAKTEPHBIX 3HATECHWH MBI
HaxoauM u3 npejcrasierns (11)

(w?) = F(0,0,0) ~ ek:]%T*. (12)

MozkHO CcKa3aTh, 9TO T, HMEET CMBICJI d(PDEKTUBHOTO
BpeMeHHU paboThl Hakadku. OTMETHM, YTO IIPH II0JIyde-
uuu (12) mb1 npene6periu dbaxropom exp(at) B (7), uro
BO3MOKHO B CHIIY Ty K 1.

PaccMOTpHM OJHOTOYEYHYIO PA3HOBPEMEHHYIO KO-
pessinuonnyo dyskimo F(¢,0,0) upu t/7 > 1. B
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9TOM CJlydae XapakrepHoe BpeMs B unrerpase (11)
ompejessiercs to ~ t. Jljs BeJIU4uH Ke S, Z UMET Me-
CTO OIIEHKU

S1 — 21~ kf_l, 81+ 21~ 1/22t3, S9 ~ Zg ~ 1/ vt.

C ucrosb30BaHMEM STHX XaPAKTEPHBIX 3HAUEHUH MBI
HAaXOIUM u3 npejcrasienns (11)

F(t,0,0) ~ ekfTo\/ T /1. (13)

Ouerka (13) npennosaraer BBIIOJHEHHE HEPABEHCTBA
krso < 1, aro maer t < 7, = (l/k]%)*l. B mporus-
HOM CJIydae, IpH ¢ > T,, CTAHOBSITCH CYIIECTBEHHBIME
OIpPaHUYEHMs] B MHTETPUPOBAHUY 110 S2, 22, CBI3QHHBIE
¢ Hakadkoil, u 3uadenue F'(¢,0,0) Obicrpo cuajaer ¢
pocrom t. IIpu Berauciaenun (13) mbl npenebpersu dak-
topom exp(at) B (7), uro maer orpanuuenne ot < 1.
Ormerum, 9To B cuity o < I/k]% orpanuveHue t > T,
CHJIbHEe, 9eM OIPaHHYCHHE, CBA3AHHOE C (.

IIpocTpaHCTBEHHBIE KOPPEJIANUH MOJA T0 OKA3bI-
BAIOTCA CYIICCTBEHHO AHU30TPOIHBIMHU, 9TO ABJIAETCS
CJIEJICTBUEM HAJIMYMs CHJIBHOTO CIBUTOBOTO TEUEHUS.
ITo3TOMY MBI OTIEILHO UCCIIECAYEM TOBEIEHUE KOPPEJIs-
nUOHHON GyHKIMU F 111 KOOPIMHAT, OTCIATHIBACMbIX
BJIOJIb U IIONIEPEK CABUTOBOi cKopocTu. UTO6BI yeTano-
BUTB XapaKTep IPOCTPAHCTBEHHBIX KOPPEIAIN, MBI IC-
cJIelyeM BBIParKeHHUEe IS OJHOBPEMEHHON KOppeJIsiu-
onnoit dyrkuun F(0,X,y), KOTOpast 3aBUCUT TOJBKO OT
Pa3HOCTH X — Y.

IIpoanaausupyeM BbIPAXKEHUE Jjist OJHOBPEMEHHOM
KOppeJIIuoHHON dbyHKIuKr I s KoH(MUTYpaIu, KO-
/18 TOYKH HAOIIONCHNs PA3HECEHBI BIOJIb HAIIPABJICHUS
casurosoro noroka, F(0,x1,0,y1,0). Ee 3nauenue cy-
IIECTBEHHO OTJIMYAeTCs OT BTOPOro MoMeHTa (to?), ecin
TOYKH PA3HECEHBI HA, PACCTOSAHNE, IIPEBHIIAIONIEE ITAHY
KOPPeJISNUE HAKadKH, Kkf|lz1 — y1| > 1. B srom ciyuae
UMEIOT MECTO OIEHKU

-1
s1—z1~ kg, s1+ 21~ |71 —yl,

ty ~ T(kflzy —11))?3, 82 ~ 22 ~ Vit

C ucnoanb30BaHUEM MIPUBEIEHHBIX XapPaKTEePHBIX 3HAYE-
HU MBI HaXOIUM u3 npejcrasierus (11)

ekj%n

F(o,xl,O,y1,0)~W-

(14)

Ouerka (14) npennosaraer BBIIOJHEHHE HEPABEHCTBA
kfso < 1, uaro naer orpanuyenue ty < 7,. OHO nepemnn-
chiBaeTcs B BUJIE Hepasenctsa ky|r, —y1| < (1,,/74)%/2,
KOTOPOE OIIpejiesisieT 00JIaCTh TPUMEHUMOCTH aCHMIITO-
tukn (14). TIpu o6paTHOM YCJIOBHU KODDEJSIIIMOHHAST

dyukuua 6icTpo criagaer ¢ pocrom |1 — y1|. Ilpu BbI-
aqucsennn (14) mbl npenebpersm dbakTopoM exp(at) B
(7), uro maer orpanmuenue aty < 1. Ormerum, 4To B
cuny a S z/kj% orpanm4ieHue tp < 7, CHJIbHee, YeM Orpa-
HUYEHHUE, CBA3AHHOE C (.

IIpoanasmzupyeM BbIpasKeHUe IJIsl OJHOBPEMEHHOI
KOppeJsnoHHoit pyHKInu F' 1j19 KOH(MUTYPAIIH, KO-
/13 TOYKW HAOJIIONEHIS PA3HECEHBI IIOTIEPEK HAIIPABJIE-
HUsI ¢aBUroBoro notoka, F(0,0,x2,0,ys2). Ee 3nauenne
CYIIECTBEHHO OTJIMYAETCS OT BTOPOTO MOMeHTa (tw?), ec-
JII TOYKHU PA3HECEHBI HA PACCTOSTHHE, KOTOPOE YJIOBJIe-
TBODSET kf|xo — ya| > (Vk’]%/E)l/S. B srom ciryuae nme-
IOT MECTO OICHKH

9 ~ 29 ~ |12 — Y| ~ Vi,
s1— 21 Nkil, $1+ 21 ~ y22t3)1/2,\, Y/v)|w2 — yo 3
f 2

@Oynknua F BLIXOIUT Ha PacCMaTPHBAEMYIO AaCHMIITOTH-
Ky, KOTJIa §1 + 2] CTAHOBUTCS GOJIbIIE k:;l, YTO U JaeT
Kpurepuit ks|xe — yo| > (Vk?/z)l/?’. C ucnosb3oBaHu-
eM IIPHBEICHHBIX XapaKTePHDLIX 3HAMCHUH Mbl HAXOIIM
u3 npeacrasienus (11)

ek

F(O,O,LL‘Q,O,yg) ~ (15)

Bl —yo|
Acumnroruka (15) peasmusyercs npu krlxe — yo| < 1,
B IPOTUBHOM CJIy9ae WHTErPUPOBAHEE TI0 Sy — 23 OTpa-
HUYUBAETCS KOPPEJIAIUOHHON DYyHKIMeH HAKaIK, u F'
BBICTPO CHIAZAET C POCTOM |Zo — 2| OTMeTHM, uTO HAM-
fosbImee 3HaUeHue ty, peamusyeMoe Ipn ky|zo —ya| ~ 1,
paBHO Ty. [losTomy npu Bbraucienuu (15) Mbl npene-
6persn dakropoMm exp(at) B (7) B cuny at, < 1.

MpI  yCTAHOBWIM, 9TO IIAPHAS KOPPEJSIIMOHHAS
GyHKIUST 3aBUXPEHHOCTH BHYTPH KOT€PEHTHOTO BUXPS,
KOTOPBII BO3HUKAET BCJCJACTBHE OOPATHOIO KacKa-
a B JBYMEPHOI TypOyJIeHTHOCTH, HMMEEeT CTeIleHHOe
MOBEJIEHNEe B HEKOTOPOil 06JACTH TPOCTPAHCTBEHHBIX
JUIMH U BPEMEH. DTO CTEIEHHOE IOBEJCHHE O3HAYAET
CIJIbHYIO KOppesaanuio (pJIyKTyaluil 3aBUXPEHHOCTH
B OOJIACTH CTENEHHOTO TOBEJEHUsI, KOTOPASA MOXKET
CYIIECTBEHHO CKA3aTbCs HA HeJMHEHHBbIX 3ddekTax.
Ham noxxom umeer Gosiee MIMUPOKYIO O0JIACTH IIPU-
MEHUMOCTH, TOCKOJbKY OH ONPEIENSET KOPPEIAIUH
ACCUBHOTO CKAJIAPAa B CHJIBHOM CJIBHTOBOM IIOTOKE.
Hammu pesynabTaTbl MOryT HaIpsIMy0 CpaBHUBATBCS
C pesyabraTaMyu J1abOPaTOPHBIX SKCIEPUMEHTOB WU
YUCJIEHHOTO MOJIETMPOBAHMS.

Msur 6aromapusl C. C. Bepresiecy 3a MHOrO4uC/I€H-
HbIe 00CYXKIIEHUSI.

Padora U.B.Komokomosa u  B.B.Jlebenena
HOJJIepXKaHa B paMKax  HaydHOH  IpOrpaMMBbl
HamuwonanbHoro 1neHTpa (QU3MKM U MaTeMaTH-

IIucema B 2KOT® Tom 117 BRm.1-2 2023



Ilapras koppessimonHast (QyHKIHS 3aBUXPEHHOCTH BHYTPH KOI€PEHTHOT'O BHXPSI. . . 131
ku, pabora M.M. TymakoBoii mommepkaHa TrpaH- 9. M. Chertkov, C. Connaughton, I. Kolokolov, and
ToMm Poccuitickoro ¢onga QyHIAMEHTATbHBIX —HC- V. Lebedev, Phys. Rev. Lett. 99(8), 084501 (2007).
cnenosannit  # 19-32-60065 wu  dommom “Bazuc”. 10. J. Laurie, G. Boffetta, G. Falkovich, I. Kolokolov, and
B.B.JleGenes 6garofmapuT TAKKE 3a  IIOJIEPIKKY V. Lebedev, Phys. Rev. Lett. 113(25), 254503 (2014).
rpanT Mumncrepersa O6pasoBanust u Hayku PO, 11. I. V. Kolokolov and V.V. Lebedev, Pis’ma v ZhETF
npoex 4 075-15-2022-1099. 101, 181 (2015) [JETP Lett. 101, 164 (2015)].

12. 1. V. Kolokolov and V.V. Lebedev, Phys. Rev. E 93,
033104 (2016).
1. R.H. Kraichnan, Phys. Fluids 10, 1417 (1967). 13. 1. V. Kolokolov and V. V. Lebedev, J. Fluid Mech. 809,
2. C.E. Leith, Phys. Fluids 11, 671 (1968). R2 (2016). ‘ .
3. G.K. Batchelor, Phys. Fluids 12, 233 (1969). 14. }‘:i 2‘152“102112763'2 L;(;‘f;@ and G. Falkovich, Phys. Rev.
4. R.H. Kraichnan and D. Montgomery, Rep. Prog. Phys. mes 2, ( )
43, 547 (1980) 15. U.B. Komokosos, B.B. Jlebenes, ITucema B 2K9TD
’ : 106, 633 (2017) [I.V. Kolokolov and V.V. Lebedev,
5. G. Boffetta and R. E. Ecke, Annu. Rev. Fluid Mech. 44, JETP Lett. 106, 659 (2017)].
427 (2012). 16. 1. Kolokolov and V. Lebedev, Phys. Rev. E 102, 023108
6. H. Xja, M. Shats, and G. Falkovich, Phys. Fluids 21, (2020).
125101 (2009). 17. A.N. Doludenko, S.V. Fortova, 1.V. Kolokolov, and
7. A.V. Orlov, M. Yu. Brazhnikov, and A.A. Levchenko, V.V. Lebedev, Ann. Phys. 447, 169072 (2022).
Pis’'ma v ZhETF 107, 166 (2018) [JETP Lett. 107, 157 18. M. Chertkov, I. Kolokolov, V. Lebedev, and K. Turitsyn,
(2018)]. J. Fluid Mech. 531, 251 (2005).
8. L.M. Smith and V. Yakhot, J. Fluid Mech. 274, 115 19. M. Souzy, 1. Zaier, H. Lhuissier, T. Le Borgne, and

IIucema B 2KOTD

(1994).

ToMm 117 Bpm. 1-2 2023

B. Metzger, J. Fluid Mech. 838, R3 (2018).

9*



