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MCCﬂe,D,yIOTCH CbﬂyKTyaLl,l/lVl 3aBUXPEHHOCTU BHYTPU KOFEPEHTHOrO BUXPA, MOPOXAEHHOIO O6paTHbIM KaCKagom

SHeprum B ABYMepHOIi TypbyneHTHOCTU. BpemeHHble U NpocTpaHCTBEHHbIE KOPPensiunm MOryT BbiTh OxapakTe-
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MOMEHT 3aBUXPEHHOCTU ONA MoAenun, B KOTOpOI7I HakKa4dKa UMeEET MaNioe BpPeEMsA Koppenaumn. HaﬁAeHbl ABHblE

BbIPaXKEHUS AJ1s FAayCCOBOW NPOCTPaHCTBEHHON KOPPENSILMOHHONR hyHKUMM cuibl Hakadkn. OHU NOATBEPXAAIOT
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1. BBEAEHUE

JBymMepHast TypOyJIEHTHOCTD SBJSETCS IIPEIMETOM
MHOTOYHCJICHHBIX HccaegoBannii [1]. DTo cocrosHme
MOXKHO HABJIIOIATh B TOHKUX CJIOSIX YKUJKOCTH HA MaC-
mrabax, IPeBbIAIUX ToMmuHy caost. C mpakTn-
9eCKOIl TOYKM 3peHHsi, HauboJee MHTEPECHBIM TaKNM
«cjioeM» gBjsierca armocdepa. Koneuno, armocdepa
— OYeHb CJIOXKHBIH OOBEKT, U €e NOIPOOHOE OIMCaHUEe
— Upe3BBIYANHO CI0XKHAsA 3aja4a. OJHAKO HEKOTODBIE
obrme 0cOOEHHOCTH JIBYMEPHON TypPOYIEHTHOCTH MOT-
s OBl OBITH IIOJIE3HBI JJIsl IOHUMAHUS aTMOCGhEPHBIX
sByternii. O6paTnM BHUMAHUE B 9TOM CBS3M HA TEHJICH-
[0 00pa30BaHIs KDY THOMACIITAOHBIX BUXPEIl 13 MeJI-
KOMACIITaOHBIX GJIarofapsi HEJIMHEHHOMY THJIPO/IMHA~
MHUYECKOMY B3aUMOEHCTBHIO B JJBYMEPHBIX YKUJIKOCTSIX
[2-4]. Ilpn HAIMYIUH BHEIHETO BO3AeHCTBIS (HAKAIKN)
9Ta TeHIEHIIUs IPUBOJUT K (hOPMUPOBAHUIO OGPATHOIO
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KacKaJla SHEPrud HA MACIITa0aX, [PEBLIIIAIONIAX JIJI1-
Hy Hakadkd [5].

B koHeuHoI stueiike nepegada SHEpruu Ha 6oJIbIIue
MacIITabbl IPUBOAUT K OOPA30BAHUIO OOJIBIMUX BUX-
peil uaMeTpoM IMopsijiKa pa3Mepa sdeiiku. Takue BUX-
pU HAOJIIOIAINCH KaK B JIADOPATOPHBIX SKCIIEPUMEHTAX
[6,7], Tak u B yuciaennom mopeauposanuu [8,9]. IIpu
HEKOTOPBIX YCJIOBUSX DOJIBIION BUXPb UMeEeT HECKOHed-
HOe BpeMsl KU3HU, T. €. OH 00J1a1aeT JIINTEIbHBIMU Bpe-
MEHHBIME KOppessiusaMu. Mbl Ha3blBaeM Takue 00JIb-
ne Buxpu KorepeHTHoiMu. B pabore [10] upu qucien-
HOM MOJIEJIMPOBAHUU HAOJIIOIAJICS IIJIOCKUN PO UL
CcpeJHeil CKOPOCTH KOT'€PEHTHOIO0 BUXPsI U IIPeICTaBIie-
HBI HEKOTOPBIE apTyMEHTBI, OObSICHSIONNE STOT TPO-
b, B paborax [11-15] 661 060CHOBAH KBa3MINHEH-
HBII pexkuM (PJIYKTyaluil TedeHnst BHyTPU KOI€PEHTHO-
0 BUXPsH, ITOJIYYEH ILUIOCKUI MPOWIb CKOPOCTH U 00-
CyKJIeHbl HEKOTOPbIE KOPPEJISIIIUOHHBIE (DYHKIIUU CKO-
pocreii. B pabore [16] ycranosien kpurepuii dbopmu-
pOBaHUsI KOPEPEHTHOTO BUXPsl, KOTOPKIH OBLIT TOATBED-
JKJIEH TIPU IPIMOM YHCJIEHHOM MoJieaupoBanuu [17].

MBs! paccMmaTpuBaeM cirydail, Korjga AByMepHas Typ-
OyJIeHTHOCTb BO30OYIKIAaeTCsA IOCTOSHHON MeJIKOMAac-
mrabHol Hakaukoil (BHemHel cuutoit). Ecam cua cra-
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TUYHA WId 00J1aJaeT CTATUCTUYECKUMU CBOMCTBaMHU,
OJTHOPOJIHBIMU BO BPEMEHU, TO, B KOHEYHOM HUTOTe€, I0-
CTUIaeTCs CTATUCTUIECKH OJHOPOIHOE BO BDEMEHH TY P-
OyJieHTHOE cocTosiHue. VIMEHHO B 9TOM CUTyallud MOTYT
[TOABUTHCsI KOT€PEHTHBIE BUXpu. JlabopaTopHbie SKCITe-
PUMEHTBHI U YHUCJIEHHOE MOJE/IMPOBAHUE MOKA3BIBAIOT,
9TO KOIEPEHTHBI BUXPb B CpeJHeM u30TpolneH. M3o-
Tpomust O0bICHAETCH OBICTPHIM BPAIIEHUEM, MTOIABJIS-
IONUM aHU30TPOIHBIE BO3MYIIEHNS HA (DOHE M30TPOII-
HOro BpaleHusi. Ilog9epKHEM, YTO CpejiHee TedeHue
KOPEPEHTHOI'O0 BHUXpsl IIpejcTaBiisier cobOil HeTBepIo-
tenbHOE nuddepeHImasibHOe Bpallenne. 1akoe IBU-
JKEHHUE CYIIEeCTBEHHO J1epOPMUPYET MeJIKOMAaCIITaOHbIe
dIyKTyauu, MojaBiisds WX HeJMHEHHOe B3auMOJeli-
CTBHE. DTO CBOMCTBO OOBSICHSIET TPUMEHUMOCTH KBa-
BUJIMHEHOrO TPUOJ/IMKEHUsT Jisd (QJIYKTyaluii Tede-
HUsI BHYTPU KorepeHTHOro Buxps. Jledopmarus e-
JIaeT KOPPEJISIuoHHble QyHKINA BIIYyKTYAIHil IOTOKA
CIJIbHOAHN30TPOIHBIMEU. CTPYKTYpa KOPPEJISITHOHHBIX
dYHKIMIT UMeeT pelnaolee 3HaYeHne JJisi TAKUX IIPO-
[IECCOB, KAK IIEPEHOC MACCUBHOIO CKaJisipa (TeMmiepa-
TYPHOT'O TIOJIsI WJIM KOHIIEHTPAIUU 3arPA3HSIONINX Be-
IIECTB) BHYTPH KOT€PEHTHOTO BUXPSI.

Hac dyHKIIH
dbaykTyupyomeit 3aBuxpeHHocTu. B kBasmimHeiHOM
IPUOIMKEHNN KOPPEJIANUOHHBIE (DYHKITUH CBOMISATCS
K mapHO#l KoppeaanunoHuoit dyukiuu. UToObl HAATH
KOPPEJISIIUOHHYI0 (DYHKINIO, HEOOXOAMMO W3yYIUTh
SBOJIIOIUIO0 MEJIKOMACIITaOHBIX (DIIYKTyaIuili MMoToKa,
CO3/I1aBaeMbIX HAKAYKOIl, BHYTPU KOIE€PEHTHOI'O BUXPSI.
Hexkoropsie yHuBepcajibHBIE CKEMJIMHIOBBIE CBONCTBA

HNHTEpeCyoT KOppeJIanMOHHbIE

KOPPEJIANNOHHON (MDYHKINH ObLn  CHOPMYITHPOBAHDI
namu padee [18]. OgHaKO BAyKHO HPOBEPUTH DPE3Y/Ib-
TaThl IyTeM SIBHBIX BBIYUCJIEHUI C HCIIOJIB30BAHUEM
KaKOi-yimbo KOHKpeTHOi Mojeaun. Mbl  BoiOpasn
MOJZIeJIb, B KOTODPOI IIPEMIOJIAraeTCs, YTO HAKAIKA
IpeicTaB/sieT coboit CAyJalHBIf Mporece ¢ MAaJIon
JUIMHOI Koppestsanuu. [Ipeamnosaraercsi, 4To MpoCTpaH-
CTBEHHAs [TapHAasi KOPPEJISIIUOHHAS (PYHKIINS BHENTHEN
CHJIBI  SIBJISIETCS TAyCCOBON (YHKIIMEH pPacCTOsTHUSI
MeXKJIy TOYKaMU. AHAJUTUYIECKHe BBIYUC/IEHUs] B 9TOMI
MOJIe/IM TIO3BOJINJIN HAM HAWTU SBHBIE AHAJUTHIECKUE
BBIDAYKEHUS [JIsi KOPPEJISITUOHHON (DYHKINN 3aBUX-
PEHHOCTH, MOITBEPXKJIAOIINE IIPEICKa3aHus paboThI
[18].

Xorst HesmHelHOE B3amMmomeicTBue GIyKTyarui
TeYeHNsI BHYTPU KOTEPEHTHOI'O BUXDPs SBJISIETCS CJia-
OBbIM, OHO UI'PAET CYIIECTBEHHYIO POJIb B HEKOTOPBIX
mporeccax. B kadecTBe mpmMmepa OTMETHM IE€PEHOC
SHEPI'UH BHYTPU KOT€PEHTHOrO Buxps. Kpome toro, cu-
Jla B3aUMOJIEICTBUsI PACTET 110 MepPe yIaJIeHHus] OT IIE€H-
Tpa Buxps. TakuM 0b6pa30M, OllEHKa CHUJIBI HEOOXOIIMA
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JIJIsE YCTAHOBJIEHUsI TPAHUIIBI BUXPsI U XapakTepa (PiIyK-
Tyaruii BOsm3u rpannnsl. Cujia B3anMOIEHCTBUS MO-
JKeT OBITh OXapaKTepU30BaHA TPETHUM MOMEHTOM 3a-
BUXPEHHOCTH, KOTOPbIl PaBeH HYJII0 B KBA3UJIMHEHHOM
npubsmkennn. B HacTosAmeil paboTe MbI BBIYUCIUIN
TPeTuit MOMEHT B PAMKAX IPUBEIEHHON BBIIIE MOJIEIN
B IIEPBOM IIOPSIKE TEOPUU BO3MYIIEHUI 10 B3aUMOIeli-
cTBUO QIIYKTyaluit U HAIIN JJI HEro $BHOE aHAJIU-
TUYECKOE BbIPAsKEHUE.

Pabora mocrpoena ciremytonum obpazom. B paszm. 2
MbI IIPUBOJIUM HEKOTOPbIe OOIIUe COOTHOIIEHUsI, KaCa-
foruecs (IYKTyaluil BHYTPY KOI'e€pPEeHTHOrO BUXpsi. B
pa3za. 3 MBI Pa3BUBAEM TEOPHUIO BO3MYIIEHUI, HEOOXO-
JIIMYIO JIJIsI BBIYMCJIEHUsI KOPPEJISIIIUOHHBIX (DYHKIIUH
3aBUXPEHHOCTH. B pasi. 4 Mbl uccieayeM mapHyo Kop-
PeJISIMOHAY 0 (DYHKITNIO 3aBUXPEHHOCTH. B pas3m. 5 Mbl
BBIYHCJ/IIEM TPETHUIl MOMEHT 3aBuUXpeHHocTH. B pas3zm. 6
MBI IIOJIBOJUM MTOTU HAIIETO MCCJIEIOBAHMSI.

2. OBIIIME COOTHOIIIEHU 1

Mpb1 paccMaTpuBaeM JIBYMEPHYIO TYpOyJIE€HTHOCTD,
BO30Y2K/IaeMYIO BHEITHEH CJIyJailHOi CHJION CO CTarm-
OHAPHOI cTaTUCTUKONW. Mbl aHAIM3MpyeM CTATUCTH-
YECKM CTAIMOHAPHOE COCTOSIHUE, PEATU3YEMOe IIOCTIe
HEKOTOPOTO TIEPEXOAHOTO MpoIecca. B 3Tom cocTosHum
XapaKTEPUCTUKHA KOTEPEHTHBIX BUXPEl He 3aBUCAT OT
BpeMenu. IlpuseneM Ba yCJIOBHs, HEOOXOAUMBIX JIJIst
MOSTBJIEHUST KOTE€PEHTHBIX BUXpell B cucreme. [lepBbiM
YCJIOBAEM SIBJISIETCST

e> L*a?, (1)
rJie € — TEMII BLIPAOOTKM YHEPIMU HA €JIUHUILY MACCHI
(obecueunBaemblil BHENTHUM BO3JelcTBIEM), L — pas-
Mep s9eifiku, a @ — KO3 DUINEHT TPEHUsI O THO. YCJIO-
Bue (1) o3HA4aer, 4TO IHEPrHsi, lIEpeHOCUMAsi 0OpaT-
HBIM KaCKaJIOM, HaKaluBaeTcs Ha macmrabe L. Bro-
PBIM YCJIOBUEM SIBJISIETCSI

a< I/kj%, (2)
rae v — KO3(DOUIUEHT KUHEMATHYECKONW BA3KOCTH,
a kj aABIfeTCs XapaKTEPHLIM BOJHOBBIM BEKTOPOM
BHeIlHell cuiibl. YcsoBne (2) ObLIO BBIBEJCHO B pa-
Gore [16]

MoJe/upoBanueM, cM. [17].

n ITOATBEPXKIACHO IIPAMBIM YHCJICHHBIM

Yno06HO uccae0BaTh KOT€PEHTHBINT BUXPh B CUCTE-
Me OTCYeTa, CBI3AHHONW C MEHTPOM Buxpsi. B 3Toit cu-
creMe orcyera cpejHee (KOMePEHTHOE) TeUYeHHe HPEe-
cTaBJisteT coboil auddepeHIaibHOe BpalleHne, KOTo-
POe MOKET GBITh ONUCAHO TIOJISIPHOMN (TAHTEHIUATIBHOI )
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Koppensiumm 3aBUXpeHHOCTN BHYTPU KOFEPEHTHOTO BUXPS

ckopocTbio U, 3aBHCSINEHl OT PACCTOSHUS T OT TOY-
Ky HaOJIIO/IeHns 10 1eHTpa Buxps. Jlokaapao mudde-
PEHIMATIBLHOE BPAIIEHHUE IIPEJICTABISAET CODOOM CABUTO-
BOE TeYEHHE C TEMIIOM CIBUTA

Y =ro.(U/r), (3)

Takke 3apucdauM ot r. O6paTuM BHUMaHUE, 9TO JIJIst
TBEPIOTEILHOTO Bpalenust, riae U o< 7, TeMIl CIBUTa
(3) pasen nysmo. Jjist n10cKoro npoduiist CKOpOCTH, 10~
JaydeHHoro B padorax [11,12,15], U =e 3aBucutr ot .
Torma TeMmir caBura BegeT cebs Kak ¥ X r— 1, T.e. ¥
VMEHBIIIaeTCsI o0 Mepe pocTa r. Takum obpa3oM, Io-
JIaBJIEHE B3aUMOIENCTBUsI (DIIyKTyalluil [IOTOKA, CBs-
3aHHBIX C KON€PEHTHBIM BUXPEM, OCJIabeBaer 0 Mepe
YBEJINIEHUS T

OCHOBHBIM OO'BEKTOM HAIIErO UCCJIEJI0OBAHUS sIBJISI-
IOTCH KOPPEJISIIIUOHHBbIE (DYHKIINN 3aBUXPEHHOCTH W,
KOTOpbIe PIIyKTYUPYIOT Ha (DOHE CpeHeil 3aBUXPEHHO-
cru () B KorepeHTHOM Buxpe. MbI mpejmoJaraemM, 94ro
o1 QIIYKTyalluu BbI3BAHBI HAKAYKOWM, KOTOpasl UMe-
€T OTHOCUTEJILHO HEOOJIBIIYIO JJIMHY KOPPEJISITIT k;l.
IIpu nzyvenun daykryarnuii BOJN3M OKPYKHOCTU pPa-
JuycoM R, HAMHOI'O IPEBBIMIAIOIINM JJINHY KOPPeJs-
Iy Hakadkyd, kyR > 1, MBI MOXKEM OI'DaHNINTLCS
paccMOTpEeHnEM Y3KOU OKPECTHOCTH 3TOU OKPYKHOCTH.
3areM, Hepeitis B CHCTEMY OTCYETa, BPAIAIONLYIOCS C
yri10Boit ckopocTbio (2(R), MbI HOJIyYaeM Cleyiomee
JInHEHOE ypaBHEHUE JJIs '

L= Exgi +a—-vV?  (4)

(6t + ‘C)w = ¢a 8331

rae ¥ — remn capura (3), B3sareiii upu r = R. Taxren-
[UaJbHast epeMenHast £1 = Ry (¢ — nossipHblii yroo)
7 pajuaJibHas [ePpeMeHHast To = 1 — R SBJISIOTCS JI0-
KaJIbHBIMU JIEKAPTOBBIMU KOOPJMHATAMYU B BBIOpAHHOM
cucreme orcyera. B ypasHenun (4) ¢ — poTop BHeIHei
cuiel f ma equuuity maccer, ¢ = curlf.

Kpurepuem, onpasipiBalonuM KBa3UINHENHYIO all-
IPOKCHUMAITUIO, SBJISIETCS

2> (k)3 (5)

rje mpaBasi 9acTh COOTHOIIEHHSI MPEJCTABJISIET CODOM
wesmueiiabiit Temn Kosmmoroposa Ha Macmradbe HaKad-
Ku. B ¢cBOIO 0uepeib, 9TOT TeMII JI0JI?KeH ObITh HAMHOTO
6oJIbIIe, YeM BA3KOE 3aTyXaHUe Ha 3TOM Ke MacinTabe:

(ekF)'/% > vik3. (6)

Kpurepwuii (6) — 9T0 He 4TO HHOE, KaK YCJIOBHE (OJIb-
moro gucjia PeliHonbaca Ha MacimTabe HAKAYKU. ITO

yCJIOBHE HEOOXOIUMO JJIsI BO3OYKJIeHUs TypOyIeHTHO-
cru. O6benunsis nepasencrsa (5), (6), HAXOIUM Hepa-
BEHCTBO

2

BBIMTOJIHAIOIIEEC BHYTPH KOIE€PEHTHOTO BUXPS.

Vpasuenue (4) 1eMOHCTPUPYET, YTO 33498 CBOJUT-
¢ K TUAPOAMHAMUIECKOMY JIBUKEHUIO Ha (oHEe cTa-
[IMOHAPHOTO CABUIOBOIO MOTOKA. HaJjimaue ¢aBUroBOro
IOTOKA HAPYIIaeT MPOCTPAHCTBEHHYIO OJIHOPOIHOCTD.
Tounee, 0IHOPOIHOCTH HAPYIIIAETCS BJIOJIb BTOPOii OCH.
DTOT (PaKT YCIOKHAET UCCIICIOBAHUE PEIICHUN ypaB-
Henust (4). Ypasaenue (4) 6e3 HAKAIKH ¢ ObLIO IPOAHA-
smsuposano B pabore [19]. Hac unrepecyior koppess-
nuonnble PYHKIUU . YTOOBI HANTH ITH KOPPEJISIU-
onnble DYHKIMHU, CIelyeT pemuTh ypasaerue (4) s
[IPOU3BOJILHOTO ¢, & 3aTEM YCPEIHUTH COOTBETCTBYIO-
ee IPOU3BeIeHUE [0 CTATUCTUKE (.

B macrosmeit pabore MBI HCIIOJIB3YEM MOIEIb Ha-
KadKN ¢ MaJioil mymuoil Koppessnun. CraTucrudeckue
CBOMCTBA HAKAYKH OIPEIENIAIOTCS APHON KOpPesIaIu-
OHHO¥ PyHKITHEH

(p(t1, x)P(t2,y)) = —2€6(t1 — 1) V’E(x —y).  (8)

YrioBble cKOOKU B ypaBHeHHH (8) 1 HIZKE 0G03HAUAIOT
CpeJiHne 3HAYEHNs, [IOJIy Y€HHbIE IIyTEeM YCPEIHEHUs 110
BPEMEHH B IKCIIepUMeHTe. B Teopun yryioBble CKOOKH
O3HAYAIOT yCPEJIHEHNE 10 CTATUCTHKE CUCTEMBI. Jlama-
cuan V2 B ypasaenuu (8) 06bACHAETCS COOTHOIICHTEM
w = curl v, e v — cKopocTh BIIYKTYUPYIONIEro Tede-
HUSI.

Jlajsiee MBI HUCIIOJIB3YeM CIIENMAIbHYIO (hopMy Hmap-
HOH KOPPEJAINOHHON (DyHKITNN HAKAYIKH:

E(x) = exp(—kF[x|*/2). 9)

Torna ¢ B ypasHeHuum (8) — 39TO MOIIHOCTH HAKad-
K# (TE€MII IPOU3BOJICTBA IHEPIUU HA €JIUHUILY MACCHI).
Koppensinmonnas ¢yukims Hakadku (9) mo3Bosser
HaM sIBHO HATHU HAPHYIO KOPPEJAINOHHYIO (DYHKITIIO
(www) u Tperuit Moment (ww?). OHAKO UX KAYeCTBEH-
HbIE CBOMCTBA YHUBEPCAJIbHBI U HE 3aBUCST OT KOHKPET-
HO# (DOPMBI TAPHOI KOPPEJIAIMOHHON (DYHKIINN HAKAY-
KW.

B pa6ore [18] BBEIEHO BpeMsl Ty, OIPEEIISIOIIEe
XapaKTepHOe BpeMsl, 3a KOTOpoe (hOPMHUPYETCsT BTOPOi
MOMeHT w. Bpems ompeessiercs Kak

T = (221/16]%)_1/3, S>> 7t > vk (10)
Hepagsencrea B ypasuenun (10) o0bsicHsIIOTCS yCI0BU-
eMm (7). O6paTuM Tak»Ke BHUMAaHUE HA TO, 9TO Ty K 1.
HepaseHncrBo o0bsicHsieTcst TeM ke ycioueM (7) u
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ycioBueM (2), HEOOXOAUMBIM JJIsl PEAM3alul KOre-
PEHTHOTrO BUXPS.

Eciu nnrepecoBaThest adpdekTamMu, CBI3aHHBIMU C
B3anMogelicTBueM (DIIYKTyaruii, TO CJielyeT BBECTHU
HeJIMHeNHBIN YieH B jmHeliHoe ypasHenue (4). OH ompe-
JIeJISIeTCsl HeJIMHEHHBIM WIeHOM B ypaBHeHHn Habbe—
Crokca, OTBETCTBEHHBIM 33 B3anMoieiicTBre DIyKTya-
nwmit. JlobaBisiss HeTMHEWHBIN WIeH K JIUHEHHOMY ypaB-
HeHMIO (4), HAXOIUM

O+ Lo+ V (vio — (vww)) = ¢. (11)

BeesieHne cpenHero 3HaveHusi (Voo) B ypaBHEHHe
(11) cBsi3ano ¢ TeM (AKTOM, UTO MBI [OJATAEM, UTO
(w) = 0, {(¢) = 0. IlepBoe ycioBUe CBA3aHO C OLpE-
nestenreM (BIYKTYHPYIOIIEro moToKa. Bropoe ycioBue
03HAYAET, YTO BHEIITHEE BO3JEHCTBIE B CPEJHEM He [IPU-
BOJWT K 3aBuxpeHHocTH. CpesiHee (Vou) 3aBHCHUT OT KO-
ODJMHAT BHYTPHU KOT'€PEHTHOIO BUXPsI, U, CJIEIOBATE b~
HO, €0 JUBEPreHIHs OTJINIHA OT HYJIs. DTO SBJISETCS
[IPUYHHON, [0 KOTOPOIi CJIEJYeT BKJIIOYUATH STOT UJICH
B ypasuenue (11).

Bcenencreue ycnoBusi mecxkmmaemoctu Vv = 0
MOKHO BBECTH (DYHKIHIO TOKa ), CBA3AHHYIO C KOM-
[TOHEHTAMU CKOPOCTH U 3aBUXPEHHOCTHIO KaK

9% X

81‘2’ 81‘1’

Vo =

U1 w = -V

= (12)
YT00bI BOCCTAHOBUTH CKOPOCTH (PJIYKTYHUPYIOIIETO Te-
YeHUS V U3 MOJIs 3aBUXPEHHOCTH U, HEOOXOJIUMO pe-
muTh ypasHenue Jlamnaca V21 = —wo, a 3aTeM BbIYHC-
JINTh KOMIOHEHTBI CKOPOCTH B COOTBETCTBHUU C yPaBHE-
uueM (12). Tloxuepkuem, aro GyHKIMs TOKA ¢, BBEJECH-
Hast ypasHeHueM (12), orHocuTcst K QuyKTyupyromeit
KOMIIOHEHTE TE€YEHUS.

B kBaswimHeitHOM IpuOJIMKEHUU MOMEHT TPeThe-
ro nopganka (w®) pasen Hymo. YToObI HAfTH HEHy-
JIEBOH BKJIaJl B MOMEHT (T0°), HEOOXOMMO yIUTHIBATD
B3auMOJIeCTBIE MEXK Ty (DIIyKTyallusiMU TeIeHUsl, CBs-
3aHHBIME C HEJIMHEHHBIM YJIEHOM B ypaBHeHun HaBbe—
Croxkca. B mameil mocranoBke HeOOXOMUMO HUCIIOJIB30-
BaTh HesmHeliHoe ypasHenue (11), rue B3anmonelicreue
OIKMCHIBAETCsI YWIEHOM BTOPOIrO HOpsijika VYV w.

Bce Hamm BBIYEC/IEHUsI BBITOJIHSIFOTCSI [P yCJIO-
Buu > > 0. OgHaKo pe3y/bTaTbl MOI'YT OBITH JIer-
KO PaCIpPOCTPaHEHbl Ha oTpuraresbHbie Y. CkaxkeM,
IPOCTBIE PACCYKIEHUST O CHMMETPUU [OKA3BIBAIOT,
4TO Tperuit MoMeHT (trd) MeHsleT CBOW 3HaK IIpH
> — —X. Yro kacaercss mapHO# KOPPEISAIHOHHOMN
dbyukuun (w(t,x)w(0,y)), upeobpazosanune ¥ — —%
O03HAYAET, U4TO CJIeyeT U3MEHUTh 3HAK BTOPOIl KOMIIO-
HEHTBI, Lo — —T2, Yo — —¥Y2, HE KAcCasiCh T1, Y.

884

3. TEOPUA BOBMVIJ_[EHI/Iﬁ

BzanmogeiicrBue QuiyKTyarmit TeYeHHS MOXKET
ObITH IOC/IEJOBATEILHO HU3yYE€HO B paMKaxX Jda-
rpaMMHOI TexHuku Yaiiga [20], ocHoBaHHOH Ha
nuaaMudeckoM ypasuenuu (11). Meron nocrpoenus
JUATPAMM MOKET OBITH HOJIy9eH U3 IPEICTABJICHUS
KOPPEJIAIUOHHBIX (DYHKIUA 3aBUXPEHHOCTH 0 B BHJE
bDYHKINOHAIBLHBIX MHTErPAJIOB 10 0 U BCIIOMOTATE b~
HOMYy HoJIO 4 ¢ BecoM exp(—Z) [21], rue

T =15+ Tint, (13)

Iy = /dt A2z (s + L)oo+

+e/dtd2xd2r VZE(x — r)u(t, x)u(t,r), (14)

Lint = /dt d*z pvVw. (15)
3/1eCh TOAPA3YMEBAETCsl, ITO CKOPOCTh V BBIPAYKAETCS
gepe3 3aBUXPEHHOCTH . OCOOEHHOCTH HCIOJIb3yeMOi
TeXHUKH U3JI0XKEHBI B 0030pe [22].

[Tapuas koppensiumonnas GbyHKIA 3aBUXPEHHOCTH
3AIMCHIBAETCSI B BUJIE CJIEMYIONIEro (OyHKIIMOHAIBHOTO
AHTErpaJsa:

(@(t,9%(0.5)) = [ D= Dpe Ta(t,x)=(0.)
(16)
MbI BBOJUM TaKzKe CJIEYIOIIee MapHoe CPeIHee:

(w(t, (0, y)) = / Dw Due T (t, 0)u(0,y). (17)

Koppensarop (17) ssasiercst dbynkumeit I'puna, mo-
CKOJILKY OH OIIpeJlesIsieT PeaKIUIO CHCTEMBI Ha, JIOTIOJ-
HUTEILHYIO BHEMTHIOI cray. O6paTM BHUMaHUE Ha TO,
9TO cpenHee (fifi) PABHO HYJIO.

MoxkHO pa3BUThL TEOPUIO BO3MYIIEHUH st JIFOOOM
KOPPeJIAUOHHON hyHKINM, pasnoxus Bec exp(—7) 1o
YeHy TPeTbero mnopsaika Z,; (15) u Bbruuciass pe-
3yJAbTUPYIONIME I'aycCcOBbl (PYHKIMOHAJLHLIE MHTErpa-
Jbl. VlHTerpasbl BbIpaskaroTcsl B TePMHUHAX <«TOJIBIX»
KOPPEJAIMOHHBIX (DYHKIHUIA, ONpee/sseMbIX KBaJIpa-
THYHBIM WieHoM (14):

(@(t20u(0.5))0 = [ DwDue P a(txn(0.y), (15)
(@t 0(0,3))0 = [ DwDpe Tl 0(0,5). (19
Cpennee Buma (to...[...)o OUPEUEIAETCS TEOPEMOU

Buka [23] u paBHO CyMMe IPOU3BEIEHUN CPEJIHUX 3Ha-
qenuit (18), (19), rae ciapuBaHue NPOU3BOUTCS BCEMU
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BO3MOXKHBIME criocobamu. KaxKiplii 4jieH psijia BO3MY-
IIEHN COOTBETCTBYET HEKOTOPOit nuarpamme Deitrmva-
Ha.

Beipaxkenust (14), (18) mpuBomsT K cCiemyromeMmy
YPABHEHUIO 1yisd «roJioity dynknun ['puna:

x)(0,¥))o = 0(t)d(x —y).

HanmowmaumMm, wro mobas dpyukius ['puna paBHa HYJIIO

(0 + L)(w(t, (20)

HA OTPHUIATEJBHBIX BPEMEHAX B CHJIy MPHHIIAIA TIPH-
qunaocTH. Creposarensro, (w(t,x)u(0,y)) = 0 npu
t < 0. BeipaxkeHue Jijisi «oJioii» MApHON KOPpEJsIu-
OHHOU (DYHKIIUH MOXKET OBITh MOJIy9YeHO C IIOMOIIBIO
ypasaerus (19):

<w(tax) a )>0

:—26/d

x (w(t, x)

/ d*rd®zV?E(r — z)x
(7, 1))o (@ (0, y)u(T: 2))o-

Koppensmunonnas byHKINS TPOTOPINOHAIBHA, TEMITY
HAKAYKHM SHEPIUU €, KaK U JOJI2KHO OBITD.
N3-3a HaU4Iust CABUTOBOIO MOTOKA, OJHOPOJIHOCTH

(21)

npocrpancrsa Hapymaercsa. CienoBaresbHO, TapHbBIE
KOPPEJIANNOHHbIE (DYHKITUN 3aBUCAT OT 00EMX KOOP/IU-
HaT. B aTom ciaydae mpeobpazoBanne Pypbe J10JIKHO
OBITH BBITIOJIHEHO 110 0benM KoopauHaTam. Mbr ompee-
ssieM tpeobpazoBanne Pypoe qusg byuknuu ['puna n
(MYHKIMY TAPHON KOPPEJISAIUH CJIELY UM 00pa3soM:

a2k d2q

G Y k), (22)

(et x)u(0, y))o = /

B d’k d%q extiq
(. x)=(0.y) = [ G F (ke q).(23)
D10 onpejie/IeHne TPUBOANT K yIOOHBIM IS HAC IPa-
BHJIAM.

st npeobpaszosanus Pypoe G(t, k, q) (22) mbl 1o0-
aydaeM u3 ypasrenus (20) cremyiomee nudbdepeniy-
aIbHOE ypaBHCHHE:

(8,5 Yki— 0

0% +a+vk? + 1/k32) G(t,k,q) x

x(2m)25(1)5(k — q).  (24)

IMockosbky ypapHeHue (24) mepBoro mopsijika mo Impo-
U3BOJHBIM, OHO MOXKET OBITH JIETKO DEIIEHO METOIOM
XapaKTEPUCTUK, ITO JaeT

Gt k,q) = (2m)*0(t)6(ky — q1)0 (k2 — g2 + Skat) x
1
Xexp (—at — Vq%t — ngt + Z/EQqutQ — gVZquts) ,

(25)

k Y —p q

Puc. 1. Odunarpamma PeiiimaHa, NpeacTaBasiowasi napHyto
KOpPensunoHHyto yHkuuto (27)

rue 0(t) — crynenuaras dynkuus Xssucaiza.
W3 ypasuenus (9) Haxomum

2 k2

—— 1. (26
w7 P ( 21@;) (26)
CrenoBaresbHO, JJIsi TAPHON KOPPEJISIMOHHON (DyHK-
mun (21) MBI OJTyUaeM

/dtl/Q k2p6p< 2k2>

Xg(t + ﬁ17 k) p)g(ﬁ17 q, _p)

/ d*z exp(—ik - x)E(x) =

F(t, k,q) =

(27)

Bripakernne (27) MoxeT OBITH IIPEJCTABICHO B BH-
e muarpamMbl @eifHMana, M300parkKeHHON Ha puc. 1.
3aech KOMOMHAIMS CIIONIHON M INTPUXOBON JIMHUIA
upejcrapiser dyukuuio ['puna (22), Mapkep mpei-
cTaBjisieT HaKadKy MU II0JpasyMeBaeTcs MHTerPHUpPOBa-
HUE 110 BOJIHOBOMY BEKTODPY P.

Yrobbl HafiTH HeHy/eBOil BKJaJ B MOMEHT (w®),
HEOOXOJIMMO ~ YUUTHIBATH — B3aMMOJEHCTBHE — MEXKLy
QuIyKTyalusiMu II0TOKA, OIMCHLIBAEMOE UJIEHOM Tpe-
Thero nopsyka Ly, (15). IuiaBubiit BkIag B TperTuii
MOMEHT JIA€T WJIEH TEPBOTO MOPSIIKA:

(@) = — / Dw Dy exp(—T2) Toa.  (28)
Wcnonb3ysa reopemy Buka, Haxomnm
() = =6 [ dt ez (@ (0. 0)ult, x))o x
< {z(0,0)(1,x))o{ (0, 00wt X))o (29)

Bripaxkenue (29) MOXKHO nepenucaTh depe3 byHKIUO
TOKa, onpeiesieHHy0 cooTHormernsmu (12). Torma

@®) =6 [ dt [ deidra{w(t,0)u(0,%))o x
Jof

0 0
X {—6—m(w(t,O)W(O,X))OG—QCQ(w(t,O)z/1(0,x)>0+
0 0

31ech MBI IPUHSJIA BO BHUMAHUE, 9TO KOPPEJISIHOH-
Hble (YHKIUU 3aBUCAT OT PA3HOCTH BPEMEH M UTO
byuknus ['puna paBHa HYJIIO B OTpUIIATETbHBIE MOMEH-
Thl BpEMEHU ¢ M3-3a MPUYUHHOCTH.
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4. ITAPHA YA KOPPEJIAIIMMOHHA A ®YHKIIN A

[Tapuas koppeasimonHas QyHKIMsa (23) MoxkeT
OBITD NCCIIEIOBAHA C HCIIOIB30BAHAEM MOJIY I€HHBIX BbI-
paxkennii. [lojcrasiss Boipaxkenne (27) B ypaBHEHHE
(23), naxonum

(w(t, %) (0,¥))o = 267dt1 /

k>
b f

xexp( +W>

—a(ty +t3) — Vp%(tl +t3) — Vpg(h +t3) +

d2p p2

2
2k;2
W =

1

+vYpap1 (t% + t%) — gyZQp%(t? + tg) +ip1x1 +

+i(p2 — Epits)xa —ip1y1 — i(p2 — Epit1)ye,

roet > 0, t3 = t+t1. DT0 BhIpaykKeHNE EPEITUCHIBACTCS

KaK
0 dp1dpo
= 2 _
(w(t,x)w(0,¥))o ekfakf/ o X
pi+p3

x/dt1 exp

0

(-t o).

OKCIOHEHTa 3/1eCh MIPEJICTABIISCTCS B BUIE
>‘| ,

2
Li = k72 4 2u(ty + t3) + gz/z?(tf +13),

2
2k%

P1
P2

exp [—%( P11 P2 )i<

rme L — mMaTpuiia ¢ KOMIOHEHTaMU

L12 = L21 = —Z/E(t% + tg),
L22 = k;2 + 2l/(t1 + fg)

Oupenesurens L pasen
det L =k * + k; *4u(ty +ts)+
+ k;2§y22(t§ +13) 4+ 4% (1 + t3)%+
+ %1/22215‘11 + %VQE%%*
202821342 + §u222t1t§ + %zﬂz%g.
WNurerpupys 1o pi, p2, HAXOIUM

0
(@w(t,x)w(0,y))o = 26kf8_kf X

x [ dty exp[—a(t; + t3)](det L)"1/2 x

/

886

1
X exp —5(551 — Stgzo — y1 + St1ye)? |pi]—
1
—5(552 —y2)’|p3) — (z1 — Staze —y1 +

Sty (s — ymplm] (32)

rae
[pT] = (det L)'k * + 2u(ts + t3)],
2
2 2043
lp3] = vy k:f +2u(ty +t3) + 31/2 (t; +t3)] ,
|p1p2] = (det L)' wB (82 + 12).

Kak u 10/12kHO ObITh, KOppesimontas Gynkius (32)
3ABUCUT UCKJIOYATEILHO OT T1 — Y.

IIpexkie BCero Mbl BLIYUCISEM BTOPOH MOMEHT
(w?). Monarast t = 0, x = 0, y = 0, u3 BLIpaskeHus
(32) maxomum

(w?) = Qekfa;zf /dt1 exp(—2aty)(det L)~Y/2, (33)
0

e t3 = t1. Kak Mbr yBumgumMm, t1 ~ 74. [Ipenebperas
IEHAMY TOPSIIKA I/kj%tl < 1, HAXOZIM B TJIABHOM IIPH-
GuzkeHnn 13 BhipaxkeHust (31)

o B 4
det L~ k;* + gsz?uz%?.

Toxcrapiisisi 9TO BbIpayKeHne B ypasHeHue (33), mocue

MHTErpUpOBaHUs 110 t1 HAXOIUM
2
) = 2¢k7T, )F()

20"

IIpu 5TUX BBIYACIEHUSIX MBI 3aMeHIIN exp(—2at;) Ha
€JIMHUILY, TIOCKOJIBbKY T, <K 1.

Paccmorpum coayuait, korma x =y = 0 u t > 7.
Torna

4
3

1
3

7

(@’ 5 (34)

(w(t,0)w(0,0)) =
0 T exp[—a(t; + t3)]
=2ckr— [ dt , (35
‘ T ok; 0/ Y (det D)2 (det L)1/2 (35)
rue t3 =t + t1. Takum obpazom t1 ~t u
- 02
det L ~ kf2§u22[t§ + (t+11)3]. (36)

[pubrukenue kKoppexTHo mpu yeosnn ¢ < (vk})™!
Tak kark o < I/k']%, MBI CHOBA MOYXKEM 3aMEHUTD
exp(—2ati) Ha exaununy B ypasseruu (35). Torna Ha-
XOJIUM
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ekj%rf/Q
(w@(t,0)w(0,0)) = V6 c;——— VIR (37)
rje ¢ — YUCJICHHBIHA (hakTop,
/ ~ 1.6969. (38)
), V(1 +8)3 43

Beipazkenue (37) cupaseyiuBo, eciiu
T <Lt < (vk7) T

IIpu t ~ T, OHO IepexouT B BhIpaxkeHue (34).

Ecim t = 0, To mapHas Koppessaiuonaas QyHKITIs
3aBUCUT OT paszHocT X—Y. [109TOMY MOXKHO TIOJIOKUTD
y = 0, uro maer

exp(—DB)

6 oo
=2 _— — -
(10, 5)(0,0))0 = 2eky 5 0/ et

rze
7 —4 -2 4,2 2.3
det L =k~ + 8k, “vty + §kf vET+

4
+ 80212 + %2,
] ! (40)

1 1
B = 5(331 — St1z2)? 3] + 5933 lp3 ]+

+ (x1 — Ztixe)z2 [ P1p2],

B=(2det L)~ {[kﬁ +dut)a?—
722t1[kf_2 + 21/t1]l‘1l‘2 + [k’;Q + 4I/t1 +

+5263k 2 + guz%ﬁ]zg} : (41)
MbI paccMOTpUM pasMdIHble 0BJIACTH, COOTBETCTBYIO-
IIU€e PA3IMIHBIM XaPAKTEPHBIM 3HAYCHUAM t1. B Jrio-
6oM cirydae MbI IosiaraeM at; < 1 1 IoToMy oIryckaeM
B BbIpakeHnu (39) MHOXKUTED exp(—2aty ).

Pacemorpum coywait 1 = 0. Eciau kglzo| > 1,
TO BbIpakeHne (39) SKCIOHEHIMAJBHO Majo. Ilosro-
My MBI aHAJIM3UPYEM TIPOTHUBOIIOJIOXKHBIH cirydaii. Eciam
kflza| < (E7.)71, To 3aBucumoctsio (w (0, x)w(0,0))
OT T2 MOZKHO IPEHEOPEYb, U MBI BO3BPAIIAEMCS K BBIPA-
JKEHUIO JiiIs mapHoro MoMenTa (34). ITosromy MbI pac-
cMaTpruBaeM 00JIaCTh

1> kylze| > (ET*)il, (42)

rje peasusyercsa crenexnoe mnosenenne. CyImecTByoT
JIBE PA3JIMIHBbIE OOJIACTH WHTErPUPOBAHUS TI0 {1 B BBI-
paxkenun (39): masble t1 u Gosblue tq, T7ie HAOUPAIOT-
cst rtasHble BKIaw! B (w(0,x)w (0, 0)).

B nepgoit obmactu (Masibie t1) IVIABHBIM YJIEHOM

B uUrypHbix ckoOkax B BhIpaxkenmn (41) sBisercs

EQt%k;%cg. W3 seipaxkennit (40), (41) B riaBHOM T1pH-
OJIMKEHUH HAXO UM

det L =k *,

1
B = 52215%1@;3;3 (43)

CreioBaTeIbHO, XapaKTepHOEe 3HAYEHNE BPEMEH 1 €CTh
t1 ~ (Ekf$2)71
Hasee u3 ypasaenust (42) Haxoaum
Yl it € . (44)

Hepaserncra (44) ompasipiBatorT BbiparkeHusi (43).
Toxncrapisisi Boipaykenus: (43) B ypasaenue (39), Ha-
XOZMM BKJIQJT MAJIBIX {1

(@(0,%)=(0,0)), = V2r §|kf|

(45)

Bropoii BKaa mporcxoauT oT 06aacTu 00OJbIINX 11,
rJie IIaBHBIE BKJIABI B onpejennTens (40) u B Besman-
uy (41) narorcsa BbIpaXKeHUSIMU

det L = —yz%

kz2 B =

8(1/t1) 12, (46)

TlosToMmy xapakTepHOe t1 OIEHUBAETCA KaK t1 ~ I/_ll‘%,

U MbI HAXOJUM U3 ypaBHenus (42)

Wk7)™ >t > 7. (47)
Hepasencra (47) onpapiapiBatorT BbiparkeHusi (46).
Ioncrasisist Beipaxkenust (46) B ypasuenue (39), Haxo-
UM TO e camoe Boipazkenue (48). Urak, upu 1 = 0
oret (48) moJKeH ObITH yIBOEH:

(w(0,x)w 2| i

(0,0)) (48)

Ha rpanune ky|zs| ~ (37,) ! Boipaxenue (48) cmusa-
€TCsI ¢ BBIPAYKEHUEM JIs BTOPOro MOMeHTa (34).

Tenepb MbI IPUCTYIIAEM K PACCMOTPEHUIO CJIydast
x1 # 0, 22 = 0. Eciu ky|z1]| < 1, TO MBI BO3BpamaeMcst
K BBIPAXKEHUIO JjIsi BTOPOro MomentTa (34) ayisi Koppe-
ssnuonnoit dyukuuu (39). [Tosromy Mbl aHasm3upyem
obJracThb

1< kylz| < E(l/k’]%)_la (49)

rze koppessiuonnas dbyakius (39) obiajaer cremeH-
HbIM T1I0BesieHuneM. [lo aHajormm ¢ IpPUBEIEHHBIM BbI-
e aHAJIM30M, MOXKHO PACCMOTPETH BKJIAJIbI MaJIbIX U
Gonpmnx t1. Tak kKak ky|lr1| > 1, mombiHTErpanbHOE

887
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2.0

1.5
____—/1.0
0.5

-1

Yc

Puc. 2. Tpadnk dpyrkuyun f(u) (54)

BbIpaskeHue B (39) CTAHOBHUTCH IKCIOHEHIMATILHO Ma-
JbIM 1Ipu MauiblX t1. Ciie/ioBaTesbHO, 9TUM BKJIAOM
MOKHO TIpeHeOpedh.

Teneps MBI EpEXOAUM K BKJIAILY OOJIBIIHUX t1, TO-
/& TJIaBHBIE BKJIAJBI B OnpeieanTes (40) u Besnauny
(41) sanmchIBAIOTCS KAK

- 4 3 a3
detL = g
T 8 V22

vt (50)
Mpr 3aK/I09a6M, 9TO XapAKTEPHOE 3HAYCHUE {1 OIpe-
Jemserca Kak t ~ a2/ (y52)"1/3. B srom cayuae
HepaseHcTBa (49) nuxTyior Ty e obsactb (47) s
t1. HepaBencrsa (47) ompasibiBaior Bbipakenue (50).
Toncrasnsis Beipazkenue (50) B ypasuenne (39) u Geps
UHTErpaJl 1o ¢, HAXOLUM

IIpu rpanuvHOM 3HAYEHUU L1 ~ k;;l Bbipaxkenue (51)

7

6

23/231/3€kf

$2/31/3| g [1/3° (51)

(@(0.x9=(0,0) = (

CIIIMBAETCS C BBIPaXKEHUEM [IJIsi BTOPOro MOMeHTa, (34).

Tenepp MBI 0000IIaeM HaIl aHAJIN3, CUUTAs, YTO
0obe KOOpAWHATBHI, T1 U T2, HE DABHBI HYIIO H YJIO-
BJIeTBOPAIOT HepaseHcTBaM (42), (49). Torga BriIax B
(w(0,x)w(0,0)) or Maabix t1 orcyrcrByer (dBJIsIeTCH
9KCIIOHEHIAJIBHO MAJIBIM ), [IOITOMY MBI KOHIIEHTPUPY-
eMCsl Ha BKJIaJIe OT GOJIBbINUX 1, ONPEJE/IsIeMbIX TEM JKe
ycosueM (47). Torpa riaBable BKIabl B J€T€PMUAHAHT
(40) u B BesmmumHy (41) 3anKCHIBAIOTCS KAK

(ZL‘l — 2t11‘2)2

;4 2,3 —
det L = 372 v¥“ty, B= e

3
2 8

(52)

OTmeTnM, uTo BhIparkenue (52) siBjsiercsi 0600IeHIEM
BeIpazkenuii (46), (50).

IMoncrasnss Beipaxkenns (52) B ypasHenue (39) u
nepexosist K GespasmepHoii nepemennoit 9, ¥ = vty /3,
HoJLyJaeM

888

(@(0.2(0.0) = VI L f (Ei) )
Flu) = %O/%exp [% (1%)2} (54)

Buech f(—0) = 1, u Mbl BOCHPOM3BOJUM BBIPAXKEHUE
(45). Ecm |u| > 1, To

_331(7/6)
A
9710 BOCHpou3BoAUT BbIpaxkenne (51). ynkuus f(u)

n3obpazkena na puc. 2. Hajgo 6b6ITh aKKypaTHBIM IIpH
Masbix u: GyHKIms f(4) HUCHBITHIBAET CKAYOK IIPH

(55)

u = 0, koTopsIit BueH Ha puc. 2. CKavoK 00bsACHIET-
Csl KOHEYHBIM BKJIAJIOM B MHTErpaJl B Bbipaxkenuu (54)
[P MAJIBIX MOJIOKUTEIBHBIX U, KOTOPBIA IPOUCXOIUAT
3 00JIaCTH MHTErPUPOBAHUS U ~ U, IPA OTPUIATE b~
HBIX U TaKOH BKJIaJ OTCyTCTBYyeT. I[lomaepkaeM, 910 B
coorBercTBuu ¢ (42), (49) |u| HE MOXKeT OBITH MeHBIIE,
TeM z/kj% /%. Tlostomy obmacts |u| < z/kj% /% He TOKpbI-
BaeTcs BbIpakeHnsamu (53),(54).

5. TPETUI MOMEHT 3ABUXPEHHOCTU

[naBHBI BKJIAJ B TPETHH MOMEHT 3aBUXPEHHOCTH
onpeesisiercst BoiparkenueM (30). Yio6HO BBecTH mpe-
obpazoBanune Pypbe 118 OYHKIWI, KOTOPBIE BXOIAT B
9TO BBIPAXKEHUE:

F(t, q) :/d%exp(—iq-x)<w(t,o)w(o,x)>0, (56)
B(t, k) = / P exp(—ik - x) (@ (t, 0)(0, %)), (57)
Gltp) = [ daexplipx)(w(t,0)u(0. ). (55)

B rtepmunax Besmuans (56)—(58) Beipakenue (30) mo-
JKeT OBITH MEPEICaHo Kak

T dqd2k
(@®) ZG/dt /(2(17)4((111@ — qok1) %
0

<F(t,q®(t k)G a+k).  (59)
OTMeTnM 3aKOH COXpaHeHHs! BOJHOBOI'O BEKTOPA.
MoxHo Bbipasuth Besmunsbl  (56)—(58) uepes

byukmuio I'puaa 1 mapHy0 KOPPEISIUOHHYO (DYHK-
U0 0

42k
5G(t, k,p) =

G(t,p) :/W
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1
= 0(t) exp (—at — vp?t + vEpopit? — gl/22p%t3) .

(60)

Ormernm, 9ro ypaBrenue (25) IepenucbBaeTcs CJiery-
oM 00pa3oM:

G(t.k,q) = (2m)*6(k1 — q1) x

X4 (k?g —q2 + Zk/’lt) G(ﬁ, q). (61)

Hust Bermmanas! (57) HAXOIUIM

F(t7q)=/(;lT]§2f(t,k7Q)=

2% [ a+43
_27Tk2/df1(q1+q3)exl3< 12k§3> x

0
X C;’(ﬁ + ﬁ17 q1, QS)G(th

—q1,—q3),

riue
g3 = g2 + Xqit1.

Cunras t > 0, Haxomum

2€ T 2 4 g2

F(t,q) = 27— dtl(q%+q§)exp _5niTa 2q3 X

k:f 2k:f
0

X exp [—(a +vg; +vg3)(t +ts)+
1
S+ ) - e+, ()

rie

t3=t+t, ¢3=qo+ Xqit1.

Anagoruuno g ¢t > 0:

% [ k24 k2 k2 + k2
q)(t,k)—Qﬂ'kQ/dtng kz exp (— 12kj2¢ 3 x

X exp [(a + vk? 4+ vk3)(ta + t4)+

1
+vSksky (83 + t2) — §u22k%(t3 +ti)] , (63)

rje

t4:t+t2, k3:k2+2k1t2.

Yro0bl HAITH TJIABHBIN BKJIAJ B TPETHIl MOMEHT,
cJleslyeT TOJCTaBUTh Bhipaxkenus (60), (62), (63) B BbI-
paxkenue (59) M BBIYUCIUTH IOJIYIMBIINECS] UHTETDa-

bl. DTOT BKJIAJ IIPEACTaB/IeH (DEHHMAHOBCKON IHa-
rpaMmoii, uzobpaxkenuoii Ha puc. 3. Ob6o3HaveHUSA
3/1eCh T€ Ke, 9YTO U Ha PHUC. 1: CIJIONIHAS JIMHUASI B KOM-
OuHAIINU CO MTPUXOBOH obozHadaeT pyHKIHIO ['puHa

Puc. 3. [duarpamma @eiiHmaHa, npepcrasasitowiasi nepebiii
BKJaf B TPETU/ MOMEHT 3aBUXPEHHOCTU

(22), mapkep npejcrasiger Hakadky. lasee B ypaBHe-
uun (59) Mbl EpexXoAuM K MHTErPUPOBAHUIO [0 KOMIIO-
nentaM ki, k3, q1, qs. Torma ciaeayeT mojcTaBUTH

g2 = q3 — Xqit1, ko = k3 — Xkito (64)

B BbIpaxkeHus (62), (63) mia F u ®. KommoneHTh
k1,ks3,q1,q3 OrpaHUYEHbl HAKAYKON M IIOITOMY HE MO-
I'yT OBITH MHOTO OOJIbITIe Kif.

Jlastlee MBI mM3ydaeMm TJIABHBIA BKJIAJ B HWHTEIPAJ
(59). Kax Mbl yBHIUM, 9TOT BKJIAJ| IIPOUCXOJUT U3 00-
JIACTU MHTETPUPOBaHusd, Te t,t1 > T, l2, k1,1 < ky,
B TO BpeMd Kak k3, q3 ~ ky. IlosTomy MBI MoOKeM TIpe-
Hebpedb ki,q1 IO cpaBHEeHUIO C k3, ¢3. 3aTeM MbI Ipe-
HebperaeM to 10 CPABHEHUIO C t, 1] U COXPAHIEM TOJIBKO
YJICHBI TPETBhEro NMOpAaKa 1O ¢, 11 B SKCIIOHEHTaX B BbI-
paxenusx (60), (62), (63). Msr Takke npeHeGperaem
qjIeHaMu ¢ «. Torma

G(t,k+q) — 0(t)exp [VEQt%tq%

1
—Z/EQtlﬁqu (Q1 + k1) — gVEQ(Ch + k1)2t3] ) (65)
% | 2
F(t,q) — 27T—€/dt1q§ exp R
k}% 2k§
0
1
X exp [gyEqu (3 + tg)} , (66)
d(t
( / k2 + k2
0
X exXp k5 exp f—I/EQthS (67)
2k;2 3

Tepepb MBI MOXKEM $IBHO NIPOHHTErPUPOBATDL 110 ty B
Beipazkenuu (67), 4ro maer

oo

/ dt L
k2 1 (Stoky — k3 )?
0

— a2k 20(kk3). (68)

889
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Dyuknus Xssucaiiga B Boipaxkennu (68) osHavaer, 4To
WHTErpaJj Imo ty I OJWHAKOBBIX 3HAKOB k1, k3 MHOTO
OoJIbIle, €M JIJIS PA3HBIX 3HAKOB k1, k3. Takum obpa-
30M, u3 ypaBHenust (67) HaXOIUM

(27)%e k2 k3
q)(t,k) — E—]{Z?G(klk3)k2 exp —ﬁ X

1
X exp (—§Z/E2k%t3) . (69)

IMoncrasinsst Beipaxenus (65), (66), (69) B coorro-
menne (59) u uHTErpUpys 10 K3, g3, HAXOIUM

(@) = 6¢2k? // dtdtltl/dkl dg Z—l x
1
0

X exp{ 2 {3(“ +t) —|—

Jon i)

2
+ (t1t2 3t Jark + ~t%k
BI)IHOJIHHSI 3aTeM MHTerpupoBaHue 110 q1, HaXO/JIUM

3 (70)

=)= =St [[ et [ kv
0
X exp {1/22 [; — %t?’} k%} , (T1)
rie
- g(tl +O° b=tt*+ %tg'

WNurerpupys 3aTem 110 k1, MOy IuM

/

1271’62]6]% T b/a
fT//dtdtltli.
v 4
0 §t3a7 2

(w (72)

b

ITepexonst Kk mepemenuoii 7 = t1/t, Mbl HOJIydaeM
JIorapuMUIECKUl HHTErpaul,
27.2
9meky
Y2y

dt
t’

C2 (73)

rjae cp — YUCJIEHHBIN MHOXKUTEJIb,
o]
o= [
0

Tak kak 17 ~ 1, To t; ~ t. OT™MeTHM TaK>Ke, ITO

n3n+2

(1+

= (12 4 361 + 39n* + 161°) /2,

co ~ 0.187.

ki g~ (vE20) 712, (74)

9TO CJIieJyeT U3 COOTBETCTBYIIUX MHTErPaJIOB.

890

Nurerpuposatue no ¢ B (73) orpaHuYeHO CBEPXY
«BSI3KMM» BPEMEHEM (l/k]%)’l, ITOCKOJIBKY TIPpH OOJIBITHX
BpeMeHax OTOPOIIEHHbIE B 9KCIIOHEHTAaX B BBIPAKEHU-

x (60), (62), (63) wiensl Tuna vk3t cranosaTcs cy-
mectBeHHbIME. MbI 11penebpersn ki, q) IO CPABHEHUIO
C kf, HO3TOMY T > T4, KaK CJIEAyeT U3 COOTHOIICHUS
(74). Wrak, MBI 3aKJIFOUAEM, UTO BPeMsI t JIEXKUT B UH-
TepBaJie

Wk 2t 2 7 (75)

B Tepmunax ¢, k1 uaTepBad (75) IpHHAMAET BUL

2

vk
f kf,

ky 2 qi. k1 2 5 (76)

KakK 910 BbITeKaeT u3 dopmyinl (74). Ormerum, 9To
unrerpat (68) mabupaercsa B6Iu3N

ty & kg(Xk1) ™t ~ kyp(Sky) ! (77)

Kak caenyer u3 coornomenwuit (74), (77), oraorenne

taft ~ (VEGt)'/? (78)
Mmasio B unTepsase (75). Kak 6bLIO0 IPOIEMOHCTPUPO-
BaHO B pabore [16], korepenTHbIil BUXpb hopMupyercs
P YCJIOBUH (¢ < I/k']%. Tlockoubky wienamu Tuma l/kj%t
MOKHO TIPEHEOPEYb, YWICHAMH C (¥ TAKIKE MOYKHO IIPEHe-
6pedn. Takum 06pa3oM, MbI 0OOCHOBAJIN TPUOJIMAKEHNSI,
CJIeJIaHHBIE TIPH BBIYUCJICHUN nHTerpasta (75).

Jlorapudwmudeckuit unrerpan (73) mabupaercs B
IIMPOKOM HHTEpBaJie ¢, KOTOPBII OIpeIessTCs yCJIOo-
BueM (75). Yrobbl HANTH 9TOT MHTErpPas, JOCTATOYHO
[OJICTABATD HUKHEE M BEPXHEE 3HAYCHUS ¢ U3 yCJIOBUH
(75) kak npezennl B uaTerpad (73). B pesynbraTe Mbl
HAXOJIAM

27.2
6me kf
Y2y

(@®) (79)

¢ jorapudmMudeckoii TounocTbio. HamoMmuamM, 910 MBI
mojarasu > > ( B Hammx BbraucieHusx. llostomy
3HAK MUHYC B BbIpaykeHnu (79) o3Hauaer, 9T0 Tperuii
MOMEHT MMeeT 3HAK, IPOTUBOIOJIOXKHBINA 3HAKY TEMIIa
caBUra 2.

6. SAKJIFOUYEHUE

MBI aHAJINTUYECKH UCCIIEIOBAJIN TAPHYIO KOPPeJs-
IUOHHYIO DYHIUIO (DIyKTYUPYIOIIEi 3aBUXPEHHOCTH 1
€e TpeTwii MOMEHT BHYTPU KOT€DPEHTHOTO BUXPsi, BO3-
HUKAIOINN KaK CJIEJCTBHE 0OPaTHOIO KacKaja B JBY-
MepHOit TypOysnernTHOCTH. KOHKpETHDIN BHIOOp HAKAt-
Ku (BHEIIHEro BO3JeCTBUS) HO3BOJIUI HAM IIOJLYy YUTh
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sIBHBbIE aHAJUTUIECKNE BBIDAXKEHUsI JJisi 00beKkTa. BbI-
paxxenus (34), (37), (48), (51), (53) HaxogaTCs B COOT-
BETCTBUU ¢ OOIIUM aHAJIM30M, JAHHBIM B pabore [18].

OsHUM U3 HOBBIX WMHI'DEIUEHTOB sIBJISIETCS JIOTA-
pudm B Boipaxkenuu (79), noydeHHOM ¢ Jorapudmu-
9eCKON TOYHOCTHIO. DTO CBA3AHO C TeM (DAKTOM, UTO
TpeTHii MOMEHT HaOMpaeTcsl B MIMPOKON 00JACTH Bpe-
MeH Ty < T < (l/k?)fl, B TO BpEMs KaK BTOPOW MOMEHT
omnpenessiercs: obsacTeio t ~ T,. CylnecTBOBaHME MIU-
POKOIt 06JIaCTH BpEMEH, OY€BUIHO, YHUBEPCAILHO, T. €.
HE 3aBHUCUT OT KOHKPETHOM (popMbI HaKadKu. PoJib 310
0COBEHHOCTH JIjIsT BBICOKUX MOMEHTOB 0 TpebyeT Jiajib-
HeHIero uccjaegI0BaHus.

CTouT OTMETHUTDH, YTO TAKZXKE CYIIECTBYIOT (DJIYKTY-
aIluu TeIEeHMsT MacIITaba MopsaIKa pasMepa CUCTeMBbI L.
Kak 6buto nokasano B pabore [24], stu duyxryanun
BHOCSIT CYIIIECTBEHHBIN BKJIAJ B CTATUCTUKY CKOPOCTH.
Onnako npu yciaosuu kpL >> 1 ux BKJIaJ B MOMEHTBI
3aBUXPEHHOCTH MAJI.

®dunancupoBanue. Pabora 0HOrO M3 aBTOPOB
(11.B.K.) BblosHssIach B paMKax HAYdYHOIl Iporpam-
mbl Haruonasbaoro tenTpa (bU3UKU U MATEMATHKH
(mpoekT «Pu3KKa BHICOKUX IIOTHOCTEN SHEPIUA. DTall
2023-20255»). Aproper B.B.JI. u M. M. T. 6sarogapsit
3a MoIep:KKy MUHICTEPCTBO BHICIIIETO OOPA30BAHUS 1
Hayku P® (mpoext Ne 075-15-2022-1099) u ®@onz Ba-
3HC.
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