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V|3y‘-la}OTC9| CTaTUCTNYECKME CBOIICTBa NepeHoCa MacCCMBHOro CkKajsipa B ABYMEPHOM MOTOKE, COCTOALLEM U3

MNOCTOAHHOIO CABUIrOBOro T€4e€HUA N OTHOCUTENIBHO cnaboii FJ'IaFI,KOI7I CﬂyLIaVIHOﬁ KOMMOHEHTHI, C Y4ETOM /J,eﬁ—

CcTBUA cnaGoﬁ, HO KOHEeYHOW ,D,VICbeyBI/II/I. Takasti cuctema TecHo cBsizaHa C p,I/IHaMVIKOﬁ NEepPeHOCa CKansipa BHYTpu

KOrepeHTHbIX BVIXpeI‘/'I, NOABNAOLWMNXCA B pe3y/ibTaTe 06paTHOFO KaCkaja B p,ByMepH0|7| Typ6yJ'IeHTHOCTI/|. Pac-

CMaTPMBAETCA Kak CBO60p,HbIﬁ pacnag nacCMBHOroO CKanspa, Tak u cnyqaﬁ Hel'lpepblBHOﬁ HaKa4Kn CUCTEMbI

CKansApom. B oboux Cny4asXx pacnpeneneHmne ckanspa o6na,u,aeT CUNbHOII nepPeEMeEXaeMoCTbiO, HTO XapakKTepu-

3YHOT BbIHUC/IEHHbIE B pa60Te OAHOTOYEYHbIE MOMEHTDI.
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1. BBEAEHUE

Teuenune B TypOyJIEHTHOM PEKUME B TUIPOIAHAMUI-
K€ XapakKTepu3yercs (DIyKTyallusiMA CKOPOCTH, SBJIs-
IOIMIUMHUCS CJIyJallHBIMI KaK BO BpeMeHH, TaK U B IIPO-
cTpaHcTBe. B oTHOIEHNN CKAJIIPHBIX IOJIEi, TTepeHo-
CHMBIX TAKHUM IIOTOKOM (HAIPUMED, TeMIePaTypa UJjn
KOHIIEHTpAIMsl TIpuMeceii), (IIyKTyarun NPUBOJAT K
UX IlepeMelInBaHNuIO, TeM CaMbIM CIJIaKnBasl HEOIHO-
pomHOCTH B mpocTpaHcTBe. Ecinm MOXKHO mpenedpedb
obpaTHO peakIueil ckaJisgipa Ha KUJIKOCTh, TO €ro Ha-
3pIBalOT naccuBHBIM. [Iporecc nepemerntmBanus oTJIn-
qaeTcsl HeTPUBUAJIBHBIMU CTATUCTUYECKUMU CBOMCTBA-
mu [1].

B macrosimeit pabore paccMaTpuBaeTCs MePEMEITH-
BaHHUE MACCHBHOIO CKAJSIPHOrO TOJs 19 B IMOTOKE C
[JIaJIKUM XaO0THYEeCKOM I10JIeM CKOPOCTH C CUJILHOIL I10-
CTOSIHHON CABUTOBON KOMIOHEHTOH. /Jlanmas 3ajgada
MOTHUBHUPOBaHa IIPEXKJie BCEr0 U3y4YeHHEM JIBYMEPHOI
TYypOyJI€HTHOCTH, B KOTOPO# B pe3yabTare oOpaTHO-
ro Kacka/@ SHepruum obpas3yloTcss KON€PEHTHBIE BUX-
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pu [2,3]. B cucreme orcuera, CBA3aHHON € IEHTPOM
BUXDsI, TEUEHHE MOYKHO OXapaKTePU30BATh KakK -
depeHImaIbLHOEe AKCHATBHO-CUMMETPUIHOE BpaIleHue
C HEKOTOPO# KPYITHOMACIITAOHOH CpeJiHell CKOPOCTHIO.
IIpoduas HampaBaeHHON 110 a3UMYTY CPEIHEH CKOPO-
cru U(r) nccaesioBasics KaK aHAJIUTHIECKH, TaK ¥ IHC-
seHHo B paborax [3-7|. Takum o6pa3oM, 3BOIOIHUS
HEKOTOPOI'0 CIyCTKa (KJISIKCHI) MACCUBHOTO CKAJSApa C
XapaKTEPHBIM Pa3MepOM, MHOIO MEHBIIUM, YeM pac-
CTOsIHUE T, MOYKET OBITh PACCMOTPEHA KaK IePeMern-
BaHME B CJBUTOBOM TEYEHUU, CO3/[ABAEMOM KOTE€PEHT-
HBIM TIOTOKOM. DTO TE€PEMENIUBAHNE TPOUCXOIUT TIOJ
BJIMSTHUEM KPYMHOMACIITAOHBIX (JIyKTyaruii moToka,
BO30YXKJIaeMbIX Ha (pOoHEe KOrepeHTHOro Tedenus. Pac-
cMaTpUBaeMasi HaMU MOJIEb, OJJHAKO, IPUMEHUMa, TaK-
7Ke JIJIsl JII0OOT'O TedeHust, B KOTOPOM JIOMUHHUPYET CJBU-
roBasi KOMIOHEHTA ¢ HAJIOXKEHHBIMU TJIAJIKUMEI (DIIyK-
TyanusiMu CKOpOCTH. IIpuMmepamu sSIBJISIIOTCST TedeHHe
astactudeckoil TypOysenrnoctu [8-10] u aByMepHOe Te-
veHne B KaHagax [11].

Bo3mokHBI pa3iudHble [TOCTAHOBKU 3aJadi: pac-
181, HEKOTOPOT'O PACIIPE/IETICHNsT UM TTOCTOSTHHOE BO3-
OyzK/IeHre BHEIIHUM HUCTOYHUKOM (DIIYKTYAInil CKaJis-
pa. B pacnainoit 3aj1ate nu3ydaercs CTaTHCTHKA BOJIIO-
MU CKaJsipa co BpeMeHeM. HavuasibHoe paciipejiesieHue
CIIyJaiiHO B IMPOCTPAHCTBE, YTO MOXKET ObITH IKCIIEPHU-
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MEHTAJIbHO Peajin30BaHO Yepes JIeficTBIE JIOKAJIN30BAH-
HOI'O B IIPOCTPAHCTBE UCTOYHUKA B KaHasax [12], Muk-
pokanasax [13] u MputbHBIX uteHKax [14,15]. Crarn-
CTHYECKH OJTHOPO/THOE BO BpEMEHHU BO30Y K IeHue (PIIyK-
Tyanuil CKaJisipa TPUBOJIUT CHCTEMY B KBA3UCTAIIHO-
HapHBIT pexkuM. B mpemene 6osbimoro uncia [TImumra
dopmupyercss TypOyIeHTHBI criekTp Baruesopa B uH-
TepBajie MAcIITaboB OT A @Y3NOHHOTO JI0 KOJIMOIO-
PoBCKOro [16-18]. DToT CIEeKTP COOTBETCTBYET KACKALY
K MEHBIINM MaciITabaM CpeHeKBaPATUIHOIO OTKJIIO-
HEHUs TACCHBHOIO CKAJISIPA, CM. YHCJICHHBIE IKCIIEPHU-
menTol [19,20]. s u30TponHoit TypOyJIeHTHOCTH MO-
MEHTBI PACIIPEJIEICHUsT CKAJISIPa OBLIN U3y IeHbI AHAJIM-
tuaeckn B [21-23| quist pacnaHOl 3amaun u B [24] s
3a/1a9u ¢ HelpepbIBHOI Hakadkoil. Cirygail mepementu-
BaHUS B IIOCTOSTHHOM CJIBUTOBOM IIOTOKE, TJI€ IT€PEHOC
ITOTOKOM CTAHOBUTCS JIETEPMUHUPOBAHHBIM, PACCMOT-
per B [25]. TlepemenmuBanue B MOTOKE €O CJIydailHOMN
KOMIIOHCHTOH, HaJI0XKCHHOI Ha IIOCTOAHHOE CABUIOBOE
TedeHre, U3y9IaJoCh B YNCACHHOM SKcrepumente [26] B
paMkax mozean Kpaitanana.

Ha wmacmrrabax Gosbiie auddy3noHHOIO MOXKHO
npeHebpedb poJibio Auddy3un B IBOJIIONUY TACCHB-
HOTO CKAJIsIPA, TEM CAMBIM CBEJId ee K IepEeHOCy Te-
qeHneM. B ciIyduae MOCTOSTHHOIO CIABUTA BEKTOD MeXK-
JIy JIBYMsl OJU3KUMU JIATPAHYKEBBLIMU JaCTUIAMU OPU-
EHTUPYETCS 10 HAIIPABJIEHUIO TOTOKaA |25, a ero jaym-
HAa pacTer JUHEHHO co BpeMmeHeMm. HarmpasiieHue BJ10Jb
TEUEHUsST OKA3BIBAETCSA HEYCTOWUMBBIM CTAIMOHAPHBIM
cocrosinneM BekTopa. [IpoxoxkjieHne depe3 HEro ocy-
IIECTBJACTCH 3a CYeT JEHCTBUA CJIydailHON KOMIIOHEH-
Thl TevyeHust [27]. B pesysibraTe BeKTOp pasBOpavnBa-
€TCsl Ha, YyrOJ T W BHOBb BBIDABHUBAETCS MAPAJLIE]b-
HO TIOTOKY. Takoii mpoIece, Ha3bIBAEMBIiT TIPOBOPOTOM,
MPOUCXOJIUT C HEKOTOPOil cpejsneir dactoroit. Buzya-
JIN3UPOBATH MIPOBOPOTHI B SKCIIEPUMEHTE MOXKHO Uepe3
nabJiojienue 3a mosumepamu, cuM. [28,29]. IIpoxoxie-
HIe HeYCTONINBOM TOUYKH COOTBETCTBYET 3a1a1e O Iud-
dy3un B KyObuueckoM TOTeHIHAse BOJIM3U €ro IoJio-
JKEHUsT PaBHOBECHsI. DTa MOJE]b HOCUT YHUBEPCATIb-
HBI XapakTep, OMUCHIBast PsiJl HECTAIMOHAPHBIX (hU3H-
vecknux sieyenuii [30]. IIporece mpoBopoTa CONPOBOXK-
JIAeTCsT IKCIIOHEHIINABLHBIM POCTOM PACCTOSTHUST MEK-
JIy JIarpaHKEBBIMU TPACKTOPUIMHI. DTO O3HAYAET, UTO
CYIIIECTBOBAHNE CJIA00i CIIydailHONl KOMIIOHEHTHI 3Ha-
YUTEJIBHBIM 00Pa30M YCKOPsIieT TPOIIECC TIePeMeInBa-
HUS.

CravaJsra MBI HCCIEIyeM OOIMue CBONCTBA IepemMe-
IMUBAHUs, BKJIOYas CTATHCTUKY JIarPAHKEeBBIX Tpa-
ekTopuii u BiaugHre muddysun. 3areM Mbl H3ydaeMm
PACIIAJIHYIO 3aJlady W HAXOJAUM OJIHOTOYETHOE CPEJl-
mee {(|9(¢)|*). Tocme sTOro paccmarpubaeM 3aady
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O HEeINpPEpPbIBHOM BO30YyKIeHUN (DJIyKTyalluil CKajspa.
Ham amajms amasiormdeHn mpeicTaBjIeHHOMY B pado-
Te, MOCBSIIEHHON CTATHCTUYECKH W30TPOITHOMY Tede-
HUIO [24], ¢ HEOOXOMMMBIMY TTONPABKAMI Ha AHU30TPO-
IO,

2. OBIIINME COOTHOIIIEHUM 1

YpasHenneM, OMUCHIBAIONINM INHAMUKY TACCHBHO-
ro ckajsgpa 1), MepeHOCUMOro CJIyYIaifHbIM TOTOKOM V,
oIBepKeHHOro uddy3un ¢ KoahPUIUEeHTOM K 1 BO3-
OyK/1aeMOT0 BHEITHUM HCTOYHUKOM (HAKavIKoii) f, siB-

(1)

B srom YpaBHEHUHN BCE BEJIMYINHDBI ABJIAIOTCIA (byHKL[I/ISI—

JIdeTcd

0+ (vV)U = KAV + f.

MU BpeMeHU ¢ U KoOpAuHATHI r'. MbI mpemoaraemM, 9To
KaK B CKODOCTHU TE€UEHUS V, TAK U B HAKAYKE f MMEIOTCS
CJIy9JaiiHble COCTABJISIFOIIUE, IPUBOJISIIIE K CJIOXKHOMY
noBefennio craructuku . Kosdpdumument auddysnm
K TIPEIIOJIaraeTcsd OTHOCUTEIHHO MAJIBIM.

Mpb1 paccMaTpuBaeM IpeJiesi, B KOTOPOM II0JIe CKO-
POCTH V JIOCTATOYHO CUYUTATH TJIAJKUAM, TaK YTO OHO
MOXKeT ObITh pasjioxkeHo B psfn Teitaopa ¢ paamycom
CXOIUMOCTH, IPEBBIIIAIOIINM BCE MaCIHTa6bI 3a/1a4u,
XapaKTePU3yIOIre PACIIPe/IeJIeHIe [TaCCUBHOIO CKaJIs-
pa. UTobbl mpocseauTh 3a MPOIECCOM IePEeMenInBa-
HUs, TIepelijieM B CHCTEMY OTCYUeTa, JBUXKYIILYyIOCs BMe-
CcTe ¢ HEeKOTOPOI JIarpaHzKeBoil uactureit. B Heit cko-
POCTB MOXKET OBITH MPUOJINYKEHA, JTMHEIHON 3aBUCHMO-
ctbIio v; = (X5 + 0k )Tk, TIE Xk 1 04k (t) — nocrognHas
1 (pJIyKTYHUpYIOIasi BO BpEMEHHU YaCTU I'PAJIMEHTa CKO-
poctu. ITockoIbKY B cpeHeM TeUeHne IPEII0IaraeTCst
C/IBATOBBIM, y MATPHUIIBL 3 €CTH €IMHCTBCHHBII HeHyIIe-
BOIl 9JIEMEHT Y, = X, KOTOPBIil JJIs OIIPe/IeJIeHHOCTH
MBI CUATAEM TOJOKUTEIbHBIM, Y > (. Torma ypasme-
uue (1) upunumaer Bug

00 + Xy 0,9 + o 0,0 = KAV + f. (2)

Cpesree 110 Bpemenu (G), = 0, a ycioBue HeCKUMae-

MocTu npuBoauT K tré = 0. Ammauryna dirykTyarmii

OTHOCUTEJIbHO MaJia,

2—1/<&(0) 6(t)), dt < 1.

s pactaiHOM 3371891 MbI TIPEJIIOIAraeM, ITO HC-
TOYHIKOM CO3/IAHO HAYAJIBLHOE paciipejiesieHue vy B MO-
MeHT BpeMeHH ¢ = (), KOTOpoe CTaTUCTHIECKN NU30TPOII-
HO B IIPOCTPAHCTBE U UMeeT I'ayCCOBY CTATUCTUKY C HY-
JIeBBIM cpejauM. TakuM o0pa3oM, CTaTUCTUKA TIOJIHO-
CTHIO OINPEIETIAETCH KOPPEIAIUOHHON hyHKIIHEi

(Do(r +1) o () y = O(r), (3)
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IJle MHJIEKC «f» O3HA4YaeT YCpEeJIHEHHE 110 HAYATbLHOMY
pacupenenerno. Oyukmua O(0) = 1, O(r) saBisercs
U30TPOITHON U yObIBaeT Ha MaciiTabe r ~ L. B ciayuae
HENPEPBIBHON HAKAYKY f PA3yMHO MPEIIOIOKUT, ITO
ee OJIHOTOYEYHAS CTATHUCTUKA TAaKKe SIBJISETCS] TayCCo-
BOI1, MOCKOJIbKY pAaCIpeie/IeHIe CKAJISIPa ABISAETCS Pe-
3yJBTATOM JIEHICTBUs CIy4YailHONl HAKAYKU B TEUEHUe
joaroro Bpemenu. Tora crarucTuaeckue CBORCTBA UC-
TOYHUKA TIOJTHOCTHIO OIMPEJIEISIIOTCS TAPHOH KOppeJisi-
NUOHHOMN pyHKITHEH

(f(t,r) £(0,0))5 = 6(1)O(r),

rje ©(r) obiagaer TeMu XKe cBoiicTBamMu, 910 u (3).

JIrobast Koppessiumontas pyHKINs TACCUBHOTO CKa~
JIFApa ABJIFETCS PE3YJIbTATOM YCPEIHEHUS KaK [0 CTa-
THCTUKE UCTOTHUKA, TAK U MO0 CTATUCTHKE CJIyTAiHOTO
TedeHns. 3aDUKCUPYEM PEAJTUIAIMIO CIYIaiiHOrO Te-
vyenus. Torma CTaTUCTHKA MACCHBHOIO CKAJSIPa OCTa-
€TCsl TayCCOBOII ¢ TEUCHUEM BPEMEHH, T. €. OIPEIe/IAeT-
cs1 cpeanM KBagpartom (92) p. Mbl necseyem ogHOTO-
YeqHbIe MOMEHTHI cKaJssipa (|9]%), KoTopble sSIBJISTIOTCS
PE3YJILTATOM YCPEIHEHUST TAKIKE U 110 CTATUCTHKE CJIy-
YalfHOrO Te4YeHUd,

(191%) = Ca (57%)

g

(4)

rae

Co =2°2T(( +1)/2)/ /7.

JloJ2KHO BBIIOHATHCA ycjioBHe o > —1, 9T0OBI MO-
MEHT MMeJI KOHeYHOe 3Ha'ueHUe.

Cpemnuit kBajpar (0); He siBJsteTcs peleHneM 3a-
MKHYTOI'O ypaBHeHHusi. Kro 3mHadeHnme Hy»KHO HAWTH,
paccMOTpeB Ha MAJIBIX MACIITA0AX TOBEJICHUE «TACTU-
HO YCPEJIHEHHOM» MTapHOil KOPPEIAIMOHHON (DYyHKITIHI

F(t,r) = (0 0)9(,1))s,

KOTOpas ABJISIeTCsl Pe3y/IbTATOM YCPeIHEeHHA TOJLKO 110
CTATUCTUKE HAYAJBHBIX YCJIOBHMI MM HAKAYKU M, KaK
cienyer u3 (2), yIOBIETBOPIET yPABHEHUIO

Oy F + Xy 0, F + oy OiF = 2kAF + @(T) (5)
DTO0 ypaBHEHHE COBIIJaeT C ypaBHEHUEeM JIJIsT HacCUB-
HOrO CcKaJigpa (2), HO C YABOEHHBIM KOI(MDUIUEHTOM
nuddysun. Ucrounuk O(r) B npasoil wactu ypas-
HeHMst (5) NPOMCXOJUT W3 TAPHON KOPPEJSIIHOHHOM
dbyuknun nakauku (3). s pacnagnoit 3agaum Hakad-
Ka oTcyTcTByeT, a © (3) gBiisgercd Ha4aIbHBIM YCJIOBU-
em jyia F. Hac unrepecyer 3nadenue

(©%)5 = Fleo.
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Janbueiinee perenune GyIeT HOCTPOEHO IO CJIEILY-
romeii cxeme. CHadasia Mbl pemaeM ypasaenue (5) s
IPOU3BOJILHOTO CJIyuaifHOro mporecca 6 (t) u Haxoum
wacTuaHO ycpeauentnoe (92)r. 3aTeM poBoauM ycpe/i-
HEHME O CTATUCTHKE TYpPOYJEHTHBIX IMyJIbCAIAN s
HAXOXKJICHNST HCKOMOTrO MoMeHTa (4). YepenHeHue 1mpo-
HCXOJIUT IIyTeM IIOMCKa TaK Ha3bIBaeMOil OITUMAJIbHOIM
duaykryanun [22,23] — peasusanuu nporecca §, KOTO-
past ¢ yIEeTOM ee BePOSATHOCTH 00eCreInBaeT HanbOoIb-
MMl BKJIaJ, B KOPPEJIUOHHYI0 (DYHKIUIO. DTOT Me-
TOJI IPUMEHHM, MOCKOJIbKY PeaJl3allii, CyIleCTBeHHO
OTJIMIAIOIINECS OT ONTHMAJIBLHON, BHOCAT 3HATUTEIHHO
MEHBIINI BKJIaJ B CPEJIHEe.

3. IATPAH>KEBBI TPAEKTOPUN

Huddysus B (1) nmosaraercs ciaboit, 9T0 COOTBET-
crByer Oosmbmomy umciy llekse, Pe L%k > 1.
Ecin  or6pocuth caaraemoe ¢ guddysueir B (5),
SBOJIIOIUsSI  CKaJisipa CBOJUTCS K IEPEHOCY BJOJIb

JIarpaHzKeBBIX — TpaekTopuil. PaccMorpmMm  BeKTOD
L(t) = {lcost,lsiney}, paznengiomuii e Giu3Kue
JlarpaHzKeBbl TPAeKTOPHH. Ero JuHaMuKa OlNnchIBaeTCs
ypaBHEHHEM

ae

dt

Junamuka yriia 1) onpeeasercs 3aMKHY THIM yPaB-
HEHUEM, KOTOPOe B IIpejiele OTHOCUTENIbHOM cirabocTn
dykTyaIuit TeIeHus UMeeT BUT,

Ay

dt

(2 + ).

Esian +q,

(6)

Oyz. Crydaiinas xommonenta ¢ B (6) cramo-
BUTCsI BayKHOM, Koryia | siny| < 1)y, Tje XapakTepHbIil
yrox 1h, = £'/3 BrIpaxaercs "epes MaJIblii mapamMeTp
reopun € = D/Y < 1. Ilosromy mbl ocrasuian B (6)
TOJIBKO HambOJIee CyIIECTBEHHBIN BKJIAM ¢ U3 0 B 9TOM

riue ¢

Juana3oHe.
Ecin Bue obnacru |siny| < 1, upenebpeun ciiy-
JalHOW KOMIIOHEHTOW, TMHAMMUKA YTIJIa CTAHOBUTCH Je-
TEPMUHUPOBAHHON U OH YCTPEMJIETCA OOPATHO B ITY
obutacts [31],
ctg ) — ctg o = L(t — to),

[sing > 4., (7)

e uHAeke «0» COOTBETCTBYET HEKOTOPOMY HAYA b
Homy ycaosuio. Ho uz (6) cienyer, uro HampasiieH-
HOCTb £ BJIOJIb TIOTOKA He siBjisieTcst ycroiuuBoit. [To-
CJIe TOTO KaK CJIyYaiHbIl myM ¢ auddy3uOHHBIM 00-
PA30M CABUHHET YroJ B 00JACTbH OTPHUIATEILHBIX 3HAa-
geHuit sin ), CABUIOBOE CjaraemMoe C Y yBeJEeT yroJi B
objractb siny ~ —1. CobbITHe, KOTJa BEKTOP CJIe/IaeT
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MTOJIOBUHY ITOJTHOT'O 060POTa B TAKOM ITPOIIECCe, TAK UTO
YTOJI ?) YMEHBIIUTCS Ha 7, MbI HA3BIBAEM ITPOBOPOTOM.
IIpoBOpOTHI TPOUCXOIST CO CPeJIHeil YacTOTOl

w = N(sin® ) /7 ~ . 3.

JnraMuka yrira MOXKET aHAJIH3HPOBATHCA B TEPMUHAX
QYHKINM — IUIOTHOCTH — PACIPEIETICHI
cru (PDF) Py(t,v). IlockonbKy 3ajada sBisACT-
¢ T-IEPUOJMIECKOH, PACCMOTPUM
[-7/2,m/2] ¢ ycioBHEM HOPMUPOBKH

BEpPOATHO-

€e Ha OTpe3Ke

/2

/dwmzL

—7/2

Ha Gosbmmx Bpemenax wt >> 1 mIOTHOCTH BEpO-
SITHOCTH BBIXOJIMT Ha CTAllMOHAPHOE PpAaCIIPejie/IeHue:
Py(t, 1) = Pu(1). OHo mMeeT MAKCHMYM 1pU ¢ ~ 1y,
[MIIPUHA TMKA PACIPEIEICHIA Ta YKe, ~ 1,. XBOCTHI
byukumn Py = wetby / sin? 1 opu |siny| > 1., uro co-
oreercrByer (7), & CpeiHsisl 9aCTOTa IPOBOPOTOB PABHA
W = Wy X, TIE W, — HEKOTOPBIN YNCJICHHBIN KO3 bdu-
[IAEHT.

JuHaMuKka JUIMHBL BeKTopa £(t) onmchBaeTcst ypas-
HEHUEM, B KOTOPOM MOXKHO IIpeHeOpedb BKJIAJOM OT
duykTyaruit Tedenus:

dp X

— = —sin

b~ < sin(20), ®)

re p(t) = In(€(t)/¢(0)) — morapudmudeckoe mpupare-
HUE PACCTOSTHUSA MEXKJy TPACKTOpUsAMU. Beuauna Jist-
[YHOBCKOH 9KCcHOHEHTHI A = (dp/dt), ectb A\ = A 1), X,
rge e — 9UCICHHAS KOHCTAHTA.

ITycTh B HaYaJbHBI MOMEHT BpeMeHH py = 0 u
|| < 9. B npasoit wactu ypasHeHust (8) HAXOIUTCSI
CJTy9aifHBIi IIPOIIECC CO BPEMEHEM KOPPEJIAMU MOPAI-
Ka (1/1*2)71. Buaunt, PDF 1y p npunnmaer acummTo-
THYeCKyIo (popmy

Pu(t, p) ~exp (= 7S(p/7)) )

HA OTHOCUTEJIbHO OOJIBIINX BpeMeHax T = At > 1 [22,
32]. B (9) dyuxuus surponmu (oHa ke dyaxims Kpa-
Mepa) S(&) siBasiercs BCIOMY BBITYKJIOH, cM. [33]. Ona
NPUHAMAET MUHUMAJIbHOE 3HadeHne S = (0 B TOUKe
¢ =1, aro coorercrryer (p(t)), = 7.

IToCKOJIbKY 9acTOTa MEPEBOPOTOB W MaJIa 110 CPAB-
HEHWUIO ¢ Y, pa3yMHO B KAUECTBE MOJEILHON 381891 NC-
CJIETOBATD TIPEJIES KOPOTKO KOPPETUPOBAHHBIX (DJIyK-
ryammit 7, (s(0)¢(t)) = 2D4(t). B arom npesene Bo3-
MOKHO [OAPOOHO HCCaenoBarh 3agady [27] u maiitu
quCIeHHbIe KOHCTAaHTH w. ~ 0.201, A, ~ 0.365. Ha-
Ie JIONOJIHATE/ILHOE aHAJIUTUYECKOE U YUCJICHHOE UC-
cresioanme 3ajaqan (cM. IIpusioykenne) mokasaso, 4To
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S(&)+¢ aBasiercs weTHOl DyHKIWMEdH €, U3 Yero cieyer
S’(0) = —1. Aunpokcumarius

S(§) = 8"(€-1)%/2+8"(€-1)°/6

xopoiio npubsuzxkaer dbyskimio B kpyre | — 1] < 1.5
¢ S" = —0.207u 8" =14 5" /2, a Takxke coracyer-
51 CO CKOPOCTBIO POCTA CPEIHErO KBAPATA PACCTOTHUL
(€2(t)), KoTOpast MOXKET GBITH BBHIUMC/IEHA AHAJIATHIE-
cku, cM. [34].

Hecmorpst Ha TO, uTo p(t) B CpejiHEM pACTeT, ero

JUHAMUKa He MOHOTOHHAa. /leficTBuTebHO, B 00JIaCTH
| sin | > 1, rye nosenenue ¥ npoxoaur corsnacuo (7),
MOXKHO TaK K€ [POUHTErpupoBaTh (8):
sin

sin ’lpg '

B Xo/J1e IIPpOBOpPOTa p JOCTUTAET JIOKAJIbHOI'O MUHHUMY-

exp(p1 — p2) = (10)

Ma 0pu ¢ = /2, a cieayionui JOKAJbHBI MaKCU-
MyM COOTBETCTBYeT || ~ 1,. PazHOoCTh MexKIy Mak-
CUMYMOM ¥ MUHHMYMOM 10 TIOPSIJIKY BEJUYIHHBI PABHA
Iny; ! = —(1/3)Ine. Baxuo ormMeTuTh, 4TO Ha pac-
npegesierne (9) PDF Beixogur Ha GOJIBIIIX BpEMEHAX
7 > (In,)?, Korja yMeHbIIeHne p B TedeHue IpoBo-

pOTa MHOTO MEHBIIE IMIUPHHBI PACIIPEICICHUA. Y COB-
MECTHOIT 2Ke (PYHKINU PaCIPeIeIeHIS 3aBICUMOCTD OT
p uMeeT BujL, Kaxk B (9) /uist 7 3> 1, ecm paccMaTpuBaTh
ee Ha yriax |siny| < ..

4. TIEPEMEITINBAHUWE CKAJISAPA

Tenepsr wuccsemyem posb MoJiekysrsapuoit auddy-
sun. 1151 3TOr0 paccMOTpUM pacnaj] HadaJbHOTO YCJI0-
BUSI COIVIACHO OJJHOPOAHOMY ypasHeHuto (5). Mzyunm
ero Qusnveckue CBOMCTBA, BHIOPAB IPOCTPAHCTBEHHOE
pacipe/iejieHue IapHoi Koppeaainuonnoil dyuxuu (3)
creruduyeckoro sua: © = exp(—r?/2L%). Taxoit Bus
[O3BOJIAET CYIIECTBEHHO YIIPOCTUTH MATEMATHYECKOE
paccMOTpeHHe 3aJIa4u, IOCKOJIbKY ypashenue (5) co-
XpaHsieT pemenne F ¢ TPOCTPAHCTBEHHBIM TTPOMhUIEM
rayccuanbl. 1IpejcTaBuM paJinyC-BEKTOP B HMOJIAPHBIX
KoopiuHaTax r = {rcos¢,rsin¢}. Koppensuuonnas
DYHKIINSA UMeeT BUI
AT

2

L2
T Ll

F(t,r) (11)

exp
B JII0OO MOMEHT BpeMmeHwu, rje marpura A — auaro-
nasibHast, Ay, = L;Q, Ayy = L%, mpu stom L > L_.
IIpocrpancreennoe pacupezesenne (11) coorBercrByer
BBITSIHYTOI 110 ssumnicy Kisikee Uy (t, 1) o< exp(—TTAF),
rae O6JIbINas OCh MOBEPHYTa HA yTOJI 1) OTHOCUTE Ib-
HO oCcH x. BBeIeHHBI MOBEPHYTHIN PaIIyC-BEKTOPD
r = {rcos(d¢),rsin(dp)}, d¢ = ¢ — . XapakrepHast
tora b Kiaakeel A = Ly L_.
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Cucrema ypapHeHuil jijist pasMeposB L4 u yria
MOKeT ObITh noJydena u3 ypasuaenus (5). Te ke upu-
OJIMKEHH, UCIIOJIb30BAHHbIE IPH PACCMOTPEHNH JMHA-
MUKH JIarPAHKEeBBIX TPAGKTOPUIl, IIPUBOJIAT K CUCTEME

dln Ly DM 2K

e :I:E sin(24) + 2R (12)
dip L2 sin® — L2 cos?vp L% fe (13)
w__ 4.
dt L2 — 12 L3

B npepnene cymecrsennoro pacrsikennst, Ly > L_|
ypasaerue (13) nuramuku yroia i) csogurcs K (6). C
HadabHbIMU yesioBusiMu Ly = L u ¢y = w/4 B Mo-
MeHT tg = 0 IIOTHOCTH PACHPEIESIEHHs] f [0y IaeTCst
CJIBUHYTOH 110 cpaBHeHuU:o ¢ (9),

Pt p) = Pult, p+ Inis,). (14)

Mpb1 mpeamosiaraeM peXuM, B KOTOPOM CJIydaii-
Hasl KOMIIOHEHTa TeYeHHUsl CYIIECTBEHHO
Pe - e'/3 > 1, tak uro aucdbdysus B (12) mis muna-
vukn L Bcerma mpeHeOpekmma. lorma B Ipefese
CUJIBHOTO pacTsikenwsi, Ly > L_, cucrema ypaBHe-

BasKHA,

HOW Ut yoyia ¢ 7 JIOTapupMUIecKOro pPaCTAKEHUs
kiskesl p = In(Ly /L) coBuanaer ¢ cucremoii (6), (8),
OTIMCHIBAIONIEH JTUHAMUKY JIAIPAHKEBBIX TPACKTOPHIA.

Jlajiee paccMOTPUM JUHAMUKY HAWMEHBIIEr0 Mac-
mraba L. CpaBHUBasg CpeIHUN TeMI CXKATUs C Tud-
dyszuonnbiv ciaarembiv B (12), naxomum nuddy3uon-
HBI Macmrab r, = \/2k/A. Ypasaerne (12) MoxKHO
[epernncaThb Kak

Orp— = drp —exp (2(p— —In(L/ry))),  (15)
rje JiorapupMuIecKast CTEIeHb coKaTUS
p— = In(L/L_). Ho mex mop mnoKa pacrszkeHue

YMepeHHOe, INHAMHUKA HAWMEHbIIero wmacmrada L
elne He IOJBepXKeHa BIUAHUIO Jauddy3un, Tak dUTO
p— p. ILomaae KJSIKCBI B 9TOM PEXKUME COXpPa-
usiercs, A LyL_.
[IpeJIOTBpAIIaeT HEOTPAHUYEHHOE CyKATHE KJISAKCHI.

Ecim cnyqaﬁHaH KOMIIOHEHTa Te4dYeHHdA OTHOCUTEJILHO

Mounexynsipaas muddy3us

cwibHag, Tak 410 L), > 1, (r.e. Pe-e > 1), Menn-
mmit MacmTab L mpekpalmmaer CHUKATHCA CITYyCTS
HEKOTOPOE KOJIMYECTBO IIPOBOPOTOB.

Ecmu cinyuaiinasg kommonenTa caaba, Ly, < 1y
(rak gro Pe - e < 1), auddysuonnpiii macmrad no-
CTUTAETCS B TedeHue MmepBoro mposopora. CoryiacHo
ypasaernto (10), cmauansa macmrab L_  omyckaercs
0 ~ Lip. = (Pe-&)Y/Or, cuyers 7 ~ 1, /1h., THE
P = Pe /3. Macmrab cxxatus n ILIOIIAIb KJIAKCEI
Pa3MbIBAIOTCS W PACTyT ajredpandecku ¢ T Ha IIPO-

ME>KYyTOYHBIX BpeMeHaX 1/1*/1% <7 <1 L. ~ &t

728

n A ~ \/ELEt3/2, Tak 4dro L_ jgocturaer r, Ipu
7 ~ 1. Hanpueiiimas guaaMuka L Takas ke B Ipe-
neste Lip, > 1.

Yr1006w! TpOBECTHU yCpeaHeHne 10 (MIYKTYAIUIM Te-
yenus B (4), Tpebyercst yUUTHIBATH COBMECTHYIO IIU-
HaAMUKY JorapudmosB p, p— u yriaa . B obsactn yr-
J0B | sin )| > 1, mymom B ypasHerun Jlanxesena (6)
MOXKHO IIPEHeOPEetb, UTO [IeJIaeT YPABHEHUS JIBUKEHUS
JETePMUHUPOBAHHBIMU U TIO3BOJISIET UX IPOMHTEIPUPO-
Barhb, cM. (7), (10):

Vs _ L+
siny L%

ctg) — i St —t), (16)

Vs
rje 3Be309Kka 0003HAYAET BEJUYUHY B MOMEHT Bpe-
Menu t = t*, korma ¢ ~ 1. Chemnys 3a macmradoMm
pacTs2KEeHUsl, HAUMEHBIITUN MaCIITad JOCTUIaeT CBOEIO
MuHuMyMa upu L* npu yruax || ~ 1, cornacno (12).
Hecvmorps ma Bazknocts mudpdysun B munnmyme L
e L* ~ r,, €10 MOKHO IpeHedbpedsb B MOCIEIYIONEM
IPOMEKYTKe JleTepMUHIpOBaHHO muHamuku (16). 13
9TOTO PACCYKJCHUS CJIEJLyeT, YTO COBMECTHYIO ILIOT-
HOCTb PACIIPEJIEJIEHIST MOXKHO IIPEJICTABUTH KaK

v3
n2

rue t*, p*, p* coorHoCsTCsI C T, p, p—, KaK B (16). OTMe-

P(t,P,Pfﬂp) = s P(t*,p*,pi,d)*), (17)

THUM, 9TO Ha OOJIBINX BpeMeHax At > 1 IJI0THOCTH Be-
POATHOCTY 3HAYEHUI yTJIa IIEPEXOIUT B CTAIIMOHAPHOE
pacupejiesierne Pt (1)), TeI0 KOTOPOTO JIOKAJIH30BAHO
Ha MaJIbIX 3HaueHusX || < .. CBsaA3b MexK Ly MacIira-
baMm CXKaTUs W PACTSKEHUs] MOYXKET OBITh BBIDAYKEHA
qepe3 UxX JorapudMbL:

¢ u(2) o (2) ) ).

rae 6(§) = 1upu & > 0u 0(€) = 0 B IPOTUBHOM CJTyvae.
Mbr npuxoguMm K cieyionieit ouenke s (17):

1
,P7*7
™ (t,p")

riae dopma P(t, p) npusenena B ypashenun (9) u p*
sajaercs (18).

P(ta p*a Pi; 1/1*) ~

(19)

5. OHOTOYEYHOE CPEJHEE B 3AJTAYE
PACITIAZA

B mammowm pazmene 6yzmeT mpoBeneHo yepeHeHne 1o
craTucruke Tedenud B (4),

(01) = [ Pltsp.p- 0 dpdo- v (7(0,0))2 (20)
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CraTuctuka naccueHoro CKanspa B ABYMEPHOM COBUTOBOM TE€HYEHUMN. . .

Bri6panHbIii TpOCTpaHCTBEHHbII PO UL KOPPeIAIy-
onnoii dynkuuu (11) m03BoJIsIET TIEPENUCATD BbIPAZKE-
uue (20) B Buse

(191°) = CaL® {(Ly L) /) (21)

g

Cuauasra paccmorpum ciaydail Pe - € > 1, korma
pr = In(L/r;) + nv, = Inv/Pe-e > 1, u a > 0.
DuyKTyanusMu TedeHns MOKHO IpeHeOpevb Ha BpeMe-
Hax 7 < 1, KOIJIa 9BOJIIOIMIO KJISKCHl MOYKHO CUHTATDH
JICTEPMUHUPOBAHHON 1 ycpeaenne B (20) cBomuTcs K
3aMeHe p, p_ ¥ 1 Ha uxX 3HaueHuWs. Ilocse 3TOroO, HA
GoJIbINIX BpeMeHax 7 3> 1, cornacHo ypasHeHusiM (18),
(19) ycpeauenne B (4) MOXKeT ObITH CBEJICHO K HHTETPH-
posanuio (p) = p* +In,):
oo
(91) = [ do' Pt fy e /Do 0000, (22)
0

Ha nagajgbHbIX BpemeHnax 7 < p, HHTerpaia B (22)
OIIPEJIENIIeTC BKIAJOM OKOJIO p/ A T, T.e. 9KCIO-
HeHTY B (22) MOXKHO 3aMEHHUTh €JMHUIEH, II0JYINB
(|9|*) = Cy. B nporusonosoxkuoM mpejeiie G60bImx
BpeMeH T — 0o uHTerpaJ B (22) nabupaerca va p’ = p,
[O3TOMY KOPPEJISIIMOHHAsT (DYHKIHSI SIBJISIETCS [IPE0t-
pasosanuem Jlamnaca nioTHocTH pacnpejeserus (9):

—+o0

(1] ~ ers/2 / dé exp (—7 (S(€) + at/2)) ~

p»/T /
/2
~ <L—1’/}*) exp (—qa7). (23)

Tw

31ech npeobpazosanue Jlexkanapa OyHKIMI SHTPOIIAN
Go = €0 /24 S(&y) 10 &, ONpeIesIsieTcst Yepes ypaBHe-
aue 0:5(§) = —a/2, KOTOpOEe BO3HUKACT B XOJIE HHTE-
rpupoBanus (23) 1O MeTOJy LepeBajia. 3aMeTUM, YTO
0 < & < 1, mosromy (23) HPUMEHUMO TOJIKO Ha
GOJIBINNX BpeMeHaX T > Py /Eq, Uit KOTOPBIX auddy-
3us BaykKHa B JUHAMUKe ckassapa. CremoBaTesbHo, HA
POMEXKYTOYHBIX BpEMEHaX Py < T < pg/Eq ONHOTO-
YEUHOE CPEJHEE OIPEIE/ISeTCsl ONTUMABHON (hJIyKTY-
arpei, Ipu KoTopoii p_(t) mocruraer nuddy3noHHOTO
upezena In(L/r,;) kak pa3 Kk MoMeHTy T, HO auddy3us
eme He BJUACT Ha JUHAMEKY, Tak uro L L_ = L2
CobepeM OTBETHI JjIst BCEX IPOMEXKYTKOB BPEMEHH:

L,

e=7S(n /7).

T < Prs
Pr <T < pr/&a;
(Lw*/rﬁ)a/Qeiana pﬁ/ga <T.

OurumasbHble (DIIYKTyallud OTOOPaskeHbl CXeMaTude-
CKM Ha puc. 1.

{19%) ~ (24)
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CorutacHo ypasHeHuto (23), onrumaibHast QIyKTy-
alysl yIOBJIETBOPSIET HEPABEHCTBY &y = Py /T. DTO Bile-
geT 3a co0Oil orpaHUYeHIe

a < Q¢p — (2 - Sl”) pH/T < Qerp- (25)

Bropoe ciaraemoe 31ech BIIsI€TCS OTPUIIATETBHOM IO~
PABKOI, 3allUCAHHON B JIMHCHHOM LOPAIKE Pa3JiozKe-
HUA 110 Py /T < 1. PaBeHCTBO @ = (v¢r COOTBETCTBY-
er &, = 0, 9T0 JaerT KPpUTUIECKOE 3HAYCHHUE WHIEKCA
Qley = 2 COTJIACHO YCTAHOBJIEHHBIM CBOHCTBaM (yHK-
min Kpamepa S, cm. teker nocie (9). Ecim o npe-
BolaeT nopor (25), o onrumasibhas (GIyKTyanys Ha
BpPEMEHaX T > P, COOTBETCTBYET JMHAMUKE, B KOTOPOM
muddysust He UrpaeT poJiu, nockoibky p* = In(L/ry),
YTO COOTBETCTBYET BTOPOH acuMuToTuke B (24). B ciy-
qae M30TPOIHOIO CJIyYIAHOIO TEUYCHUS AHAJIOTUIHDBIE
pe3yJIbTaThl ObLIN HOJydeHbl B pabore [21] auist npe-
JieJla, KOPOTKO KOPPEJUPOBAHHBIX BO BPEMEHU I'DaJIiv-
€HTOB CKOPOCTH § W B [22] METOIOM TOHUCKA ONTHMAJIb-
ot durykryanuu. B gacTHOCTH, KPUTHIECKAN WHIIEKC
Qe = 2 TAKOI 7K€, KaK U YCTAHOBJIEHHBIN B aHU30TPOII-
HOM CJIydae.

Ecm —1 < a < 0, 10 g0 < 0, & > 1, u on-
TUMaJIbHAasT (DJIYKTyalldst COOTBETCTBYET p T 1pu

T < apy/2qe. Auddysuna na stux Bpemenax eme
HEe JIeHCTBYeT, TAK UTO BBIMOJHIETCS MIEPBBI PEXKUM
B (24). Tocsie sToro onTumasbHas BIYKTyaus Iepe-
XOJIUT Ha (PUHAJIBHBIN JIMHEHHBIN pocT p = £,T, U O
HOTOYEYHOE CPeJHee HAUYNHAET PACTU, TAK UTO BBIIOJI-
HsieTcsl Tpernii pexuM (24).

Bepremca k cayuaro Pe-e < 1 u a > 0. Moureky-
sgsipaas nuddy3us CTAHOBUTCS CYIIECTBEHHON 3a mmep-
BBII aKT MPOBOPOTA HAYMHASI CO BPEMEHU T 2 1), TaK
9TO OJTHOTOYEYHOE CPEJIHEee

<|19|0‘> = Ca/Aa _ Ca(L/\/EEts/2)a/2

CHIDKaeTCs 110 Hopsaky 10 (L, /7.)*/? ma Bpememax

P

’,f’ gaT
L
In —
Tx
1
In —
*

Pr pn/gcx T

Puc. 1. OntumanbHasi cnyktyayus ans (24) B cnydae

a < Q¢r. KopudHeBas kpnBas [eMOHCTPUPYET HadasbHyto

acumnToTuky B (24), a 3eneHast KpUBas — 3aKJIHOHNTENBHYHO.

MKupHas cepasi IMHNS — KOHeYHble TO4YKM npouecca p(7) npw
onTUManbHbix hyKTyaLnsx TedeHns
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7 ~ 1. st nocseyromeii Boonun npuMeHnMo (22)
U PEan3yeTcs IMOCIeIHsAsS aCHMIITOTHKa 13 (24).

6. IIOCTOSAHHAA HAKAYKA CKAJIAPA

B ciiyuae ocTostHHON BO3OY 2K ICHUS CKaJIsipa BHEIII-
HuM ucrounukom f, cm. (1), ero pacupezesenue Mo-
JKeT OBITH TPEJICTABIEHO KaK COBOKYITHOCTH KJISTKC, KO-
TOpbIe ObLIU BOPOIIEHBI B CUCTEMY HAKAYKOW B pas-
JIMYHBIE MOMEHTBI BPEMEHH U IIOCJIE YEro 3IBOJIIONU-
ormpoBasm. OJHOTOYETHAS CTATUCTHKA CKAJIAPA II0-
IPEKHEMY OCTAETCs TayCCOBON i (PUKCUPOBAHHOM
peasusanuu ciaydaitnoro tedenns. CoxpanuMm 0003Ha-
qenue F(t,r) jig 9ACTUIHO YCPEIHEHHOH KOppeJIsiu-
OHHO# (DYHKIINN B pacCIaIHOi 3ajatde, ONpeIe/IuM Ta-
CTUYHO YCPEIHEHHYIO APHYIO KOPPEJISIIIMOHHY O (DYHK-
muio G = (¥(t,0) Y(¢,r)); B 3amate ¢ HeIPePHIBHOH Ha-
Kadkoil. JIJ11 KOPOTKO KOPPETUPOBAHHOTO BO BPEMEHN
HUCTOYHMKA [ HMMeeM CBSI3b B CTATHCTUYECKH CTAIlO-

HapHOM IIpejerie:
o0

G(r)= [ dt F(t,r).
/
Teneps (9%); = G(0) B (4).

O6o3HaunM Kak Tr MOMEHT, KOI'/JTa L _ camxaercs 10

(26)

muddy3noHHOTO MacITaba 7, B MEPBBIi pa3, T.e. KO-
ra p = p,. Ha Bpemennom mpomexytre 0 < 7 < 7 9a-
cruano ycpeanennoe snavenue (92)y = 1 B pacnajmoit
3ajiade, a Ha OOJIBIIUX BPEMEHAX T > Tp 9TO CpeJiHee
6nIcTpo yoObiBaeT. Bo3Bpalmasich K 3a1a9e ¢ HEITPEPhIB-
HOIl HaKa4vKOil, umeeM (192>f = Tp JJIsl OTJIEJbHOI pea-
JIN3AIUH TIOTOKA. V3 9TOr0 pacCMOTPEHUSI CJICIYET, ITO
B ciIydae cJIabbix (DIYKTyaluil Te9eHus uX poJib HECy-
ImecTBeHHa JiIs cpejiHero (|9]%), mosromy pacemoTpum
npesen Pe-e > 1. [Ipu npousBobHOM < yCpeIHEHUE
[0 CTATUCTUKE TEYEHUS O3HAYAET ONTHUMHU3AINIO Bpe-
MeHu 7. Eciu p,; Besmko, To cpenauii kBajpar () Ha-
ChIMaeTcss HanboJiee BEPOSITHBIMI PEAJIUBAIUSIME CJIYy-
YalHOro TeueHus,

1. DL?
(%) = (1p)0 = pr = ;I . (27)
st TpOn3BOJILHOM CTEeHN
9)° T .
M = Ca/dTF exp (TFS<p—) +%m T—F) (28)
pg/ ) T 2 pe

Ecsu crenens nocrarouno magia, @ = a/S"p, < 1, o
[P MHTEIrPUPOBAHNUA JOCTATOYHO PA3JIOKUTH (DYHK-
[IUIO SHTPOIMU B KBaJPATHIHOM IOPSJIKE Y MUHHUMY-
Ma BbIpaskenns. CTaTHCTHKA CKAIApa HE3HATHTEIHLHO
OTJIMIAETCA OT TAyCCOBOW B 9TOM mpesene. B apyrom
ciydae, pu & >> 1, MHTErpupoBaHUe 3aJIa€TCs Pas-
JloyKeHreM (PYHKIIMM 3HTPOINUU B OKPECTHOCTH HYJId,
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TaK 9To onTHMaJsbHoe Bpems T, = «/25(0). [Toayuaem

ACUMITOTUKH
2 " ~
{9y _ Coexp(a®/85"py), &< 1, (20)
(pr)/? VPe ¢ Con B, a> 1,
e E = /8p,S(0). 1o o3HAUAET, 9TO BEPOSATHOCTH

CHJIBHBIX OTKJIOHEHUI OIIPEJIEISIETCS SKCIIOHEHITNAb-
HBIM XBOCTOM (DYHKIIUU PACIIPEICICHIIS:

P) ~ P o (-t (30)
B/ (02) Ev/(9?)

IIpomerkyTounasi rayccoBa acUMIITOTHKA Tpu @ <K 1
Gblia HailyeHa B [35]. OHAKO MOMEHTBI BBICOKOTO 110~
pasiKa & > 1 ompenessioTcs peau3auaMn Cirydaii-
HOT'O TEUEHUsI, KOTOPbIE IPENSITCTBYIOT CHILHOMY Pac-
TszkeHn0 KiAkcehl. llym ¢ B quHAMUKE KIISIKCBHI BbI-
[TOJTHSIET POJIb CHJIBI, TIOOY 2K TAOIEeHl TPOXOIUTH TOUKI
siny = 0, TeM caMbIM He JlaBasi KJIAKCE PACTATHBATE-
cs. [IpencraBiennoe pacCMOTPEHNE [t OTHOTOUETHBIX
cpeanux 0600maeT paccMorpenue [24] ais ciaydast cra-
TUCTHYECKH H30TPOITHOTO TEYEHUsT Ha 3a/1a4dy C HAJU-
9peM CHJIBHOTO TOCTOSIHHOTO C/IBUTA.

7. SBAKJIFOYEHUNE

MBI 1OKa3a/I#, 9TO IPOIECC IepeMelluBaHusl Iac-
CHBHOTO CKajsgpa B CHJIBHOM CIBATOBOM TEYEHUU C
IVIaJIKOR cirydaflHOll KOMIIOHEHTO!W CKOPOCTHU HaCJe/Ly-
eT MHOI'ME CBOMCTBa 3aJ[a4i B CTATUCTUIECKU U30TPOII-
HOM CJIy9aifHOM IVIaJIKOM TedeHnu. Pa3mane mposBiis-
€TCsl BCJIE/ICTBUE AHU30TPOINH, BO3SHUKAIOIIEH ¢ TTOCTO-
stHHBIM cjiBUroM. CucTeMa ONnmuchbIBaeTCst IapaMeTpaMu
WHTEHCUBHOCTH CJIy9YalHON KOMIIOHEHTHI B TE€UCHUU &
u ancsiom Ilexkire Pe. Ciywaitnas xkommonenra ¢usn-
geckn cymecrsenna npu Pe - /3 > 1. HaunGosbirmii
UHTEPeC IMPeJICTaB/IsieT coDOi Ciryvail, KOria OHa, siBJIsi-
eTCsl JIOCTATOYHO CUiIbHOM, Pe - e > 1, Tak 4r0 KIIsK-
ca, TI0IIaB B TeYeHHe, [IPOXOJIUT Yepe3 HECKOJIBKO AKTOB
[IPOBOPOTA, IIEpe] TeM Kak i dy3usi HAaUMHAET Iepe-
MeINBaTh CKAJIAp B Heil. B sTom mperdene cratucru-
YecKre CBONCTBA CKAJIsIPA ONPEIEIISIIOTCs depe3 (hyHK-
U0 SHTPOIINU, KOTOPasd OIUCHIBACT CTATHUCTUKY pPac-
XOJSAIINXCS B MOTOKE JIArPAHXKEBBIX TpaekTopuii. [lo-
GaBjienne €jabOM CJIy9IaifHON KOMIIOHEHTBI ITO3BOJISIET
CyIIECTBEHHO YCKODUTH HACTYIJIEHHE IIPOIecca Iiepe-
MEIUBAHUS: €CJIM B CTAIMOHAPHOM CIBUTOBOM ITOTOKE
MOJIEKYJIsTpHast auddy3usi BCTYIAeT B Pa3MeNInBaHUE
KJISIKCBI pasMepa | Ha BpeMeHax nopsaxa ($2k/12) 71/3,
TO B CUCTEME CO CJIADBIM IIyMOM 3TO BpeMsi yMeHbIIa-
ercst 1o In (Pe-¢) /), m.e. B ~ (Pe-£)/3/In(Pe-¢) pas.
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OrMmeruM, 9TO T€OMETpUsl CJIyYaillHONl KOMITOHEH-
ThI CKOPOCTH WMEET IPUHIUIHAJLHO BAXKHYIO POJIb.
I'naBHBI BKJIAJ B YCKOPEHHUE IIPOIIECCa TIepeMelnBa-
HUsI BHOCUT [IPOU3BOJIHASI BJIOJIb JIMHUII TOKA CPeIHEro
TeJeHNA OT KOMIIOHEHTBI CKOPOCTH Uy, HAITPABICHHON
HOPMAJIBHO K HHM, Oy, = Oy¥y, cM. (6). B pesymbra-
T€ COBMECTHOTO JIEHCTBUSI TIOCTOSTHHOI'O CABUTA W JTOM
CJIyJaHON KOMIIOHEHTBI JISIIyHOBCKas SKCIIOHEHTA 10~
TOKA CTAHOBUTCH OTJIMYHON oT Hysd. Hanporus, B [36]
OBLII PACCMOTPEH CJIydail, KOrjia cirydaiiHast KOMIIOHEH-
Ta €CThb TOJILKO B O,Vy, I/ 2 — TPETbs KOOPJIUHATA,
a vy, = 0. B srom caywae mporecc mepeMermmuBaHIA
[O-TIPEZKHEMY MMeeT ajaredpanvecKyio 3aBUCHMOCTD Ha
GosbIX BpeMeHax. To ke 3aMedanne KacaeTcs U Jipy-
rux MOMOOHBIX MOJEJNel, B OJHON M3 KOTOPBIX €NH-
CTBEHHAs HEHYJIeBas KOMIIOHEHTa CKOPOCTH UMeeT 3a-
BUCHMOCTB Uy (t, y) cO carydaiiHOl KOMIIOHEHTOI BO Bpe-
menu u npocrpanctse [37]. Ksaapar paccrosnus Mexk-
Iy JBYMs JIATDAHYKEBBIMH TPACKTOPUSAMU PACTET II0
aJre0bpanvIecKoMy 3aKOHY, T. €. JISIyHOBCKash SKCIOHEH-
Ta B 9TOI MOJIE/IN PABHA HYJII0. DTO CPABHEHIE TOKA3bI-
BaeT 0OOCHOBAHHOCTH BHIOPAHHOM HAME MOJIEJIN, YXBa-
TBIBAIONIEH TJIABHBIH 3PdeKT, Mpon3BOANMbBIH TypOy-
JIEHTHBIMH (DIIYKTYAIUSIMHU.

Baaronapuoctu. ABropnr GJ1aro1aPHBI
B.B. Jlebeney u U.B. KonokosioBy 3a BaxKHBIE
00CY K ICHUSI.

dunancupoBaHue. Pabora Boinosiena B 1abopa-
topuu «CoBpeMeHHasl THJPO/IMHAMUAKAY, CO3/IAHHON B
pamkax rpanTa MuHuCTEpCTBA HAYKHM U BBICIIEro 00-
pazoBanus PP 075-15-2022-1099, n nomgaepxkana cpe-
crBamu roc3aganus 0029-2019-0003.

ITPNJIO>KEHUE.
AHAJIN3 YPABHEHU A ®OKKEPA-IIJIAHKA

Paccvorpum  ypasuenune @oxkepa—Ilnanka s
coBMmecTHOl (ynkuuu pacupenesnenus P (p, 1), onu-
CBIBAIOIEH CTATUCTHUKY JIATPAHXKEBBIX TpaeKTopuii £ B
TEepMUHAX p,1), B Ipejesie KOPOTKO KOPPEeJIUpPOBAHHOMN
110 BpEMEHU CJTyIaiffHOM KOMIIOHEHTHI TI0JIsT CKOPOCTH §:

Y sin(2 .
0P = *w@p - P+ LT,

KOTOpOE BBIIOJIHAETCH B Ipejiesie € K 1, rie

(31)

L= Y sin Oy sine) + Dﬁi.

[IpeobpazoBanne Pypbe OTHOCHUTEIHHO IEPEMEH-
HOft p ypasHeHusi (31) Ha 3HAYEHUH <«JIACTOTHI» —i7)
uMeeT BHJL

WP = <M

sin(2¢) + ﬁ) P (32)

8 KIT®, Bbim. 5
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Y

Puc. 2. KoHTypbl uHTerpuposatus npu obpatHom npeobpaso-

BaHUM Pypbe 415 HYJIEBOrO 1 NEPBOrO COBCTBEHHbIX 3Haue-

HWIA, ncxopHble 0BO3HaYeHb! HEMPEPBIBHBIMU CUHER 1 KPacHONA

JINHNAMN. L|epr|M|/| LWTPUXOBbIMU JINHUAMN 0603H3HEHI>I pas3-
pesbl

TToCKOJIbKY MBI HHTEPECYEMCsI ACUMIITOTUIECKUM [IOBE-
nenneM P Ha OOJIBIITNX BPEMEHAX, MMOJIE3HO PAaCCMOT-
pPeThb 3aJady O CHEeKTpe JIMHEHHOTO OmepaTopa B Ipa-
Boit uacru (32). st conpsizKeHHOI 3a/jadu oepaTop
ET(ib) = ﬁ(fw), YTO MPUBOJUT K CHUMMETPHUU COO-
CTBEHHBIX 3HAYEHUN :

y(n) =2 -mn).

IIpu B3gTum obpaTHoro mpeodbpazopanusg Pypbe U3 3TO-
ro cjefyer cuMMeTpus (DYHKIUA SHTPOIHH S, O KOTO-
poit peunb uger Huke (9) B pas. 3. [TockosnbKy omnepa-
Top L BEIIECTBEH B 1)-IPECTABICHAN, TAKKE HMECM
cummerpuio v(n*) = (v(n))*. Mer 6yuem coprupoBarTh
cOOCTBEHHbBIE 3HAYEHUsI B IOPsiJIKe yYMeHbIIEHMs 3Ha-
qeHus JieicTBUTeNbHON wacTtu. HysteBoe cobcTBennoe
sHadenne Yo(n) = —Aga, SBISETCS HEBLIPOXKIEHHDLIM,
BerecTBeHHbIM TIpu Im 7 = 0 u o6s1a1aeT HanbOIbIIEH
JEHCTBUTEJILHON 9aCThI0 B OKPECTHOCTH 9TON IIPAMOIL.
CorylacHO HAIIEMy YHCJICHHOMY AHAJN3Y, OHO MOXKET
OBITH XOPOIIIO MPUDJIMAKEHO PASITOKEHUEM

0 — @)
2n ~ f

B obsractu [n—1| < 2.5. O6parHoe npeodpasoanne Dy-
pbe exp(—go,7) mpusonutT K dyuknun Kpamepa (9), y
koropoit S”'(1) = —0.207, cm. ab3ar nocie (9). B mpe-
Jesie Gobmmx 1| > 1 MMeeM acUMITOTHYECKOEe MOBe-
JICHHE (2, = *Q2|77|4/3, e Q2 ~ 0.32.

B KOMIIJIEKCHOM IIJIOCKOCTH II€PEMEHHON 7) UMEIOT-
Csl TOYKU BETBJIEHUSI, IIPU KOTOPBIX JBa COOCTBEHHBIX
3HAYCHUST CTAHOBSATCS PABHBIME. B 9acTHOCTH, HYJIEBOE

, Q1 =0.026, 7 =1—(n—1)2 (33)
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COOCTBEHHOE 3HAYEHNE CDABHUBAETCH C IEPBBIM B TOY-
Kax 7 — 1 ~ +2.1 £ 1.67, a ciemxyiomue aBa 3HATECHUST
¢ HAMOOJIBIIUMU JIEHCTBUTENBHBIMU 9aCTsIMU, Y1 (7))
u Y2(nx), CDABHUBAIOTCA B TOYKAX 7, — 1 +5.0.
B okpectHOCTH KaXKIOH CHHTYJISPHOCTH COOTBETCTBY-
forue COOCTBEHHBIE YMC/Ia OTHOCATCHA K JIBYM JILCTAM
y KOpHeBOii ocobennocTu. Baxkwo, ITo 11pu B3ATUN 00-

~
~

parHoro npeobpazosanug Pypoe (32) 91U TOYKU BeTB-
JICHHsI HE BHOCAT BKJIaJa B mpejese OonbImx |p|/T.
JleficTBUTEIHHO, TIPENOIOKAM, YTO O IOJOKHUTE -
HO, 1 iedopMupyem 06a KOHTYpPa HHTEIPUPOBAHUSA JIJIst
CJIATAEMBIX C 3THMH COOCTBEHHBIMM 3HAYEHUSMH, KaK
na puc. 2. IlogpraTerpanbabie GyHKINA C IPEIIKCITO-
HEHTAMM DPaBHBI JPYT JAPYIY Ha I[ITPUXOBBIX YaCTsIX
KOHTYDPOB, HO MHTETPUPOBAHUE MPOBOIUTCA B IPOTH-
BOTIOJIOXKHBIX HAIIPABJIEHUSIX, TAK UTO PE3y/IbTAThl UH-
TEIrPUPOBAHUL BJIOJb KazKJIOW HITPUXOBON YacTU KOH-
Typa COKPAIIAIOT JPYT JApyra. TOYHO Tak »Ke MPONCcX0-
JIAT COKPAIEHNE [IYHKTUPHBIX 4acTell KOHTYPOB Pa3HO-
ro mnBera. Jlaabirme MOXKHO 00bEIMHUTD YaCTH KOHTYPOB
«1» u «2» B 1Ba COEIUHEHHBIX KOHTYDA, TJE MOJBIH-
rerpajbible DYHKIUA AHATUTUIECKU HPOJIOJIZKEHDI €
BerecTBeHHO ocn. Takum oO6pa3oM 3aK/II0OYUaeM, UTO
€CJIN CIBUrATh KOHTYPBI HHTErPUPOBAHUS COBMECTHO B
KOMILJIEKCHOI IIJIOCKOCTHU, TO MOYKHO IIPEeHEOPEYh ITUMU
TOYKAMU BETBJIEHUSI.

CiieoBareibHO, Ha GOJIBITMX BPEMEHAX DE3YJILTAT
obpaTtHOoro mpeobpaszosanuss Pypbe 3aaeTCsl MOBE/IE-
HUEM HYJIEBOI'O COOCTBEHHOI'O 3HAYEHUS U COOCTBEHHOM
GyHKIIUU B OKPECTHOCTH TMEPEBAJBHONW TOYKH, KOTO-
pasi HAXOJIUTCST Ha BEIECTBEHHOW OCH, UTO 00eCcredn-
BaeT IOJIOXKUTEJLHOCTD 1ioTHocTH . IlepeBasbaas
TOUKa fABJIAETCs pelrenueM ypasuenus 1 = —Jg¢S(§),
rae & = p/7. BHas (2, MOXKHO BOCCTAHOBHUTH (DyHK-
IUIO SHTPONUH. Pe3yabTaT COrJIacyeTcss ¢O CTATHCTH-
KOfi, MOJIYYEHHOH B pe3yJibTaTe YUCJICHHON CUMYJIAINN
JIAHXKeBeHOBCKUX ypasHeHuil (6), (8). OrmermMm, uro
S(&) ~ 3.2¢* ma Gompmmx €] > 1. Taxoe ovennb GBICT-
poe 3aryxanue (QpyHKIUH PaCIPEIEeHUsT BbITOJIHSIET-
cst BIUIOTH J10 €] ~ £72/3) nocre wero S ~ (p/Dt)?,
9T0 00ECIEeINBACTCS WICHOM ~ D(’?ng, KOTODBIM TIpe-
HeGperyn B ipaBoii yactu (31).

BHadeHne SKCIOHEHTHI (2, (33) MOXKHO HaiiTu aHa-
surrdecku upu 1 = 2 [34]. g sToro pacemorpum -
namuky (€2(t)), KOTOpYI0 MOKHO CBHA3ATH C OCTAJIBHBI-
MU KBaJPATUYHBIMU CpeJHuMu. s caydas KOpOTKO
KOPPEeJIMPOBAHHOTO BO BpeMeHN nporiecca ¢ (t) u3 ypas-
wernst d/dt = (3 + 6)€ nonydaem

d d

d 2\ _ 2 d _ 2
ey =2ty 0], L) =z

732

JlunamMudeckasi cUcTeMa B TIPEJese CHJILHOIO CJIBU-
ra 9KBUBAJEHTHA paccMoTpeHHoil B [34], nosyden-
HO#l B CJIydae NU30TPOIHBIX KOPOTKO KOPPeIMPOBAHHBIX
durykryarmit 6(t). 113 9100 cucreMbl MOXKHO TIpHIATH K
BBIPAYKEHUIO JISITTYHOBCKOM 9KCIOHEHTHI JJTs TMHAMUAKA
<£2> KAK KOPHIO XapaKTEPUCTUIECKOTO yPABHEHNUS:

(1) xexp(—ar),  —(A\qs)’ =4  (34)

Broruuciienne <£2 (t)> C UCIIOJIb30BAHUEM [TPUOJINKEHHO-
ro BeIparkenus 1id dyuknun Kpamepa S, mpuBeieHHO-
IO B CTaThe, JaeT TaKOM 2Ke Pe3yJIbTaT C OTHOCUTEILHOI
TogHOCTBIO 3%.
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