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PaccmoTpeHa cTaTuCTMKa NAacCMBHOrO CKansapa, NEPEHOCUMOro TypbyneHTHbIM NoneM CKOPOCTU, B PacnagHOM
cnyyae. Qudpbysns ckansipa k npegnonaraetcs cnaboii (Benuko qucno Mpanptna (LWmuara) v/k, rae v —
K03(hDULNEHT KNHEMATUHECKONR BA3KOCTU XUAKOCTN). V3yHaeTcs pexum, korga KOppensiuuoHHas ganHa Cka-
nApa OCTaeTCs MeHblue ANUHbI Koppenaunu ckopoctu. Haligensl ogHoBpemeHHble KOppensaunoHHbie dyHKLMN
ckanapa. OHM M3MEHAIOTCA N0 CTENEHHOMY 3akoHy U 06nafatoT yrnoBbIMU OCOBEHHOCTAMU, OTPaXkaoWMMn

NIOKAaJIbHO-C/IONCTOE pacnpeneneHne Ckansapa B NpoCTPaHCTBE.

PACS: 05.20.Jj, 47.27.Gs, 47.27.-i
1. BBEJAEHUE

Uccnenopanue cTaTUCTHYECKUX CBOHCTB MEpEHOCA
MACCUBHOTO CKaJIsApa ¥ TypOYJIEHTHBIM TIOTOKOM K-
KOCTH SIBJISIETCs1 OJTHON U3 OCHOBHBIX 33124 B TIpobIeme
rypbynentaocTr. CKATAPOM SIBISETCs, HAPUMED, OT-
KJIOHEHWME KOHIIEHTPAIIUU MPUMECH WU TEeMIIepPaTyPhI
OT WX CpenHero 3uadenus. [lacCUBHOCTH CKaasApa O3HAa-
4Jaer, 970 00pATHOE BJIMSHIAE U3MEHEHUH CKATsipa Ha [Mo-
TOK TIPEHEOPEKMMO MaJio. B NMpuBemeHHBIX mpuMepax
9TO COOTBETCTBYET TOMY, UYTO MOYKHO TTPEHEOPEedh n3Me-
HEHHEM CKOPOCTH YKUJIKOCTH U3-3a (DIYKTyaruii KOH-
[EHTPAIUU PUMECH WU TEePMUYIECKOTO DPACIIUPEHUs.
B nacrosmeit pabote nccieyercs pacmnaaHas 3a71atda,
B KOTOPOi#l NpU 3aJaHHOM HAYATHHOM PACIPEIETICHUN
CKAJIPa B MPOCTPAHCTBE OMPEIEIseTCsS CTATUCTUKA 10~
JIsl CKAJISIpA B TIOCJIEIYIONINE MOMEHTHI BDEMEHH.

B macrosmieit pabore paccMaTpuBamOTCH TPEXMep-
woie (d = 3) u aymepubie (d = 2) rTypOyseHTHbIE
Tedenusi. JlaauM KpaTKOoe OMHCAHUE PA3BUTOTO TPEX-
MEpPHOTrO TYyPOYTEHTHOTO TeIEeHUSA ¢ IUCTOM PefiHomb1I1-
ca Re > 1, cm., nanpumep, [1, 2|. Bueuaue ucrounu-
K1 BO30YIKIAIOT BUXPHU C XapaKTePHBIM pa3Mepom L,
nepeaBasi JKUJIKOCTH B CPEJIHEM JHEPTHUIO €, B €INHU-
Iy BPEMEHU HA eIMHUILY MACCHI. BI3KOCTBIO JKUIKOCTH

*E-mail: ssver@itp.ac.ru

MOZKHO ITpeHeOpedh Ha MacmTabax PacCTOSHUH, MHOTO
OOBIUX «BS3KOM» JJTUHBI

0 (0% fe)'

rme v — KO3 PUIHMEHT KUHeMaTHdecKoil BA3kocTn. B
WHEPIUOHHOM mHTepBaje 1) K r K L ycranaBiuBaer-
cs mepejada (Kackal) KHHeTHUeCKoil snepruu ¢ Gosiee
KPYMHBIX MACIITADOB PacCTOsTHMI Ha, Oostee menkue. B
3TOM MHTEepPBAaJe /I MTHOBEHHOUW Pa3HOCTU CKOPOCTE
B TOYKAX, PA3/IEJEHHBIX PACCTOSHUEM T, HUMEETCs KO-
MOTOPOBCKast OlleHKa [3]

So(r) & (e,r)'/3.

Kackag mpuBoauT K Tepeatie SHePTUN CaMbIM MaJIeHb-
KAM BUXPSAM Pa3MePOM MOPsIKa Ba3Ko# mnuub 7). Ha
Macmirabe 1) BA3KOCTb CTAHOBUTCSH CYIIECTBEHHON U KH-
HeTHYeCKass IHEPTUsT AUCCUTTUPYET B Terio. K KomMoro-
DOBCKOIi OIIeHKEe MMEIOTCsI MOMPABKH, CBS3aHHDBIE C Tie-
pemezkaeMocTbio [4], KoTopbiMu npu rpyObIX paccMor-
DPEHMSAX MOYKHO MpeHedpeth.

IBymepHast TypOyIeHTHOCTh [5-7] ornmuaercs or
TPexXMepHOW TeM, YTO B Claydae UealbHON KUJIKOCTH
KpOMe KHHETHYeCKON dHEePruH WMeeTcsl ele OfHa Co-
XPaHSIONIASCS BeNINHA — SHCTPOdUs

Q= /d2rw2,
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rje w = curl v — 3aBUXPEHHOCTH KUJIKOCTU. DTO MPU-
BOJIUT K TOMY, UYTO B PA3BUTOM TYpPOYJIEHTHOM COCTOSI-
HUW CYNMIECTBYIOT JIBA KACKaa, HATHHAIOIINECS C Mac-
mraba Hakadkd. BHU3 mo macmrabam mepemaeTcs dH-
crpodusi, a BBepX — KUHETHYECKas dHeprus. Kackam
HCTPOMUN 3aKAHINBAETCS HA «BSA3KOM» MaciiTabe

n=+vL]V KL,

rme V' — CKOpOCTDb KUAKOCTH Ha MacInTabe HaKaIKu L.
Kackan sneprun 3akaHIMBAeTCsl HA OOJIBITTHX MACIITA~
0ax, KOT/ia CTAHOBUTCS CYIIECTBEHHBIM TPEHUE JKUIKO-
CTH O JTHO WJIH CTEHKH COCY/IA.

Mbl OrpaHUYHUMCsST PACCMOTPEHHEM MPOIEecca mepe-
HOCA TTACCUBHOTO CKassipa ¥ TypOyJIeHTHBIM TTOTOKOM
Ha macmrabax, MEHbIUX BA3KOH mimebl 7). Ha ta-
KX PACCTOSHUAX MIHOBEHHAs PA3HOCTH CKOPOCTEdt
dv(r) o< r, T.e. TedeHUME, MPOUCXOJUT B pekume BoT-
vesopa [8]. B G3TUETIOPOBCKOM TEUEHHN JIArPAHYKEBBI
TPAEKTOPUH YKUJIKOCTH PACXOISTCS MO IKCIIOHEHITHAb-
Homy 3akony. CpemHsisi jiorapudpMudeckast CKOPOCTh
PACXOYKIEHUST JIATPAHKEBBIX TPAEKTOPUI \ HA3LIBAET-
cs1 9KCIIOHEHTOH JIsnyHOBa, OHA Ompesenser XapakTep-
HOE 3HAa4YeHHWe IpajuenTa cKopocTu. Mbl cauraem cra-
TUCTUKY CKOPOCTH W30TPOIHOMN, MCXOIsT U3 OOBITHOTO
peJCTaBIeHUs. O TOM, 9TO TYpPOYJIEHTHOE TedeHue Ha
MacITadax, MHOTO MEHBIIUX MAacIITaba HAKAIKH, CTa-
TUCTUYECKU W30TPOIHO, JAYKe eCJIM CaMa HAaKadKa He
ABIACTCA TAKOBOM.

Mbr nonaraem nudpdysuio (repmoauddysuio) cia-
6oii, T. . GobiM gABstercs ancio [panaris Pr (pas-
HOE OTHOIIIEHUIO BI3KOCTH KUJIKOCTH ¥ K KO3 uimeH-
vy auddysun) unm gucino HImuara Sc (pasroe orHo-
MIEHUIO BSI3KOCTH KUJIKOCTH U K KO3 DUITHEHTY TepMO-
nuddysun). Mer GyaeM UCHONb30BATH 0003HAUEHUE K
KaKk 7mst Kodpdunumenta quddy3un, Tak u a5 KO-
dumnmenta repmoaudPy3uu, T.e. OOMBITAM CIATAETCS
oTHomeHve v/k. B TypOyJeHTHOM MOTOKE, MepeHocs-
eM CKAJISP, MOKHO ONpeaeTuTh 1udy3uOHHBIH Mac-
mTad 7y, HA PACCTOTHUAX MEHbBIIe KOTOPOro audQy3us
CTJIA’KWBAET HEOTHOPOIHOCTH B PACTPEICTeHNN CKaIsI-
pa. IMockonbky uncio [pangras (Imuara) senuko,
g Py3nOHHBII MacITab 7y OMEHHBALTC KaK

ra~ K[\

Bsaskuii macmmtab, cOOTBETCTBEHHO, paBeH

n~ \/V/)‘a

no3ToOMy g K 1.

Pexxum Bartgenmopa co caydaiiHBIM TOTEM CKOPO-
CTH MOJEIUPYET TAKKEe TaK HA3BIBAEMYIO 3J1aCTHYIE-
cKyoo TypOysenTHOCTH [9]. Duactuueckas TypOyIeHT-
HOCTb BO3HUKAET B PACTBOPAX MOTUMEPOB MPH MAJIBIX

qucnax Peitnonpaca Re < 1 w uncnax Baiiccenbepra
Wi ~ 1. YUncno Baiiccenbepra onmpemensiercst Kak OTHO-
IeHne 0OPaATHOTO BPEMEHU DPeJIAKCAINY [ TIOJTIMEDPA K
XapaKTepHOMY IPaJueHTy CKOPOCTH,

Wi = uLo/V,

rae V — xapakrepHoe 3HaYeHuMe CKOpocTd, a Ly — pas-
Mep cucTeMbl (cocya). B peskume sactuueckoii Typoy-
JIGHTHOCTH OCHOBHOW BKJIAI B TPAJUEHT CKOPOCTH BHO-
CAT BUXPU PasMepoOM MOpsiaKa pa3Mepa cucreMbl L.
[MosTomy npubauzkenue dv(r) o< r CIPaBeIJIUBO BIIOTH
JIO CaMBIX DOJIBITTUX MACIITA0OB, & JISITYHOBCKAs IKCIIO-
HEHTA MOTOKA OIEHUBACTCA KAK

A~ V/Lo.

Mps1 canTaeM CTATUCTUKY CKOPOCTH U30TPOITHOM HA Mac-
mrabe Lo v mpefronaraeM, 9To B CIy€ae 31acTHaecKoi
TypOysenTHOCTH audPy3ust CKAIIpa TAKIKE SIBJISIETCS
cmaboit, Tak uTo andPy3nOHHBIH MacmTad Iy OKA3bIBA-
eTcsl MHOTO MeHbITe pa3Mmepa cucteMmbl Lg. Yncmo Peii-
HOJB/ICA

Re = LoV/v,

MIO3TOMY OTHOIIIEHHE JIBYX MACIITAOOB PABHO

rq/Lo ~ \/k/ Rewv.

Takum obpazom, HepaBeHCTBO Iy <K Lo BBIIOTHSIET-
cs, KOTJA st OTHOIIEHUS KO3 MUIIMEHTOB BA3KOCTH
u auddysuu (r.e. qs aucna [panaria) Bpimonaser-
Cs1 COOTHOIIIEHHE

Pr=v/k> Re™!.

Hawannuoe pacnpegenenune Ug(r) ckanspa B mpo-
CTPAHCTBE MBI TPEMONATAEM CTATUCTHIECKN OTHOPOJI-
HBIM U W30TPOIHBIM, a pa3zMep | HEOJIHOPOJHOCTeH B
pacupegenenun 99 — HaxomAmuMcs Mexkay auddysu-
OHHBIM W BSI3KNM Mactradamu, rq <K | < n. B caydae
SIACTUIECKON TypPOYIEHTHOCTH MBI IPEIIOIATAEM, YTO
rq <1 <K Lg.

B mocnenmee Bpemsi JOCTUIHYTHI 3HAYUTETHHbBIE
yCrexyn B TEOPUH TIepeHoca MacCHBHOTO CKaIspa CIy-
YaWHBIM [OJIEM CKOPOCTH. DTH YCIEeXH CBA3aHbI B
OCHOBHOM ¢ mcnosb3oBanneM mozenn Kpaitanana [10],
B KOTOPOH CKOPOCTH CYMTAETCST 0-KOPPETUPOBAHHOM
Bo Bpemenu. B pabore [10] Kpaitunan cauran mno-
Jie CKOPOCTH DJIAJKUM B IPOCTpaHCTBe. Briocmeacreuu
9Ta MOJeNb Oblla pacrnpocTpaHeHa Ha MOJst CKOPO-
CTH, 00JAJAIONINE MYIbTUCKEHTHHTOBBIM TIOBEJCHUEM.
[Mo-BuamMOMYy, OTHUM U3 MEPBBIX, KTO 3TO CAEIAJ, ObLIT
Kazanuer [11], n3ygapmumvii 5BOMONAIO €71a00TM0 MATHUT-
HOTO MO B TYPOYJTEHTHOM MOTOKE CKOPOCTH. B Mo-
genn KpaliaHana OKa3bIBAETCS BO3ZMOKHBIM TOJTYYUTh
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3aMKHYTbIe yDABHEHHSA [T OJHOBPEMEHHBIX KOPpPes-
MUOHHBIX (DYHKIWIA MTACCUBHOTO CKaApa. Boisacusercs,
YTO MHOTHE KOPPEJIANUOHHBIE (DYHKIUHN 3aBUCAT TOJDb-
KO OT MHTErpaJbHBIX XapAKTEPUCTHK MOJs CKOPOCTH.
[TosTomy KavecTBeHHO OTBETHI B MojAenan Kpairunana
OCTAIOTCS] BEPHBIMU U JIJIsI TIOJIsl CKOPOCTH € MTPOU3BOJIb-
HBIM KOHEYHBIM BpeMEeHeM KOppendnuu. IIpoMerKyTod-
HBIE HTOI'M PA3BUTUSA TEOPHU IIEPEHOCA TACCHBHOIO CKa-
7sIpa MoBeIeHb B 0630pe [12].

Pacnagnas 3ama4a B 03TYEIOPOBCKOM PEKUME HC-
ciemoBanach teoperudecku B paborax [13-15]. B pa-
6ore [13] uzyuanach oJHOBpEMEHHAs NApPHASA KOPDPeJsi-
mwonnast dyukiua ckagsapa F(r) B momenn Kpaiiuna-
HA B CUTYyalluW, KOTJA MapHas KOPPeIANUOHHAA (DYHK-
U CKOPOCTH UMEET JIBE MPOCTPAHCTBEHHBIE ACHMIITO-
tuku. Huzke BA3KOro macimraba CKOpOCThb Mpenoiara-
eTcs TIAIKOM, dv(r) o< r, a BbIIe HETO 3aKOH CKeHIIMHTA,
MEHSAETCA Ha,

((6v(r))?) < 7277,

Cornacuo [13], KoppensivioHHast JIMHA TACCHBHOTO
CKanapa pacTeT 3KCTIOHEHIHATLHO CO BpeMeHeM:

ry oo leM,

[Tocne mocTuskenus BA3KOW IJIWHBI 3aKOH POCTA KOppe-
JATMOHHON JJIWHBI CMEHseTCsl Ha CTeneHHOH:

ry o t'/7 >

Ha takmx BpemMenax macimrad XapaKTePHBIX (DIyKTY-
anuii JIEYKUT B WHEPIIMOHHOM WHTEPBAJIE. JTH MACIITA~
OBI CJIyKAT PE3epBYapoOM s «CyOBSI3KUX» MACIITAOO0B.
Ha cy6Ba3kux macmrabax mMpOnCXOIAT KACKA, CKAIAPA,
BHU3 10 udHy3uoHHOTO MacmTaba rg. IT0 0ObACHSET
TO, 9YTO B WHTEPBAJIE BOJIHOBBIX BEKTOPOB

<k <t
crekTpasibHasg PYHKINA U3MEHACTCA KaK
ETLR(E) o 1/k.

Taxoe ke mOBeIeHNE CTIEKTPAIbHAS (DYHKINS UMEET B
CJIy9ae HempepbIBHOTO CO3IaHWs HOBBIX HEOIHOPOIHO-
cTeil B pacnpeie/IeHud TMACCUBHOTO CKalsgpa Ha 6OJb-
mux macimrabax 8,10, 16]. Boiciue KoppensuuoHubie
dyuknun ckamspa B npegene n — 0 wccaemoBaInuch B
pabore [14]. Havanbuas cragus pacnajia usydasiach B
pabore [15], rue ucciemoBasach OAHOTOYEYHAS CTATH-
CTUKA CKAJISIPA TIPU TIPOU3BOILHON CTATUCTUKE CKOPO-
CTH ¢ KOHEYHBIM BPEMEHEM KOPPEJISIni.

IIpuBemem KavecTBEHHOE OMUCAHKE ITONH HAYATHHOMN
CTauu, KOr1a KOPPEJISAIUOHHAS JIIMHA CKAJISIPA elle He
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JocTuria Bsa3koro maciraba 1 [13,15]. dng toro gro-
OBI OMUCATH HBOJIIONWIO TPOU3BOIHLHOTO PACTIPEIETIEHU S
CKaJIAPa ¢ HAYAJIBHBIM Pa3MepOM HEOTHOPOIHOCTEN [,
BOCIIOJIB3YEMCsl T€M, 9TO JII000e HAYATBHOE PACTIPE/Iee-
HUe CKaJApa ¢ MacCITadDOM HEOIHOPOIHOCTEH | MOYKHO
MPEICTABUTh KAK CYMEPHO3UIINI0 CTYCTKOB pasmepa [.
CrycrkoMm pasmepa | Mbl HA3BIBAEM YACTHBIN BUJ HAa-
YANbHOTO paclpee/ieHus, KOrJa BeTudauHa g OTIid-
Ha OT HyJisl TOABKO B obsactu pasmepa [. Ilome cko-
POCTH MOTOKA YKUJAKOCTU O0JIATAET HEHYJIEBBIM TDaJiu-
€HTOM, TOITOMY OHO BBITSITUBAET CTYCTOK TO OJHOMY
HAMPaBJIEHUIO W CXKUMAET MO Apyromy. Pacrskenue u
CKATHe TIPOUCXOISIT BO BPEMEHU MO SKCITOHEHIINATHHO-
My 3akony. Anddy3us ocranaBauBaer yObIBAHNE MEHb-
IIIEr0 pa3Mepa CryCTKA, KOT/Ia TOT JTOCTUTAET 3HAUEHUS
r ~ Tg, U He BAUsET Ha O0mbImuii pasmep. [locae To-
o0 KAK MEHbBINUI pazMep CryCcTKa CTAHOBUTCS PABHBIM
T4, OObEeM, 3aHUMAEMbBIH CTYCTKOM, HAYMHALT YBETUIH-
BAThCS, & XapaKTEePHOE 3HAYEHWE CKAJISIPA B CTYCTKE —
yMeHbIaThcst. CTaTuCTUIecKu OJHOPOJHOE U U30TPOTI-
HOE HAYATbHOE PACIpee/ieHre CKAIsipa MOXKHO Mpeji-
CTABUTH KAK CYMEPTO3UIINI0 MHOTUX CTYCTKOB, XaOTHY-
HO pa3dpocaHHbIX B mpocTpancTBe. CrycTKH, KOTOPHIE
HAXOJATCs IPYT OT APYyra HA PACCTOSTHUN, MHOTO MEHb-
IIIeM 7], PACTATUBAIOTCS MOJIEM CKOPOCTH, 0014 Ta0IIIM
Ha ITUX PACCTOSTHUSIX OJIHUM U TEM YKe TpaaueHTom. [1o-
9TOMY 3TH CTYCTKH J1e(POPMUPYIOTCS OTUHAKOBBIM 00-
Pa30M U UMEIOT OJHY U TY YK€ OPUEHTAINIO B TPOCTPAH-
cree. Taknm o6pa3om, ¢ TeueHneM BPeMeHU TTOTOK KU JI-
KOCTH JIEJIAeT JTOKATBHOE PACPeIeIeHUe CKATSIPA CHATb-
HO aHU30TpONHbIM. Korga MeHbIuit pazmep CrycTKoB
nocruraer audpy3uOHHOTO MACIITAda ¢, CTYCTKU Ha-
9UHAIOT TEePEeKPBIBATHC, a cuma QAyKTyanuit B 00b-
eMe — 3KCIOHEHIUATBHO YMEHBIIATHCS CO BPEMEHEM.
[Ipu 3TO0M B MOTOKE OCTAIOTCS OOJACTU C CYIIECTBEH-
HO OOJIBITUM OTKJIOHEHHEM KOHIEHTPAIUYA OT CPEIHEN.
B stux obmacTax ¢ Ha9ambHOTO MOMEHTA BPEMEHH 0
MOMEHTa, HADIIONeHUsT ¢ TPAIUEHT CKOPOCTH OCTAETCS
3HAYNTEILHO MEHbIIE, YeM B CpeaHeM 1o oobemy. Jlo-
NI TaKUX oDacTeil BO BceM o0beme Majia, MOCKOIbKY
MaJia BEPOSITHOCTH TaKUX (BIyKTYaAuil CKOPOCTH.

Hﬂﬂ BbIYUCJIEHUA OJHOTOYEYHBIX MOMEHTOB CKaJId-
pa B padore [15] mcnomb30Bancsi METON TMONUCKA OTITH-
MaJIBHOM (DIYKTyaIuu CKOPOCTH, KOTJA JOCTHUTALTCS
KOMIIPOMHUCC MEKIy CHIOH (BIYKTyarnn KOHIIEHTPa-
UM CKAJIAPA W CTATHCTUICCKAM BeCOM (MIYKTyallnn
CKOpPOCTH. ﬂﬂﬁ MOMEHTOB PAa3HBIX MOPAIKOB OIITUMAaJIb-
Hble (PAYKTYAIMH OKA3BIBAIOTCS PA3TUIHBIMHI, ITO ITPH-
BOIOUT K CUIBHON nmepeMezKkaeMOCTH B CTaTUCTHUKE CKa-
agpa. MBI m3ydaeMm Ty sKe HadalbHYIO CTQIdi0 pac-
nDaga CKajddpa W HCIOIb3yeM TOT ZKe MeTOod, HO HC-
caeayeM OIHOBPEMEHHBIE KOPPEeTANHOHHBIE (DYHKIIAN
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ckansgpa. Mbl 1eMOHCTPUPYeM, 9TO Pe3yJbTAThl s
MapHBIX KOPPEJSAInii, onyvYeHnble B padore [13] mus
0-KOPPETUPOBAHHOIO MOJIs CKOPOCTH, OCTAIOTCS Kade-
CTBEHHO BEDHBIME JJIs PACHAIa CKAJAPA MPU MPOU3-
BOJIbHOI KOPPEJSIuy CKOPOCTH BO BpeMenu. [Tockomb-
Ky TIapHasl KOPPeJAnuoOHHast (GYHKIINS CKAIAPA He J1a-
€T JOCTATOYHOrO TIOHUMAHUS TOTO, KAK YCTPOEHO MPO-
CTPAHCTBEHHOE PACIPE/IETIEHNE CKAISAPA, Mbl UCCIETy-
eM BBICIINE KOppeasanuoHubie ¢GpyHknuu. B pesyabra-
Te yCTAHAB/IMBAETCS BUJ KOPPEJANUOHHBIX (DyHKIHI
JUISE IPOU3BOJIBHOW CTATUCTUKYU CKOPOCTH C KOHEYHBIM
BpeMeHeM Koppessanuu. Kak u mapHas KOppeasiuoH-
Has GyHKuus [13], Beicie KoppeasiinonHbie byHKINT
TakzKe 00/1aJal0T CKeHJIMHIOBBIM II0BeleHueM. B coor-
BETCTBUM C OOIIEHl KApTUHON DPACTSKEHUST W CIKATHUS
CTYCTKOB MOTOKOM OKA3bIBAETCS, UTO KOPPEJIANNOHHBIE
GyHKINKA BBICOKUX MOPAIKOB 00/IAAI0T CTEIEHHBIMU
yrioBbiMu ocobenHocTsmu. CyriecTBoBaHue TAKOrO po-
J1a 0COOEHHOCTEH He 3aBUCUT OT KOHKPETHOTO BUIA CTa-
TUCTUKHU CKOPOCTH, OJTHAKO OT HEe 3aBUCUT TOKA3ATE/b
CTEIEeHU YIJIOBBIX OCOOEHHOCTEH.

2. IOCTAHOBKA 3AJAYN

DBOJIIONMIO IACCUBHOIO CKaIgpa 1) B ABUXKYIIEHCs
JKUIKOCTH OTMHUCHIBAET ypaBHEHUE mepeHoca ¢ auddy-
3ueil:

o0+ (v - V)9 = kAD. (1)

Ecnu ckangpoMm sBseTcss KOHIIEHTPAIUsS TPUMECH, TO
ypasuenue (1) 3amuchbIBAETCA B TPEANOIOKEHUH, UTO
WHEPIUOHHOCTHIO YACTUYEK TMPUMECH MOYKHO IpeHe-
o6peub. MbI cunTaeM CKasp MaCCHBHBIM, T. €. CKOPOCTD
MOTOKA V HE YYBCTBUTEIbHA K MO0 ¥ U, COOTBETCTBEH-
HO, T0JIEé CKOPOCTU O0JIAJAaeT HE3aBUCUMOIN CTATHCTH-
KOW.

Mpbr mpemmoniaraeM, 9TO OTHOIIEHHE KO3 DUIHEH-
Ta KWHEMATUYIECKON BA3KOCTH JKUIKOCTH V K K03 hu-
nuenTy audy3un cKagsapa Kk BeMUKO. Ecau craxapom
SABJISETCs TPUMECH, TO 3TO OTHOIIEHNE HA3BIBACTCS UNC-
nom Ipangrna Pr. Ecim ckanmsgpom gaBigercsa Temrie-
paTtypa, TO k TIpEICTaBJseT cODON KOIDPUIMEHT Tep-
moauddy3uu, a OTHOIIEHUE V/K HA3BIBAETCH YUCIOM
[MIvuara Sc. B mameii 3amade 3T ABa mapamMerpa Wr-
paroT OHY W Ty ke pojib. MbI OyaeM MmoJb30BaTHCS
obo3HaYeHTEM

v/k =Pr> 1.

Onpenenum qudHy3nOHHYIO IJIMHY Ty KaK MacmTa,
Ha KOTOPOM CPABHHUBAIOTCA TIEPEHOCHONH 1 qudHy3noH-
HbIil 4ysteHbl B ypaBHenun (1):

rqa =2/ K/ (2)
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3aech A — JS0YHOBCKAS SKCIOHEHTA TIOTOKA ZKUJIKO-
CTH, KOTOpPas ONPENEeNSeTcss KaK CPelHssl JorapudMu-
Yeckas CKOpOCTh pa30eranus ABYX OJU3KUX JIarpaHzKe-
BbIX Tpaekropuii: eciu r(t) — paccrosiHue MezKiy JIBy-
M# JIATPAHIKEBBIMU YACTUIAMHE, TO

= ().

Ha wmacmrabax, MHOTO OOMBINUX 'y, MOXKHO IpPeHe-
6peub npaBoii yacrbio ypasHenus (1), u Mbl nosyua-
eM TIpOCTO ypaBHeHue mepenoca. Huwxke auddy3nonuo-
ro macmraba qudpy3ust UITpaeT OCHOBHYIO POJIb, CIla-

dlnr
dt

JKABasi HEOTHOPOIHOCTH B PacCHpeesieHnn ckaasapa. B
TYypOYJEHTHOM MOTOKE MMEET MeCTO BSI3KMi MaciiTad
n ~ \/v/\, nosromy Hepaperctso Pr 3> 1 o3mauaer,
9TO OPU ITOM 1) > Tq.

B snactuueckoit TypOyTeHTHOCTH TeUeHNe MPOUCX0-
JUT Tpm MagaeXx uncnax Peitnonnaca Re < 1. Ecm
Ly — xapakTepHbIii pa3Mep Cocy/ia, B KOTOPOM IPOUC-
XOIUT Te4YeHue, a V — XapakTepHas CKOPOCTh HA STOM
Macrirade, To

Re = LO V/l/

B rpagmenT CKOpOCTH OCHOBHOW BKJIAJ HAIOT BUXPU
pa3mepomM mopsiaka paszmMepa cucrembl Lg. [TosTomy msa-
MYHOBCKAST SKCIIOHEHTA,

A~ Re/vLZ.

Mur npeamostaraem, 9to  audpy3uOHHBIN MACIITAO
rq < Lo, 9T0 mogpasyMeBaeT HEPABEHCTBO

Pr>> Re™'.

Mpbr mpeamonaraeM, 9To pa3Mep HEOTHOPOIHOCTER
| B magasbHOM pacmpenenennn ckajsapa Ug(r) Haxo-
JATCS MEKTY BA3KAM 1 A Dy3NOHHBIM MACIITADAMH,
n > 1> rq. B wacraocru, gucno Ileke

Pe=1/rg> 1.

Cratuctuky t)g MBI IPEINOIaraeM OTHOPOIHON U U30-
TPOTIHOIT B TIPOCTPAHCTBE C MApPHON KOPPETAITMOHHON
dyHKIIIEH

Fo(R) = (J0(0)d0(R)),

JIOCTATOYHO OBICTPO yOBIBAIOIIEH TPU POCTE T, HAUNHAS
¢ paccrostans r & [.

Pacnpenenenne 99 MOKHO IPEJICTABUTH KAk Cymep-
MO3UIIAI0 OOJBIIOr0 KOMHYIECTBA XAOTHIECKH Pa3Opo-
CAHHBIX B MPOCTPAHCTBE CTYCTKOB CKAJISApa pa3mepa [:

N
Jo(r) = Zai90(lr—ri\/1)- (3)
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OyHKIINA pacpegeeHns CKalspa B CIYCTKe B HAYATb-
HBIT MOoMeHT Bpemenn Oq(|r'|/l) mpeamonaraercs cde-
PUYECKU-CUMMETPUIHON 1 yOBIBAIOIEH, HAYMHAS C PaC-
crostHus opanka . s onpeneeHHOCTH MBI CIUTAEM,
YTO TIOJTHOE KOJTMIECTBO CKAJISPA B CTYCTKE

/dr'@g(r'/l) =

e d — pa3MepHOCTh MPOCTPAHCTBA. BeKTOpwI r; 3a-
JAI0T CcaydaiHble TTOJI0YKEeHNs CTYCTKOB, a @; — HEKOTO-
pble ciaydaiiHble BeCOBbIE MHOXKHUTENH, ONpejedioniue
ammuTyay (aykryanuii ckajgsipa. Mbl cantaem Crycr-
KW PaBHOMEPHO 3aMOJIHAONINIMA TPOCTPAHCTBO, TOTIA
KOHIIEHTpAIUs CIyCTKOB DaBHA

D~1=N/V,
rae V — obbem Beeit cucrembl. CpejiHee paccrosiHue
MEKIy CI'yCTKAMU PaBHO
D = (V/N)'/4,

roe d = 2, 3.

Mpb1 paccMaTpuBaeM JBa HNpeJena CTATUCTUKU pac-
npenenenus Yg. B mepsom mnpegesie, KOTOpblii Mbl 000-
3Ha"aeM VU9, MBI CIUTAEM CTYCTKH CHJIBHO TIEPeKpPBIBA-
ommmucs, 1.e. D < [. B 3ToM ciaydae cTaTuCTHKY
CKalspa MOXKHO CYUTATh rayCcCcoBoil. Mbl HMCKIOYaeM
"3 PACCMOTPEHHUs CpeJgHee 10 MPOCTPAHCTBY 3HAYEHUE
ckajspa, T.e. naBapuanT KoppcnHa fdr ¥9 cumraercs
HyJeBbIM. JIpyruMu clioBaMu,

Zai:().

Yepennusis (3) 10 cay9IaiHbIM TTOTOKEHNUIM CTYCTKOB Ty,
MOIY9aeM MApHY0 KOPPEJIATNORHYI0 (hyHKIMIO

2d
Fo(R) =% {—l—+/dr® R+1|/)0(r '/z)} y
<Y a = [ eulir+R/2) Ol -R/2), ()
riue

_ (/D)¢ >
Cy =~ Za (5)

31ech MBI YCTPEMWJIN OOBEM CHCTEMBI K OECKOHETHO-
ctu, V — oo. Yenosue D <K | 0oOycioBIuBaeT raycco-
BOCTH CTATUCTUKHU: HAIPUMED,

()

o

B paza. 6 6yaer nokazaHo, 9TO ecyiv PACCTOSHIE MEZK LY
cryctkamMu D ~ [, TO KOppenasaiuonubie (hyHKIIUN Tac-
CUBHOTO CKaJIsIpa HA DOJIBIMTUX BPEMEHAX OKA3BIBAIOTCS
MPOMOPIUOHATHLHBIME KOPPEISAIUOHHBIM (DYHKIUAM B
cIydae TayCCcoOBOM CTATUCTUKH.

Bropoit mpenen, kotopbiii Mbl Oymem 0003HAYATH
Kak 1), OMACBIBAET OOPATHYIO CUTYAIMIO, KOT/IA XaPaK-
TEPHOE PACCTOSHUE MEXKY CIy4YaiHO PACIOMOKEHHbI-
MU crycTkamu Beauko, D > [. Mbr npeanonaraem, 9to
3HAK CKaJsdpa B HUX OIUH W TOT zKe: Bce a; > 0. B mpe-
nene VYf CTATHCTHKA DACTPEIeNeHns CKATsIpa JTio0oro
MOpsiIKa HAOUPAETCsT TOJBKO TOTJA, KOTJA BCE TOUKH
KOPPEJTSAINOHHON (DYHKITUN HAKPHIBAET OJUH CIyCTOK.
[Mpu BBIYUCTIEHUE KOPPETSAIMOHHBIX (DYHKIIUN CKAIsIpa
no r; B popmyie (3) T0MKHO OBITH TPOBEIEHO yCPeIHe-
Hue. B gacTHOCTH, MapHAast KOPPEJANUOHHAS (DYHKIHS
onpejessercs BbipaxkenueM (4), a OJHOTOYEYHBIE MO-
MEHTBI

(W) = C, / (1) ~
14 Zai

%ﬁ iTeo(O) ) (6)

rae

UL

Za

Hac unTepecyer, kakoBa Oy/IeT CTATHCTHUKA PACIIPe-
JeeHus cKalsdpa B MOCTeAyoNe MOMEHTHI BpEMeHH,
KOTJIa ToJie CKaIsgpa AeOPMUPYETCS MOTOKOM KU KO-
ctu. CTaTucTryeckue CBONCTBA PACTPEIeIeHNs OMPeIe-
JISAIOTCs] OJHOBPEMEHHBIMY KOPPEIAIUOHHBIMA (DYHKITH-
AMHA

fn({rj}vt) - Hﬂ(rjvt) : (7)

VriaoBble CKOOKM MPEINOaralT yCPEIHEHUEe MO TPO-
CTPAHCTBY:

Ful{r;},t) /drHﬁ r+r1;).

Mpu1 unTepecyemMcs MacirabaMu, MHOTO MEHBIIUMHU 7).
[MockonbKy obbeM Beedi cucremsr V > e, yepennenne
B (7) COOTBETCTBYET OTHENBHBIM YCDETHEHUSM MO Ha-
YATBLHOMY PACHPEJETEHUI0 CKANSAPA W MO CTATHCTUKE
rpagMeHTa CKOPOCTH.

B ciayuae smactudeckoil TypOyJEHTHOCTH yCpeIHe-
uue B (7) HAJO MHTEPOPETUPOBATH HECKOJILKO MHAYE.
Hanpuwmep, B sxkcnepumente [9] Teuenue npoucxoaur B
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TpyOKe ¢ momepevdHbIM pa3zMepoM mopsaaka Lg. [Toaromy
yepennenue B (7) mpeacTaBisier cOOOM COBOKYITHOCTD
JBYX YCPEIHEHWii: TO MOTEePEeYHOMY CEYEeHUI0 TPyOKU
¥ [0 BPeMeHu. YCDeIHEHHE 0 BPEMEHU COOTBETCTBY-
€T yCPEeIHEHUIO MO CTATHCTHKE TPAIUNEHTa CKOPOCTH B
ciydae OObIIHOM TypOYyI€HTHOCTH.

3. ABU>KEHUE 2KNJKOCTU

Iepeiimzem B cucreMy oTcuera, HAYAI0 KOTOPOM IBU-
JKeTCd BMeCTe € HEeKOTOPOH JarpaHzKeBOW dYacTuuei
JKUAIKOCTH. MBI OTpAHUYIHMCST pACCMOTPEHUEM MACITITa-
OOB, MEHBINTUX BSA3KON IJIUHBI 1), @ B CIyYae dJIacTude-
CKOM TypOyTeHTHOCTH — MEHBIINX MACIITA0a CHCTEeMbI
Ly. Ha Takux paccTOSHUSAX MOJE CKOPOCTH TIAIKOe U
TTOJTHOCTBHIO OTIPEJIEJTSIETCS €0 MATPUIIEH IPAHEHTOR J':

v =0r. (8)

[TockonbKy TeUeHMe HECKUMAEMO, TMEEM

B TypOyneHTHBIX TeUeHMsIX, & TaKKe B CIydae 31acTh-
9eCKO# TypOyJIeHTHOCTH BpPeMsI KOPPEJSIHN MMPOIecca
0 KOHEYHO, HO KOHKDETHBIH BUJ CTATUCTUKU § HEU3BE-
cred. B pa3BuTom TypOy/IEHTHOM MOTOKE BPEMsT KOppe-
JIATIWHE CPABHUMO CO BpeMeHeM 000pOoTa CAMBIX MaIeHb-
KX BHUXPei, pa3mep KOTOPBIX mopsiaka 1. Mbr mpes-
rmoJlaraeM, 9To CTATUCTUKA 0 W30TPOTMHA. DTOTO JOCTA-
TOYHO, JJisi TOTO 9TOOBI CIENATh Pl 3aKTIOUEHANR O
XapakKTepe OBUXKeHHA KUJIKOCTH W IIEPEHOCHMOIrOo €ero
CKAJISIPA.

B marmeii cucreme orcueTa JarpanzKeBa TPAeKTOPHS
KUJIKOCTH T(t) B d-MEpHOM IPOCTPAHCTBE ONUCHIBACTCS
JINHEHHBIM TIPE0OpPa30BAHTEM

. aw .
s W—O’W (9)

[Tpubsauzxenune (9) BepHO TO TEX 1OpP, noka 1 <K 1), a B
cIIydae 3JacTuaeckoil TypOyaeHTHoCTH, moka r <K L.
Takmm o6pazom, HEOOMBIION STEMEHT KUIKOCTH C Tetde-
HUEeM BpeMeHu gedopMupyercs mos aeiicrsuem adppuH-
HOTO npeoGpasoanmst W . I3 HECZKIMAEMOCTH TeueHus
CJIeTyer, ITo

det W = 1.

DIeMEeHT JKUJKOCTH PACTIATHBACTCA W CKUMAETCs
BJIOJIb HEKOTODPBIX oOceii M, KpOMe TOro, BpallaeTcd.
Jlist TOro 9TOOBI BBIIETUTH PACTSI’KEHVE W BpAIleHne,
NPEeICTABUM JIMHEHHOE mpeoOpa3oBaHue B BUIE

W =NDO. (10)

Marpunet N u O — oproroanbhbie, a D — quaroHasb-
Hasl.
Bgrenem Besmunnnt

i=1,....d

)

pi =1nDy;,

13 dopmyn (9) u (10) momyduaem, 9T0 ypaBHEHUS IJIst
pi AMEIOT CIeNyIOMUA BUI:

pi = 04, éZNTﬁ'N (11)
[Tockonpky det W= 1, nmeem
S pi=o
i
Brimummem ypaBHeHUS 7189 OPTOTOHATBLHBIX MAaTPHIL B
npoussenenun (10). OnpemenuM CKOPOCTH BPAICHUS
Q" =NTo,N, Q°=9,007.
Torna

On — Gijexp(pj — pi) + 75 exp(pi — pj)

0P Oij + 0ji
7 2sh(pi — pj)

Ouenb 6bIcTPO, HA Bpemenax t > A~ 1, nocruraercs npe-
JIETT, B KOTOPOM BCE Pa3MepPbl 3IeMEHTA YKUIKOCTH CHITb-
HO OTJIMYAIOTCs JIPYT OT Apyra. Jljas ompeneieHHOCTH
MBI CUMTAEM, 9TO B STOM TIPEIIETIE

e’ > > el

U3 soipazkenuii (12) ciemyer, 4ro B 5TOM mpejesie cra-
THCTHKA & He 3aBucut or p;. Cpeamme norapudpmude-
CKMe CKOPOCTW PACTSIKEHWs WIW CKATUSA B PA3HBIX Ha-
TIPaBJICHAX

HA3BIBAIOTCSI JISTYHOBCKUMHU XaPAKTEPUCTUIECKUMHU IT0-
KazaTenaMu noToka Kugakocru. OHU TOTO JKe TOPSIIKA,
9TO ¥ 0OpATHOE BpeMsi KOppeJsanun mpomecca ¢. B cumy
HECKMMAEMOCTHU YKUIKOCTH WX CyMMa PABHA HYJIO:

> ai=o0.

Mpgi cyuTaem, 9TO JIAMYHOBCKHE KCIIOHEHTHI PACIIONO-
JKEHBI B MOPSAIKE YOBIBAHUS,

AL > > AL

Bremennas pamee cpeaHsas jorapngMUYecKas CKO-
POCTh yaaleHud OBYX OJM3KO PACHONOKEHHBIX Jar-
panzkeBbIx Tpaexkropuii A = A;. U3 Boipaxennii (11)
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CJIeJlyer, 9TO Ha BPEMeHaX, MHOrO OOJIBINUX BPEMEHU
KOPPEJISANNN TIPOIecca 7, p; OKA3BIBAETCS CYMMOM
GOJIBIIOro Yrcsia (MPOMOPIUOHAIBLHOTO At) CIydaifHbIx
OJIMHAKOBO PACHPEIETCHHBIX HE3aBUCUMBIX BETUYWH.
[TosTOMY BEPOSTHOCTH OTKJIOHEHWH CKOPOCTH POCTA p;
oT cpegHuX cKopocTeil (13) Ha TakuxX BpeMeHax JaeTcs
dyHKIHEH pacmpeaeaeHust

C i
Plp2.ps) = & exp[=tS(az za)]. wi = E =N, (14)

rme C — HOPMUPOBOUYHAST KOHCTAHTA, a S — Tak Ha3bl-
Baemag (yukuusa Kpamepa (cm., manpumep, [17]). Or-
HocuTesbHble nonpasku B (14) oka3plBalOTCH MOPsIKA
1/At. @yuxuua Kpavepa S BHITYKIast 1 UMeeT MHHH-
My B HyJie. OHA MOYXKeT ObITH TOYHO BBHIYUCIEHA B MO-
genu Kpaitanana, e moje CKOPOCTH CAUTAETCs KOPOT-
KO KOPPETUPOBAHHBIM BO BpeMmenwu, cM. [1puoxenne. B
PeaNbHBIX TYPOYIEHTHBIX TEUEHUSIX CTATUCTUKA 0 HEU3-
BeCTHA, MOATOMY Hew3BecTHa dyuknus S. Mbr npes-
moJlaraeM, UTO BTOpasi MPOU3BOAHAsT S B HYJE TOPSII-
Ka A”!, TOCKOJBKY B TYPOYIEHTHLIX TeUEHHAX HA BA3-
KUX MacImTabax HeT APYIUX XapaKTepPHBIX BpemeH. B
JTasbHENIeM Mbl OyIeM HHTEePECOBATHCHA TOTBKO IKCIIO-
HEHIIUAJIHHON YaCThI0 3aBUCUMOCTU KOPPEISIITHOHHBIX
dyHKIH OT BpeMEHH, OITOMY MHOYKHTENb ¢ B BhIpa-
:kenuu (14) g vac Gyzer HecyIecTBeH.

B tpexmeprom Teuenun B Momenn Kpaiunana cpe-
HUH XapaKTePUCTUIECKUil mokaszarenb \o = 0. st pas-
BUTOI TpexXMepHO#l TypOyTIeHTHOCTH, TOIINHATOIIeHCS
ypaeuenuio Hasbe — CTokca, Jjs onmpemeseHus Ao Cy-
MIECTBYIOT TOJBKO YUC/IEHHBIE SKCITEPUMEHTBI, CM., Ha-
upumep, [18]. B aroii paGore mozpenuposanach Typoy-
JIEGHTHOCTh C TEePUOJUYECKUMU YCJIOBUSIMUA CO CIIydaii-
HOIl BHemHe# cuioi wa Oompmmux macmTabax. s
BTOPO# JISIMYHOBCKO#M SKCIOHEHTHI OBLIO HANIEHO, 9TO
A2 ~ 02)\1

Kak 0Oymer moka3aHo, KOppesIuOHHBIE (DYHKIUN
CKAJIAPA 3aBUCAT OT CTATUCTUKHA CKOPOCTH depe3 (PyHK-
U0 S, KOTOPYIO MbI BBOJIUM (DEeHOMEHOTOrudIecku. B
UTOTE MBI TIOJIYYUM BO3MOYKHBIE BUIIBI KOPPEISITHOH-
HBIX (DYHKIUI TACCUBHOTO CKAJISIPA B 3aBUCUMOCTH OT
dyuknuu S. Haobopor, ecnu Koppensiiuontbie (yHK-
MU HKCIEPUMEHTATBHO M3BECTHBI, ¢ TIOMOIIBIO TIOJIY-
YEHHBIX PE3yJIbTATOB MOYKHO TOJIYYUTH UH(MDOPMAIIIO
o ¢yukmym S.

Marpurna (’5.,
PBIM TTPOUCXOIUT CIKATHE U PACTIKEHNE HIEMEHTA, KU

3aJa0niad HallpaBJIeHHudA, IO KOTO-

KOCTH, (POPMHUPYETC B HepPBbIE MOMEHTBI BDPEMEHH
t ~ 1/\. U3 Boipaxkenuii (12) ciemgyer, uro ona mepe-
CTAET W3MEHATHCA, KOTJIA PACTSAKEHWE CTAHOBUTCS CYy-
IIECTBEHHBIM, T. €. TIPA

err > > el

783

(cum. [19]). Beneacrue n3orponnu ee BO3MOXKHbBIE 3HA-
YeHus pacnpeesaens pasaomepro Ha rpymne O(d). Op-
ToroHanTbHas MaTpuIa N 3aMETHO M3MEHSETCS 34 Bpe-
M A1, CTAHOBUTCA HA TAKUX BPEMeHAX JEKOPDPeTupo-
Bannoit ¢ O u TaxsKe nveer GYHKIMIO PACTIPEIEIIEHNS,
pasHomepuyto Ha rpymme O(d).

4. YCPEJIHEHUE I10 HAYAJIBHOMY
PACIIPEAEJIEHNIO CKAJIAPA

i TpOM3BONLHOIO HAYAIBHOTO DACIPEIeIeHus
Jo(r) BO3MOMKHO B SIBHOM BHJE BBIIUCATL DeIIeHUe
ypasuenus (1) npu ycnosuu (8). B npencrapienuu ®y-

poe pemenne V(k, t) umeer Bun

Ik, ) =
= Vo (WTk) exp {—ﬁk(ﬁﬁ\ﬁﬂ)k . (1)
A= //\dt’W‘l(t’)W‘l’T(t’). (16)

4.1. DBosIoNUs OTJAEJIbHON HEOTHOPOTHOCTH

Wccnenyem nosejeHne OTIEIBLHOIO CIyCTKA CKAals-
pa. [Ias sToro mpumem

190 (I‘) = @0 (7") .

Ucnonn3ys Beipazkenue (15), mogyunM, 910 pacmpeme-
JICHUE CKANAPa B CCYCTKE UMEET BUJL

Or,t) = / CCTEDE

l2

(2Pe)?

dk

eik-r
(2m)?
X exp { —

He xonkperusupys dynkuuio Og(r), yaobHo omnu-
chIBaTh (POPMY CT'YCTKA C MIOMOIIHI0 MATPHUIIBI [ €ro Mo-
MEHTOB WHEPIINU

ON

k(WAWT)k} . (1)

o _ | O(x)rerPdr

12 [9(r) dr (18)

IMoncrarmsisi B Beipaxkenue (18) ypasuenwme (1), ¢ yue-
TOM ycsoBus (8) moydaeM ypaBHeHHE
ar .
Z 5
dt
Mpbr nmonaraem, 9to [ onmpemeseHo Tak, 9TO HadaIbHBIE
YCJIOBUSI UMEIOT BU]L

I+167 + 4k, (19)
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N

Ceasb marpun, [ u W okazbiBaeTCst HEJTOKAIBHON 10O
BpEMEHMU:

T=W |1+ = |WT. (20)

Cpapnnpas Bbipaykenus (20) n (17), MBI BUIUM, 9TO
unrerpai no k (17) umeer cyiiecrBeHHoe 3HaU€HUE NPU

kik <1.
Bkmag or obsacTi MHTErpUPOBAHNS, B KOTOPOIA
kik > 1,

nperebpe;xkuMo Mag. Takum obpa3om, MaTpuIia I zana-
er dopmy crycrka O(r,t). Mol OygeM roBOpUTH, YTO
BekTOp R ymemaercs B cryctke O(t), eciu

RIT'R <1,
W He TIOMeIaeTCd B HeEM, eCJIn
RI7'R > 1.

Junarouanu3yeMm MaTPUILY I:

I =RMRT, (21)

rie R — oproromambHas, a M — IMATOHATBHAS MAT-
punbl. C TeYeHneM BPEMEHH CTyCTOK MPEBPAIIAETCA B
BBITAHYTBINA 3/auncons, Ero pasmeps! paBHBI B IOPSI-
Ke yOBIBaHmA €™, e™2 e™3 rie 2™ = M;;. Hampas-
JIEHWs TJIABHBIX OCEil SJIMTICOMIA XAOTUIECKN BPAIIa-
[OTCS CO BpeMeHeM U 3aJal0Tcs MaTpuIell R, 3HadeHns
KOTOPO#i paBHOMEPHO pacnpeeiens o rpymmne O(3).

U3 Boipazkenus (19) nonydyaem ypaBHeHUs s J10-
rapudMoB m; pazmepos crycrka O(r):

i = 64 + Aexp(=2(p + m;)),
5= RoR p-w(viee).
Ckopocrh BpalieHus
Q" = RTO,R
CTYCTKA, OTIPEIE/ISETCS BhIPAsKeHUeM

Gij exp(m; —m;) + Gji exp(m; —m;)

2sh(m; —my)

CparunBas Beipaskenns (23) u (12), MbI BUANM, 9TO ec-
JIM €CTh CHJIBHOE PA3IMIHNE MEZKIy PA3MEPAMH CTYCTKA,

eml >> emQ >> em37

TO CTATHCTHKA 0 HE 3aBUCHUT OT MOBOPOTa R m coBmama-
et co craructukoii ¢ (11) B npegene

ePl > epz > eps‘

IMoka mudpdysmeit MoKHO TpeHEOpPEYh, CKAISIp B
CTYCTKE MPOCTO TIEPEHOCUTCS KUIKOCTHIO 1 ero aedop-
MaIus OnuchiBaeTcs Toi xxe marpureit W. B srom ciy-
Jae

I=wwT,

m; = p;.

Juddy3usi oKa3bIBAETCS CYIMIECTBEHHON B IHHAMUKE
m; npu m; + p < 1, mockoneky & &~ A. Ona orpamu-
9UBAET CyKaTHe CTyCcTKa Ha audPy3uOHHOM MaCIITaOe,
KOTODBIii, KaK cjeyer u3 Buipaxkenns (14), mocturaer-
Cs1 HA BpEMeHax

tqg ~ A~ InPe. (24)

IMocne Toro kax auddy3noHHbIil MacmTab J0CTUT-
HyT, OOJBIINN Pa3Mep CryCcTKa MPOAOIZKAET PACTU C
npekHeill CKOPOCThIO, & MEHBIINUI OCTAHABIUBAECTCH HA
3HAYEHUHN Tg. ITO O3HAUALT, YTO CO BPEMEHEM HAYMHA-
eTcs SKCIOHEHIINATBHBIN POCT 00beMa CryCTKa

ld
O(r=0,1)
", COOTBETCTBEHHO, IKCMIOHEHIINAJIbHOE YMEHBINIEHNE B

HEeM XapaKTEePHOro 3HaYeHus cKaaapa. VI3 BeIpaxKeHus
(17) cnemyer, uto

V o 1Ydet 1]'/? = 14 epomi. (25)

4.2. Cay4aii rayccoBoif CTaTUCTUKH

PaccMoTpum 3a1ady ¢ HAYaIbHBIM ycmosueM 99 (r),

obmamaouM  TayccoBoit  crarucTukoit.  IIposemem
yCPeIHEHnEe KOPPeJannoHHbIX (GyHkuumii ckanspa (7)
no cratuctuke Y5 npu GUKCHPOBAHHON Deanm3anun
nporecca . Vcmonb3yst mpeacTaBiaeHne HAaYaIbHOTO
ycnoBust B Buge (3) u o, uto ypasuenue (1) guneiino
OTHOCHUTENIHHO 1), MOJyYNM, 9TO CTATUCTHKA pacrpese-
JIEHUST CKAJISAPa OCTAETCsl OJHOPOIHON B MPOCTPAHCTBE
7 TayCCOBOIi, HO yIKe He siBysieTcs n3orponnoii. [Tapras

KOPPEeJSAINOHHAsT (DYHKITHUS
dr’
Ga(R, 1) = Cg/l—dG(r’+R/2,t)®(r’—R/2,t) (26)

He sBjsercsa cdepudecKu-CUMMETPUYIHON. Boimennm
B KOppensanuonuoit ¢gyukumu (26) mpocTpaHCTBEH-
HO-3aBUCUMYIO U BDEMEHHYIO YaCTHU:

G2 (R, 1) = U(R, )G (0, ). (27)

784



MWKITD, Tom 129, Bhm. 4, 2006

MpocTpaHCTBEHHAsi 3aBUCUMOCTb KOPPENSILNOHHBIX (DYHKLMIA . . .

Muozxkurens U(R,t) ~ 1, korna R ymeriaercs B crycr-
ke O(t), n GeicTpo yObIBaer, Korja R He momagaer B
Hero. @yukims G2 (0,t) nmeer B

Go(0,t) = Cyldet 1]71/2602(0)

C TOYHOCTHIO JI0 MHOXKHTE/IsI MOPSIIKA eIUHUIIbI, 3AaBU-
CAIIETO OT JTeTajiell pacipeIesIeHus CKaaspa B CTYCTKE.

Boicimme  koppensiumonHble  QYHKIUH — MOPSIKA
2n (7) npm ycpenHeHHM MO CTATHCTHKE ¥ 1O Teopeme
Buka pacnagarorcsa wa (2n — 1)!! sxknagos. Kazxkasrit
BKJIaJ COOTBETCTBYET HEKOTOPOMY pa30OHeHuio 2n To-
gek {r;} xoppemsanuonnoif dyukmun Ha mapsl Ilycrs
B i-if Tape TOUKHW pasHecenbl Ha BekTop R;. Torma ans
MOJTHOCTHIO YCPEIHEHHBIX BKIATOB HMEEeM

Ff, = ([ G:(Ri,t) ) . (28)
j=1

o

Nunexc ¢ 03Ha4aeT ycpeJHeHue IO CTATUCTUKE IPaJId-
enta ckopoctu d. [Ipoussenenne G2 (R;,t) B (28) mox
3HAKOM yCPEIHEHWs 10 CKOPOCTH O3HAYAET, UTO CyIIe-
CTBEHHBIH BKJIAJ B 9acTh (28) KOppensnunoHuoi ¢pyHk-
wuu Fo, (7) Aaror Takue peasd3anuu npolecca ¢, npu
KOTOPBIX BCe BeKTOPBI R; momemaiorces B crycrke O (t)
(17).

4.3. Cay4ait peaknx HeOoTHOPOTHOCTEM

Teneph MOMYY9MM BbIPAyKeHHE I KOPPETANHOH-
HBIX (DYHKIUI CKAIApa, yCPEAHEHHBIX TOJBKO MO CTa-
THCTHKE HAYAIBHOTO PACTIpefenenns ckamspa vh, T e.
B CIIy9ae pesiko PacroNOKeHHBIX crycTKOB. He orpanm-
yuBas OOMIHOCTH, MOYKHO CYUTATH, YTO OJHA U3 TOYEK
B (7), r1, HAXOOUTCA B HAUAJIE KOODJAMHAT:

r; =0.
Torna
ar=c, [ Ton ) ' 2
n — Yn l_3 (I‘.,t)H (I‘k-I-I‘.,t). (9)
E>1

Paznenum B (29) npocTpaHCTBEHHO-3aBUCUMYIO U Bpe-
MeHHy0 dactu. CHavYajga 3aMEeTHM, UTO KOPPEJIAIUOH-
Has dyHkms (29) mogamnena, ecau Xors Obl OIUH U3
BEKTOPOB I';, HE IIOMEIAETCsL B CIyCTOK. Bpemennast 3a-
BUCUMOCTH JAETCST BHIDAYKEHNEM

1 n 71— (n—
Z—S/dr’G) (r') o [det 1]~ (n~1)/2.

Takum obpasom, cpasanBas (G2), ¢ BipaxkenueMm (28),
[oJ1ydaeM MPOINOPIUOHAJIBLHOCT MeK 1y BKIagoM (28)

12 JKOT®, Brim. 4

B KOppensauuonnyio gyukmuio F3, (7) B 3amage ¢ Ha-
YaJIbHBIM YCIOBHEM U9 M KOppeasuuonHoil dbyHKImeit
FPo (7) B 3agave ¢ magamsubiM yenosuem V). Ilpu
5TOM BEKTODPBI T B (29) coorsercrBytor BekTopam R;
B (28). B mambHeiitem, onupasich Ha 5TO COOTBETCTBHE,
MBI Oy/IeM WMETh B BUIY TOJBKO pacrpemesenue 19 u
ycpeanenue Bbipazkenuii (28). Ormerum, 4o KoppeJis-
HUOHHBIE (DYHKIIMU BTOPOTrO NOPAIKA B 000MX IpeJesax
pacrpejiesienns ckaasapa (HpopMabHO COBIAIAIOT.

Mb1 Buamm, 9o Koppensiuuontbie byHkyu (7) s
000mX C/Iy9aeB HAYANLHOTO pacrnpepenenns 09 u 1,
BBEJCHHBIX B Pa3j. 2, /10 YCPEJHEHHUs 10 CTATUCTUKE
CKOPOCTH 3aBUCAT OT PEAJM3AIMU TIPOIECCa § TOIBKO
wepes mMarpuiy I. DT0 03HAYAET, YTO yCpPeIHEHHE IO
CTATUCTUKE CKOPOCTU MOYKHO TIPEJICTABUTEH KAK OTIE/Ib-
HBIE YCPEIHEeHUs 110 OpueHTanuam crycrka (17), . e. mo
MaTpuie R, 1 10 CTeNeHn pacTsKeHns CIyCTKa, T. €. [0
crarueruke Matpumsr M B (21).

5. YCPEJHEHUE I10 BPAIIIEHUSAM

Vepeanenne (28) mo spamennsy R (21) kacaercs
muoxurenst U(R). Ias Toro 9tobbl OMUCATH CXEMY
YCPEIHEHUsl, MPOAENAeM €€ Mt MAPHOH KOPPeTsIoH-
HOM (DYHKIINKM B MPOCTPAHCTBE ¢ PA3MEPHOCTHIO d = 3.
Ecm R < rg, 10 U(R) ~ 1 mns moObIx opueHTa-
umii crycrka (17), 1 mosTOMY yCpeaHEeHHOe 3HadYeHue
(U)q ~ 1. TIpu Bo3pacranun gymuasl R sektop R nepe-
CTAET yMEIIATLCSA B CTYCTKE TIPH JIFOOBIX €0 OPUEHTAIIU-
ax, noaromy (U), yobisaer. Eciu R naxomurcsa MezK iy
BTOPBIM M TPETHAM PA3MEPAMHU CT'YCTKA, TO MPH yCPE-
HeHMM 110 R Hy’KHO BHIGPATH TAKME TOBOPOTHI, TPH KO-
TOPBIX BEKTOP R momemaercst B MIACTUHY TOMIAHON
le™3. Takum oOpa3om, ycpeaHeHue o R TIPUBOJAT K
CJIEIYIOIIEMY 3HAYEHUIO MHOKUTEJIS

m3
™ ma o B e (30)
R l
(UR))a =
le™2 [eMs

R
ma ml. 31
R ¢ <<_l <Le (31)

Hakomern, ecntu R > [e™', T.e. R 0ombie BCeX pas-
MepoB crycrka, To (U), SKCIOHEeHIUATBHO TTOJABIICHO.

9T0 03HAYAET, YTO Ha paccrogHusax R > le™! Bce Kop-
pensionHble (bYHKINA TTACCHBHOTO CKaJIspa obparia-
I0TCs B HyJh. B majnmeiinem Mbl OygeM Bcerga mpej-
nonarath, 910 R < le™. ®opmysr (30), (31) moxkHO
00BeIMHUTD B OJIHY:

(UR))a = exp{—x(—m2+y) —x(-m3 +y)}.
z, x>0, (32)
0, <0,
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rae
y =1In(R/1).

[MTormpaBKy K MOIIKCITOHEHITNATHHOMY BBIPASKEHUIO MME-
o1 nopsagok O(1). [Momydennoe acuMOToTHYECKOE MO~
senenne (U), (32) MOKHO TOMYYUTh U MPAMBIM BBIYHC-
JIeAneM, BBeASA KaKyIO-TMO0 MapaMeTpu3anuio yriIaMna
MATPHIBL R 1 ycpessis Mo HAM U(R).

JI71st 9eThIpeXTOIedIHON KOPPETATHOHHON BDYHKITAN
PACCMOTPUM CHAYAJIA TAKOE B3AUMHOE DACTIONOYKEHUE
TOYEK T; B Bbipazkenuu (7), IPU KOTOPOM B BbIPAZKEHUU
(28) Ry L Ry. Ilycrs ans onpeaenennoctu Ry > Ro.
Ipn ycpennennn nponssenerns U(R)U(Ra) B cryer-
Ke JIOJIZKEH IIOMECTUThCS SJLIUAIC ¢ ocsamu Ry n Rs.
DTO HEBO3MOXKHO CJE/IAaTh, €CTM BTOPO pasMep Crycrt-
Ka le™? < Ry M BKJAJ OT TaKOW pean3aiiui MaTPUIIbI
I momasaen. B 06paTHOM CiIyuae mocie yepeHeHus mo-
JTydaem

(UR1)U(R2))a = exp [=x(—=m2 +y1)—
= x(=m3 +y1) = x(=m3z +y2)], (33)

rae
y172 = ln(RLg/l).

Cnyuait 00IIEro MONOKEeHUsI CBOJUTCS K 3TOMY, IIO-
CKOJIbKY 13 Mpou3BoaLHBIX Ry o Bcerga MokHO cocTa-
BUTH WX JIMHEHHBIE KOMOWHAIINN RLQ, TaKWe 9ITO C TOU-
HOCTBIO 10 MHOYKHATES TTOPAIKA eTMHUATTHI

U(R1)U(R2) = U(R1)U(Ro)

1 R; L Ry. Takum 06pa3oM, B IpaBoil 4acTu BbIPaKe-
HUA (33) HY’KHO 3aMeHUTE JJINHEL 71 » Ha R172. CwmblIca
3TOW JUHENHON 3aMeHbl COCTOUT B TOM, 4YTO €CJIU B
CIYCTKE YMEIAeTCs HJIJIATIC, TOCTPOSHHBIAH HA OPTOrO-
HAJTBHBIX BEKTOPAX f{l,g, TO B HEM MOYKHO TIOMECTUTH
u BekTOpPBI Ry ».

Touno Tak e mpu PaCCMOTPEHUU MIECTUTOYETHOM
KOppenanuonHoi byHKIMN CKaJsapa B Bhipazkenun (28)
JIOCTATOYHO B3ATh TPU B3AUMHO OPTOTOHAIBHBIX BEKTO-
pa. Inst onpeneneHHOCTH MBI OyAeM CIUTATh, 9TO IJIH-
HBI BEKTOPOB PACIIOJIOKEHBI B TIOPSIAKE YOBIBAHUS:

Ry > Ry > Rs3.

Henynesbie BKIAABI B MIECTUTOYETHYIO KOPPEIAINNOH-
Hyt0 QYHKINAIO OYyAYT JaBATh CIYCTKH C pa3MepaMu

le™2 Z R2

le™3 2 R3 .

Ecim 91 yenoBust BBIMOMHAIOTCSA, TO YCPEAHEHHOE MO
yraam npoussenenne ([, U(R;)), He 3aBHCHT OT MeHb-
mero paccrositnst Rz v (hopManibHO WMeeT TOT JKe B
(33). Ecniun B BbIpakenun (28) BEKTOPBI MPOU3BOIIb-
HBIE, TO HYJKHO MOCTPOUTH TPH B3AWMHO OPTOTOHANb-
HBIX BekTOpa R, Takmx uTo

HU(f{z’) = HU(Rz’)

U noAcTaBuTh B (33) MJIUHBL R; BvmecTo R;.
Huan > 4B (28) MOKHO CHOBA BLIOPATH TPU B3aKM-
HO OPTOTOHAJIBHBIX BEKTOPA R172’3, TaKWe 9TO B TOCTPO-
€HHOM Ha HUX S/ITUTICOUIE YMEIIAITCA BCe BEKTOPHI R;
u3 (28):
n 3

[[v®:) =[] v®e).

i=1 k=1
[MosToMy ycpeamenue NMPOM3BEIEHWS OOJICe UeM Tpex
dyuxnuit U Bcerma CBOAUTCH K YCPEIHEHUIO TTPOU3BE-
qmernst Tpex U OT HEKOTOPBIX B3AMMHO OPTOTOHATBHBIX
BEKTOPOB.

6. OITHOTOYEYHAZ{ CTATUCTUKA
CKAJISZAPA

IIycts paccrosmme Mexay ToYKamMu {r;} B BbIpa-
keuun (7) menbiie auddy3MOHHOTO PACCTOSHUS T'4.
Torma maa KaxKaoro BKAaJa (28) Bce MHOKUTEIH
U(R;) ~ 1 gns moboit peanusanyuu CKOPOCTH, MOITO-
My NPH yCPEJIHEHHWHU 10 CTATUCTHKE CKOPOCTH WX MOZK-
HO onmycTuTh. OIHOTOYEYHBIE MOMEHTHI y7KE€ MCCIeI0-
Banuch B pabore [15]. Mbl 3aH0BO mpoBejgem ycpeiHe-
HHUE OJHOTOYETHBIX MOMEHTOB, I TOrO ITOObI HAWTH
dbaykTyanmmm monst cKOpoCTH, KOTOPHIE JAI0T HANOOIb-
Wi BKIT&J B MOMEHT. DTO HAM YNPOCTUT BBIYUCTIE-
HHUE KOPPETANUOHHBIX (DYHKIMHA CKATsipa B HECOBITAIA-
fomux toukax. Corsacuo dopmyne (17), npu navain-
HOM pacmpesenennn U

Za(t) = ([9°(0,1)]) = BaC5 ([det T]7/*). (34)

[Mocneanee paBeHcTBo B (34) HAMCAHO € TOYHOCTHIO 10
MHOXKUTES] TOPSAIKA €JIUHUIbI, KOTOPBI 3aBHCHT OT
Jetasiefi pactpesenenns ckansgpa B crycrke (17). Yne-
JIOBOII MHOZKUTEJIb

Bo =Tl(a+1)/22'*2 ) /m

B 9TOM pazjesie Mbl OyIeM OMyCKaTh.

IMosicaum npoucxoxaenue opmysbt (34) aisg a =
= 2. TayccoBOCTH CTATUCTUKU pPACTIPEICTICHNS 19(9) O3Ha-
yaeT, 4To OOpaTHLI 06beM crycTka V™! smaumress-
HO MeHbIIe MmIoTHOCTH cryctkos D~ B dopmyme (3).
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3nadenue ckangpa B OTAEJbHOM CTYCTKE MPOMOPIIHO-
HasbHO 1/V | a 3HaK cKaIsipa MOYKET OBITh MOMOKUTEh-
HBIM WJIM OTPUIATEIBLHBIM. B OHOM TOYKe TepeKphiBa-
ercs 9UCJI0 CIyCTKOB, mponopimonaabuoe V. Tlosromy
CpemHuil KBaIpaT KOHIIEHTPAIINU CKAJISIPa OMpeIessaeT-
Cs1 KK CYMMa, CJTy9alHbBIX BEJIMUWH,

(9?) x V2.V o [det 1]71/2.

IIpeamnomaommM, ITO HAYATHLHOE PACTIPEIeTeHNe Tac-
CHBHOTO CKaJspa He 00/1aa7I0 rayCCOBOM CTATHCTHUKOIA.
[Tycrs cHauana KOHUEHTPaLUs CrycTKOB B (3) ObLia 10~
cratouno maza, D ~ [. Tlocse BpemeH tg (24) HaunHaer-
csa nudpy3noHHOE PACITUPEHNE CIYCTKOB, TOITOMY Ha
BpeMeHax t, TAKUX 4TO

At —tq) > 1,
MBI TIPUXOANM K TIpeIesy
D> 1)V

CrenoBarenbHO, HA TAKUX BPEMEHAX CTATHCTHUKY Pac-
MpeIeIeHNs CKaJIsIpa mMpu (hUKCUPOBAHHOMN pean3aiun
MpOIecca & MOYKHO CUUTATEH TayCCOBOM. B masnueiinem
MBI OyIeM HHTePecOBAThCSI UMEHHO STUMHU BPEMEHAMHU,
MMOCKOJIbKY Ha, HUX JIOCTUTAETCS] YHUBEPCAJHHOE TIOBEIEe-
HUE KOPPEIANUOHHBIX (DYHKINN CKAISAPA.

st Toro 9to0Obl HAWTH, KaK Z, BBIPAYKAETCS Ue-
pe3 dyHKIuo S, HeOOXOIUMO TTPOBECTH YCPETHEHNE IO
crarucrTuke pacrsixenuil B Boipaxkenuu (34). Kax Oy-
JIeT TIOKA3aHO HUKE, MOMEHTHI Z, (DOPMUDPYIOTCS TIPU
GaIyKTyanusx CKOpoCTH, CUIBHO OTIMIAIOIIUXCS OT TH-
NUIHBIX peanu3armii. [Iporece, KoTopbIit 1aeT HAROOTb-
Ui BRI B KOPPEISIUOHHY IO (DYHKIIMIO C YIYETOM ero
CTATUCTUYECKOTO BECA, MBI OyIeM HA3BIBATH OMTHMAJIb-
HoO#t pryKkTyarmeit.

st Toro 9TOoOBI HAWTH ONTHUMAJIBHYIO (DIyKTya-
[IHI0, PACCMOTPHUM CHAYAIa TPOU3BOIBHYIO (DIIyKTya-
mmfo. HamoxkuM orpanmyenne Ha MPOIECC F: MyCTh B
MoMeHT Habmonenust p;(t) = A\it, Bce A} mopsaxa A, Ho
HeobOsi3arenbHO A, = \;. HanbGonbmmit Bknajg B Taxoii
HCXOJ] TAIOT MPOIECChl, (PIYKTYUPYIOMIHE OKOIO MyTH

pi(t)y = Nit', 0<t <t

Benmvuuny daykTyannii MOKHO OIEHUTH KaK
Spilt') S VAE— )L, (35)

DTy OUEHKY JIETKO NOMYIUTh U3 Bhipazkenus (14), mpen-
cTaruB p;(t) KaK pe3yabTaT MOCAEI0BATEILHBIX IEPeX0-
na u3 myna B p;(t') 3a spems t' m nepexona u3 p;(t') B
pi(t) 3a Bpemsa t — t'.

Temepp mmsa Takoil peanmu3anmuyu Tporecca G CBsi-
Kem m;(t) u p;(t). CHauama orpaHUYMMCS BpeMeHAMU
p < M < p?. Ha taxkux Bpemenax nuddy3moHHbIH
npesiesl OKa3bIBAETCs YK JTOCTUTHYTBIM, T. €. JJIs BCEX
A < 0 yxe

exp(—Ait) > Pe.

Tunuunsie Gaykryanun dp(t') < p, moIToMy Mo cpae-
HEHUIO ¢ P pa30dpocoM TunuyHbIX nyreil p(t'), npusog-
mux K pesyiabrary p;(t), Mmoxuo npeunebpeds. Ileperu-
cap BhIpaskenne (20) ¢ yuerom pasnoxkenus (10), momy-
yaeM

A

I=ND x

S
~

t
«  14Pe20 / N [OT D20 (¢
0

3aMeTum, 9TO WHTErpas
¢ A
/ Adt' exp(—=2\it') = —
0 A

bopmupyerest npu ¢’ ~ A7! ecim A > 0. Ecom A, < 0,
TO 3TOT WHTETPAT paBeH

T = (\/I\) exp(2t\) > Pe?

n ¢opmupyercd, xorga t — t' ~ A. Ilostomy BO BTO-
pom caraemoM B (bUrypHoii ckobke (36) He MaJIbl BKJIa-
JIbI, KOTOPBIE Taf0T yOBIBAIONINE CO BPDEMEHEM SJIEMEHThI
JMATOHATBHON MaTpumsl D(#).

Kak HETpyZHO 3aMeTuTh, MATpUua I omnpepeser-
cst 3HaveRusAMI MATpUIBl W B MOMEHTHI ¢, Takme UTo
t —t' ~ AL Jlna Toro 4Tobbl OIEHUTH MATPHYHbIE
snementst I, npeacrasay Marpuny O B Buze

Oty = [1 = (t — tQ°(1)]O(1).
Marpuunsie snemenTsl 2°(t) Maabl M ONEHWBAIOTCS
B coorserctBuu ¢ Gopmysnoii (12). Iycrs cmauana
Ay > 0. Torma nonydaem CIedyIoONLyo OIEHKY: RuN
COBIAJAIOT ¢ TOYHOCTBIO 10 Pe™2. JIBa Gonbmmx cob-
CTBEHHBIX 3HAYEHN COBMAIAIOT, T. €. M1 2 = pP1,2, & A7
TpeTbero coGCTBEHHOrO 3HAYeHus | mMeen

mg = —p + In[|\j]/\]/2.

Bropoe craraemoe B TOCTEIHEM PABEHCTBE SIBJISIETCS
MaJIoif MOMmpaBKoit, KOTOPOii MBI OymeM mpeHeOperarsb.
B obparrom cywae, mpu Ay, < 0, RTN mpencrasmsa-
er co0oii cirydaitHblii MOBOPOT BOKPYT mepBoit ocu. Jlo-
rapudmM mepBoro COOCTBEHHOIO 3HAYEHUS M = pi,
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a Ma3 = —p C TOYHOCTHIO JO MOMPABOK MOPAIKA
In[[A5 3|/ A]. Taxum o6pasom, ¢ nHTepecyromeii Hac TOY-
HOCTBIO MOy 9aeM
m;i = —p+ x(pi +p). (37)
Teneps ¢ nmomombio cBs3u (37) maiinem Z,. CHa-
vaja st OMpeIeJeHHOCTH TPeATON0KAM, 9TO TIPA OTI-
TUMATBHBIX (PIYKTYAIUAX O BTOPOMY HAIIPABICHUIO
CTycTOK pactsaruBaercst, A5 > 0. Bocnomn3opagsrmmch
BhIpazkenuem (37), mosydaem, 9To

Za = (C5Pe®/? exp{aps /2}).

OkoHYaTeIhHO MOTydaeM

Zy = Og‘Peo‘/z/d)\’Qd/\’S exp {—t(S — a\y/2)} =

= C5Pe™/? exp(—7at), (38)
TIe
Yo = (S — /\I3a/2)min~

JIst KpATKOCTH MbI THUIIEM TMPOCTO S, MOApa3ymMeBast
nox stum S(Ny — Ao, Ay — A3). IlepepanbHble 3HAUEHUS
B uaTerpane (38) A; ;(a) onpenensiorca paBeHCTBAMM

62520, 83520/2.

[Tpu BBRIMUCIEHUN MOXKET OKa3aTbcs, 4To Ay < 0. 910
Oy/1eT MPOTUBOPEYUTH HAIIMM HCXOIHBIM IIPE/ITOT0ZKe-
HUSIM — TIPU ONTUMAJIBHBIX (DIYKTYausdX CIyCTOK HA
CaMOM JIeJie PACTATUBAETCS TOIHKO MO OAHOMY HaTpaB-
nennto. B TakoM caydae HAIO WCMONB30BAThH MPUOIIH-
JKEHUe

Z, = C§Pe*(explal(pa + p3)/2]).

Takum 0O6pa3oM, MBI TIOJTYyYIaeM, UTO €CJIN B TOYKE,
onpezengeMoil ypaBHEHUAMUI

!

Ny =0, 8S=a/2, (39)

BLIINIO/THAETCA HEPABEHCTBO
028 < a/2,

TO onTUMaTbHble BIyKTyarun umeior Ay > 0 u Z, na-

ercs (popmyoii (38). Eciiu 925 > 0, To onrumanbHbIMU

spasiiorest paykryannu ¢ Ay < 0, n
Zo = (CyPe)¥e™ et (40)

e
Yo = (S + /\Ila/Q)min‘
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Hna Bapuanta 0 < 025 < «/2 naubonbiuuii BKjas
JaT coObITHs, Koraa Auddy3uOHHBINA MpeIes J0CTH-
raeTcd BTOPOI JIATYHOBCKON 3KCIOHEHTON Kak pas
B MOMeHT Habmiomenud. Ilostomy Ha Bpemenax t,
0 <t <t, nmeem
! !

p2(t') ~ —pt'[t. (41)
Acumnrornyeckn mpu ¢ — oo umeem Ay = 0. Berpake-
HUE JJIs MOMEHTA, MMEeT BUJL

Za _ OQaPeoz/2+32$eXp(_,yat) Yo = S — )\37 (42)

rze 3HadeHus S U \j OepyTcsa B TOUKe, ONpeeiseMon
ypasuenueM (39). Ormerum, 4TO MOKA3ATEIDb 7, ABJIS-
eTcs BBIMYKJION PyHKIHEH o, Y20 < 274 . Ilo3TOMY CTA-
THCTUKA TMACCHBHOTO CKAIAPA UMEET CHIBHYIO Mepeme-
JKAEMOCTh!

(1917%) > (j9]*)%.
st mo6oit dbyaxmmum S, KOTOpas OCTAETCsS KOHEY-
HOM npu A} = 0, CymecTByeT KPUTHIECKOE 3HAUEHHE

Qe = 635(—A2, —)\3)

3

Hocjie KOTOPOro Z, OyJeT 3aBUCETH OT ( TOJIBKO Yepe3
Cy. Ilpu a > a,. momydaem

Yo = S(=A2, = A3).

9T0 O3HAYAET, YTO ONTHUMATbHBIE (DIYKTyAIlUd J1Jisi
BCEX @ > (, OKA3BIBAIOTCS OJHUMHU U TeMu ke. [lpu
TaknX (PIYKTYAIUsaX CKOPOCTH PA3MEPHI, 0 KOTOPHIM
MPOUCXOIUT CZKATHE, BIEPBbIE JOCTUTAIOT 'y B MOMEHT
HaOMIOAeHNUs T, W TIOSTOMY

det I(t) = 1.

MowmenTsl Z, 3aBHCAT OT BPEeMEHH TOJTHLKO depe3 CTa-
TUCTUYIECKNH BecC STUX (DIyKTyarmii.

Yucnernoe mozenuposanue [18] moxassiBaer, dTo
a. ~ 10. HeBo3amoxkuo caerars Oojiee TOUHBIE 3aKJIHO-
YeHWsl, TIOCKOJIbKY TpeJICTaBIeHHbIe B pabore [18] man-
Hble He MO3BOJISAIOT MOJHOCTHIO YCTAHOBUTH 3HAUEHHE
BTOPBIX TPOU3BOIHBIX (DYHKIUH S B MUHUMYME.

OnenuM, drto Oyzaer Ha OOJBIIUX BpeMeHAX
t > p*/\. Cpasy samernm, [uTo ecmm o < Q¢ H
ONTHMAIbHOE 3HA4YeHHe A5 He PaBHO HYJ/0, TO BCE
MPOBE/IEHHBIE BBIYUCICHUS, IPUBO/ISIINE, B YACTHOCTH,
K (38), MOXKHO TOBTOPUTH [Jisi OOJBIIUX BPEMEH
t> p*/A

Teneps mycrs o < a, u B 109Ke (39) 0 < Sy < /2.
[TockonbKy SBHBIN BHI CTATHCTUKH JJIs MTPOIIECCOB
G (22) meuwsBecTeH, PacCMOTPUM YIPOIIEHHYIO 3aJ1a-
qy, MOJETUPYIOMIYIO JToTapudM pasmepa cryctka m;. B
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KA4eCcTBe MOJIENN JIJis 1; BO3bMEeM OPOYHOBCKYIO 9aCTH-
Iy, KOTOPasi MOYKET IBUTATHCS HA TIPSIMON T ¥ HAYUHAET
cBoe nmBukenne u3 vHadana r = 0. Koaddunment aud-
dy3um Bozpmem D = \. BpoyHoBckoit gqacTureit 6yaem
MOZIETUPOBATE 1My. OIEHNM BKJIAJ B MOMEHT Z, OT pe-
anusaImii mpormecca ¢, npu KOTopbix aud dy3ust Obu1a
CYIIECTBEHHA JIJIs1 Mo TOJHKO HEMOCPEICTBEHHO Mepe/l
MOMeHTOM Hab/oenust Ha Bpemenax t' < ¢ — A 71, JTns
9TOTO BO BCIIOMOTATENIHHON 3aJa4e BBEJIEM TMOTJIONIA0-
Iyt cTeHky npu ¢ = —p. Orpanudenue

p2(t)/t = —p/t <1

Ha TIPOIECC 6 O3HAYAET, UYTO /I HaIlel OpOyHOBCKO
YACTHUILI HE HAJO0 BBOAWUTH JOMOJHUTEILHBIN CpegHMi
caoc. Ha Bpemenax t > p2/t BEPOATHOCTb TOT'O, YTO
OPOYHOBCKAsi 9ACTUIA HE MOTJIOTHTCS, YMEHbIIAETCs
kak 1/t. TakuM 06pa3oM, MbI MOYKEM 3aKJIIOIUTh, UTO
OTHOITIEHNE BECA TPAEKTOPHUI, HA KOTOPHIX BBIMOJHS-
JIOCh HepaBeHcTBO ps(t') > —p Bcerga, Kpome MOMEH-
Ta HAOIO/IeHNs ¢, K BECY BCEX TPAEKTOPHl, MMEFOITHX
B KOHIIE pa(t) p, mporopuronanbho 1/t. Caenora-
TeJIbHO, 3aBUCUMOCTH (42) Ha GOJILIIUX BpEMEHAX MO-
JKeT TPUOOPEeCcT IOTOJHUTEILHYIO CTETEHh BPEMEHM,
HO KCTMOHEHIIMATBLHAST 3aBUCHUMOCTH OCTAHETCST TOH JKe

camoii. Takum obpaszom, npu n < @, HET OTPAHUYCHUS
CBEPXY MO BPEMEHH MPU BBIYUCIEHUU MOMEHTOB ITyTeM
MOUCKA OMTUMAIRHOM daykTyamuu. B gactaocTu, mis
Z, MOZXKHO TIOTIb30BATHCS CBA3BIO (37).

Haxkomner paccmorpum ciaydait o > a.. Kak 6b110
NoKa3aHo, Ha TPOMEKYTOUHBIX Bpemenax t < p2/\
ONTUMAIBHBIE (DIYKTyallnu TAKOBBI, 9YTO auddy3us B
HUX BOOOIIE HE UTPAeT POIN U B MOMEHT HAOJIOICHUS
p3(t) ~ —p. Ouenum BKJIaJ TPAEKTOPUI C TAKUMU JKe
orpaHMYeHUAMHU Ha Bpemenax t 3> p?/\. BpoyHoBckoit
qacTureit 6yaeM MOIeTnpoBaTh Mm3. B cumy Hecxkmma-
eMocTu umeercsi orpanndenue p3 < 0, ciaemoBaTenbHO,
KPOME TIOTJIOIIAOIIEH CTEHKN B TOYKE & = —p HAJIO BBE-
cTH oTpazkaomlyo creaky B rouke = 0. Torga Beposit-
HOCTH TOrO, 9TO OPOYHOBCKAS YACTHUIIA HE TOTJOTUTCS
npu t > p? /A, mponopuroHaILHa exp [—7r2/\t/4p2]. Ta-
KUM 00pa3oM, Ha OONBINX BPEMEHAX BECOMBIN BKJIAT
B MOMEHT Z, Oy/IyT JaBaTh TPACKTOPUH, I KOTOPBIX
mnddy3ns urpaeT CymecTBeHHYIO poIh Ha Beex ' < t.
Kanis #HeckonbKO pa3 pacTATMBAeTCs W MMOTOM CHOBA
CXKUMAETCS TI0 MEHBIIIEMY PACCTOSTHUIO JI0 Tq. [loaToMmy
MOMEHTBI OY€Hb OOJBIIUX MOPSIIKOB HA OOIBIIAX Bpe-
MEHAX He MOTYT ObITh HAWIEHBI ¢ TIOMOIIBIO OTIPEIETIe-
HUs ONTUMAIbHOM duykTyanuu. [ uX BBIYUCTICHUSA,
[O-BUIUMOMY, HEOOXOAUMO TIOTHOCTHIO 3HATH CTATHCTH-
Ky mpolecca & .

Borauciss koppessumonsbie Gyakuuu (28) mopsii-
Ka 2n, MBI Oy/IeM MPeAnoaaraTh, 9ro 2n < (..
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7. IBYMEPHBI CJIVUYAU

Paccvorpum gBymepnbie Tedenusi. Hamomunm, 9to
MBI AHAJIM3UPYEM Caydail pacrnpeaenenus 99, Koraa Ha-
JaJbHOE pactpenenenne U9 UMeeT TayccoBy CTATHCTH-
Ky, M. pa3/. 2. Ml npeamnosiaraem, 4ro spems t 3> p/ .

Jlst AByMEpHOTO CiIydasl aHaju3, aHaJOTUIHBIN
MPOBEJIEHHOMY B pa3i. 6, OKa3bIBAETCS HAMHOTO TPO-
e, TOCKOJbKY HET CpeJHell TANyHOBCKON SKCIIOHEHTHI.
IIpu o < a,

Z, = CyPe?/? exp(—"at), (43)

riie
Ya = (S — /\I204)min-

[ToTOpsis paccyKaenust pa3. 5, BBIUIIEM PE3YThb-
TATHl yCPEIHEHUS TI0 yTJIaM AJsl IBYMEpPHOTO CIydast.
s napuoit koppensiuuonnoii dbyuxiuu (27) ycpeane-
HHE 0 yTJIaM JaeT

(UR))a =exp[-x(—m2+y)], y=1In(R/]). (44)

Henyneroit BKJIaJ B YeTHIPEXTOYEUHBIH KOPPEISITOP
BHOCAT KOH(DUIYPAIUH, KOI/a OPTOrOHAIbLHBIE BEKTO-
per Ry n Ry momazaror B oAWH CryCTOK, T. €. KOTIa

R2 S le™2,
IIpu sTOoM

(U(R1)U(R2))a
Yi

exp [=x(=m2 + y1)],

(45)

[IpucTtynas K BEIYUCIEHUIO KOPPEISIIHOHHBIX (DYHK-
nuit, OTMETHM, 9TO Jisi HUX ONTHUMAJbHBIE (DIyKTya-
UM MOYKHO HAATH, OCHOBBIBASCH HA HAIEHHBIX OITH-
MaIBHBIX (DIYKTYAIUAX 15T OTHOTOYEIHBIX MOMEHTOR
Z,. Hoayunm BuIpazKenue a1 MapHON KOPPETAIHOH-
Hoit dyukuuu. U3 Boipaxkenus (37) caemyer, 410

FaR) = Co [ dpa
x exp [—tS(x2) —x(—ma+y)—(m1+me—p)]. (46)

WuTerpupys mo ps, MBI TIONyYaeM CAEAYIONINA 3aKOH
CKefmHTa 71T TAPHOH KOPPEIIIInOHHON (DYHKITAN:

Fa(R) = Coe ¥ / dps exp [—tS(x2) + pa] =

R

Taxum obpaszom, onTuMaababe (BJYKTYAIIUA TS ap-

exp(—72t). (47)

HOIl KOPPETAIUOHHON (PYHKIINKA B ABYMEPHOM CITydae
COBIAIAIOT C ONTUMAJIBHBIMEU (DIYKTyalUIMA i Zo.
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MHuozkurens 1/R B Boipazkenun (47) BO3HHKAET HCKITIO-
YUTEIHHO BCIEJCTBYE YCPEIHEHUs 110 BPAIIEHUSIM, CM.
pasna. 5, MOCKOIBKY MPHU PEJEBAHTHBIX (DIYKTYAIMSIX
BTOPO# pa3mep Crycrka mopsiaka audpy3uoHHOro pac-
CTOSTHUS T'g.

Teneph BBIYUCIUM YETHIPEXTOUEUHYIO KOPPEJISIIH-
onnyio (hyHKIINIO, TOUHEE OJUH U3 MECTH BKIAT0B (28).
Jlast Toro 9To0BI MONYYUTH HEHYJIEBOH BKIAJ, HAJO,
4ro0bl BTOpOil pasmep crycrka le™2() B mMoment Bpe-
MeHU ¢ OBIJT He MeHbIne Ra:

R, :C§l< Ry

lem2

- {_M]>lem2>Rz7 (48)

n=2.

JInst Toro 9ToOBI HANTH ONTHUMAIBHYIO (DIYyKTya-
W10, PACCMOTPUM CJIEAYIONMINHN KIacC peaan3anuii mpo-
mecca ¢. CHavgasa OOJIBIINN pa3Mep CryCTKA PACTeT,

my (1) = =5 ("),

rae

O<t' <t—7, 0>Xy~ A

[Ipu sTom menbmmii pasmep 3a BpeMs t); &= —p/A, mo-
cruraer pasmepa rq, t,, < t'. Ha Bpemenax t' >t — 7,
HAO0OPOT, paCcTeT MEHBLIAI pa3zmMep, TaK 9TO B MOMEHT
HabII01eHA A

ma(t) = rqe®.

Mpb1 mpemosiaraem, 9To z He OYeHb BEIUKO, 1 K z &
& At. IIpu rakom nporecce o6bem crycrka (25) okasbl-
BAeTCA PABHBIM

V = expl-Xs(t — 7) — ]

HOCKOJ’[be opu BCEX t’ z )\_1 BBITTOJITHAECTCA HEpaBEeH-
CTBO
eml > €m2,

craTucTHKa Tporecca & (22) takasd e, KAk Uy MpO-
uecca & (11). s Toro 4robbl HE OMPAHUYUBATHCS [0~
psakomM n = 4, OyaeM MCKATbh BEPOSTHOCTH 9TOTO TPO-
mecca € JOTMOJHUTEILHBIM BECOM y—a/2 mpn a < Qg
B COOTBETCTBHUM C BhIpazkenuem (34). Yepemmss mo Ay,
nepeBabHOE 3HAYEHHUE KOTOPOTO OKA3BIBACTCS DABHBIM
A3 (@), momyaaem

Paolz,7) =
=exp{—Yat — T[(S(z/T — N2) — @z/27) — o] —
—az/2+ap/2}. (49)

Tenepp HalieM ONTHMATBHOE 3HAYEHHE T, IIPU KOTO-
pom Py (z, 7) pocruraer Mmakcumyma. st Toro 9robb

MPOBECTHU BLIYUCITEHU 0 KOHIIA, B KAUeCTBe WITI0CTPa-
MY BO3bMEM KBAIPATUIHYIO (PYHKIHNIO S, TAKYIO 9TO

S(‘TQ) = 5221‘3/2.
B stom caiyuae momywaem
Pa(2) x Pe®/? exp(—7yat) X

x exp[—z(a/2 4+ 2|\3]S22)].  (50)

Haiinem BKIaD B KOPPENTANMHOHHYIO (DYHKIIMIO OT Pac-
cMoTpeHHOTO TuTa daykTyamunit. s 5TOro Hy:KHO
nojcTaBuTh B Beipaxkenue (48) Py 3 (50) u ycpennuTh
mno z:

FQn(R17R27t) =

R
= cg< ! Pgn(z)> = (51)
z22In[Ry /4]

rqe®
= CoPe"! x

X

3

(n—=1)+2|A3|S22
) (52)

l Td

exp(—vant) = | =

( )% \ B

rae n = 2. OrMeTuM, YTO ONTUMAJILHOE 3HAUEHHE z*

TAKOBO, YTO [IJIsi ONTUMAJILHOTO BTOPOTO Pa3Mepa MbI
nMeeM

le™®) ~ R,.

Mpbr npupasasiau Bkiaaa (51) Ko Bcell KOppessMOH-
HOIl (DYHKIIMM BCJIEACTBHE TOTO, YTO BKJIAIBI JAPYTUX
TunoB (bIyKTyaluii OKa3bIBAIOTCSA MogaBaeHabIMu. Ha-
npruMep, OKa3bIBAETCA IMOJABIEHHBIM BKJAJ, MPOIECCa
(paBHBIH exp(—7q,.t)) ¢ TMHEHHBIM W3MEHEHWEM MeHb-
ero pasmMepa o rqe”, Kormaa

m(t') = (z — p)t'/t.

Koneuno, pasencrso (51) Henb3s cuuTarh CTPOro Ma-
TEMATHIECKH JOKAZAHHBIM.

Boruncnenne Braamos (28) B KOPPEIANUOHHBIE
dbyukuuu (7) Gonee Bicokoro mopsaaka 2n, 6 < 2n <
< @, IPOBOJUTCS TaK Ke, KaK 1 Bbrauciaenus Fy (51)
mo caenyromeit npuunue. Kak OBLIO YCTAHOBJIEHO B
pasg. 5, yCpemHeHwWe MO BPAIEHWAM HYKHO MPOBO-
JUTH HAI I[IPOU3BEIECHUEM U(f{l)U(f{2) HEKOTOPBIX
OPTOTOHATBHBIX BeKTOpOB Ryo. B smmmme, mocrpo-
eHHBI Ha STWX BEKTOPAX, JOJKHBI MOMEIIATHCS BCE
BekTOpbI u3 (28). B npouecce ycpennenus no crenenu
pacrsizkeHus Mbl moaydum Te ke dopmysbl (48)-(51)
¢ coorBercTBYIOIUM 1. Takum obpasom, Braag (28)
cn > 3 rakke gaercd BbipazkenueM (51) ¢ mamHAMA
Rl’z BMecTO JmuH R .
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7.1. Teuenus B mjaeHKax

JIBymepHbIe TedeHust HAOMIOZAT0TCA B TOHKUX TI/TEH-
KaxX, TJ€ TACCUBHBIM CKAJISAPOM MOYKET OBITH TOJIIIH-
Ha menkn h [20,21]. Anasorns ¢ oOBIYHBIM CKATISTPOM
Tuna (IYKTyaru TeMIepaTypbl OKA3bIBACTCA HE OYK-
BaBHOI, TTOCKOJIBKY B YPABHEHWH 71 h BMecTO mud-

dy3un npucyrcreyer runepauddy3usi:

Oth + (v)h = —kA®h. (53)

ITepexozst K dbyphe-MpecTaBIeHnto n 6epsi CKOPOCTh B
Buze (8), momydaem perenne (53) s crycTka ¢ Ha-
qanbHbIM yenoBueM Og(r/1):

l4

Pet x

O(k, 1) = O (NkWTWTk) expd —
x /tdt’ [k(W(WTW)—l(t')WT)k]2

0

(54)

Yucmo Tleke cHoBa ompeieseHo Kak
Pe = l/Td,
a nudHy3noHHBIH MacmTab — Kak
rd = (INi//\)1/4.

Pasperniennnie BonmHoBbie BekTOpHl k B (54) onpemens-
I0TCs HEPABEHCTBOM

kik <1,

tak ke, kak u B (17). CnenosaresnbHo, ycpenHenue
[0 CTATUCTUKE CKOPOCTH TNPOU3BEICHHS 1 (DYHKIWI
G2 (R, t) (26) MOKHO MPOBOJUTD MO TO¥ YK€ MPOIIEIY-
pe, KOTopas onmmcana B pa3a. b u 7.

8. TPEXMEPHBIN CJIVUAU

B TpexmepHOM ciiydae BO3MOIKHBIE BAPUAHTHI ISt
KOPPETANNOHHBIX (DYHKIMA TTACCHBHOTO CKanmsipa Oy-
JIyT KJIACCUDUIUPOBATHCA MO 3HAYEHUI0 025 B TOY-
Ke (39) ¢ coorBercrByomuM a. Mbl Oyaem WHTEpeco-
BaThCcst Bpemenamn t 3> p/A. Hamomunwm, 9T0 MBI aHa-
JM3UPYeM CIydail HAaualbHOrO pacTpesesnenus 95, CM.
pazm. 2.

CHOBa HaYHEM C MAPHONW KOPPEISIUOHHON (DYyHK-
uuu. Bocnosb3oBasiiuch BoipazkenueM (37), 3aMerum,
YTO AHAJHM3 OKA3BIBACTCS TAKMM 7K€, KAK W I OJIHO-
TOYeYHOrO MOMeHTa (34) BTOPOrO TOpsiAKa ¢ 3aMeHO
p — —y. Bo3amoxKHbIe cIydan KaacCuPUITUPYIOTCs 3Ha-
YeHueM npousBoHON 025 B Touke (39) ¢ a = 2. Ecin
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So < 0, To ontuMmamnbHble QIyKTyanuu He OygyT 3a-
BHUCEThH OT R — BTOpO#l pa3mep Crycrka OyaeT MHOTO
6ombie, uem R. CiieoBaTeIbHO, MBI TIOJIyYaeM CJIEITY-
IOIIUI 3aKOH CKeUJTIHTA:

l
.7:2 (R, t) = 02 exp(—’ygt)ﬁ. (55)
Onrumasnbabie duaykryanun He OyAyT 3aBuceth OoT R
u B ciaydae, korga B Touke (39) Sy > 1. Torma sro-
poii pazmMep crycrka mpu ONTHUMATBHBIX (DIYKTYAIIUIX

OKa3bIBaeTCs mopsiaka Auddy3n0HHOTO, TIOITOMY

2

Fo(R,t) = Coexp(—~2t) I

(56)
Ecan mpu ontumannubix daykryanuax ¢ R = 0 Bro-
past JASAIyHOBCKAsi AKCIIOHEHTA JOCTHTAaeT Audy3noH-
HOTO Mpejesa Kak pPa3 B MOMEHT HAOJIOIeHud, T.e.
0< Sy <1, 10 ip;

IH(RQ/’I“d) <L Mt
ONITUMAIBHBIME Oy IyT (DIYKTYAIUN ¢ UCTOPUEH
po() 2 (1 1) In(Ro ).

Packnazgpisas dyuxmmo S okono Touku (39) 10 BTOPO-
TO TIOPSAIKA, TTOTYIaeM
} . (57)

Ormernm, uro B Mogenn Kpaifunana peanusyercs Kak
pa3 stor Bapuant. Iozxcrapnss nssectHbrii Bug (76)
dbyuxknun S s ITON  MOIeIH, TOJydYaeM 3aBUCH-
mocTh [13]

Fa(R,t) = Cyexp(—vat)(R/1) ™52 x
57 (n(R/D)

{ S
X exp ~

Syy = Syy — S3,/S33.

31ecn

Fo(R,t) = Cyexp(—At/4)(R/1)~3/2. (58)

Mpubr B3sim Bpemena
At > [In(R/1)]?,

HA KOTODBIX MOCAEIHsA IKCIOHeHTAa B (57) Oiu3Ka K
equaune. OTMeTuM CBOHCTBO KOPPEISAIUOHHONW (DyHK-
MY BTOPOTO TIOPSAIKA: OHA He 3aBUCUT OT KO pUImeH-
ta nuddy3un, Boipazxkenus (55)—(57) Bepubl npu k£ = 0.

W3 anamusa, IpOBEIEHHOTO B Pa3f. 5, CIEIYeT, 9TO
BO BKJIaJE (28) B YETHIPEXTOUEUHYIO KOPPEISAIUOHHY O
dbyukuuro (7) Q0CTATOYHO PACCMOTPETH TAKUE BEKTO-
pst Ry 2 B (28), uro Ry L Ry. B tom xe paszene 6b110
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MOKA3aHO, 9TO CYMIECTBEHHBIA BKIAJ B KOPPEIAIHOH-
Hyl0 (PYHKIONIO JTAIOT MPOHECCHI, TPA KOTOPHIX BTOPO¥
pasMep Crycrka B MOMEHT HAOJIIOLEHNST OKA3HIBACTCS He
menee Rs. Mbl npumesm, ato Ry > Ro. B cayuae Sy < 0
TIPY ONTUMATBHBIX (QIYKTYaInsTX BTOPOi pasMep CrycT-
Ka PacTeT KCIMOHEHIINAIHLHO CO BPEMEHEM, MOITOMY 3a-
BHCHMOCTH OT Rj o TOSBNSETCH HETUKOM BC/IEICTBHE
yepenHenns no Marpuie R (21), u

Fy(R1, Ry, t) = C3 exp(—vat)(R: /1)~ (R2/1)~". (59)

I[pu 0 < Sy < 1 KOHEUHOE 3HAYEHWE Py CTAHOBUTCS
pasubiM In(R; /1), u B mpeaene

At > [In(Ry /1))

oIy vaeM

Fy(Ry, Ry, t) =

= C3 exp(—yat) (B /)" 7> (Ra/1)™". (60)

Ecmu 1 < Sy < 2, 10 norapudm cpegHero pasmepa po
JMUHEAHO €O BpeMeHeM jocTuraer 3nadenus ln(Ra/l).
IIpn

M > [In(Ry/1)]?

oIy vaeM

Fy(Ry, Ry, t) =

= C3 exp(—yat)(R1 /)2 (Re /1)~ (61)

Ecan Sy > 2, To ontuMasbHON GayKTyanneit spiasercs
poIece, mpu KOTOPOM CPeJHUN pa3Mep cHavdania Obl-
CTPO, 3a BpeMs mopsiaka tg, mocturaet audy3noHHOTO
mpesena rq, a 3aTeM He3a0Jr0 10 MOMEHTa HabJIo/Ie-
HUs BhIpacTaer 10 Benudunbl Ry. [lonck ontumansroit
dayrTyanun as 9eThipexTOuedHON KOPPEIsSInOHHOM
GyHKINK TPOBOAUTCS TAK YK€, KAK U B JIBYyMEPHOM CJIy-
qae. OTIudme COCTOUT JIUITh B TOM, YTO €CTh YOBIBA-
0IAs] BEJIMYUHA p3, M0 KOTOPO HYYKHO TaKKe TPOBO-
JuTh ycpeauenue. [lycts mst mpumepa CHOBA,

S = Simix;)2.
Torzna
Fy(Ry, Ry, t) = C3Pe? x
x exp(=7at) (R /1) (R /ra) 172521 (62)
3necn
Sa2 = Sap — (S23)* /S35, A3 = A5(4),

cM. paza. 6. Ecin miis GyHKnum S HEJI0CTATOYHO KBa-
JPATUYHOIO IPUOIUKEHHs, TO CTeIIeHHAs] 3aBUCUMOCTD
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COXPaHsIeTCH TOJIBKO s Oosbinero macimraba Ry, a or
Ry mosiBiisiercst Dosee CI0KHAsST 3aBUCUMOCTb.

Hakowner, HaiizemM BO3MOMKHBIE MPOCTPAHCTBEHHBIE
3aBUCUMOCTU JIJId IMECTUTOYEHHOU KOPPETAUNOHHON
dbyukuuu. Bosbmem B Bbhipaykenun (28) Bextopnl R;
B3aUMHO OPTOTOHAJIBHBIMY U TAKUMU, UYTO R > Ry >
> R3. Bce oxomuarenbHble OTBETHI MPUBOMATCS st
dyHKIINT

S = Sz]xzx]/Q

[Ipu onTuMmanbHON (QAYKTyaruu K MOMEHTY HaOJrome-
HUA ¢ CTYCTOK JOJIZKeH UMeThb BTOPOIl pa3Mep He MeHb-
e Rs, a TpeTnit He menbIie R3. Korma B Touke, onpee-
ngemoii ypasuenueMm (39) ¢ a = 6, Sy < 0, onrumMasib-
Hoe 3uadenue A3 > 0. Ilepsbie gBa pasmepa crycrka
PaCTyT CO BpeMeHeM, a TPeTuii — cHavasia yObIBaeT 110
pasmepa rq, a TOTOM C MOMEHTA ¢ — T 0 MOMEHTA ¢ BbI-
pacraer 10 R3. Bpems T umiercs tak ke, Kak B pa3m. 7
JUIST 9eTHIPEXTOYETHON KOppeasanunonuoil ¢pyuxmnun. Ec-
qu Ss > 3, TO ¥ BTOPOii, ¥ TpeTHii pa3Mepbl CryCTKA CHA-
4qaja yObIBAIOT JI0 BEJIUYUHBI T'g, & 3aTEM BO3PACTAIOT
COOTBETCTBEHHO 70 3HadeHuii Ry m R3. OxonvyaTenbHo
oIy yaem

an = C; Pe”_z eXp(—’}/Qnt)(Rl/l)_l(RQ/l)_l X

x (ra/Ry) "R s, <0, (63)
Fy, =C3 Pe2(n—1) exp(—yant) (R1/1) 7% x
X exp { —nzp—(n—1)23—S;;|\j|z;— ﬁ "
SZ >n, (64)
riue
n =3,
zi=In(Ri/ra), i=2,3, Ss3=Ss3—(S23)*/Sa.

Bonee crnoxubiv sBisiercs Bapuant, korga 0 < Sy < 3.
Hanoxum gonomuuTenbHoe yeaopre Ha GYHKIHO S:

Saz > 0.

DTO 03HAYAET, UTO MEZK/Iy MAJTBIMU OTKJIOHEHUSIMHE J Do
U §p3 OPHU PeeBAHTHBIX (DIYKTYalUsIX CYIIECTBYET aH-
THKOppensysa (Mpy JomomanTesHoM Bece V ~3). B mo-
MEHT t — T TpeTuii pa3mep, yzxKe mocTurmunii audpdy3u-
OHHOTO MacITada, HAYMHAET PACTH U B MOMEHT Hab/If0-
nenus t jocturaet sennunubl R3. Cpemganii pasmep npu
ONTUMAIBHBIX (DIAYKTyalNdX HE IOCTUTAET 3HAUCHUSA
rq. Ipu 9T0M po W3MEHSIETCS JUHEHHO CO BPEMEHEM.
[Mocnie MoMenTa BpeMeHu t — 7 CKOPOCTh po(t') mperep-
MeBaeT CKAYOK BHU3 HA BPEMEHHOM Macritade t ~ A1,
IMpu 0 < S5 < 1 monmydaem onTuMaabHOE 3HAYEHUE

p(t) = In(Ry/1).
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I[Mpu 1 < S5 < n, n = 3 umeem

ps(t) = In(Rz/1).

Jlms yepeanenns Ha OOMBINTAX BPpeMeHAX TOIydaeM Clie-
AYIOMINN pe3yabTaT:

Fyy = Pe" Zexp(—yant)(R1 /1)1 =%2(Ry /1) 7! x

x (ra/Ra)" 2t25sM51 0 0 < 8y <1, (65)
Fy, = Pe" 2 (exp(—'y2nt)(1%1/1)72(132/1)752 X
x (ra/R3)"2t25sM 1 < Sy <. (66)

B Bripaskennsx (63)—(66)
Af =M (2n).

J171s1 TOrO 9TOOBI MOJIYYUThH KOPPEJISIIUOHHBIE (DYHK-
num Oosiee BBICOKHX MOPAIKOB 2n, 8 < 2n < ag,
IS KazKJoro Bkiaga (28) B KOPPEIAMOHHYIO (DyHK-
o (7) HaI0 MOCTPOUTH TPU B3AMMHO OPTOTOHAIBHBIX
sextopa Ry, em. pasz. 5. Tlocie 9T0ro Bee BhIAMCIeHUs
anst Fh, TpoBoasaTcsa Tak ke, Kak U Ansd Fg, 1 B UTO-
re MbI TIOIMyYnM Bhipaskerns (63)—(66) ¢ coorBercTBy-
IOIIAM 7.

8.1. Yriosble ocobeHHOCTH

IMpuBegem B KauecTBe MILTIOCTPAIUU ITOJIYI€HHBIX
DPe3y/IbTaTOB SBHBIA BUJ KOPPEIAIUOHHBIX (DyHKIHI
cKassgpa.

Paccvorpum cnauana pacnpenenenne 99, B KOTO-
pom paccrosinne mexay crycrkavu D < [. TTockoms-
Ky HA9a/IbHOE pacnpeseneHne ¥ o0IagaeT rayccoBoii
CTATUCTUKON C HYJEBBIM CPEIHUM, BCE KOPPEJIAINNOH-
Hble (DYHKIUU CKAJIApA HEUYETHOTO MOPSIKA PABHBI HY-
a0 (em. pazg. 2). [Monydum BbIpazkeHue st KOppeJisi-
MOHHOMN (PYHKIIMHU 9eTBEpTOro nopsiaka. Ilycts reomer-
pHUsi TAKOBA, 9TO

ria || rag,  T12 3> a3 > 7y,
T32 =T34, T32 L Ty43,
rae
I‘ij =r;, — I'j.

Takum 06pa3oM, TOUKH T'a, 'y U I'y HAXOIATCS APYT OT
JIpyra Ha PACCTOSTHUW TIOPSIIKA '34, & MEPBasi TOUKA I'y
HAXOJUTCST JTAJIEKO OT HUX HAa PACCTOSIHUE T'19. IKoppe-
JAuoOHHAsT (PYHKIUS

Fi({r:}. t) = C3{[det I|7*{[U(r14)U (r32) +

+ U(I‘m)U(I‘m)] + U(I‘lg)U(l‘43)}>. (67)
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VrioBasi 0cOGEHHOCTH COOTBETCTBYeT npeseny rgy — 0.
IepBbie aBa caraeMbix B KBAIpaTHON CKOOKe (67) ma-
10T OJMHAKOBBIH BKIA, a TIOCIEIHee caaraeMoe B KpyT-
JI0f CKOOKE He 3aBUCHUT OT MEHBIIETO PACCTOSHUS I'34.
Ncnonwsys seipaxenns (59)—(61), momyuaem

) b

rJe nmapaMerpbl @ u b MOT'yT NPpUHUMATH 3HAYEHUS

Fi({ri},t) =

= C3Pe” exp(—v4t) ( Id

23

Td

12

>b+1 . (68)

l<a<?2, b=1 wm a=2, b>2 (69)

B 3aBUCUMOCTHU OT CTATUCTUKHU IOJIA CKOPOCTH, a rapa-
MeTp & paBeH

a+b,
4,

b <2,
b> 2.

Kak 66110 mokasamo B pasz. 4, B 06paTHOM mpeese
HaYaJIbLHOTO pactpemenenns YP, KOrma KOHIIEHTPAIUs
CrycTKOB ¢ < 1, Ka)KJIOMy M3 TpPex BKJAJI0B B KOppe-
JNATUOHHYIO (DYHKIMN YeTBEPTOro nopsiaka (67) MOKHO
TOCTAaBUTH B COOTBETCTBUE KOPPEIAITUOHHY IO beHKL[I/IIO
TpPeThero mopsagka. Bo3bMmem yzKe OMHUCAHHYIO TeoMeT-
puio 6e3 YeTBepToil TOUKM ry. TOrma KoppeasainoHHas
dyukms

FP(ry,ra,v5:t) = Cy([det 1] 72U (r13)U (rs)) =

) (%)
OPONOPIMOHATIbBHA TIEPBOMY CjaraeMoOMy B BbIpazke-
aun (67).

Hanomuum, uro Boipazkenus (67) u (70) npumenu-
MBI, Korga auddy3uoHHbI MacCTad g OKA3BIBAETCS

Td

12

) (70)

= C4Pe” exp(—yat) ( .
23

yZKe JIOCTUTHYTBIM, T. €. HA BpeMeHax

t > A" InPe.

9. BAKJ/IFOUYEHUNE

CrarucTuka pacupeeseHnsi NAaCCHBHOTO CKAAPA B
pacmagHoii 3aja4e CHIbHO OTIHYAeTCA OT CTATHCTUKI
pacTpeie/IeHnst CKAIpa B TPACYTCTBAN HEMPEPBIBHON
nakauku [8, 10, 16]. g Toro 4robbl pe3aloMupoBaTh pe-
3yJbTATBI PaOOTHI M ONUCATH MPOCTPAHCTBEHHOE pPac-
npesiesienne CKaisipa, BOCTOAb3YEMCsl TPUEMOM, OIH-
CaHHBIM B pa3f. 2. A UMEHHO, IPEeJICTABAM HadaabHOe
pacnpegenenue Yo(r), obiazaiomee KOPPEIAIUOHHOM
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JMUHON [, B BUIE XAOTHIECKH PA30POCAHHBIX B IMPO-
CTPAHCTBE MIAPOOOPA3HBIX CTYCTKOB pa3mepom [. Ha-
MTOMHUM, YTO TIOJ MAPOOOPA3HBIM CTYCTKOM pa3Mepa |
MBI OHWMAEM YACTHBIN BHUJ PACIPEIETeHUs CKAIIPa
Op(r/l), korma Bo Bcem mpocrpancree ¥ = 0, 3a wc-
KJIIOYEHNEM BBIZIEJIeHHON obsacT pasmepa . s Toro
9TOOBI HAUTU KOPPEeIIIUOHEbIe (DYHKIUH CKATAPA, HA-
JIO IPOBECTHU YCPEIHEHUE TI0 HAYATBHOMY TOJTOKEHUTO
CTYCTKOB B MPOCTPAHCTBE U TI0 CTATUCTUKE IPAJVEHTA
CKOPOCTH.

IMorok xuakoctu BeITATHBaeT crycrtku. Crycriw,
KOTOPBIE HAXOAATCS JIPYT OT Jpyra Ha PACCTOSHUM,
MEHbBIIIEM BSIZKOTO MACIITada 1), BBITATUBAIOTCS OIUHA-
KOBO U MMEIOT OJIHY W Ty K€ OPUEHTAINIO B MPOCTPAH-
cree. Menbmmit pa3Mep CrycTka He MOYKET OBITh MEHb-
e qudy3nOHHOH| AMUHB 'y, TOITOMY TIOCTE TOCTHKE-
HUST MEHBITUM pa3mepoM auddy3uoHHONH TIUHBI 00b-
eM OTIEeJBHOTO CryCTKA HadnHaeT pactu. Pacmpeneste-
HUE CKajlspa B MPOCTPAHCTBE HAYUHAET CLIIAYKUBATH-
cst — cuna hAYKTyalnii CKAISIpa YMEHBITAETCsT CO Bpe-
MEHEM.

B nmoroke cymecTtByioT peakue (IyKTYaIMH CKOPO-
CTH, KOTOPBIE HE TAK CUITHLHO PACTATUBAIOT CTYCTKU CKa-
Jisipa, T€M CAMbIM OCTABJIsiss B HUX MOBBIMICHHYIO AM-
mntyay aykryamuii ckansipa. Ecan cHavana cratu-
CTUKA, CKAJISIPa OBIIA TAYCCOBOIA, TO MOC/IE TOCTUIKEHS
g Hy3n0HHOTO MacmTaba MOABISETCS CUIbHAST Tepe-
MeKaeMOCTh CTATUCTUKN CKAJISIPA, KOTOPasi BBIPAKAET-
cs1, B YACTHOCTH, B TOM, YTO

([022]) > ([0 ).

[MomobHast aHOMAIbHAST CTATUCTUKA TUIUYIHA JIJI TYP-
OyJIeHTHBIX CHCTEM W CBsi3aHA C sIBIEHUEM TlepemMerkae-
moctu (cM. [4], a Takxe [22,23]).

Ha 6ompmux BpeMeHax KOPpemsanuoOHHbe (yHKINT
cKamsIpa 001aJal0T CHILHON yIIOBOM 3aBHCHMOCTBIO.
[TosicHM MPONCXOZKIEHIE STUX YTIIOBBIX OCOOEHHOCTEH
Ha CIydae PeIKo PACMOOYKeHHBIX CTycTKOB. Torma B
OJTHOBPEMEHHBIE KODPPEJIANUOHHbIEe (DYHKINNA CKAIAPA
BHOCST CYIECTBEHHBIH BKJIAI Te 00JaCTH, B KOTOPBIX
Cpa3y BCe TOUYKM MOMAJAIOT B OJINH W3 CryCTKOB. B wacT-
HOCTH, OJJTHOTOYEYHAs] CTATUCTUKA PACIPEICTICHUS NMe-
er BUJ

(@~ (

riae O(r, t) — pacupenesenue ckajspa B CrycTke, a D —
paccrosgHue Mexkay cryctkamu. Eciaum Todkum Koppers-
IUOHHON (DYHKIMY HAXOAATCH HA PACCTOSHUU MOPSIIKA
rq APYT OT APYyTa, TO BKJAJ B KOPPEJSIIUOHHYO (DyHK-
M0 JaeT 000 CryCTOK, KOTJA MPU YCPETHEHUHU 10
€ro MOJIOKEHWIO OH HAKPBIBAET XOTs OBbI OJIHY U3 TOYEK
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Koppenannonnoit pyuknun. Ecin paccrosansa Mexkmy
TOYKAMU BEJINKU TIO CPABHEHUIO C I'g, HO JIEZKAT Ha, O/I-
HO# IPSIMOii, TO HYZKHBIX CTYCTKOB OKA3bIBAETCS HAMHO-
ro Menblie. Bkiag B Koppensinuonabie (PYHKIUH JAI0T
TOJIBKO Te 0DJIACTU TE€UEHUSsI, T/I€ CTYCTKUA OPUEHTUPOBA-
HBI B IPOCTPAHCTBE BIOJb 3TOH mpsamoii. Eme Tpyanee
HaliTH 06JACTH B HOTOKE C TAKUMHU CT'YCTKAME CKAJISPA,
KOTOPbIE HAKPBIBAIU Obl BCE TOYKH KOPPEIAIUOHHOM
dbyHKINU, €CU STU TOUKM JIEIKAT B OJHOM TIOCKOCTH
Ha PACCTOSHUAX, MHOTO OOMBINHUX 7'y APYT OT Apyra. Ha-
KOHEII, COBCEM MAJIO CTYCTKOB, y KOTOPBIX BCE TPU pa3-
Mepa 3aMeTHO NpeBwimaioT auddy3uoHHbIH MacITal.
B craThe mpoBeneHo meTagbHOE pACCMOTPEHUE YCPeTHE-
HUsl TI0 OPUEHTAIMSAM CryCTKOB. [loydena Tpexrtoded-
Has Koppenanuonnast pyukuusa ckaasapa (cm. pasm. 7.1,
dbopmyna (70)), a Takxke 00IIME BLIPDAYKEHUS I JBY-
MepHOro (pasz. 7) u Tpexmeproro (pasm. 8) ciaydaes.
Jlpyroii mpumep pacCMOTPEHHOTO HAMW HAYATIbHO-
ro pacnpegenieans — pacnpezeneane 99, obnamaromee
rayCCcoBOM CTATUCTUKON ¢ HYJIEBBIM cpenuuM. Ero Mok-
HO MOEJMPOBATH KaK CYMEPIO3UINI0 XA0THIECKH Pa3-
OPOCAHHBIX MIAPOOOPA3ZHBIX CIYCTKOB C IOJTOKHUTETH-
HBIM U OTPUIATEIHHBIM 3HAYEHUSIME CKajisipa. Paccro-
sgHue Mexay crycrkamu mano, D < [. TTockomapky kap-
TUHA DPACIPE/IeTeHUsT WHBAPDUAHTHA OTHOCUTETHLHO 3a-
MeHbl 9 — —199, HeHyJeBLIMU OKA3bIBAIOTCS TOJILKO
KOPPEJISANNOHHBIE (DYHKIIUN CKAJISAPA UETHOTO MOPSIIKA,
2n. Koppensamuonnas GyHKITH CKATISIPA SIBJSIETCS CYM-
MOW BKJIAJIOB, B KAyKJOM U3 KOTOPBIX 21 TOYEK KOppe-
JISAIUOHHON (DYHKINK pa30UBAIOTCS HEKOTOPBIM CIIOCO-
6om ma mapwl. [Ipw mpoBemeHVM yCpeaHEHHUS MO pPac-
MOJIOZKEHUSIM CTYCTKOB BKJIAIBI UMEIOT CYHNIECTBEHHOE
3HAYEHNE TTPU TAKOM PACIOI0KEHUH CTYCTKOB, KOTIa B
KasyKJI0¥M Tape TOYKM HAKPBIBAIOTCS OIHUM CTYyCTKOM.
[Tockonpky MBI mHTEpecyeMmcs wmacmirabamu 1 <K 1,
KAKJIYI0 Tapy JOJKHBI HAKPBITH CTYCTKH ¢ OJHUME W
Temu ke (GhoOpMoil U opueHTanuei B npocrpancrse. Ta-
KM 00pa30M, HOJIydaeTcs CATyalus, TOX0Kas Ha CIy-
qaii pacnpenenenust YP — Tam OJIHUM CTYCTKOM HAJO
OBLIIO HAKPBITH BCe TOUKHU. Koppensiuonnas GhyHKIus
nopsinka n + 1 B ciyyae pactpenenenust YP mponopiuo-
HAJIbHA ONUCAHHOMY BKJIAJLY B KOPPEISIUOHHYIO (DyHK-
M0 TIOPsiKa 2n B ciiy4ae pacnpenenenus 9. Umeercs
(2n)!/[2"n!] cnocoboB pa3bmeHnst TOYEK Ha TMAPHI, MO
9TOMY JI7Ist pacnpezenenus 9 npocTpaHCTBeHHAS 3aBH-
CHUMOCTDH OJTHOBPEMEHHBIX KOPPEISIUOHHBIX (hyHKIHH
CKaJIsIpa OKa3bIBaeTCs bosee CIoxkHOM. B pabore mosy-
YEHO TIOJTHOE BbIPAYKeHWe JJIs YeThIPEXTOYCIHON KOp-
PeNANNOHHON (DYHKIUK B CIydae CHernaabHOR reoMeT-
pun (cm. pasz. 8.1). s KOppeasainuoHHbIX (DyHKIUI
6osiee BBICOKOTO TOPSIJIKA MbI HE BBIMUCHIBAEM MOJTHBIX
BBIPAZKEHWI U3-3a UX IPOMO3IKOCTH. B 3amade ¢ Hakad-
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KO#i yrJ10Bble 0CODEHHOCTH UCCIIe10BaNUCh B pabore [24]
Ha Mmacmrabax r < [ w B pabore [25] Ha MacmTabax
r > [, roe | — macmrad HAKAIKN.

OrmeTuM 0COGEHHOCTH MAPHON KOPPEIAIMOHHON
dbyukuun ckangpa F(R): npu R > ry ona e 3aBu-
cur ot Kodpdumnuenta muddy3un npu 000 cTaTH-
CTUKE CKOPOCTH C . > 2. Hamomunm, uTo ipu a > a
¥ Ha4aJIbHOM pacupezenennn 19, ob1agaiomumM raycco-
BOIi craructukoil, momentsl (|J%|) dopmupytorcs npu
OIHUX M TeX Ke (PAYKTYalusiX CKOPOCTH, B KOTOPBIX
MOTOK OKA3bIBAETCS MPAKTUYECKH 3aMOpPOKEHHbIM. [1a-
paMerp @, 3aBUCUT TOJBKO OT CTATHCTUKH CKOPOCTH
Ha BA3KOM Macmtabe. Bricmne koppensinnonubie ¢yHK-
MU CKalsipa B OOIIEeM Ciaydae CTATHCTHKHA CKOPOCTH
CYIIECTBEHHO 3aBHUCAT OT Kodddurmenta muddy3un,
XOTsl TIPU HEKOTOPBIX 3aKOHAX CTATHCTUKU CKOPOCTH C
Q¢ > 4 B TPEXMEPHOM TEUEHUN KOPPEJISIIUOHHAS (DYHK-
Ul CKAJISIPA 9eTBEPTOrO MOPsIIKA MOYKET U HE 3aBUCETh
or auddysuu, cm. Boipazxenus (59)—(61).

Ha Bpemenax

ty ~ A tnn/rd]

3JIeMEHT JKUJIKOCTH, CHAYa Ia UMEBIIUI pasMep 1), 0 OJl-
HOMY U3 HAIIpaBJEHUH CZKUMAETCst J10 pa3Mepa nopsiKa
rq. [To3TOMY Ha Takux BpemeHax npubiukenue (9) cra-
HOBHUTCS HEPUMEHHUMBIM JIJTsl BCEX DACCTOAHMI 1 2> T4,
U, COOTBETCTBEHHO, MOJIy4eHHble B paGoTe pe3y/IbTaThl
MepecTaioT OBITH CIPABEIJIUBBIMA. [I/19 31aCTHYeCKOf
CHCTEeMBI Pa3BUTast TEOPHs NepecraeT paboTaTh Ha Bpe-
MeHax

tr, ~ AL ln[Lg/T‘d].

OTmeTnM TaksKe, 9TO B 3KCTIEPUMEHTAX TI0 JBYMep-
HOMY pasMemuBanuio ckauasgpa [20, 21, 26] yacto cuura-
eTCs1, 9TO PEKMM BaTuenopa He OrpaHMIMBAETCS Bs3-
KOW JIINHO, a pacnpoCTpaHdaeTCs BIJIOThH A0 MACIITa-
6o Hakauku L. B paGorax [6,7] 6bL10 nokasano, 4ro
Ha Macmrabax mpsaMOro KackaJa CKOPOCTh NW3MEHSETCs
1O 3aKOHY

Su(r) o< rlin(r/rq)]'/.

Jas monmydennss KOHEYHBIX pe3yJabTaToB B (opmy-
jge (14) Mbl yYuTBIBAJIM TOJBKO SKCIOHEHIUAIBHYTO
3aBUCUMOCTB, [OITOMY, [O-BHIUMOMY, Jorapud-
MHu4YecKasg MONpaBKa K CKOPOCTU OCTaBJIAeT HallA
pe3yabTaThl B cuie. Tem He MeHee, 9TOOBI TTOIYYIUTH
OKOHYATEIbHBIII OTBET HA 3STOT BONPOC, TPedyoTcs
JOTIOTHUTEIbHbIE UCCIeJOBAHUS.

Asrop BeIpazkaer Gmaromapuocth B. B. JleGemery
3a MHOTOYHCTIEHHBIE COBETHI, a Takzke 1. B. Konoxomno-
By u K. C. Typurpiny 3a nonesnbie o0cy:kaenus. Pa-

O6oTa BBIMOMHEHA TIpH (puHAHCOBOHN moamep:kke POOU
(rpant Nt04-02-16520-a) u dhouga «Iunactuss.

IMPNJIO2KEHUE

B monenn Kpaitunana npouecc & (8) sapiasercs Ge-
JIBIM TITYMOM C HYJIEBBIM CDETHUM:

(0ai(t1)op;(t2)) =
= D[(d+ 1)d;j0as — diadjs — 0i30ja)0(ta — t1), (71)

rie d — pasMepHOCTH mpocTpancTsa. IIpomece & (10)
nmeer GIYKTYUPYIOMIYIO 9acTh, 00JaJa0MyIo TOi JKe
crarucruxoit (71). M3-3a roro uro marpuua N(f) 3a-
BHCAT OT 6(t), y 0 TOABIAETCA HEHyJeBoe CpesHee.
JI7151 TOTO 9TOGKI BHIMACTNTD (7)), HAJO B 3TOM CpeJHeM
BBIJCINTH KOHTAKTHBIE YJIeHB. A MMEHHO, TPeICTaBAM

MATPHILY IOBOPOTA N(t) B BHJIE
t
N(t)=N(t —6t) |1+ / at'Q" (1)
t—ot
Torma momy<aaem
t
- / dt' Q" (" )NT (t — 6t)6 (1) N (t — 0t)+

t—ot

(o) =

+ mepecTaHoOBOYHBIE WieHbl ) . (72)

Ucnonn3ys soipaskenue (12) u dhopmyy

t

1
! I = —
/dt ot —t) = 3,

yerpemasa 6t — 0, momyd9aeMm, 9TO y MATPHUIBI {7)
HEHYJIEeBBIMA ABJISAIOTCA TOMHKO JUATOHAIBHBIE 3TeMEeH-
Te1. Takum o6pasom,

Dd &
Oii = 7 Z Cth[?(pi — pj)] +&;. (73)
J#i
MIym &; mmeeT rayccoBy CTATUCTKY C TTapHO# KOppesis-
MOHHOM (pyHKITHEH

(&g (") = ot — ') D(dd;; — 1). (74)

Bribepem p; Tak, dro p; > > pgq. Ha Bpemenax
t > 1/D coBmectnas QyHKIUs DacCOpejeieHus Beju-

4UH p; UMeeT BUJ,

P ot le s 5(ZZ pi) ; (75)
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rae S — gyuknus Kpamepa:

1 Pi
S——Ex?, T = — — A,
2Dd = t (76)
A = dl(d+1) — QZ]D

2

OTMeTI/IM, YTO €CJIn BMECTO mapaMeTpu3alnu MaTPUITbI

~

W (10) ucnonb30BaTh mapaMeTpU3AHIo
W = NDT,
rae T — BepXHETPEYTrOAbHAS MATPHULA C IUATOHATBHBI-

mu snementamu Ty; = 1, To Beipazkenne (76) cTaHOBUT-
st TOUHBIM [27].
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