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Medbumcrobeann (06 anrebpe) — XoTem Gur
BAC MOpemocTepedb A B OTHOHIEHBH cefl HayKM — 1O
BOBCC He LPOCTAI IITYKA celi ¢ PasrOHA He BOBJeYD
B IIYCThbie NPEOOPA30BAHLA: He pa3ofpaBIINCch B OCHO-
BaHBAX, TYT RAaMe HHIEKCbI He IIPOCTO Pas3iMyaTh...
A B 00ILeM, CMMBO.I — BOT 9T0 BaKHO! Biajmed cum-
BOJIAMH, MOMKeTe OTBAMKHO HYCKATHCA B H3bICKAHBA
B Mupe GOPMYJI HOBBIX.

Kypm Jaccsumy, «Hpocm!n*)

MPEANC,TOBUE

CrarmcrHueckue 3agadinm B MAcTOANIEe BpPeMS 3aHHMAOT 3HAUU-
TeJbHOe MEeCTO B pa3imyuelXx obiaacrtsax ¢usuku. Ecnm game me ro-
" BOPHTH 0 3ajgadax, TPAJUIUOHHO OTHOCAIMXCA K CTATHCTUICCKOM
(usuKe, TO HMeeTcs MIIOKECTBO BOTPOCOB, B KOTOPHIX MBI CTAJSKH-
BaeMcs ¢ 11e006X0qUMOCTRIO yUeTa QIYKTYAlHONNHX adderros. Xors
TPHIMHEI, BHI3LIBAIOIME (IYKTYaUUH, COBEPINCIIHO PA3INTHL B PABIHT-
HEIX 3afadax (310 MOTYT GHITH TEIJAOBbIe IUYME, HEYCTOWIHBOCTH,
TYpOYIeRTHOCTh M T. [.), METOLBL HX TeOPCTHICCKOTO paccvorpe-
HHA YacTO o4elh cx0;kuM. Ilpu HTOM B paAfe caydacB craTHCTHUECKYIO
TIPHPOAY CaMHMX (PIYKTyanuit MOKHO CYMTATH M3BeCTHOH (Aubo u3 ¢u-
3udecKux coobpayrenuit, 6o M3 MOTENBLHOH OCTAHOBKH 3apaum),
a ¢uaumveckme TIPONECCH MOKHO OMHCHBATH AHPHEPEHIHaAbHBIME
HIH  MHTeTpO-fHEPepeH\HaNbHEME YPaBITeHIAMH.

B nacrosmee BpeMs BechbMa MOULHEIM amTapaTtoM, TO3BOJAIONEM
pellaTh JOBONLHO CJO/RHBlE CTATHCTHYCCKHE 3aJA4l, ABISETCH BO3-
HHKIIasg Ha OCHOBe Teopum Opoymorckoro asimskenms [1—5] reopms
MapKOBCKAX CIYYafiIHIX TPOLECCOB M HpofeccoB NuGPY3HOHIOTO
THma. YWCTO MareMalMueCKMM ACIeKTaM dTOH TeOpHHM TOCBAMENA
Gonpwas sureparypa (cm., naupmmep, [(6—131), u B nanmoit kHuTe
nogobukle BOmpocH ofcy:RaaThes He GYLYT.

Mmi 6ygeM paceMaTpuBaTh CTATHCTHUECKYIO TEOPHIO JAHEAMAYCCKAX
cucreM ¢ QAYKTYHPYIONUME TapaMeTPaMé, ONUCHIBAGMBIX KAK OBBIK-
HOBEHHLIME U (epenualIbHEMI YPABIEHUAMHE, TAK U YPABHEEHUSME
B 4aCTHBIX TPOM3BOAHEX. OCHOBHASA 3aj/lada 3aKAI0YAeTCH B IOYYeHHH
BAMKHYTHIX YpaBHeHMH HJA CTATHCTHIECKHN XAPAKTEDUCTHK TaKHX
CuCTeM M WX MCCIef0BAIINN,

HauGomee moapoGuo paccmMarpmpaloTesi TpHMeps, B KOTOPBIX
GayrTympyomue mapaMeTph SBAAIOTCH TaYCCOBCKHMH CJYUANIIHMU
npomeccamu (mosiamu), Godce KpaTko ofcy:ngarorca o6obmeHus Ha
CIyUail TpOM3BOMBIIBIX MPOLECCOB,

Lenr pacrosmell KHUTH — TOKa3aTh, KAK pasiMunbie PH3NTCCKAC
8a/1aYM, ONMHUCHLIBAGMEIE CTOXACTHYECKUIMH YDPABHOHHAMH, MOTYT OLIThH
PEIIeHH Ila ocHoBe o6mero mMOAXoRa, IO CBOEH CyTH ABIAIOMETocs

*) Pyccruii nepeson B xuure: B. Juyman, Beceloe 1 30 HIMATCIRHOS 0 TIic-
aax u ¢urypax.— M.: @uamarrus, 1963, cip. 64.



o6o6menuem Teopun GpoyHOBCKOTo paBmyKennsi. IIpm >TOM BLIACHA -
10TCH HHTEPCCHBlE AllAIOTHH MEeRAY BechbMa PasimiIniMe PUanueckuaMa
sagavamu. llpumepsi, paccmoTpennpie Ime, B OCHOBHOM 3auWM-
CTBOBAHEI M3 CTATHCTHYECKON AKYCTHKH W CTATHCTHICCKOH pagmodu-
BUKH, 9YTO CBABAHO ¢ wuHTepecaMm aBropa. ONHaKO aHAJTOTHYHEE
3ajla4¥ U MeTOJbl X PEeNICHUA BO3HUKAKT U B cTaTHCTHIEC KO ruapo-
InHaMuKe, PH3WKe INa3Mbl, (U3HKe TBePAOTO Tela, MaTHUTHOH Imj-
poauHaMHUKe U T. ..

Merogm, woropmm Mur OyjeM HHme TOAB3ORATHCS, HpeNcTaBIfeT
co6oli TeopHI0, OCHOBAINYI0 Ha pasIOKeIHd perlieHHN Mo MaloMy
mapamMerpy, o CYIlecTBY ABIAIONMEMYCs OTHONIEIeM BpeMellm KOp-
pelAnuy CAyIaiHoro BosfeiicTBUA KO BpeMeny nabIiofeHns K APY-
TUM XapaKTepHHIM BpeMerrHptM MacmrabaM 3ajgadm (B pAge ciydaes
a1o OynayT He BpeMeHpHe, a IPOCTPAHCTBeHHHe MacmrTabbi). B rteo-
puud 6pOYyHOBCKOIO ABWKEHHA 3TOMY TPHOIMIKENUIO COOTBETCTBYeT
nipenefperKeHue BPeMeile M MesK/IY caydaliHbiMu COYIapeH mAMI 10 CpaB-
HEHNI0 CO BCeMHU APYruMHM BpeMEHIBIMM Maciurabamm.

lipuMernTentbno K sagavaM o IUHAMMICCKHX CHCTeMAax, ABHKe-
HUe KOTOPHX HOA4nHseTcs 0OHKHOBEHHBM mH(PepeHHalIbHEM CTO-
XaCTHYeCKUM YPAaBHEHHAM C TayCCOBCKUMH (PIYKTYanUsAMHU IIapaMer-
POB, MCUOJB3YeMBlH MeTOH IPUBONUT K IIPUOIUKEHUIO MAapPKOBCKOTO
CIYUaifHOTO IIponiecca; COOTBETCTBYoIee ypaBHeHNe JJisA TIOTIIOCTH
BepOATHOCTEH Tepexojia UMeeT Buj ypashenus ditminreiina — Qoxkepa.
B 0Gonee cumoszumx sagavax, onuchiBaeMbix audepeHlinabHBIME
YPaBHENUAMHA B FaCTHBIX IIPOM3BOIHBIX, BTOT METOJ NpUBoguT K 0606-
mMeHHOMY YpaBiteHuio Tuna Jinmreitna — QoKKepa B BapuanuouHX
OPOU3BOMHLIX [JId XapaKTepUCTHIeCKOTO0 (YHKIHMoNAaJLa penieHHsA
3aJla9M, B CBA3W C UeM OI Mos;ier OHTH HagBaH IpuUGIMKeHHEeM In-
PyauoHHoTo Cciryvainoro mpornecca. i gMHAMHYECKHX CHCTeM C He-
rayccOBCKEMYE QIYKTYAnUsIME TApAMETPOB TpeiaraeMEM METOJ TaKke
OpHBOANUT K NpubamsKelHI0 MapKoOBCKOro Iponecca. [lmorHocTrs Bepo-
ATHOCTER pereHusl COOTBETCTEVOMMY JUHAMATCCKUX CTOXACTHIECKUX
ypaBHeHUH YHOBIETBOpsieT IPH 3TOM 3aMKHYTOMY OIEepaTOpPHOMY
ypaBrenuto. Tak, mirsi exyvuas cucreM ¢ QUEYKTYAUHAMHE ITapaMeTpoRB,
UMEIOIMUMH TIYacCOHOBCKHH XapaKrep, Hoaydaiorcst mHTeTpo-gudde-
peHnmMaNbHAe ypaBHeHus tTumna ypaBuenus Hommoroposa — Qenmepa.

B moeneniree Bpems Bo mMuormx paborax, B KOTODHX HCIOIB3Y-
ercsi ypaBreuue Jiinmiteitna — DokKepa (B janbHeiimieM MH Gynem
HCTOIB30BaTh coKpanierue YIWM), 0HO BHOMCHBAETCH HA OCHOBE
HHTYUTHUBHBIX cooDpasikeHHil, a NUIlaMAICCKHe YpaBHeHUs IpHUBIEKa-
10TCH JHITE Qs HofcIeTa Koddduuuentos, Bxogamux B ¥YID. Taxoi
mofixof, Boobme TOBOpsA, HemochegoBaremen. [leficrBurelbito, cra-
THCTHYECKAs 3aflava IOJHOCTHI0 OUpefelieHa AMIIAMUIECKHMH YpaB-
HCHHAMH U NIPEeINONIOReINAMA 0 CTATHCTHKE CAyJaliibiX BO3IeHCTRHUH.
Hpu srom YD gomkuo ABISTLCA HOTHICCKHM CHIEqCTBUEM JHHAMH-
9eCKIX YPaBHEeHHU M TeX MJIN WHHIX OpefHolioKelnil o XapaKrepe cIy-
9afiHEX BoamedcTBuit. fAcHo, uro gameko He Bo BCex CIAY9YasiX pemIeHHe
sagaum Oymer cBoguthea K YOO,
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Huxe mor Gyiem umcmonnaoBars (GyHKIUOMATLHBIE MeTOX mony-
verns YOO, npennowennnii HoBukonnim [14] B reopuu ryp6ymentmo-
cTH W PasBHTHE B paborax aBropa m Tarapckoro [15] nms obmero
ciyyasi MUHAMHYECKHX CHCTEM. JTOT METOd TI03BOJAET HONYIHTH
YO®, ncxons HemoCpeACTBENNHO U3 MHHAMHYECKOTO YPABHEHHS 3aja-
YH, a TaK/Ke HCCIEeROBATH TOTPABKE, CBSI3aHHHE € KOHEYHOCTHIO
BpeMEHH KOppensannmid crayuaivnix Bosmeictsuii. ITpm »ToM MOTVT
OWTE BHACHEIE Te OTpamHYelns, Tpu KOTOPHX cupabenaupo YID.
Jl7s1 neray CcoBCKAX IYKTYAUMil TapaMeTPOB METO TIOTY9eHUA COOTRET-
CTBYWOUIMX ypaBHeRuH s CTAaTHCTHYCCKUX XAPAaKTePHCTHE IHHAME-
9ECKUX CHCTeM Tpeflnoskelnr B paGorax aBropa m Tarapekoro [16, 17].

PasButhit MeTom TO3BOMsiCT TaK:ake (NI OTpeflelleIHOTO KIacca
3afay¥ M cIyYaliHKIX HPOIECCOB) NOJIYIUTH 3AMKHYTHE yPaBHEIHA [
TIOTHOCTH BEPOATIIOCTeH pemenns 3afad ¢ yIeToM KOHeTHOCTH Bpe-
MEHH KOppedAnHE CIyJaiineix Boapedcrsuil [18—23]. Oro mpemxme
. BCeTO CHCTeMDI ¢ QIYKTYaluAME TapaMeTpoB B Buie TPONECCOB Tele-
rpadHOrO THIA M TAYCCOBCKHUX MapPKOBCKUX TporeccoB. C TOMOIbHI0
TEOPHN HHBAPUAHTHOIO MOTPY/KENUA YAAETCA TaKike HCCAETOBATH U
croxacTudecKue KpaeBble sanaum [24]. Jlpyrume Meromni M TONXOMEL
K pemeHHI0 CTOXacTHIeCKUX YpaBHeHHI ONMCAHEL B psifie 0030PHLIX pa-
foT, moABABMINXCA 3a TocTeniee Bpems (cMm., mampumep, [25—271).

Hacrosmyio kuury momuO paccMaTpmBaTh Kak paclIEpeHHOE o
nepepaborannoe Tepensanne KEErE aBropa [28], rge kpyr Bompocos
OTPAHUYUBANCH TOXBKO 8-KOPPENHPOBAHITBIMEA TIPOLECCAMHE U TIOMSIMH.
B macrosmee naganme mobaBierns Kak BOMpocH 0BHeTeOpeTHIECKOTO
Xapakrepa (CHCTeMB € MapKOBCKUMH (BIYKTyanmsMu IapaMeTpoB,
UHTETpAJTbHNEe YpaBHOHHS, KpaeBHe 3aayd W T. 1.), TAK U HOBHE
CyUIeCTBeNHEE pe3ylNbTaThl, TOJXYdYellHle 3a TocjelHee BpeMms, s
KOHKDETHHX (M3HYeCKHX 3a[a¥, CBA3AHHBIX C TeopHeil BOJII B CIydaii-
HO-HeonHopomnkX cpefax. Hapsgy ¢ 91um B Kuure onmymens pasmein
u3 [28], cBasanmnie ¢ 3a7aYaMu cTaTHCTHYECKOL FUAPOJUHAMEKE, TaK
KaK TAKOTO CYLIeCTBCHIIOTO TPOABIKCIIAS, KaK B TEOPHH BOJH, B
aTolt ofmacTm Ire MPOM3OMLTO. ITO MO3BOJAACT PACCMATPHBATE HACTO-
AMY0 KHUTY KaK HOBYIO, He CBsi3aHHYI0 ¢ Mouorpadmeii [28].

Heckoxpko cmoB o crpykrype kmurum. ITo cBoeMy comepskaHHIO
KHHTY MOKHO pasburh ma Tpu 9YacTH. &

B mepmoit wactu (ra. 1, 2), caenys momorpagusam [29—31] u
pabote [32], MB1 faeM ompe/ieCIA T HEKOTOPLIC TIPABMIA BLIIACIIE LI
€ BADUAIMOUHLIME TTPOU3BOAIILIMEI M X aPAKTC pHCTHYeCKIM ByHKI[HOTIA-
7oM. B »Toif gacTH KiHIH TAaKKe KPATKO PACCMATPUBAIOTCH IeKOTOPLIE
BOTIPOCLI, CBA3AIIIME ¢ HAXOKICHHEM CTATHCTHYECKNX XapaKTePUCTHK
CAY4alHEIX BENIMIHH U TPONECCOB, MAJO OCBeINNeHTIbe HIH COBCEM
He OcBemieHHHE B yueGHoll jimTeparype.

Bropas wacrs (ra. 3—5) mocsmena obmell TeOpHE CTATHCTH-
9ECKOT0 ONmMCAHHA JHHAMHIECKHX CHCTeM (TEOPHS CTOXACTHYECKHX
ypaBHeunit), a tperbs dacth (ra. 6—10) mocBsmena mpuioskenmam
o0meit Teopun K BOTPOCY 0 HAXOIKAEHMN M AHAINZE CTATHCTHICCKUX
XapaKTePUCTHUK BOJIH, PACOPOCTPAHAIOMMXCA B CIyYaitHO-HEOMHOPOI-
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nnix cpefax. Ilpe sToM mpl orpanpupBacMesi KpyroM 3ajfad, KOTOpEe B
[acTOANICEe BpeMs B IPUHAMHUIIE MOAHO CUMTATH MOJHOCTHIO PeIDEeHHBIMH.
JdTo 3afava 0 CTOXACTHYeCKOM HapaMeTPHICCKOM De30HAHCe ANS pas-
JTUYHBIX Mopmedell QAyKryanuii mapaMeTpoB, AOMYCKAIOMAs TOYHOE
pemeHue, KOTOPYK MOKRO pacCMaTpHBaTh KaK BBOLHYIO 3amavy K
CTATHCTHYCCKON TeOPDHHM BOMAH B CIYYAHHO-HEONHODOTHHEX Cpelax.
JT0 3a/la9a 0 PacupoCTPAeNu BoJH B 0AIOMePIIOil cpefie, M5 KOTopoit
TOIydeHa KapTHHA TIOBeeTnA CTaTUCTHIECKUX XapaKTepUCTUK MHTeH~
CUBIOCTH BOJ!NK KaK BHYTDH CJ0A QAYKTYHPYOIleH cpensl, Tak U
BHe eTr0, W NIpPOCTPAaHCTBEHHAA 3aJada O DAacUpPOCTPAHEHHU BOJH B
CAYTIafHO-TeOAIIOPOANLX Cpegax, paccMoTperHas B MaJOyTJOBOM
upubnamrennd (npubiukenine TapaboJHYeCKOTO VpaBHEHHs).

Hywepanus gopmMyr cBos B Kamom maparpade. Ilpm stom B
CCBHLTKAX HCTONb3yeTcd ABoHHas MM TpoiiHas HyMepanus. J[Boii-
Hasl HyMepamHsl MCIOJL3YeTcH IJasl CCHJIOK Ha (OpMYIN HJaHHOI
rIaBbl, a Tpoiimast — ita (GopMYyIm ©u3 JAPYTUX TJIaB.

Heo6xomumo oTMETHTL, 9YTO KOJHYECTBO KAK YHCTO MaTeMaTH-
YeCKAX, TaKk # (H3udYeckux paboT, TMOCBANIOHHKX H3JaraeMOMy Ma-
Tepuasry, mcunmcjasgeTcs THesdaMmu. Tak, HampmMep, B o030pHOW pa-
Bore [33], mocpsmentofl COCTOSIHAI TEODHM PacmpOCTPAHENHs BOJI
B cayuaitHo-neonHopoanoi cpeme ma 1970 rom, macumtniBaercs Gosee
540 Gubrnorpaguieckux ceruok. IonTomy gath Kakylo-mu6o moTHEYIO
6ubrnorpaguio paccMaTpEBaeMHIX BOTPOCOB (YH3MIeCKH HEBO3MOKHO.
Bruny sroro g orpanpumics cCHUIKaM# JRINH 114 T paboThl, pesyan-
TATBl KOTOPHX HETOCPelCTBEHHO HCOOMB3YIOTCA HIHm 06CYRIAIOTCH
B manioif Monorpaduun.

BocmoanzoBasmmes caydaeM, BBEIpR)Kal0 HMCKpeHH0I0 Giarofap-
wocts B. 1. Tarapckomy 3a muorounclenspie CTEMYJAHpYIomue 06-
cyagiennsa upobiaeM, 3aTPOHYTHIX B KHHTE, W TOCTOSHHOE BHAMANLE.
ITpakTudecKy, ifa TPOTHAKEHUN TOCHGAUIX JECATH JIOT, BECh MaTepual
KHUTH JOKJIAJIbIBAJCA Ha CEMHHAPAX 1O CTATHCTHYECKONW patmodu-
suke, BoaraaBiaseMux CG. M. Porrosrm. f npusuarenen xax C. M. Pu-
TOBY, TaK I BCeM YYacTHHKAM ATHX CeMUHAPOB 3a BHUMAIHE U IOJe3-
HBIC CTHMYIHpPYIOMEe TUCKYCCHE. ] IpuaHaTeneH Tak:ie COTPYIHIKAM
wypuaia «Paguodmsnkar, uwa cTpaHmnax Kotoporo OBIIa OMyOIHEO-
RaHa UONABIAKMAA YacTh pafor, BomegMux B MOHOTpaguio.

I'. 1. Babkur mpocmorpen 6oaBMYI YacTh PYKOTHCH, U €T0 KPH-
THYECKHe 3aMeuaHHs BO MHOTOM CHOCOOCTBOBaNHM YIAYVYIMMEHHIO M3J10-
JKelinsi ee MaTepmasnia.



Tmapai

CTATUCTHYECKIIE XAPAKTEPHUCTUKN
CAYYANHDBIX BEJIYNH I ITPOIIECCOB

§ 1. CryuaitHble BeTHUHHBI U MX XaPAKTePUCTHKH

CraTucTnueckue XapakrCpUCTHUKW cAy9aiHON BeNMIMIIB Z TIOJ-
HOCTBHIO OHHUCLIBAIOTCA QylUKnueir p(z), Ha3HBAEMON ILIOTHOCTHIO Be-
POATIOCTEH, TAKOH, YTO

p@) >0, § dzp)=1. (1.1)

Cpennee spadenne MpOM3BONBHON GYHKIUU OT CIYYARHON BeJIUIUHDI
oTipegesgercs ¢ MOMOMBIO paBeHcTBa *)

o

Jen=§ dzp@)f (@) (1-2)

Baxgoll BequuuHOH, TOTHOCTHI0 XapaKTepu3ylomeil cTaTHCTHIECKHE
XapPaKTEePUCTHRYE CAYyJaloll BeNIYHIE 2Z, SBISETCA XapaKTePHCTU-
JecKkasd GyNKOUA BeNINIUHH Z, ONpefelNseMas PaBeHCTBOM

O (v) = {exp {ivz}> = S dz p (z) exp {ivz}. (1.3)

—C

3Has XapaKTePUCTUYECKYI0 (PYHKIHIO, MOSKHO TMONYIHUTH KaK MIOT-
HOCTh BepoATHocteir (mpeobpasoBanuem Dyphe), Tak m MOMEHTH

o

\ n 1 d\®
My==\dp@ =12 00 o (14)
KYMYIAHTH (MIM CEMUMABAPUAHTEH)
1 d \n
K= ()"0 @) oo (1.5)

rge © (v) = ln @ (v), ¥ HEpyrue CTATHCTHIECKUE XaPaKTePHCTHKMH.
Hepes MoMeHTH U KyMyJIAHTH Beduwdunn z Gynknum @ (v) u O (v)

*) Ecan cayvafimas Benmunma z MOMET NMPHHIMATH JHIIb MUCKDPETHHE 3HA-
9eHNS zj ¢ BEPOATHOCTAMM py, TO HHTerpaJu B (1.1) m (1.2) samensiotes ma cym-
MH 110 COOTBeTCTBYIOIMM HHJEKCAM.



BRIpQ}KAIOTCA ¢ moMomblo psigos Teiropa:

Loy, ep=Y-

=0 n=1

D @) — K" (1.6)

nl

3
M2

Mesxny momentamiur u KymyasaTamm CIy9aiiHON BeNWIUHE Z MMEeTCs
HelInHeWHas CBA3D. I_[m{ HaXOMmIeHUS ee 3aMeTuM, 9To

N ao (v)
-Ez:_ @ (l) =@ (U) dv
IToatomy
dn dn—l i +1G dn— 1-k [4))
F(D(v): dz;"_l ZF"'I AT T gyntk (4.7

k=0

lomaras B ¢opmymne (1.7) v = 0, momywaem PEKYDPPEHTHYIO CBA3E
MERY MOMENTAMI U KYMYJNSIHTAaMH BEJIMYHHBL Z B BHE

n
M,=1%"

h=1

m_‘—’;)—(:)' Tr KM (lo=1,n=1,2,...), (8

C TTOMOUILIO KOTOPOM JTETKO TOCHeTOBATEIBHO O YTaTh (HOPMYIbI, BH-
paskajonue MOMEHTHI Yepes KyMynantii u maobopor. Tak, uz (1.8)
LHoXyvyaeM HEeIOUKY paBeHCTB

M, = K,

M, = KM, + K,, (1.9)

M; = KM, +2K,M, + K,ur. .,

OTKYJa CIefyer, 4To
M, =K, M=K, K}, M;= K, 3K,K, —]—[(1,...1
(1.10)
Ky =M, K,=M, — M;, K, =M, — 3MyM, 4 2M3,
Has MHOTOMEPHHX CIyYalHHX BeIWIuy 2 — = {2z, ..., z,} mox-
HOE CTaTHCTHIECKOE ONUCAHUE CONeP/KUTCSH B XapaKTepPUCTHIECKON
$yarIUNn

D (v) = <exp {ivz}> (v="{v, ..., v,)). (1.11)

COOTBeTCTByfomaH COBMECTHAsA ILUIOTHOCTH BEPOATHOCTEH /if Be-
TU9MH Zy,. . ., 2, ABAAETCH npeobpasosanmem Pypre or D (v), . e.

P (x)= (255)" de (v) exp {— iva) (x={z1, ..., 7,}). (1.12)

Hoacrapasia pymrmuio @ (») ma (1.11) B (1.12) u BHUOOTHss uHTEr-
pupoBaHpe 10 v, HoJydaeM paBeHCTBO

P) =B (r—2>=C8 (1 —2)...0(@ —z)) (1.13)

10



ROTOpOe MORII0 MPIUATL 3a ofipeje/lenne ILIOTHOCTH BEPOATHOCTel
crydJaiiHol BenuuynHH & *),

MoMenTs 1 KyMYXAHTH cIY9aiiHoil BeJNInlE 2 IIPU 2TOM OTpe-
JeIAIOTCA paBeHCTRAMH

I,  =—9 o
‘1[11.,..., n T inﬁyf - P (v) IL_O’
! n (1.14)
{:)71.
Ki i =————0()|m
R (9) o=,
1 n

rae O (v) = In @ (v), a camu dynrunn @ (») u O (v) BHpamanTCH
wepes M u K ¢ momomsio psnoB Teitmopa:

o

D (v)=

T
i

‘/ . 79 LU
o7 M, -0

N (1.15)
i -
O (U) = Z -n—'- Ki’l"“" invil e Uz'n.
B KagecTBe IIpuMepon paccMoTpuUM Cﬂyqaf/iHHe BeJIMYUHBL Z IBYX

THATOB.
1) Bermumna z — rayccoBcKasi cliygaiiias BeIMunHa ¢ IIOTHOCTHIO

. 1 52
BeposTHocTeH p(z):Vz_ exp {— p} Hasg mee meenm
s -9
2252 , 52,52
D) =exp|—Ff. 00 =—". (1.16)

My =K, =0, M,=K, =02 K,~, =0.
Pexypperrrroe pasencrso (1.8) B sroM caywae mpurnMaer Bmg
M, = (n—1) "M, (n=2,...) (6 = <{»), (1.47)
OTKyja Cliegyer, uTo
My =0, M,, = (2n — D!l ¢~ (1.17")

Paccmorpum remeph cpepuion Benmuuny {zf (z)>, rae f () — mpoma-
BOTbHAA geTepMURUDOBanHasA pynknus **). CpegHue xapakTepucTHKR

*) OTMeTuM, 70 ecuinl caydalinas BCIMUIHA 3 MOMKCT ITPMIIIMATL JLAIE
AHCKDeTHble BHAYeHNA zi (i = 1, 2, .. .) ¢ BEPOATUOCTAMIL p;, TO B HTOM cayuae
aHanorom  ¢opmyast (1.13) sensercs dopmyna

Dy = <5Z’ Zk>’

. Ii. i =k,
kﬁlo,i;ﬁ—./.:,

**) Ha ¢ysrumio [ (z) =aKIaAHBaeTCH  TONBKO OrpaHAYEHAe BHJA
I (z) exp {—22/202) — 0 pocraToumo OHCTPO UpH & — —- oo,

rae o, -—cuMBo)t I{porexcpa.
)

11



TAaKoOro THHA fAajee B KHuTe OynyT QUrypupoBarp j0BOJbHO 4aCTo,
Cornacno ompenesennio (1.2)

o

@) =i\ dzse) exp]— o)

—_—

Nurerpupys mo dYacTaM, mojydaeM paBeHCTBO

3l (z2)) = V'Gi_ﬂ S d/;i:) exp {— —3’5_};00 (%\). (1.18)

—_— \\
Paccmorpum Temeps cpenuee sHaueHue <exp {wz} f (2)D, rme f (x)
Oo-mpe;KHeMy NMpPoH3BoJAbHAA (QYHKIHUS, a BeJMYMHA ® MoMKeT OHITD
H KOMIJIeKCHHM ducioM. las cpejpuero sgauenus mMeeM

[eS]

(e f (z)) = ! S dzf(z)exp {—.;22 -}—(,)z}:

Vins E >
1 ¢ oy (232 2\
_dezf(z—}—mG)exp{ 7 —W}~

252

= exp{ OA) }(f(z + wo?)).  (1.19)

-

B gactmocTu, nuddepenmupys (1.49) no o u momaras w = 0, Me npu-
xoauM K Popmyae (1.18), a momaras 8 (1.18) f (z) = z"~1, mbl npuxo-

IUM K peryppeHTHoMYy pasemcTmy (1.17).
Us dopmyn (1.19) BniteraioT opMysah, mojaesmbie AJA HpaKTu-
YeCKHuX TMpPUMEHeHWH:
{97y = exp { ®? (22

9
-

}, (ze"y = w(z*> (e**)> n 1. g (1.20)

Ecin ke BelnNTIHRA 2 ABUAETCHA CIHYyYAIEM rayCCOBCKUM BEKTOPOM
¢ woMnoHenramu z; ({z;> = 0, { = 1,. .., n), To xapakTepucruie-
cRafA QYHKINSA oHCHBAeTCA PaBEHCTBOM

@D (v) = exp {— % Bl'J’ULU.)} , Olv]=— % B;vw;, (1.21)

rae B;; = <{z;2;>, a To moBTOPANIUMCS HHIEKCAM Hpefliosaraerca
cyMyupoBanme. B oTon canyuae smecro (1.18) — (1.20) merko noayuurhb
paBeHCTBa

(zif () = B; 9/ (2) > )

dzj

1 (1.22)
(e} (2)> = exp { Bugvag) <f (&3 + Byov)> 1 1. 1.

OrmeTuM, 4To [T BLIYNCJIEHHA CPeJHAX 3HAUCHMI THIIA GOPMYJIL
(1.19) mosxier OwTL modesen ciexyromuil npueM. Byecro caywaiinoi

12



BeJWYHHH z B QYHEIHUHM oT Hee f (2) BBeAeM ABYMEDHYIO CIydaiiHyIO
BenmumBy (2, f (2)), cTaTHCTHYECKIe XapaKTePUCTHKHE KOTOPOH OITUCH-
BalOTCA XapaKTepucTUiecKon dyHKnmei

D (v, u) = <exp {ivz + iuf (2)}> = exp{O (v, w)}.

B srom cayuyae Bermumuet Tuoa (1.18), (1.19) 6ymyr mpocTo ommch-
BaThcA TpousBoguuMp Qymknmu @O (v, v) npm v = u = 0. [ana
TayCcCoBCKOH BeJIHYAHE Z CO CPeHUM 3HAUeHHEM, PaBHHM HYIO, COT-
nmacHo (1.19) uMeer MecTo paBeHCTBO

@ (v, k) =exp {— @} {exp {iuf (z - iv {22))}D, (1.23)

7 B 3TOM CJly4dae

(‘)(U, u):—

2 (22
9

P

- In Cexp {inf (z - wz®)}>. (1.24)

Huddepenuupya (1.23) mo u u v 1 DoJarad UX PaBHHMEH HYJIO, MBI
NPUXOONM, ©CTeCTBeHHO, K PopMyJaM, HoJydeHHLIM BHIIE, a Pasiio-
senue B pAn Teimopa dyuruuu O (v, u) onpexelseT CoBMeCTHHE Ky-
MyJAHTH BedwunH z u | (z). Tak, B wactHocTH, u3 (1.24) crenyer dop-
myna [34]

1 an+1

Kn, 1=

T gy 0 00 ) oo =

= o F e ) = Y T @) (1.25)

ONACHBAIIAA KYMYJIAHTHYIO CBA3b MEMKAY TayCCOBCKOW CIyYadlHOH
BeJIMYMHONA 2Z WM QYHKIHed oT Iree.

OcraHoBUMCH Temephb Ha oJHOU mpenedbHON Teopeme, CBABAHHOH
€ TayCCoBCKOU cayuaiirroit Beanuunnoil. IlycTh caygaiinass serninua &
IpHHKMaeT [Ba 3HaYeHHWA —-a, C BEPOATHOCTAMH 1/, T.e. ee mWIOT-

HOCTL pacmpesieJleHuA BepoATHocTel nMeeT Buy p (E) = é [0 (& — ao) +—

4 0 (€ - a¢)]. XaparrepucTuueckan Gy HKIHMA DToR BeJIUTALRE, OUCBH/(-
HO, paBHA

D (A) = <exp {iAE}> = cos Aa,. (1.26)

Ilycrn Temeps zy = & -F ... - En, Toe &; — cTaTucTuUeckn Hesa-
BHCHMLie BEJTHUWHB, omnpejeseHHbe BhIme. Torga XapaKTepHCTHIE-
CKafg QYHKLUHA BOAUIHHEl 2y

DOn (M) = [cosha,lV. (1.26")

Tomomum a, = o/)'N u nepeiinem & npegeny upm N — co. B pe-
3yNbTaTe [OJyYaeM XapaKTePUCTHYECKYI (yHKIIHIO

Do (M) = exp {— A%0?/2}, (1.26")
COOTBETCTBYOIIYIO rayCCOBcRoﬁ crIydadHOH BesmIuHE Z C HYJIeBHM
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CpefnuM 3HaYeHueM M juclepcneii, paBHol o Takum o6pasoM, cay-
Jaiinasg BedWYWHa zZy OpI /N — oo pacmpefedeHa 1o IayCCOBCKOMY
3aKoHy.
2) Bexwmumna z = n — LedouuCaeHHAA CJydaliHad BeJHIuHa,
n - —
pacnpeniesennas o 3akony ITyaccona p, = — exp {— it}, rae # — cpex-
Hee 3HAYeHHE Beandunu n, [laa nee mmeeM
D (1) = exp {7i (* — 1)}, O@) =7 — 1),
K, = n. (1.27)

s Takol cryvaiiBOM BeJMIMHLI peKyppeHTHoe pasencTso (1.8) mpm-
HAMAaeT BH]L
I—1
My=n Y =D - 1y 1.28)
1= R (I—1—Rl k= ( ' (1.
k=0
Paccmorpum Teneps cpennee sHagenve {nf (n)), rue f (z) — npons-
BoMbHaA (YHKNHA, ompeneleHHas B IENOUNCACHHHX Toukax. Jlaa
Hee TOJNyTaeM

of oy =7 Y T () ==

n=1

:ﬁe-zzz—:f(n L)y =adfn1)s. (1.29)
n=Q

Honaraa 8 (1.29) f(n) = n'™!, mp npuxomum X ¢popmyme (1.28).

B ofmeM cayvae npousBosbHOTO pacupegeleHuf BepoATHOCTEH
BeJIUYMHH Z JIisf BHINCACHNA cpenHero 3Havenus {zf (z)>, rue f (z) —
NPoW3BOJbHAA [[eTePMUHKPOBAHHAA (YHKIWSA, BOCIOIL3YyeMCA mpHe-
MOM, KOTopHi Oyjner mMHpPoKo WCHolb30BaTheA B fajbHedmeM. Bue-
cTo dynkuun f (z) BBegeM GyHKIMO f (2 - 1)), rie 1} — HpousBoOILHASN
AeTepMuMHMpOBaHHaA BeqwdnHna. Pasmomum f (z -+ v) B pag Teiuiopa
1o z, T. e. IPeICTaBUM €€ B BH[e

. d
fetm=Y 20 me"=espfe gt (),

n==0

Tfe BBejeH omepaTop cxBHra Io 1). Jlance MoyHO HalmCaTh HEHOYKY
paBeHCTB

zf(z4m))= <z exp {z -(%}>f(7]) —

d
_ <z exp {z dﬂ}> <exp {z—%}>f("l)=g(%f) fz+m)) (1.30)

iy
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rae dyHKIHS
Q (U) == <Ze—lzv> —

<eivz>

() = 72O ) (1.30)

a @ (v) — xapakTepucrEueckas QyHKIMA CIYIAHHOH BeIMIHHHI Z.
Henoabaya remepd gida dyurnumm © (v) pasnoskenme B psay Teitmopa
(1.6), pna dpyuxuum Q (V) DoxydaeM pasiiomeHHe B Bue PAJA

Q) = 2 L K™ (1.32)

n=p

YuprmBasn, uro mepeMenHas 1) B upasoit gactm (1.30) BxoguT TombKo
B KoMOmHanuu z 1), MoykHo puddepeHnupoBaHme 0o 7 3aMeHATh Ha

d
mudpepeHnupoBanue wo z (IPU ITOM omepPaTop Q( ciaenyer

dn)
3aHecTH WON 3HAK ycpepHeHua) m nomoxkuth 1 = 0. B pesyabrare
[OJMy9aeM PaBEHCTBO

@y =<2 (576 (1.33)

KoTopoe, HCoib3y A aasa Q (v) pasaosxenne (1.32), MoxHO nepenncarb
B BHjE pAfa mo KymyasaaTam K.

<zf (2)) =i Kni <dd’ 25, (1.34)

n=g

Dopmyna (1.34) sasasmerca o6obmenmeM Bupaskenmit (1.18), (1.29)
Ha cJaydali NPoE3BolibHOTO pachpemesieHuna BeposgTHOCTe!N caydainoi
BespuunH 2. Ilomaraa B (1.34) f (z) = 2", Mu, ecrecrenno, mpuxo-
muM K pasencTsy (1.8).

Jlma MHOTOMepHOM caydaiiHoll Bennauirsr # BMecTo GopMyanl (1.34)
HMeeT MecTo ee odeBHiHoe obobimelue

<z7~f(z)>=2nl ,,n<az f(z)> (1.35)

n=0

Har Mi yBuguM B caefylolieii I1aBe, BCe HOJyYeHHbIe BHIIE Pop-
MynH Jgerko ofofmalooTca Ha caAydalinbie Ipouecce z (f) M HmoasA
z (x, t). OmHaKo Ipeskge UeM MH IlepefimeM K cJAydallHEIM IrpoileccaM,
3aMeryM, 4TO AIA HUX, B OTAHYHE OT CJAYYaHHLIX BeJApUuH, Iepe-
MeHHLMy ABIAKTCA pyHKumu. IlosToMy, ecTecTBeHHO, BMECTO Olepa-
Hwit qudpepeHnUpoBaiHA, KOTOphle BOBHUKANHW BhlIe, Y HAC BOBHHK-
HYT omepanud (QyHKHMoHaJbHOTo auddepeHnuposannd (BapbApoBa-
HHEA), Ha MOHATHH KOTOPOTO CIefyeT IogpoGHee OCTAHOBHTLCH.
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§ 2. Bapmanuonusic (Pyd¥pnonanbubie) npoH3BOAHBIE

lipesime Bcero mamomuum obijee onpeneicnne PpyHriuonata. Mu
TOBOPHM, 9TO 3aJIaH HEKOTOPHI (yHKIMOHAT, €CIH yCTaHOBIGHO Ipa-
BUJIO, IO KOTODOMY KasKIod QyHKnuE #3 HEKOTopO# COBOKYIHOCTH
conocTasieno 1mciao. llpumepn QyHKIMoHaIOB:

£

a) Flel= {dta(t) o),

£

rne a (f) — sagannaa (puKcupopanHasg) (QyHKIusA, a npemels I,
t, MOTYT OHTDL KaK KOHEUHRIMH, Tak ¥ 0eCROHOUHHIMH. JTO JUHeHHBIH
$dyHKIHOHAT.

ts fs

6) Flop @)= { § du dwB (1, ©) g (1) p (vo),

t: by

rae B (1;, T,) — @uKcupoBaHBaA 3ajaHHAA YHKIUA. DTo KBagpaTHI-
HHH QyHKIHOHAJ.

B) Flo @] =7 (@l (1)),

rae f (z) — sajammas Qymruud, a senminna O [@(2)] cama asaserca
OYHKIHOHAJIOM.
OmenmM pasHOCTD OJQHOTO ¥ Toro j;Ke (QyHKHMOHala, B3ATOIO

AA nByX pymrmuit ¢(t) o ¢ (1)+8¢ (7),
,”\\\p(rnd‘;a(r) rae 8¢ (1)5£0 upm ¢ — —é— At v <1+
/ v
-+ —% At (pumc. 1). Bapumanueit pymrnm-

OHaJla Ha3HBaeTCA AmHeiiHas o 09 (1)
JacTh pasHOCTH

8F lgl = {F ¢ + 8¢l — F [¢l}.

T Bapmanmonuoi (nny GyHKUHIOHANE-
HOJt) MpOW3BOJHOM HA3HBAETCA IIpe-
. mex *)
Puc. 1. K onpegpenesuo sapua- 5F
IWOEHOH npoussogaoil, IlTpu- b1 9] —_ (%] . (2_1)
‘XoBo#  JuEHell  wsobpajkena o (2) At—0 5 dt 89 (1)
dyEKIBg @ (T), BO3MyHEHHAL At
Ha OTpesKke Af{ HA BejHIUHY
8o (1), Bapuanmonnaad npousBojpHasd  oOT

pyukmmonana F [¢] aBamerca cooBa
¢yHEnmoHaloM oT ¢ (T), 3aBUCAINAM eme OT TOYKH f{ KaK OT na-
pamerpa.  CremomaTenbtio, 3Ta BapHanWoOHHAA npomsBofHad Oymer

*) OTMeTHM, UTO TpaBHibHee GHI0 Om Tmcath BMecro 8F [¢]/6¢ (2) Bupaske-
mre 8 F/8g (t)dt (xora 61 w3 coobpaskenull padMepBOCTH), cM,, Hanpumep, {29, 301
Opmaxo MH Gygem npuiep:KuBATLCA 0603HATCHUA 8F/8¢ (1) ¢ meanpio COKpaimie HHs
3aIIUCH.
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HMeThb NPOM3BOJIILIE ABOAKOTO THIA: ee MoyKHO muddepeHIupoOBaTH
o0BIHBIM 006pasoM mo nmapamerpy f, a MOMHO TaK:Ké COCTAaBUTL ee Ba-
PHALIHOHHYI0 LIPOW3BOJHYI To @ (T) B TouKe T = [, ABIAOMYIOCH
BTOpoi#l BapmanWoHHOH IMPou3BOAHON OT MCXOAHOTO PYyHKIHOHAIA!

8 [6F (9] ]: O°F |q]
o9 (B Log@) 1 09d)op ()

Bropaa BapmanmouHas mpomsBogHaf OymeT yikie PYHKIUOHAIOM OT
@ (T), BABHCAIINM OT Haphl Touek I, £, u T. 1.

Haiinem Bapmanuonmeie HmpousBoAmbie oT (QYyHKHHOHANOB a), 6),
B). B cayuae a)

OF @] =F g - 8¢] — F o] =

1
—A
H—2 3

:Szdwa(r)é(p(w)z S dva(t) d¢ (1).

i— LAt
2

Ecam a (f) menpepuBsra mHa orpe3ke Af, To IIo TeopeMe 0 CpegHeM
8F [l = a(t) \ dt 8¢ (t), rme Touka ¢ OPUHANMERUT OTPE3KY
At

[t — 5 AL, t - o At], Tax ro

19— Yima(t)=at 2.2
so = lma@)=a(). (2.2)
ABajlorguHo B cIydae 6) morydaeM
by
%fp i ISdT (B(v, 1)+ Bt )] ¢r) (<t < t).

h

OtmernM, uTo Baech pyHKIHIO B (11, T,) BCETma MOKHO CIUTATL CHMMET-
PUYHOM QyHKIueH CBoHX apTyMeHToB. B ciaydae B)

Flo 4+ d0¢l=7 (@[ + d¢]) = (D[] 4- 8D) =

0] . O]
— 1 (@ [g) + LG b .. = Flg) + LTI 50 -
a, caegoBaredbHO, ITOJdyYdaeM _. -
S8 __ 0/ (D [9]) 8D [q]

P.aCCMOTpE[M\.A(in-lRHI/IOHaJI ® [g] = F, [qﬂ F, [gl. B atom cayuae
nosyqaem
6D = {D [p + 89l — @ [¢9]} =
= F, lgl 8F, [g] + F, gl 6F, (o]
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Hu, cilemoBareibHO,

S el N T ey ()
5@ Fil@l Falgl = Fi[¢] oD + Fy o] %0 (2.4)

Mosxno dopMmanbHo onpemesuTh 1 BHpaKeHHE A BapHAHOHHOM
IpOM3BOAHON QyHKIHOHANA @ (T,) MO PYHKIHE @ (f) COOTHONIEHHEM

0P (ty)

Dopmyany (2.5) MoxHO 0GoCHOBaTh, HAOPUMEpP, PacCMaTpHUBAA JIHHEH-
HEH QyHKOWOHAX BHIA

Fiol= § SA— o) exp{— Ll (2.6)

Jlaa aToro QyHRmMoHala, coriacHo (2.2), BapHagHoHHAA TPOU3BOJ-

Haf WMEeeT BHI
B Igl 4 [ g—my 7
8o()  Vims e"pJL o7 } (2.7)

Ilepexops gopmanbmo k upemeny upwm o — O B Bopaskenmax (2.6)
u (2.7), Mmu w mosmygaeM gopmyay (2.5). C momompbio dopmyman (2.5)
oueHb yrobHo mpomsBoguTh puddepennuposanne. PaccmorpmM, Ha-
npuMep, KBagpaTHUHLI QyBKmmoHan Bupa 0):

0 ¢ ilzd (2.9)
S § B (1 ) (1) 9 (1) =
iy 1

e 80 ( 80 (1,) (28
=\ \dvauB (v, w) | 6‘fp‘$> P (1) + ¢ (1) 5 | =
ty ty .

= §dT (B, ©) 4 B(r, )lot) (<<t <ty

B kauectBe papyroro mpuMepa paccMoTpuMm Qynknuonan F[@] =
ta

= S er('\:, @ (%), chdiT) ) B srom cayuae

1
y
8F [q] (Ei)S 1[ oL oL d] 8¢ (1) &9

59 (2) B9 T o dr | s

1

S U 3]

ecsin TodKa ! NPNHALIERAT MHTepBaly (I, Ly).
Ilopo6uo ToMy, Kak QyHRImA MoKeT OHTH pasioskena B pag Teit-
aopa, pynrnmonan F [ (1) + n ()] Moskno pasnosmnrs B ¢ynkmmo-
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nanbHLE pax Teiiopa *) mo ¢yurmun n (t) B okpectuoctu 1 ~ 0:

Flg(@ +n@i=Figm) + |t GlEne) +
+%Sgdt1dtz‘% NEIN (B 4+ ... (2.8)

BuBopg aroit gopmynsr cv., raupmmep, B [30, mpmmomenne 1]. Orme-
THAM, UTO OHEPaToPHOe BLIPasKeHde THIA

1+ atme 2+

+ o S anatn @) n ) st -
2! 1NN ) oy se ) T T
S

=1+Sdtn(t)w+?1!—[3dtn(t)wf’(ﬁ]2+... (2.9)

MO}KHO COKDallleHHO 3ampcaTh B BHUJIe 0IIePaTOpa exp {S din (1) %(t)} )

[eUCTBEO® KOTOPOTO Hajo NOHAMATH WMEHHO B CMHCIE PasiorKeHHA
(2.9). C momompio aroro omeparopa popmMyiTy (2.8) MomHO mepemn-
carp B BHfe

Flo@ +n@l=exp{{dtn®) 31 Flom, @10

1TO MO3BOJACT HAM HHTEPIPETHPOBATL OLlepaTop exXp {S dt v (¢) -(WP(S}

KaK oneparop {yHKUMOHAILHOTO CHBHUTA.

PaccMorpmm renepn dynrnuonan F [t; ¢ (v)], saBmesmumit ot na-
pamerpa f. IToT PyHKHHOHAX MoHO AUPPePeHHUpOBATH IO I, a
Tak;Ke HAUTH ero BapHALMOWHYI0 mpomsBonuyio mno ¢ (). Jlerko Bu-
AeTh, YTO 3TH OllePaliiy MePecTAHOBOUHBL, T. €. HMeeT MeCTo PABEHCTBO

f 0 dem B8 9 .

Ecam obracth usMeHeHus T He 3aBUCHT oT f, TO PaBeHCTBO (2.11)
oueBuzHo. [anee B Kumre Mu GyneM HMeTb [esl0 ¢ TAKHMHE QyHKIHO-
Haxamm F, y Kortopux 0 < v < t{. B nrom caywae paBercTBo (2.11)
npoBepsAeTcA MyTeM pasaomenus £ [£; ¢ ()] B pyEKunoHANLHEE A
Tennopa.

§ 3. Cayuwaiinpie mpouecchl, HOMA 11 HX XapaKTEPHCTHEM

Ecnm mu mmeen cnyuaiinyio gyurnuio z (t) (caygaiinmit nponece),
To JJis ee NOJHOTO CTATHCTHYECKOTO OIMCAaHHA JOCTATOYHO 3HATL Xa-
PaKTOPHCTHYCCKHAN (PyHKIHMoHAI

O [v(1)] = <exp {i [ dvv () z (0)}, (3.1)

*) 3peck m jajee, Korga y HETETpasa He YKasaHEl IIpefiedikl, IpegIoJiaraeT-
€A, 9TO OHE OeCKOHEYHEL,
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rie yHKIuA v (T) — OPoMBBOMbHAA (HOCTATOUHO «XOpomasmy) QyHK-
THA, 3aMeHA0Inas COBOKYHHOCTDL duceld Uy,. . ., Up B (1.11).
3naa pynxnuonan @ [v (1)], Mmoo HalfT Takle XapaKTePUCTHKA
cayqaiinoit pyurnmu, kax <{z (1), <z (t;). . . z ({)> B 1. O.
ITopewcTByem ua (3.1) omepatoponm 6/8v (f) m BHeceM eTo Moz 3HAK
cpenHero (3TH OIIEPATMH MOSKHO IePeCTaBIATH), TOTfa TMolydaeM pa-
BEHCTBO

8D [v (1] ) . . .
o % @ exp {L S dtuv(t)z (1)}> =
= i<z (1) exp {i Sdrv(r)z(r)}> .

ApaToTHIHEM o0pasoM modydaeM Qopimyray

1 1o} 1 1o}
= <z (ty) ...z (t,) exp {i Sdrv(r) z (T)}> . (3.2)
Ecau B dopmyite (3.2) molokuTb v (1) = 0, To ToJyIEM PaBeHCTBO

1 8"
7m (O] fomo =<2 2ty =Myt - b,
(3.3)

T. €. II0 XapaKTepPHCTHIeCKOMY (QYIRIMOHANY MOAHO HAlTH n-To-
YeyHbie MOMEHTH CJAYYajiHoH QyHKINH.

Packaagmsaa @ [v] B dynwmuonansuni pag Tefinopa, norydaem,
coracio (2.8) m (3.3), BEIpaskeHHe ;1A XapaKTePHCTUICCKOI0 QyHK-
IUoHala Yepes MoMeHTHEe QyIKIHII nporecca z (1)

X

D [v (7)] :Z;_,S .. S iyt (L, o b0 (D) 0 (E) (34)

n=0
1Ipepcrasum temepn @ [v (t)] B BHIE
@O [v(v)] = exp {O[v (v)]}. (3.5)

Torga ¢pyurmuonan O [v (t)] Takixe MoKHO pPasdHOKUTE B PYHKIHMO-
HanabHHE pax Teitropa:

oo
.7L

O (t )J_Z o S...Sdtl...dz,lKn(tl,...,t”)u(tl)...u(tn), (3.6)

n=1

rae pyERnuA
1 6”
Kn(th s e tn) =7

o). oe e, O [ (T)] fo=o

HasHBaeTcA RyMYJAAHTHo# QpynKiuel mporecca z (&) n-ro mopsxa,
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AnaormuHRIM o0pasoM olnpefe’ldeTci ¥ XapPaKTePHCTHUYECKWit
QYHKIHOHAJ cIydaiiHoTo CKajdApHoro monaA f(ux, t), TAe AnA ompexe-
JeHHOCTH 9epes X, { 0003Ha4eHbl NPOCTPAHCTBEHHEE W BpeMeHHadA Ko-
OpJMHATH, XOTA POJDL BPeMeHHOH KOODAUHATH B PAjie ClIyUaeB MOHeT
HTpaTh W OjHA BHeTeHHAS NPOCTPAHCTBEHHaf KoopauHATA:

o[ (e, ) =exp {i {dae (ato (e, f (e 1)) > =
=exp O [v(x, O]}, (3.7)
a TaKyKe MOMEHTIINe U KYMYJIANTHHE QyHKIHE N-To TOpAIKa:

1 8
i 0 (e t) L. 00 (e, t )
67L
ov (y fy) .. v (@, t,

n

‘,”n (xh tl; <y Ly tn) = ® [U (-X;v t)] |U=07

1
K, € SV PN tn) :-IT ) O (o, )] Iv:o-

(3.7)
Ecau f (x, t) — BeKTopHoe Ilole, To B GopMye (3.7) clegyer caurarth
¥ BeKTOpHoR QyHKIHel.

Ilepeiizem Temeph K KOHKPETHRIM mpEMepaM CAYyYIafHBIX IpoIec-
cos. PaccMorpuMm mpesxze Bcero clydall HempepBHIBHOTo IIpoIecca —
TayCCOBCKOT O CAydaiiHoro npomnecca z (¢) o CpejHHIM 3HAaYCHHOM, PaB-
e myao ({z (1)) = 0). B atoM caydae ¢yurnma z (f) paa aobLix
duKcEpoBaHHLKX 3HadeHW# &, . .., ¥, EMeeT COBMECTHoe TayCCoB-
cKoe pacumpenenennme. PaccMoTpuM ciaydajinyo BeamamHy A =

oo

= { dtv(v) z(r) (v (% o0) = 0). Oua nmeer raycCoBcKoe pacipe-

neleHue
A — (A2
Van S4 23%
¢ mapaMeTpaMu

o0

A= { dromzy=0,

—OC
o

oh = <Ay — A = { { du, draw (1) v (1) B (11, ),

roe B (1, Ta) = <z (1) 2 (7,)) — KoppeaAnuonHas QyHKIuUA IIpo-
necca z (f). Cpennee snauenue Benmunnsl {exp {iA}>, cormacuo (1.20),
paBHO

Cexp (i4}>4 = exp {— 04},

d, clAenoBaTeNbHo, AJiA XapaKTePHCTHIeCKoTo QyHKIMoHANa TayCCOB-
CKOTO CJYYaHOTO HpoIjecca HOJYYaeM BhIpaKeHHe

@ [v ()] = exp {— = SS dvy dtyB (15, ) v (T (12)} . (3.8)
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Jas sroro nponecca exuiucTBeHHOMN OTAMIHON OT RYAA KYMYJISAHTHON
QyBKIHe# ABIAETCA Q(YHRIMA

Kz (tn t-z) =B (tu tz)
u

Ol (1= — 5 \{ dudnb @, wo v ). (3.9)

Pacemorpum n-0  Bapuanmoumywo unpoumssoguyio or @ [v (1)].
I35 Hee moNyvacM IENOYKY pPaBeHCTRB
" . 8"t 80 [v ()]
dv (ty) ... o0 () Dlv(nl= dv(ty).. .00 () Ov(t)
80 [v (1)) o3

T ) v (L) 0ty 00 ) Dlom1+

O [v (1)) =

| 3" 2 30 [» (v)] 8D [ (v)]
Tty vty ov(h) oty

Ilonaras Temeps v = 0, moAyYaeM Jiia MOMEHTHBIX (DyHKIUIL rayccos-
CKoTo mporecca z (f) pekyppenTHoe paBeHcrBo, ofobmaroinee gopMy-
ay (1.17):

n
M, (t, ..., tn):]ZZB (t1y 1) Mnoa (Bar -« o Bieps Liggs - - o ). (3.10)
iy =
Orcroma caexyer, 4ro [Is rayccoBeKoro mpoimecca z (£) co cpegnuM
3HaYeHneM, PaBHBLIM IIYJI0, BCe MOMEHTH HEUETHOTO MOPATKA PABHH
HYJI0, & MOMEHTH 9eTHOTO NOPALKA ONPEINAITCA CYMMOi, B KoTopoi
nponecch z {t;) z (¢;) ycpeauAwTCA MoNaPHo BCeBOBMOYRHEMYI CIIOCO-
famu.
Ormernm, 9ro ecru B gpopmyae (3.9) yuxnuma v (t) oTamuHa OT Hy-
A TonbKo B muTepBane spemenu (0, £), 10

O fv (1)) = <exp {i g dvz(t)v (r)}> =

’ t Ty
= exp{— {dn, {duB(, w)v (v )}, (3.9)

u B 210M caydae ¢pynrnuonan @, [v (v)], xax @ynrnua napamerpa t,
YHOBIeTBOPseT o0bKHOBeHHOMY puddepernarbHoMy ypaBHEHHIO
o, ’
=0 () SdTB(t, o) D, Do=1. (3.11)
4]

ITepeiimem Temeph X UpPHMMepaM pPa3pHBHBIX TpPoNeccoB. Pasphs-
HEI€ TPOIECCH — 3T0 TaKue ciaydaiinke QYHKIUE, y KOTOPLIX H3Me-
HEHHEe TOBEJeHHsA NPOWCXONUT B JUCKDETHHE MOMEHTH BpeMeHH
t, &,. .., 3afaHHHe cTaTHcTEIeckmM of6pasoM. Ilpexine Bcero masa
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OIDMCAHHA PAa3PHBHHX mPoliecCoB TpebyeTcs 3HAHME CTATHCTHKE BTHX
MOMEHTOB BPeMEHW WiH_3HaHWe cTarucTuku umcia n (0, {) nonaganns
ToueK ¢; Ha mETepBaJ BpeMenn (U,

{). llpm oTOM wuMeeT MeCTO Dpa-  p(]s)
BEHCTBO 4

n(0,8) =n(,¢t)+.
Lt )0 << <. (3.12)

J
2 |
Cama seawuuna n (0, £) asagercs |
CAYYARHKM HPOLECCOM, BOZMOIK- VAN 1
|
7
T

Hafl Peall3amusa KoTopoTo m300-

paskena Ha puc. 2. COBOKYHHOCTB %L r
TOYEK Pa3puiBa fy, fy,. ..Hpomec-

ca z () HasHBAeTCA HOTOKOM TO- Pmc, 2. Ofua U3 BOBMOKHEIX peajiH3a-
gex. Hike Mm 6yjes pacemarpu- nuii mpouecca n (0, ).

BAaTh IYyaCCOHOBCKUI cTamuounap-
HbIH DOTOK Touek (cM., HampuMmep, [35]), y KoToPoro BEPOATHOCTH

BHIIIAJaHUA 7 TO4EK Ha wuHTepBane (f,, I;) ompepensercA gopmy-
noi Ilyaccouna

Pn(t;, t)=n = [’L(tlnv—'tz)] exp {— n (tl, t2)} (3.13)

CO CpejHMM 3HAYEHUEM YHCHA TodeR Ha (Iy, £,): n(ty, L) =v |t — i, |,
rje v — CpejHee YACIO TOYeK, HPUXONALIMXCA Ha EQUHHILY Bpe-
menu. IIpu a10M KoxmaecTBa T09eK, BHNIAZAIOIGMX HA HeNePEK PHIBAIO-
LAXCS HETEPBAIAX, CTATUCTUICCKH 1He3aBMCHMEI, & MOMEHTH! BpeMelln
BHIIQ/[aHUA TOYEGK HA mETepBaie (I, f,) TPU YCIHOBLM, YTO HX BHIAIO
n WTYK, TAK/Ke CTATUCTHYECKII He3aBMCUMLI M PABIIOMEPHO pacmpe-
meaensl Ha (f;, f,). [lIuna murepBaia MeXAY COCETHUMH CKAYKAMH
uMeeT SKCIOHEHIMANbHOe pacupegeienue. l[lyaccoHoBCKUE DOTOK
TOYeK — MAPKOBCKMH Upormece (CM. ciexyiomuit gaparpad).

Ormernm, uro Benmumaa (3.13) P, (n) = (6 (n(0, ) — n)>, vior-
HOCTB BepOATHOCTeH BHUaNanua n ToYek Ha uurepsane spemeny (0, ),
Kak (QyuKima DnapaMerpa t, yfoBIeTBOPSAeT PeKYPPEHTHOMY ypaB-
HEHHIO

aP, (0) ,

T:‘—VP:(O), Py (0) = 1; (3.13")

dP, (n
Ll P =) —Pin)l, Po)=0 (n=1,2,...).

Ypasnenue (3.13") ABasierca vacTHEIM Ciy4aeM ypaBHeHHH [ JHCK-
PETHHX MAPKOBCKUX IPOIECCOB M 9ACTHEIM CJydaeM ypaBHeHUWH THHA
Honmoroposa — Menxepa (cM. § 4 fanmoi raasm).

Paccmorpum Temeph ciydalHBIE OPOMECCH, TOYKU pPa3pPHIBA KO-
TOPHIX ABIAITCA NyaCCOHOBCKMMH HOTOKaMu ToYeK. B ¢usnueckux Mo-
NGABHEX 33Ja9aX B HACTOAINEE BPEMS B 0CHOBHOM MCHOJNB3YIOTC A PO~
[eCcCH TpeX THIOB: TyaCCOHOBCKUI CIydYaiiHEE mpoliecc, Tesaerpad-
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Hbil mpottece Ir 06obmennsli Teserpadunii apouece. ITHM mpolleccam
ML H VAeIHM OCHOBHOE BHUMAHHE.

[lyacconoBckuM (MMOYIBCHEIM) CAYYAaHHEIM TPONECCOM Z (t) ma-
3BIBAETCA OPOLECC, OMUCHLIBACMEIA (opMyloi

— Sege—1, (3.44)

rae chaydainble BeARIHHH §; CTATUCTHIECKH He3aBUCHMEL C ILTOTHOCTHIO
seposaTHocteii p (€), a caydaliueie TOYKM Iy paBHOMEPHO pacipepele-
nH Ha unrepsane (0, 7'), Tak 410 YUCHO UX 1 PaCHpEReICHO IO BAKO-
uy Ilyaccona ¢ mapamerpom 72 = v7I. Oyuxnus g (v), oNUCHBAIIAA
dopmMy HMNYAbCA,— AETEPMUHUPOBANHASN (byﬂhunﬂ (g (t) =0 uvpm
T < 0).

Bramenum  xapakrepumcTHuecKuit (YHKIMONAN BTOTO 1LIPOIECCa

4

Dy v (1)] = <exp {i Sdrz (t)v (T)}>Z. (3.15)

Vepennenne B gopmyae (3.15) 6ymem mposogurh B ABa srama. CHava-
A yCpeaHHM TMo CAyYainoil BeaAUINEe § M M0 MO0 KeHUAM CYIafHBIX

TO9eK [j:

D, v (v <<e‘<p {z SdT v (T) ihg (t — t;‘.)}>g’ t >n =

h:l

_<[%S dr w (gdru mea—D)["> . @10

roe W (v) = J d& p (E)exp (i&») — xapakrepuctuueckaa Qyunkumsa

— 00

cayyaitno peanmunnnt . Ilycers ¢ << I'. Torma dopumyay (3.16) mosxno

Tmepenucarh 5 BUje
t t
T - —¢ |
@, [v(r)]=g[75dtw(g drv('c)g('r_t)) | PRENCEY)
0 7
Yepepnnu Tenephb Bupamenue (3.47) o myaccoHoOBCKOMY pacupepede-
Humio P, = 2 ¢ cayuaiinoft BeAMTHHH 7:

n!

O, [v(v)] =exp {v { ar [w (S dvv(v)g (v —1)) —1]},

o t

Olv () =v {at { aep {exp|it efdvome—n]—1). 3.18)

—00 "t‘
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HyMy.II}IHTHble (bYHRL[‘I/II/I IIpyu 2TOM UMET BUJL
©omindty, ..., tn}

Kt oty =v@®> | digta—0)...gt,—1). (3.19)

0

Paccmorpum dacTHbIE CAy9au HyaCCOHOBCKOTO HpPOIECCa.
1) Ilycrs

1, t>0,
s=00=1{y ,Z,
T. €.
n n(o, t)
s()= 2800 —1)= 2 L.
1=1 1=
B arom caygae K, (¢, - . ., L) = v "> min {¢, . . ., t,}.

Ecim npm stom § = 1, 10 nponece z (f) = n (0, t) u gas nvero

K,(t,...,t))y=vmin{ty, ..., 1,), (3.20)

t

O, v(®)) =~ g‘df {exp [L'Sdru(r)] — 1}.

&

2) Illyets g (t) =0 (1) — 0 (1 — 8), 1. e. MBI UMeeM HPAMOYTOIb-

HLI# AMOYJILC TIAAUTEABHOCTHI0 O. ITOT WPOLUECC CTAMOHADEH, H
Ki(t)y=~<E>9,
K (1, 12) = v (£ 6(1 — ';—') 0(1 — 'g—') (T =ty — t).

3) Hycrs g (1) = e % 0 (¢) (& > 0). Ilaa rakoii GopME EMIYABCOB

(3.21)

—1 n

K,(ty, ..., )= vfn> [exp {— a z(tk — tn)} — exp {— a Z tkH

k=1 k=1
(>t > .. >t

Ecan af; > 1, o uponece z (t) cranuonaped u

n n—1
, &™

Koty -0 t)=2E 2 exp {_ « ;\Z (ty — tn\}. (3.22)

f=1

B wacrroctn,
|4
Kyi(t) = v§:> ; )
v ety (3.22")
Ko (Iy, 1) = — = exp {—a |t — by }.

4) Ilycry remepb g (t) = 6 (f). B arom cnydae mponece Z () =

\' Q
=]2| Ex0 (¢ — ¢y) maspBaercst OOKTHO TpoIECCOM APobOBOro MIyMa.
=1
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3ToT Tpomece ABIALTCHA TaCTHBIM CHydacM AelbTa-KOPpPejupoBamHbIX
aporeccos (cM. o6 aToM caegyomyio Tiasy). [[as taroro mpongecca

oo

0, [v ()]=w Sd’t S d& p (§) {exp {iEv (1)} — 1} (3.23)

—0
B RyMyJAsAHTHBE QyHRIUA

Ko (ti oy b)) = v CEDO (t — 1) (B — tg) + - . & (tye g — 1)-
(3.24)

OrMeTnM, 910 MyacCOHOBCKUIT NPONECC C NPOM3BONBHON HMIIYIHC-
Hoii dynxumeit g (f) cBAsan ¢ mpoueccoMm Z (f) dopmy.ioit

t
_r

z{l) = dvg(t —7)2(%). (3.29)
0

Pacecmorpum Temeph CTaTUCTHYECKHE XapaKTepHMCTHKH Telxerpad-
HoTO ciayuaiinoro mpornecca, caenys padore [20]. Temerpaduinit po-
necc z (f) ompegeisercs Gopmynoi

dO) =—a (=)0 @O)=a 2O =a),  (3.26)

rae n (t, 1) — ciaydafinad HoCAEeTOBATEIHHOCTh TEJIHIX YHCeN, OIH-
CHIBAIOMAA KOJHYECTBO CKAYKOB Ha HHTepBaxe ({;, ¢,). IIpm s1oMm, Rak
W IS8 NyaccOHOBCKOTO Tporecca, pac-

2(1) CMOTPEHHOTO BHimIe, GyAeM CUYATaTh,
7 4T0 OTOK TOYER HABIAETCHA HYACCOHOB-
CRAM CTAI[MOHADPHKM MOTOKOM. 3alHUCh

tenerpaduoro mponecca B Buue (3.26)

neuoAblosanack B kumre Hama [36].

h

Ha puc. 3 npeacrasxemna ojiia 13 Bo3-
MORHLIX peajmsanuii npomnecca z (1).

- Bygem cunrarek pmavaie, 910 a4 — 1e-
TePMUAAPOBAaHHAS BeIWUYMHA.

Puc. 3. Omma ¥3 BOSMOMKHBIX Ilxa reaerpadroro mporecca z (1)

peanusaiuii Texerpaguoro €ay-  HeBO3MOJKHO B ABHOM BHJE BHIIHCATDH

UaHROTO - uponecca. RBIPAJKEHHE ANA XaPAKTEPUCTHIECKOTO

$yHKIHOnANA, OXHAKO JeI'KO NOXYIUTh

nurerpo-gudde pennuanbHoe ypasiieRne, KOTOPOMY OIl yOBIETBOPAET.

Pacemorpum mMomenrine GYHRIMU nporecca z (£). YIuUThBag NpH
aToM pamencrtBo (3.12), monyuaeM

(= 7]

() =a 2 (—DUOP, 4 =aexp{—2n (0, )} =
n(o, H)=0 N
= @ exp {— 2~}

(z (1) 2 (E5)) = a® {(— 1)nO 0, )y == g2 ((— 1)nte 1) ) =
= a? exp {'— 2n (tz, tl)} =a? exp {—' 2v (tl —_ tz)} (tl > tg),
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M.n(tl, ey ty=2C2(ty) ...z (t,)) =

—a® <(_ 1)77(0, t)+n(0, E2)4+n(0, L)+...4+n(0, t”)> —

= " {(— Dt 0y ((— 1) WO )y
=z () (E)Y Mg (tsy -y t)  (Bi>t>...>1,). (3.27)

OTMeTHM, 9TO PeKyppenTHoe paBeHcTBO (3.27) o9eHb HoXO0sKe HA COOT-
gomenue (3.10) 1as raycCoBCKOTO Hpolecca ¢ aKCHOHeHITAANbHOA Kop-
pensAnmonnoit dpyurimeir. OramgHe COCTOMT B TOM, UTO IpaBas 4acTh
(3.27) coorrercTByer TOJIBKO oioMy M3 ciaraemnx B (3.10), orBewarn-
[EMy OIpE/ICeHOMY YROPAHLOYCHUI0 IO BPEMEHM.

PaccmoTpum Temepb XapakTepHCTHYCCKHi QYIKIMoNan AXA 2TOTO
mpoliecca

DY [v ()] = <exp {i gd'c z (1) v(r)}>, (3.28)

Ifle HHAEKCOM @ OTMeueH TOT (DAKT, 9410 @ — MeTeDMUHHpOBARHAA Be-
aumunHa. Vcmonb3ysa pasioskeHne XapaKTepPHCTHYECKOTo QYHKIMOHA-
a1a B ynruuonanbabiit pax Teimopa (3.4) U peKyppeHTHOe PABEHCTBO
(3.27), uonywaeM pasloiKeHMe

o 14

(Df[v(r)]zzl ‘ S...Sdtl. At M (L o YD (E) . v (E) =

n!
n=0 4]
t t t

=1 +tia S dte 2ty (ty) -1- a® S dty S dtge2th=t)
4] 0 4]
o s t'n—l

xv()v(ts) D Cdt. .. § oL, v o).
e ' (3.28)

CymMma, croamasa B upasoii yactu (3.28'), Brpasaerca depes caM xa-
pakrepucrmueckmit ¢gymxnuonan ), B pesynbraTe Uero mojiyuaem
HHTETPAIbHOS yPABHEHNE

14
O o ()] =1+ ia\dterro (1) —

0
t 1

— a2\ dt, { dtgentetan (1) v (1) DL 0 (7). (3.29)

0

Hudpdepernupys (3.29) mo ¢, moaydaeMm muTerpo-AHddepenuanbuoe
ypaBHeHne
6(])? .ot Py t —ov(i—ty) a
— = lae M (t) — a’v (¥) S dt,e 2=ty (t,) Dy, (3.30)
4]
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VYpasnenne (3.30) B obmem caydae pemuTh He YAASTCA, W OHO K-
BUBAJICHTHO AUQdepeHIuaibhioMy ypaBHenui0 BTOPOTO MOpAAKA

dZ(Da d d(Da a . ’
dt‘; e [2\; — = Inv (t):, 7 L a2 (6)yby =0, (3.30%)
do?
Dy=1, —*| =iaw(0).

IMycrs tenepn Bennana a Oyner caydaitnoil BeawuuHo# ¢ wIOT-
HOCTBIO BepoATHOCTeH p (a). JIIA MoAyYeHMsA XapaKTePHCTHICCKOTO
dyHKRIHOHANA Tpomecca z (t) B 2TOM cayvae Tpedyercs yCpegHHTH
ypasnenne (3.30) mo cayuaiinoit eawuune a. Jro B obmeM caydae
TaRRe He yAaercA oCymecTsUTh. U ToNABKO fas Caydadnoll BeIWImiLl
@ ¢ pacupegeneHreM

p(a)=—-[8(a —ag) + 8(a- ap)],

s koropoit {a) = 0, a® = aj (COGCTBEHHO, MMEHHO 3TOT caydai
W HA3LIBAETCH OGLIYHO TeaerpadIbiM HPOLECCOM), MOYKHO YCPERHHUTH
ypasnenne (3.30). B pesyuabrare mosyuaem ypaBuewme

t

am, [v
S = e 0O\ dte e ) D@, (B3.31)
0
HJIM ypaBHEHHE BTOPOTO MOPSA/IKA
20 d do ,
S B [2\7 — = lnv(t):, - A @ ®,=0, (3.31)
o,
o=1, T

Ormernm, 4to B HacTHOM ciaydae v (t) = v ypasuenne (3.31') pemaercs,
¥ eTo pelleHye MMeeT BHJ

O, [v] = <exp {iv Stdr z (T)}>:

— et [ch VVZ,_ ag?t -

- 2t 2 39
VVLW sh V' v2__g%2 } (3.32)

Taxum obpasom, Bripassenue (3.32) spagercs onHOTOUETHOH XapaKre-
t
puctudeckoit ¢ymErnumell cayuaitHoro wupopecca & () = Sdr z(1).

PaCCMOTpI/IM Tenepb 0000MEeHHKNE TenerpadHbil MPONECe, OMUCH-
BaeMbiit Qopmysoit

2 (t) = ang,, 1y (3.33)
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3necs n (0, t) — caydaiinaa mOCACROBATENLHOCTH LEJALIX THCEN, OMH-
CAHHAaA BbIIIE, & BeIUIUIlbl @; CINTAIOTCA CTATUCTHYCCKU HE3aBUCHMbIMHA
¢ pacupenenenneM p (a). Ha puc. 4 mpeacTasneHa ofHa U3 BO3MOK-
HBIX peajusanuil 3T0T0 mpouecca. J[as mpouecca z (f) umeeM

()= 2 @b, ngo, 9> = 2
=0 (3.34)

z(ty) z 2!2.1<aﬁal> Bk, neo, 1901, n(o, 12> ==

, =0

. '1 N
= {a*) }}J Ok no, 1y Oo, n(te, 1y 1+
=0

o

+ <a'>2 {1 - Z‘l <6/\', n(o, t2)> <60, n(ts, t1)>} =

= (a?) eVt L (g} (1 — eV(hmh)) (ty >t)

m r. g Ilpn srom dyurmus (8, nw 1)) = z(7;

z, &
= P‘l?(tz, t)=0 — €Xp {*— v ‘ ty — &s |} — Bepo- Z 4
ATHOCTH OTCYTCTBHA CKAYKOB HA WHTEpBa- g &
ae  (ty, ta). %

Ilas takoTo wpolecca He YHAGTCH IO- a5
JAYyYUTHh COOTHOLIEHWE, aHaJoTHutoe (op- [,5 I3
myae (3.27). llpu BuBoge ypaBHeHHA AJA '_”5
XapaKTepUCTHIeCKOTO (PYHKNMoOIIanza cy- Y
OIECTBEHHO, YTO JTOT NPOIECC — MAPKOB-
cruil (cM. caemywomui maparpad). Jro :
ypasuenue Oburo woaydeno B paGore [37]  Puc, 4. Onma 13 BOSMOMEHBIX

U mMmeer BHJ peanu3anuil 0606ICHHOr0
TeaerpadHOrO mpoiecca.

D, [v(v)]= <exp {z’ S‘ dt z (T) u(r)}> — <exp {ia, § dtv (r)}> v

Jv Stdtl exp{—~v{— 1)} <exp e Sdr v >\Dtl . (3.3H)

Heproe caaraemoe B mpasoit vactu (3.35) CooTBETCTRYET OTCYTCTBHIO
craukoB Ha mutepsane (0, {), a BTOpoe — KOJNMYECTBY CKAYKOB Ha
(0, t) oT oHOTO A0 GECKOHEUHOCTH. 3/1eCh MOMEHT BPEMeHU f; ABIACTCA
MOMEHTOM HOABJAGHHUA MOCHEIHET0 CKRavKa.

Ormerum, uyro upu p (a) =%[6 (@ — ay) + 6 (a + a,)] ypaBHe-

mue (3.35) coBmajaeT ¢ ypaBHEHHEM, COOTBETCTBYIOIUM Tejerpagno-
My mporeccy, ¢ 3aMeHoit v ma v/2. 9To eCTeCTBEHHO, TAK KaK AJA 3TOro
nuporecca, B OTINYUE OT Tejerpa@roro, B MOMEHT BDPEMEHH HACTymJe-
HMsA CKaYKa BENWIHHA 2 ({) C BePOATHOCTHIO 1/2 MojKeT HBMEHHTD 3HAK,
49TO HPHBOTUT K YABOGHUIO CPeAHEl0 BPEMeHH Me:RAy cKaduamu. Ecmm
v (t) ='v, To ypasuenue (3.35) AeTKO pemaeTcsa ¢ NoMOmmbio mMpeodpa-
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sopammsa Jlammaca, T. e. MOKHO ONpENETRTH XapPAKTEPHCTHISCKYIO
t

¢yHrmuo nponecea & (1) = | drz (1), ®xak W B cxydae Tejerpadmo-
0
ro mpoiecca.
Orvernm Takike, 910 mpouecc resderpadEoro THma
7(0, 1)
4
()= D a (3.36)
k=)
KOTOPHIil MoieT UMeTh, Boolme roBops, peaqHsailiy, COBIAKAMIIHE
¢ peanmsauuamu obobmemitoro Temerpadrroro nponecca (puc. 5), ToxK-
JleCTBEH € ILyaCCOHOBCKEM npoiieccom (fopmyaa (3.20)).

i
7(1) r iy iy
l "'—
\/(0 yﬂ+//7+az+&'3+%
Gp+ Y+ iy + 4, ¢
g 71273
Gty

Puc. 5. Omma w3 BOSMOMRHBIX peajnsamyil TyaccOHOBCKOro Ipomecca z (t) =
n(0,f)
= D @, T n (0, ) — IYacCOMORCKWIl TIOTOK TOUeK.
k=0
Boime mbr otmevand, 4ro nyaccoHOBCKMI MOTOK TOYER H IIPOIECCHE,
NOCTPOCHHBIE HAa TAKUX TOUKAX,— MAPKOBCKMe uponeccu. Ocramo-
BHMCA TeIlepb HA 9TOM BajKHOM KJacce CIydalHBIX npomeccoB Gouee
nojipobHo.

§ 4. MapxoBerne nponecest

B npepsymem maparpage Mbl pacCMaTpHBAJH XapaKTepHCTHIE-
cxmit QynmknMonaa uporecca z (¢), KOTOPHL ONHMCHBACT BCE CTATHCTH-

YeCKHe XapaxkTepucTHKM z (f). Ecam remepp B gopmyme (3.1) momo-
n
HUTh v (f) = 2, v (t — &), To (3.1) Hepexomur B COBMECTHYI® Xa-

=1

PARTEPHCTHYCCKYI0 QYHKIMIO CAYYallHHX BeJIHIAH zp = 2 (¥):
e N
D, 1y vy 0,) = <exp {L hzlkaz (tk)f/,

npeofpasopanme MDypbe KOTOPOH oNpeneadeT COBMECTHYH ILIOTHOCTH
BepoATHOCTeH A sHadeHHI mpomnecca z (f) B AUCKPETHHE MOMEHTEl
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BpeMeHH:

Pa (21, 15 23y By o0 o5 Zny L) =<0 (2 (t) — 21) . . . 6 (2 (ta) — 2,)D.
(4.1)
Ilycts BrOpanHbe MOMEHTH BPEMOHW YIOPAXOYEHHl CHSAYVIOIGUM 06-

pasom:
B>t ... >t

Ilo oppegmesienmio YCJIOBHOH BeposTHOCTH (cM., mampumep, [35])

gbn(zlv by - e 2, tn) =

= Py (B Iy v o5 Zay Bn) Pn (B Ta |2y Byy oo 5 20y 1), (4.2)
IA€ pp — YCIOBHAA IIIOTHOCTH BEPOATHOCTEH JIA 3HAYCHHA UDOIeC-
ca z (f) B MOMEHT BPeMEHW f; UPH YCIOBUH, YTO B MOMEHTHI BPEMEHM
ty (=2, ..., n) dyHxuus z (!) UpUHUMAaNA BHATEHHUS, DPABHEIE
z (tx) = 2zx. Ecum npouecc z () rakoB, 4ro s BCex #; > I, yCJAOBHAA
IJIOTHOCTH BEPOATHOCTEH OJHO3HAYHO ONPEEIACTCS 3JTAUYCHHEM Z,,
UPUHATHIM B MOMEHT BPEMEHH £, H COBCEM N1C 3ABUCHT OT I PEJIIIECTB Y0~

mMeH UCTOPHUH, T. €.
pn (Zh tl ' z27 tz; .. ; z7l1 t‘n,) == P (Z]_, tl lz‘zv t2)7 (43)

TO HTOT IIPOIECC HABLIBAETCS MAaPKOBCKUM UPOIECCOM AU HPONECCOM
fes mocaegeiictBus. DyHRIUA

P& t]20,8) =B () —2) |2(t) =2 (>1) (44)

TOPA 9T0M HA3EBACTCA MIOTHOCTHIO BepoATHocTel nepexopa. Ionaras
B (4.4) t = t,, moNy4aeM DPaBEHCTBO

P (2, to | 20, to) = 8 (2 — 2). (4.5)

Hopcrasmm BEipaskenme (4.3) B popmyny (4.2). ITomysaerca peryp-
DPEeHTHOE PABEHCTBO [MA R-TOUCYNON HO BPEMEHH HJIOTHOCTH BEepPOAT-
HOCTe# wmporecca z (f). Urepupys »sTo paBeHcrso, HaXoJHM CBHA3L
P, ¢ OHHOTOYEUHHM PpaCHpeeieHuEM BepoATHOCTE:

gb‘n (zlv tl; . ey Zny tn) -
=p (Zh tl | z27 t2) R 4 (zn—lv tn-—-l I Zn, Zl’n) Ptn (zn) (46)
(>t >...>1,).

Taxum oOpasoM, BCe CTATHCTHYSCKHC XAPAKTEPUCTHRA MAPKOBCKO-
ro mpornecca z (f) onUCHBAWTCA BCETO JBYMA (YHKOUAMU — IAOT-
HOCTBIO BepoATnocTeii nepexona p (z, ¢ | 2, ty) U ogHOTOUETON HIOT-
HocThIo Beposruocreit P, (z). Ilpu orom Benwduma p (z, t | zo, to),
KaK (QYHKOHUA CBOUX apryMeHTOB, YROBIETBOPAST HEJUHEHHOMY HH-
TerpaibHOMY YpaBHEHMIO, HashiBaeMoMy ypapHenneM CMoAyXoBCKOTO
(mam ypasmenmem Honmoroposa — Yenmena). a5t ero BHBORA 3aMe-
THM, UTO ecJjau uporece z (/) HPUHEMAaeT 3HAYeHHe B QUKCUPOBAHHEIE
MOMEHTH BDPeMCHH o < [; <C ! COOTBETCTBEHHO 2z (Iy) = 2, 2 (f,) =
=2y, 2 {{) = 2z, TO UMEET MECTO YCJIOBHE COTAACOBAHHOCTH

j. dz1Ps (2, t; 73, ty; 20y te) = P2 (2, 1; 2, to)- (4.7)
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Uoncrapasis reneps B (4.7) Bupamenusn ana Py u P, us (4.6), mony-
9aeM DPaBEHCTBO

p (Z, tlZO, to) Pto (Zo) = ‘delp (Z, t | Z1, tl) P (Zlv 121 ' Zoy tO) Pta (ZO)' (48)

Coxpaman mpasymo u JgeByio gacty (4.8) na Py, (z,), HaxoquM HCKOMOE
ypaBHeHHe:

p(Z, tlZO, t()): Sdzlp (Z, t'Zl, tl)p(zl, tI(ZO, to) (4.9)

Ecan ke mpounrterpuposath paBeHCTBO (4.8) mo z,, TO Ioaydaercs
IWHelHOe WHTeTpaJbHOe YpaBHEHHWe /A OJHOTOYEYHOU NJIOTHOCTH
BEPOATHOCTEH:

P(s)=\dzip (2, t) 21, 1)) P (21). (4.10)

Wnrerpanbusre ypapuenus (4.9) u (4.10) nospoasior monydarh aud-
depenuuanbupe (I HHTETpO-mUPepeHNUANBEbIE) YPABHOHUA A
TPOCTENNINX MapPKOBCKUX mporeccoB. Mer He 6yneM 3aHUMaThCH HX
BLIBOZOM (BBHIBOI MX COJED;KMTCS B MHOTOYMCIEHHON y4eGHOi murepa-
TYpe 0 TEOPHH CAYIallHEIX MPOIECCOB U ee MPUMEHEHHAM K Da3iinmd-
HbIM UBWIECKHM BajadaM — cM., Hanpumep, [35, 38, 39]), a npupe-
AeM JWIIh KIACCHPUKAIMI0 NPOCTEHITNX MAapKOBCKHX ITPOIECCOB U
OCHOBHHE ypaBHenus, ciaenys wuure [39). Yuurnsas, uro mepemen-
Haf 7 MOJKET MeHATHCA JUCKPETHHM HJIH IENPEepHBHEIM 06pasoM, a
TaK3Ke 9TO W caMa CiaydaiiHas QYUKIUA MOKET MEHATBHCA KaK Helpe-
PHIBHBIM, TaK M JUCKPETHHIM 00Da30M, MOJIYIAEM YETHIPE BO3MOGKHLIX
crydas: 1) gHCKpeTHEIE MPOLIECCH ¢ JUCKPETHEIM BpeMeHeM, 2) He-
NpPEepHBHBIE NPOIECCH C JIMCKPETHHEIM BpEMEHEM, 3) JUCKPETHBE ITPO-
I[ECCHI C HEITPePHBHEIM BpEMeHeM, 4) HempEepHBIIbIE ITPOIECCH C He-
NpepsIBHEIM BpemeHeMm. IH{pome Toro, BHOENAETCA eme OZUH THI CIY-
YafHPIX MApKOBCKMX IPONECCOB, TaK HA3HIBAEMBIX D) JUCKPETHO-HE-
MPepHBHEIX NPOIECCOB, Y KOTOPHX IPH HeNpepHBHOM M3MeHEHWW
B HEKOTODHE MOMEHTEHI BDPEMENM HUMEITCA CKAYKM (MCKDPETHHIE HIH
HeNpepEIBHLE), a B NPOMEKYTKe MEKAY CKaIKaMH IIPOLEecC BefieT ce-
051 KaK HenpepHBHBN CAYYafHBIA TPOIECC.

Kpowme atux nATH BUZOB HPOI1IECCOB HMEIOTCH elme 60Jiee CI0RHbIEe —
CMeIIaHHBIe BUIBI CAYYAHIIBIX IIPOIECCORB. :

YuautsiBas, 9T0 B flaJbHEHNIEM Hac OYAYT HITEpPecOBaTh TOJBKO
CTOXaCTHYECKWE YpaBHEHHUA, T. €. [uPdepeHnuarbisie UIH HHTEIPO-
nudpepeHIHATPHEE YpABHEHUA, KOA(PPHIHEHTH KOTOPHIX ABIAKTCH
CNYIaHHHIMY QYHKIMAMHA BPEeMEeHH, OCTAHOBUMCS T1a MAaPKOBCKHX IPO-
I[ECCaX C HEIPephHBHHM BpeMeHeM 0(oJiee HoApolHO.

PaccMoTpuM QUCKpETHHIA MapKOBCKUiA mporece z (t), KOTOPHI Mo-
JKeT IIPUHMMATh TONLKO AUCKDETHHE 3HAYENWs 7;, ..., Z,, OpHIEM
TEePeXOf ¢ OFHOTO 3HAYEHUS Ha APYTOE HPOUCXONUT B CIAYIaWHBIE MO-
MeHTH BpemcHH. BBejeM miIoTHOCTH BEpOATHOCTEH Hepexoia

Piihtd =@M —z) |2t =2>  (tb<T0),  (411)
leij (tv t0)= 1'1

1
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KOTODas €CTh YCJOBHAS BePOATLOCTh LPHHATH mpoueccy z (f) B Mo-
MEHT BpeMeHH [ 3HaYenue z;, eCAd B MOMEHT BpeMeHH f, OH HMeJ 3Ha-
vernne z;. llpu aTom ouesmano, aro

Pij (Loy to) = 845 (4.12)
J[ota MauTHIX BpPeMeHHbIX WHTepBasoB Af — 0 »
pij (t + At t) = 8;; + a;; (H)At + o (A1), (4.13)

rae  ai; (£)Af — BeposATHOCTH DEpexoma W3 COCTOAHUSA 2; B MOMEHT
BpeMein ¢t B cocrosiHme z; 3a Bpemsa At. Ilpum atom

ap() >0 (i), ajt)=— 2 a;(), (4.14)
i(i#7)
TAK KaK JIOJGRIIO COXPAHATHCA YCIOBHE HOpPMUpOBKA (4.11). |
llexonsn na ypasnennmsa Cmoryxosckoro (4.9), Jerko moKasats,
ucnonb3ya (4.13), uro BepoATHOCTDL pi; (f, to) yHOBIETBOPAET CHCTEME
auHedHbIX AnddepeunnaTbHbX ypaBHeHUH

n

Zpi(t, t) = Zam Opet t) (=1, ...,n). (415)

k=1

YpasHenusy (4.15) yHOBIETBOPAIOT He TOJIBKO BEPOATHOCTH HEPEXO-
1a, 110 ¥ OAHOTOYEUHHC BepoATHOCTH P; (1), Tak Kak

Pty = ZJJ pii (L, to) pl, (4.16)

rie p) — uavanabEble BeposTHOCTH cocrosumit (p] = P; (t,)). Cue-
HOBATEJBHO, UMEIT MECTO YPABHEHHA

A=Y aw ) @), Pt =pt (417)

k

B KavecTBe MJIIOCTPAITMM MPUBEAEHITON BEHIIIE TEOPHM PACCMOT-
pUM JBa TpHMeEpa.

1. Myers caywaitunii mponece z (f) = n (0, {) — UUCI0 CKAYIKOB
Ha wunrepsane (0, t), KoTopble IIPOHUCXOAAT B CJHYYAHHLIE MOMEHTH
Bpemeru. BosMomHaa peanmsanus OTOTo 1poliecca MpUBeeHa Ha
puc. 2. Tlponece z ({) MoyeT UPHHUMATh JMIIb 1EJOYHCTCHHLIE 3Ha-
gennn 0, 1, 2, . . ., u 1Ipu 9T0M, 04eBUAHO, p;; (¢, t,) = 0 mpum i < j,
t > t,. lIpenmonaras, ganee, 9T0 BEPOATHOCTH OJJHOTO M3MEHEHUA CO-
crogHuA B HHTEpBaxe BpeMeHu (¢, ¢ + At) paBHa v Af {0 (Af), a
BEPOATHOCTh OTCYTCTBHA CKaukoB paBHa 1 — v At 4 o (Af), u npe-
Hebperasi BO3MOKHOCTBIO OBYX M 6o0Jiee CKAaYKOB Ha 3TOM WMHTEDBa-
7Te *), MOKHO 3anucatk cHcTeMy ypaBHeHuwd (4.17) puA paHHOTO

*) 9TH TPeANONOKEBUs ONpPefeNAnT NYACCOHOBCKAN IIOTOK TO4EK — MO-
MEHTOB BPeMeHM BOBHUKHOBEHWA CKAIKOB (cM., mampmmep, [35]).
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nporecca, KOTopasg NPHHUMAET BUJ

dP ' apP;
dtoz——‘vpm thz—vpi(t)+vpi_l(t),

Po(0) =1,  Pise (0)=0 (+18)

A coBHagaer ¢ cucreMoit ypasnenmil (3.13). Ilpu srom unmexc i coor-
BerctByer sHavenuio n (0, t) = n.

2. B xadectBe BTOPOTO mpHMEpa pACCMOTPUM MPOCTEHINHMA Map-
KOBCKHMH MpOmecc ¢ KOHEYHBIM YHCIOM COCTOSHHUN — TejerpadHsril
NpOIecC, UPHHUMAIONUN 3HadeHUA 7 (f) = —4-a. ITOT MpOIECC MH
paccMaTpuBaNd ¢ APYTHX [o3uuil B mpexsriymem Daparpade. Iycts
BEPOSATHOCTH Nepexofa 3a Majxoe BpeMa At (a - —a) ¥ (—a — a)
paBHH Vv At -+ 0 (At), BepOATHOCTH COXPAHUTH CBOM COCTOAHHA 3a
Bpemsa Af, coorsercTsenno, paBHel 1 — v At -} 0 (At), a BeposTHOC-
TH HAYAJBHHX COCTOAHMI paBHH pg u P-o= 1 — p5. B aroMm cayuae
BEPOATHOCTA IEPexofia ymoBieTBopsior cucreme (4.17) ¢ mapamerpa-
MU @y == (49 = —V, (9 = 0y — v, PeIIEHHe KOTOPOH HMeeT BHN

pu (1:) = PDas (-c) = .;_ [1 L e,
(4.19)

p12 (T) = pa () = _;_ [1 — e, —t—t,.

AnaroruaaniM 06pa3oM mOIYyIaeM W BHIpAKEHUA JIA OJHOTOIEIHHX

BEPOATHOCTEIH
1 ;
Py(t)= + [pg—'z—] e,

Py (T) = — — [pg *%]e_m' (4.20)

| &) )A[\::I»A

Feau B HavarbHEHT MOMEHT BpeMeHH Iporece z (1) uMeeT pUKCHpPOBAH-
uoe sHawenue z (f,) = a, 1o py = 1 u (4.20) mpurEMaer BUN

[ enT), Py(t)= - [1 — e27).  (4.20))

Io‘ —

Pl(T)—_—

ITH pacHpefeeHAs BepoATHOCTEH BLIXOMAT HA CTATMOHADHBI peyRUM
npu t — oo, a WMeHHO: P, (00) == 1/2. Ecxu :xe B HavanbHEI MO-
MEHT BpeMmeHd po = p_i= 1/2, To mporecc z () ocTaeTcs crammoHap-
HHIM U B ApyTHE MOMEHTHl BPEMEHH.

OrmeTuM, 910 fuA AaHHOTO mpornecca GopmMyaw (4.19) Moo 065-
eIUHATE B OAHY GOPMYIY, a HMEHHO, COTJACHO OIpEefeNeHHI0 IJIO0T-
HOCTH BEpOATIIOCTeH Iepexona (4.4):

Pzt ] zg, te) =<8 (z () — 2) |z (t)) =200 =6 (z — z0)P; (7) +
. + 0 (z -k zo)P, (v), (4.21)

rne P, (t) u P, (1) naorcs popmynamu (4.207), av = ¢ — ¢,. Mcexons
u3 pasenctsa (4.21), merxko moayeurth myreM auddepeHIMPOBaHUA 1O
t nuddepeniuanbioe ypasHeHue niasf p (z, t | 24, {,), KOTOpOE HMeeT
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Bft ;
—7 P )20, b)) = — v (p (2, t|20, L)) — P (— 5, |20, tg)}. (4.22)

Vpasnenue (4.22) ciaepyer pemaTh ¢ Ha9aTbHBIM YCIOBHEM

p (2, to | 29, to) = & (z — z,).
TaxuM 06pasoM, MIOTHOCTH BEPOATHOCTEH Mepexofa TexerpadHoro
mporecca p (z, t | zy, t,) YAOBITETBOpAET IHHEHHOMY OnepaTopHOMY

ypaBHEHUIO

a , ~
Wp(z. t|z0, to) = L.p(z, |35, ty), (£.23)

e

Lf @) = —v {f (@) —  (—2)}. (4.24)

OryernM, 910 5T0 00HIee CBOMCTBO BCOX MAaDKOBCKHAX Ipoieccon. -
HAKO 3aImUCaTh ypaBHEHWE /LI ILIOTHOCTH BePOATHOCTeH Mepexofa
B TaKOH KoMuaxTioit popme, kax ypasmenme (4.23), He Bcerja yma-
ercA. Tak, B ofuem caydae ITPOMSBOJIBIOL0O MapKOBCKOTO IpoLecca

¢ KOHEYHEIM YHCJI0M COCTOAHMA poxb omeparopa L, UI'paeT MaTpHila
| @i |l B (4.15) m cama dynkuma p (z, t | zo, t,) ABAACTCSH MATPHIEIi-
dynxnumeir. B arom ciaywae guas moGoit peammsanmu mpomecca z (t)
BHITOJTHACTCA TOMRECTBO

z () — zllz (@) — z) ... [z (@) — z,] == 0. (4.25)

PackpuiBas ckoGku B (4.25), Mbl BUAKM, UTO UMeeTcs airebpamdeckas
CBA3H MEHIY PasIddnbIMA CTEMeNAME Ipomecca z (f), a UMEHHO:

) =(z k. )TN0 R (=) ez, L 2, (4.26)

[lma remerpaduoro coy¥aiiHoro mpoiecca, T. e. mporecca ¢ ABYMSA
BOBMOMILIME  COCTOAHUAMU 2 (f) = —Z=a, TOskAecTBO (4.26) cmabno
VIpOaeTcA:

22 (t) = a?, (4.26")

910, KaK MBl YBHHM Jlajlee, OKa3BIBAETCHA OY€HDb [OJE3HHM A aHa-
JU3a CTOXACTHIECKUX ypaBHeHUH ¢ IyKTyanusMm mapaMeTpoB B BHU-
ne TererpadHOTO IpoLecca.

Paceymorpum Temepr ciydaii HenpepHBHBIX MapKOBCKEX IIPOIEC-
coB. B arom cayuae caencrsumen ypasmenmsa Cmoryxoscxoro (4.9)
SABISETCA CHEAYIOLLCE OllepaTOPNoe YpPaBHEHUE s IJIOTHOCTH Bepo-
ATHOCTEH 1epexona p (z, t | 2y, £,) (cm. [39]):

a g (—__/1 m n
=D (20 t] 20, to) = Z i e 1B (2, 1) p (3, |70, o), (4:27)

n=1

rie Qyuruuu B, (z, t) ONpeeNAI0TCSA ¢ MOMOUIBI0 PABEHCTB

B, (z, t):i}g%-({z(t A — 2 ()" |2 (1)) =

= lim A
Al A2

Sdz [2(t +AL) —z ()" p(z, t + Atz t). (4.28)
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Crxepcrsmem ypasnenus (4.27) ABIAETCA aHATOTHIHO® ypABHEHHE I
OHOTOYETHON MIOTHOCTH BePOSATHOCTEI:

Pi(z) = (0 (z (1) — 3), (4.29)
PP (5) = 2 w__(;!“hj? (B, (3, 1) P, (2)].
n=1

YacTHEIM BaKHEIM CJIydaeM HEMPEePHBHEIX IIPOIECCOB SABIACTCH CIY-
9al, KOTjia BCe Kodduruentsr ypasHenud (4.27), HAUMHAA C TPEThbe-
ro, paBHB HYMO. MaproBcKue mpouecch, o0aajaioliHe 3THM CBOI-
CTBOM, HA3BIBATCA NUPPYIMOHHEIME mporeccamu. B srom caydgae
ypaBrenusa (4.27), (4.29) ynmpomaiorcs M TPHHEMAIOT BHJ

;2

Tp=— 2 Bi(5 )p Bz, 1) p. (4.30)

Ypasuenue (4.30) naswmiBaerca ypasnexmem Jifnmreitna — (Dokkepa

(mim  ypasnenuwem @oxkepa — llaanka — Honmoroposa), a canmo

ypasHenue (4.27) HazbiBaeTCA 060GIICITHLIM ypaBlenneM DHHIITed 1 —

Moxkepa. Dynkuuu B, (z, 1), B, (z, {) nasnsatorcs Koaddmimenranu
cHoca W puddysum.

B vactHOM cayuae mocrosiHcTBa Kosdduumenta B, (z, t) m mpu

B, (z, t) = — Bz mponecc z () ABIACTCA TAYCCOBCKMM MapKOBCKHM
IpOLECCOM € KOPPeNANUOBION ¢ynKiuei
)zt + 1)) =0 () exp {—B, |1 [} (4.31)

OTMeTuM, 4TO MOMHO JOKa3aTh M O0paTHOE YTBEP/KICHHE, a MMEHHO:
rayCCOBCKHIl MPOLECC ¢ 9KCHOHEHLHMANBIOH KOPPOJIAUUOHHON §YHK-
1[Meil ABNAETCA MAPKOBCKUM IIPOIECCOM.

Paccymorpum Ttemeph oanOMEpIBIH AMCKPETHO-HENPEPHIBHBIA Map-
KOBCKMIT Iponecc. 31eCh MOAET GhTh ABa CIY4ad — YUCTO DPA3PhIB-
HOTo (CKauK0o06pa3HOro) mporecca W MPOLEcca, UMERINETo ITOMHMO
CKauK000pa3HOT0 TaK:Ke HempephBHOE u3MeHenue. B ciaydae CKagko-
00pa3HBIX IIPOIECCOB CIYJaliHBI Iponecc z (f) XapaKrepuayercs
ABYMS QYHKUMAMH q (2, ) W u (z, 2’, t) TAaKUME, 9TO 34 MAIHIH TpoOMe-
JKYTOK Bpemenu (f, ¢ + At) mpomecc ¢ BepoATHOCTBIO 1 — ¢ (3, )AL
COXpAHUT CBOE IpEKHee 3HAUeHHe M C BEPOATHOCTHIO U (2, 2z, 1)Al Az’
nepexoguT W3 z Bz", The z' < 2" <<z’ - Az’. llpu arom, KoneuHo,
HMeeT MeCTO YCJOBHE HOPMHPOBKH

o

j dz'u (z, 2/, t) = q (z, t). (4.32)

—_ o0
Mg rakoro mpouecca ciaexcrsuem ypapuenud CMoayxosckoro (4.9)
ABNACTCA UNTerpo-guddepeHmantsHoe ypaBHeHNe, HA3HBaeMoOe ypas-
neaneM Homvoroposa — Memmepa:

d
—5t—p(zy tlzo, bo) =

[l

= —q(z,t) p(z, t]20, to) - S dz'u (z, 2, t) p (', t| Zos tg). (4.33)
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AHAJIOTWYHHHA BHJ EMeeT W ypaBHeHHe [JIA OLHOTOYCUHOH IIOTHOCTH
sepoATHOCTel. Ecau sxe momumo cradroo6pasnoro IpoIeCca MMeercs
ellle HEI'PePHIBHOe U3MEHeHHWe, TO K mpaBoil gactu (4.33) mobasusercs
npasas 9acTh (4.30). Ormerum, uro caywaitnmii mponece z (t)= n (0, #)
— YHCI0 CKadYkoB Ha wuHTepBane Bpemenu (0, t),— paccMOTpeHHbIN
Kak B IpepiymeM Haparpade, Tak ¥ B HacrosmeM (CM. ypaBHeHHS
(3.13) m (4.18)), ABNAETCH YACTHHM CIydaeM CKAYKOOOGPA3HOTO mpo-
necca, , COOTBETCTBEHHO, AuPdepennaibHO-PDasSHOCTHEE YpaBHEHUA
(3.13), (4.18) ABasA0TCA WACTHEIMH CaydasMu UHTerpo-fuddepenu-
aJBHOTO ypapHeHHus (4.33).

B rauectBe npyroro mpmmepa ckadkooGpasmoro mpomecca pac-
cyorpuM  oGobmennriit TenerpadupE mpouecc, ommcanHLi B I1peibi-
nymem maparpage. 9ToT mporecc ompefelserca Qopmyroit (3.33).
Briuucamm mnoTHOCTH BepoATHOCTER mepexoma:

p (2, t| 70, Bo) =<8 (z (t) — 2) |z (t) = z0) =
el 6(Z - 70')[)n(0, H=0 ’\L' <6(Z — a)>n {[)n(o, ty=1 ’}' /)n(o, =2 {* . } (43

pes

N\

YunreiBas Teneps yciaoBHe HOPMHPOBRH ) P —n=1, momyusaem
n=0

OKOHYATEIBHOE BBIDAIKEHIO:

p (2 8 |2, g) = 8 (z — 2) Py (t, 1) + Pa(2) {1 — P, (£, o)},
(4.35)

rie Po(t, 1) =exp{— v (t — fp)} — BEPOATHOCTE OTCYTCTBUS CKATKOB
Ha WHTEPBAJe BpeMenH (ty, 1), @ Po(2) — BEPOATHOCTH IPHHATH CIY Iali-
HOH BEJHYHUIIC @ 3HAYCHHE Z.

Onmorodeqnoe pacmpeseqesne BepoATHOCTE TpoIecca 2 (t) AR sTET-
CA, 09€BUINO, CTAIIHOHADIIBIM PACHpeeleHHeM:

Py (2) = pa(2). (4.36)

Benwunna (4.35), kKak ynkuus nepememnno# ¢, oweBHIHO, YIOBIET-
Bopser fuddepeHINAIBHOMY YPaBHEHUIO

op (3, t| 2y ¢
Wt b) yip(z, t) 20, 1) — po ()], (4.37)
KOTOpoe MORHO 3aluCcaTh B OonepaTOpHOM BHJE:
op =
D —L.p, (4.38)

o~

rae omepaTtop L, ABIAETCA B JaHHOM CIydae MHTETPAJBHBIM OIIepaTo-
poM:

Lf ()= —vIf (s) — pa(@) § dz'F (). (4.39)

Oweunno, wro ypasmennme (4.38) ABisercss 9acTHHM CJTy4aeM ypas-
Hennsa Hommoroposa — Qennepa (4.33) ¢ mapamerpamu ¢ (z, 1) =
=V, u(z 7', 1) = vp,(z).

Bhime M1 paccmaTpuBamum ofHOMepHEBIE CTy9YaliHEIE MPOIECCH, Of-
Hako ouesmmmo, 4TO0 BCe OCTaeTcA €3 M3MEHEHWA W B CIyiae MHOTO-
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MepHEIX IPOIECCOB, T. €. ecay () ABIALTCA CAYYailHOH BEKTOPHOH
¢yuknueir. B wactnocTr, minoTHOCTH BepoATHOCTER Iepexona

P (% 1]z 1)) =<8 (2 (1) —#) | 2 (L) = 2>
Oyner yIOBIETBOPATH JTHHEHHOMY OMEPATOPHOMY YpaBHEHUIO

, .

G o ) 7 op (s, t] 20, o). (4.40)

OrmeTuM TamKe, dYTO IIOTHOCTh BEPOATHOCTEH p (2, f |7, f,),
KaK (YHKOWHA CBOMX apTYMEHTOB, YOBJETBODSAET HE TOJBKO ypaBHe-
auo (4.40) (Koropoe HasHBaeTCA MPAMHIM YpaBHEHHEM), HO W YpasB-
HEHWI0 I10 HEePEMEHHO# [, (KoTopoe Has3hBaeTcA 0OpaTHHIM ypaBhe-
nmem):

& ) i (2, |, 1), (4.41)
rne L, — omeparop, coupsmenunii ¥ L,. Ypasneume (4.41) ynoGuo
IJIA aHANU3a 33734, CBASAHHBIX C MCCIAETOBAHHEM 3aBHCHMOCTEH OT
HAYAJLHHX ITPOCTPAHCTBENIO-BPEMEHHBIX TOYeK (CM., Irampumep,
[39)).

Brime Mpl rOBOpHIHM 0 TOM, ITO BCE CTATHCTHIECKHME XapaKTepH-
CTHKH MapKOBCKOTO mrpollecca z () OIMCLIBAIOTCS TOJBKO ABYMA QYHK-
OUAMH — ILIOTHOCTBI BepOSATHOCTEH mepexoma p(z, b |zy t) ®
OJHOTOYETHOHN MIOTNOCTEIO BepoArHocTedl Py(z). OnHaKo, KaK Mol YBH-
JUM flajiee, IS CTATHCTUYECKOTO AHAJANBA CTOXACTHIECKAX YpaBHeHUN
HaM HAa{0 BCe-TAKHM 3HATh XapaKTepUCTHUYeCKUH QYHKIHOHAT CHY-
4aHHOTO MPOLecca.

PaccsmoTpum Temeps BoupoCc 0 HAXOJKAEHHH XapaKTEPHCTHIECKOTO
PyHKIMONIATA MapKOBCKOTO Ipolecca. B ofmem ciayiae mpowsBoIb-
HOTO MapKOBCKOTO mpoiecca z (1) HOTYyIUTh 3aMKHYTOE Y paBHEHUE [
ero xapaxrepucTHieckoro Qyurnmonaza D lv (v)] = <gilv (DD,

t

rae ¢y [v (1)) = exp {i | dv z (t)v (1)}, we ypmaerca. MosHo, ogHaKo,
0
HOJYYHTH 3aMKHYTOe ypaBHemme AIf (QYHKIIMOHAIA

¥, [z, v ()] = <6 (z (1) — 2) @; [v (D)D), (4.42)
OIUCEIBAKIIIET0 CTATHCTHIECKHME KOPPEJANUHM mponecca z (f) ¢ ero

npenprctropueil. Xapakrepmermdeckuil pynrnuonan @, [v (1)] cBasan
¢ Pynrnmonanom ¥, [z, v (1)] dopmyoit

O [v (1)) = § dz¥:[z0 ()] (4.43)

Yro6r BuBecTw ypasaemme paiasg ¥y [z, v (t)], samerum, dro mmeer
MECTO PaBEHCTBO
t

@ [0 (1= 1+ i\ dtsz (t2) v (1) 9 v (¥)]. (4.44)

0
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Moncrasasas (4.44) B (4.42), nonygacm
1

¥ le, v (1) =P (@) 4 i §dtw (8) O (2(1) — 2) 2 (1) @ulv (M, (4.45)
0

rae P, (z) = (8 (z (t) — 2)> — oxHOBpeMeHHAA ILIOTHOCTH BEpPOAT-
"ocrelr cayvaiinoi seawunun z (t). Ilepenmmmem (4.45) B BHAe

i

¥ (2, 0 ()] =Py (@) + i dtw () § daiz <8 (2 t) — 2) %
X 8z (t:) —21) gulw (W)]>.  (4.46)

B ypaBuenuu (4.46) Mo)KHO BBHINOJHHTH YCpeXHEHHE, YIMTHIBAS Map-
KOBOCTB 1Ipoltecca z (), W MBI MOJYy9aeM 3aMKHYTOE HHTETpaJIbHOE
ypasuerme aas ¢ymrumonana ¥, [z, v (1)] [40}):
Y[z, v(T)]=
t oo
= Py (z) + igdtlv (t1) S dzi71p (2, t| 21, 41) Vi [21, 0 V)], (4.47)

0

tne p (z, t | 21, t;) *— DIOTHOCTH BEPOATHOCTEH Mepexofa.
OTMeTUM, 4TO MNTETPAIBHOE YpaBHEHHE, allaTOTUYIIOE YPABIEHUIO
(4.47), MORHO TTONYIUTH U I QYHROUOHAIA

W lz,0 () = B (2 (1) —2) ¢ v (D (¢ > 1. (4.42)

Ono mMeer BuUSA
lI].t’, [z, 0 (T)] =
i =5 :
f—i Pt'(Z) *l i Sdtlv (tl) 5‘ dzlp (Z, t, | Z1, tl) lFtl[le v (T)] (’1.47/)

0

Hurerpupys (4.47) mo z, monyaaeM 09eBHAHYIO CBA3H XapaKTepH-
eruueckoro gynrnmonana MD[v(t)] ¢ dynkumonamom @;:

~.

i
O fvl=141{dtwt) | dazPiize @), (448)

0 —

KOTOpyIO MOKHO 3aIlUCaTh B BUJE
LI :
W) dat S dz 21 21,0 (7)) (4.49)

-0

Yunuoskas (4.47) Ha z ¥ HHTErPUPYA 1O Z, TONYIAEM CBA3EL QYHKIIHO-

HaTa W (v (1)] = <z (8) i [v (1)]) = —— !

iZJ—(t) 'd—t C (bYHK[H/IOHaJIOM
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Y, [z, v (7)]:

At =V (O =G ) +
i 0
+ iSa’tlU (ta) S dzy 2 (1) |20 > 2P [20e v (D)) (4.50)
0 —0C

B obmem crygae ypasmenme (4.47) mpepcraBisger coGoH caomHOE
HHTErpaqbHOE YPABHEHWE, KOHKPETHEIH BHJ KOTOPOTO ONpejesAeTcs
ynxnuavu Pyz) u p (2, t | 7y, 1;), T. €. XapaKTePUCTHKAMHE MapKOB-
CKOro IpoIecca.

Oryerum, 9r0 ecnu Gywrituu P;(z), p YIOBIETBOPANT JIHHEHHHIM
ypaBueruAM (4.40):

P o -
ﬂ :Lth (Z)7 %: 2P

rne L, — uexwit uHTerpo-iudPepeRIUANBHEI omepaTop Mo z, TO
dynrumonar V,lz, v (v)] Gymer ynosieTBopars ypaBHeHHI0
oY ~
—=iw )Y, + LY, ¥olzv(1)]= P (2). (4.51)
B aToyM caywae n pynrumonax ¥y , [z, v (1)] (4.42") Gymer ynos-
JeTBOPATH yPABHEHHUIO 1O }' ¢ HAYANBHBIM YCIOBUEM IpPH t == f:

o, | lz,v ~
P 22O w150 (o) ' >1), 4517

ot’
‘\Ft, 1120 (T)] = lP.t [z, v (T)]

Takum o6pasom, ypaBmenme (4.51) BmecTe ¢ paBenctsayu (4.49) u
(4.50) u ABAAETCA MCXONNEIM ypaBHeHHEM JTH ONMpefeTeHHs Xapak-
TePUCTHYECKOTO YHKIHOHATIA MAPKOBCKOTO potecca. [TponanocTpu-
PYeM 3TO I1a KOHUKPETHEIX UPUMepPax MPOIEeccoB, PACCMOTPEIIHAIX BRIIIe.

B caywae renerpagmnoro mpouecca us pasemcrBa (4.21) caemyior
paBerncTha

z(#) |21, 1) =z exp {— 2v (I — 1)}, (4.52)
{z (t)> = a exp {— 2vt}.

[Mogcrapaaa (4.52) B (4.50) m menonnsys Tosnmectso (4.267) 722 (1) =
= a2, moaydaeM ypaBilemuwe, coBnajalomee c¢ ypaBnenmem (3.30).

B ofmem crydae MapKOBCKOTO mpoIecca ¢ ABYMS COCTOAHHANME
Z; U Z, ¥ COOTBETCTBYIOMHUMHE BEePOATHOCTAMHM IEPEX0fa vV U (L ypaB-
Henue (4.51) mpuHMMaeT BUJ CcHCTEMb

d:i}trl =1iv (t) leP‘l —_ VIP'I + MIP‘Q,
(4.53)
qu:z =iv (t) Zg“P’Q -’— VlP‘l —_ }Ll{fg

YautrBasg rteneph paBenctBa (4.43) m (4.50), KoTopre B TepMmHax
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yuxmmit ¥,, ¥, sammcuiBaores B dopme

diy

— = () [z W], (4.54%)

Dy =Y, -+ ¥y

nosxydaem nuddepeHaNbHOe YpaBHEHHE JUIA XapaKTepPHCTHIECKOTO
dyHKIIMOHATA:

d2 , d . 1 d,
dT(D’ -+ [p 4-v — —Elnv () —iv (f) (&1 + z2)J —

— [iv (£) (vza + nz1) -+ 212202 (1)1 D, = 0. (4.55)

Ecam Teneps momokuth 2y = — 2z, = a U p = v, 70 ypasHenue (4.55)
nepeiifier B ypasrenne (3.30), coorBercrByiomiee TemerpadHOMy mpo-
meccy. B ofmem caydae mpousBoisHOH QyHrunum v (f) ypaBHCHIE
(4.95) pemmuts ne ypaerca. Moo nafiTi pemenie HTOTO ypaBHEHUSA
JUNIL T U () == consl, Tak jke Kak H B ciydae ypasmenusa (3.30).
Oynrnuonasn e Wi ; (4.42') Moser GLTh BEIpaskel yepes PYHKLZO-
wax W, B caxowm nere, pyurumonan ¥,. ; ynosneTBopser ypaBHeHHIo
(4.51"), KoTopoe pus reerpagnoro mporecca srBuBasenTHO Auhdepen-
MHATBHOMY YDABHEHHIO

(aaTzz 205 W o[z, 0 ()] =0 (4.56)

¢ HAaYAaJBHLIMH YCJIOBUAMHA

¥y ilz, v(v)] =¥ [z, v (T)],

0¥,
The LV:[ = — v (V7,0 (D)) — ¥ [— 2,0 (@]

(4.57)

Pemenue nocnepneii 3amaum mMeer BUI
Ve, 1 [2, 0 (0)] = - Wi l2,0 ()] [1 + exp (— 2v (' — )] +
g W= 2,0 (O] (L —exp (— 2v (¢ — )] (' >1). (4.58)

[TepBoe caaraemoe cooTBercTBYeT WeTHOMY WHCIY CKAadkoB Ha (Z, 1),
A BTOpoe — HedeTHOMY. Pasymeercs, dopmyry (4.58) mosuno Gbrio
OBl MOJXYYHTH WM HEMOCPEACTBEHHO, ycpeanss Beipawmenme (4.42) ¢

noMompi0 pasencts (4.20°), (4.21).
Pacemorpum Temeprn o6o6mennmit Temerpaduprii mpomecc. aa
dToro mpomecca, B cury (4.39), ypaBHeHuWe [IA QYHKIHOHAIA

¥, [z, v (1)] npunnmaer Bux
a
o Vilz, v () = {izv (t) — v} ¥y [z, v (7)] +

+ \;pa (Z) (Di [U (T)]v IP‘O [Zv v (T)] = pa, (Z) (459)
Ipn BuBone (4.59) memoaszoBanmock paBenctBo (4.43). Pemas ypas-
lenne (4.59) ornocurensno Wylz, v (1)], moxydaem cBA3b ero c
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XapaKTepUCTHYECKUAM (Y HKI{MOHAIOM!

W, [z, 0 ()] = pe (2) exp {— vt iz { dvo (m—)} T+

o~

drv (‘r)} . (4.60)

e

t
+ (@) § At o (@] exp{— v (¢ — 1) + 2

o

1

Nurerpupys (4.60) mo BeeM z, moayuaeM 3aMKHYTOe HHTeIpalbHOE
ypaBuenne gas @, [v (1)], cosmajgaromee ¢ ypaBrenmem (3.35). V-
Hoskas (4.60) Ha F (z), rne F (z) — mpomsBodibias GyNKIEMA, U IH-
TeTpAPYA O 2z, TONYUYAEM PABEHCTBO

t

<F (z (t))exp {i Sl z(v)v( }> <Z* ayexp {ia § drv (T)}> eVt

0
t , t
+ v Sdtl exp {— v (¢t — 1)} <F (a) exp {ia Sd‘r v }> D¢ [v(T)]. (4.61)
0 1

B wactroctu, mpu F (z (t)) = z (f) m3 (4.61) caenyer unrerpo-gudde-
pennuaisHoe ypaBHemme as @, [v (1))

t
e
0
t t
e (t=t) epdia\ d D, , 4.62
—i—v§ te <aeJ\p{zaS1 TU(T)}>( 1 v (T)] ( )

SKBUBAJIEHTHO® HHTerpaibHOMY ypaBrenuio (3.35). Tak e, kak n
B caydae rejJerpaHoro mporecea, s obobiennoro Texerpaduoro
IIpoLecca MOMKHO JIeTKO HAalTh ¢Bsishb dynwiumonana ¥ , ¢ dpyHkumo-
najgoMm ¥, Kotopas uMeer Buj

Vo ilz, v(v)] =¥, Iz, v ()] exp {— v (' — 1)} +
+ Pu(@) Plv (V{1 — exp [—v (" — )1} (7' > ). (4.63)

OcranoBuMesi Temeph Ha oOfHOIl BayKHOH TpejeapHON TeopeMme,
cBAsaHHOM ¢ TederpadHEIMU cayuaiinemp mpomeccamu [22]. Pac-
CMOTPUM CAYHAUHEIA IIpomecc

Ev ()= 2(0) + oo 2w (1), (4.64)

rie Bce z;(f) — CTATHCTHIECKM He3aBHCUMEIC TelerpadHEe HpOoIeccs
CO CpeHUM 3HAYeHMEM, DABHEIM HY.I0, ¥ KOppeasnmoHHoit GyHKmu-
eif, paBHO# (cormacHo (3 27))

2
z()z(t + T)>=%exp{~a|1|}. (4.65)
B srom caydae xapaxrtepmcTmueckmit QyHEKNmOBman mpomecca z; (I)
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6ymer yAoBiaeTBopath ypasmeanio (3.31):

=0l ()=

[

s}

=

v (t) S dtw (1) exp {— o (t — t;)} Df [v ()],  (4.66)

OTKYyda claenyet, 4To
@F [v (v)] > 1 mpu N — oo. (4.67)

PaccmoTpuy temepp xapaktepuctudeckuil pyEKNuoHAN caydaiino-
ro mpouecca Ey(#):

® [, v (1)) = exp {i {degy (1) (T)}> ={OF v (M. (4.68)

Huddepennupys (4.68) mo ¢, monyuaem, B cuny (4.66), ypaBrenue
:—tln(Dt [N,v(t)]=

t
: O [» (v)]
= —o% (t) \ dtyw (H) exp {—a(t — t1)} 22—, 4.69
w>§ w(t)exp (—alt — ) GRS (469
OTKysa caenyet, uto npu NV — oo (B cuiay (4.67))

t
%]n(Dt [c0, v (1)] = — 0% (2) S dtyw (h) exp {—a(t — &)}, (4.70)
0

T. e. mpomecc § (t) = lim §y(t) mBasieTcss rayccoBeckuM mpomeccoMm
N

0

C JKCIOHEHIIUAJBHOM KODpeAAnmonHol ¢yHKmel
CEWEER+ 1)) =0c%xp{—al1])}, (4.71)

T. €. TAyCCOBCKUM MapKOBCKUM mporeccom. Takmm ofpasox, mporece
En (2) (4.64) sBisercst anmpOKCHMUPYIOMUM LIPOTCCCOM ¢ KOHOUHAIM
UUCIAOM COCTOSTHUM JUIsl I'ayCCOBCKOTO MapKOBCKOTO mpoiecca. Takas
ATTPOKCUMAIAS MOKeT GBITH II0JE3HOI He TONABKO i MBYUeHUS ca-
MOTO rayCcCOBCKOTO Ipolnecca, o m yuknuit ot mero. Taxk, mampumep,
Aast mponecea Z (¢) = E? (1) — (&% (1)), rme & (t) — rayccoBekmit Map-
KOBCKUIl Ipomece ¢ KOppedsAnuonnoil pynkuueit (4.71), ammporcuma-
O KOHeUHBIM OTpe3KoM psifia (4.64) mpummmaer Buj

N
Zn (t):i#;,:lzi () z; (t), ZU)Z;EELZN (). (4.72)

Hax MBI ysuaum mamee, ¢ Taxoii dopmoii 3amucu ropasmo Gouaee
ymo6m1o pabotaTh mpu aHAIMBE CTOXACTHICCKUX ypaBHenuit, uem ¢ ca-
MuMu mpomeccaMu § () u 7 (2). .

Ha sroM Mul 3akonumM omucamme MADHKOBCKHX IPONECCOB M Mepeii-
AeM HeIOCPeICTBeHHO K aHAIM3Y CTOXACTHYECKAX ypaBHEHMI,



TT'masa 2

PACIMEIIIEHVE KOPPEJAIVN B JTUHAMHYECKUX
CNCTEMAX

§ 1. UpraMepsr quHaMMYECKHX CHCTEM

Uro0k sicHO TIpecTaBIAATH cefe Te OCHOBHER 0COOEHHOCTH B TPYI-
HOCTH, ¢ KOTOPBHIME MBI CTaJKUBAEMCS TIPH PACCMOTPEHUM CTATHCTH-
YEeCKOT® OMHCAHHMA THHAMMYECKUX CHCTeM ¢ (IYKTYHDPYOI[UMEA Ia-
paMeTpaMu, pPacCMOTPHUM HECKOJBKO IIPOCTHX IPHMEPOB CTOXACTHYe-
CKUX VpaBHeHUi.

IIpesxe Bcero paccMOTpUM ypaBHeHUE, KOTOpPOe HA3HIBAETCH YPaB-
HeaneM Jlammenena:

dx
W:—Kz—k]’(t), z(0)=0, (1.1)

¥ OIUCHBaeT QAYKTYAIMH CKOPOCTH YaCTHIE Iof] JeficTBHeM CIy4ai-
neix cua f (f). Ilas saganHoii peammsamum cua f (f) pemenue ypaB-
wvenus (1.1) umeer Bupg

t

z(t)={dri@exp{—nt—) (1.2)

M, ClIeflOBATEIBHO, 3114 CTATHCTUYECKHE XapaKTePUCTHKY CIYyUaioro
mporiecca f(¢), MOJKIO HalTH Bee CTaTHCTHYeCKHE XaPAKTEPHCTHKI
oporecca x (t). Tak, Ans xapakrepmermueckoidl QyHROUEM @) =
= {exp {ixz (£)}), onucrBaomeil Bce OJHOBPEMEHIBIE XaPAKTE PUCTUKH
cKopocTu z (f), moayuaeM Buipakellme

9 () = Cexp{in { dvf(mexp (—r(t —mp} ), (1.3)

Ifle yCpelHeHUe MPOM3BOUTCA TIo BCOM peanmsamuaM mpouecca f (£).
Ecim BBecTn xapakrepuermuecKuil (QYHKIUEOHAN CAYIafHHX CHJ

v (v)] = Cexp {i f dr @i},

To Bhipaskenue (1.3) MoxkHO mepemucath B Bue
@e(n) = Dyln exp {— A (£ — V)}]. (1.4)
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Tarmm ofpasom, us paceMoTpenmsa 3Toro TIPOCTOrO 1IpUMepPA MO~
HO c/leJIaTh 1Ba BHIBOAA (KOTOPBIE HAa CAMOM Jele OTHOCATCA K CYIIe-
CTBEHHO (oJee mMUpOKOMY Kaaccy safau): '

1) Croxacriueckoe pemenue ypapaemms (1.1) B MoMenT Bpemenm
[ ompenenAerca mosefenuey cayqafiusix cua f (t) Ha mETepBae Bpe-
stenn (U, #) u we saBUCAT OT 3HaveHuit PyHKINT f(z) mpu © > ¢. Bror
$aKT Mbr GyleM HaBHBATH YCAOBHeM IPHYARHOCTH.

2) CraTucTHueCKHe XapaKTepUCTHKH pemennst sagaum (1.1) B Mmo-
MEHT BpeMeHH [ ONPeNlelIAITCA CTATHCTHYECKUMI XAPAKTEPACTUKAMH
cud f (v) Ha Beem muTepnage Bpeyen (0, £), T. e. ISl HAX OFRTEHU S OHO-
TOHEHUHBIX XapakTepucTHk pemrenns safadu (1.1) meofxoaumo 3maTsh
XapaKTePHCTUYCCKUH PYHKIUOHAT CIYUANHBIX CHi f ().

B rauectse Broporo mpmMepa paccMoTpmM cToxacTHuecKoe ypas-
Helue

ilz—cfziz(t)v(t)% ¢(0)=1, (1.5)

rae v (#) — UpOM3BOMBHAA AETepPMUHEDPOBAHHAS dynxnus, a z (f) —
cayuafinas QYHKIUA BpeMenu. Pemenue ypasuenus (1.5) mMeer Buj

¢ (t) = exp {iSdTZ(T)U(T)}. (1.6)

Yepepanym Bhipakenne (1.6):

O [v ()] =< (1)) = {exp {i { v z("c)v(r)}>. (1.7)

Taxum ofpasom, cpefiree sHaueHHe DENEHUA CTOXACTHYCCKOTO ypas-
Henusa (1.5) ompemenser cau XapakTepuCTHUCCKUE QYHKNUOHAN IIpO-
uecca z (2). Tlpm arom, ecan mul yepegumm IIeIIOCPeICTBeHHO ypaBHe-
Hue (1.5), To momywamy yire He3aMKIIyToe ypaBHeHHe

d .

S Do (Wl =iv(2) <z (2) @ (2)D, (1.8)
CONepIKaIee 1OBYIO 11€M3BECTHYI) (ynkimo (z (£) ¢ (t)>. B psage
Clydaen ora QYHRIMA BHIpaKaeTCA depes dynrumio @, u ypasnenme

(1.8) ompegensier ypanuenue mas dynrruuonana @,. Taxr, mampumep,
UL TayccoBekoTo mpotecca z (£), cormacuo (1.3.1 )y

W @) =i[dvB(t,v)v ) Do (x), (1.9)

=

Tae B (f, 1) — xoppexsaguonnas Pynrnua mpoumecca z (2). Jlas re-
Terpaduoro mpoyecca, coraacuo (1.3.31),

t
EMyo(t)y = — ia?,S dtyexp {—2v (f — tv () Oylv (v, (1.9)
)

45



a pas obobmennoro Trederpadioro mpopecca, coraacHo (1.4.62),
nMeeM

) ()) = <a exp {ia i‘ dtv (17)}>a eVt

+v (dtlexp {—v(@—1t )}\aexp 1za gdrv }> Dy [v(v)], (1.9

0

Tfle WHAGKC @ 03HAYAET, YTO yCpefHEHUe MPOU3BOIUTCA IO CAyUalHOH
Beauuune q. Ilpm aroM cymecTsenHO, 4T0 GyHKIUA ¢ (1) OMUCHBaeT-
Cs1 KOHKPeTHHM BhIpazKkemmeM, ompefeisieMeM gopmyunoi (1.6), wo-
TOpoe TpeAcTaBjseT cof0if ABIIYI0 3aIMCh PEINEHUSA CTOXACTHYECKOTO
YpaBHeHUS.

PacemoTpum rtemeph mpocrefimuil eTpuBMAABHLIA mpumMep AuIa-
MUYCCKOH crCTeMH ¢ QAYKTYHPYIOIIUMH TapaMeTpaMll — 3afauy o Ia-
paMeTpuueckoM Bo30Oy:kaeHnm KoJeGaTeNbHOR cucTeMbl 3a cdeT PIAyK-
Tyalii 4acTorsl. JTa CHCTEMa ONMMCHBACTCA YpaBHEHHeM

itogll +z2@0lz=0; z(0) =g, 0)=y, (1.10)

rie z (1) — caydaiinas yHKOUA BpeMeHu. JTOT IpuUMep HeTpHBUAJIEH
B TOM CMBICTIe, YTO HEBO3MOJKHO YiKe Hammcath pemerue sagaun (1.10)
B ABHOM Bufie. B to sKe BpeMs sAcHo, UTO 3TA IMHAMHYECKAs CHCTEMA
ROJKHA TapaMeTPHUecKH BO36YIKAATHCS, TAK KaKk CayualHbi Hpoiece
z (¢) comepskuT rapMoOHIYECKIE COCTABIAIOINE BCEX YACTOT, B TOM UHCITe
u 9acToT 2wy/n (rRe n =1, 2, 3, ...), KOTopHe, KAK U3BECTHO, ¥ COOT-
BeTCTBYIOT IapaMeTPUUYECKOMY pe3olamcy.
Hepennmenm ypasuenue (1.10) B Buge cucremsr ypaBmenuii:

T =y, x(O):xm

. (1.11)
j=—oll +z )]z y (0) = yo.

Bynem unrepecoBaThca NIOBEEHHEM CTATHCTAYECKUX XapaKTePUCTHE

pemernma cucremn (1.11). Vepegumy (1.11) mo amcambaro peanmsa-

nuit z (£). Torga Aas cpeHNY XaparTe PUCTHK MONYIaeM CHCTEMY YPan-

Heuui

& =<y, <z (0)> = =,

Gy = —olay — ol (2>, @O =y, 1P
Cucrema ypaprennii (1.12) yme He 3aMKHYTa OTHOCUTENBHO IepeMeH-
vEX (x>, {y>, TaK KAK COJNEP/KUT HOBYH HEH3BECTHYIO (GYHKIHIO
z (t) z (t)>. Ita dynkuus sBAseTcs Koppeasnueil caydaiiroro mpo-
necca z(t) ¢ pemenneM cucrembr (1.11) z (¢), Koropoe, B ¢Bow ouepens,
ABdsAeTcs QYHRNUOHANOM OT cayualinoro mponecca z (1) opu 0 < v < L.

Paccmorpum rTemeph COBMECTHYIO ILIOTHOCTH BepoATHOCTEH AJsA
pemenus cuetemnl (1,.11) z (¢), y (¢). loBenenune Qpyuruuit z (t) u y (1)
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exeMartuuecku maobpadeno Ha puc. 6 aas Tpex peaimsamumii cayuaii-
"oro mpomecca z (2). asa ¢urcupoBaHHOro MOMEHTA BpeMmenu £ CoO-
BOKYIHOCTh BCEeX BO3MOKHEIX )

Beamamn z (1), y (t) 6ymer cay- 2,900

yafiHOH COBOKYIIHOCTHIO HHCe,
LA KOTOPOH MOKHO BBecTH .
IJIOTHOCTh BepPOATHOCTEH, IMa- yd
paMeTpUYeCKH 3aBUCAIYIO OT
BpeMeHHu (cM. ru. 1):

Pz, y) = 8 (z (1) — ) X
X8y @) —y)», (1.13)

rae x (t), y (f) — pemenme cu-
cremil (1.11) must omuoit pea-
amzamum z (1), a ycpeiuenme
OPOM3BOAMUTCH, KAK M paHee, I1o
apcaMbii0 peanmszammii z (2). o
Huadpdepernupys (1.13) mo ¢
U HCIOJNB3YS AUTIAMUYECKIEe
ypaBuenus (1.11), moayuaem

Puc. 6. Cxemaruveckoe usobpaskenue
nopefieHnaA pemenus cicremel (1.11) pgaa
TpeX peajusanuil caydaiiHoro mnpomecca

ypaBHeIne z @),
0P (2, y) d !
— = =y —2) s (y (1) —y)> +

+0f <2 ()8 (@ (1) — )8 (Y (1) — 9> +
Foj ez @) — DS [yH — . (1.14)
Ucemonssys Temeps cpoiictBa O-QyHKLEH, MOMKHO BHHECTH N3-TOJ

3HaKa ycpepHeIus B npaBoil uacru (1.14) y B mepBoM unene u x BO BTO-
poM U TperbeMm ujenax m mepenucarh (1.14) B Bupe

aP, (x,
mia(t—y)z —y’a%Pt‘i*@(z)xgdg‘Pt-i*
oMW — DS W) — )y (1.15)

HawanpueiM ycldoBumeM mis ypasuenus (1.15) 6ymer ycroBue

Po(r,y) =8 (z — x) 8 (¥ — Yo)s (1.16)
ecau x,, Y, — AeTePMUHUPOBAHHEIE BEJUYMHE, WIKH YyCJIOBUe
Pi(z, y) im0 = Py (201 Yo)» (1.16")

eClIn Z,, §, — CJAYHYAHHbIC BeJIWIMHE, CTATHCTHIOCKH HE 3aBUCAMAE
or mponecca z (2). 3uechb Py(xy, ¥o) — COBMECTHAA ILIOTHOCTH BEPOAT-
HOCTell 5TWX BeJWYWH.

Ypasrerme (1.15) me saMkryTO OTHoCcHTEABHO QyHKumA P(z, ¥),
TaK Kak cogepsmt ¢ymronmio <z ()8 (z () — ) O (y (1) — yP>.
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Ara Pynknms obyciaoBrena Koppensumel caydaiiinon ¢yHKNMu
z () ¢ ¢Pyuriumeit

9 (2,y) = 6 (2(t) — 2) 8 (¥ () — ), (1.17)

KoTopas HesBHo (uepes pemenue cucrenmsl (1.11)) saBucur or camoro
cayuaiinoro mpouecca z (1) mpum 0 < T < ¢, U, CreJ0BaTeNbHO, #AB-
asercs QyHKMUoHagoM or »Toro mpomecca. OrMeTuM, Wro cama Cay-
yaiinas Qyukmmsa ¢z, y) (1.17), Kak GywKOUA cBoMX ApPTYMeHTOB,
VAOBAETBOPAET JAMHEHHOMY CTOXACTHYECKOMY YDABHOHHIO B YACTHBIX
TIPOUBBOMHBIX

o, 0P, 2, 09
= Y 00T o (0022 (t)

ot
¢ HaAYaJBbHBIM YCIOBUEM
qolx, y) = 8 (2 — 20) 8 (¥ — ¥o), (1.19)

KOTOPOE HA3HBAeTCA CTOXACTHUECKUM ypaBreHueMm Jluysuumsa. Tlaor-
HOCTBH BepoATHoCTeH NiA pemedus 3afgagu (1.11), BBefeHnas Brle
cormacHo pasenctry (1.13), Gymer cBssana ¢ dynkuueit ¢,(z, y) pa-

BEIICTBOM
Pz, y) = Loz, y)>. (1.20)

Taxum ofpasodr, kak BunHo Ha Hpumepe ypasresuii (1.12) u (1.15),
AJA TOTO YTOGH MOJAYUYUTH 3AMKHYTHE YpABICHUA JJIA MHTePECYOMUX
Hac CpefiiuX BeJHUYUIl (eCAU 3TO BOBMOKHO), MeoOX0AMMO HAYUUTHCSH
pacCHIeILIATE Koppedsinu# QYHKUMOHATOB ABYX turon. Ilepnmit tun
QYHRNTOHANOB COMEPHRUT SBHYIO 3aBHCHMOCTH OT CAYUYAK[IOro TIpo-
Iecca z (t) (B paccMaTpUBAEMOM ¢Jydae 3T0 UPOCTo JuHelnas QyHK-
1HA), a BTopoit T PYHKIIMOHATOB MOKeT 3aBHCETHh 0T MPoIecca 2 (1)
KaK ABHBIM, TAK M HeABHHM o0pasom (mampuMmep, uepes pemienume co-
OTBeTCTBYIOUIH nuuammyeckoit sagaum). Ilog pacmemnenmem koppe-
JAMUE ME HOHMMAaeM IIpeficTaBjieHre CpPeJHCTO 3NMAYeHHS IPOU3Be-
NeHHA ABYX QYHKIUOHAJOB Hepe3 HpOU3BEfeHNe CAMUX YCpeAHeHHBIX
QYHKIUOHANOB.

Ha sT0M MH 3aKOHYEM IIOKA pacCMOTpeHMe 3ajail O llapaMeTpH-
deckoM BosOynmeHnu kosebanuil 3a cuer PAyKTYyammnii gacToTH (Goee
moxpobHO ara sagaua GygeT paceMorpeiia B ceflbMoii IjaBe) u Tepeii-
JeM K BOIIPOCY O paCHieIlJIeHNH KOPPeJAnni YKasaHHOTO BHINe THUIIA.

§ 2. Cpennee 3nagenue mpousBefeHuA ABYX PyNKNROHATOB

Orpanu9mMmes [JA MPOCTOTH OJIIOMEPHBIME CJAYYAHHDIME TIPOLEC-
camu (0600meHHEA Ha MHOTOMEpHBIe CJYHall He BRIBHBAIOT 3aTpylHe-
mnii). Kax 6sit0 nokasano Bemie, HaM Heo6Xo[uMO HAYYHTHCS BHIYMC-
aars kKoppeaaunwo {F [z (v)] R [z, (7)]>, rne F [z (1)] — dyrrnuona,
ABHO 3aBmCAmMmH oT mpomecca z (t), a R [z (t)] — dymxnquonan, xo-
TOPHI MOKeT 3aBHCETh OT mpollecca Kal ABHHIM, TAK W HESABHEIM 00-
pasom.
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Jlnst peiumMCcleHUA DTOTO CPEeJHero 3HAYeHUs PACCMOTPHM BCNO-
MoraTeabnnlit ¢yurimonan R [z (1) -+ n (v)],. rme v (t) — mpoms-
BOJIPHAA [eTepMUAMpPOBAHNAS (QYHKIUA, € BHUMCIUM BEIHYNHY
Flz (v)] R Iz (1) 4+ n (7)]>. Murepecyromyo Hac Koppeasmuio Imo-
AYYUM, HOJOMHB B OKOHUATENbHOM pesyabrate v (1) = 0.

DOyarnuonan R [z (1) + v (v)], kax yraswpalioch B mepBol Tiia-
Be, MOJ{HO pasiokuTh B (QyEKnumoHaldbHmil paf Teitmopa mo z (1)
1 TIPeJCTaBHTh €ro B BHAe

Rz 4 n(Dl=exp{{dis M p = Rin@l, @)

BBesi Omeparop QPYHKHUOHATBHOLO caBuTa. TOTNA a8 BEJUHHHH
(F 1z] R [z -+ n]> moayuaem Bripasenne

5 * 8
2] Rz--D :<ﬁ [z]exp {S dvz (1) )
Bresnem B paccaorpenyie ¢GyHRIIHOHAJ

Flz]exp {ifdrz(v)o (v}
cexp {i [drz(r) o (1)}

PDerm. @2

v (1) = (2.3)
Torna Bepaskenne (2.2) mocae paAga TosRIeCTBeRHHX Trpeobpas3oBanmil
MOJKHO HepeIrncaTh B BUAE

(Flzl Bz -+ )=

(1- ]exp {S drt z (1) 5?]( }>
Goe et g}

d
=Q| i [RE@ @D (24)
Yuurepas, 4ro Bapumanmonnoe pupdepennmponanue mo 1 (T) MOKHO
BaMeHuTh 1uddepeHIpoBantem 110 Z (T) U OJ0KHATH 3aTeM 1) (1) = 0,
HoJyYaeM [JA WHTepecylINeil HAC KOPpPeJdsgUd OKoIdaTeJbH0oe Bhl-
pakenme [41]:

FEmIRED =0 | RE@>. (@25

Tarum o6pasom, nus peumcienms koppedsuun (FR> rtpebyercs
sHanme gpymknmonana Q [v], Koropwlil ompeedasiercsa BugoM GyHKOHO-
Hana F [z] u cratmcTndeckmM xapakTepoM caMoOro cAaydaitHoTo Ipo-
Iecca z (t).

Paccmorpnm temeps cTpynrypy ¢yurmmomama Q [v (v)]. Jlas
HEro mmeem

Qv (r)]= ?pT[vL(;ﬁ<eXP {i S drz(t)v(t) + S dtvz (T)—éﬂ_{)(t_)'}> X

1 v}
' Qv () + T Fy
Pl = o T ri e
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e )
Ot =cxp{O()]) = <oxp {i 5 dvz(t)r (T)}> (2.7

— Xaparrepuctudeckuii gyHKIHoHAM mpoliecca z(t). Dopmyny (2.6)
MOH{HO 3amlucaTh B BHJe

Qv(t)]= 1 %
X004 5 [FEO @D heo (2

u, ciaefloBaTelibHO, BeIpaskenue A ¢gyHKnuomaia 2 [v (t)] rakxoso:
I\

Qv(t)] = <exp {@ [U (%) - T?)-(_U] — Ofv(1)] —
— 0 [-[ rOWJJL Plz(mly.  (29)

AnanormseiM o6pasoM Koppeasmuio (2.4) MomHO 3ammcath B BHIE,
CHMMeTPHYHOM OTHOCUTeNhHO GYHKIUOHANOB /' nm R, a UMeHHO:

Flz(r) +m @] Rz2(1) + (V)] =

=ow ol + )] = ol — ol <
X (Fz (%) + m (D) Rz (T) + 12 (M, (2.10)

rae Wy () ¥ Wy (T) — HpOM3BOJABHBE [eTePMUHMPOBAHHHEE (GYHKIUM.
Dopmyna (2.10) mosnoaser mpefcTaBuTh CpefiHee 3HAYCHTE OpousBe-
fleHus: QYHKOMOHATOB Yepe3 IIpOMBBe[leHUe CPeIHMUX BMAYCHMIA CcaMUX
dynxnuonanos. OcHOBHAA CJOKIOCTh 38749 B TAKOM doprMe 3arucu
BaKJi0YeHA B BRMUHCICHUN [efCTRHA KOIKPETHOIO OTepaTopa, CTOS-
mero B Ipasoil yacru (2.10), Ha IpomsBefenme yepegHeNHEX GYHKIIO-
HaJIOB,

B cratmernueckux sajauax B psAfe cayuae MHTEICHBHOCTH (PAYK-
Tyauuil DapaMeTpoB MOAHO cunTaTh Maoit. Ecau aro Tak, To dyHRI1HO-
nan F [z (t)] mommo pasmomurs B psg mo z (T) m orpaHMYMTBCA
JUHEeHHBIM WieHoM pasiao;ierns. [Ipakrtiueckn Bo Beex 3ajauax, pac-
CMaTpUBaeMbIX HUKe, MH HMeeM KaK pas Takoil cayuaii. [[ns nuneii-
Horo pynxruonana F [z (v)] = z (¢') dpynkunonan Q [v] 6yuer yixe 3a-
BHUCETH OT TOYKM {', M JIIs HEFO MOKHO HATIACATH BHIPa‘KeHIe

G()exp{ifdrz(n (T)}> .
cexp{i {drz(r)v ((9)5)

1 ) I
= To o] o0 @) ) [U(T)] = T(t/). C] [U (T)], (211)

Qv (1) =

rae @ [v (t)l, xax m pamee,— xapakrepmermieckmii (yHEUEOHA
ciayTaiHoro Iponecca.
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Ecnm  BocmombsoBathess pasnoskenmem ¢ymkumonaza © [v ()]
B dyExouonansuelil pag Teitnopa:

N

O (1)] = Z - S...Sdtl...dtnl{n(tl,...,tn)u(tl)..‘v(tn),
(2.12)

n=1

rne gymrkomu K, (4, . .., t,) OOpeNeAsilOT KYMYJARTH (CeMUMHBAD -
anThH) caydaitnoro mporecca z () (cM. ra. 1), To

n!

Q. [U(T)]:Z‘ ‘ S .. Sdtl. . .dtnKnﬂ(t/,tl, st (ty) .. .v(t,)

N
(2.13)
H, ciaemoBaTenbHo, dopMyna (2.5) mpmHEMaer BT
)Rz (0] =
— z%s . Sdt1 e Aty Ko (Ut - . = ?:l)m (;Z)](t >
o (2.14)

Orvmernm, uro ecam R [z (v)] mmeer cremenmmolt Bum: R [z ()] =
= 2 (I1)...z (), 1o Popmyna (2.14) ommchIBaeT PEKYDPPEHTHYI CBA3H
MeHNY n-TOYeUHHIM MOMEHTOM IIponecca z (f) W ero KyMYJAHTAMH.

B cayuae, worma z (f) =z — cayuaitHas BenmuuHa, omepatop
§dt 8/6z (1) mepexomur B d/dz m, clefopatenbro, gopmyda (2.14)
nepexonur B dopmyay (1.1.34). Tarmy obpasom, ¢dopmyra (2.14)
mpexcraBiasier coboft ob6obuternme gopmynsr (1.1.34) ma cayuaiimeie
IPOIECCH.

B ¢usuueckux 3amagax, omECHBAGMBIX CHCTEMOIt anddepeHnmalb-
HHX ypaBHeHHWH I1IepBOT0 IOpAAKA L0 ! (KaK OGHKHOBeHHHEIX, TaK I
B YACTHDIX IPOMBBOANLIX) ¢ HAYAAbHLIME YCJaoBUAME 1pu ¢ = 0,
CTATUCTHYECKUE CBOHWCTBA PeNIEHHSA B MOMEHT BpeMeHH i OITpeIestsTIOT-
¢l CTATHCTHYECKUMI XapaRTepUCTHEAMHU mponecca z (v) mpu 0 < T <
<\ 1, KOTOpHle IOJHOCTBIO OLMCHBAKITCA XAPAKTEPUCTHIECKAM (byHH—

OUOHAJOM
¢

@, [v (r)]=<exp {i Y drz(r)u(r)}>, (2.15)
[P v ()] =1Ind, [v(7)].

DOynrngmonan @D, [v (t)] Momer 6wt monyuen us @ [v ()] samemnoit
v (t) > v (r) 6 (v) 6 (¢ — ), u, maobopor, pymrgmonan D [v (t)] Mo-
#er Otk monyden us O, [v (v )] Tpefe bHLIM IepexonoM no f. B sroM
Ciydae BCe IIOJYUYeHHbIe BBIIIE OPMYIbI 0CTAIOTCA B CUJIE s BHTAC-
Menus cratueTmieckux cpemnux <z (t') Ry [z (v)]y mpu ' < t, v < ¢,
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T. €. UMeeT MeCTO PaBeHCTBO
GV RO = Qo[-
e

Qp [v(r)l=

R,[z 1:\]) O <t <),  (2.16)

1

i

gy Ol (9] =

= | —
n=0 0

i S Sdtl et Ky (U, ) u(t) .o (E,). (247)

B caydae, xorna roura t' coBmajaer ¢ ¢, gopmyua (2.16) mo-nmpesruemy
uMeeT MecTo, T. e.

{z(t) R, [z(r)]>:<Qi [%] R,z (T)]>. (2.18)

Onmaro gopmyia (2.17), kak Mbl yBHAUM HM:Ke, He Bcerjga Gymer fa-
BaTh NPaBWIbHLIA Ipefelpdrii nepexof opu { — ¢ (1. €. omepanum
OpejebeoTo Iepexofa M pasioseHusd B QYHKuHOHANRHHEEA pajx Tei-
ZIopa MoryT OHITH He mMepecTaHOBOYHH). B stom caydae

1 d 1
Qt [U (T)] = th [ZJ (T)J D) (l) dt CD? [U (T)] = iv (t) dt 61 [U( ) . (2'19)

Pasnosienue dynrnuonana Q, [v] B pan Teitnopa 6yner ompeneisarses

BHID QSKEHHeM

o mn t

13

Q@ =Y o S .. S Aty dty L (f by - oy B0 (D) - - 0 (L),

n=0 0

(2.20)

rae Ly (f, ty, . . ., 1), BoOGIle TOBODPSA, HE COOTBeTCTBYeT Ipeiedb-
HOMY mepexomy B K1 (t', ty, . . ., t,) B dopmyine (2.17) npm 1 — 1,
T. €. crarucTHdeckme cpepanue (2.14) u (2.18) moryr wperepnenarh pas-
pPHB Ipu L' ==

PaccmorpuM Teneph lia KOHKPETHHIX NpuMepax INPHMeHeHue II0-
JydYeHHHX BHIIe dopmyn. Hak yske orMewanoch, B QuauvecKux mpu-
I0sKeHHAX Hauboldee dWacTto paccMaTpUBAOTCA MojelibHbie B3axaviu,
RoTfa cAyYaiHsii mporece z (f) MOMHO CUATATh JUGO TayCcCOBCKEM,
nu6o IYyacCOHOBCKMM CIYUYaWHBIM TipoueccoM, Jufo mporeccoM Tede-
rpaduoro tuna. [losroMy mpu paccMoTpeHUM KOHKPETHHIX IPHMEDOR
OrpaHUYMMCH MMEHHO TAKUME ITPONECCaMMU.

§ 3.TayccoBeruii m nyacconoBekmii ciayuaiinbie mporeccst

Jxa rayccosckoro cayudaiiHoro mnponecca sBce (opPMYNIE, HONY-
YeHHHe B IpeiLymeM naparpade, cymecTBeHHo yupowawTesa. B atom
crysae morapudM xapakrepucruieckoro dyurnuoraia O [v (1)) ume-
er BmA (cpejHee 3HadYeHMe Ipouecca 2 (I) cuMTaeM pPaBHEM HYJI0)
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(1.3.9) u, cnegosarensro, dynruuonan Q [v (1)) (2.9) npunumaer sun
Qv = <exp {i, SS dvydt B (T, t1)v (T1) —&%)—} Flz (T)]> . (3.1)

Omneparop, cToAnuiA OJ BHAKOM yCpeIHeHUA B OpaBoil 4acTu paBeH-
crBa (3.1), mpefcrasnger omeparop GYHKIUUOHAIBRHOrO CcABMra, M,
cIe[0BaTeNBHO,

Qpl={Flzm+ifduBruum]>, 32
a Gopmyna (2.10) sanumerca B Buge
Flz() Fn(mIR[z(1) + n (7)) =

e 62
= exp{\\ dndr B (x, 1) e s <Pl = m @ x

X Rz () + 2 ()] (3.3)

B dopmyae (3.3) Mo:KHO BHDONHUTH Omepamuio BapHallMOHHOTO AUd-
depeHnupoBanuA 0o v (t) (Yro cBogurcd K QYHKUHOHAIBHOMY CIBHU-
Iy) ¥ monoxurk v; = 0. B pesynbrarte moayvaeM paBeHcTBO

(Flz (@] Rz (x) + (1)} =
=(Flem + {duB ) 2= DCRE@ @b, 6.4

COOTBETCTBYIOMee paseHcTBy (2.4), ¢ ¢yarumonmamom Q2 [v (t)] Bupa
3.2).

Ilycts, mampumep, F [z (t)] = z (¢). Torna dopmyna (3.4) mpumu-
MaeT B

GO R + @)= du Bt 1) 5o (BT )+ 10D (3.5)

Samenss temeps auddepennnposanue mo v (t;) Ha guddepennupoBa-
HHUe I0 2 (Ty) ¥ moJaras v = 0, mojxydYaemM paseHCTBO

GO Rz = duB ) CEON (3.6)

Koropoe B Quaudeckoll Iurepatype IPUHATO HaskBarh GopMmysaoi
DOypyrny — HosukoBa mo mMeHM aBTODPOB, BIEPBEE ee IIOYUWBIIMX
(42, 14] (cm. raxsme [43]).

Hanee Mu GymeM ucmolb3oBaTh MHOToMepHoe o6odmenue dopmy-
am (3.6), Koropoe, KaK Jerko BHAETh, MO/RHO 3amducarh B BUIE

’ 63 z
it () RUD = § 0 i, )33, (0 T
(3.6")
rge ugepes 7 0603Havedbl BCe HENPePHBHEIE apPTYMEHTH CIYYAHHOTO
Dons z (r), a 4epes iy, ..., i, — HEHEKCHBIE apryMmedThl. llo moBTo-

PAIOMUMCS MHIEKCHEIM apryMeuTaM B HpaBOI/I vacru (3.6”) npepnona-
Tagress cyMMHPOBaHHe.
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Ecan B dopymyme (3.4) momomurs F [z] = exp (i [dvz (v) v (v)},
TO WoJIyYaeM paBeHCTBO

<exp {i Sdr z(r)v(r)}R [z(T)+ n(r)]>:
= <exp {i S dtv(T1) [Z (t1) + S dtv B (1, 1) —S%T)—:I}> X
X (R [z(7) + (7). (3.7)

YuureiBas remeps ompejielleHMe XapaKTepHCTHUECKOTO (YHKIMOHALA
npouecca z (f) u To, 4T0 OomepaTop B IpaBoi wactu (3.7) mpexcrasiader
coGoil omeparop (yHKIHOHATBHOLO CABHTa, MOMKHO IePeMHCATH Ipa-
BYI0 Yacth (3.7) B Buge

OO R [z(t) 40 () +i [ duB (s, W), (3.8)
Honaras temeps 1 (1) = 0, monyvaeM oKoHUATENhHOE PABEHCTBO:
<exp {i Sdrz(r)v(r)} R [z(r)]>:

=0 @I R 20 i {duBEmom]>,  3.9)

T. €. B nmpasodd wactu (3.9) mop 3HaKOM ycpemHeHHS K ciydYaiiHOMY
mponeccy z (v) MOGABIAAETCA [ETEPMUNHPOBAIIHAA MIUMAas# COCTAB-
nstomas. Qopmynn (3.6) u (3.9) mpepcrasnsor ofobmenue Gopmyi
(1.1.18) u (1.1.19) ma cayuaiinne rayccoBckue mpoueccsl. Ilpu aTom
dopmyay (3.9) MOKHO TONYYWTH M APYTAM CHOCOGOM, AHANOTHIHEIM
BrBomy Qopmyner (1.1.19), pPaccMaTpuBas COOTBETCTBYIOMIUI KOH-
TUHYaJbHBI WHTerpan (cM., Hampumep, [44]).

Ecnu canywaiinwiil mpomece z (f) ompegeneH ToNBKO Ha orpeske
spemenu [0, t], o dyarumonan O, [v (v)] 6ymer ompemensaThcs BEL-
paKeHneM

14
PR
O v (t)) = — - SS drydte{z (T1) 2 (T2)D v (T1) v (Ta),  (3.10)
0
a gyaruuoHans  Oyayr duRednLIMU QYAKI|HOHATAME:
t
() . ,
(D) = 555 O (Ml =i\ dr () z(xpw (1), (B.1)
0
t

Qiv(t)]= Tv(fW O, v(v))=1 S drz(B)z(t)Hv (), (3.12)
10
u, crefosarTenbuo, gopmynn (2.16), (2.18) 6ynyr umers Bup

‘ OB, [z (V)]
G REED=\dt )20 (g m> €<y, @13)

0
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cOBIIAJlal0luit ¢ pasenctBoM (3.0) OpU BEIIOMHEHHY VCIOBUA
OR, [z (1)]

0z (1)
OrmeTuM, 9ro B roM ciayvae dopmyna (3.9) npunumaer Bug

<exp {i V dtz (1) v(r)} Rz (r)]> =

0

=0 ups t<0, T>1. (3.14)

t
=@, v ()1 R, [z (v) 4 i § driB (v, 1)w (11)]>. (3.15)

PéCCMOTpnM Telephb cpepHee SHaUeHUe
D, [v(r), u] =exp{I[v(v),ul} =
t

- exp {i S drz (T)v(T) -+ iul, [z (r)]}>. (3.16)

Dynruuonant @, n O, onuchBaloT COBMecTHBle CTATHCTHYGCKHE Xa-
paKTepuCcTHRU Ipolecca z (T) ¥ dymKuuoxana or Hero F; [z (v)]. llpn
u = 0@, [v(r), ul > D, [v (1)] aBaAeTcH xapakTepucTHIECKUM HYHK-
nuonajyoM mponecca z (1), a npu v=0 @, [v @), ul > D, [u] —
XapaKTeprcTaYecKoldl QyHKnuel cryuaitnodl Bennunnn § = F, [z (1)].
s rayccoBckoro mpouecea, cormacmo (3.15),

O v (), u] =0, [v(T)] +

+1n (exp {z’uFt [z i § dv,B (v, 1,)v (rl>]}>. (3.17)

B sroM cayuae

1 00, [v (1), u)
I Ju

e =Fe [z (1) + iSdTlB(T, Tl)v(rl)'_b, (3.18)

u, ciegoBaTenbHo, BapbupyA (3.18) mo v (1) B TouKax ty, ..., t, u
nonarasa v = 0, mojyJaeM BhIpaskeHHe A COBMECTHOM KyMYJISHTHOMN
dyaruun opouwecca z (f) U GyHKIMOHATA OT Hero B Buje
K’n,l (tlv tg, c e ey tn; t):

t

U\ OF
=S'"Sdrl"'dTnB(tl’Tl)---B(tan) 12 ()]
0

dz(ty) ... 0z (7)) (3.19)

o6obmamoniem pasenctso (1.1.25) ma ciywail TayccOBCKEX mPONECCOB.
B wacrmoctu, momaras B (3.19) 8y =ty = ... = {, = t, Doxydaem
Gopmyny s omHOBpeMeHHOR KyMyuAurHOH (yHKIIM

Ko 1(tt, . 1) =
i

SF lz(@] .

Sz (1y) . - 02 (1) - (3.20)

:S...Sd'\tl...d'\:nB(t,'\tl)...B(t,'\tn)

0
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Mopmyra (3.20) snepsrie Gpna nosydena B pabore [45].

B sakamouenme oTMeTMM. 9TO NS [AYCCOBCKOTO MapKOBCKOTO IIPO-
necca Moser ObITL Toayuera mpocrad QOpMYyNa, OMUCHEBAIAA KOp-
peasmuio ynrrnuonanos <Fy, [z (t:)] Bb [z (1)), tme 11 <ty <t <1,
(eM. cnenylomuii maparpad, gopmyry (4.5)).

Paccmorpum remeps myaccoRoBeKuUit Iponece, onpeeJedablid B mep-
Bo# rinase BupamenueM (1.3.14), mna kKoroporo norapudm xapakrre-
puctudecKoro QyudKumonama ompemenserca dopmymaou (1.3.18).

@opmyan (2.17), (2.19) nna myaccoHoBCKOTO Tpomecca IIPUHU-

MaroT BUJ
t

Vdrg (' — W (V dt'v(t) g (v — r)), (3.21)

T

()= —iv

Qv (1)) = — iv

dvg(t —t)W (S dv'v(t)g (1 — 1:)), (3.22)

Sy o‘_,—,‘:

rje

W) =20 i\ dzEp (E) exp (1T},
Pasencrpa (3.21), (3.22) MoskHo, cMeRUB TOPAKOK I/IHTerI/IpOBaHI/IF{
Iepenucarh CIeyIoNuM O6paBOM

Qplv(r)]=

~

= S dEEp (§) j drg(t’ — 1)exp {L‘E S dv'v (v g (v — T)} (1<),

(3.23)
a BBEIpa/KeHMe Nid Koppensauuid cayuailworo mporecca u QyHKHHO-

HaJsa 0T Hero TakoBO:

() B[z (7)) =

o t
= | @ faver — )@ RE—TD @ <.
(3.24)

dra dopmyna 6rna moxyuena B pabore [16].

B mepsoii riaBe MBf roBopuAM 0 TOM, YTO CaYy4aiiHEil mpoiecc
n (0, t), omuceBanInuil ynucio ckauKos Ha waTepBase Bpemenu (0,1),
ABAAETCA WACTHBIM Clyd9aeM IIYacCOHOBCKOIO Iporecca Ipu & =
PE) =06E—1) u g =0(). Has storo mpouecca dopmyra
(3.24) npunumaer ocobento mpocToil BU:

<n (0, ) Rin (0, ‘I.')]>—
= Sd1<Rt mO,T)+0( —1)> (<. (3.25)

Pasencrso (3.24) sBaserca o6obmenneM Ha IyacCOHOBCKHE MpOLECCH
dopmyan (1.1.29) gasa nyaccoHmoBeKUX caydailHbIX BeJHYHH.

56



§ 4. Hpoueccnr Tenerpaduoro Thna

O6parurics remepp K mporeccam TexerpadHoro THOA, YpaBHEHHS
A XapaKTepPUCTUIECKUX QYHKITUOHANOB KOTOPHX OBIM ITOJYUeHb!
B IePBOH Tiase.

IIpesrae mcero pacemorpuM TenerpadHmii mpolece, ompemenaeMmil
dopmymoit (1.3.26):

z (1) = a (=108 (z(0) = a,z?(t) = a?), (4.1)
rle 4 — AeTepMMHMpOBAaHHA#A BenwumHa. MHiaa vroro mpouecca Mo-

MeHTHEle (QYHKIMM n-T0 DOpAIKAa YAOBIETBOPAIOT PeKYPPeHTHOMY
paserctBy (1.3.27):

My, .. ) =<2 t) ... .2({,)) =
=)z )d Mys (s, .- 1) (>t >. .. >t >0) (4.2)

Kz (1)) = aexp {—2vt}, <z (t)z(t)> = a*exp {—2v|t, —t,| ).
W3 peryppeurnoro pasencrsa (4.2) HeMemjeHHo CJaefyeT Bhpa:keHHe

z(t)z(t) Rz ()] =z (t) z (t,)> <R [z (T)], (4.3)

clipaBelIMBOe A HpPOM3BONBHOTO dyrkiuoxana A [z (t)] npu yero-
BUE T < {y < 4. Jua poxasarenbersa (4.3) caeqyer pasioKuTh QyHK-
mmonan R [z (v)]l B pan Teiimopa mo z (1) u ucronbzoBath QoPMYIH
(4.2). PapencrBo (4.3) 6puto Bmepssie moaydeno B pabore [18], rpe
OEIO TaKAwe ITOKABaHO, KAK MCIOJNB30BATEL €T0 JIIA aNaTr3a CTOXacTH-
YeCKHMX JHHEHHBIX CHUCTEM.

ITycrs remepb Benwumaa a 6yieT ciyvaiimoii ¢ MIOTHOCTRIO pacipe-

ReJdeHUA BepoATHocred p (a) = —;—[6 (@ — ay) + 6 (a 4 a,)l. B arom
cayaae Mappq == 0 1, Kpose pasenctsa (4.3), UMeeT, Mecto Cieayoinee
paBeHCTRO. TaKsKe moaydesnoe 8 [18):
HFlz ()] z () 2 (6) R [z (w)l) =
= F Tz (m)l) <z () 2 (1)) (R [z ()1 +
+ L Fz @)z (0))<z () Rz (1), (4.4)

CIpaBefAUBOe HAA JTIOGHX Ty < f; < I, < T, ¥ POUBBOJABHHX PYHK-

umonanos F [z (1)l u R [z (r,)]. B camom gexe, pasioskenne QyHRruo-

vara R [z (to)| B pag Teiimopa mo z Mo:kuo 3amucars B Bmje pAaja
\) 8

Rz (ry)] = Z;J . %Jr , Thie IIepBaAd CyMMa COAEPIKAT YeTHOE HHUCI0 COM-
21 2v4-1

HoskuTenedl 2z, a BTOpad — HedeTioe. Y4uTHBasg, pmamee, GopMysan

(4.2) u papencrna

Rz (0))> =<2, <z () BRIz ()] =z (k) 2>,
2% 2h4-1
Homyvaem dopmyiny (4.4). @opmyny (4.4) MosKHO mepenmcath B Jpy-
Tom pupe. OGoswaumm dynruuonan F [z (v,)] z (t) wepes F,, [z (v1)],
The 7, < 1, a $yuruuonan z (f,) R [z (ty)] — wepes R" [z (v,)], rhe
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Ty > &, U Iy, > &, Torga dopmyna (4.4) sanuiiercd B Bupe
(Fi [z (t)] Rl [z (12)]> = (I, [2 (1) D CRE [z (1) D +
+ 5 exXP {— 2v (fs — 1)} <2 (81) Fyy (2 (7)) 1D <z (82) Rte [z (1) .
(4.4")

1
ey

Tak rax d)yHRImOHaJm FulRe (4 4) IpPOUBBOMBHE, To U () yHKI{UOHA-
ast F'm R (4.4°) rakse TpPOUBBOIHHEL

B uerseprom maparpade mepmoil riaBm 6HII0 MoKazaHo, 4TO Cly-
qadubil mpoece En (1) = 21 (1) + . . . + 2z (2), rHe z; (f) — craTueTu-
4eCKH He3aBUCUMHEE TteXerpadHEe OPOHECCE € KOppeaAnuoHHOR

L., oo? : .
d)s'HKI.meI/IGT exp {— aft|}, npu N — co HepexoguT B rayccoBCKMil

MapKOBCKHMI Ipoiiecc. B oroM caywae MomHO Toaydutrs GopMyay,
aganornuayio dopmyrne (4.4'). B camoM jese, muisa QyHKUmOHANOB OT
nporiecca En (), mociemoBaTeABHO IIPOBOAA ycpemHeHue T10 2z (i),
Z, () ¥ 1. A. M RaKRIRA pas mMcmoap3yA (4.4'), NodyZaeM paBeHCTBO

(Fy [Ev (ta)] RE[EN (Tz)D =
~Zch N eXp{— Ak (ty — 1)) Py (1) Ry (£2), (4.5)

rae
Fy () = <21 (). - - 2 (&) Iy, [N (1)),
Ry (&) =<z (ty) - - - 21 (1) RE [En(ma)l).
Ilepexops ® mpegeny N — oo B (4.D), momyuaeM paBeHCTBO

CFLIE(T)] RETE (v9) D> = |
;ZTifexl){‘ ok (ts — t)) £ (1) By (t2),  (4.5)

=0
riie £ (t) — rayccoBcKmil MapKORCRUIL Ipottece, T, < iy <y < To, &
Fy(ty) =lm N*F (1), By (8,) = lim N*R,, (t,).
N o N~

opmynsl (4.47), (4.9"), KaR Mbl yBEIUM fajee, YAoOHLL s anaiusa
MHTETPANBHBX CTOXACTHYECKAX ypaBHeHWH.

@Dopmynu (4.3) u (4.4) comepxar Sunnrelinyo KoMOuHanuio Hpo-
necca z (1), 4To He Beerjaa yAoOHO NS UX MPAKTHIECKOTo IPHMEHEHUA.

Ilns Bermcaenus ke Koppemsuuu <z (¢) Ry [z (v)]D, tme © < ¢,
KaK YKasHBaloCch BHINE, HaJ0 3HATH XapaKTepUCTUIeCKHH @yHKImo-
wan mpouecca z (t), Koropslii He usBecteH. OnHAaKo JIA HEro MMeIOTCH
ypaBHeHI/IF{ (1.3.30), (1.3.31), ouuckpBaomue CcBA3b QYHKMUoOHaNA

()] =+— 0K —— D, [v (v)] wemocpepcTBeHHO € CcAMUM XapaKTepH-

CTUYECKUM (i)yHKuI/IOHaJmM @, [v (tr)]. droit cBABM mocTaTouno, YTOGHI
BRIpasuts BenuunHy <z (£)R, [z (t)]> uwepes {R). B camom pene, nas
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mwboro ¢ymrnuonana R, [z (t)], rme v <!, uMeer Mecro memogxa
paBEHCTB

<Z(t)Rt[Z()+ﬂ()]>

=<z (1) exp{Bdm(r g | R 1=+

(V)

S| 1=

X

t
_ vt 1 2 5
_aﬁt[n(x)]e avt a2§dt1exp{- 2y (=t} 5y

t
X <exp )Sdrz 67]6(1 }> Rin(m)=ak,[n(v)] e+
t

L azSdtl exp {— 2v (t — 1)} _m_ﬁm (ByIn() +2(0)0 (6, — 1)), (4.6)

0

rme 1 (t) — mpoumsBonbHan gerepMmnupoBanmas (yurnua. Iloxa-
rag 1 = (0, monyuaed oKoHdYareibHoe Bhipakenune [20]:

GO R [z(0)])=aR,[0] et L
¢
+ aﬂ\dtl exp {— 2v (f — t1)} <E% Rt 2 (T)]>’

%
0

e pyukunuonan R, (¢, z (v)] onpenenserca §opmymnoit

R,[t,z(®)] = R, [z (x) 0 (1 —1 + 0)]. (4.8)

Ecau teneps senuuuna a ciaydaiina ¢ pacmopefeneHneM BeposATHOCTEN
1

p(a) = ?[6 (@ + ag) + 8 (@ — ap)l, 10, ycpemsusia dopmyny (4.7)

oo @, DojJydaeM PaBeHCTHO

)Rz (V)] =
it
= aj\dtsexp{—2v (1 —t} gy Biltnz (@] (4.9

0

Dopmyna (4.9) mo BHelIHeMy BUAY OYeHh HAIIOMWHAET PABEHCTBO A
pacHmienyieHus KoppesiAiuu nponecca z (1) ¢ QYHKIHOHATIOM OT Hero
R, [z (1)] B cay4ae rayccosckoro mpouecca ¢ SKCHOHEHIUANBHONE KOp-
peasnuonnoit dymraumedr (cm. dopmyny (3.13)). Ornuuune cocrour
B TOM, 4TO B IpaBoi vactu (4.9) crour we cam dyurnuonain R, [z (1)],
a dyurnuonax R;, «obpesanupity mo mpoueccy z (t).

Mu PACcCMOTPeIl  KOPpeILAIHIO z({') Ry [z(v)]y mpu ¢ =¢.
Ecam e t' > ¢, To Ty Koppeﬂﬂumo MOMKHO 3alucaTrh B BUe

(2 () Ry [z (¥)]> == <2 (') 2 (1) 2 (1) Ry L2 (0)]),
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M, CaeloBaTelbHO, coriacHu gopmyne (4.3), mMeeT MetTo paBEeHCTBO
()R [z (M) =
=exp{—2v({ — )}z () Ry z(x)]> & > 1. (4.10)
AnazornvabM 06pazoM TONydaeM TaK:ke BHIPaKeHHs
<R:° [z ()] z (')> = <RY [z (v)] 2 (t,)) exp {—2v (ty — t)}, (4.10")

e <ty 1<t a
<R z(V)]z (o)) =

t

=ang¢1exp{—2v(t1 to) }<(S T REM (ot 01>, (4.9)

to

Has soumcaenun woppensuuu {z (§) R [z (V)>, tne #, < & < ¢,
ty ST < ¢, paceMoTpuM (i)VHKlLHOHan

Dy 4, [0 ()]—-<exp1LSdra(r }>6(t——t0

KOTOPHIH, O0YeBUIHO, YMOBIETBOPSET HHTEIPAIBHOMY ypaBHEHHIO,
aHaJOrMIHOMY YPABHEWHIO AJNA XapaKTepucTudecKoro (GyURIFOHALA
@, , mpoyecca z (1) (1.3.31):

Dy, =0 — t o) —
— ag S drtw (1) S dtev \12) exp {— 2v (11 — T9)} Doy 1y (4.11)
KOTOpPOe MOJKHO IepelucaTth B BHJe

t
O =0(t —ty) + { dT K (1, 7) Or o, (4.117)
to

t
K (t, vy = — alv (1) {dryw (11) exp {— 2v (1; — 1)}

ITpoBapsupyem remepb ypasuernue (4.11°) mo v (§). B pesynnrare mna
dyuknuonana

g, v ()]—:m(E D, = z(g)exp{iSdm(r)u(r)}>
to

nojyvaeM HHTeTpajbHOe ypaBHEHHe, pellleHne KOTOPOro MOKHO BHIpa-
3uTh 4Yepea peuleHme ypaBHeHHS (4.11). B pesynsrare momywaem
BHIparKeHUe

& K (T, 1y)
idv (&) T !

t T
wiE) =\ dr . S dr @, (4.12)

to
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KOTODOe ¢ ydYeroM ompeieneHEA Qynkumomaza K (f, T) MoMHO mepe-
nucaTh B8 BUIe

YRIE v (1) =

= iaqydDy & [v (1)] § dtyw (t;) exp {— 2v (E — 1)} Pu, 1, [V ()] +
to
-+ iag(Dg, 1 [V (T)] tg dtw (f1) exp {— 2v (¢; — &)} Dy, . [0 (T)]. (4.12")
§

Pacemorpunm reneps roppemsuuio
2 (& R (1) + 2 ()] =
=z exp {3 dvz (1) <t > R T ()] =

0 :ly*;"[g,ﬁ]ﬂi"[n(f)]. (4.13)

CrepoBarenbro, (4.13) MoskHO mepemucath B Buge DABEHCTBA

g
: (S tn

EE BT + 3 (D) = azgdm exp {— 2v (§ — 1)) oy <R [0 (1)
to

F 20T =& +2M)0¢EH -0+
+a

Lﬁfg/"\ -~

\ iy exp {— 2v {t; — )} m—— 5,](” (REM(0) 22 (DO E—7) +
+zp ()0 (T — )] (4.13))

e 21 (1), 2 (/) — cTaTMCTHYeCKM He3aBuCUMHe tederpadHEle mpo-
ItecChl ¢ 0OAMHAKOBOE KoppesrAnvoHHoN QyHKIMel Bu/a

z2(t)yz (') =agexp {— 2v |t — ¢ |}.

Honaras remeps B (4.13') 7 (1) = 0, wmn monyyaeM OKOIMarelbHOe
BRIpazkenue [JIA uHTepecyomeld nac Koppensmun [20]:

:
<z (8) R£°[z(r>]>=a33dt1 exp {— 2v (E — £1)}

to

x(éz R o (1) 0 (T — &) 20 (1) 0 (14 — 7+ O)]> +

t

-+ al é dty exp {— 2v (t; — E)) <5Tf(t‘1>‘ Rz, (1)0(E— 1) +

+ 23 (1) B (T — 1y + 0)]>- (4.13)
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Hpu & = ¢ wam & - ¢, dopmyna (4.13") nepexofuT COOTBETCTBEHHO
B dopmyan (4.9), (4.9). Ormerunm, aro B (4.13") upenens uHTerpupo-
BaHUA f,, { MOTYT HPUHHMATE J00ble 3HATEHHs 0T — 00 [0 0O0.
Otvmerum Ttaxse, 1o ecau B gopmyine (4.12') monomurs v (1) ==
= v = const, to ¢ yderom paBexHcrBa (1.3.32) monydum Boipakenue

<z (&) exp {iv S dtz (1)}> =

=ivag{D(t —E)FE—ty) + F(t —E)DE— 1)},

rie

D (t) == ¢V {ch At |- )V sh M} ,

3

F)y= \ dre =D (1) = e /L sh it

0
2
(A= Vv? — ag?), U, CHe0BaTedABLHC,
t

<z (&) exp {iv S dtz (’C)}> =

to

e 10 fSh A (¢ — to) - e sllk(t—g)s}lk(g—to)}. (4.14)

fy 2
LUHO

A

Bumre Gp11 paceMorpe ciydail KOppeJsiiun cIydaiinoro mpomecca
z (t) ¢ ¢yHrnuonasoM ot mero. Ecam ke MBI mMeeM HPOW3BOIBRYI)
¢yHEDU oT TeserpadHoro npolecca F (z (¢)), To, 0YeBHIHO, BHILOJ-
HAeTCA PAaBEHCTBO
I (a)+4# (-—u) Fy—F(—a)
Fz@)= 5 i

2a

z (t), (4.1")

U BCe, 9T0 CHpaBe[JIMBO JJjA TejerpadHoro mpoimecca z (f), 6ymer
CUPABENJIUBO, ¢ HeGONBIIAMH OYCBHAILIMU H3MEHEHUAMH, U [JIs
F (z (1)),

Paccrvorpum reneph oGoGmieHHEBI TederpadHbi IPOIGCE, OTHUCH-
BaeMblil opayaoit (1.3.33). Hdasa sroro npoiecca cBA3bh GyHKIMOHANA
Y, [v (t)] ¢ xapakrepmcruieckmM QYHKIUOHALIOM upomecca 2 (t)
onucesaercs dopmyaoin (1.4.62), Koropas, Kak U B caydae TeJerpad-
II0TO mporecca, I03BOJAeT BHpPasuth Koppeaamuio <z (f) R, [z ()],
rme R; lz] — upousBosnbpunit QyHKIHOHAN, 4epes cpefHee 3HadYeHUe
camoro ¢yHknmoHana. B camoM fene, feficTBys Tak ;Ke, KaK M B CIY-
"gae TexerpadHOTO mpoiecca, H0JydaeM PaBeHCTBO

GORE@+1OD="] 55 | RME@I=
t

= (@R, [ (1) + al>z e + v \ dtyexp (— v (£ — 1)} GR.[(v) +
0
+de (T—tl) +Z(T)e(t1—T)]>a'z, (4.15)
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e 1 (1) — DpomsBoabHad (QYHKUHUA, a CAyYaiiHasg Beandmhna &
B HepBOHl YacTH CTATHCTHYeCKH HesdaBumcHMa oT mpomecca z (t). Iloaa-
rag temepb B (4.10) 1 (t) = 0, monyuaeM okoHUaTelbHOe BHIpajkeHHE

[20]:
(2 (t) Ry [z (v)]> = @R, [a]) et +

t
+ v\ dtyexp {— v (t — 1)} <GR [t 8, 2 (D), (415

rme ¢ymxumonan R, [f1, @, z (t)] cBasan ¢ ¢ymximonamom R, [z (1))
dopMyaoH
Bylty,da,z(@)) =R, @ (vt —t) + 2 (1) 0 (¢ — 1), (4.16)

a ¢yurumounan R;[d@] = R, 0, a, O].

OTMeruM, 9T0 B cay4dae o0o0uIerHoro rexerpadHOTO upoliecca Ais
roppeasuumn {f (z (1)) R, [z (v)]>, tne f (xr) — npomssoasHas Gpynxuus,
B cmury paserrctBa (1.4.61) raxike HMeer MecTo (opMysa, aHAJIOTHT-
mast (4.19):

(Fz (@) Rilz (V)] =<[(a@) R [a]) e+
t
+oldtesp (= vt — ) @ Riltn @z (@D, (4.17)

rie /7, B npaBoil gacTn onmcuiBaercs BHpaykenmeM (4.16).

§ 5. MapreBrkue npoueccor

Ilponeccrr Temerpaduoro tumra, paccMoTpeHHBle B HpeAAyIIeM
naparpade, KaK 0OTMEYAJIOCh B HePBOH TJiaBe, SBISIOTCST HpoCTeHINIAMA
MapKOBCKHMW HPOMECCard. I’accMOTpPHM reriepb Te CJIeJCTBUA, KOTO-
pEle MOJKHO UOJYYHTH N5l KOppenAnuit (QyHKIIHOHAJIOB M3 OIHOIO
JHIIb YCIOBHA MApKOBOCTH mpoiecca z (f).

Ilaa mapkoBekoro nporecca z (£) obiero Byga HeT YPaBHORMA AJIA
ero xapakKrepucTHUCCKOTo ¢yurumonaaa. VMveercs: TOTLKO MHTEIPANB-
110e ypaBlelrde AJasi QYHKIIMOHANA

Yilz,v(v)]= <(‘5 (z (t) — z) exp {i S dtvz(t)v (T)}>,

ONACHBAONIET0 CTATHCTHYECKYIO CBsI3b Ipoliecca z ({) B MOMEHT Bpe-
MeHH { ¢ ero upeApcTopueil. JTo ypasHenue OBIO moXyueHO B § 4
IEPBOH TJ1aBH M HMeeT BUJ
Yz, v(1)) =P, (2) -

t o
-+ i&dtlv (t) S dziz1p (2, t| 21, 81) ¥y, (2,0 (D)), (D.1)

0
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rae P, (z) — onuospesenuas WIOTHOCTH BeposiTHOCTEH maA 2 (¢),
a p(z.t |z {4) — maoTnocth Bepogrnocreil mepexona. B srom ciy-
qae, feHCTBYA MeToAoM, IOAPO6H0 ONMHCAHHHM B IPEAbIIYHIEM Hapa-
rpade, MO/KHO HOJSydYnTh HHTEIPAJSBHOE PaBeHCTBO ¢ BapHATMOHHEI-
MH TTPOM3BOAHBIMHM AJst Koppeasanun <O (z (1) — z) R, [¢; z (z) +
+n @) <t suma

B (1) =) Rilt52 (1) + (Dl = T | 2

|Rit @ (5.2)

- 5 -
Ormerny, yro omeparop Y, Lz, z—om—r)J ABJAETCST oepaTopoM QyHK-

NHUOHAJBHOTO CABUTA, XOTS 9TO HAM B7eCh H He CYIIECTBEHHO.
Jas maprosckoro upomecca z (¢) ¢yusium P, (z), p (z. 1 | 2y, 11)
YAOBIETBOPAIT JMIIeHHHM 0nepaTOpPHBIM Y paBHERIMIM

apP an
L= [fz])h !
(43 vl

=L.p, (5.3)
rae L. — nurerpo-nuddepernalbHEi omeparTop mo z.
Ipoangdepemmpyem paBeuctso (3.2) mo ¢. Hpn arom yurem, uro,
B cHTy ompejestenns gpynrumonana R, l¢; v ()], 5% R, [t; n ()] ~
541

~ 0 ( — %) n He Hago mupdepeHUPOBATL 1O BEPXHEMY IIpemelIy
(KOTOpHIT MOMRHO LIOJOKATH paBabiM oo), Hpowme toro, mveer Mecro
paBeHCTBO (CM. (bopmyny (1.2.11y)

9 o i}
ot 6n(t Rt (W] = w75 A —~ B[t m (D] (5.4)

T. e. omepauusa amPdepelMpoBaHus HepeECTAHOBOUINA € Ouepaluei
BapuanuoHHoro guddepeHnuposanust. B peayabrare {c yderom (5.3)
u (5.4)) upuxoaum k gopmye juddepeHmpoBanusa paccMaTpHBAeMOI
KOPPeJANUN 0 BpeMern (1] (T) MOIKHO mOJIO;RUTL paBHoW By/i0) [22]:

S E W) — ) Rtz ()] =

= sy — O L e — Rtz @. (5)
AnanornuneiM o0pasoM, MCIMOJB3YA Y| aBHeIne ('1./1.47’) nasg QyHK-
nnonana ¥, [z, v (1)) = <8 (z (t') — z) exp {z | dr z (v)e (1)}, Tae
t' > ¢, MOKUIO UOJYYHTEL ypaBHEHUe, cnpaBen*mBoe 1150) S A
TG t) — ) Rilts 2 (] = L. <8 (2 (t)) — 2) R [t:2 (1)1, (5.6)
HaYaJAbHBIM YCIOBHEM JJs KOTOPOTO ABJIAETCH YCJIOBHE

Bz EY—2)R, [t;2 ()]) | p=t = <O (z (t) — 2)R; [t; z (V)]>. (5.7)

YmHO:R¥MM Teneps paBeHcTBo (D5.5) Ha f (3), rue f () — mwpomsBonb-
Hag ¢yHKOWsI, ¥ OpOWHTerpupyeM mo 2. B pesyrbrarTe moaydaeM
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dopmyny muddepernguposanusa

—Eti_ iz () Relts z ()] =<f @) ﬂ;z_(f)]_> n

oc

+- S dz f(2) L. <8 (z (t) — 2) Ry [E; 2 (DD, (5.8)

—0

KOTOPYIO MORHO mepenunucath B BHAE

R, {t;z
S ) Rtz — e (1) SO
= (R, (t;z2()| L5 fz@)]>, (5.9)

Tie BBeJeH omepaTop L., COTpssxeHHHI K omepaTopy L..
Qopmyast (5.5)—(5.9) onpenendior npasmia nuddepeHIHPOBAHAN
0 BpeMeHH Koppeisiuii PYHKIUFA 0T MapKOBCKOTO mpomecca z (%)
¢ $YHKIMOHAJAMU OT Hero.
Pacemorpum mpumMepsl MapKOBCKHX IPOIECCOB.

1) z (f) — rayccoBckuit MapKOBCKuil mporecc. OmepaTtop Lz onm-
chBaeTca Qopmyaon (1.4.30):

B 2
L=B(t) 22+ 28 T, (5.10)

® npaBaf dacth gopmyan (5.9) npunumaer Bup
—Bi (1) <z (1) 1 ¢ () Re[ts 2 (@)D +
3 Ba () Lo G (O) Ri 52 (D). (5.11)
B mactaHoM cayuae f (z) = z uMeeM
—B, (t) <z )R, [t; z (1)1, (5.12)

2) Ilyets z (t) — myaccomoBeKuil mpouece ¢ UMIYIbCHOR QyHKIH-
eif e"* 0 (¢). Hax Mu ysupuM B Tperbeii raase, cM. (3.5.48), omeparop
L, saBuasiercsa unterpo-guddeperHUaIbHEM OIePaTOPOM:

L (@) =a -2z 5) I § azp®|ex(—E4-) - i), 613

—_—

U, caejoBaTe]bHO, Hpasas 9acTh (5.9) BHIIATAT TaK:

— o<z (t) [ (2 (1)) R[5 2 (1)]> -~
v  EPOWUEO ) —fEORILOD. (544
B uwacrrOM caywae f (z (¢)) = z ({) moaydaem

—a (R, [t 2 (O + v KEXR, [ 2 (). (5.14)
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-3) HNas temerpaduoro uponecca z () omepatop L., coraacuo dop-
myie (1.4.24), pasen

L) = —v 1] (2) — f (—2)) (5.15)
M MOKHO PaCCMATPHUBATL CJIydYaid TOJBKO JMHeHHLIX IIo z QyHKIuA
(eM. ¢opmyay (4.1°) oroit raamm). Ilpu stom mpaBas dacts (5.9)
IPUHAMAaET BU/I

—2v <z (R, [t, z (¥)]>. (5.16)

OrMerum, ur0 B maHHOM ciXywae, coriacHo (5.6) m (5.7), nmeer
MecTO paBeHCTBO (' > 1)

<z ("R (85 2 (v)]) = exp {—2v (¢ — ¥)} <z ))R: [t; z (V)]D,

coBIIaiaoIee, ecTecTBeHHO, ¢ opyyaoir (4.10).
4) Jlna oGobmenHoro Teserpadroro uponecca z (1) omneparop L,
coriacHo ¢opmyie (1.4.39), ompernenstercst dopaynoi

Lf (&) = —~] (@) + vpa () § 47 (') (5.47)
u, cJejloBaTelbLHO, IpaBast dacth (5.9) TakoBa:
—v <z @R (8 2 (W)]> + v F (@) <R I8 2 (1) (5.18)
B wactHom caydae f (z) = z mu3 (5.18) moaygaem
—v &z Q)R [t 2 (1)) + v ad> <R, [t; z (1)]>. (5.18")

B caygae sxe t' > t, coraacuo (5.6) m (5.7), umeer MecTo paBen-
CTBO
b (z @) — 2)R; [t 2 (1)) =
=<8 (z () — 2R, [2; 2 (V) exp {—v (" — 1)} +
+pe () (R [ 2 (1> (L — exp {—v (&' — B)}).  (5.19)

IlepBoe caaraemoe B mpaBoit gactn (5.19) omumcnBaer ciayuail oTcyT-
CTBHS CKAYKOB IIpomecca z () Ha mmrepsaie (£, t'), a BTopoe cmarae-
MOe COOTBeTCTBYeT HAJIWYMI CKadKoB. Ywmuomag (5.19) ma f(z) u
HHTETPUDPYSI IO BCeM z, IMOIydaeM

{f(z @ )R [ty 2 (V)] =
=< (z ()R, [t; 2 (V)] exp {—v (' — 1)} +
T F @Rz @A —exp {—v ' —19)}) ¢ >1). (5.20)

Qopmyast mupdepeHHEPOBaNAS KOPPENANMA IIA IayCcCOBCKOTO H
TeqerpadHOTo IIpoLeccoB OHIIM HOJY4Yelsl BIeDPBbE APYTUM HyTCM
B paborax [40].

Ormernm, 9to Bee dopmyab: (5.12), (5.14") upm <E> = 0, (5.16),
(5.18") upu <{a) =0 nmMewT OFUH U TOT 3Ke BUJ], XOTSI OHH U OIMCHIBAIOT
COBepIIeHHO pasHble IPOIecchl. JToT (PAKT TOBOPUT CKOpee BCETo
0 TOM, 9T0 0c000# MOJIB3H OT HX HPAKTHYECKOTO HPUMEHEeHHS 0/IIaTh
ge mpuxofurcA. OfHaKko, KaK MBL YBUIAUM jajlee, B ciaydae Telaerpad-
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Horo u ofolmiennoro teferpagnoro nponeccos opmyas (5.16), (5.18)
OynyT moJesHH RIS aHaNW3a CTOXACTUTIECKHUX JUITEHHHX ypaBHEeHmil.

OcraHoBHMCSA Tenepb HA HEROTOPHX 0000meHnsax GopMyll, MOdy-
weHHbIX Brmre. llpeskme Bcero oTMeTuM, 4TO €CIM Mhl HMeeM BEKTOP-
HHI MapkoBeKmil uporiece z (f) = {z; (1), . . ., zv (f)}, ouucHBaeMbIi
omepatopoM L., T0 QyHEnHoman

¥, [z v (1)] = (8= (1) — #) exp {i{areme (r)}>, (5.21)
1]

ne ¢ (t) = {v; (¢), . . ., vy (f)}, yHOBIeTBOpAET YypaBHEIIHIO
o, [z, v (1)

— = (L, + izv ()} Vi (2, v (1)] (5.22)

¢ HaTaILHLIM YCIOBHEM
Y, [z, » ()] = P, (). (5.23)
Teneps He mpencTaBaseT TpyAa BHIUCATh GOPMYIY AJIA KOPpPEeJAIUA

CF (2 ()R; It 2 ()], a taxke dopmyny mas puddepeHmmpoBaHmMA
3TON KOppEeJSIUN U0 BPEMEsH, KOTOPad TaKoBa:

- (F (2 (1) R[4 2 (1)) =

= (e ZLE2OLS RGN P, (5:24)

- L=
rpe L. — conpsuensnwil K L, oneparop. B Basknom gactHoMm caydae,
KOTZla BCe KOMIIOHEINTH BeKTOpa & (f) SABISIOTCS CTATHCTUIECKH HE3a-
BUCHMLIMI MapKOBCKUMH L POIeccaMyl, OUMCHIBAGMBIME ONIIUM U TEM JKe
omeparopom L., dopmyaa (5.24) cymiecTBeHHO ynpomaeTcss W NPHHH-
MaeT BH[

/ - .
7 <F(z(t))3f[t§z(T)]>:<F(z(t))it[;_z(T”_> +
N

at
+ Y Rz P (5.25)
fr=1

Tak, Hawpumep, I BeeX MEPEUNCICHHBIX BHIIe IPOIECCOB ¢ Koppe-
JATUOHHON (QyHEK1MeR

2@zt + 1)) =< exp{—alt |} (5.26)

nMeeT MeCTO PaBeHCTBO
(ait -+ ak) (@) 2 B) Ry [ 2 (0)]D =
R, [t
— oty (t)—%ﬂ>. (5.27)

Dopmyana (5.27) oupepessier IpABUIO B BIIIECEHUS! Onepanuu Tuddeper -
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NUpOBAKUs II0 BPeMeHHU H3-IOf 3Haka cpennero. Tak, us (5.27) momy-
Y30M COOTHOIIEHHE

(o). oy 200 ) T =
_(a‘i Tak) Gi(d) .2 () Re[t; 2 (1)), (5.28)

rpe k=1,2,... N.

§ 6. JlenrpTa-KOppennpoBanHbIe cIyYalHbIC MPOICCCHI

Ocoloe mecrto B ¢uanuecKHX 3ajadaX 3aHAMaeT cay4dail, KOTHA
5 (f) MOKHO paccMaTPHBaTh KAaK jleJIbTa-KOPpPeJIUpOBANIIHE HPOIECce.
BasksoCTh 8T0TO ciaydad ofyca0BIeHA TPEKEe BCOTO TeM, ITO BO MHO-
ruX (EandgecKHX 3afa49axX TaKafd anipoKcHMauusa QIYKTyanui mapa-
MeTpPOB HMeeT ACHYH (U3nYecKyi0 UPHUPOJY W IPH ITOM, KAK MEL yBU-
AUM JaJjiee, MJIA OJOTHOCTH BePOATHOCTEH pemeHN# COOTBETCTBYIOMIAX
JANHAMHYeCKMX CHCTEM MO’KeT OHTh IoJyueHo 3aMKHYTOe ypaBHeHHe.

Hdasa rayccoBekoro O-KOppeImpoBaHHOTO BO BpeMeHH UpOIecca
KOPpPeJANUOHHAS QYHKINA HMeeT B[

2 () z (b)) = B (t)0 (4, — 1) (2> =0). (6.1)

B s1oM caywae ¢ynrmumonanst O [v ()], Q,, Q,, BBefeHHble Bo BTO-
poM maparpade JaHHOH IJIaBbl, paBHEI

t
O, [ (1)] = — %Sdr B (1) (1), (6.2)

0

Q oM =i ()0 (), Qo (v)] = B (1)v (1), (6.3)

a ¢gopmyant (2.16), (2.18) cymecTBeHHO YUPOIATCA W IPUHUMAKT
BHJ
’ . ’ le [Z (T)] ’
)Rz ()] =B () @) (0" <1),  (6.4)
1 OR [z (T)]
(z(t) R, [Z(T)D:TB(t) 67. ® (6.5)

Bupasenns (6.4), (6.5) oOUHCHBAWT CKag0K CTATHCTHYECKHUX
cpepnux npu I ={ [JI7 paccMaTpHBAEMOTO0 TAayCCOBCKOTO [eJjibTa-
KoppelnpoBayHoro Irpomecca. CymecTBoBaHue 9TOTO CKATKAa 00ycJI0B-
JeHO cyry6o AelbTa-KOppeJaMpPOBaHHOCTHI0,— €CJIHM HPOoIect He geib-
Ta-KOppeJupoBaH, ToO HHKAKOTo cKadka HeT (cM. Qopmyay (3.13)).

JleabTa-Koppe lMpOBaHHEIN NyacCOHOBCKUE CAYIAfHEN Irpouect
COOTBETCTBYET NpEAelbHOMY Ilepexofpy

g (v) > 8 (v). (6.6)
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B stoM crydae morapudm xapakrepucTHieckoro QyHKIHOHAIA HMeeT
upocroit Bux (em. (1.3.23)). Cremopatensno, dopmyan (2.17), (2.19)
MORHO IepenmcaTh (sl AAHHOTO ciaywas) B BHJe

oo

Qe i=v § dtp@exp ey (¢ <t (6.7

—0C

xr

\ & p @) lexp (ito (1) — 1] =

—0o0

v

Q)= a0

% %
= v\ dp@\desin@y  (6.8)

oo ]
a BeIpayKeHHst Aas koppeasnuii (2.16), (2.18) okaswmBaroTCs pABIIKIME

(2 () Rz (1)) =
=v (o RE@rsc—D @<, (6.9)

o g
GORIzWD =7 d&p®fdnR z()+nse—0D. (6.10)

0

Qopuyaer (6.9), (6.10) ounceBa0T CKATOK CTATHCTHYECKHX CPeJHHUX
upu t' == f, o0ycaAOBAEHHDIH, KaK M /51 TayCCOBCKOTO CIY4Yasd, JAeiab-
Ta-KOPPeJnPOBAHHOCTHIO Iponecca z (Z).

B of6meM caydae menbra-KoppelmpoBaHHOTO mpomnecca z () pas-
JokeHHe jgorapudma XxapakTepucTHIeCcKoro GyHKIUOIANAa B QYURIHO-
HaJabHH# pag Teitmopa mMeeT BHJ

i

O (=Y - S dv K, (t) v (1), (6.11)

n=1 0

a Bce KYMYJISHTHBIE (byHRHI/II/I IpHA 9TOM OIPeJIeJIATCA BHPaKeHneM

Ky (G, oo 0 t) =K, (3)0 (8, — ) . . 0 (=g — ). (6.12)

XapakrepHoil GepToil 9THX IporeccoB, kak sumro us (6.11), apagercs
CIPaBeINBOCTb PaBEHCTBA

. . . do, [v
O, [v (1)} = O, [v (2)] (@[v(r)]:ﬂ),

dt

(6.13)

HIPAmero NHPHHIWANHAJBHYR poOJdb AJdf JalbHedmero. PapeHcTBo

(6.13) morassBaer, 9to BeamdmHa O; [v (t)] aaa peanra-Koppemmpo-
BaHHOTO Npolecca fABIdercAd He (QYHKIMOHAIOM v (T), & LpOCTO
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¢yarmueii. B atom caydae $yurmmonmamn Q,, £; TIPpHHAMAT BHL

o0

2 @)=Y L K () (<), (6.14)

=
01— 3 o Kaga 90 (6.15)
u gopmymn (2.16), (2.17;:)0Taxoam:
GO REED = Y K ) (RO
=
(6.16)
GO R M) = i 7 Knin <t><5n§;%f”>. (6-17)
=

@opmyast (6.16), (6.17) ouncHBa0T CKaY0K CTATHCTHYECKUX CPEIHAX
B o0meM caydae [edbTa-KOPPEeJHPOBAHNLIX IpoLeccoB mpm &' == i.

OTMeruM, 9T0 upn ' > ¢ [is1 Oeiabra-KOppeinpoBaHHEX IPOLEec-
COB MMEET MeCTO OYeBHIHOe PABEHCTBO

G ()R [z ()] = G () (R, [z (1)) (6.18)

JlenbTa-KoppeAnpPOBAHHBIX HPOIleCCOB B mpupoje He OnBaer. Bce
peasbHEIe IIPOMECCH MMeJ0T KOHEUHEI PajinyC KOppedsiuu, U Jeibra-
KOPPeJNHPOBAHHEE IPOIECCH -— Pe3yaAbTaT aCHMITOTMYECKOTO pas-
JOKEHNS 1O MapaMeTpy, CBA3aHIIOMY € €r0 pajNyCOM KOppPesium.

IlosscHEM muepexox K [AedbTa-KOPPEJAHPOBAHIIOMY Hpomeccy Ha
IpHMepe TayCCcOBCKOTO CTAauMoIlapHOTO IIpollecca ¢ PajinycoM Koppe-
IAUAN Te. JloTapmdMm xaparrepucTHyecKoro (YHKIMOHAJA IIPOLECCA
IpH 5TOM, COTJIACHO TA. 1, oMMCEBaeTCs BEHIpaykeHUeM

t Ty

Ol =—\drw@) | (2o, (6.19)

onmomuM 7T, — T, = T4t,, Torma Bepamkenne (6.19) npumer Bup
3 T/ To

O [v(t)]= — 1o S dtw (Ty1) S dta B (Ta)v (t1 — TatTg).  (6.20)

Ilycrs Tenepn 1, — 0. B aToM ciyuae riaBHEN WIeH aCHMOTOTHIECKO-
TO PaslioMeHMA HO T, OyAeT ompefensTbes opmyioi

oo 4
0, [v(1)] = — 70 | dv B (1) { dvw? (1), (6.21)
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KROTOpYIO MOKIIO 3alUCaTbhb B BUE

t
0, [v (1)} = — { dv Bovd2 (1), (6.22)
rae ’ '
Botw — ( dr B(-) — S dv B (o). (6.23)
: PR

Konmeuno, acuMnroTudeckoe pasnoskenne (6.21) cmpasepimBo He A
a00sx QYHRIHUA v (T), a TOABKO MAJIA TAKUX, KOTOPHE Majlo MeHSITCA
3a BpeMeHa mOpAAKa Ty. Tak, eciu v (1) =% & (v — ,), TO acuMuro-
TEUeckoe pasioskenue (6.21) He crpaBe[inBO, W B 3TOM ciaydae ¢op-
myaa (6.19) samensercs BHpakeHHeM

w2

0,10 (V) =—5-B(0)  (Hh<t), (6.24)

COOTBETCTBYIOHIMM XapaKTepHCTHHeCKo# (yHKMUU 1poiecca z () mas
¢uKCHPOBAHHOTO MOMEHTA BPeMeHH I = I;.

. Pacemorpnm Temeps Beamunny {z ()R, |z (t)]>, koropaa B mauuom
cayuae, cordacHo (3.13), ommenBaercs gopmyioit

t

@ Rz b= (B ()0 R @)y (6.25)

Brimonusas saMeHy uepeMeHHHX ¢ — I; — I{T,, II0JMydaeM BHIpa;KeHUE

t/Te

GO Rz (@D =T § 488 t) (grragmy B2 @1, (6.26)

Q

KOTOpOe UpH T, — () IrepexofnT B paBeHCTBO, COOTBETCTBYOIee Tayc-
COBCKOMY JleJNbTa-KOPPEJNPOBAHHOMY IIpoIfeccy:

GOREOD =B g RO, (6.20)

ecay, KOHEYHO, BapHamuoHHas mpoussopHasg B (6.26) mMano meHserca
3a BpeMs HOPANKA Tg.

Takmm o0pasoM, aunpokcEManuA mporecca z (f) AeabTa-Koppe-
JHPOBAHHKM MPOIeccoM 00ycJIoBIeHa MATOCThI0 N3MeHEeHUA QYHKIHO-
HaJOB OT 3TOTO HpoIecca 3a BpeMeHa MOPAJKA ero BpPeMeHH Koppe-
JALUA.

Pacemorpum temeps mporieccs Tederpaduaoro tuna. Jas Teﬂerpa(b-

HoTO mpoiecca (¢ p (a) =%[6 (¢ — ao) + & (a + ay)]) xapartepn-

cTudecKEi PyHRuWOHAT onmcmBaerca ypasHenmem (1.3.31). Bpewms
KOppeJdAIM: A 3TOTo npomecca T, = 1/2v, u npu v — o (19 — 0)
9TO ypaBHEHHE IJA M0CTATOYHO TIagkux (QYHKiHE » (f) DepexomuT
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B ypaBHenmue
2

Ol (D] = — 2 () Dy o ()], (6.28)

COOTBETCTBYIOIIEE TayCCOBCKOMY JEJBbTa-KOPPEIHPOBAITHOMY IIPOIEC-

2

cy. Ecan npu stom caurtaTh eme, 9To gy — oo, mpudeM lim ay/2v = o,
V—00

t0 dopmyna (6.28) me Gyser copepskaTh mapaMerpa v M 3anumieTcs

B BHJIE

2D ()] = — 0% () Dy [v (D). (6.29)

Homewro, yro He o3magaeT, 9T0 OpH vV — 00 TejJerpadubiii mponecc
nepecraer 0biTh TederpaduHeM. Tak, npum v — 00 OJHOTOYETIHOE pac-
npefenenue BepoATHOCTEH z (1) OymeT Mo-mpeskHeMy COOTBETCTBOBATH
texerpadHOMYy Ipoieccy, T. €. IIPONHEceY C JABYMA BO3MOJKHBIME CO-
croaauaMu. Yrto racaercs Koppersaindonnod GYHKUEE H MOMEHTHHIX
¢yHKNUH Gojee BHCOKOTO IOPHANKA, TO OHHW NPH V — 00 00aaal0T
BCEMH CBOHCTBAME O-PYHKIHIA, TaR Kar

mpu T %0,
}.im2veXp{—2V|T|}= ~o ngn Tj 0.

(6.30)

Takue Qyuknuu cremyer cInTaTh 060OMEHHEIMH QYHRIMAME, T HX
meanTaobpasHuil xapaxtep Gyaer NPOABAATHCH B CBABANHLIX ¢ HAMHU
nuTerpasax. llpm atom ypasuenme (6.28) moxaswiBaer, 9T0 mpegenb-
HHI nepexoj Npu v — 00 JIIA TAKAX BEIHYMH HKBUBAJCHTEH 3aMeHe
mpormecca z () Ha TayCCOBCKUI HeNBTA-KOPPEJUPOBAHHBIE Ipollece.
JTa CHTYaI#s COBEPIIEHHO AHAJOTHIHA ANNPORCHMAIMH TAYCCOBCKO-
ro cayJafiHOro npomecca € KOIEUHLM DAAHYCOM KOPPeIAUHH To
AeABTA-KOPPENMPOBAHIILIM IIPOIECCOM HPH T, — 0.

AnajorwInnvM o0pasomM moaydaem, UTO B oGoOmieHIHii Teaerpagd-
HHH Ipouecc, XapakTepHcTHIECKHH QYHKmMouan KOTOPOTO OTMMCH-
BaeTcHd HHTeTpo-guddepennuanbHnM ypasmeneMm (1.4.62), upu
v — 00 XA JOCTATOTHO THATKMX Qynxuuil » (?) onpesjensierca ypas-
HenHeM (cauTaeM aasa npocrotnl {ay = 0)
<a?

L\

2D, [v(1)] = — <D (1) D, [ (1), (6.31)

TaK/Ke COOTBETCTBYIOUIUM TAYCCOBCKOMY MAeNbTa-KOPPeJaupoBaHHOMY
mpoieccy.

B xagecrse Gosice ¢io3HOTO MpUMEpa PAcCMOTPUM XapaKkTepHCTH-
4ecKUi (YHKIHOHAJ JJIA KBaJpara rayCCOBCKOTO CTalHOHAPHOTO
npouecea, 1. e. auas nponecca z (f) = E? (¢), rae & (f) — rayccoscrui
nponecc ¢ uapamerpam# <& (1)) =0, <{E ()€ (t,)) = B (t; — 1y).
Briaueanm ero xapakTepHCTHICCKHH (GYHKIUOHA

{
@, o ()] =@, g=exp{i {drv@E@)}.  (6.32)
0
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Xapakrepuctmueckuii Qynximonanx mponecca z (f) YJ0BJIETBOP feT
ypasuenmio (2.1.8):

Ol (9 = i (1) () go>. (6.33)

Pacemorpnm senmanny ¥ (2, £,) = (& (t1)& (t.)9:». Cormacuo dap-
myne (3.13)

!

W (ty, ts) = S dt'B (t, — t') <6—‘?t)— E (L) (p,>. (6.34)

BHYHCIAA Temeps BADUANHMOHHYI0 NPOH3BONHYI B IpPaBofi 9acTH
(6.34) (npm sroM mcmonb3yeM fBHOE BHpaKEHHe IS QYHKIAE 0
(6.32)), moxnydaem wnterpanbHOe ypaBHEHHUE A dynrmun ¥ (4, t,):

t
Wty ta) = B (tr — ) ®, -+ 2 {dv B(ty —v)v (1) ¥ (v, 4).  (6.35)
0

Dyuxumo ¥ (1), t,) MOKHO HpefCTABATH B BUE
Y (i, 1) = S (t, ) Dy, (6.36)

tie dymrnusa S (t, t,) ynoBueTBopAeT AHHEHHOMY HHTeT palsHOMY
YpaBHEHUIo

S(tta) =B (i — 1) + 2 { dv B (1, — 1) v (1) S (1.1,). (6.37)

Caeposarensno, dpynknmonan @; [v (1)] umeer CTPYRTYDPY
t

O, [v(t)] = exp {ZS' dtv(t)S(r, r)}. (6.38)

Taxsy obpasom, pasnokenne seamaunn S (1, t) B OYHRUMOHAILHBI

pan Teilnopa no v (T) ompenesser KyMymsiHTH Iponecca z (1) = & (1).

A rak kak ypasmenue (6.37) — numeifinoe muTerpasnHOE YpasHenue,

TO €TO PelCHUe MOMHO LPEACTABUTb B BHAE MTEPAI[MONHOI0 psja
¢

S t)= 2 S™ 1),

. n=0
Sm (¢, 1) =(2i)"S cen SdT1~ codry (T ... v (1) X
0

XB@E—1)B(ty—1a)...B(1,—1). (6.39)

Caenosarensno, n-ii KyMyJIAHT Iponecca z (1) ompeeNneTcs BeIHYH-
Hoil SU"71 (2, t). OTMer:M, 9TO, IO-BHAHMOMY, BIIEPBHIE KYMYJAHT-
Hele QYHKUME s KBAafpaTa TayCCOBCKOTO IIPOIECCa MCCISNOBATHCE
B pabortax [47].
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Ecnu pynrnus v (f) MellieRHO MEHSAETCS 3a BpeMA KOPPEIAIHE Tg
nponecea & (¢) (1. e. MBI 1le paccMATpUBAEM OJHOBPEMEHIILIC XapaKTe-
puctrueckue GYHKIUMA mporecca z (1)), TO MOKHO mepeliTu K mpeaesy
To— 0. B pesyaprare monydaeMm BepakeHHA:

SO (¢, t) = B (0),

oo

S® (¢, 1) = iy @) . (B E) B —w) .. B,
' (6.40)

U, CJeOoBaTeJBHO, INporecc z (f) MOMKHO CUUTATH B ITOM IMpejee
IedbTa-KopPeJUpPOBARHKMM N0 ¢ CaydaliveiM mporeccoM. Pasnosenue
senuaunsl S (4, £) B paAx (6.39) B sroM caydwae HeT mo mapamerpy
a = 1,8 0)v(t). Ecan a<< 1, To MoKHO OTPaHUINTECH TMEPBHIME Je-
uamy paga (6.40), 9To cooTBeTCTBYET OOBYHON TEOPUM BO3MYIICHHIA.
Fcam sxe o ~ 1, T0 neo6xopuMo yIUTHBaTh BECh PiAf AAA QYIRIHAH
S (¢, t).

IIpumepom mpomecca, KoTOpwill He SBISETCA EILTA-KOPPEJIHPO-
BAHHBIM, MOMeT CJIYMHTh, HampuMmep, mpomecc z(f) = z§ (¢), rae
€ () — rayccoBCKHI JedbTa-KOPPeNMpOBAHHHN mpouece, AJA Ko-
toporo {E (1)> =0, {§ (1) (')> = 0%0 (¢ — t'), a BeawawmHa z cay-
YafdHa ¢ pacupesiesendeM BepoATHOCTel p (z). B aToM ciydae xapakre-
PHCTHIECKHN (YIKIHOHAJ ONUPENeNAcTICA PABEHCTBOM

D, [v(T)] = <exp {iz St drv(r)g(r)}>z .=

S

) t
22

= S dz p (z) exp {— — Sdrzﬂ(r)} (6.41)

- 0

m nponecc z (f) He ABIAETCA [EIbTA-KOPpPeIUPOBATHREM, TAK Kak IS
Hero He BHOORRAeTcA pasenctso (6.13), mecMoTpa Ha To 9T0 BTOpOI
KYMyJfiHT €T0 HMeeT BHUJ

Ky (ty 15) = <z (1)z (1)) = <{*D0% (t, — 1) (6.42)
JTOo CBA3AHO € TEM, 4TO IPONeEce z (¢) ABIAETCH MPOUZBENEHUEM ABYX
nporeccon: z — ¢ OeCKOHOYHBIM pajimycoMm Koppeasiuwu © § (f) —
¢ HYJNeBHIM pajuycoM KOppeisiiud.

B saxmiouenue sToro maparpada ocTaHOBUMCH HA IOHATHH JIeJAbTa-
KOppeJNpOBaHHBIX BO BpeMeHH CIAYYalHHX ITONed.

ITyers umeercs sexropHoe caywaiinoe moxe f(x, ¢), tae & — npo-
CTpaHCTBeHHHE KOODJAUHATH, a [ — BpeMeHHad KoopiuHaTa. B arom
clIydYae pasJoxienHe JorapHdma xapakrepHcTudeckoTo QYHKI#OHAIA
B pax Teltnopa ompemenasier KYMYAAHTHBE QYHKOUA CJIy4aiiHOTO
moxs f (eM. ta. 1). B dactmoMm caydae, Korga

K;{’“”i" (%1, by - o o3 %p, By) =
= K2ty a0 ) 8 (B —ta) . 8 (fay — 1), (6.43)
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OymeM HaswBaTh noxe f (&, t) AeAbTa-KOpPEAHPOBAHHEM CIYIafiHbIM
noaeym ro . Torfa ¢yuwnuonax O, [¢P (x’, v)] npunumaer sup

bl Ln } » 3
@,[\p(oc,r)]:z n—!SdrS...del...dﬂcnx

n=1 0

X [<;:, et (1 - - s X T) ¥, (%1, T). - q)in (%a, T)5 (644)

BAWHOM 0COOEHHOCTHI0 KOTOPOTO ABJIAETCA PABEHCTBO, AHAJOTHYHOE
(6.13):
. ’ . ’
O, [ (', T)] = B[P (x, t)]. (6.45)
ITa aToM MBI 3aKOHYHEM DPACCMOTpPEHHE BOHpPOCA 0 pACHENIEHUY
KOppeasAiuii B AUNAMHYECKEX CHCTOMAX U MepeidzeM K HeOOCPeHICTBeH-

HOMY W3YYEeHHMI) CTATHCTHIECKHX XAPAKTEPHUCTUK peleHU#d COOTBET
CTBYIOHINX J[HHAMHICCKHX YypaBHEOHHUH.



T'nasa 3

MNPUBJMKREHNE JTEJILTA-KOPPEJINPOBAHHOTO
CIYYANHOTO ITPOIIECCA

§ 1. Ypasueune Jitmureiina — ®@oxkepa (YD)
naa cucremsr gudepeHnuaidbabIX YPasEeHui

Mycte mexotopan seamumua § (7)) = {&; (), . . ., &, ()} ynosue-
TBOpPAET CHCTEMEe JUHAMHYCCKHX ypaBieHui
5 = Ui & +AED, §0) =5, (1.1)

rae v; (&, t) — merepmuEMpoBaHume ¢yHKuMHU, a f; (x, {) — caydai-
vee ¢ynrnuy n -+ 1 mepeMeHHo#l, obiagaiomue CIAeIYIOMIMMHA CBOH-
CTBaMH:

a) f; (x, t) — rayccoBckoe caydaifmoe moxe B (n -~ 1)-meproM
upocTpaHeTse (X, t);

6) <y (ax, 1)) = 0.

Bypem pgas ompemededHocTH CdY#TaTh, 9TO0 { — BpPEMeHHAA, a
X — NIPOCTPAHCTBEHHAA KOOPAHIATH.

CraTucTuyeckue XapaKTepUCTHKU LOAA f; (o¢, 1) HONHOCTHIO ONM-
CBIBAIOTCA 3aj[AHUEM €ro KOoppeJAmuoHHOTO TeH3opa

Bij (x, t; x’v t,) - <f1 (x’ t)f] (x,7 t,)>,
Ife YIIoBHME CKoOKaMu 0003HA9eHO, KAaK W paHee, YCpegHeHHEe IIo
aHcaMmGar0 peanusauuii moasa f.

Tark wrak cucrema ypasHenuwid (1.1) ABIsieTCA CHCTEMOU NepBOTO
mopAfKa mo #, HadaJbHBIe YCJAOBHA K KoTopoil crasarcda mpu ¢t = 0,
ro Qysknuu &; (t) GymyT QYHKn@HOHAIBHO 3aBHCETh JHIIb OT TIPe.-
mMecTBYIMUX Io- { 3HaYeHmin f;(x, t') ms murepsaga 0 < ¢ <.
Orcrona caegyer, 4ro &; (f) He MeHsieTcst NP BaPBUPOBANUN QYHKUUH
fi (%, t') BHe ororo wHTepBama, T. e. Ha ydactKax ¢’ <0, ' > f.
CregoBatenbno, BapuaumonHas npoussommast 8E;/8f; ynosmersopser
yeanopu (npE GHKCHpPOBAHHHIX &)

8z, (¢ , ,
_61‘—]-%6,—)5’)_ =0, econ ¢ <0, ¥'>1, (1.2)
KOTOpOe MH OyleM HASHBATE YCIOBHEM IPUYHHHOCTH.

Iasa paxsmeitmero Ham moHajgobHtcA sHadenume 8F; (t)/8f; (x, t')
npu ¢ = t. Ta BeJWUYMHA MOKeT OHITH HalffileRa caenyomum o6pasom.
HMurerpupya (1.1) mo £, nmoayuaem

B (1) = o+ §dr §do' oo, 7) + i (0, 018 (@' — E (1)
0
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IMopeiicteyem Ha ary Qopmyay omepatopom &/ 8f; (x, t') (' << 1)
B y4TeéM, 9T0, COTJACHO OmpejieleHHI0 BapHau#doHEHOH NIPOHU3BOAHOIM,

8¢ (', 1) 1 8y (@, ') = 8,5 /8 (& — #')0 (t — 1)

(em. ra. 1). Tax wak &, ne saBucuror f, nupdepennupys npoussese-
HUWEe TO0jI 3HAKOM WHTerpajda, HaXomuM

8g,; (1) ,
@ ) 88 (e —§(1)) —
t
* / ’ ’ 0 ’ ng(f)
| —édrSd.?c [v; (%', T) + fi (¢, 7)) Py 8 (x —§(r))m.

{

Hw;xnmii npepesl MHTeTPHUPOBAHUA BO BTOPOM CIATaeMoM 3aMEHEH
Ha 1, Tak Kak, cormacHo (1.2), cToflmas moj 3HAKOM HHTeTpaga Ba-
PrauMOHHAA NPOM3BONHAN pasHa HYdw, ecan T < t'. [Tomaras Temeps
" =t, M ofpamaeM B HyJb BTOpoe cJaraeMoe, He cofeprKamee,
KaK MOJKHO IoKazaTh, oco0emHocTeld mpu ' = ¢, B pesyianTaTe 4ero
nonydaem gopmyny

8%, (1)

Hax yrasmBasocs Bume, GYAKnEU &; (£) QYHKNMORAIRHO 3aBUCAT
JAHML OT NPEeNmecTRYOmUX sHaTenui f; (x, t'). Ognaxo Moket cyime-
CTBOBATH CTATHCTUYECKAsl CBA3L MEY E; (1) ¥ mociaeqyomuMu 3Ha-
qenuAMH f; (x, t”), Tak Kak sHauenus f; (x, t”) mpu t” > ¢ Koppean-
pPoBaHs co sHadeRusaAMH f; (a, t') upm t' < ¢. flcHo, 4TO KOppeaANHAA
dynkuun &; (f) ¢ mocaexyomumMyu 3nadenunami f; (x, t”) samMeTHa JIUIMb
npa t” — t T T,, TAE Ty — pagHyc Koppeasmum monA f; (%, t) mo
nepemenno¥i t. Ecam sxe xapakTepuH pajuyc KoppeaAndd QyHKIHU
E; () umeer Benuauny mopsauka 7' =T, (470 BHUIOJHAETCH INIA TOCTa-
TOYHO 0OJIBIIOTO KIacca peasbHHX QU3MIECKHX MIPOLHECCOB), TO B Ta-
KOl 3ajiave CYHIECTBYET Maubii napaMerp To/ 7, KoTopsil mMokeT OHTH
HCIOJB30BAH JIIA NOCTPOCHHA NPHOIMKEHIIOTO pelmeHusd.

B mepsoM npubnmxenu® no HTOMY IapaMeTpy MAJOCTH MOH{HO
nonokuth Ty = 0. B Takom ciaywae smagenus E; (') mpm t'<< t Oy-
IYT HE TONBKO (QYUKIHONARHUO, HO ¥ CTATHCTHIECKYM UE3AaBUCHMBI OT
sHavelwmit f; (a, t7) npm 1" > t. Iro npubianKeHne DKBUBAJICHTHO 3d-
MeHe KoppeJsluHOHHOIO TeH3opa [B;; Ha HeKoTOPHH 2(hPeKTUBHEIE

BiP® (e, t; 2 t) = 28 (t — t') Fy (2, ', 1), (1.4)
npudeM BedxmauHa F,; ompefeisieTcA W3 YCJOBHSA PABEHCTBA WHTErpa-
a0B ot B;; u Bif® mo t':

1

Fij(e, ', 1) = — \ dt'B; (x, t; ', 1), (1)

,8:/“.8
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9TO COOTBETCTBYET MEpeXo[y K TayCCOBCKOMY IeXbTa-KROppeanpoBan-
HOMY Mo ¢ crygatinoMmy moiw (eM. § 6 ra. 2).

BreseM mioTHOCTH BepoATHOCTEH nais pemenust § (f) cucreMmm
ypapueunit (1.1):

Py ()= <8 (2 — & (2)>, , (1.6)

rae § () — pemenme cHCTEMbI, COOTBETCTBYIIIEe OTIpe/eieHHON pea-
auszamuna f (%, £), a ycpefHeHHe NPOH3BOAMTCA HO MHOMKECTBY Beex
peanusanuit f.
Huddepenrupysa (1.6) o ¢, moaygaem ¢ ygerom (1.1) ypasuenue
4P, () . 7}

— Ty B, ) HHE@), D18 (e =5 (@) (1.7)

i - FE

(mo moBropAMUMEA HHAEKCAM, KaK 00BIYHO, IPeI0AaTaeTCsa CyMMH-
posanue). Wemoanays cpoitcta §-¢pyuknmm, Moxno samenuts § (1)
Ha X B BHpa/KEHHAX, CTOANEX B KBa[paTHHIX ckolOkax. Bwmocs
HecaydalHblil MAOKUTENS U (o, 1) 34 3HAK Cpenero ¥ CHOBA MCHOJb-
sys (1.6), moaygaem

ipét(—m) == %k i (e, 1) Py ()} — a%k Fie (2,8) & (2 — § (1))
(1.8)

Bripaskenne, croamee mox 3HAKOM YCpeLNeHus, IpecTaBisier coboil
Koppelsinuw cnydaidnoit seauaunn f (o, t) ¢ pynkumeii 6 (x — & (¢)),
3aBucsAmei ot pemenus cucreMsl (1.1) u, cremosarenvno, sBasOmeii-
cA pyurnmonanom ot moas f. {114 BHIACAEHUS DTOH KOPPEAATIY BOC-
noassyemesa gopumyaoit (2.3.6°). Torga ypasnenne (1.8) moskno mepe-
OUCATE CAeTYmMuM o6pasom:

0P (x) 8
<?tt =~ o {v (2, t) Py (%)} —

¢

g 4 . ’ g 8
— T Sdac S dre fr (e, t) fr (o T)><m6(x_—§(t))>
HJIH, OKOWYaTeNbHo, B BHJIe

1

apP
_._(;iw): — —aik {vx (2, 2) Py (o)} +8er S dw,s dr {fr (2, 8) fi (o', T)> X
0
_ 8, ()
X =B =3O gy (19)

B mnrerpase no v s (1.9) mpejenns paccTaBieHH B cOOTBETCTBUY ¢ (1.2).

Hak suano us (1.9), miroTsoeTs BeposTHocTel s peinenus & (1)
B QUKCHpOBAHHKN MOMEHT BpeMeHH f OIlpe/lesIsieTCs BABMCAMOCTBIO HO-
Bejienns pemenns § (f) or moas f (o', 1) pas Beex 0 <<t ¢, n aIA
Hee, BQOGme ToBopA, He MoKeT GHITH HOJYYeHO 3BAMKHYTOro ypab-
HeHHA,
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Ecam nns woppeasmuontol ¢yuxnuu noas f(x, t) BOCHOIH30BATh
ca npubmmrenuem (1.4), T0 BOBHUKHYT WIEHH!, CBA3AHHKE CO 3HATE-
namn 0§,, (1)/8f, (X', ¢) upy coBmajaMEX BPEeMEIHHX apryMenTax
T = {, KoTopbre, cortaacuo (1.3), BHpaskaiorcs depes pyuxumu &; (7).
B s1oM caygae

P, (x) 0
———;t = T {vy (2, 1) Py ()} +

= Y AP, @, 1) 8 (8 (0 — 5 (1)) 8 (2 — 5 (1)),
Ty ‘m

u MbI mpuxoguMm K YOO (em. § 4 ra. 1):

aP,(x) o ]
BT + e {[vi (2, ) + Ay (2, 1)] Py ()} —
Ty
02
—W[Fkl (x, %, t) Py (x)] = 0, (1.10)
e Ak (x, t) = 9 Fk‘l (x, .7(;', t) I;v’=;v'

dx
4
Ypasueune (1.10) caemyer pemarh ¢ HadYaldbIbIM YCIOBHEM

“Py(x) =8 (X — &) | (1.11)

HAM e ¢ HavaJabHEM yerosneM Oonee obmero suga: Py () = Wo(x).

Paccymorpum Bemwanuw, Bxofamue B (1.10). Unens ypanmenus
(1.10) ¢ Ay u Fj; o6ycaoBaens GIyKTyanmuaMi Mo f; (e, t). Ecnm
noJde f cTaMOHAPHO BO BPCMEHU, TO BEAHIHHB A, u F), pe 3aBUCAT
oT t. Ecum x ToMy e mose f oII0po/Io W HBOTPONIHO 110 BCEM TIPOCT-
PAHCTBEHTIBIM KoOpauunaTaM, ro Bexmamuma Fy; (x, a, {) = consl, uro
COOTBETCTBYST TOCTOANLNOMY 7Teli30py KodpduumeHToB nudpdysnu,
a Ay (x, t) = 0 (sametnM, ograko, 9To saBucuMocTs Vi, n A, o x
MOKeT OLITH CBH3aHA M ¢ MCIOIB30BAUMEM KPHUBOJMIEHITBIX KOOpPH-
Har).

ITyers remeps f He ofiajaer mpoCTpaHCTBEHHOH OHOPOLHOCTHIO.
Ecap sarencusrocts daryrryauuii f goctarodno Majia, to n Gaywrya-
MU BenWYnH § (i), ofycaoBienuse BApEANEAME [, 9aCTO OKA3KBAIOT-
CA Tarke R0CTATOYHO MaXbMH. B aToM ciydae MOKHO DA3JIOHATH
fi (%, 1) B mpasoit wactu (1.1) B psag Mo WPOCTPAHCTBEHHBIM TepeMeH-
IBIM B OKPECTHOCTH TOYKH &g, T. e. WpejcTaBuTh f; (v, ¢) B BHjE

fi (%, 1) = a; (1) + bi; W(z; — Ejo), (1.12)

Te BeANIuHbL a; (t) u b;; (1) ABAAINTCA rayCCOBCKUME cayyaiiHEIMH Be-
MHYMHAMH, CTanuonapuuMu Bo BpeMenu. Ilepswit wien B (1.12)
OPUBOJAT K NOCTOAHHOMY II0 HPOCTPAHCTBEHNHM HEPEMEHHHM TCH-
8opy kosddunuentos Audgdysuum, a BTOPOH — K KBaApaTH THOMY.
CooTpercryromue pTuM Tensopam wiens B ypasnenms (1.10) sBasior-
CH «OMHOPOMNBIME» B TOM CMBEICTE, 9TO €CHAHM HANKMCATh ¢ TOMOINBIO
(1.10) ypaBuenue aas waxoro-mubo MomeHTa PyHruuM & (1), To gug-
Pysmonubie YNEHH He MOPOKAAIOT MOMEIITOB § $oJjiee BHCOKOTO IO PH]I-
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ka. Eeni & tomy ske netepmunmposannsie Gyssini v, (2, t) ABIAOT-
e JHeAHBME QYHKUMAMH NPOCTPAHCTBEHHOTO apryMeHTa, To UiA
moyenToB §(2) moforo mopsara MOMYYAIOTCH 3AMKIYTHE YpaBHEHIH,
KOTOpHIE B Psifle ciydaeB 0ojiee ynoOIbl Ui aHANN3A, 9eM caMO Ypas-
nemre (1.10).

§ 2. IIroTHOUTH BeposTHOCTEH mepexoxa

Bepremca Tenepr k JuHaMmuecKoii cucreme (1.1) o BoiBesem ypan-
HEeHUe JJA m-BpeMeHHOH NIOTHOCTH BeposTHOCTEH

fpm (%1, By oa a2y, tm) -

=BE @) —x) ... OE(m) — xn), (21)

OTHOCsIeHes K m PasNU9IIBM MOMEHTAM BPEMEHW,

Hyers 1, <t, <...<<tpy <tn. Huddepenmupys (2.1) mo
I, ¥ HCOOJBL3YA 3aTeM [AWEamMudeckoe ypapHerme (2.1), dopmyny
(2.3.6"), yenosue npuuunnoctu (1.2) u coornomenue (1.3), momuo mo-
Jy9uTh ypasHenue, anaxorugsoe YOO (1.10): -

0P @y, ty5 . . .3, 8

at,,

m) T

n

+ Z % {lv; (xm’ zm) + Ai (x"“ t‘M)] P} =

“ mi
1=1
n n

52
a Z 2 7 ae Wi (m, %m, tn) P (2.2)
mi’ T mj

i=1 j=1

(cyMyupoBaume no HHAeKcY m 3[lech He mpouwssonmtes). Havampnoe
yeaosue K (2.2) moswno naidtm us dopmynsr (2.1). IHoxaran B (2.1)
tm = fp—y B 3aMedasd, 9TO
8 (& (tnos) — %) 8 (& (bms) — %) =
=90 (Cm—q1 — Xm) ) (g (zm—l) — 1),

moIydaeM
P21, 815+ 3 Xnmys Eny; By Tiny) =

== O (xm e .’Em;l) ._G/D»m_l (xl, tl; vy mq, t'm—l)' (23)

Pemenne ypanenus (2.2) M0KHO HCKATEL B BUJIE

-_me (-1:17 tl; <y Ly tm) =
= p (Xm, zml L1y bn—y) Py @1, L5 -+ 2§ By, tm—l)- (24)

Tarx kax Bce ampdepenuuadpHsie omepamum B (2.2) oTHocATCA
K %y, Im, DORCTABIAA (2.4) B (2.2) 1 (2.3), naxonmm ciepyiomee ypas-
HeRHWe /i IJOTHOCTH BepOATHOCTed mepexoma p (ofosHadaeM ix,,,
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tm qepe3s x, lu Lm-1, tm—l ucpes 11"07 2}l)):

17 0
—7 P, |y, 2o) + e, {lvi (e, ) 4+ A; (e, ) p) =

=L Py ) p (e tlxt)]  (25)

0x,0% .
i

¢ HA9aJIBHBM YCJIOBHUEM
p (e, ty | xo, o) = 8 (& — 2p). (2.6)

IIyrem (m — 1)-xparuoro mpumenenus dopmyas (2.4) momyuaem
COOTHOINeHHE

gam (x17 tl; c e Loy tm) =P (xma tm I xm—ly 2}m—l) X
X P (m—1s tm—y | m—ss bn—g) . - P (%as ta |21, 81) Py, (281), (2.7)

rae Py, (2,) — NAOTHOCTH BepOATHOCTEH, ompefenseMas ypaBHEHEEM
(1.10) ¢ mavanawpnsm yexosrenm (1.11) u oTHOCHIAACH K O{HOMY MOMeH-
Ty Bpemenn. Papencrso (2.7) Bhpa/kaeT MHOTOBPEMEHHYIO IIOTIOCTD
BEPOATHOCTEH dYepes MpousBe/leNue IJIOTHOCTeH BeposrHocTed mepe-
Xofla M oBHadgaer, 9ro caydaiimeid mpomece § () sBisercst MapKoB-
ckmM (eM. § 4 ru. 1).

Tarnm 06pasom, MOMNO BHCKABATH CIEAYIOWEe YTBepKACHHE:

Ecnn nenmnefinasm mumammuecKas CHCTeMa OMHMCHBAECTCS ypaB-
menneM (1.1), B Kotropom caydaitnas «cmnay f (%, ) yAoBIeTBO-
pseT ycaosuaMm a), 0) # ABISETCH JeAbTa-KoppeadpoBanHol BO
BpeMeHH (T. e. ee KOPPeNANHOIHKil TeHBOD MMeeT BUL, 3ajianae- (2.8)
Mb mpaBoil wacteio (1.4)), To caywadmeii unpouece & (f) sB-
JaAeTCH MapKosCKEM, ommchiBaercs ¥YOD (1.10) m cootnomenms-

Mu (2.5) — (2.7).

ITpu 5ToM cymecTBeHHY0 POTL UTPAET YCAOBHE TPHIUHHOCTH (1.2),
BEITeKalouiee u3 ypasHerns (1.1) u magaasomx yesosnit k wemy. dtu
$aKTE X0pomo waBecTHH (cM., HAampuMep, monoTpadmo [48]). Brrog
YOO omucaHubM BHIIE METONOM cofep:uTcs B paGorax [15].

B pane ¢usuveckux 3aav npHEXOAUTCA WMETH JIeJ0 HE ¢ KOHETHO-
MEpHO# CHCTeMO# OOLKHOBeHHHX AuPPepeHNUATbONX ypPABHOHUH,
a ¢ CUCTeMOH ypaBHeRMH B YACTHHIX NMPOMBBOAHBIX (n = oo). B nToM
cIydae TOHATHE ILIOTHOCTH BEPOATHOCTeH HE BCETHA HMEeT CMBICH
U NPUXOJUTCA PACCMATPHBATEL XapaKTePUCTHICCKUA QYAKIHOAAI IR
COOTBETCTBYIOMHUX MoOJel. YpaBHeHHEe [JIA XapaKTePHCTHICCKOTO
GyHKnUoHANA TMPH ATOM ABAAETCH QYHKIHOHAIBHEIM YpaBHEHIEM ¢ Ba-
PUAUMOHHHMA NPOW3BOJHBIME, IPENCTABIAET coGoil GeckoHedHoMep-
Hpiil anagor YOO u mMosrer OuiTh HasBaHO UpHONMKEHHEM ANGPY3HOH-
HOTO ciydailHOTo mporecca. JIcKI9enneM ABIAIOTCA ypaBUeHHS
B YACTHRIX ITPOMBBOJHBIX, COJlepsKal#e IPOM3BOMHbBIE IO IPOCTPAH-
CTBCHHHRIM KOOPJUHATAM TOJBKO IIePBOTO mopsaaka. Takue ypapHeHus,
KaK X0poIlo M3BECTHO, HKBUBAJIEHTHH KOHEYHOMEPHOH cucTeme 0GHEK-
HOBEHIBIX AuddepeHnnanbHEX yPaBHeHMH, U, CJAEI0OBATENBHO, CTa-
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THCTHYECKHME CBOHMCTBA WX pemenuit MOTyT OBITh OMHECAIL! IOTHOCTHIO
BepoaTHocTed P, . (x), mapamMeTpnHuecKH 3aBHUCHIIENl OT TIPOCTPAHCT-
BeHHO-BpeMeHHOH Touku (7', t). Ilpumepst Taxnx ypaBuenmit pacemar-
puBaITCA B I 5.

§ 3. 06 ycroBHAX NPUMEHHMOCTH ypaBHEHHs
Jditnmreiina — @oxkepa

Jna onenky rpamny npumermmoctn YID HeoGXoAUMO yIHTHBATE
KOHETHOCTh PAMYyCca KOPPENATHN To HoaA f; (x, ) mo BpeMennoil Ko-
opauuare. B arom ciydae BMeCTo ypaBHeHHH IS IIOTHOCTH BEPOST-
Hocteii (1.410) noryaaercs ypapnenue

a8, (w, t)

re £ — crosmumit B meBoii sactm (1.10) omeparop, B KOTOpOM Bexan-
anna Fy (2, x’, ) 3amMenena Ha

t

F(e,o,t) = § at' By @, t; 2, 1), (3.2)
0

a Sk (%, t) — WiIen, y9HTHIBAOMMI HONPAaBKH K BEKTOPY IJIOTHOCTH
IHOTOKA BEPOATIOCTEH, CBABAHHEE ¢ KOHEYHOCTBIO T,. OT™MeTHM, UTO
upu T, — 0 mpasas gacts (3.1) crpemMuTes K HYJI0, M MBI BOBBpAIMACM-
cd & ypasuennio (1.10). Ornmune Fy; ot Fy; 3aMeTHo IHIIL B 061acTn

L Tp- Yuer S maraangsiBaeT, Boolmme roBops, orpaRmueHms A wil-
N 0 L] HI 7

TeHCHBHOCTH QIyKTyanmuii Hoxs f. Busoxm Bmpaskenuit fus Sy, coor-
BeTCTBYIOMUX cucteme ypasueuni (1.1), mpusenen B pafore [15] (cm.
rarme [49]). B ofmen ciyuae Tu Brpasenns MOBOITHIO IPOMOBIKH,
U IIA pasiudHbX QU3HMIeCKHUX 337124 LOJYYAIOTCA CBOM YCIOBUA IIPH-
smeimmoct YID. Hmre mur paceMoTpmM MeTOR II0CITEOBATEIBIBIX
npubam:xennil, TO3BOMATOMME NAXOANTL YCIOBUSA NpUMEHUMOCTH
YI® Goxee nmpoeTHM TyTEM.

Taxum obpasom, ycioBme Manoctn mapamerpa T,/ ABIsteTcs me-
00XonMBIM, HO, BoOGIIC TOBODPA, HEAOCTATOMHLIM IS BO3MOSKIOCTH
ONMCHIBATH CTATHCTHYLCKHE XADAKTEPHCTHKU DPEIICIIAA  CHCTEMB!
ypasnennit (1.1) Ha ocHoBe mpubawmssenns TAGPY3MOHHOTO CIayUaii-
noro upomecca (YID). Jlnsa rkauoii Koukpernol sagaun 1meobxognMo
HpoBOAUTL Goliee JeTalbHBIC MCCHEeTOBATIH.

§ 4. O meronax pemenusn Y3®

Ypasuenus diiunrreiina — Dokkepa 1aH 0NHOTOTCTHON ILIOTHOCTH
Beposttiocredr (1.10) u pis mnorsocTn BeposTHOCTEH Hepexopa (2.5)
OTHOCATCA K TMapaboaqudecKOMy THIY ypaBlieilMii B 9aCTHMX IIPOH3-
BOJHEIX, M A UX DEHICHHA MOMKHO HMCIOJBIOBATH METO/LI TeopHH
YpaBHeHnii MaTeMaTHueckoii ¢usukn. OCHOBHBIME METOZAMHU NPH 9TOM

82



ABIAIOTCH: METOH pasfleienus TmepeMenHux, npeobpasoBanue Jlamia-
ca o BpeMeHHoH Koopjamuare, npeobpasosanue Dypre o mpocrpan-
CTBEHHBIM KOOpAHHATAM M ApyTrue Hirerpainbible mpeobpasoBanms.
Onnaxo nMeercs Mato YOO, qonyckamniqux TOYHOe pelleHME. ITO
npesxge scero ¥YID, cooTBercTRYIOINEE TAKEM CTOXACTHICCKHM ypaB-
HEHHAM, KOTODHE CaMH JOIYCKAIOT OTHCKaHWe PeHICHHSA B AHAJUTH-
geckoM Buje. Pacemorpum, HampuMep, cucTeMy JnHeARHX YpaBHeHUN

dr,
— = Ajjz; 4 [ (2), xi(t) = X0 (4.1)

ot

¢ noctoannoi marpuneit A. Oyuxnunm f; (f) Gyzem cumrarh rayccos-
CcKUME (QYORIMAMHE, DeJdLTa-KoppPe/HpOBAHHLIME Bo BpeMeHH *), T. e.

G @) =286 —1t)  F (> =0). (4.2)

Pemenne cuctemm ypaBmesuii (4.1) mmeer Bug
t
2 (1) = exp {(t —t) A wo+ (dvexpit—nA) F(x),  (43)
ty

U, CIefoBaTeJIbHO, Bejauanua i (f) ABIAETCS raycCoBCKON BeKTopHOMH
¢ymEnmeH ¢ mapamerpamu (AT— maTpmma, TpaHcIoHMpoBaHHAT K A)

Cx (f)) = exp {(t — 1) A}y,
0;3(t, t') = {Ja; (t) — {x; ()M[z; () — L2 (DD =
!

=2 S dt {exp {(t — 1) A} Bexp {(t' — 1) AT}},;. (4.4)

b

B oT10OM cayduae, Kak IerKo BHIETH, I'ayCCOBCKOe paclpefelcHue Be-
posATHOCTelr ¢ mapamerpamm (4.4) ymommermopsier YOO mast miaorHo-
CTH BeposATHocTel mepexona p (&, t|ac,, ty), COOTBETCTBYIOIMMEMY CTO-
xacTugeckoll cmerteme (4.1):

aplac, t|a@y, &) a ] b7}
g = — gy txp) + o5 B (4.5)

(2, to| X0, to) = O (& — aco).

OrMeruM, uTo camo ypaBuenme (4.D) Takike Jerko pemaercs myrteM
npeobpasosannsa Dypee mo DpocTpaHCTBEHIOH KoopaHHATE.
B ragecTBe Apyroro mpuMepa pacCMOTPHM CTOXaCTHISCKOE YpPaB-
HeHme
dx ,
= z(B)x, x(to) = 7y, (4.6)
rzie z (f) — rayccoBcKmii felbra-KoppelupoBausuii npouece ((z(£)>=
=0, () z(@)) =20%(—1"). CoorsercrByomee ¥YOIDP nmuasn

*) OtMeTuM, 9TO O-KOPPEJUPOBAHHOCTH BHOUIHMX CHJI JJA HAXOMICHUA
CTaTHCTHYECKUX XapaKTepucTUR pemenua (4.1) He cymecTseHHA (cM. 06 DTOM
Gosree mompoGHO B ciepylomell riase),
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TLJIOTHOCTHU BOpOHTHOCTGfI nepexojga mmeer BuX

d 0
Wp(x,tlxo, to):02

0
7 L 5 xp (.t | Zo, to)- (4.7)

Croxactudeckoe ypaBrenme (4.6) MomHO pemmTs aHATHTHIECKH:
¢
z(t) = xoexp{gdrz(r)}, (4.8)
to

U, CIeR0BaTeIbHO, CTATHCTHYECKHE XapaKTepucturu z (f) ompesne-
JIAOTCA 1A QUKCHPOBAHHKX 3HAYEHUH £y, [ CTATHCTUICCKIMHE Xapak-
TEePUCTHKAMA CIXYIaHHON BeIHTUIE!

¢

g~ {drz). (4.9)

fo
Caydwaiinas BeImamHa § mMeeT raycCoBCKoe pacmpejielleHHme BeposT-
HOCTeH ¢ IapaMeTpaMu

t

(&> =0, of= S‘ g dty dty (2 (1) 2 (T2)> = 207 (t — £o),
to
T. @
_ 1 £2
p(&) = Vi exp {_ m} . (4.10)

Pacemorpum mioriocTs BeposTHOCTEH Iepexona
p(x, tl'TOv to) = (O (x(t) — x) | Z(to) = o), = (b (x — zyexp §)>§=

= { des(z —mpexpt) po). (4.11)

-—0

Wurerpmpys B (4.11) mo &, momyuaem Bhipaskenme (cumraem z, > 0
u, cregoBatelbHo, x > 0)

1 i (In z/x4)?
p(x. t]|xy, L) = VG exp{ yET—. } (4.12)
Jlerko Bmpmers, uto Beipakenme (4.12) ymomuersopser VO (4.7),
a caMa BeJuuYmHA 7 (f) HazpBaeTcd NPH ITOM JoTapUPMUIECKH IOD-
MaJbHOH BeJMUMHoW, Tak Kak pexmumna In x (f) pacupenexena mo ra-
YCCOBCKOMY 3aKOHY. )

Becsma MomubiM MerofoM pemenus ¥YOD ARIAeTCA METON HCIIOIE-
30BaHMA WHTETPAJBHEX Ipeobpasosanmii. Tax, ecam TeHsop Kodd-
dunmenToB qupdysun Fy; (x, x, t) (8 1.10) "e 3aBucHT 0T X, TO MOIKHO
HCHOJIB30BATh MHTErpadbHoe Lpeobpasosanne Dypre. B apyrux cay-
9a8X MCHOIB3YIOTCH WHTETpalbHbie uUpeobpa3oBanus, CBA3AHHHE
¢ cobctBenuHpiME QYyRKIEAMA nuddysmolnioro oleparopa

L= F (2, 2, t)v>

2

6xh.6xl
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B kauectse mpmmepa paccmorpum YIUD mumpa

op(x, t|xg, t , 0 d ' .
p(r atlxo o) — g2 = (x‘l__i),a_xp(x’tlxoy tO) (413)

(x>1), p(x, ty |z, to) =08 (x — ).

C TaKuM ypaBHeHUEM MbI CTOJKHEMCH B CelbMOH TiIaBe. Y UMTHBAA,
9710 UGPY3INOHHBIH oneparTop

- 9 ) ,

3

dx
ABJACTCS onepatopoM JIGH\”&H[IPEI, eCTEeCTBEHHO BOCIIOJB30BATHCA HMH-~
TerpagbubiM npeobpazoranmeM, CBA3aHEBM ¢ QyHKumamu Jlesmang-

pa. dto npeobpasoBanme nasniBaeTcsa npeoGpasosanneM Mexepa —
doxra (em., manpmmep, [50]) u oupenensiercs mocpecTBOM HHTErPAIA

P ={def @ Py @ (>0, (4.14)

rie P, (z) — ¢dynknus Jleswawnpa uepsoro poga. darTmueckm BE-
guciaenne npeobpasosannmst Mexepa — Dora nxs pasnIMuHHX QYHK-
nuii f (z) ocymecTBIAAETCA € MOMOIIBI0 MHTErPAdbHBIX IPeACTaBIeHIH
¢yurnmi Jlesxanipa, HanpuMep:

a

2 ( Cos Ut
Py (cha) = — SVZ(T%M dt  (¢>0),
0

2 o
P_1/2+iu (Ch Q):—n—ch TR S W%%-d’r ((1 > 0),
1]

U TOCJIeAYIOIero uaMeHenA TOpANKa muterpupoBannua. Pasiosrenne
npom3BoabHoil QyuKnmy B murerpax tuna Dypee

f@) = §appthpaP @ S dEF @ Poyn®  (415)

oupesensier gopmyny obpamenus gas upeobpasomasna  (4.14),
a uMeHHo AJas dAboi (qocTatodro xopomes) yuruun [ (x), 3ajannoi
B maTepBase 1 < 2 <C oo, UMEET MECTO PasiloKeHue

f (@)= { dup thuaF (u) Pospi ko), (4.16)
riae ’
F = {daf(@) P (@ (4.17)

Pemuym remepr ¢ nmomompsio npeobpasosamna (4.16), (4.17) ypas-
nenme (4.13),
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Brenem oboznaucie

o

P () = g dxp(x, t|19, to) Povy.qin ().

1

Yuuoxum ypasuenme (4.13) Ha Py 4y (2) ¥ npomurerpupyem mo
B upenexax or 1 mo co. B pesyabrare moxydyaeM ypaBHeHHe

[

8 ¢ 7 3 .
— pw)=2a’ g dz P_yjyip (2) —— (2° — 1) ——p (2, t|z0, £o)  (4.13))
1

C HAYaJbHBIM YCJIOBHEM
P (1) = Pop i (10). (1.18)

Wuterpupys ABaKRIM To YacTAM B TipaBoit wactu (4.13") u ncnonnays
nudepennualbuoe ypapuonme Jleskagapa mas Py, ()

d d 1
g P @ = — (0 ) P (@),

2
= @ =7
nonrydaeMm oOnKHOBeHHoe auddepennmanbuoe ypaBuenme Aas p; (p)

dp, () 1

;—t — — g2 (u2 + T) Pi (},L),
peIeHNe KOTOPOTO € HAYaTbHBM yciaosueM (4.18) mmeer mun

1
pr (W) = P iy (7o) eXp {— o2 (u? -+ —4—) (t — to)} .

Uctnonrays renepsb Gopmyny (4.16), morydaem sanuces pemenus ypas-
mennst (4.13) B Buac murerpana Memepa — Moxa:

p(z, t |»To, to) =

s

= S dppthpmexp {— a? (p2 -+ %) (t — to)} P_yy i () Poagypig (20).
' (4.19)

Ecau B navanenmii moment BpeMenu t, = 0 Besnuuna x, = 1, 10 MH
HoJIy9aeM BHIDarKeIne

o

P (x)= S dp pthpmexp {— o? (pﬂ + %) t} Py (),  (4.20)
0

coorsercrpyomee pemennio YOD gaa ofnoToYeUnoR MIOTHOCTH Be-
POATIIOCTCH ¢ HAYAJLHLIM YCIOBUEM

Py(z)y =8 (x — 1).

Brime Mt roBopmru o6 obmux Meromax pemenns YOO war maa
IJOTHOCTH BepoATHoCTeH Iepexofa, TakK W AJA OANOTOYedHOH ILIOT-
HOCTA BePOSTHOCTeH, 3afada 0 HAXOMICHUN OHOTOYCUIIOHN WIOTHOCTH
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BRCPOATIIOCTE , OLHAKO, MOMKeT MMOTh U cmelimpuaecKue TepThl, CBA-
BAHHHO € BO3MOYKHOCTBIO CYHIECTBOBAHUS CTAIHOHAPHOTO pPeILeHMS,
KOTOpOe B paAfie CAYIaeB yiaercd alTH HenocpeACTBEHHO. JTO CTalHo-
HAapHOC peImeHme, eCJU OHO CYIIECTBYET, He 3aBHCHT OT HA9aJBHLIX
HAHHHX W TPEICTABIsET Ipefedbioe Upm ¢ — oo pemenme YID,
CymecTByIOT fiBa KJIacca 3a7adq, NJIA KOTOPHX CTAHUOHAPHOE DeIleHHne
Y3® naxonurea Jderko. 9to, Bo-UePBHX, CAYYail OMHOMEDHHEIX HEJH-
HeHILIX CHCTCM ypaBIeHHH W, BO-BTODBIX, CJayYall I'aMHIBTOHOBEIX
cucreM ypasnennii. PaceMorpmM atu cnydam Goxee momgpoGHo.

OnnoMepurie HelMHEHHbIE CHCTEMEl ¢ QIYKTYHPYIOMUMA OapaMeT-
paMp OLUMCHIBAIOTCA CTOXACTHICCKUM ypaBHEHHEM

S =f@ e @, =(0)= (4.21)
CoorercrByromee ¥YID mmeer Bun

0 P 2 0 0 g(z)P 4.22

—r = — 5 T @ P @)+ 0 ——g (1) 78 (2) P (2). (4.22)

CranumonapHoe pacnpefedenne Bepostnocteit Py (2), ecru ono cymre-
CTBYeT, YAOBICTBOPHET ypaBHEHMIO

d
1 (2) Pec (2) = 0%¢ (2) 5~ £ (2) Pos (¥) (4.23)
(Mbr camraem, aro P, (x) cocpemoroueno Bo Bceil ofaacTm mpocTpam-
CTBa, T. €. — 00 < z < 00), peHleHNe KOTODPOTO TAKOBO:
c 1 f(z) )
Pnc ) — T {—S = ( 4.
o () TSP = dx rEeNk (4.24)

rae nocroguuas C oupefessietcs U3 yCJ0BUA 110 pMUPOBKHA
fo )
S dz P (r)=1.
—00

B wacreoM caygae f (z) = — Az, g (x) = 1, onuckiBatomieM GAYKTya-
nuE cropoctm GpoymoBeKoTo ABMienma dactunni (eM. (2.1.1)), BuI-
paxennme (4.24) mpuumMaer BHWJ TayCCOBCKOTO pAaClpejieleHus Be-
pOATHOCTEH:

Py (r)=Cexp {—— %xz} . (4.25)

Jlpyroii TMI ypaBneHWi, MO3BOJAMMA LIoIydaTh CTA{HOHADHOE
pacupeseseHne BepOATHOCTEH, OHUCHBAETCA raMUIBTOHOBOM cucTeMol

dr;,  sH  dp; oH

7?:7}17_1’ T:—a—r'i—}\'pi_[_fi(t)’ (4.26)
rme i =1, 2,..., N, a dyurnusa 'amunsroma H (v, p) = pi2 +
+ U (ry,. .., rn), A — nocrogunsiit kosddunment (Tpenue), a cIy-
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gaiinubie cuntt f; (I) — rayccoBecrme neiibra-KoppeaupoBannhie ¢iry-
JAMIBIC CHJBI ¢ TEH30POM KOp Pesiuui

CFE@) R (1) = 2020000 (£ — 1) (4.27)

(30ech @ m fp — BexTOopHBIE HHIEKCH).

CucreMa ypaBuenmit (4.26) onncriBaer GpoyHoBCKOC BH:KEHHE CH-
cremul N BaammogeiictByomux dactun, ¥ 3D piada coBmecTrol mioT-
HOCTH BEPOATHOCTEH pemeHMA cHcTeMnl (4.26) mMmeer Bup

N

N N
9P (r, p) ': : 9 2P
tat + {H, Pl}(k‘) — A E -—apk (pkpt) =02 E op ! s (428)
k=1

2
k=1 =1 k

_ 0% o op oY _ it aac-
ae {g, Y = ap, I, or, o, crobra Ilyaccona nuas A-it uac
THUIHL.

Jlerko mpoBepuTh, WTO CTanUOHApHOoe peilenue ypashenms (4.28)

HMeeT BHJ KaHOHWYECKOTo pacupenenenus I'mG6ca:

P (7, p)==rconst exp {— T:'z— H (r, p)} . (4.29)

ITpomurerpuporas (4.29) o BceM #*, MO0 TIONYIUTh MAKCBEIIOBCKOR
pacupefelenlic MO CKOPOCTAM, ONMMUCHLBAKINEe PIYKTYAUUM CKOPOCTH
opoyroBckux wactun. Ciaygait U = 0 cooTBeTcTBYeT onmcanmio 6poy-
HOBCKOTO ABIGKeHMs cBoGomuoil vactumet (4.25).

Eecau mpomuterpupoBath pacmpefeienue Bepostrocteit (4.29) mo
HMIyiIbcaM (CKOpoCTAM), TO moaydaeM 00JbIMaHOBCKOE paclpefele-
HUEe T0 KOOpAMHATAM 9acTHILI '

P, () = const exp { —tu (9-)} : (4.30)

XapaxtepHoit 4eproii ruGGcosckoro pacmpefencnnst (4.29) asasercs
TayccoBOCTh 110 MMIYIBCHBM IIEPEMEHHLIM M CTATHCTHYCCKAH 1e3aBU-
CIMOCTHh KOODAMHAT M HMIYJILCOB YACTHI.

B opnomepnom ciaydae ypaBuenmsa (4.26) ympomaiores m npm-
HAMAOT BHI CHCTCMBI ypaBHeHmi

d d oU (x
B my, A gy, (4.31)

CTAIMUOHADHOE pacupefielenne BepoOATHOCTed IIA KOTOPOH wmMeer
BUJ

P (x, y) = const exp {— T’:— H} , H :——‘112i + U (x). (4.32)

OrMernM, 910 cmcTeMa ypaBHenmi (4.31) MojkeT BO3HMKAaTL M B 3a-
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Jauax, e HMCIOIUN HAKAKOTO OTHONEHH A K OPOyHOBCKOMY IBIKEHUIO
qactun. Pacemorpum, uanpumep, caeays [51], cmeremy ypaBuenmit

Z}O = — U% - Uo _[_ B _[_ f (t)$ 2}1 == val - vl‘ (4'33)

OHa onmceBaeT JBIKeHWe Tpuimiera (TUPOCKOIAa) ¢ JWHEHHHM Tpe-
upeM, Bo3Oy:KJaeMoTo culoli, geficTBylomell Ha HeycTOHYmMBYI0 MOAY,
nMelomell Kak peryIspHylo cOCTABIAIMY0 R, Tak u caydadinywo f (1).
Ecan R << 1, To B orcyTcTBHE CIydaiiitoil cocTaBIAOMEN CHIL mMeeT-
¢s ycToWvimBoe cTalmoHapHoe pemeHne

n, =0, vy=R, (4.34)

n QIyKTyauun v, mof AedcTBEeM caydaiinoit cuak OyayT onmcrBaTh-
€A CTOXACTHIECKHM ypaBHeHHEM

To=—T0y+ /(1) (Fo=v,— R). (4.35)

Taxum o6pasom, upm R <1 craumonapmoe paclpeneiieline BeposT-
Hoctell I8 KOMIIOHeHTH ¥, coraacHo (4.25), 6yaer rayccoBekun. Hua-
we geo obetont mpm R > 1. B atom caygae mpu f (f) = 0 mmeetcs
aBa yCTOﬁ‘THBBIX COCTOAHUA paBHOBeCI/IH:

vo=1, v,=+VR—1. (4.36)

IlpeneraBuM kKoMmMIoHeHTY v, B BHe
vy =1 4 ¥,. Torna cnmcrema ypaBHeHHI
(4.33) upnunMaer Bufg

Ug=—vi + (R—1)—7, + ] (1),
B, = Ty, - {4.37)
" 3BOIIOMHUA KOMIIOHeHTHl v, OMpedesser-
¢4 ee mHavambnsiM 3uavenmeM. Ecaum
() >0, 1o 11 vy (£) > 0. Ilpencrarmsas

v; KakK v; =exp {¢ (t)}, cucremy ypanue-
Huit (4.37) MomHO B3ammcaTh B TAMIIIBTO-

HoeoM Bmae (4.31): Puc. 7. Tpaduk sasucmyocTH

oU (@) MOTeHIMAJLHOI dyERUHAR
N s P = U (¢). IITpUXOBHMH JHHH-
P="o, To= ap — Do /() (438) v ofosmanemst KpuBas

1
o exp {2} u  npaMasg

1
re U (¢) = —-¢* — (R —1) ¢.Tlepemen- — (R — 1)

Hasg ¢ UTpaeT podb KOOPIMHATHL JaCTHILI,
a mepeMmeHHas Uy — ee CKOPOCTH.
Ha puec. 7 cnnommoii sunmeit mzobpameHno mopelieHne QyHKIUU

U (¢). Oyngnnsa U (¢) umeeT MEREMYM B Touke @, = In Y R — 1
U (gy) =%(R — 1) [1 —In (R — 1)], coorBercTBY®WOmeil ycToHuH-

BOMY IIOJOMKEHHIO DPABHOBECHA U; == ]/R—1. Taxmm obpasom,
CTaliMOHAPDHOE pacupefelieNue BeposTHocTeH Aas @, ¥ amaroruaIHO
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pacupeienennto I'mbGea:
Py (o, @) = const exp {— %H} (H = %0- + U (cp)) . (4.39)

Uz dopmyast (4.39) caenyer, 1o npm R >> 1 cranmoHapnoe paclipe-
leJleHNe BePOATHOCTEM IR KOMIIOHEHTH Uy CHCTeMEl ypaBHeHuit (4.33)
fymeT TayccoBCKHM: ,
_ (vo — 1)
P, (vy) = const exp {— ot (4.40)
a pacnpefelneRne BepoATHOCTEI /st BelMIwHLL @ (f) He ABJIATCA Tayc-
COBCKHM, M OHH He KOppeImpYIOT Me#ny coboii. Bosppamasch k me-
peMcnHoil v(f), Hoxydaem JIA 1ice cTaiMOHApIoe paclpejiefeHue Be-
poATHOCTEH B BHJE
R—1

2 —1 '2
P (v1) = const vy ° exp {— ;12 } . (4.41)

IMpr wputmdeckonm pesmmme (R = 1), Kak Bupno us (4.41), me cy--
HIeCTBYCT CTANUOHAPHOTO pPaclpeieIeHIsA BePOATHOCTeH [JIA KOMIO-
neutsr v; (t).

OtmeTuM, 9o ecam YOO (1.10) umeer craigmosapHoe paclipesele-
Hue BeposAtmocredi P, (x), TO miIA 1tero MoRHO cPopMyTHpoOBAThH
papmanmonunii npunumn [52]. 3anumem YOD (1.10), caenys [52],
B BHJE

P, ()

ot

0
Rl 55
811

Z_%Ak(x) Py () + 5(;_/3]3 P, (x). (4.42)

BreneMm ¢pyuxnun
A% (o) = Dy (%) ;’TZPW (20),
Py (28) = — In [P, (2)/ P ()1

TOTHA JeTKO NoKazaTh, uTo Ha Kiacce pewennii ¥ID (4.42) pyrxrumo-
HAI

L {; (), Py ()} =
0P, (x
= (a0 { 25 (e — AY P ) | —

P, () 0P, ()
6xk ar !

(4.43)

P(x)  (4.44)

1
—ngxz)“(w)

TIPHHEEMaeT MAKCHMalbHOe 3HAYEHIC.

B saxmiodenme fgaHHoro maparpada ocTaHOBHMCH Ha JBYX IpH-
gnmuennnx Meronax pemenug YOO, Oanmn w3 HEX Ha3LIBAETCH METO-
oM kymyasuranx pasaoxennit [34]. Ecam 8 YO® (1.10) uponssectn
npeobpasoranne Dyphe 0 MEePEMEHHON X, T. €. ePeHTH 0T NIOTHOCTH
BEDOATHOCTeH pemeHmst CTOXacTHIeCKUX ypanmermi (1.1) k xapakre-
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pHCTHIECKON hyHKImHI
D, (h) = Coxp {i A& (1)}> = exp (B (W)}, (4.45)

n pasuoxuTh gynknumo O, (A) B pan Teitopa no A, To pas Kosddn-
HUCHTOB pasloennd (T. €. OAHOTOYOUHHIX KYMYIAHTOB CIYIaifiHoro
uponecca § (¢)) monyuntca GecKOHETHAS CHCTEMa HOIMHEHHHIX ypam-
HeHHH, MeToX KyMyJIAHTILIX PasIo;ReHuil COOTBeTCTBYET Tpeielpesie-
HUIO B 3TOil cHCTeMe ypaBHENMil BceMH KYMYJISHTAMEA BHCOKOTO TIOPSA/-
K3, HAYMHAA C HEKOTOPOTO (TPETHero — raycCoBCKOe NpUGIILKCHHE,
9eTBRePTOTO — pKeneccHoe upubamkenwe m 1. A.). Hdua ocrasmumxes
KYMYJAHTOB I0JydaeTcA 3aMKEyTas Henuneiinas cucremMa oOGbIKHOBEH-
HBIX YpaBHeHUH, HO3BOIAIOMAH IPOCIEIUTh UX HBOJOITI 60 BpeMe-
neM. OtmeTnm, 9o B mMouorpadum [34] pasBut obmmit meton, 1103B0-
IAMAYE BHIMNCHBATh TAKNE YPABHEHHA, MCXOI NENOCPeSCTReHHO M3
croxactuaeckux ypasaenuit (1.1) m me upuberas x Y90 (1.10) munm
K ypaBHeHMIO NI Xapakrtepuctuueckoit ¢ynknum. HemocratroMm Ta-
KOTO MeTofa ABIAeTcA TO 00CTOATENHCTBO, 4TO Tipenebpeskelne Gec-
KOHEUHLIM PASOM KYMYJIAHTOB, KaK X0DOII0 M3BECTHO, (IOPTUTY pac-
Lupefenenne BeposArnocTeil. Tax, B 9aCTHOCTH, Y TAKOTO pacnipefesenus
BEPOATHOCTEN MOABIATCA 0012CTH IPOCTPAHCTBEHIHIX TepeMeHHLIX,
B KOTODLIX OII0 MMeeT OTpUnaTelpHoe 3nadenne. ONHAKO, KAK MOKAa3kI-
BAOT IpHMepsI, MIA GONLHIOTO KjIacca 3agad MeTol KyMYJIAHTHBIX
pa3Ja0sKeHni IPaBUJIBHO ONMCHBACT AMHAMHIKY OTHEAbHBIX KyMyJsH-
toB. Takoit xIacc safag orpamuumBaeTcs, MO-BUAMMOMY, 3afadgaMHb,
B KOTODPLIX CTATHCTHYECKNE XaPAKTEPUCTUKU PeIeHUs ABIMIOTCH aHa-
ANTHYeCKUMH QY HRIUAMA 110 HHTeHCABHOCTH CAYIAHHbIX BO3IeHCTBHIA.
3dafaun, cCBA3AHHLIC C HEAHANUTHICCKON 3aBUCHMOCTHIO MO0 yKa3aHHO-
My mapameTpy (HAIpHMep, 3aa1d 0 BLIXOJe TPaeKTOPUH CHCTeMBl U3
KaKol-mubo obxacrtu, sajauu o0 JOCTHIREHMH 3aJaHHOH TpaHUIH),
MO-BUAUMOMY, HeJDL3A OIMCATh HA OCITOBE MeTONa KYMYJSHTHLIX pas-
Tosxenmit. cuocT B JaHHOM BOTpoCe B HACTOAILEE BPEMA Lie HMeeTCd,

OcranoBuMes Tellepb ma APYroM NpHOIMKCHHOM MeTofe, MIPao-
meM GoTBINYI0 POJB B CTOXaCTHYCCKUX KOJeOATeIBHLIX cHCTeMaX, a
IMEHHO HA MeTofle yCPegHeHud 1o ObICTPO MeHANIIMMCH BeJdIHHaM.
IIycrs, HanpuMep, cToxacTHICCKAas CHCTEMa ONMCLIBAECTCH AMHAMHTEC-
KHMH ypaBHEHUAMHI

O — A 9) 4 2(1) B2, 9), (46)
28— C @, §) 4 2(0) D (. §),

me ¢ = oot - ¢ (), a A, B, C u D — nepuojmaeckne GyHKuAn
no nepemenHoil §. Poxs mepemennoii x Mosker, HaupuMep, HrpaTh Mo-
Iyab BexTopa, a ¢ () — ero ¢asa. Haa cueremur ypasmenmit (4.46)
coorBercTByOIee ¥YOD mMeer BmJ

8P, (x,
t(;‘tq)) :—%A(x,@)}’t—aiq)c(x,@)pt+
~ 0 ~12
+ o? [% B (z, ¢) + Iy D (x, (p)J Pz, ¢). (4.47)
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YpaBuenue (4.47) o6bIYHO ABIACTCH CIOMKHBIM JUIS HEIIOCPEICTBEHHOTO
anajyusa COBMECTIIOH MJIOTUGCTH BepPOATHOCTEH.
Nepenumem ero B Buge
3P, (x, ¢)
ot

-0 a
o @ ’ ’ a8 , ,
— o-[W (BiB 4 BiD) 1 - (DiB | D(ED)] P, (x, ¢) 1

5 [ 0% 5 02 : 02
'1“ o~ |: p) ‘B2 -Jr 2W BD —[‘ sz Dzj' Pi (1‘, (P). (448)

Ilyers teneps ¢ynrnum A m C HoCTaTOYHO Malbl, a TaK;ie MaJja HH-
TencuBHOCTH QaYKTyanuil z (t). B srom caywae crarmeTuueckume xa-
PaKTePHCTUKHA CUCTEME! ypaBuenmii (4.46) Maso mensmorest 3a Bpeme-
Ha ~1/we. U pu1si m3yYenns TaKuX MaJdHX M3MENCHHI MOIKHO YCpe/-
HUTH (4.48) 1o mepuojy KomeGanuii Beex gynknmit. Cauras, yto cama
¢yrrnna P, (z, @) npu sTom ne MEHHETCH, MBl MOJyYaeM ypaBHeHHe

8P, (v, @) § - 4 s
l ——
= o AP 5 Ch —
Y B’BLBLDH——‘?—D'B}P @)
o5 (BB - By G DxBp Pz, @) +
P =5 ® . s
e ‘B2 '—i— 2WBD - WDZ} .l”[ (.T, (P), (4-49)

2(
+ 0%

rae depToil obozuavens! BeJUYUIE, YCPegHEHHNe 0 Nepuody KoJeba-
mmit. WHTerpupys (4.49) no ¢, noaygaem mis P; (z) YOO

Bpt(x) . a

—_ = 4 0 ’ ’ D (
——— = — —— AP (z) + 6* —— (BB — B;D) P, (x) +-

ox
2P (). (4.50)

[
3
ml

!

4+
' ox
OrmetumM, 9To B sTOM NpuGJIMKeHAW BeJuyuna z () ABageTcss Map-
KOBCKUM ONHOMeDHHM cJiyyafinmM mponeccoM. Ecam sxe B (4.49)

BD =D,B.=0, a C = const, D?= const, To mpomueccH z (1)
7 ¢ (f) cTaTucTAYECKN He3aBHCHMBI U mponece ¢ (f) ABAAeTCA MapKOB-
CK¥WM TayCCOBCKHM IIPOIleCCcOoM, Auclepcust KOTopolo JuneiiHo pacTer
¢ pocToM t. ITo o3Hayaer, 4to npu Goabmmx ¢ (npm C = 0) pacnpe-
HeseHHe BePOATHOCTEH /A BeJqudyuibl @ (1) CTAHOBUTCH PABHOMEPHLIM
Ha otpeske [0, 2m].

OrMetuM Tazoxe, gro YOO (4.49) cootBercTByer NpHOAmAieHHIO
MeJbTa-KoppeaupoBaHHOCTH Hponecca z (X}, T. e. mapamerp o=

oo

1 “
=5 | dtv B(t), m B 5ToM cIy9ae ofHEM W3 YCJIOBHI €TO IPHMEHUMO-
2
—0

CTH ABIAETCA YCIOBHe W Ty 1, rie Ty, — paguyc KoppeJAuun Ipo-
necca z (t). Oguako nas 3amad, CBA3AHHAIX ¢ METOOM yCPedHeHu s Mo
OBICTPO MEHAKIMUMCS BEMUYNHAM, 3T0 OTpPaHHYeHHe MOKHO CHATD,
UCUONb3YHA YelNoBHe [eXbTa-KOppelImpoBAHHOCTH He [Jd caMolo
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mpomecca z (), a pas uponecca & (1) = z (t)et™!. B stoM cayuae

GWER+ 1> =B (1) exp {iwgt -} 2o} =
= 20% exp {2iwyt} d (1),

1 7
rae 0% = < 5 dt B (1) cos wyt. Ilpu arom ¥ID (4.49) coxpausercs.

Bousee mogpo6uo sToT Bompoc 6yaeT paccMoTpeH HAa NpHUMepe 3aaUH
o JiByxmpoBoxyoi jmnmu (cx. § 6 va. 7).

§ 5. O6oGenne Ha cayyali HerayccoBCEHX
$aysTyanmii mapamerpos

Pacemotpum Temepn Te ¢lecTBHA, KOTOpble NPOHCTEKAOT W3-32
OTKasa OT NpedmoJio;Kenus FayccoBOCTH caydaiiHoro mouasa f (x, t)
B (4.1). Hapsny ¢ stum paccmotpum u GoJiee oblriee ypaBHeHHe BHAa

s, (1) ,
T =u& 0+ \ayDy Gy 0,0, 30)=5& (5.1)

(10 HOBTOPAIIAMCA MHIEKCAM, KaK U panee, IPeANoJaraeTcs CyMMa-
poBanue), rae v;(x, 1), D;; (¢, ¢y, t) — JeTepMuHUpOBaHIBE BeKTOp-
Has ¥ Tenzopuasa Gyunrumu, a f (i, ) — cnyuaiinoe BeKTopHoe Iole.
YacroeiMn  cayvasmm  cuetemsl ypasmeumil (5.1) aBaswores:
1)D;; & vy, t) = D;;(y,t). Torna, BBoas noBHe caydailinble QyHK-
Iu# BpeMeHH 1o ¢dopmye

Zi(t)=de Dii(y, 1) 1i(y, 1), (5.2)

MoHo mepenumcaTh (5.1) B Bume cucrTems! ypaBHeHui

i, € 1)+ 2z (t), E(0)=25&, (5.3)

dt

ONUCHBAKMeN NBIKenue HeJdUHelHoll cucremnl § (f) mom jelicTsueM
caydafHbBIX Bo BpeMeHu Cul.

2) D (& y, t) =08;;0 (y — & (2)). IIpu srom (5.1) mepexoamt
B cucremy ypaBmenu#i (1.1), onmcniBawumiyio aBmkenme nelmueliHoi
cueremnt § (t) mox meficTBueM caydvaiinnx cux f; (§ (2), t), saBucAmux
OT TOYKH $a30BOr0 NPOCTPAHCTBA CAMOM CHCTEMHI.

3) Ecan B ypasnennu (1.1) BBectt ¢ypbe-06pas mo mpoctpancrsen-
HEIM IlepeMeHHBIM, TO MHE IPUXoAuM K YPaBHEHHIO BHIA

dx., _
Sy (&) defi(x, 1) exp {ink (£)}, (5.4)

COOTBeTCTBYWMEMY ypaBRenuio (D.1) OpH BEIIONHEHUM YCIOBUA

Dij (§, ?/1 t) = 61']' exp {Lgy} (55)
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M uakonern,
4) Dy (&, y,t)=D;;(§ t). 13 otom cayuae, BBOAsi oGosHaueHie

fi(t)y= S‘dy f;(y,t), nonyiaem ypasHeHie
dz

T=v; (& )+ DB O (1), §(0) =5, (5.6)

OIHCHBAIONIEe HapaMeTPHUCCKOe BOo3edcTBHe CHYIAWNBIX TapamMer-
poB f (1) 11a guHAMRKY Heamueituofl cucvemn § ().

Cymectsennsnu ocoGeHHocTAMI cucreMbl ypashenmit (5.1) (rax
e Kak m (1.1)) aBamiorcH gBa dakropa. 910, BO-IEPBHX, TO 006CTos-
TEJBCTBO, YTO cayuaitiroe mose f(y, t) Bxoaur B (D.1) auneitnsim oGpa-
30M, H, BO-BTOPBIX, TO, UT0 AaA (O.1) BLINOJHHAETCH YCJIOBUe IpUYMH-
HOCTH

g, (f)

8f; (2, )
Yo e KacaeTcsa 3HaYeHHA BapHalMOHI0N npousBonroi 88; (1)/8/; (x, T)
npm T = I, To, KaK ¥ Ipu BHBoAe pasencrsa (1.3), monydaem

5,
8f, (e, 1) T

Tar war pemenne ypasuenus (5.1) B MOMeHT BpemeHUW ¢ BaBUCHT OT
caydgaiiroro moas f (o, T) amms mnus BpeMen 0 < T < {, Bce cTATUCTH-
YeCKHe XapaKTePHCTHRHW pellleHUs B MOMENT BpemeHu ¢ OYAYT ompeje-
AATHCA CTATHCTHYCCKUMU XapakTepuceruxkamu nons f (x, t) npa 0 <
LT < ¢, KOTOPOE OMHOCTLIO OIUCHIBAETCH XapaKre pUCTHIeCKUM GyHH
HUAOHAIOM

Dy (§(2), x, t). (5.8)

t
% o
O, [P, 1)) = (exp {i S dt ( dx'y (&', 7) f (2, T)}>. (O.N
0
Hus crarmermyeckoro omucamus cuereMui (D.1) sanumem BemoMmo-
raTeJbHOE YpaBHEHUE:

dg.
w0 -\ Dy G ) w0l (B

dt
Ypasuenne (5.1') oramzaerca or (5.1) BBedenmeM HoBOH IPOM3BOIE-
HOH JeTepMuHUpoBanHoi dyHKIuu 1 (¥, ). Pemenue ypasuenns (5.17)
HnepexofaT B pelmenue ypasuenus (5.1) mpu n — 0. Pemenue ypasne-
nus (5.1") ssuserca pyuxmuonasom ot f -+ 1. Orciofa BHTeKaeT pa-
BEHCTBO

0E, (1) 8E; (1)

of; (@, 7) - 8n; (@, 1) (5.10)

BeefeM o/iHOBpeMeRIIYI0 IJOTHOCTH BEPOATHOCTEH A pellleHuA
ypashenus (5.1'):

P, () = <6 (§ (t) — ), (5.11)
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rae § (¢) — pemenue ypasnenus (5.1'), cooTBeTcTBYIOmEE ONMpefeseH-
Holt peanmmzauuu f (x, ), a yCpe/HeNHMe MPOUBBOAUTCS 10 MHOYKECTBY
Bcex peamusanuit f. Ormernm, aro dyuxnusa P, (x) asisterca QynE-
muonasoM or noaa ) (i, T). Jupdepennupys (5.11) mo ¢, monyvaem
¢ yaetoM (5.1’) n ompepmenenns S-QpyHKnun ypasuenue

oP, (@) 5
*(;T = "'E{Ui(xv t) Py ()} —

— a—i—{gdy Dy;(e,y, t)yn;(y. 1) Py (w>} -

0

- 5—{ S dy Dy; (e, y, ) <fi(y, 1) 6(5 (1) — x)>} . (512)

Has pacmernsennsa Koppesndrnum B npasoil gacta (5.12) BocuonbzyeM-
¢fl MeTOlMKOM, M3I0LeHHOM Bo Bropoil TiaBe. Bous omeparop Qynx-
IUOHAJBHOTO CBUra 110 II0JI0 1), LOCHeIUWil 9IeH B NpaBol dacTd
(5.12) Moskuo mepenucarh B BHUfe

— o= Y ay Dy (e, y, 1%

dz,
1
t

<fj (¥, t)exp {S dv S doe’ f (¢, 1) bn—f;}’,r_)}>

X 0 P,(x). (5.13)

6
<exp { S dt S de’'f (', T) T @7 }>
0
Pacemorpum remepn pefictBue omepatopa 6/6n (v, t) nma ¢yunriumo

P, (x). YuureiBan dopmyay (5.8), morydaem

S OB — @) = — Dy @y, S E W) ). (G.14)

CnepoBarenbro, Beipamernue (5.13) Mo'kHo ILepenucaTh B ollepaTop-
HOM BHfE: :

t
<de )] —57]]%3 exp {OS dt de'f (', 1) &](2—,,1)}>

t
<oxp { S dt S dae’ F (x', T) ﬁ}>
0
t
= ;Ltln<eXp { S dz S do'f (x', 1) 3%1)}> Py (x)=
0
| : =60 e | Pr(®) (5.15)
rae BBefen QymxgmoHax O; [P (¢, t)] =1n @; [Y(x',1)]. B
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pesynbrate ypasrerue (5.12) mpummmaer Bup
ap, (x)
at

— % { 5 dy D;j (e, ¥, t)n; (y, t) Pt(oc)} + @,[L_én(i—,r)] P, (x).
(5.16)

Ypapuenne (5.16) ABJAeTcs BaMKHYTHM ypaBHEIMeM ¢ BapHALUOH-
ABMH ponsBojHbMA. UToGs IepefiTh K mioTHOCTH BepoATHOCTElH
perienus ypasunenns (5.1), caenyer moxomurs B (5.16) M (¢, 1) = 0.
Yaurssas npu stom pasencrsa (5.10) m (5.11), monyuaenm ypasnenme
0P, (x) a

t
T:—W{Ui(’x’t)Pt(x)}’{‘

+ <O [T 3G — ). (5.47)

VYpasueune (5.17) sBasieTcA TOUNHM CTOICTBHEM HCXOIHOTO JUHAMIU-
geckoro ypasHenus (5.1). CraTuctudecKne xapaKTepucTHEHM ciydaii-
Horo mouiA f (x, t) BXOIAT B Hero ToJdbKO deped GpyHEMmoHan ©O,.

B ofmeM caydae ypasuemme (5.17) mHe 3aMKHYTO OTHOCHTeXBHO
dynxmun P, (x), Tak Kak BeJWYMHA, CTOAIMAA MOJ 3HAKOM ycpeaHe-
HuA B npasoid vactu (5.17), olpejensieTcs 3aBHCHMOCTHIO TOBE/ICHUS
pemenus § (t) or caywaitnoro mona f (x',T') AAA BEEX MOMEHTOB Bpe-
Mern 0 < v < t. M tonbKo B cnydae mennTa-KoppesHpOBAHHOCTH I0-
as f (x, T) (eM. BTopyi0 riaBy), KOrjja BEMIONHAETCH PaBelCTBO

0; [v (&', ©)] = O, [y (', )], (5.18)

:—%{Ui(x»t) Pt(x)}-

ypasenue (5.17) npurnMaer popmy saMEmyToro ypaBHenus. B sTom
caydae, coranacto (5.18),

: 6 : 0 =
liar s @ =80 =8 [ | p@ =300
Yuaureisas teneps pasencrtsa (5.10), (5.14), mosmno nepemucars ypas-

venue (5.17) B BHge
4P, (x) P
e T {vi (2, 1) Py ()} +

1O g Duar ', 1) | Po(a), (5.9)

Py (x) =06 (x — &). Ypasnenue (5.19) mBusercs 3aMKHYTHIM olle-
PATOPHHM YpaBHeHueM oTHOCHTenbHO Oynkuuu P; (x), KoHKpeTHEIH
BU/L KOTOPOIro olpefleifieTcA BHAoM QyHENuoHana O, T. e. Xapakre-
poM cayuaiimoro mons f.

C nomompro ypapuenuit (5.17), (5.19) Mokuo wammcarh u KuHaMU-
9ecKoe ypaBHEeHUe [UIf Cpe[HUX XaPaKTePUCTUK pPelleHud ypaplenns
(9.1). Yrobu momyamrh ypaBnehue maus Beauwsnunm {F (§ (1)), rme
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F (x) — npoussoannasi Qynxkuus, caeayeT YMIOMHTb YypasBlenue
(5.17) ua F (x) m npomurerpupoBatk No ®. B pesyanrate moaydaenm
ypaBHeHue BHA

%u«“ 50 =
TR v+ (O | FE®), (5.20)

KoTopoe JJIs /ledBbTa-KoppeJHpOBaHHEIX (bJIyKTyaum'/i moas f npHau-
MaeT BHUJ

%wa(t > =
T8 @)+ o[ | FEO). (.20

B o6mem caygae ypasuenne (5.20°) He BaMKHYTO OTHOCHTENbHO (YHK-
muu CF ).

Ot™meTuM, 9to onepaTopHHi wien B npasoit wact: (5.20), (5.20%)
(PopMaNbHO HE BABUCUT OT BHfA ciydalinoro 4iena B ypasueHmu (5.1)
" mpefictaBiaser coGoll cpemHee 3HadeHue geHcTBUA KOHKPETHOTO OIle-
paTopa Ha QYBRKOUIO, cpegnee 3Hadenme Kortopodl mmercs. Homkpert-
HOe BHIYMCIIeHHe JeHCTBUA 3TOro olleparopa, KOHEYHO SKe, CBA3AHO
co CTPYKTypol cayuafimoro unena B ypasuenuu (D.1). Ito obcros-
TeAhCTBO OUEHb NOJME3HO [ IPAKTHYECKOTo HaXOoMIeHUA Pa3iIudHblX
cpeanux xapakrtepmeruk. Ilpomeaypa manmcanus cooTBeTCTBYIOMETO
ypaBHeHUs Uil CpeaHero 3HadeHHsl KAKOH-ANG0 BeJIWIUHH COCTOUT
H3 YeTHpex TIaroB:

1) ¢ moMompbBl0 cTOXacTHYeCKUX YpaBHeHHH onpefensloTcs BapHa-
OUOHHBE NPOU3BoJHEE pelleHus YpaBHeHHH mHo QAYKTYAPYHOIIHM
mapaMerpaM, B3fITBHIM B TOT ke MOMEHT BpeMeHnu;

2) mamercA mUHAMUYecKoe ypaBHeHHe A CaMoH BEJWYUHE B CJAY-
qae oTcyTeTBUs (QUYKTYarnmii;

3) momyvennoe Ha BTOPOM IIare ypaBHelHe ycpegHAeTcHA, U B Ipa-
BYI0 dacTh Ao6aBJsgeTcA oNepaTopHHH YieH, npefcTaBaamui coboil

cpennee 3madennme jefictBus omeparopa O } Ha BeJIWYHHY,

d
i8fi, 0)
cpefniee 3HadeHue KOTOPOU HINETCH;

4) ¢ NmOMOIbI0 pe3yJbTATOB NepBoro IMara YCTAlaBJIHBAETCS pe-
3yapTaT gelicTBUA oleparopa.

OrMmeruM, 9to caMo ypasueume (5.17) sBAsercsas ypaBuenueM BHA

(5.20) mas ¢yurnum .
¢ () = 8 (¢ —{§ (1)), (5.21)

KoTopad, cordacuo (5.1), ymoBieTBopsAer ANHEHHOMY CTOXACTHIECKO-
MY YpaBHEHHUIO B YaCTHBHIX NPOM3BOTHEIX
0P, (@)

a T (77

{v (2, 2) @; ()} —
_%deDki(xvyvt)fi(y7t)(Pt(%) (5.22)
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C Ha4YaJabIihiM YCJIoBueM
o () = 6 (. — &)- (5.23)

Ypasuenue (5.22) mpasercs CTOXACTHYECKHAM ypaBHeHHeM JluyBmi-
na. YroGel modyunrs ypaBuenue s cpeinero smagenns ¢, (x)> =
= P, (x), cienyer, coriacio onNMCAHHOI BHlle MeTONUKe, ONPeIeqUTh
3HavYeHue Bapuaruonnodl npoussonoit 8, (x)/0f; (', t) (nna menpra-
KOppenupoBaHHLX Tojeil f), Koropasd mueer Buj sumeliHoro omepa-
TOpa

6(P{ (o) _ d

o = awy Dl 1) g (), (5.24)

B pesyabraTe MBI UpUXouM K ypasaenmio (5.19).

PaccvoTpmM Temeph m-BpeMEHHTI0 NJOTHOCTL BepoATHOCTeH AiA
pemenns ypasuenus (5.1):

P (X1s ty5 e 5By ) =B (B (31) — 1) ... (& (L) — 20)>. (5.25)

HOyers tH <t <...<lp1<<lm Hduddepennupys (5.25) mo
Im, 8 BaTeM UCHOJL3YA JHHaMuYecKkoe ypasuenue (0.1) u pacmenuss
Koppessiliny oHUCAIHBIM BEIIE CII0COGOM, HONYIaeM AAA JeNbTa-Kop-
pelUpPOBAaNHOIG Bo BpeMeHu Ioidsl [ ypaBHelne

0P

a
Tm' (xl, tl, ooy xrm tm) "!’“ W {U (xm’ tm) gam} =
m

m

—0, [i Dy (2 X t)] P (X1y 115+ o} Xy ) (5.26)

—
6.21(” )

(3nech cymMmmupoBanme Io HHAEKCY m lie npomsBojutes.) ITauamsmoe
yexosue s (5.26), kak cieayer us (5.25), umeer sum’
P (215 t1; o o o3 Xy Epq} Xy Em—q) =

— 6 (xm_l — xm) gbm_]_ (301, t; ey wm_l, tm_]_)- (5.27)

Pemenne ypasuenus (5.26) ¢ HazannnbiM yeaosueM (5.27) Moskmo me-
KaTh B Buje
g)m (xly AT O SN tm) ==

=p (xm’ tm ' Xm-1y tm—l) g)m—l (%1, tl; sy Xpegy tm—l)- (5-28)

YuureiBas Temeps, 4ro Bce nudepennmanbHie omepanud B (5.26)
OTHOCATCA B Xy, Ly, 1 HofcTaBasst (5.28) 8 (5.26) u B (5.27), monryuaem
ypaBHeHHe [JIf IVIOTHOCTA BeposiTHocTedl mepexona (o6ozmavaeMm X,
L uepes &, t U Xyp—1, tm-1 Tepe3 Xy, L)

J 9
~5 P (%, 2], Lo) 4 —— {¥ (2, £) p} =

:(Q)t[i.b_‘?_ Dy; (=, x',t)]p(x,tpcﬂ, Zy) (5.29)
T
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C HAYaJbHBIM YCIOBHEM

P (x, 1y | g, ty) = & (& — a,). (5.30)
IIyrem mosroproro npumenenns gpopmynn (5.28) Haxomum paBeHcTBO
g)m(xh tl; vy Xy tm)=

=P (%, tn | By, Ly} - - - p (23, s |1, 1) Py (1), (5.31)

tne Py, (1) — ompepesnsemas ypapmenuen (5.19) miaorHOCTL BeposT-
HoCTe#l, OTHOCAMAACH K OIHOMY MOMEHTY BpeMenu. Bripasenue (5.31)
I MHOTOBpeMEHHOH IJIOTHOCTH BepoATHOCTeHl Yepes Npom3BegeHHUe
nnoTHOCTeH BeposATHOCTEH TiepeXofa p osHagaer, 4To cAyJaHubii Ipo-
necc § () ABnAercs MapKoBCKMM uponeccoM (eM. ra. 1). Taxmm 06-
pasoM, MH MoeM ycminTh yrsepskienue (2.8) [20]:

Eciu  menunefinas jpumaMmdeckas  cHeTeMa  ONMACHBACTCH

ypasnenneM (5.1), B KoropoM cnyqaiinas «cunay f (x, 1) ABaACT-

CH [IeNbTa-KOPPENUPOBARHEM BO BpeMeHH CIY4AHHHEIM oM

(1. e. ee xapakrtepumeTmdecKuil GyHKIHMOHAT YIOBIETBOPALT pa- (5.32)

BeHCTBY (3.18)), To enywalinnii nponece § (¢) sBasercs MapKoB-

CKUM IpolleccoM, onuchiBaercs ypasHenusmu (5.19), (5.29) =
paserncTBOM (5.31).

Hpu sToM cymecTBennyo ponb urpaer ycioBHe IpHYMHHOCTH (3.7,
BHITeKaMee U3 caMmoro ypasHenuf (D.1) um HavaJdbHBIX YCIOBHH K
HeMY.

Ecau cayuatinoe none f(x, t) ABifgercs rayccoBcKum AeJbTa-Kop-
DeTUPOBAHHEIM TI0 ¢ CAYYAHHBIM TT0JIeM, T. €. er0 XapaKTepucTuIecKui
$OYyHRIMOHAN uMeeT BUI

®t ["‘p (x,y T')] —
1
—_ %S dt S dax' dx”Bij (oc/, x”, T) 'q)i (x’, T) 'lP; (.’l'”, T), (533)

0

10 ypasHenme (9.29), tak e kak u (5.19), npmunmaer sux YI®@:
a o 1 ’ ’ 4 ’ 4
TP (@0, 10) + <5 (00, 1) p) = — -\ d A By (o, a7, ) %
6 ’ 6 U4
X ] {D“ (x, ', t)W {Dy; (2, x", t)p]} . (5.34)

VYpasrenue (5.34) nepexonur 8 YOD (2.5), ecsim monomuth

Dij(x, y,1)= 8,8 (y — x)

(Bi; (e, &, t) = 2F; (e, &', 1)).
AHasoruHO CcJYYal HAXOMIEHHA O[HOBPEMEHHELX XapaKTepuCTHK
dynrmmu F (§ (t)), nerko Moikno HaliTM ypasmeHme s CpeHUX Bean-
UMH, B3HTHIX B DpasHble MoMeHTs BpeMenu. Tak, maupmmep, wuroGu

Haiit¥ ypasuenme ua mexmumam £ (§ (1), §(t')), rme t > ¢, mago
ypaBHeHHe A [BYXBPeMeHHOW IVIOTHOCTH BepositHoCTeld P, (i1, I3
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Xy, 15) yMHOMUTH T F (xy, X,) U NPOMHTETPHPOBATL MO X1, Kp. I Pe-
3yJabpTaTe ToJdYydYaeM ypaBHelue

d ’
— FE@), ()=
_ S EEEE) : 8 .
= (e v GO+ O 5 | FE .50 (5.39)
¢ HAUAJBHLIM YCJIoBHeM npm { = t’

FEE), BN 1= =<F EE), EC), (5.36)
rae pyarmma (F (§ (t'), § (t'))>, cBasanmasi ¢ ofHoBpeMeHWOH MIOT-
HOCTHI0 BePOATHOCTEH, Y/IOBJIETBOPSET YPABHEHRWIO THHA YpPaBHEINs
(5.20".

B xadectBe munrocTpanuu usinoKeHHONH TEOPHA IpHBeeM HeCKONb-
KO TIPHEMepoB.
Pacemorpum ognoMepHOe cToxacTmyeckoe ypaBHenue

d .
—=l@ ) Fz)g(@1), z(0)=1, (5.37)
roe f m g — jerepMuAMpoBanHBe (QYyuriuu, a z (1) — cayuaitmas
dyuruua spesenu. Beogs pysrnmo ¢, (x) = 8 (r () — z), noayya-
eM LA Hee cTOXacTudecKoe ypasueHue JImysmiinsa sujga
¢, (2) 0 9
= @ ) (@) — 2 () =g (&, 8) @i (%), (5.38)
Yepeprnum ypasHenue (5.38) mo amcamGmio peasusanuii  GYHKNuu
z (t). B pesyinrate moaygaem
0P, (z) ] ; 8 | N
— = — =@ ) Py (x) + <’f)t [WJ @ () 2, (5.39)
e P, () = {¢; (x)) — opHoBpeMeHHAs IUIOTHOCTL BepOATHOCTEl
pemrenmsa ypasuenus (5.37). Haa meabra-KoppelmpPoBaHHOTO caydaii-

noro mpornecca O, [v (1)l = O, [v (#)] u, yamTeiBas paseiuctso
6(Pt () a
o = o @) @),
nollyd9aeM ypaBHEHHE
[7‘Pt ()

e Pi@ 6@ | P, (5.40)

Has rayccoBcKoro meapTa-KOppelupoBanHoTe Ipollecca (eM. ria. 2)

t
0, [v (7)] =——%Sd'cB('c)v’-’ (1) (5.41)

0

u ypasnenne (5.40) mpunumaer Bug YID:

0P (@) _'__a_f(x’ t) Pt(z)J,—iB(t),—a-g(I,t)-—a—g(L t) Py (z).
2 dx ox

at ox
(5.42)
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Jlnsd, myacconoBCKoTo ReabTa-KOPPeIupoBaHHOT0 BO BPEMEHU Npo-
necea z (f)

o<

[4
O lv(v)]=v | dv {S dE p §)ei§"\’)—1} (5.43)
R 5 e
u ypasuenue (5.40) cramer TarmM:
oP, (z) ]
L f (@, ) Py () =

:v{_&id&p(ﬁ)exp(—g Ok 0)— 1} P, (5.4

Ilycts, mampmmep, g (z,1) = 1, 1. e. ypasmenme (5.37) murasgar
caepyommM obpasoM:

L (@t 2(t), z(0)= 2z, (5.37')

B stoM cayvae onmeparop B npapoii wactu (5.44) siBaseTesi ollepaTopom
caBura n ypasuenme (D.44) mpunuMaer Bupn ypasmenms Hoamoropo-
Ba — Dennepa:

aP (I)

T (@ Pi(@)=v \ dEp(E)P,(z — &) — vP, (). (5.45)

|
8M8

Panee Myl roBopmim o TOM, YTo MyaccomoBCKHMIi mpomecc X (1) ¢
Opou3BOJIbHON UMNyJInCHOH QyHKIUel g (¢) cBA3AH ¢ IIyaCCOHOBCKHUM
AeTbTa-KOppeJRPOBARHEIM NpoLeccoM z (1) HoCPeACTBOM (HopMY s

t

E(t):SdTg(t—T)z(r). (5.46)

0

Iycrs g (t) = e™®. BartoM cayaae mponecc Z (f) ymosnersopseT aud-
(depernuaNbIOMy CTOXACTUIECKOMY YPaBHEHUIO

e —urz()) (5.47)

U, CHeloBaTENbHO, KAk IIOTHOCTH BEPOATHOCTe mepexojga, TaKk H
OIHOTOIEIHASA ILIOTIIOCTH BEPOATHOCTEN A Hero yaOBIETBOPAIOT,
corJacHo (9D.49), ypaBHemHI

ap ~ P, (2

ol =D ot = LeP (D),

o~

Li=a-" z*v{cgo dﬁp(ﬁ)exp{—-ﬁ 51}‘1}' (5.48)

Mlycre temeps g (z,t) B ypasuenunm (5.38) mmeer Bup g (z, t) = z,
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T. ¢. ypaBnenue (0.37) sanuchiacresi B gopme

dr
dt

Torna ypasmenne (5.44) BHIIIAIUT CJAYIOMAM 00pa3oM:

=J(a.t) Fa)z(t), x(0)=a, (5.37")

o

0Pt (fl?) d . . ' « o d y ,
— L f () Py () = S £ (E) J[exp\—gaTl‘> _ 1}P,(1).

5.49)
Briunenun neficteue omepatopa B upasoii wacru (5.49) B aroM cnyqae
Pasmosum sror oneparop B psm 1o & u paccMorpmM AeficTBUe Kasko-
To WIeHa pasjohennma

{exp (—E jx .’l?) — 1} P, (z)= i—(—n—'@n (% x)n Py(x). (92.30)

n=1

Ipencrasnsia z B Buge exp @, popmyay (5.50) MoskHo Tmpeofpaso-
BaTh CJeAYIMHM 06pa3oM (T0 06CTOATENHLCTBO, UTO Z — 3HaKoLepe-
MeHHAs BeJWYMHA, HECYNIeCTBEHHO):

§ 8 Lo )
n=1
= ¢~¥ {e95P, (¢975) — eOP (e%)} = e8P (e%7%) — P (e).  (5.51)

Bosppamasch remeps K mepemeiniofi x, Jderko mpefcTanuth (5.49)
OKOIIYATeJhII0 B BHJIE HIITETPO- nmd;dyepemmanbnoro ypaBuenus Tuma
Roamoroposa — Denstepa:

aP, (%) P ¢ . p _
— b (1, 1) Py (a) = v S dE p (%) e8P, (ae=%) — v P, (2).

ot
(5.52)

Pemenne MHOTMX YHCTO feTepMHHHPOBAHIIEIX 3284 B PAAC CIY-
9aeB MOJKHO MITEPHPETHPOBATH Kak pe3yibraT YCpPeRHeHHs (YHIKINO-
HAJOB OLpe/leellHOr0 THIA [0 cJaydaiiHoW rpaekropun. Taras Bepo-
ATHOCTHAS MHTEPTIpeTamusa MoHieT ObITh HOJe3HA [JIA Pa3iWYHEIX TIpH-
JIOSKeHnN.

BrigeieM 1A mpocTeflTNX ypaBueHUil yCJIOBEA BOZMOYKHOCTH Ta-
KO MHTepIpeTauu.

Pacemorpum 3agawy Homu pus ypanremus

du (t, )
— = —q(tru(t,r) - QL Vu(t,r), (5.93)
u (0,7) =uy (7).

Hapany ¢ ypasuennem (5.53) paccmorpum ypasuenue

———mp(;}r) =—qt,r)et,r)+ =) Ve(t,r), (5.54)

@ (0, 7) =y (1),

—~
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pellenlie KOTOPOTO HMeeT BUJ

Lt 752 (v)] =
: t t
— uo()- 4 Sdr::(r)) exp {— \ dtq (T, P g‘dr % (T)J} . (9.9D)
0 ’ 0 T
Bynew cunrats ¢yurummo # (£) caywaiimoii ¢pyurnnei, NedBTa-KOp pe-
TUPOBAILION 110 f, CTATHCTHYECKIIEC XAPAKTEPHCTUKE KOTOPOH OHHCHI-
Baforesa gynrunonazoy 0, (v (1)), Yepeguun ypannmenne (5.54). Tor-
na pua {¢> moaydaeM YPAaBHeHHe

J : k)
YuursBas Temeph paBencTBO
RUIUERN . (5.57
e Vel ), -o1)

KOTOpOe SIBAACTCHA CHe/(CTBHEM J[HMHAMUIeCKOro ypasHeHHs (5.54),
MOJKHO IepenucaTh ypapuenue (5.56) B Bujme

T <@ =—aq<e> + O [ 7] <o. (5.58)

Cpasuusas (5.58) ¢ (5.53), nupum, uro

u(t, r) —=<9lt, r; =@, (5.59)
TOAEKO YIPU YCIOBUU

0(t, V)= 6, [iiv]. (5.60)

B arom cayuae rpascenne (5.59) MoHO TpaKIOBATH KAaK 3anuch pe-
TN YpasleHus: (0.03) B Bujle KOHTHHYAJIBHOTO HHTerpajga. Bripa-
Kenue (9.09) Jerko IpeacTaBUTH B OHepaTOPHOM BHUJIe, BBOAA OUe-
paTop PYUKITMONAIBHOTO CABHUIA:

u(t, r)= <ot 2(r)+v (VD= 'v:(] =
t
= esp ({dre) 5= > 01t s v () =

0
:q)t [’W](P[t, r; U(T)]|U:0, (561)

rae @, [v (t)] — xapaxTepucTuveckuiit GyIRILOTA mpolecea z (1).
Hlas rayccoscroro mporecca

. . 1 o
O [v ()= — -5 B(t)»? (t)
(Q(t, V)—_—‘—fB(t)A,B(t)>O),
I/I, CHGHOBHTGHLHO, HOJIytIRGM XOpOH.IO I/IBBQCTHHﬁ peByHLTﬂT, qTO0
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pemenue ypasHenna AnQQysun

1
Ju=—qu-t — B () Auy u(0, ) =y (#7) (5.62)
MOKHO TpPaKTOBaThb KaK pe3yabraT YCPeAHCRHSA (QYHKIHOHAla ¢
10 TayCCOBCKOMY caydaiinomy mpomeccy #(¢). J[#a myaccoroscKoro
n

caydaiimoro mporecca 2 (t) == 21 ES(t—t))
1=

Oulo (1)) = v {{d% p (§) fexp (kv (1) — 13,
Q(t, V) =v {{ d& p () foxp (&7) ~ 1} ,

W, CJefloBaTeNBHO, PEIICHUC HHTETpo-AupdepeHInaThbHOro ypaBHenus

%=~qu+v8d§p(§)u(t, r+E) —vu(t, v), (5.63)

u (0, ) =uq(r)

YAaeTcs UpeACTaBUTE KAaK PE3YJAbTAT YCPERHENHA (QYHKLHoHANa ,
T. €.

ut,r) =<9lt,r; z (O,

TOJXLKO B TOM CiydYae, CCIM (YRKIUIO p &) B (5. 63) MOJKHO HHTEPIpe-
TUPOBATH KaK ILIOTHOCTH BeposATHOCTEH caydaiiHoil BeJnduns! &,

B cayaae p (§) = 6 (§ — #,) ypasumenue (5.63) ympomaerea u upn-
HUMaeT BUJ

O —qu V[t ) — u(E, 7)) (5.64)

Ypasuenus (5.63), (5.64) npepcrasasor coboft Hpu TOM YpaBHEHUS
THIIA TICPEHOCA.

PaceMorpum Temeph B KavecTBe IpmMepa cayUall JMREHHLIY ome-
PATOPHEIX CTOXACTUYCCKHUX YpaBHEHHI

de,
i = Aty +2(8) By 1)z, (5.65)
z (0) = =z, i=1,...,N),

rie A, B — netepmunuposairisie OTIEPATOPH. JTH OHEPATOPHE MOTYT
OBITh, HalpuMep, orepaTopaMu audepennupoBaua o BCMOMOTIa-
TEJDBHEIM NePEMEHHHM WM o0maHKMH Martpunamu. Dyuriuio z (f)
OyleM cUHTATR CaydaiiHOW JieABTA- RO})pGJII/IPOBHHHOI/I PyHRIUCH,
Yepenuaum cucremy (5.65). Cormacio ofmum gopmyram

i . 5
—dt_>= Ay (xpd + <@t [m] z; (t)> . (5.66)
Yunresas Teleph paBeHCTBO
Sz (1) o
Sa = Dit (5.67)
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KoTOpoe cJiefyerT HEMOCPEACTBCHHO N3 Xapakrepa cucteMnl (5.63),
vpasnenne (5.60) momuo mepenucars B BHAE

d 1 : 1 4 .

—-— . N o _ /.

= Ay (t) oy + O, [ B (t)]ij (). (5.68)
Taxum ob6pasom, nra auueitnoil cueremui (5.65) ypasHeuus nia cpej-
HUX 3HAYeHUH TaKKe SIBIAIOTCH NTUHCHHEIMU.

Jlorapupm xapaxrepucrugeckoro ¢yukmmonama Oy [v (1)1 man

JleabTa-KOppedHpoBaiHLIX TPOIECCOB pacKIajgbiBaeTCA B (yHKIMO-
nansnnit pap Teimopa (em. ri. 2):

© n 3
oo =Y ¢ vk, (1) (v), (5.
n=1 [}

cie K, (1) oupepensior KyMyIsHTHEE QYHKIME nporecca z (f). Ilop-
craraAa pupamenue (5.69) B (5.68), noiyuaem ypanwenue

; N K .
g = Ay + Y SR B (01 (e (5.70)
n=1

-~

Ecan remeps cymecrsyer Takasi CTOTICHB omeparopa B, uro
B' =0, (5.71)
ro ypasmnenue (3.70) mpunuMaer BUJ

K N
o LB ()]s <), (5.72)

I—1
o e =Ayap + Y
ne—=1

B rakom cayuae B ypaBHeHHE MU CPCJHCIO 3HAYCHUA BXOTHT TONBKO
4acTh KYMYJAHRTOB mporecca 2 (£). JTO 03HAUAGT, UTO €CJIH MHTEPECO-
BAaThCA TOJNBKO YPABHGHHEM A CPEAHETO 3HAYCHUS, TO COBCCM HE
00/3aTeNBLII0 3HATH PACHPENENCHUC BCPOATHOCTEH AiA QyHRUmIt z (1);
AOCTATOYHO BHATH TOJIbKO ONpefieliCHHEIC KYMYJSHTH Ipolecca z (f)
n 10 00CTOATENBCTBO, UTO HPOTIECC 2 (f) MOYKHO PacCMATPHBATH KakK
AeJbTa-KOppeJUpoBaluEi CIydalHEI I pomecc.

Ocramosumes remepnh Ia OOMEM METONE HOCHENOBATEIBLHLIX ITpPH-
OJMKeInid, HYJeBoe NPHGAMKEHHE KOTOPOrO COOTBETCTBYET NCILTA-
KOPPEJHUPOBAHHAIM LPOINCCCAM M HOJAM, a CACAYIOUING NpUOIHAKCHI L
AAI0T BO3MOKHOCTH HOJYUUTE YCIOBUC NPUMEHHMOCTH STOI'0 IIPHGIU-
MRCHUA JIJIA QIYKTYarnui mapaMeTpoB CHCTeM.

§ 6. Merog mocremoBaTeTbHBIX HPHOINKEHN

Brnwe mmr pacemarpupain cucreMmy ypasnenmit (5.1) (mim (1.1))
B IPCGANOJOKGHUH JEIAHTAa-KOPPEJIHNPOBAHHOCTH CAYYAHHOrO mONSA
f (2, t) no Bpemennu. B pealpHmX jKe YCITOBMAX caydaiimiie moxasa f
00Maflal0T KOHEUHEIM BPEMEHeM KODPeJAIUNH T,, H paCCMOTPEHHOE
npubaukenue Mo;KeT GHTh XOpOUIeH anmpoKCHMALUel JUms B Y-
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uae, eCHNIl BPeMsl Ty MIIOTO MCIBIIC, TCM XaPAKTEPUDbIe BPeMel H3Me-
IeHuA caMoll mlaMrUYecRoi curerenmel. Ofaliako HT0 yeToBUe ABIAACTCH
HeoOX0MUMBIN, 1O IIeLOCTATOTLLIA.

s npousBoanunx npoueccos 1 moneil MoskHO HOCTPOUTHL MeTo]l
TOCHEIOBATEABHEIX TPLOAKeHIH, B KOTOPOM paccyMoTpeHHoe BLITHE
npubansRenye JedbTa-KOpPeaupoBalnoro cllydalflioro Inpoiecca fB-
JAHeTCHA MepRLM TaroM. Caenyoline npubiuikenns YIHTHBAIOT KOTICY-
HOCTh BPEeMeHH KOPpedflun T, I HPUBOIAAT K CHCTEMe 3aMKHYTHIX OIe-
paTopunix ypasuennii. Ilocrpoenme raroil cuereMn Moswer GbiThL OCY-
MeCTRIEHO caedyomunm oopason [20].

Bseney gpypre-oGpas pynrmnonana O, Iy (&', Dl:
Ol (x, 7)) =

+

=5 S0 e, v O e, vyyexp (i §an {aep (o oo, o)
0
(6.1)

Torna ypasmenue (5.17) nust maornocTd BepodgTHOCTER permlenus IH-
HaMu4ecKoil cucreMrl (D.1) Moskio mepenucarh B BuIe

aP[ () . 0 L 8 p

—ar = W{Li(ﬂe, ) Py ()} +

+ S e S Dy (', ©) O, [ (', 1)) P [t, 3 o (', 1)), (6.2)

rie gyurumonax Fy [t, a; ™ (&', 1)] onpenenserca dopaymoil

£y [z, x; 1](1)('1’./7 T)] =
t

= <exp {& dt S dx L (x', ) tTfTi—r)} 8 (§(t) — :c)> . (6..3:)

0

Oneparop, crosumuit 8 upasoit wacrn (6.3), mpegcrasaser coboil oie-
parop ¢yurmuonamproro casura mo moaio f. ClegoBaTedsHO, PYHK-
UHOHAT [y SIBJSOTCA IJIOTHOCTHIO BepoATHOCTell JLTSA pelIeHHs CTo-
Xacrudeckoiit cueremur (5.1") m, coramacmo (5.16), yaosiersopser
YPABHEHHK) € BAPHAIHOHIILIME IIPOUIBOJIILIMIL

oF 3] o f
=y e Py — o 1de Dy (o, y, )0 (y, t)Fl} +
T 6
A _|F a0 D ';'7 . 6.4
O | A @ D) (6.4)

Cucrema ypasuennit (6.2), (6.4) sBiasercs saMrmyToii omeparopHON
CHCTeMOU ¢ BAPMANMOHHLIME mpousBoansiu. Venodnsys cHopa ¢op-
myay (6.1), serro mepenmcars ypasmenue (6.4) B Bume

or 0 ) -
1 — A {vi (e, t) F1}y — (1 {S dy Dy; (e, v, t)ngl) (y, t)]fl} -

ot O
+ S e SDTI“) (', 1) O, [ (', T Fa[t, a3 @ (', 1) + 0@ (%, 7)],
: (6.5)
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rae ¢yHknuonal F, ABiIfercA, B ¢BOW oUepeqh, TIOTHOCTHIO BEPOAT-
HocTell AJA pellleHMA CTOXaCTHICCKOH AWHAMHUYECKOW 3amadu
dE, (¢ .

R \dy Dis & . O 115w, &)+ (0, ) + 1P, 1)1

(6.6)

Hamee MoskHO HanmcaTh ypaBHCHHE Jjis yHKIHoHala F,, B KoTopoce
Bojifler B KadeCTBC HOBOH HEH3BCCTHOH (YHKOUM (GYHKIMOHAN Fj,
u r. . TakuMm ofpasom, MH HodydaecM GECKOHEUHYI CHCTEMY ypaBHC-
uuit g dyurnum P, (¢) n dpyurnumonanon Fi, F,,

Ecan rteneppr wmcuosb30BaTh LPEAHONOKEHHE O AeAbTa-KOpPpeII-
poBanuocTy 0051 f B ypapHeHUU (6.2), TO BOSHUKACT OHNICAHHOE BEIIIE
OpUOIMIKeHNE [eJhTa-KOPpPeIupoBaHHOIO CJXyualHOTo mporecca, a
OCTAaNILHEIC YpaBHEHHS CHCTEME OKa3HBAIOTCA HEHYKHEMH. Ecam jxe
B ypasuenuax pas P, (x), F'1, Fy, . .., F,_1 coxpanurs rounerii supg
dynkmuonama Q,, a B ypasHeHuu i fyHRIMOHALA F,, HCHOJb30BaTh
OPEANOJOoReIINe 0 [eThTa-KOpPeInpPOBAHHOCTH LoJsA f, To Hodyda-
ercs 3aMKHYTas cucTeMa ypasHenuit muA gyurumn P, (x) u dyarmnuo-
"Hagos Fy, ..., FF,,. ra cucrema CofepsKUT, OfHAKO, KOHTHHYaJhHHC
narerpast. Creayer orMerdTh, UTO MHOIIA, HApUMEp, IS rayccoB-

CKOTO ¥ NYaCCOHOBCKHX CAyHYalHHX mHodelt ¢yurimonan ©; [n(x’, 7)]
BEIpakaerca uepe3 ferbra-pyarnumoHasa. Ilpm sroM KoHTHHYaJLHEG
HHTerpalH JeIKO BEYHCIAITCA, W ME OPHXOAMM K CHCTGMG ypaBHe-
i gasa obwupux Gynrmnuit., Boobmie rosops, B TUX Caydasx Her
11eo0XoRMMOCTH BBOOUTH QYHKIMUOHAJIbHOE Ipeobpasopaume Dypre.
Paccmorpum B KauecTBe mpuMepa AMHAMHYECKYIO CHCTCMY

dx

& —v@) +f(t), z(0)=a (6.7)
rie v (z) — AerepMunupopanHaf QYHRIUA, a [ () — cayuaiimas
dynrnua spemenn. BsemeM ¢ynnnuio

¢ () =06 (z (1) — ), (6.8)
IS KoTopoil mojdydaeM ypasHenme JIMyBUIJIA:
99, () a 4

— i T v @ e (@) = —f ) -9 (2), (6.9)

%o (x) = 8 (2 — 7).
Yepeanas ypasuerue (6.9), aasa ognoBpeMeNol NIAOTHOCTH BEpoOsIT-
nocreit Py (z) = {¢; (x)> moayuaem
9P (v) a S b
(@) Py (2) =< [W} d(z(t)—2)>. (6.10)

ITycrs, manpumep, f (f) — nyaccOHOBCKMI CAYYaiHHII Iporece, s
KorToporo ¢yuknuonan ©, [v (t)] mmeer Bux (cm. ru. 1)
t

13 o

0 =v{dv{ | aep@exp{it (arv(v)g (v =)} —1}. (6.19)
0

—00 T
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Cacnosareabno, ypasuenue (6.10) B srom caydae MoKIIo Ilgpenmcarhb
B BHIC .

0P, ()
T v(x)Pt(x)
¢ f d n N
=—v { aetp@\drg— - Pt 12,8, (612)
—co 0

rie gpyHiimaA F oupeneisercs paBeHCTBOM
4 o .
F(t,t,2,8)= &exp { S dv'g (v — 1) WT')} N (z)>. (6.13)

Hosromy mpu ¢t > 1 ¢pyuknua F == <{§ (¥ (t) — z)> sAsAsierca nior-
HOCTBX) BEPOATHOCTEH AJA pemieHUs JUHAMHYCCKOH 3ajadd

F=v@® A+ +EE—1, F@=2z@) (614

u YAOBJICTBOPAECT YpaBHCHUIO

or 17 .
=5z v (@) ke ¢ — 01 )+ (6, [mm} 1) —2)>
(6.15)
¢ HavaJbHBIM YCJOBUCM
F(t,t,z, &) = P;(x). (6.16)

Ypasuenue (6.15) ApigercA YpaBHEHUEGM BTOPOIO IIara ONMCAHHOTO
BHIIEG METOfa MOCJiCHOBATCNBRHHKX npubimwkenuii. [lanee MoskHO auso
UCTONH30BATh HPC/IIONOKEHNE 0 JCJIBTAa-KOPPEJINPOBAHHOCTH IIPO*
mecca f () (410 SKBUBANCHTHO ANNPOKCUMAIMH HMIOYJIBLCHOH (QYHEK-
¥ ., | o
nun} 8-pyuKnmeii), mbo rem ke crmocofoM MepeiTH K cACRYIOMEMY
mary.
B kawectse apyroro mpumepa paccMoTpuM ypaszerue [53]
du ()
dz

— i@ u), u(0)=up, (6.17)
rae ¢ (x) — rayccopckas caydaiimasg (QYHRLUA € ITapaMeTpaMu
e (2)> =0, (e (x)e (z")> = B {x — a'). (6.18)

Toguoe pemenue ypasuexus (6.17) umeer Buz
u () = uy exp {L —Sdge(g)} (6.19)

CuremoBareasno, yepegaas (6.19), nmoxydaeMm TouyHOe BHPpasKeHUC A
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Cpeiero peimienna cToXacTudeckoro ypasueuns (6.17):

w(@p=wuexp {— g\ dtidap. @ — 2} =

0

[

:uoexp{— . §d§(x—-§)BE (g)}. (6.20)

0

Yepenmauy remepn ypasuenue (6.17) memocpencrsenno:
a ik v oA
< (@)> = <& (2)u (). (6.21)

Aas pacmeniaenus koppeasimun e ()i (2)> Bocmoan3yeMes dopmy-
aof (2.3.6). B pesyabrare nomywaeMm ypasHeHme

. X
d kB du ()
E<u(x)>=L75ngs =5 (b, (6.22)
0
yiHe He 3aMKHYTOe OTHOCHTeJabHO QYHENuU {u (r)>, TaKk Kak OHO CO-
ICPSRUT HOBYIO HemssecTHYlo ¢yurnmio (Su/8ed. Ecam pagmyc rop-
pessnmn mponecca & (z) I, — 0, ro ypasuemne (6.22) Symer umers
BT ‘

d ik ¢ Su (z
7 i @) = 7\ dE By (5 (3, (6.23)
p .
OTKYAa, ¢ Y4eTOM DaBEHCTBA
du () .k
o) — Tl (), (6.24)
MOJLY4aeTcsl ypaBHCHUE
d g ¢
o W (@) =— S dE B (8) (ur (7)), <u1(0)> =uo, (6.25)

0

peliieH#e KOTOPOTO, B CBOX 0Yepefib, BLITIANUT CJICAYIOMHUM 00pa3oM:
i2 ¢ >
Uy (2)y = ugexp {—T:z S dt B, (g)}. (6.26)
0

Oyuknus {u; (z)> Hpescrapiasger cofoil peLleHNe 3aaun B IIPUOIHIKE-
HUU JICABTa-KOPPEINPOBANHOCTH Hporecca & (x) (HepBHIi miar).

Jlos1 oTHCKAaHMA pelieHHA Ha BTOPOM WIATe CJCAYET 0OCTABHTH Y paB-
uenme (6.22) Ges wmameHenmit M HaliTH ypaBHGHHC IS BeXMUMHH
(8u (z)/8e (€)>. Baprupys (6.17) mo & (E), mosydaeM ypapuenne

d du(x) .k Su (x)
ax 63(&,)“7”‘“@7 z >t (6.27)
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HaganbuelM yeXOBHEM /A HEro sBisAerca yciosue (6.24):
du (2) .k ’

= i——u (k). 6.24

o i u ) (624

Yepenanm ypasaerue (6.27). na pacmenienus KoppeAsnuu B Hpa-
Boit wacru (6.27) cmosa BocHmoaB3yeMcsa dopmyioit (2.3.6). B pesyan-
TATC TONYUAEM

a du(nyN _ . k ¢ 0  du(x)
= gy = 17 \dB =8 (5 ARTAP
0

-, du ()
8@

x=f

= P (8))- (6.28)

Ucnonssya rtemeps ycioBHC [eibra-KOPPEAUPOBAHHOCTH MPOIECCA
€ (x) 8 ypasuecrnun (6.28), momryuaeM Ha BTOpOM IIare

0

Ou (w)\_ __ J2 Su ()
8 (%) > =7 S d&1Be (1) 36)
0
o .k
< él; Eg et LT (ua (B))- (6.29)
Pemerue storo ypasHenus umeer Buy

6 k2 3
0] Ea; <u2 (€)> exp {— - (=8 S dt,Be (El)} . (6.30)

0

ITogcrasiaa mmpasenne (6.30) B (6.22), nmosyuaeMm, 4ro Bo BTOpOM
npubimxeHuy 3afada CBOAUTCA K CIACAYIOMEMY wHTCrpo-nuddepen-
MUaJbHOMY YPaBHCHUIO:

I (2)> =

:___IZigch(ug(E))Bg(x—E)GXP{ - (xhg)SdT]Bm)}

(6.31)

KOTOpOC IHErKo pellaercs ¢ DOMOMBI0 IpeodpasoBamusa Jlammaca.
2

Ecau, naupmmep, By = ogexp {~—a |z — 2’ |}, To Toumoe perme-

HHOG 3aa4d, TEPBOC U BTOPOC IPUOMIKGHHUA HMCIT COOTBCTCTBCHIO

BIT

u(z)) =uoexp {—plr—1-+e7)}, (a)
(w1 ($)>—quXp{—— utl, (6)
e (7)) = 4 [exp (— 1) — pexp (— 7)), (B)

k%f.

e T=0a &, j= qu’— _ Z,)(rs, lo= % — pagmyc Koppexsnu. Cpas-
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nuBada (a), (6) u (B) opu T >>1, Jerko yeraHoBUTH, 9T0 IPUOAMIKEHILIE
pemierus (6) u (B) Moryr OBHTD XopoIlel annypoKcUMarueid To4HOTO
pemenns aumb npu p<< 1. Kpome rtoro, ¢ynruusa (8), B orniuume or
(6), mMeer B HyJe TOT ke BMM, UTO U TodHOe pemlenne, Ha puc. 8 upn-
segens Qyurnuu (a), (6) u (B) mpu u = 0,2. Oramume BTOoporo WpHU-
ONmkeHUA OT TOYHOTO DPCIICHHA He IPEBOCXOMUT B JTAaHHOM CJIVIAe

7 70 W0 r

Puc. 8. CpaBuenuc roumoro pemenns sagasu (6.17) ¢ nepssiM (Auddysmonnbinr)
I BTOPBIM NPUSHIBKEHAAMI (O — <upd/uy, @ — <udlug, X — <ugdlugd).

2,5%. OrMeTHM TAKKC, WTO YCHOBHS NPUMEHHMOCTH LEDPBOTO IIpH-
bamenus, a umenHo U << 1,1 > 1, Moo moxyumrh, Boobme ro-
BOPA, U3 CpaBUCHUA He ToAbKO {u;) ¢ (u), Ho u {u,> ¢ {u;>. Iro
06CTOATENBCTBO TO3ROMACT ONEHUTD YCJIOBHA IPUMEHNMOCTH AAPQY3H=
OHHOTO (NEPBOTO) NPUONMCHUS B TEX CAy4asX, KOTJa TOUHOC peIle-
HHG HEHU3BCCTHO.

Xorsl pacCMOTPeHHBI HPHUMED W NE MOKET CAYIKHTD JOKA3aTeNdb-
CTBOM CXOAMMOCTH DPA3BHTOTO MeTO[a WOCJIE[0BATEJBHEX WpUOTHIKC-
HuUil, oI WO3ROJACT, OJHAKO, HAJGATLCH, UTO MMEET MECTO 0CTATOY-
Ho Obictpas cxopumocth. OTMeTHM, 4TO B pAfe CAYUACB PadBUTHI
MeTO/[ YAaeTcs JOBCCTH 10 KOHIA, T. €. NOJYYUTH GECKOHCUNYI0 CHCTC-
My sanemaAomuxcsa ypasmenuit [19, 45], roropylo, B cBow oucpens,
HHOT/IA MOYKHO PCIIMTD U NOJAYUYUTH [J4s PeNICHUA 3ajaYl BEIPAKCHHE
B Buae GecKoHCUHON memHoil pobm (cM. CIICAYIOMYIo TJaBY).

Brime MBI paceMarpuBagm cTOXacTHUECKHE YPABHCHUS U IEPEXOS
K UpUOIMIKEHUIO JIeJdbra-KOPPeIUPOBAHEMX QUIYKTyaruil A napa-
Merpos cucreMbl. B aroM mpuOmmskenum pemenme sajaum ARIACTCA
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MapEOBCHHM HpOIIBCCOM ¢ COOTBETCTBYIOHINM ypHBIIeHHeM (BOOﬁme
roBOps, OTIePATOPHLIM) [JIf NJIOTHOCTH BEPOSTHOCTEH nepexoja.

Opuaxo AAs pAfa CTOXACTHYECKHN YDaBHEHHH M JJIA HEKOTODHX
KOHKPETHBIX THIIOB CJIYYaldliblX TPOIECCOB YIAETCH HOCTPOUTH 3aMK-
HyTOe OUNCAHUe TAKHX 3ajiad u Oe3 Iepexofa K AeJdbTa-KoppelupoBaH-
oMy Hpubamkenuto. 910 HO3BOJAAET POCICUTH, BO-NEPBHX, BIMA-
Hue pajiyca KOppedsiluu Ha JUHAMUKY CHCTeMH H, BO-BTOPWX, BIMA-
Hue caMod Mozenn QUIYKTYUpPYIONIMX UapaMeTpoB Ha CTATHCTHIECKHE
XapaKrepucTHKU pelfenusi 3afauu. IlomoGubie Boupocw Gyayr pac-
CMOTpPeHN B clelylomied Iiiase.

B sakmodenne ganHO#l ITaBH OTMETHM Clefyiomee 00CTOATEIbLCT-
Bo. B npeamiaymeM paccMoTpenmu# Mbl OrpanMuHBAJHCH CydaeM,
KOrja HadaJbHble VCJIOBHA NI NUHAMUYECKHX CUCTEM SBJISIOTCH JIU-
00 AeTepMUHHDOBAHHGIMU BeJIUIMHAMH, JHGO CIYyIalHBIMU BeJUIrHa-
MY, CTATHCTHIECKH He CBABAHHHIME ¢ QIYRTYHPYIOMUME UapaMmeTpa-
mMu. Kcam e mauanbubie ycuaosuA ABIAITCH (QYHKIHOHALAMHE OT
(GAYKTYMPYONUX HapaMeTpoB, TO AHANH3 3aJa9M MO/KET CYMIeCTBOH-
HO YCIORIATHCA.



Fnasa 4

CAYYAWNHBIE ITPOIECCHI
C KOHEYHBIM PAJIHYCOM KOPPEJIAIIIL

§ 1. O HekOTOpPHIX KAACCAX CTOXACTHYECKHX ypaBHeHmii,
MONYCKAIOUIMX JAMKHITOE CTaTACTHICCKOe OMucaHme

Pacemorpuym zagauy Komm puas croxacTHdecKoil cHCTEMH ypasHe-
it

dx;
T =z(yeOFile)  (i=1,...,N),

rpe g (t) m F; (i) — nerepMunnposanHme Qyukmuu, a z (f) — cay-
YaluHil Iporece, CTATHCTHYECKHE XAPAKTEPHCTUKH KOTOPOTO OIHMCHI-
BAIOTCA xapamepncmqecxnm PYHKIHONAIOM

Do @1= oo [ Es@vE)> = exp @U@ (12

1}

Ypasuenus (1.1) ofnagaior o0coGeHHOCTRIO, NHO3BOAALIEl pe-
INATH 3aJa4y 0 HAXO/RJCHUE CTATUCTUYECKHX XApDaKTeDHUCTHK HX pe-
wenus [21]. Hexo B oM, 4t0 ecim BBEeCTH HOBOE CaydaiiHoe» BpeMA

t
v={dtz(®)e ) (1.3)
[{]
to ypasrerus (1.1) npumyr dopMy «IevepMuHMpOBAIILIXY ypapHeHUH
dz; ,
P _F( ) ’.”C(T:O):.TO. (11)

Caenosarteanro, peurenue cucremsr (1.1) maeer sup
t
mty=az(r) =2z ({dzz® g ®). (1.4)
[{]

Bapsupysa (1.4) no z (8) u ucnoansya (1.1), nomyuaem pasenctso

O, () dr; ,
m = Toew @ =& O Fi ). (1.5)

Taxum o0pa3oM, BapHaUOHHbIE LIPOU3BOjHLE pemeHusa z (f) BRpa-
AAIOTCA Yepes pelledne B TOT sKe MOMEHT BPeMeHH. JTo I03BOIAET
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Ccpasy HAICATH BAMRHYTHIe YPaBIeHAH g CTATICTHYCCKIX XapaKkTe-
pueTur sagauu (1.1).
MonyuuyM ypapHeHue IS OMIIOTOYEMHOI MIOTHOCTH BepoATHocTelH

Py () = <@y (2)p, @4 () =8 (e () — x), (1.6)

Tfle ycpeJHeHUHe IPOHM3BOAUTCA HO aHCAMOJIO PeANM3AIHME Tpolecca
z (t). Ans sroro HaummieM croxacTHeckoe ypapHeHHE JAA QYHKIMH

@ (0):

d(P[ (x) 0

Prambes ——-Z(t) g(t)ﬂ—rl Fl(l') Pt (517)7 (1'7)
Po (2) =0 (X — 2y)

(ITo HOBTOPAIUMCA HIeKCAM HpeflogaraeTcsa CyMMUpPOBaHue). Y-
pepauM ypasHesue (1.7), Torga

T—<(— La ]@f *) - (1.8)

Paccmorpum Temeph peiictsue omepatopa 6/8z (§) ma dymmmmio
@; (x). Hemoasays popmyay (1.5), mosyuaenm Bupasienue

BEdEh—®)=—¢® = h@n@.  (19)

Caenosareanro, ypaBHeHEe (1.8) Moo nepenucath B Bujie 3aMKHY-
TOTO ONEPATOPHOTO YpaBHEHIs:

P
=01 (8 Py @) P, (1.10)

Po(x) =90 (t — 24),

KOHKPETHHII BAJ KOTOPOTO oHpeeisieTcA XapaKkTepoM Ipoimecca z (1).
A nByXBpeMeHHOH MIOTHOCTH Bepo;{THOCTeﬁ aHAJOTHIHHM 00-
pasoM NoJdyuaeM ypaBHeuue (nast > )

P (x, t; 21, ty) = <8 (e (1) — ) 8 (¢ () — ),

aP : . 0
=6 [zg © {5 Fi ) + 0 —8) 5 Fy (m}] P (i, t; 2, 1),
(1.11)
C HaYaJbLHBIM YCJIOBHEM
P (e, ty; %1, t1) =8 (x — acy) Py, (2y), (1.12)

rue ¢pyuKnua Py, (i¢;) ynosunersopser ypasaenuo (1.10). M3 ypasue-
mausa (1.11) BupHo, 9TO MHOTOBpeMeHHAA WIOTHOCTL BEPOATHOCTEH He
JonyckaeT (haKTOpHU3allU¥ Yepe3 WIOTHOCTh BEpoATHOCTeH wHepexopga
W, CIe0BaTe]bHO, uponece & (1) He ABIAETCH MAPKOBCKEM,

Ecan nmpomece z () rayccoBekuit ¢ XapakTepucTUKaMu

@)y =0, &) zE)) =DB(/1), (1.13)
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10 ypapEeHne (1.10) Bpraaaur caepyomum oGpasom:

aP {ac)
ot

()Sdag@B(t )| Fe@)] P, (114)

I ero MoOKHO paccMarpuBaTh rak oGobmemuoe YI®, 3amernm, uro
€Cll¥ MHl Teueph BBeI[eM HOBOE BpeMs
iy

T%Sdtlg t1) §dt2g(tz)B(t1, ta), (1.15)

to ypasnenue (1.14) npumer Bupg

P
. 21-@)— Fi(a )a Fy (x) P (), (1.14")

Py(x)y=29 (.1: — ).

OrMernM, 4TO K 9TOMY K€ YPABHEHHUIO MPUBOUT CTaTHCTUICCKAA 33~
493 0 HaXOKAeHHH OJHOTOYEUHBIX XapPAKTEPHCTHK PeUleHHA CHCTEME
ypaBHeHUit

day

w5 =2(1) Fi(e), x(r="0)=1x (1.16)
re Z (T) — rayccoBCKHE felbTa-KOppeaupOBaHHHE nporece, T. e,

Gy =0, EMI@) =28 —7). (1.17)

Ypasuenue (1.14"), Boobuie roBopsd, MOMKeT UMETh CTAKOHAPHO
permerne. ITo CTauoHapHoe pacupefelenine BeposTHOCTEH He Oyrer
3aBHCeTh 0T MHTeHcHBHOCTH QuykTyaruid z (). Houkperusii sus ero
oHpesegeTcd U3 aCHMITOTHYECKOT o BUAA permenus (1.14°) npu T —-oco,
a BpeMs T (1.15), cA3aHHOE ¢ HHTEHCUBHOCTRIO PIYKTyanui z, Oyner
onpenesATh BpeMs BHXOpa Ha CTANUOHAPHOE DacHpepelleHne,

K samagam tuna (1.1) npuBoguT KiIace 3aa4, oNUCHBAEMBIH CHCTe-
Mo#l ypapHeHuU#t

dtl =z (1) F; () — Az, x(0)=w0 (i=4,..., N), (118)
rge F; () — omHopomHble odnHOMEE cTenenu k. Busogs Hopste @yHK-
ouy z; (1) = &; (t) exp {— At}, mu1 npugem k sapaue (1.1) ¢ g (f) =
= exp {— A (k — 1) ¢t}. B BaykHOM wacTHOM ciaydae (K = 2) u upnm
pyaxmuax F; (ﬂc) Takux, 970 z; F; (x) = 0, cucrema ypasuennit (1.18)
OUUCHIBAET CHCTEMH THAPOMHUHAMUYECKOTO TUIIA ¢ JHHEHHWM TpeHueM
[54]. HIpu aToM B3auMopeiicTBue MY KOMIOHEHTAMH HOCUT CIydaii-
HEIH XapaKkTep.

Has cucrem ruppomnEaMudeckoro Tuna npu A = 0 n musg nwloi
peasimsaliu® Hpoiecca z () UMeer MeCTO 3aKOH COXPaHeHHH DHEPTHU:

= 2E = const. B stom cIyuae uMeeTcA CTAUOHAPHOE pacupese-
JeHHe BepoATHocTel P lx), KoTopoe ABiAAeTCA paBHOMepPHBIM pacupe-
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neseuneM ma cdepe x3 = 2K, ecuand ner AOOOJTHATEABULIX HHTEIPaIobB
ABMzRenuA. lpu manmaum pomoMnNTedBHEIX HOTErpasoB MBUAKENHA
(xak 5To mMeer MecTo, lianpuMep, NpH KONeYHOMepHOH allpoKCHMa-
HuH IByMEepHOro ABM/KeHUA FKUMKOCTH) CTAHONAPHOe PACIpe/ieeHne
BepoATHocTelt Oyner cocpesoTodeno mna obaactu faszoBoro npocrpam-
CTBa, JOMyCKaCMOU WHTEeTpaJaMU NMBIKEHNA.

Pacemorpum reniepn wiace mumeinmix ypaBrnenui

dur,

T: Ai}f (t).’l);1 *“' f?,(t)a w(O):xo, (119)
rae A (f) — perepMunuposauHas MaTplia, a f () — cayuaiinas Bex-
TOP-QYHKNNA C BajaHHBIM XApAKTEPHCTHIECKIM PYHKITUOHAIOM
@, [» (v)].

Aaa morrocTm  BeposTHOCTeNR peltenus ypasnenmua (1.19),
Py () = {8 (x (t) — x)>, umeen

0P, (x) 7 : 8

Al 1 o A () 2P () + (6, [I—(V(—T)] O (2 () — )

(1.20)

B paccmatpuBaemoii sagaue BapuamHoOHHASN upoussogHan 8x(t)/S f (1)
YAOBJIETBOPAET ypaBHEHHIO

a 8zx; (9 Oy (2)

T = A O g (1<) (1.21)
C HaYaJlbHWM yCaopueM, BuTekaomuM us (1.19):
Oz, ()
W’ i = 61:]- (1.22)

Vpasuenne (1.21) ¢ HagaabueM yclIoBHeM (1.22) yme ue COfepIRUT
caydaiiHocTell m onpenenser gpynxnuo I'puna G;y (t, Ty puA omHOpOI-
Hou cuctemsl (1.19), 1. e.

o, (8)
P — Gy . 1.
57, Gi; (t, T) (1.23)

CiemoBaresno,
0

o () — ) = — d% Goj (1 )8 (e (t) — ) (1.24)

u (1.20) npeBpamaerca B 3aMKHYTOE ypaBHeHne
(7Pt ()

[ = . o -
2 :_%%Aﬂ,.(t)xkpt(gc)+(~)t[zG;,‘j(t, V) e | i), (1.25)

KOHKpeTHasd ¢opMa KOTOPOTo oumpefelseTcs BHAOM QYHKIHOHALA
®t [v (T)]

W3 ypasuenus (1.25) caegyer, uto ypaBHeHHe A T1060r0 MOMeH-
Ta BeIUIHHEL X (f) Oyfer 3aMRHyTHM JHHeHHHM ypaBHeHHEM, COjep-
FRAHUM TOJIBKO KOHETHO® YHCA0 KyMyJAHTHHX (YHKIUN, DOPATOK Ko-
TOPHIX He NpPeBOCXOAMT NOPAAKA PaccMAaTpUBAeMOr0 MOMEHTA.
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Amazormausiv 06pasoM JIA ABYXBPeMelHON NIOTHOCTH BEPOITHO-
creir P (x, b dq, ty) = {8 (e (t) — x) & (2 (4;) — x;)> uodydTaem
ypaBHeHUe
3P 3
T = g Aw (o

+ 0, [i {Gri (L, T) + Gri(t1, 1)) r)’—;, P (E>t) (1.26)

C HAYAJIBHHM YCJIOBHEM
P (e, ty; gy by = O (0 — xq) Py, (), (1.27)

rine Py, () — OfHOTOYEYHAA NJIOTHOCTEH BepOATHOCTEH, OnNMcHBaeMasn
ypasuennem (1.25). M3 suga ypasuerus (1.26) caeayer, uro nponece
@ (1), cooTBercTBypImMi ypasnennto (1.19), ne apigerca MapKoBCKAM
APOIECCOM.

Hasa rayccosekoro mpomecca ¢ KopPpeIAMUOHHOR QyHKme

(KF (5> = 0)
i (@) 5 (F)> = By (¢, t)
dyurnumonan O, [v (1)] pasen

O, [v(1)] = — g ‘d'rl S dveBi; (T1, Ta) 13 (T1) U (T2)

0

u (1.25) npuauMaer sun obobmenHoro ypapuerns Jitpnireiina — Dok-
Kepa:
0P, () ]
—#—: ‘%.'Aik(t)xkpt(x) +
1
a2
Oz, 0z,

- S dv By (t, ©) G (£, 1) Goy (£, T) Pix).  (1.28)

B HacTosmee Bpems mpyrue KIaccH YPaBHEHHH, MONYCKAIOIMX
3aMKHYTO€ CTATHCTUYECKOE ONMCAHUE MJA HPOU3BOJIBHEIX CIAYIARHEIX
HnponeccoB, He H3BECTIIH.

B upearinymieil riaBe Mpi pacCMOTpPEIN aCAMUTOTHYECKIH CIydail,
COOTBETCTBYIOMINI mpepgelbHOMYy mepexomy T, — U, rme 7, — Bpemsa
KOPpPeJsiliuu caydaitnoro uponecca z (f) (upubamrenne §-Koppeaupo-
BaHHOTO CaydYaiiHOTO mpolecca). Paccmorpum rtemeph apyroit mpe-
BeNbHEI CIy4Yail: T, — 00, KOTODPHIA MOJKHO HA3BATh CTATHYCCKAM UPH-
6amxenneM. B 3ToM npulamKennn XxapakTepHCTHICCKAH Gy HKITTOHAT
npomecca z (£)

t
O, v () = {exp {i { dvz (v)o () >
TPHUHNMAaeT BHUJ
@, v ()] = D, [% ()] = <exp {iz= )}, (1.29)
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14

rme % (t) = S‘d'r v (T), & z ABIAETCA CIyIalnoll BeANIHHON, KyMyJIgn-
L)
TH KOTOPOH ONPeelIAI0TCA BHIpasKeHHeM

Ko=1lim K, (t1, . .., t,). ~(1.30)
T
Tax, wmaupmmep, nas rayccosckoro ciaydaiiHoro mpomecca z (f)
(z2()) =0, {#)z () = B(t —t')) z — raycconekas cayuainas
BeduIuHa ¢ napamerpamu (z) = 0, (z®) = B (0), a g1 rexerpaduoro
upomecca (2 ()> =0, (&) z (")) =a; exp {— 2v |t — ¢ })
Z — CIy4aliHad BeJUUYUHA ¢ PacupeneleHnerM BepoATHOCTER

p(2) =3 [8(z — ap) +- 8 (z + ay)l.

Hockomsxy B dTOM HpUGAMIKeNUH Onepanusa BAPUAKONHOTO AH(-
pepennmpoBanns 8 (3.5.16) Gyner BxomuTs B BUTe KOMOHBALHK
!

de 0 d (1.31)

82 (1) - dz

04YeBUHO, YTO B CTATHYECKOM HPUOIMAKEHHN CTATHCTHYSCKHE XAapak-
TEePUCTUKHU PEHIeHUA CTOXACTHYECKOT0 yPaBHeHUA GyAyT ONHCHBATHCA
CTOXACTWYECKAM ypaBHeHHWEM, B KOTODOM C/lywalimmiii mpomece z (t)
3aMeHeH Ha Clydaiinylo seanuuny z. Tax, Hanpumep, 114 oHOMEPHOTO
ypasHenus (3.4.21) B crarnueckoM HpuOTIGREENH MMeeM CTOXacTHYe-
CKOe ypaBHeHHe

& @)+ @, z(0)=a (1.32)

B 5ToM npulIuskeHnT II0THOCT BEPOATHOCTEH Pellenn s 3aadll y0B-
JAeTBOPAET, 0YeBH/I0, PABEHCTBY

Pi(a)=d(a(t)—a).={dzd(x(t, ) —2) p(s), (L.33)

rae z (¢, z) — pemenne ypasHenus (1.32), cooTBercTBylOmee opHoi
peau3anyy CIydaiiHoy Beaudnue z. Bepamenne (1.33) Moskao npoun-
TerpUpPOBaTh U HOJYIUTH B pedyiabrate GopMyay

Pi(2)=———p(2)

T ; 1.34
’xz (z’ Z), ( l)

z=z2(4, x)

e z = z (f, ) — pemenne ypasuenus z (f, z) — & = 0 oTHOCHTEIb-
HO nepeMeHnoi z. Kcuan npu stom cymectByer cranMoBapHoe pacupe-
HelleHue BePOATHOCTEH, TO OHO oUpegelfeTcs PaBeHCTBOM

1
[z, (2)]

rie 2=z (z)—pemenne ypasuenus z (z)—z=0, a cama Beawmuuma x (z)

P (z) = , (1.35)

r=1(x)

p(z)
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oupefelseTcsi U3 PABERCTRA
—f(2)/g () = 2. (1.36})

CuenosarenbHo, craumoHapHoe pacupejenenme BeposTHocTein (1.35)
B 3TOM caydZae jgaerca (opMysoi

P(z) = (1.37)

g (z)
Tak, eciu 2 — rayccoBckas cayuaiinas BeIHIHHA ¢O CPeHUM 3HATe-
HUeM, PaBIBIM HYJIO, I ¢ AucHepcuell ¢, To pacupe/etetne BeposT-
nocrei (1.37) npurrMaer Bug (cp. ¢ (3.4.24))

| fr(2) 8 (¥) — f (@) gy (2) | f (@)
p (" ¢ <.v)) '

P (z)

1 Ifx(fv)g(x)—f(-'r)gx(-r)lex { P2 @) (1.37')

~ Vs () )
Eciu sxe z — cnyuaiimas Beawduna ¢ pacupegerenueMm p (z) =
= % [8 (z — ag) 4+ 8 (2 a,)], To pacupenenenne (1.37) npurEMaer
BHJ,

. Ifx<w)g<x)—f<w)gx(x)laoé(fm)_ 2)' (.37

Pm (fli) - gz (Z‘) gz (x) aO

OrMeruM, 9To CTaTHIECKOe HPUOIMIKEHUE SABIACTCS HePBHIM UIEHOM
pasioyKeHns Ho MaloMy napamerpy /vy, rae 7 — xaparTtepHoe
BpeMs H3MeHeHHA CHCTeMHl B OTCYTCTBHe (QUIYKTyammil. Ecau ke be-
awauHa I = 0 (1. e. nus ypasuenus (1.32) upn f (2) = 0, zanpumep),
TO CTATHIECKO€ HPUGINIKeHHE CIPaBeJInBO JMIOE IS BpeMeH << Ty.
JdT0 HArIAMHO BHAHO M3 TouHOro ypasuenus (1.14), xoropoe B manHOM
¢lydae MIA FayCCOBCKUX IPOIECCoB 2 (f) BRITJAANNUT TaK:

o =§d'rB<T) |52¢ @] P (1.38)

Iipz ¢<< v, mMeeT MecTo cTaTmiecKoe HpubimsweHue, a B caIydae
t >> 1, cTaruyeckoe npubamKeHne He NPHMEHHMO, U IVIOTHOCTE BEpPO-
ArHOCTEH Py (%) AJA STHX BpeMeH OUHCHIBAETCA NPUGIMKeHIeM TedbTa-
KOpPenMpoBaHHOTO Npoiecca.

§ 2. MapkoBckne npomecesl oduiero nuaa

PaceMorpun Teneps cToXxacTHIeCKAe Y PABHOHHA BUIA

i w s, ®O)=m  (i=1....m), (21

rae f; (¢, x, #) — ;meTepMUHHpOBABHbe QYHKIHE CBOMX apryMeH-
108, a 2 (f) = {2 (f), . . ., 2, ({)} — BekropHHNI MapKoBckmii upo-
mecc, ILUIOTHOCTH BepoATHOCTed Nepexofa KOTOPOI0 ONMHCHBAETCH
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ypasaeraneM (cam. va. 1)

- \ ~
‘ M%ini:]lzp(z, t| =0, to). (2.2)
Hama sagaua 3ariao9aeTcd B N0CTPOEHNN CTATHCTHICCKUX XapaKTepn-
CTHI pelieHiA ypapuenud (2.1), ecam Mbi 3HaEM CTATHCTHICCKHE XapaK-
TePUCTHKH Ipoliecca # (£), HanpuMep ero KumHetTuyecknii omepatop L.
B ofmen caygae npouasoIbHOTO MapROBCKOTO npomecca & () ckazath
qro-anbo o camom mporecce x (f) He UPeICTABIAETCA BO3MOSWHBIM.
Moskro mHmB yTBepHaTh, UTO COBOKYHHOCTh JIBYX IIPOIECCOB
{x (¢), » (f)} ABAAeTcA MapKoBcKol. B camom nerne, B § O ra. 2 Grlico
HOKa3aHO, 4To JUIA MPOU3BOIBHOTO MAPKOBCKOTO TIpoIecca & (1) uaeer
MecTo (opmyna aupdepeHIUpoOBANUA

a oR, [t; 2(7)]
2Bt — ) Rl (0D =0z (1) —2) — TS
L8 (@) —2)Ri[t; 2 (DD, (2.3)

cupaBefIuBaf 1A UPOU3BodbHOT0 Qynkumonata R, [t 2 (t)] (v < ¥).
Bosemem B kadecrBe pyukmuonatza R, [t; = (v)] dynrmmo

Ry lt; 2 ()] = 0 (2 (t) — ), (2.4)
rae « (t) — pemenne ypasnenus (2.1). Torna pynenus R, [£; = (1)]
YHOBJIETBOPAET VPAaBIIEHHIO

oy o )
= T fi(d, oy 2 (1) Ry, (2.5)

KOTOopoe ABIAeTCH cTOXacTHYECKIIM ypaBHeHMeM Jluysmwrira pas man-
10 3agadtl. OTMETUM, YTO B 3TOM ¢Jydae ROPPEITAIUA, CTOSMAA ¢Iepa
B (2.3), ORA3KBAETCA OFHOTOYETHOI COBMECTHON MIOTHOCTHIO BEPOAT-
Hocred 1us uponeccos x (£) m = (7). Cneyporarensro, ¢ yuetoM (2.5)
dopmyna nupdepennupoBanua (2.3) UpPUHEMAET BUE B3aMEHRYTOrO
ypaBHeHRA NIA OJHOTOIEUHOIH ITOTHOCTH BepOATHOCTeH:
R ] .

2Py (o, 2)= LoDy (, =) — %f (t. o, &) P, (o0, %), (2.6)
OdgesnjHo, 970 W MIAOTHOCTH BEPOATHOCTeH mepexopa AJAA Hpolecca
(x (1), 2 (t)) rarsme ypoBiaeTsopser ypaBHenmio (2.6), T. e. mporece
(x (t), = (t)) ApIsgerca MapROBCKHM nporieccom. ITpm sTom mpomece
# (t) Mo:meT OLITH CAM CBABAH ¢ AeTbTa-KOPPeTUPOBAHHBIM HPOIEcCOM
# (1) ¢ HOMOMIBIO CTOXACTHYIeCcKUX nu(depennualbHKX ypaBHeHHN THIA
ypapuenwnii (3.1.1). Ilycts, Haupumep, uponecc z () UMeeT Bun, npej-
cTaBAeHHLIE Ha puc. 9. [{a4 Takoro mporecca cCUpaBelInBo JHHAMAYE-
CKOe ypapHeHMe

z(t) = z(),

rae Z (f) — peldpTa-KOPPEIUPOBAHHBIN IIyaccoHOBcKuit npomecc. Ilo-
BTOMY MOKHO HAIHCATH ypaBHeHHe JJIf IWIOTHOCTH BEpOATHOCTEH pe-
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HIeHHUA PacIMPEHHOM ARIAMHYECKON 3a7aTu (JUHaMHUIeCKad 3a7a9a
(2.1) waroc nopas uepeMennas z (t)). AuajloruyHbI IPoIece HPeACTAB-
ned Ha puc. 10. B srom ciydae z (f) ymoBiaerBopsieT IUHAMHYECKOMY
YPaBHEHHUIO ¢ pesakcaruen

2= —az -+ Z (),

rjae Z {f) — Ho-IpeKHEMY JAedbTa-KOppPeIupOBAHHBIN TYACCOHOBCKIH
HPOIece. '

Ecaum 6w maM ypamzoch pemiuth ypasuenue (2.6), 10, narerpupys
ero pellleNye 1o &, Mbl §b HOAYIHIN IIOTHOCTD BePOATHOCTEH pelTenng

z"(z‘}T

| b))
|
|
|

Puc. 9. Tpuvep caygaimmoro Puc. 10. Ipumep ciuyuaiinoro
mpormecca, OINICKBAOMOTG YPaB-  Iiporecca ¢ pejakcainueil, ofmu-

HommOM % (f) = Z (/) (z (f) — CHIBAEMOYO _ yDPaBHCHDEM 2 =
nyaccomomcknit  8-woppeaupo- T %2 I (f) (= (1)) — myac-
BABHK{ lponecc). cOHOBCRuil O-KOppeaupOBAHELI

’ npoiece),

ypasnenusd (2.1), 7. e. P, (.x). B atom cayuae npomece x (£) yse e Gy-
met MapKoBekuM. CymecTByeT HeCKOJADLKO THIOB HpoOHeccos z (t), mua
KOTOpBIX yfhaeTcd HepeiiTm oT ypasuenna pusa P, (i, #) memocpemct-
BeHHO K ypapueunio jius P, (x), He pemad (2.6). dro mpesme Bcero
Hopomeccs TederpagHoro THYa (Teser padHBR u 06o0men I Teserpad-
HH UpPOIeCCH, MapKOBCKHe HPOTECCH ¢ KOHEUHBIM YHCIOM COCTOAUN ]
¥ rayCcOBCKUY MapKoBCKMi upomecc). OCTaHOBUMCA Ha 3TUX CIydaAx
Gonee mompolHo.

§ 3. Hpouecent Teaerpaduoro Tuoa

B § 4ra. 2 pua pacmewsrennd RoppeldANHiA B cIydae TelerpadHoro
npomecca MOJIYYEHO COOTHOIOEHHE

t
() Ry [z ()] = o S dtyexp {— 2v (t — )} <3% R,z ('r)]> ,
[{]
(3.1)
rpe ¢ysrnguonan R, [z (1)] onpegenserca Gopmyioit
R lz(v)l = R, [z2(7) 8 (4 — v -+ O)]. (3.2)
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@opmyny (3.1} MOMHIIO ICIOJB3OBATH A AHAIN3A CTOXACTHYUE-
CKHX YPABHOHHI, CONEPIKAINNX Iporecc 2z () JTHUHEHHBIM 00pa3oM.
Iycrs dyuxunonan R, [z (1)] — pemenne Hexoeit cucrems guddepen-
MHATBHBIX YPABHEHHH IePBOTO MopAgKa IO BpeMeHH ¢ HaYaJbLHEMH
yeaopuamu upu ¢t = 0. Torma $yurmumonman R, [z ()] 6ymer ommes-
BATLCA TOH ke cucTeMoll ypaBHeHHil, rie BMecto npomecca z (t) Gymer
cToarh BenuunHa z (£) O (4, — ¢). CnegoBarenbHo, mua Bpemen ¢ > 1,
dyurmumonan R, [z (1)] = R, [0] u ouncriBaeTcst sToli e cucTeMO
ypauennit npm 3 = 0 ¢ HawaxsueM ycmoBuem R,_, [z (7)] =
= Ry, [z (1)]. Hosromy ¢yurmuonax R, [z (T)] umeeT c1pykTypY

Rylz (W] = Ry (t, 55 Ry [z (D)) (R, [2 (D] = Ry, [z (1)),

Torpa Bepaenne (3.1) npunuMaer BHg
1

Y 4R, S8R, [2(1)
(2 (t) Ry [2 (1)]) = o S dty exp {— 2v (t — t;)} (gﬁ —6’7[\;—]> (3.3)

0

ITockonbRY s ommMcaHHON Bhilile 3a7a4W BapHamMHOHHAsA NPOM3BON-
"Has OR, /8z (¢) BeIpamaercs uyepes cam yHKIuUonas R;,, moxydaem,
4T0 cpejHee 3HAaYeHHe BeJWUYNHE! B NpaBoii wacru (3.3) cBasano ¢ on-
HOBDeMEeHHBIMU cpefHuMU QyHKRnumoniana K.

®opmyna (3.3) cymecrBenno yrmpolaeTca JIA JHHeHHBX CHCTEM.
B oroMm cayuae dyurmuonan R, muneirwo sasucnt ot Ry, [z (1)] 1t Bean-
auna 0R,/0R,, asraerca ¢yuxnmeit I'puHa I8 CHCTEMEl ypaBHeHuil
B caydYae OTCYTCTBHA QIyKTyamuit, T. e. mpu z = 0. B peayabrare
molxydaeTcsa 3aMEHyToe ypaBHenue nias {R,>. Jro ypaBuenue OwLio
moayueno pamee B padore [18].
 Jlgta cToXaCTHUeCKHX ypaBHeIHH, cofeprKaImuxX CIydaifHbIi Temre-
rpadusit mpomece z (f) mumelHnM 00pasoM, yno6io IOJH3OBATHCH
TaKKe APYTUM IMpHeMoM, oCHOBAHHEIM mna dopmynax auddepenmupo-
BaHHA KOPPeIANUui yHRIMOHAIOB MaPKOBCKUX mporeccor (fopMyna

(2.5.16)) [46]:
LW R [z (0] =
oR, [z
= —2v(z () Ry [z (D)]) + <z(t) —’Lt(—ﬂb (3.4)

HOK&?RBM, KaK WHUCHoJb30BaTh €€ I aHalmda CTOXaCTHYeCKUX

ypaBHeHuH.
Paccmorpum cucreMy omepaTopHEIX ypaBHeHUH
de, ~ ~
- =A@z +z2(8) By (t)x;, x(0)=ux (3.5)
(i=1,...,n),rne A, B — nexne NeTePMAHNPOBAHHbIE 0TI PATOPH,

KOTOpHe MOTYT OBTH omeparopaMm AuddepeHInpoBaHuA 0 BCIOMO-

raTeqbHEIM nepemenunuM. EKcim A, B — mpocro marpumsr, 10 (3.5)
ONHMCHIBAET CHAyYall JNMHEHHBIX [HHAMHYECKHMX CHCTEM,
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Yepepnum ypasuenue (3.5) wo amcamGato cnyuaiiumx $yurmuii
z (t). B peayuabprarte moayuunMm ypaBHEHHE

d ~ ~
o STy = Ay (x5 + B, (e (0)) = aq, (3.6)
rjie BBejeHH HoBble Qyurumy \; = {z (£} z; ()>. Has QyErnmi §;

MO’KHO HCI0JAB30BaTh gopmyay (3.4); B pesyibTaTe moiyuyaeM pa-
BEHCTBO

1 dr, _
(1) = — 2y {2 () S (3.7)
Ioacrasuss Teneps dz;/dt s (3.5) B (3.7), moayuaeM ypabHeHue e
Gyruuit ¢, (0 =1, ..., )
[ d
(25 -+ 2v) () = Aip; - By (1) ). (3.8)

YunreBas Temeps, 4To A Tederpaduoro mpomecea z2 (f) = a?, noxry-
4aeM OKOHUATedbNYK CHCTEMY ypaBHOHHM:

S = Ao b B (e (0)) =,
., R ) (3.9)
(- 4 2v ) aps = Aigpy + 0By e, i (0) = <5 (0)> 2 (0).

Cucrema ypasuenmil (3.9) — saMxHyTas CcHCTeMa ABYX JTHHEHHBIX

ypaBuenuil nusa Bexkropor {u) 1 . Ecau omepaTopH An B — marpu-

Ibl, Ie 3aBHCANMAe OoT BpeMmeunm, To cucreMma (3.9) MosKeT OHITH JerKo

peuleHa ¢ HoMom(pl0 mpeobpaszoBanust Jlammaca. Ilyers mina ompepe-

asennoctn (z (0)> = 0. Torga ¢ (0) = 0 1 npeodpasopannas mo Jlamra-

cy cucrema (3.9) siBisnerca anredpamdeckoll cucreMoil ypaBHeHmiA
(pE — 4) {x (p)) — BY (p) = xy, (3.10)

[(p + 2v) E — Al (p) — a®B {x (p)> = 0,
rae E — egunudnas MaTpaua.
Orcroga moayuaem pemetnne (e (p)):

- . 1 _
<$(p)>:[(pE—A)—a/zBmB:l 1.,00. (3.11)

Pacemorpunt remeps HerumeiiHoe ofHoMepHoe ypaBHelHe
%}:f(x, 8 -z (t)g(x, 1),  x(0)=x. (3.12)

Beoxsa ¢dyurnuwo @, () = 8 (z (¢) — r), moryuaeM pAjia Hee CTOXACTH-
YecKoe ypapHenue JIMyBWILIA:
99, () d 9
= — [ (@ ) Qi (2) — 2 () 5o g (2 D (x). (3.13)
YI)ABHGHI/IG (3.13) sBasercs IUHEHHMM ypaBHeHHeM THHa (3.5), B Ko-
TOpOMA u B — nnmeitusie aapPepenuanbHe omepaTopbl. YCpeaHasn
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(3.13) 1o amcambaio caywalinex ¢pynrnmit z (f) u nefictBys, kak mpu
BBIBoZie cucTeMbl (3.9), monyuaeM 3aMKHYTYIO CHCTeMY YDaBHeHU 1
IJIOTHOCTY BCPOATIIOCTed pewtenus ypaseernsa (3.12) P, (a) =

= <o (z)>:

b, 3 3
e L, )P — Lg(z, )T,
E at\ d; , - b, (3-14)
(6—t+2v)‘P,: — T (@ )V — a2 g (z, 1) Py,

rage V¥, (2) = <z (f) @; (z)>. lauambueiMm yciaoBHAME is CHcTe-
Mel (3.14) ABAALTCH YCIOBUA

Py (2) = 6 (zr — a), Wo(a) =<z (O Py (@).  (3.15)
Cramuonapnoe pacmpeserernne BepoATHOCTel, €CIIH OHO CYMECTByeT,
VIOBIETBOPAET YPaBHOHHAM

1 (@) Ps(7) = — g (2) Ve (2), (3.16)

(247 @] ¥a @)= — @ 52 (2) Pu ).

(3mech BBegennl obosmadenus f (z, o) = f (z), g (z, o) = g (z).)

Hermogan pynrmmo ¥, (x) u3 (3.16), norydaem guddepenmuansuoe
ypaBHeHHe MepBOTO MOPAAKA

d [ (z) d .

|2+ @] LG Pa@ = g @) Pa(a), (3.47)
pelnenre ROTOPOro ynaeTcs BBHIIMCATH B BHje KBagparypsl [20]:
__ Clgw| o, (@) .

Po () = gy o0 (2 o ] 3u)

(17 (@ | <<alg @),

rje MONORHTENbHASA MOCTOANHAA ( Ompegesnsercss M3 yCJIOBHA HOD-
MHDOBKH.

Ormernm, uro mpu v — oo u3 (3.18) cregyer pacnpemerenue

C v f ()
P =-——expi—\d
=~ @) =@ P E Y T )

OTBEYalmee rayCCOBCKOMY TeJbTa-KoPPeINPOBAHHOMY I POeccy B Co-
OTBeTCTBUH C peayabraraMu § 6 v, 2 m popmymoit (3.4.24).

Uro6r yBHjeTh, Kak MOJKeT BIUATH KOHEYHOCTH pajmyca Koppe-
AATME nporecca 2 (f) Ha AMHAMUKY CHCTEMB, PACCMOTPHM MPOCTON

npumep, coorBercrByomuii g (x) = 1, f () = — z, a*=1%*). B arom
crysae moiaydaem m3 (3.18) pacmpemenenue BepoATHOCTEH
1 ’
]JOC (I)=m<1 —x2)~_1(|x|<1), (3-19)

*) Tar Kak A 3roli Bajaulm IMHAMHYCCKOE YPABHEHIC 3amICAHO B Geapas-
MCPHOM DpeMeHH, BeJudauHa v Oyzer GeapasmepHOH,
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txe B (v, 1/2) — Gera-gpymrnua. Jro pacnpenenenne BepoATHOCTel
UMeeT CyIecTBeHHO Pasublil BHA B caydaax v > 1 u v < 1, aro cxe-
MaTHYeCKH H300paskelro Jia puc. 11. M3 Buga pacnpeseienns ciepyer,
aro B cayuae v > 1 cucrema IpoBOJUT 0CHOBHoe Bpems BOIH3H CO-
croannsa z = (), a Beaydaev < 1 cmcTeMa HAXOUTCA B OKPECTHOCTAX
To4ek x = —1; 1, B cooTBercTBHH ¢ JU3UIECKNM CMECJIOM HCXOAHOI

Fo@i yu7 p-7

— L

-7 7z -7 7 2

Pue, 11, Crannonapuoe pacupeneienue BepoOATHOCTel JIA peIHeHUA ypaBHeHIH
& = —z -t 7 () B 3aBUCHMOCTH OT llapaMeTpa V.

AUHAMHYECKOM 3amaqu. B ciydae e v = 1 momydaeMm paBHOMepIOe
pacupesenenye BepoATHocTelr na orpeske [—1, 1].

Ormerum, 4ro mpm v — co pacmpesiesienne BepoarHocreii (3.19)
TIePexXo uT B FRYCCOBCKOE PacIpejielleHue

P (x) :]/nzexp {— vz},

COOTBETCTBYIOMEe TayCcCOBCKOMY HeJIbTa-KoppPeqUupOBaHHOMY TIPOIec-
cy z(f). B cayuae ske v — 0 pacmpegerenne BeposTHocTeir (3.19)
MepexoquT B pacupeseleHue

Po(2) =06 (z— 1),

B COOTBETCTBUH C pe3yAbTaTaMH MepBoTo maparpada sTofl IaaBH.

B wrauecrBe apyroro mpmmepa HermueitHoil CHCTeMHI paccMoTpuM
3324y O BIMAHUN KOHEYHOCTH BPeMeHH KOPPeJSuun CIyUafHbX CHJ
Ha pBKeHne gacTunn B note U (r). Bwkenne uactuns 6yneM omnn-
CBIBATH CTOXACTHYECKOW CUCTeMOR ypaBHEHHWH

. . ol (x
rm im0y s
(2(0)=wa0, y(0)=yo 2*=1), (3.20)

rae gyurnmio z (t) GygeM cUmTATh MO-UPEKHEMY TelerpadHbM npo-
neccos. IlpouwsBons BHKJIAIKH, AHAIOTHYHEE BHBOJY ypPABHEHHS
(3.17), monyuaem omeparopHoe ypaBHeHHE [if COBMECTHOH cTammo-
HapPHOIi MIOTHOCTH BePOATHOCTEHl KOODAHHATE YACTHI[H I W €8 CKOPO-
cTH Y-

—pr 19
=My L W

LP. (z,y) P (2, y), (3.21)
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rne omeparop L =y 0—(1— — (Z—ij % — h% y (omeparop Jlmysmimns).
Hpn v— oo ypasuenue (3.21) mepexoaur B crammonapuoe yOd:
~ 2 (92 ,
LP, (z, y):%v—a—yzpm (z, ¥), (3.21")

pemenyne KOTOpPOTO COOTBETCTBYET pacupefenenuno I'mG6ca:

P (1, y) = const exp {- f (i +-U (a’))} ([5 = EV}VJ . (3.22)

2 p?

B o6mem e crygae ypaBrenne (3.21) omucrisaer nuckamenne pacipe-
Renenns (3.22) 3a cuer KOHEYHOCTH BpPEMeHH KOPPeNAMNA T, = Y/ v
npoxmecca z (¢).

Ypasuenne (3.21) mo;kno mepenucars B Bujle ypaBHEHHA B 9aCTHBIX
IPOA3BOIHBIX

{@v+ Ly — @+ ) v+ L)L
@ U

>[# !’l‘z d"Lay ! %TL}])oo: . (323)

Ilpn wuiBoge (3.23) ucmonbsyercs popmyra guddepenupopanus
oOparHoro omeparopa L7t (a):
oL (@)

2 L) = — L () 22D 1), (3.24)

B camowm gere, mo onpegerennio oGpariioro omeparopa
L) L(@)=E  (L(x) L7 (2) = B),

rpe £ — enuungubi oneparop. [uddepennqupys sro paBeHcTBO 100 o),
moaydaem

Al-1 (@) 5

- a1,
st L) = — L (o) 221

ou

(3.25)

Yuuoxas reneps (3.25) cnpasa na omeparop L™ («), monygaaeM gopmy-
ay (3.24). Ypasuenume (3.23) mmeer j0CTATOYHO CITOKHHEIH BHWE, H,
[O-BAJMMOMY, DelluTh ero AN mpousBoabuoro moad U (z) sarpyg-
unredbito. Jlerko Bmern, oxHaKo, yTo pellenne ypasuemusa (3.23)
yiie He Oyjer ABIATHCA PyHKI[Ue OAHOR TONbKO PHEPTHH WACTHIEI,
KakK 9To mMeeT MecTo B (3.22), a Takske TO, 9T0 KOOPAUHATA H CKOPOCTh
gacTANN OymyT yiKe CTATHCTHYECKH 3ABHCHMBIMHA BeJSHYHHAMH.
Iipesxpe uem mepeiitn k pasauaHoro poga oGo0meHMAM paccMoT-
PeHHOr0 mponecca, OCTAHOBAMCA ellle Ha OJHOM HHTEPEeCHOM IPUAOIKe-
HHFA TEOPHH TelerpadHBIX CAyvaillHBIX IPOLECCOB. B Tperbeli riase
ORIo MOKa3aHO, 4TO PEIICHAs HEKOTOPOTO KJIAcCa YPABHEHHIH B 4acT-
HBEX TPOM3BOAHBIX MOTYT OEITh WHTEPIPETHPOBAHEL KAK pPe3yiIbTaT
YCPONHeHRA OIpefleieHHOTo (yHKIMOHANA IO CiIydaifimoMmy, menbra-
KOPPeAHPOBAHHOMY BO BpeMeHH mpoIeccy. AHATOTMIHAA CHTYAIHA
HMeeT MecTo H A1 TederpadHoro cayuaiinoro npoiecca, Caenysa KHHTe
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Rama [36], pacemorpun zasaay Komu ama gerepMunnpoBaiHoro Bod-
HOBOTO ypaBHeHHUS C JHIICHHNHIM TpPeHHeM

A2F (¢, 7) AF (¢, z) 5 3 (L, 2)
ETE) + 2'\’ 5t e ——(91&— (3-26)
¢ Ha4Y&JIBbHLIMHA yCIOBUAMU
oF (U, x) ,
FO, 5)=q(z), ZED oy (a). (3.26')

Ypasuenue (3.26) MoskHO mepenncars B Bujie wHTETpo-quddepeHma b
ROTO0 yPaBHeHUHA

-~

ar g;, n Y (z) e 2V P\ diyexp {— 2v (t — 1)} W . (3.27)

o

Ecan Telepb BBECTH BCHOMOTIAaTelIbHOE CTOXAaCTHUYECKOe YpaBHeHue

ﬁ%:ﬂ) (.r)e_gvt _{-Z)Z (t)ff_g‘;_ﬂ’ f(()’ x)-:(P(-T)y (328)

rie z (t) — renerpadHsrii caygaiinnit nponecce (z° = 1), To ua mpexpTy-
mero U3JIOREeHHA 09eBUIHo, uTo F (¢, ) = {f (t, z))>. Pemenne ypas-
wenng (3.28) umeer Bux

f{t,z)y=¢ (a: -+ S drz(”c)) -+ SL dt e~ (a: + v i‘ dvz (T)) ,

0 0 t
1, ciejloBaresbio, petnenne ypasnenua (3.20) ¢ ycuosuamu (3.267)
MO’KII0 TPEACTaBATH B BUjle CTRTHCTHIECKOTO CPEHero 110 IPoecey z:
¢ t
\ \ i 7
dtz (r))/ - S dt eV <1p (x +v g diz (T))> .
0

F(, x)=<q3(.z‘+u
Iy
(3.29)

Sy~

Bepuemca Temeps k o6memy cayuaio npomecca z (¢) suga (1.3.26),
rge a — ciaydaiinad BequudHa ¢ 3aTaHHBEM pacrpegeleHneM BepoAaT-
Hocteil p (a). Har ykassiBamoch BHIIe, B 9TOM cIydae, BooGIme ToBops,
HEeBO3MOMKHO IOJYYNTH 3aMKHYTOe YpPaBHEHHe I XapaKTepHCTHAYe-
CKOTO ()YHKIHOHAJNA H, CIE0BATE/JIbH0, HEBO3MO;KIO HPOBECTH 3aM-
KHyToe onucaHne fUHAMHYECKUX cucTeM, OcraeTcs eqMHCTBEHHA S BO3-
MOJKHOCTb PENIeHNA 3ajadH, 3aKI0YAOMAscH B ToM, 4To0H paccMar-
pHBaTh BENMYHMHY 0 KaK jeTepMUHHpoBamnyn. Ecom mpu sTom
y/laercd HAmHcaTh ABHOE DellieHHe TAKOM 3ajadH, TO OKOHYATENBHEIH
pe3yixbrar MOAyYaeTcA IOCAEAYIONIAM YyCpemHeHHeM 10 CJaydaliiioin
BeIW4YHHe 4,

127



Hyern Temepn z () — oGobweunniit Teserpadubii mpomece. B aron
Caydae IMeCT MecTo PopMyTa ISt PACLICTLISHIIS K0 PP e il (2.4.15"):

2 (&) Ry [2(V)]) = (AR, [a]y eVt +
t

L detleXp{~ v(t—t)}<aR [ty a@ 2(v)]),  (3.30)
0

rae
Rylt, a,z2(0)] = R, [0 (v — t;,) + 2z (r) 6 (¢, — v, (3.31)

a Clydafimasg BelMYmHa (@ CTATHCTIMECKH He3aBUCHMMAa OT TIPOIECCa
z (2).

Qopmyary (3.30) MoskHO HCTOTB3OBATH I AHANM3A CTOXACTHIE-
CKIX ypPaBHEeHIH, coxepamnx qunefinuM oGpasom mpomece z (1), ana-
rorudno gopmyde (3.1). B camom pere, eciun R, — pelieHNe CHCTEMLI
YPABHEeHHIH IepBOro HOPANKA IO BPEMEHH ¢ HAUATBHBIME yCJIOBUIMU
npu ¢ =0, ro ¢ynrunonan R, [¢, a, z (1)] Gyger mPeaCTaBIATE
coboft permenue Toil JKe 3aJaYM, B KOTOpof Belmdmma z (t) samenena
Ha BeIWYNHY @ JUISl HHTepBATa BpemeH ¢ > f,. Hagarsuoe ycrosme
A 9TOH 3agaum raxoBo: Ry l4, @, z (v)] = R, [z (1)]. Cuegosa-
TeJTPHO, CPENHSIA BeIUINHA B paBoit wactu (3.30) Gyaer BEpaskaThes
depes BeJMYHHEI, COJePIRALINE TOJBKO 0HOBDPEMeHIEe CcpeqHIme Iy HK-
nuonara Ry, [z (1)]. Jas numefinnx se cmetem mpasas wacth (3.30)
Gyner mpocTo BupamaThea wepes (R, [z (1)1>. Tax, manpumep, prs
nnHeRno cucremsr (3.5), rie z () — o6obmenuslit renerpadHbI mpo-
mece, a A m B — mocrogHHBle MaTPUIEL, WMEEM, COTIACHO (3.30),

oy = Ay - Bz(t)x (t)y = A (e 1 BaR [a]y e -
t
+vB (dtexp—v(t — ) @Rt @, 2 (0], (3.32)
0

QOyurumonanx ¥, corsacio (3.31), ymoBumersopser ypapuennio

W AF By (t>h) (3.33)

¢ NAYaJLHEM yCI0BHeM
X 1ty = 2 (B1).
GaenoBarennuo, Gpyurumonan  [¢,, 7, z (1)] mmeer Bux
® = exp {(4 -+ aB) (t — t,)}x (t,)

u ypasHenne (3.32) CTaHOBUTCS MHTerpo-gu(PepeHIimaybHbIM:

2 (> = ACwy e MBCGexp (A + aB) 1} wo -+
t
+ v dtiexpi— v (t — 1)} BCaexp (4 +aB) (t — ty)}> < (b)),
0

(3.34)
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¢ Hauarsubim yenosuesm {x (0)> = x,. ¥Ypasueuue (3.34) Mmosxer Onrh
JeTKO pellleHo ¢ TMoMOmbI0 mpeobpasoBanusa Jlamuaaca. B pesyaprare
moJyuaem

(xepy = {E£ — vC} 0wy, (3.34")

rze C = {(p +v) E — A —aB}7?) , a E — efuHnuias MaTpuma.
B cayugae ke sagaun (3.13) pernumna §; (x) Gyger yAoBIeTBOPATH
YPARBHEHHIO

Ao, (z
DO 2 e )+ ag (2, O (@) (3.35)

¢ HAYIBHEIM ycloBuem @y, () = ¢, (x), pemennme KoToporo uMeer
BHJI) C YYETOM OIepaliil YIopsZoYeHNd 110 BpeMeHH 7-BKCIIOHEeMTE!)
i
5oy oxpr [ 2§t () -+ 25 @, 1) g o)

b

CaoejfoBaTesibHo, ypaBHeHMe [ig TMIOTHOCTM BepOATHOCTel pemeHud
sagaun (3.12) mpumer 3aMKHYTYIO omeparTopHyio dopMy (THABAY ¥ &
Jajee OIycKaeM):

a
ot

0

Py(r) = — —=[f (2, t) P (2)] —

— v gog (@, ) | dteo-w

O

i
X <a expT{— i dtv |f(z, ©) 4+ ag (x, )] }>Pi, (3.36)

1

CramuonapHoe #e. pacrmpegeleHne BepoaTHOCTeH, eCId OHO CYINECTBY-
er, yjmoBiersopser omepartopHoMy Vypasuemuw (f (z, oo) = f (z),

g (z, ®) = g (2))
[ (2) P () =

= — vg (2) § dt e‘”<a exp {— T/ (z)+ ag (= }>P

KOoTOopoe MOMKHO 3alIucarb Takse B BUC

f(x)Pm<x>=—vg<x><'+dW“H ()]>Pm<x>- (3.37)
v+ g 1 (@) +ag (=
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Urobwr mepeiitu oT ypasuenud (3.37) k¥ guddepennuaibHoMy ypaBue-
HH10, TpeGyercsa 3HATL KOoNKPeTHoe PacIpefiesierite BepoATHOCTeH Cuy-
galino# BeAWIUHEl a.

IlycTs, HatipuMep, HHTEHCHBHOCTD QUIyKTyallnil BEIHIHHE 4 J0CTA-
TogHo Mana u {a) = 0. Torma, pasmaras omepaTop B IpaBoil YacTh
(3.37) B psAx o a u orpannuMBasgch wneHaMu nopagkra {a’>, noryvaeM
omepaTopHOE YpaBHeHHE

f (%) Peo (2) = v (a2 g (2) —-;.—%g(a:) L P 339)
v+ ) vogg @)

Ecan remeps mpencraBurh ¢yurimo P, (2) B Bugme P (2) =
= [v.+ d%f (@)1 (), To gusa P (z) noxydsaeMm gupdepennmansuoe
VpaBHeHHe BTOpOTO MOPARKA WO Z:
d f(x) d
v gi@] LA v+t @]e@=
d ’
=v(a - g (@) (). (3.38)

ITpn v — oo Mo;kHO Pa3IOKUTH CPEIHION BeIWIHHY B MpaBoil wacTu
(3.37) B psag mo 1/v 1 monryunts cTamuonapuoe ¥ DD

f (@) Pos (2) = <22 g (2) L g (2) P (@),

COOTBETCTBYIOMEe TayCCOBCKOMY JeIbTa-KOPPEIHPOBAHHOMY IIPONECCy
z (?).

Ilpm paccMoTpeHNMH CTOXACTHYeCKMX YDaBHeHHH ¢ QIyRTyamusaMu
napaMeTpoB B Buze o6o0mennoro TeJIeI‘pa(I)IIOI‘O mpomecca MOYKHO HC-
nonb30BaTh W APYTOIl TMpHeM, OCHOBaHHHINL Ha $opMmyie nmi)(bepen—
nupoBanus (2.5.18), woropas uMeer Buj

8R z
(& )P Rz = {Fe o) e (339

npm yexoBum, uro {F (z (£))> = (F (a)>, = 0. Bm6epeM B Ka4ecTBe
F (z (1)) ¢yurmunio

1
rie
Cr (M) = a1 + ra)d., (3.41)
a A — mpousBoabuHl mapaMerp. @yukiua F (f) obinajaer cBoiicTBoM
() F (t)= — =~ F (1) 4 CL (M) — 2 (2) Co (A). (3.42)

Paccmorpnm B KauyectBe mpHEMepa cHcTeMy ypaBHeHu# (3.5) ¢ mo-
crosgmusiMu MarpunamMu A u B, the z (f) — obobmenustii Temerpad-
ubi mpomece. Ycpenuaa (3.5), moxydaeM ypaBHeHNe

2y ="A (@) + BE(t) ) (3.6)
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Cormacao dopiryne ;mq)(bepeHunpOBaHnH (3.39)

(g + ) Faewy=F @20 >=

— A <F (t> x(t)y + Bz () F(t)x (). (3.39)

Ucnonssya Temeps paBeHCTBO (3.42), mommo mepemmcars (3.39)
B Bm[e TOMIICCTBA:

= BCy (M) Cae) — BCo (M) (z (t) wd.  (3.43)

Brmmonuss npeoGpasopanue Jlamnaca B (3.6') m (3.43), nonyuaem He-
3aMKHYTYI0 CHCTEMY YpaBHEOHHIT

_ (PE — 4) Gy — B2 (1) 23y = o,
[+ ) B — 4 5= B| <F (t) wp= BC1 (1) <aedp— BCo (1) G2 () %y,

(3.43")
CIPaBeIINBYI0 HIA Jnioforo A. Honamﬂ —=[A4 — (p +~) E} BT,

o0pamiaeM B HYJIb JIEBYIO 4acTh BTOPOTO ypaBHeHI/IH, q9To fAaer anre-
Opadyeckylo CBA3bL MeRAy Belmaumuamm (Xy, # {z (¢) x),, Koropad
COBMECTHO C TepBLIM ypaBuenmeM (3.43') m mo3Bonsier monyanTh pe-
HmeHne, COBIYIAIIee, eCTeCTBeHHO0, ¢ GopMynoil (3.34").

Bepunemca omars k croxacrAueckum ypapmenusM (3.9) m GymeMm
CYHTATh, 4T0 Ipoliece z (}) UMeeT CTPYKTYDPY

z (t) = 21 (t) + ... + zy (t), (3.44)
rae z; ({) — He3aBUCHMBIe TeJerpadHEe IPOUECCH € KOPPeJNAIHOH-
HOll QyHRIUeH

C2i(t) 2;(')) = O;5<22) exp {—a |t — ¢ |} (3.45)
Hax 6ru10 mokasano B KoHme mepBoii riiassl, npu N — oo (ecad 1o-

Towmurs {22y = oY N) nponece (3.44) mepexogur B rayccoBcKmi Map-
KOBCKHUII Ipoliect ¢ KOppenAnHoHHoH (yHKImei

z(@)z )y = o exp {—a |t —1t [} (3.46)
Wrar, pacemorpuM ypapHenue
€ = Ax 4 {3 (t) = ... +2y (@) B, x0)=x, (3.47)
Beegem BexrTop-¢ynrumo
Pie (1) = 21 (2) ..o 25 () & (£)). (3.48)

Ucnonvays gopmyny (2.5.27) nas pquddepenumpoBanua Koppenaanaid
(3.48) m camo ypasuenme (3.47), mosyuaeM peKyppenTHOe ypaBHEHHE
mia Py Bupa 122]

(S )y = A+ o (8- - 2 () [ea (8) F - - . 2 (O] Bacy =
= Ay - k(22 By + (N— k) By (h=0,1,..., N). (3.49)
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. Taxum oGpasoMm, cpemHee 3Hadenue peluenust cucteMil (3.47) ymoB-
JdeTBopsier 3aMRHyToH cucteMe N - 1 Bexropunix ypasuemuii, Ecan
MaTpuusl A U B He 3aBHUCHT OT BPeMeHH, To cucTeMa ypapHenuit (3.49)
MojieT OBITH JeI'KO peiueHa ¢ IoMOU[bI0 TpeobpasoBaHmsa Jlammaca.
OueBunno, 410 €6 pemleHMe UMeeT BHA KOHEYHOTO OTPE3KA IeIHOM
apobu. Ecau teneph mpuusts 3nauenme (z2> — 0%/N u mepeiitn
K npefely N ~» oo, 10, Kak T'0BOPHIOCH BHINe, CIyualiHmil mpoiece

N
z (t) = Diz; (t) mepeiiger B rayccoBCKUIl MapKOBCKHUI mpoitece, a pe-
1

IIeHNe CUCTeMH yparnennii (3.49) sanumercs B puae Geckoedroil nen-
HO# Apobu, B coraacum ¢ pesynsratamu Godee paHmHmx pabor [19, 45].

W3 paccmorpenHoro mpuMepa sicHo, 4T0 o6pe3aHHe GeCKOHeUHOM
HeIHOH ApobH B 9TOM cillydae MOYKHO PacCMaTPUBATH KAK ANMpPOKCH-

MaOguni TayCCOBCKQIO cﬂyqaﬁHoro mponecca KOHeYHBIM OTpPEe3KOM
N

A\l o
pAana 2 z;(t). Takas annpoKcHMAaLHs MoKeT 0RA3ATHCH TONEBHOMN I npu
1

QIyKTyanufx  IapaMeTpoB BUIA

f (z (1)), tme z (t) — rayccoBckmii Map-

KOBCKH#M mponecc. Tawr, manpumep,

B cayue [ (z (1) — 22(0) — 2 ()

KOHEYHOMepHAs anllpoKCHMALA UMeeT
N

Bug f (z (1) = D) 2:(t) 2 (t). B arom
ek

cIydae CpefiHee 3HaUeHHe pellleHUS CH-

CTEéMBl ypaBHEHUN

K
AI

N
i'——‘ 2196 + Z z; (t) 2y (t) EQC,
ik
2 (0) = acq (3.50)

Puc. 12, Cxema pasbuemus OYAOT BXOMUTH B 3AMKHYTYIO CHCTEMY
MH[EKCOB B cymme (3.51). [N/2] 4 1 BerTOpHWX ypaBHeHmE ms
Pyt W, (¢) — <z1(0) . 23 (1) 2

[22]. Qynrunn ¢, (¢) 6yayT, oveBUIHO, YHAOBIETBOPATH ypaBHEHUsM

(-2 + 2an) o (1) — A, (1) =
N
=Bz (t). .. 22a(0) Xzi(t)zk (t)o (t)>. (3.51)

154%

Hamee GymeM MelCTBOBATH, aHAJOTHYNO BHBOAY CHCTeMbl ypaBHeHHU
(3.49). Pasobvem cymmy wo i u k B mpasoit yactu (3.51) Ha gerwipe
ob6nactu (puc. 12). B o6nacru (1) ase QyHRUMH Z; Z; OYAYT (MOTALIEHBD
COOTBETCTBYIOIUMY (QYHKIUAME U3 NPOH3BeReHHUA 21(t) . .. Z,n (£).
Yunteipast, 4To TARAX wieHob Gyfer 2n (2n — 1), monyuaem pus ofia-
cru (I) mpaBywo gacts (3.51) B Bmme

2n (2n — 1) (z2>% By, (1). (3.51a)
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AnanormunsiM ofpasosm B ofnactu (2), rme He NPOHCXOTHUT (TalleHH D
dyurnuit z;(f), 2z, (), HoiAydaeM COOTBETCTBYIOMMI WIeH B IpaBoil
qacta (3. ol) ,
(N ~— 2n)N — 2n — 1) B,y (2). (3.5106)

B o6macrax sxe (3) m (4) Oyger «racurbesAy onua us Qyurnum z;(t),
zp (). YuurslBasg, 970 YACIO TARIX WIeHoB 4n (N — 2n), DorydaeM
COOTBeTCTBYIOmiee BhIpaskeHHe B mpasoll dactu (3.51):

4n(N — 2n) (22 By(1). (3.518)

B pesyabrate ypasHenue (3.51) mpuHHMaeT BUJ 3aMKHYTOH CHCTeMBL
pPeKypPeHTHHIX YpaBHeHHIl:

[( 9 - 2a 11)E——2—471(N—2n) <z2)y E’J P, (t) =

ot
= 21 (2 — 1) <222 Bpa_; () +- (N — 2n) (N — 20 — 1) Bapyy (2),
(3.517)
roe n=20,1, ..., 4}

Pemenne cucrems (3.51") mpu nocrosunnix marpurgax 4 u B ta-
JKe, OYeBHMIHO, BaIMCHIBAGTCS KOHEUHBIM OTPE3KOM [EmHOM npoﬁn
Hpoctrennme annpokcuManun N = 2 u NV == 3 npuBoAAT K 3aMKHYTOH
cUCTeMe [IBYX BeKTOPHHX ypasHepuil. OTMeTHM, 9TO IP¥ OJHOM M TOM
JRe (HOpAAKE TOYHOCTHY — 3aJaHHOM 3HAYeHUHU N — OOPATOK CHCTEMBI
(3.51") npmMepHo BrBOe Huske HopAAKa cuereMsl (3.49). IlooToMy, ecnn
MBI 3afaguM IMOPAAOK cuctemsl, To (3.51") 6ymer Gnuske K cBoeMy mpe-
melbHOMY pelifenrnio, YeM (3.49). AHamoruusas CHTyanus HMeeT MeCTO
u B ciayuae f (z) = g". Jlia HedeTHHX BHaUeHmit k molydaeM 3aMKHY-
tyo cucremy N 4+ 1 BEKTOPHBIX ypasHeHmii, a mpu YeTHHX Kk — cu-
cTemy [N/2] + 1 ypasmenmii. Oguako mpu & > 3 91 cuCTeMHI ypas-
HeHHA He CBOAT pellellne 3aga4M K uenHo# apobu, Tar KaK OHU AB-
AAOTCA PEKYPPEUTUHMU paBeHCTBAMHU (olee BBICOKOTO NMOPSAKA, YeM
(3.49), (3.51").

Hponece En (t) = z1(t) + ... + zn(t), THe 2;(t) — HesarumcuMHe
TellerpapHble IPONECCH, fABAAETCA YACTHHIM CiydaeM MapROBCKOTO
npoiiecca 2z () ¢ KOHEUHBIM HUHCIOM COCTOSHHI.

ITycrs B oflmeM caydae BO3MO:KHBe 3HAUeHUs Nporecca z (i) ecTh
21, . . ., 25 ToIma, Kak MOKa3aHo B MepBOH Ilase, BCe pealmsaruh
nponecca z ({) yAOBIETBOPAKT TO:KIECTBY

Z() = (2y + oo b 2) 2H(@) o A (=) By 2, (3.52)
CJIelIOBaTe.TIbHO, n Tenepb cpenuee 3HavYeHUue pemeHnﬂ CUCTEMBEI
& = Awx -+ z (t) B (3.53)

fyJeT yaoBJIeTBOPATb 3aMKHYTOH cucteme ypasuenmii. B camom mese,
ycpenuas ypasHeHnme (3. 53) U IpuMensis IIOG.TIeI[OBaTeJILHO dopMy-
ny (2 5.25) mas xoppemnsuuit (z'(t) > (k =1, ..., n— 1), npuxo
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UM 1a OocliefueM Imare K Qyuknun {z"(¢) 2 (f)>, KoTopas, cOrIacHO
(3.52), BeIpaskaercA dYeped ¢YHKNMHM OpeIbIyIMX OIaros, T. e. HO-
JydaeM 3aMKHYTYIO CHCTeMY BCKTODHHIX YypaBHeHnIi n-To HOpPIAKA.

B kauecrBe HANIOCTPALMM PACCMOTPUM TPOLECC € ABYMA COCTOSM-
HUAMH Z1, 2; M BePOATHOCTAMHA TNepexofa Mexkay HuMH v 1 W. Torma
paBeHcTBO (3.52) mpmMer mup

22(t) = (21 + 2,) 2 (1) — 251%,. (3.52")
Yepeammy ypasnenue (3.53):
(BL —A) =Bz (e (3.53)

Hns xoppemsuun <z (¢) x>, coriacuo ¢dopmyie (2.5.9), umeem
d ) N P , =
() x> =z (t) k(1)) + < (1) (L2 (1)),

T7ie omepaTop L¥ onuceizaeres Matpuiei

=7
g po—u
Yuaursgas, uTo Aeiictsme omeparopa L; Ha z (f) MOKIIO NpeICTABHTH
B Blufe

iz — 2
] v {21 — 2,)

Liz=|"0 5=
2 w 2 (a0 — 22)

—p
ypaBHeHUIO IId Koppeaauun <z (f) x> ygaetcd Npupath BHA
d A~ A
B\ +wiv)—A— (a1 2) Bl e =
= {(vZs 4~ Wz1) E — 232, B) (. (3.53"’)

= (vas + 1) — (1 + ) 2 (1),

Ypasgeunsa (3.53"), (3.53") #ABAATCA BaMKHyTOH CmcTeMoit HBYX
BEKTOPHBIX ypaBHEHMA.

OTMeTHM, UTO B YaCTHOM CJydae CKAlISPHOTO ypapHeUms ¢ Mapa-
Metpamun A = 0, E(t) = iv (t) ypasmenue (3.53') ommchBaeT Xapak-
TepucTHYecKnii QyHKIMoHAN mporecca z (f). Mekaodans U3 cHCTeME
(3.53"), (3.53") ¢pynrumo (z () 2 >, MK noaydaeM muddepeHnuaIbHOE
ypaBHeHHe JJiA XapaKTePHCTUUecKOro QyHKimollama nponecca z (f),
coBHajialomiee, ecTecTBelHo, ¢ ypaBuHexuem (1.4.05).

Brnme Mpl paccMaTp@Badu BeKTOpHBIG cHCTeMbl ypasHenuit (3.47),
{3.90), onpenmeasiemnie marpuiaMu A m B. Ecim ke nnrepecoBaThes
cpeJilIUM 3HaUeHHeM TONHKO OMHOH KOMOOIEHTH, TO IS Hee MOKHO
HONYyYuTh ONEpaTopiloe ypaBHeHue

71m—1

d Q d &7
L(E)“’“L L bis(t) 2 (t) oz =1(t), (3.54)
i45=0
a4
rae oneparop L (7{) = A a;(t) g* 1 — nopagox matpun A u B B
izo
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(3.47), (3.50). Hauanpmsie YCTOBHA T BeJWTIHMHB £ BRITOUEHB! C IO~
MOWMBIO COOTBETCTBYIONUX IPOMBBORHHY O-QyHKnum B (QYHKIUIO
f (). Ot™eTnM, uto npu aToM GyHKIUA f(f) MosKeT 3aBuUCeTh W OT 3HA-
YeHHH MNpou3BopmbIX caywaiinoro npomecca z(¢) mpa ¢ = 0, T. e.
f () — Toxe cayuaiimas GyHKumsa, craTMCTHUeCKH cpasamHaA ¢ 2 (1).
Ypasuenne puna (3.54) maa MaprOBCKHX Tporeccos z (£) paccMar-
puBaloch & padorte [55], rme 6wito momyverno ® cayuae TOCTOAMHBIX
BO BpeMenu a;(t) u b;;(¢) mblpaskeHme mis npeobpasosanna Jlaniaca
cpeqrero spavenus {z», B Bume NMenuoll Apobu (Koneunoil win Gecko-
HEYHOH) miIA paBIMIEBIX MAapKOBCKUX NpPoNeccoB. llomyunM BTOT pe-
BYJIBTAT [AJIA TAYCCOBCKOTO MapKOBCKOTO HpOLecca, HCIOIs3yA pa3BH-
THI® BBITIE METOJIH.
Flycrs cnepsa z (f) = zy(t) + ... +zv(2), rae z (zf)——HesaBuchme
TelderpadHbie nponeccm Torma wMeer MecTo Toskmectso (2.5.28):

<z1() Lz () ———R,[z T)>—'—

— (L o) ain). .. R, (3.55)

rne Ry[z (v)] — npoussonvunit ¢ymrmuonan npomecca z () (T < ).
Paccmorpmm $yurmmu
Pty =<z(t) ...z, (D x (), 1=0,1, ..., N (3.56)

Corxracuo (3.54) u (3.55) mus sTux GyHEnU moaydaeM B3aMKHYTYIO
CHCTEeMY PeRYPPEeHTHLIX olePATOPHHX YypaBHeHHI

L(L +al)wjgl(t):<zl(t) ROVAEAPIGIES

n—1

—F,(t) — y bij( t)(b1 2 (£) X

1+7=0

)+ o () =

=Fy(t)— 1<z M [i b b el — )]~
— (V=DM [ 1ol g el ) b 1=0,1,.., N, (3.57)

rae npuEATH obosnavennn pabormt [55]: M [p, ¢l = Zb,;p'q’, a
F,(t) =<z () ... 2, (t) f )>. Ecan onmeparop L u b;; He 3aBHCAT OT
t, 10 cueTeMa ypaBHeHmil (3.57) ¢ moMomblo npeobpasopanus Jlanaaca
cBofuTcA K anrefpandeckoil cucreme

L (p + al)i(p) =
— Fi(p) — LD MIp+ady ptoall— Db (p) —
~(N— D MIp +al,p+ a(l+ Oipm (p). (3.58)
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B wactuos caygae, xorma f(t) B (3.54) ne 3asucur ot z(f) (£, (p) =
= 7 (p) 6,,), ypapuenue (3.58) Jderko pemaeTcs M pelleHHe IIMeeT
BUJ KOHEYHOTO OTpe3Ka Ienmoil Apobm [22]:

.

Yo(p) = 1 (p) Ko(p), Ki(p) = 14:(p) — Bi(p) Kina(p)™, (3.59)
rie

Bi(p) =<z (@ --)(N—)MIp+al,p+a(l 15X
XMlp+al-+1),p-+ ad]l. (3.60)
Ecan N = 1, 1. e. pacemaTpuBaercs ciydail oJlloro TeiderpadHoro

npolecca, To peurense (3.09) HpuHUMAET BWI, COOTBETCTBYIOUUN BYM
praskav nenuo#t mapobu [55]:

Lp -a) o Ea
N )
@, =1 LippL(p ray—G MppralMpr+ap] (3.59

Ecnu reneps nomomuts {z2) = o2/N u ycrpemurs N K oo, To IOIy-
yAM pemesme {z), AIA TaYCCOBCKOTO MapKOBCKOTO Iipouecca z (1)
B Bume OeckoHewHoli Ienmodi Apo6u (3.59) ¢ mapamerpamu
Ay(p) = L (p + al),
Bpy=ol+OMlp-+eal, pral+DMp+al+1),

p + all. (3.60")

Jro cooTHomenue OpLIO Takse mouayueno B pabore [55]. Copeprienio
aHaJOTHYHBIM ILyTeM HAXOUUM BHpaiiellne Aas {Z), B BUIe KOHEUYHOTO
oTpeaka 1enuoi apobu (3.59) n B cayuae

2 (1) = B — <& Ev() = z() + ... +2n())
¢ mapamerpavu [22]
Ap)y =L (p+ 20l) -+ 41 (N —20)<2*> M [p + 2al, p - 2all,
Byp) = 2(N — 2 (N — 21 — 1) (I + 1) (21 4 1) (z2?* x

X MlIp A 2a (I 4- 1), p+ 2all M Ip + 2al, p + 20 (I 4 1)]
(=0, 1,... [N2). (3.61)

Iloaaras <z?> = ¢*N u mepexoms K mnpeaeny N — oo, nonydaem
pemlienye 3agadn B ciayyae 2z (1) = E*(t) — <(E%*()D, rme & (¢) — raye-
COBCKUU MapKOBCKUI mporecc, B Bume GecKOHEUHON 1cHOHOH apobu
(3.99) ¢ mapamerpamu
Ap) = L (p - 2al) + 40%M [p + 2al, p - 2all, (3.62)
By(p) — 20% + 1) QL+ 1) Mp + 20 (1+ 1), p + 2ll X
X M p =+ 2al, p + 20 (I + 1)]. (3.63)
ITycrs Temeps z (t) B (3.54) — o6o0meHHHA Temerpadusil npo-
Hece. BymeM cumTaTh ANA NIPOCTOTH, YTO HAYANbHBlE YCIOBHA JLIA

(3.54) He saBuCAT OT 2 (1) ¥ BeININHH g; U b;; ABAAIOTCA TOCTO-
HHIMI. Y cpenHuy ypasHenne (3.54) ¢ yueroM dopmyns (3.55), KoTopadt
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cndeeJIJmBa u nan obobmennoro Telerpaduoro mponecca ¢ {(ad =
= 0 (em. § 5 . 2):
d

() o 1 [y ey

Pacemorpum ¢ynkunmo (F (t) z (t)>, rae ¥ (¢) onuceisaercs dopMynoi
(3.40). Cornacno dopmyne mupdepennumposanusa (3.39) sra Pynrmms
VAOBIETBOPSAET YPABHEHHUIO

L(%+v) CF(0)z (1) \=<F(1)L(i)x(t)>:

() ay=f(f). (3.64)

n—y1
e 0b,,<F dtt dar’
n—1 .
— }: y (%+ W )dL;x_(t)>. (3.65)
im0

Ucnonnays rtemeps paseHcrso (3.42), mpasyio dacrs (3.65) Mokmo

nepenucarh ClIeylomMuM oOpasom:

_iéobij(%+-)i{—%< ey
+a< )%m 0y — CoM) 2 (1) dt “ ()] =

[ v, w}/F(t)r(t)>~Cl(7»)X
S AT [‘EJVV’%} s - Cy(h )M[E —}—v,%+v]<z(t):c(t)>. (3.66)

CrnemopaTeabno, ypasmenue (3.65) mpunumaer Buf
{L(%ij_—u[dt v,y }< (t)z (1)) =
; d d
= MM [Tt T, _aﬂ (4 Co(M) M [7 v, v] (zz)
(3.67)
¢ magaabubiM  yeaoBueM (F (1) z (1)) |i—y = 0. _

Bumosnum tenepd npeo6pasoBaHne Jlannaca B (3.64) m (3.67).
B pesynbrate nonydaem adrefpamueckymo cucreMy

L (p)}xy, =~ Mp, p + ~Kza5p = (p)s
{L(p“}"v)“‘Til][p_ll_v»p“fv]}<[‘()I()>I): :
=—C (M MIp v, pKad, + Co (W) M[p L~ p - vKzzd,. (3.68)

Dopwynw (3.68) cupasemmusbl gas moboll seawunast A. [loxosxum Te-
neps

A=A, = MI[p-+v, p3-vI/L(p+ V). (3.69)
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B peayaprare sropoe ypasuente (3.68) mact asrefpauteckyio Cnasn
Meskfy <z (1) z (1)), u (2dp:

C MAp v,
<Z (t) x (t)>p‘= l(l)> 4 “) i 1)]

Coy Mp-v,p-v| (ZDp (3.70)

rape
Cr(p) =<a/(L(p+v) +aM [p 4+, p+ v

Honerarass (3.70) B nepsoe ypasuenne (3.68), nomyuaen axre6pange-
CKoe YpasHeHHe Ana {Z)p, pelleHHe KOTOpPOT'O HMeeT BIJ

N Mp-t v, piM[p, pi~v] Caip) 17 -
<-T/p—f(p)[L(p)+ T ] C’O([))J . (3.71)

Ormeruy, gro Beipaskenne (3.71) gpyTHM nyTeM Bepsble OBUIO TOIY-
yeno B pabore [D5].

§ 4. Merogpl ¥BauToBOM TeOpHE mMOAS
B /[HAHAMHOKE CTOXACTHYECKUX CHCTEM
(cToxXacTuYecKne HHTErpPANbHBIC yPABHEHNA)

M 3agau, paccMOTpeHIBIX B NpeBIYIUX Maparpadax, yaaercs
OONYUYNTh BaMKHYTOe CTATHCTHYECKoe omucamme Olaromapst ToMy
dakrTy, uTO ITH BajauM CoOTBETCTBYIOT cuctenme auddepernnuanbHEX
ypaBHeHUI HePBOTo MOPAAKA MO BPEMellll ¢ HAYAJBHBIMI YCIOBUAMEA
upu ¢ = 0. [l18 HUX BHIOTHAETCHA yCaA0BHEe NPUIHHHOCTH, CHOPMYIn-
poBaHHoe B TPeTheil riase, KOTOPoe 3AKIIOUAETCH B TOM, UTO PelieHHe
3aJla4ll B MOMEHT BpeMeHH ! oONpejelAeTcd TOIHKO (GAYKTyanuaMu
TAPaMCTPOB CHCTeMbl B MOMEHTH BpeMeHu &' < { W He 3aBHUCHT OT IUX
opu ¢ >t

YcloBHe NPUYRIHOCTH, OANAKO, MOMET BHIOAHATHCH W IS 3a-
789, ONMUCHIBAEMBIX HHTeIPAaJhHBEIME YpPaBHEeHWSAMM, KOTOPHE, B0OOIe
IoBOpA, He BCeI/a CBOAATCA K cucTeMe A depeHIINAIbHBIX YpaBHEHUH,
Jlas rakmx samad ocramyTes CcnpaBe[lIMBHIME BCe DACCYiKIeHHA,
nofipobuo onucanHble B KHUre KaKk IS /1elbTa-KOPPeIMpoBAHHEIX
payxrTyanuit napaMerpos, Tak M qua QryKTyanuil mapaMeTpoB B BHAE
MpoNeccoB TelerpadHoTo THMA.

Onnako mpemje weM pacecMaTpMBaTh TaKol KIace CTOXAaCTHIECKHX
YPaBHeHHIH, OCTaHOBUMCH Ha OOIMUX MeTOfaX CTATHCTHYECKOTO ONU-
CAaHUA JUHAMUYECKHUX CHCTOM, BAMMCTBOBAIIHBIX U3 KBAIITOBON TCOPHII
nosasa. CyTs UX 3aKIOMACTCS B IOCTPOCHHN PAA TEOPUHN BO3MYIIeHUil
IJIA CTATHCTHYECKHMX XAaPaKTePHCTHK HHTePecyoIleil Hac BeJmduHb
U B HCCHeIOBAHUN €r0 MeTORAaMH, pPA3BUTHIMY B KBAHTOBOH TeOPHU mHo-
as1. Upu proM Kamaptii wien psifa ymo6HO mpemcTaBiAsATh Ipaduuecku
(8 Bume Tak HaspBaeMux muarpamm QeliAMana), TAK 4TO KaskLOMYy dle-
MeHTY TpauEa COMOCTABIAETCA oNpefedcHHasds (yHKLMA HUIH olle-
parop, T. €. KajkAwi TpagK COOTBETCTBYeT OLpeelleHHOMY Aamalm-
THYeCKOMY BhIpayKeHHI0. Mbur He GymeM paccMaTpHBarTh JUaTpaAMMHYIO
TeXHHKY KaK TaxkoBYIO (mofpofHoe ee ONWCAHWe s CTATHCTHIECKHUX
3a/1a1 CM., HampuMep, B Mororpadusax [29], [30] n B o63opusx pa-
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Gorax [56], [57]), anomyunm ocHoBHEe pes3yaBTATH HeIoOCpeICTBEHHO,
HCHoNb3YA QYHKIMOHATBIBE METOALI, passuThie phume [H8].

Ncxoanmim ¢TOXaCTHUeCKAM YypaBHelIMeM ABIfeTcHd InHeiiHoe nH-
TerpanbHoe (miIm mETerpo-AuddepeHINAIBHOE) YpaBHeHUO /IS DYHR-
mun I'puna:

S, ry=S8,(»r,»)+
-+ SdrldrzdrgS (7, 1) A (21, 72, 73) [ (22) S (93,77), (4.1)

rge 4epe3 7 ofo3madenHsl BCe apryMenTsl dyuxnmit S m f, Braovas u
HHeRCHBle, 0 KOTOPHIM HHTeTPUPOBaTiNe BAMeHASTCH CYMMUPOBAHTOM.
Oyuxnusa f (») sABIAercs cIyIafiHeiM moxmeM, a Gynruma Sy(r, »')
apigercs Gymxpmeit I'pmra 3agaum B orcyrcrsHe aykrTyanumit napa-
MetpoB, T. e. npu f () = 0. Benmunna A (1, 7, ;) B page 3agau
MoskeT ObTh M omepaTtopom. Torzma sanmck ypasueuns B dopme (4.1),
TojpasyMeBaer, 4To oIeparop AeficTBYeT Ha BCe, YTO CTOUT CIPABA OT
nero. ITepexon or HenmHeiiHo# cucTembl 06bIKHOBeHHHX nubdepenmn-
anBHHX ypaBHeHmil K ypasHeHmio tuna (4.1) ocymecrsaserca ¢ mo-
MOINBI0 DKBUBAMEHTHOTO JIUHEHHOTO CTOXACTUYECKOTO YpaBHeHHSA
B 9acTHHIX NpOU3BORHKX (ypabHeHusa Jluysmmas), xapakrepucrn-
KaMd KOTODPOTO SBIMAETCA pelleHHe COOTBETCTBYIONMEIl CHCTOMEL.
Oynxnusa S B 9TOM cayuae 6yaer ¢ynxomeit I'puna grs cToxacThye-
CROT'0 ypaBHeHHA Jlmysmans, a Beimumna A cBgsama ¢ nndpdepeHnn-
aATHHEIM onepartopoM. Jlas 3ajmaw, onumcriBaeMbIX JAuHeliHo# cmcTeMoii
ypaBuenuit, BeiamduHa A (7, 7, #3;) orasbiBaeTcs GyHKIHeil.

HOas npocrorer 6ymeM faiee camrtath A QyHkIMmei, a He omepa-
topoM. OmnepaTopHBIA XaparTep A HeCYIIeCTBEHHO YCIOMRHAET HATb-
Helillee paccMoTrpenne. B caMoMm fene, B ciaywae, KoTha BeamdmHa A
ABJIAETCS ONEPATOPOM, MOKHO BBeCTH O-QyHKITHIO N0 HepeMeHHbIM, Ha
KOTOpHe [eficTBYeT 3TOT OmEPATOpP, € COOTBETCTBYIODIWM HHTeIPH-
poBaHWeM H MNepefTH K pacCMaTPUBAEMOMY CIYTalo.

Pemenne ypaBHeHI/IH(4 1) asnsercsa yurnuonasom noas f(r), 1. e.
S (r,r) =S8Ir »; (@) Ypasueune (4.1) MmosxHO pemarh MeTOLOM
nrepanyil, BHOpaB B KaTecTBe BYJeBoro NpubnmskeHnsa QyHERnuw S,.
Yepenusas nonydemHWE pAA Mo amcaMGIlo peaTHaanuil HO.TIHf(’I‘),
HaXonuM urepanuoHELil pax ans ¢ymkmum <{S (v, »')>, B Koropwil
fynyr BXoguTh BCe MoMeHTH moad f (7). Ilamee ymaercs, meperpynnn-
poBaB WIEHH 3TOr0 PATA, BHPASHTH TPABYI0 YacTh PAIOAKEHHS
depes camy dynrmmio {(S). IIpn sTomM BoBHWKAIOT HOBHE HeM3BECTHHE
dyrKmuun,” 'onpegensemMe COOTBETCTBYIOIMUMI WTeDANAOHHEIMA PA-
gaMi, KOTOphe, 110 AHATOTHN ¢ KBAHTOBOMH Teopnen TI0MIAl, HABKIBAKOTCA
Maccosoil W BepmuHmod Gymrmmamm, T ¥
¥ PaccmorpuM BMecto (4.1) BCHoMorateanHoe ypaBReHHe

Sr, v =S, (r,»)+
-+ S dry dry dr,S, (7, 70) A (71, 22, )] (72) -+ M (22)] S [25;9"; | - nl,
(4.1")
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roe 1 (») — mpousBoabUag AcTepMunupoBanuas Gynruun. Warepe-
cyfomylo Hac pyurnuwo S (7, 7') saiineM, nonoxwus B (4.1) n(r) = 0,
T. e.

S r)=S[r, v fl=S[r, ;{4 1] |n=-

Yepemmum ypasaenue (4.1'). Pacmenans woppeasnuo (fS> no dop-
Myne (2.2.5), moaydaeM ypapHeHue

Glr,v;im=38,(r r) -+ ,
L ( drydry drsSy (7, PO A (91, 29, 75) q (1) G [93975 M) -

/:* Sdrl drg dr;;S(] (7', 7'1) A (7’1, 72, 7'3) X

. )
2, — | S [y, 2 . 4.
ARG RIS R (4.2)
3pecs Qyurumonan Q, [v(?)]:mf—m@[v(?)], a O [v(?)] — aora-

puM XapaKTepHCTHUeCKOTo GyHKnumosana wonas f (). UYepes ¢yHk-
nuonan G [», »'; | oGoznavena penmunna (S [», »'; f -+ >, Vuu-
THIBafl, fatee, uro pyurnmosan S [r, »’; f + nl apiasgerca pyHKnmona-
JOM OT apryMeHTa [ - 1], MOKHO 3aMEHUTH ONEPANHUI0 BapHAIAOHHOTO
Auddepennupopanns no [ Ha guddepeHNUpoBaHMe IO 1 U Nepe-
nucats (4.2) B BUe BaMKHYTOTO ypaBHEHUA B BAPUAHMOIHHIX IIPOH3-
BOJHBIX, AHATOTMYHOTO ypaBHeHuo [lIsuHrepa B KBaHTOBOH TeopHm
noas:

Gr,»;n]=S(r,») - Sdrl dre drySy (7, 1) A (71, 3, 1%5) X

X [n (72) + Qp, [—LH G [rs, 7] (4.3)

1o (r)

Ypapuenue (4.3) Ansa ¢yHRuuoHana G MoKHO pelllaTh MeTOIOM HTe-
panuil, BH6paB B Ka4eCcTse HyNeBOTro npubamsienns sexuanny So(r, 7).
Honaras B noxydeHHOM pasioskeHun m = 0, monydaeM HTeparuoH-
el psp aas ¢dyuxoum (S (7, r')).

Haa yopomesus falbHefilero M3MoKeHHA 3aliulleM ypabHeHUe
(4.3) B cuMBonnYecKoM BHfe (MMeA B BHIY, UTO fle COCTABIAET TPYMIA
Ha Ka®IoM dTame BOCCTAHOBUTH IOJHYH BallMCh COOTBETCTBYIONUX
BEIpaKeHuit):

6 ’
G:SO—|—S0A(n+Q[WDG. (4.3)

Beemem rtetieps ofpartuurii k G dpysrimmonan G ! rawoii, uro
GG =1, GG '=1. (4.4)

3necy Mo efMHMIEH IOHMMAETCH COOTBETCTBYKIIAf O-QpyHKIUA,
BeemeMm B paccMoTpesme TakyKe (yHKIMOHAN

86G1
I=— 5, (4.5)

HOTOpHH Ha30BeM BEPHIHHHHM (YHRIMOHAIOM.
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Bapsupysa (4.4) no noxw 1, HoxydaeM paBeHCTBO

oG
= GI'G, (4.6)
DOJICTAHOBKA KoToporo B (4.3') NpHBOHT K ypaBHeHUK
G-—= 8, + S,AnG 4 S,06. (4.7)
Beanunny
] - 2
Q:A{Q [W]G}Gl (4.8)

Ha30BeM MAacCCOBHIM (DYHKIMOHAIOM.

Vwmuo:Rasn teneps (4.7) cnpasa Ha G!' m ciesa ma S,' (u mHTer-

pUpPYHA [0 COOTBETCTBYIOIIMM apTyMeHTaM), TToIydaeM YpaBHeHHe sl
¢yHKImonaxa G 1:

. S;P— G = Ay + Q. (4.9)

Baprupys (4.9) mo moxr 1, moiydaeM ypaBHeHHe mIfA QYHRIUOHA-
na I':

]
pra—— ]

I'=A- Tl 0. (4.10)
Cucrema ¢ysrnmonalpeMX ypasuenmit (4.7), (4.10) saurnyta
oTHOCcUTeNbHO dynKiuonanos G u I'. VIx pemlenus, ogHako, CBA3aHLI
coorHomenueM (4.6). Ypasuenue (4.10) gaa I' Momueo pemars urepa-
nuAMH, BHOpaB B KadeCTBe HYlAeBOro NpubimkeHna bpelimduny .
Ecnu Boipadurh npu 5ToM BapuanuoHnbie Ipou3sogusie G 1Mo v € ro-
Mompo GopMynsl (4.6), To MBI IpUAeM K WHTEIPANBHBIM YpaBHeHHSM
mis I' m G ¢ GeCKOHEUHBIM YHCIOM WIEHOB, KasKmgoe U3 KOTOPHIX He
coflepsRAT ApyrHX QyHEnuoHados, kpome G m T'. Tlomaram n = 0,
MOJKHO MOJYYUTh 3aMKHYTYI0 CHCTeMY WHTerpalbHHX ypaBHeHHI.

B uacrmoctn, ypasHeume (4.7) BHIDIAAMT CHeIYIOWIEM 00pa3oM:

<S> - So + SOQ <S>7 <S> == So + <S> QSm (4-7’)

u pasmBaercsd ypasHenuem Iaiicona.
OcranosuMea rtemeps Golee moxpobHO Ha ciaydae, Korfa mole
f (r) sABAfeTcA TayccoBCRuUM CAyJailHEIM NoleM ¢ KOpPpelALMoHHOH
o ’ 14
dyurumeit B (r, ") = {f (v) { (#')>. Torma

Q=i dr B, 7@
# ANA MaccoBOTO QYHRHMOHANA NOTYdYaeM BEIpaykeHUe
Q = ABGT, (4.11)
a ypasmenus (4.7), (4.10) npunnmaior BuUA
G == So —{— SOAT]G + SoABGPG,

I‘=A+ABGI‘GI‘+Ayg%£I'_. (4.12)
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Tonaras temeps v = 0, momydaeM 3aMKHYTYI0 CHCTEeMY YpABHEHWH:
8 =8, + 5,0 (8> (ypasmerne [laiicona),
Q = AB(S>T,
T=A+ AB (SYTUS>T + ... (T = T |ny). (4.13)

CucteMa ypasHenuit (4.13) ouennv caoiHa M B HACTOsAMEe BpeMsA
eme Mago uayuena. llpocrefimiuit myTh ee ympomenms 3arRT09aercs

B obpoBanuu GeCKomedHOIro psAnga .B yparHemun ains . Eeawm osto
cleqaTh Ha CAaMOM TepPBOM Iare, TO WPUIEM K 3aMKHYTOMY HeJImHeH-
HoMy ypasHenuwo (upubamkenue Hpeliumana [59])

(8> = 8¢ 4+ SoQup <S>, Oup = AB(S)> A. (4.14)

Ecnau rteneps B BHpaskeHHU AxA MaccoBoil (yuruunm Qyx, 3aMeHUTH

(8> ma §;, To moayuuM suneiinoe ypasuenue (mpuCammenue Byppe
[60])

(8> = 8, 4 S,ABS A LS. (4.15)

OrMeTnM, 970 4eTKUX yCJIOBUMH mpumMeHMMoCTH upubamsxennuit (4.14),
(4.15) B o6meM cxysae B HACTOAMEE BpeMA He UMeeTCA.

- @yurnuonan I' u, cregosarenbuo, Gyurnus I' recHo cBA3aHHL ¢ Be-
anmauroii {SS8>. B camom peme, merko Bumets, uT0 ypasmemue (4.1)
OKBUBAJEHTHO (DYHKIIMOHAIBHOMY YPABHEHUIO

OIS iy drS T, 155 1A (0, 70, 73) S T3, 273 11 (4:16)

C HAYANBHHM YCIOBUEM
S v, 5 flicg = So (1, 7).
HelicTeurenbno, sanuceiBas ypasnenue (4.1) B cumBonuZecKoM
BUZle
A § =8, + S,AfS,
MOMHO TPEJCTABUTE €r0 pellleHHe ¢ MOMOMBIO UTEPATTMOHHOTO PIa
S = {1+ SoAf + (SeAN2+ ...} S,

ITporapeupyeM Teneps ypasuenne gas S uo pynxnuu f (ry). B peaymns-
TATé TPUXOXUM K yDPABHEHUIO

N S
_% — S,A 88 SoAféTf

(uepes 8 ofosmauvena S-QYHEMUA MO COOTBETCTBYIOMUM apTyMeHTaM),
pellieHue KOTOPOTO MOKHO 3amUCATH AHAJXOTWYHEIM 06pa3oM B BUMe

UTEPANMOHHOTO DPIAA
88
-5 = {1 + SoAF 4+ (SoAf)? 4+ ...} SpA 8BS,
unu, ¢ yserom sepamenus giua S, noayunrs (4.16). Cremosarensmo,
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pripaskenue (4.0) mpm 1 = 0 Mokmo mepenucath B Buie
(SASY = (8> T (S). (4.16%)

Takum 06pasoM, pasimapbie TPACIMKeHUA A Gy KD T oxsuBa-
JIeHTHH oOIpefge’ernkM IHIOTedaM pacmeluierus Koppeldsnud {SS).
Tar, npuGawxenue Hpefiumaga (4.14) coorsercTByeT paBEHCTBY

(SAS> = (8> A (S,
a npubamxeune Byppe (4.15) axpuBajenTHO TpeCOBAHMIO
E (SAS> = S,A (SS.

B o6mem jxe cayuae, pacmemiaa xKoppeasnuo {SS) ¢ momompro dop-
Myas (2.3.4), moiydaeM omnepaTropHoe BHDAKeHHE

. 9
(SAS> =G [iB -5 | AG ] s,

DKBUBAJEHTHOE, 1I0 CBOEH CyTH, BBeJeHHI0 BepHUHHON QYHKIUZ.

OTMeTHM Temepb, uTO B CIydae TaycCOBCKOTO mois f () amaHue
Pymrnmonana G [, ¥'; m] okBMBameHTHO 3HAHWIO QYHKNWOHATA
@ [», 2, vl =<8 (v, ') exp {i § d7 f (#) v (#)}), onmchBaromero nce
cTaTUCTUIECKUE KOpPPeIAnun QyHKIHN S (r, ) ¢ noxeM f (v). B ca-
MoM pele, coriacio gopmyie (2.3.9) Momuo sanmcarh QyHKDUOHAT
@ B BuUDe

O [r,r,v]= <e\p { Sdr]‘ r }\ X
X <S [r, i) i S dr.B (;, 1‘1)v(r1)]> ,
OTKYZa IOIydaeM paBeHCTBo

O[r,r;v]= <exp {i S dr f (v (¥ > X

X G [7’, ;i S dryB (7, 1) v (rl)] .

OcrapoBUMCs Temeph AJis WOJHOTH KAPTWHEL HA TaK HA3HBAEMOM
MeTojle mepeHOpPMUpoBKHU. [lero B TOM, 4TO faske IpPU M3BECTHOH Mac-
coBoil pyuknuu ypasuenue Jlaiicomna (4 13) npencrasaAer coboft carom-
HOe WNTEeTPAJIbHOE YpaBHeHWe, pPelINTh KOTOpPOe B AHATUTHYECKOM
Buje yHaaeTcA MajfeKo He Bcerga. B To JKe BpeMsi ypaBHeHue . aiicona
C yHpOomieHHOR MACCOBOH QYHKIMEH MOKeT OBITE B pAMle CIyUaeB JeTI'KO
pentenno. MeToJ HepeHOPMUPOBKU 3AKII0FIAETCS B TOM, 9TO 3BIUCH -
BalT ypasmenue Jlallcoma B Bume MHTErpagbHOro YpaBHEHUA, B KO-
Topoe BMecTo GyHRUUN S, BXOAUT pellieHWe YIPOMEHHON 3a4adud.

OGosnauum pelienne ypaBHe}m;x Haficoma (4.13) ¢ yupoimennoit
Maccopoii pynrnmeir Q uepes S. Torna cbymt:unﬂ S 6yner ynopieTno-
PATH YpABHEHHIO

~ S, -+ 8,08, (4.13")
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B cuay toro, uro ypasuenme (4.13’) smasercst amueiinsiM wo S, ero,
OYEeBHUJIHO, MOKHO IePEeUHCATEH TaKie B BHUJE

§ =8, + 808, = (1 + 30)S,, (4.17)

rme "eped 1 ofoszmaden efUHMYHEIN omepaTop.

Has uckatowenus ¢ynwnum S, ms ypasmenua [laficoma (4.13)
nopelicteyem na mero oneparopom (1 + 5Q). Torma ¢ yuerom paseH-
crBa (4.17) moxydaeM ypasHeHHe

(Sy =8+ 5{Q —Q)<S>. (4.13")

Ypasuenne (4.13") MoiKHO Tenmeph pelraTh MeTOAOM HTepAIMA, BHIGPAR
B KadecTBe HYIeBOTO NpuGIMmenns GyHENA©O S.

Ilpu Q = 0 pyurmma S = S, @ MBI BO3BpamiaeMCs K ypaBHEHHIO
Haiicona (4.13). llpurenenusiii ssime suBox ypasueus (4.13") cupa-
Be[INE, OYEBMIHO, HE TOJABKO s rayCCOBCKOIO mOXA f, HO W mas
mons f mio6oit apyroft mHpupoasl, Tak Kak ypasuenue JlalicoHa umeer
OIUH U TOT ke BUN MAA j06Goro mons f.

OcranopuMcsi Teniepb Ha ypasuenum [laficoma ofmero smpa (4.7).
3ameruM, uro pyrEnmonas 2 [v] Moder 6uTh IPEACTABISH C OMOLI[HIO
paga Teinopa wo v:

1
Q)= Z.—JK,IHU“,

n=g

rge K, — wymynsuraele QyHEDHuU ciaydaiinoro momus f (). Ciaepora-
TENBHO, MaccoBmill (ymmumoHam (4.8) merko 3ammcath B BUIE

0 =A i 1 oo { ;:; G} G, (4.8)

n=0

rie BApMANMOHHBE TPOM3BORIEE [0 1) OT PYRKHUOHATA (G BHYECIAIOT-
cs mo gopmyne (4.6). Crpyrrypa ypasuennsg [aficoHa B 210M CiTyuae
ouendb crmoikma. OGBHYHBE TYTH YUPOMEHUs dTOTO ypPaBHEHHA COBEp-
MIeHHO AHAJOTMYHE CIIYyYald TayCCOBCKUX QAYKTyau#i IapaMeTpoB.

Ecaum cunrars, aro I' = A, 10 BHpamenue (4.6) upunumaer Bup
8G :

o= GAG u, cremoBaTeIbHO,

L8 —n(GAy 6 = drerGrayc,
"
0

IIpu sroM My mpuxoauM k oGo6mentomy ypasuenmio Hpefiunana:

<S> =S0 -+ SOQKD <S>’

Qup=A D) Knyy (<Y Ayr= A [ dhebQ(Sy AL (4.14)
0

n=0
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Ecan e B (4.14") samenuts <S> B Qx, na S,, T0 noxysaem o6obmen-
foe ypapuenue Byppe:

<S> =S0 "F SOQG <S>7

Qs=A {dreQ [SA], (4.15)
0

KOTOpOe COBHAJaeT ¢ TAK HA3HBAEMBIM «OMHOTPYNLIOBRM HpHGIM:ie-
HueM ypapHeuus [laiicoma», moctpoenunnm B paGore [61].
Pacemorpum remeps npocrteiiliee ofHOMepHOE HHTErPAILHOE YpaB-

gerrme, caemys paGore [23]:
t
St)y=gt—110(t—1)+ Afdrgt —nz() S 1),  (418)
0

rae z (¢) — caywaiinasg QyuxnuA spemenu, g (¢ — t') — gerepMunu-
poBanHaAd (QyHEnus, A — nocTosHHHE napamerp, a @ (¢) — crynen-
garad pyunknusa. Utepupys ato ypaBHeHue, 3aMedaeM, 9T0 €ro perieHne
S (¢, t') saBucur o7 cayuaiiuoit pynknum z (t) aumms upyu < T < {7,
T. €. BHINOJHSETCH YCIOBUE IPUIUHHOCTH

65 ,t’ 14
—(%t({)—)z() opan T<t', T >1, (4.19)

upugeMm S (¢, 1) ~0 (¢t —t'). Ycpemuum ypapuenne (4.18) mo am-
camMburo peanumsanuil Gymknuum z (¢). Jlasg craumomapmoro mpormecca
z () (S () =<8 —1t)) u, cregorateapHO,

S —1)y=g@—1)0(—1)+
+ Std'fg(t ——T)§dT’Q (1— TS (T — 1)), (4.20)
0 0
rae Q (f) ~ 0 (f) — maccoBas PyHKIUA, ompefesseMas C HOMOII[BIO‘
paBeHCTRA t
A S )y = dr Q@ — S — 1. (4.21)
0

Brmoannm B (4.20) upeofpasosanue Jlamraca mo mepemernoi ¢ — 1.
B pesyawsrate moaydaem

(8> = g (p) + g (p) Q (p) <S>p, (4.20")
A<z (1) S (t, 1')D>p = Q (p) <SDp- (4.21")

(Ecoiu unrterpansHoe ypasunenue (4.18) copgurcs k puddepernuans-
HOMY

e

d , ) ,
L (W)S(M>=AZ(t)S<t,r>—:a(t_t),

T0 g (p)=L7"(p).)
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Jlast onpemenenns cTpyKTypht Gyuknmn Q (p) ciemyet, Cormaco
BBHIIEC KABAHHOMY, PACCMOTPCTH BCLHOMOTATENLHOG yPABHCHUE

t

St)y=g@t—1)0@¢—t)+Afdigt —nnm3(t, 1)+

0

b
+Afdigt— vz (8 ). (418)

rae T (T) — DpoWsBOJBHAA feTepMuUHUpOBaHHAH (PymnknuA. Ecan
ycpenauth ypapHenue (4.18") m oGosHaunmts ero pemenue depes
Glt,t';n (r)], To Bepmmmumaa ¢ymxumus T (¢, ¢, ') =T (t — 14,
t; — 1) oupefesNTCA PABEIICTBOM

’ 0 _ ,
Ittt ):~WG 1] fn=o-

Bapuauuonnas ke mpoussoguasi 0G/8v upu m = 0 cBsAzama ¢ Bep-
mupHoli gynrunmeit I' m cpepmeit dyunxnueit ['puma coorHOomeRmMEM
(4.6):,

8G [t, ', 1] _6G

om (ty) n=0 _571_(
— S Sdrl Ao (S (t— TS T (11—t by — T)(S (Ta — 1)>,  (4.22)

t—tyly— )=

rge o61acTh MHTEIPUPOBAHUA ONpEHeSAeTCH YCIOBUEM IIOJIOMUTEb-
HOCTH BCeX aprymentoB. Bumoansas s (4.22) npeoGpasosanne Jlamma-
Ca IO TMEepPeMEeHHNM { — I ¥ ¢, — ', MOJy4aeM PAaBEHCTBO

0G
7 (P D) =<8 T (P, )8, (4.23)
D03BOJIANINEe HailTn npeobpasoBanue Jlangaca or BepIMHHOR GyHK-
nun. Maccoada QYHKUMA LHPH 2TOM CBS3aHA C XAPAKTEPUCTHIECKUM
dyrrnuonanom npounecca z (t). Beamumny 8G/dn, ctoAamyo B mepoii
gacTd paBeHcTBA (4.23), MOMKHO WOIYYuTb, BapbUPYR ypABHEHUE
(4.18") mo 1 (¢,), nomaras satem 1= 0 ¥ ycpeaHsaA NOIYUYeHHOE yPAB-
nenne. Ecam ypaercsa BRIDOJHUTH ycpenHeHue B ypasHennn (4.18'),
10 BeamunHa 8G/ON ompemeaseTCs MPH BAPBUPOBAHWU €0 TIO 1.
Ilepeiipem Temeps K peajMzanui OMUCAHHONH CXCMBI OIA Pa3jidu-
HHX IPoIleccor 3 (1).
ITycrs z (1) — mexnerpaduslii npoece ¢ KOPpORAMUOHEON GYIUKRIMe
W)z =Dexp{—al|t—1 |} (4.24)

Ycpenaam ypasmenue (4.18"), B pesyasTaTe moxydae

t
Gt ) =g (t- )0t —1)+ A fdrgt —nm@G (r,0) +
0

+ A \' drg(t — )z (1) 8 (1,1)).  (4.25)

0
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Ypasuenue (4.25) e BAMKHYTO, TAK KAK COMEPIKUT HOBYIO HEUBBECT-
ay© gynkmuio {z (t)S (r, t')>. UTo6H MoNyIuTh ypaBHEHNUE OJIA DTOIH
Gynrmun, ymaoxum (4.18') na z (f) u ycpegnnmm:

t
GOS8 (1 =A drgt — 1Kz )8 (v, 1)) +

0
t Al gt — 08 (). (4.26)

Yuurusasg remeps opmyay (2.4.10)
a(t) Ry lz (O = exp {—a (¢ — )} () Ry [z (1)),

CIPABEIMBYIO JUIA UPONBBOIBHOTO dyHEIUOHATA Ri [z (v)] raxoro,
9T0 t > t', moaygaeM ypasueHume (2% (1) = <{z*))

@S, 1)y = A {drg(t — 1) n(r)exp (— a(t — TS (1, 1)) -+

t
+ A (arg —vexpi—a -G (4.27)
0

Cucrema ypasHenuit (4.25), (4.27) yxe samrmyrta. [lonaras p Hei
N =0 n pumoxHsA upeobpasopanme Jlammaca uo mepeMenioi
(t —¢'), nomysaem anTe6pamvecKyw CHUCTEMY ypaBHeHUI

{8$p = g (p) + Ag (p) <&S8>p, (4.28)
(28>p = AL g (p + &) {8)ps

pelennue KOTOPOH TaKOBO:

g(p)

<S>p: 1~A2<Z2>g(p)g(p+a) ) (4 29)
28y A<zz>g (P gw- '
PTIRG g gpa)
ITpu arom, cormacno (4.217 ), MaccoBas dyurnusa () (p) pasHa
Q) =MD g(p + ). (4.30)

s nHaxoskmeHnA BepumuHON (YHKmUHM mpoBapbupyem (4.25),
(4.27) wo m (#,), momoskum 1 = 0 u BemoaHuUM mpeobpaszosanue Jlam-
daca mo uepeMeHHHM (f — 1) U (£, —¢'). B peayabrate nmoaysum as-
re6panvgecKyio CHUCTEMY YPABHEHWIt

3G 8%

5 (P2 @) =Ag (P)XSD, + Ag (p) <""Tsn— (4.31)

(o > — Bg (p -+ a8, + A e g (p o+ @) - (b, 1),
peleHEe KOTOpo# ¢ yderom (4.28) mmeer Bup
% (py @)= ASHp{1 + A22% g (p+ @) g (¢ + a)}<S),. (4.32)
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Cpasnueas (4.32) ¢ popmyanoii (4.23), momyyaes 1as Be pLuniiioi Py HK-
MU BLIpAYKeLHe

Pip,g) =A{1 - A2 g(p + ) g(qg+ o). (4.33)

Hyers remeps z (f) — o6oGmennwi Temerpadmnir Ipomece ¢
KODPeNANUONHOE pyHknmedr (4.24). Vepenmas (4.18'), momyuaem
ypasuenne (4.25). Jlamee, cOTIACHO TpeThEMY naparpagy mamHuoil
TIABLL, CIeNyeT HalmcaTh ypasHenue s dymkuun {Fy, (1) S (1, ),
rme

’ k
Fy(t) = Trhag) Co(M), Cy (M= <1+M>a ((Fn(t))> = 0),
a A — TIPOM3BONBHEIL Tapaverp. YMHOkAs (4.18") ma F) (1) n yc-
PeIHAA, HAXOTUM
()8 (t, 1)y =
t
= A {dvg(t—vexp (—a(t— 1) n(ncF (D) S (1. 0)) —

4]
t

— A S drg(t —t)exp{—a(t — 1)} {%(Fx(r) S(t, 1) —
0
— CL(M) G (T, ) + Co (M2 (1) S (T, 1)} (434
Ilpn wmBOmE ypaBHEHMA (4.34) MB1 BOCTONB3OBANUCH PABEHCTBOM
(2.5.20)
CFi (1) Ry [z (O = exp { —a (t — ')} <Fy (1) Re [z (0)]> (2> 1)
O TOMIECTBOM

20 Fr(t) = — ——Fy (1) + CL (M) — Co (M) 3 (1).

Jns naxompenns mMaccoBoit GYHKUNM TIONOKUM B (4.25) n (4.34)
n =0 u Bunonsnm npeoGpasosanme Jlammaca. B pesyabraTe wmwo-
Jy9UM CHCTEMY YpaBHEHHH

8 = g (p) + Mg (p) <25,
E) S G UD {t + Ag(p + 2)/A} =
=Ag(p +a) {CL (W) <SDp — Co (M) G (1) S (1, 1')Dp},

CODABeANBYI0 IIpUM NPOM3BOJNBHOM 3HaYennu mnapamerpa A. Iloia-
ras

=% — — Ag(p + a). (4.35)
ToNyYaeM anre6pamdecKyo CBA3D MesRay <z8)p m {(S),:
() S (2, 1')Dp = <SH,C1 (M) Cy (Ap), (4.36)
I CIefOBaTeIbHO,
_ g(p)
<S>p T Ag (p) Gy (7‘1))/00 (kp) ) (4'37)
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C ygerom (4.36) dyurnma &y (1) S (¢, t'))p 10AA TPOUZBONLAOTO
3HAYEHUA A MUMeeT BUj
Kp <S>p 1M Gy (xp) —Co (MG (A,p)]

<Fh (t)S(t, t,)>p:_ (1—~7\,p/7\4) GO(}"p)

(4.38)

Maccopasa ¢yrruus, rax cregyer ua (4.36), B oTOM ciyqae pasHa

Q (p) = AC, (4p)/Co (M) (4.39)

Hoa HaxoskIeHnd BepIINHHON (YHRUMN NPOBAPBUAPYEM yPaBHEHU S
(4.25), (4.34) wo 0 (¢;), womosmum | = 0 ¥ BHIOJNAM WpeoHpa3oBaHIe
Jlannaca. B pesymbrate mveem cucremy ypaBHe}mﬁ

g—ﬁ—(n q) = Ag (PX 8>, -+ p)<2 e

GRS [1+%g<p+a>]=Ag<p+a><FxS>q+
+Ag(p + a3 (pa) — Gz b (440)

Honaras B (4.40) A = A, norywaem aareGpamdIecKyio CUCTEMY ypaB-
uenuit gua 8G/dn m {2085/6m), pemenue kortopoir ¢ yderom (4.37),
(4.38) TakoBo:

3G
'ﬁn" (pv q)=

— glp+a)g(qg -+ Cr(r,) —
——A<S>P{1+A g(p ¢a)~g(fl+a) [Co(kp) 0(7“) J} s
(4.41)

caeloBaTeNIbHO, BEpIUMHHAA (byHHI_U/IH paBHa

T(pg)= Al A S0FDE0@ [wp) G0y ]}
b l .

grta)—glg+a) | Co(h,) Co (hy)
(4.42)
Ecnan pacupenmenenue BeposATHOCTEH AJA BEIMIUHL @ HMEeT BUJ
pa) = [8(a—a)+8@+a)l, 0 €, (WC,(R)=— el u

MBIt BosapamaeMCH K cIydan TejerpadHoro mpomecca ¢ IapaMeTpPOM

(2% = ai. Eciu ske @ — HeupepHBHASA CIyYaiiHas BETMINHA Ka) =
_0) H pAcnepcusA ee pocraTogHo Marxa, 1o Cy (M) =~1, C, () =
=~ —A {a®> u gua sepmUHHON PYHKIAU HOIydaeTcs paBeHCTBo

P, =A{1 +NHgp+a)glg+a)}) (443)

Opgnaxo Brpakenue (4.43) cupaBegAWBO TOJBKO NPH BHIONHEHEH
O9eBUIHEIX HEPABEHCTB

IR <€ 1 (b= kp Ay (4.44)
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Hycrs Teneps z (t) — raycconckuil npouecc ¢ KOPPEISIMOHH 0
dyurnuei

a({)z () =o%exp {—a|t —1 |}. (4.24")

Hak noraszamo B § 4 ri1. 1, ero MoMWHO HOIYYHTH HPENETBHLIM TIepe-
xogoM N — oo u3 mpouecca

Ev () =2z (&) + ... 4+ zv (B), (4.45)

rie z; (1) — craTHCTHUECKM HeaaBHCHMbie TenerpadHEE TpONECCH,
y Eroropmx <{z%) = 0*/N. lltak, paccMOoTpHM ypaBHeHUe (4.18"),
B KoTOopoM z (3) = Ey (¢), u BBegenm Qynruum

G 1) =< (1), .5 ()8 @) (Go (4, 0) =G (1, ¢)). (4.46)
Yuuosras (4.18') na z; (¢). . .z; (1), YCpPeaHsAA U HCHONBIYA dopyyay
(2.4.10), momno maiitn pexyppentuoe ypasmenme (I =0, 1,..., N)
Gi(t,t)=g(t—1)0(t—1)8 ( ~

t
+ A Sdrg (t—Tyexp{—al(t — )} ()G (T, 1) 4

t
+ASdrg(t—r)exp{—ul(t—r)} X

0

X A2 Gry (1, 87) + (N — 1) Gryq (T, 1)} (4.47)

Homaras n =0 u smmonnas npeoGpasosanne Jlammaca o (¢ — ¢'),
moJygaeM anredpandeckoe peRypPpPeHTHOE COOTHOUIEIHe

G (p) = go(p) 81,0 + Ag: () {12 Gy (p) +
+ NV — ) Guy (p)}, (4.48)

rae g (p) = g (p + i) ‘
Pemenne ypapmermua (4.48) nmeer Buj KOHEYHOTO OTpe3Ka IemHOM
apobu

Gy (p) = Agi (p) 1<z* K, (p) Gi-1 (D), =1, ..,N, (4.49)
Go (P) = 8o () Ko (P),

i 1
Kz(P)—{—W,

Y= A2 (L+ 1) (N — 1) g1 (p) g, (P)-

Cregosarenso,
Gi(p) = N &' g (p) K1 ()} 20 (p) Ko (p), (4.51)

rge depes {f;}! oBosmaueno mpoumssepenme f;. ..f;7 YaurmBas, w10
CEv (t) S (t, t')>p = NG, (p), Haxopum BHpa)keEHe mIsA MacCcOBOM

dyrKnMn
On (p) = A2N (2% g, (p) Ky (p). (4.52)

rae

(4.50)
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NMonaras (> = ¢*N u mepexogs k mpegery NN —» 0o, TLOIYdaew
MaCCOBY (PYUKUWIO JIJIA TAYCCOBCKOTO MapKOBCKOTO IIPOLECEa

Q (p) = A0?g (p) K, (p), (4.52")
tme Ky (p) — Geckoneunas neanas apo6s (4.50) ¢ mapamerpom
i?l == ;\202 (l + 1) g1 (p) gi+1 (p). (4.50,)

Ilepeiimem Tenmephb K BHYMcIeHuto Bepumnnoll Gynknun. Bapoupys.
(4.47) wo n (¢,), wonarast = 0 ¥ BuimoaHsag npeoGpasoBanume Jla-
naaca mo (t —1t;) um (¢, —t'), monydaeM peKyppeHTII0Oe COOTHOUICHHE

3Gy
(Sﬂ (p’ (Z)—

(. 8G G
= Agi(p)G1 () + g1 (p) <&~ (Py @) -+ (N — 1) =g (P, q>}.
(4.53)
Pemenne ypapmenus (4.53) MOKHO mpegcTaBUTh B BHUMIE
G, AN
57] (p7 ,"‘ T(pv (.7)1 (454)

i=0
T/IC BeJHYuIIa (‘36‘51)/6n V/IOBJIETBOPSIET YpaBHEHHUO

el
o (P, q)=

G(i) 5(;(1/
= A (PG Bre +Neulp) {12 T (py )+ (N — ) 5 (p )} -

Pemenue mociegnero ypapaeansa Hpe;mTaBJmeT co6oil RomedHYIO 1el-

nymo 1pobs

« (i

0G5
om

=AY g, (P! {Lisy (p))!

Tae

(p, 9)=

N g (PG, (9) -

y/ [
T T, L @ — 7P K 1 29

Li@) =1 —v(p) Lia@™ (Lo(p)=1), (456)

a K, (p) ouncsisaetcst gopmynoit (4.50). Mcmoapaysa (4.56) m (4.50),
JeTKO WORa3ath, uto Gyarmun K, (p) u L, (p) cBasamn mesxay coboit
paBencTBOM

1= oL, — Vi K,

L; 2 =K.

1._1 T—=i g Liy — VK, ! (4:57)

i+l

970 TO3BONSET UCKIIOIUTDH (byﬂmum L; (p) n nepenncats (4.55) cue-
oyiomuM 00pas3oM:

5@(1)
o1

(pr ) =A™ Uﬁ_‘” {8 (p) Ki (P)}! 8o (p) Ko(p) Gi(q),




I, ¢ ydeToMm papenctsa (4.51), B CUMMETPHYHOM OTHOCHTENBHO p H
¢ BHIC:

HY
(P D=
i i Nl
= APy —m‘,ii)! Go (p) Go (9){g: () g1 (q) Ki(p) Ki(g)}!.  (4.58)

Cuepopareabro, pasi pexwsunnl 8G, (p, q)/6v MoskHO, COTIACHO

{(4.23), nanmcaTp BHIpaskeHHE
&G y
Ty (P @) = Go(p) I (py 9) Go (@),

rae pepmunnas ¢ynrnus [y (p, g) onpenensercs dopmyaoi

Iy (p7 q)=
N
=A[t+ Y AT M g @ K () Ki(a)] - (459)
i=1

Honarast B (4.09) N = 1, MB Bo3BpamaeMcs K CIAyYaio OJHOTO Teje-
rpadHOTO Tponecca, H hopmyna (4.59) nepexonur B (4.33). Iomaran
teneps <{z*> = 0%//N u mepexofs K mpepeny N — 0o, IonydyaeMm Bep-
HIMEHYI0 QYHRIMIO IS FaycCcoBCKOTO MapKOBCKOTO Ipoiiecca B BHAE
0eCROHETHOTO pAIA

oc

Dipy )= A1+ Y it A% (g (p) i (a) K (p) Ki(a))! | (4.59)

i=1
coflepskamgero Oeckonegnnie wmennbie Apobm (4.50) ¢ mapaMerpoMm
(4.507). Jlma mepmwix 4nena psaga (4.59') TaroBbl: .

I'(p, ) =N {1 + A% (p) g1 (9 Ki(p) Ki(g) + .- )
Ecau rtemeps z (f) — KBagpaT TayCCOBCKOT0 MapKOBCKOTO Ipo-
mecca, TO, MCHOJAb3YA KOHEYHOMEDHYIO allpowrcuManuio (4.45), mo-
JydaeM
N
zy (1) = N (2*> + 2z (t)z,(t). . (4.60)
izt
B aToMm ciydae, wak mokasaHo B JaHHOH TiaBe, ClIe1yeT BMECTO (4.46)
BBECTH HOBHE QYHKIUK

Gy (t, 1) =42, (1) -« 2. (1) S (1, 1)) (Go =G (t, 1)), (4.61)

rme 1=0,1,. . .,IN/2]). (OtMerum, 90 YHRIMA ¢ HEUSTHHIM THCIOM
Z; TOASIeCTBEHHO PABHB Hyxiio.) [l HMX HMEeT MeCTe peKyppeHTHOoe
COOTHOIIeHHe (TPeyroibHoro» THUNA, aHAJOTWIHOe ypaBHeHHIO (4.47).
CiegopaTenbio, KaK MaccoBad, Tak M BeplIUHHAA QYyHKNUA OYAYT
ONMCHBATBLCA KOHEUHBIMH OTpe3KaMH IeInHHX apoGeir tima (4.52),
(4.59). Tlomarasg N (z*) — o* u N — 0o, noay4aeM cooTBeTCTB ylolyne
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BHIDa;KeHHA yike B BHJle GeCKOUEUIWX UenlnX gpoleii, aHaJoTHIHEIX
dopmymnam (4.52), (4.59"). 3tH PopMyNB HMEIT OAMHAKOBYIO CTPYK-
TYpY; TOITOMY Te BEIBOJB, KOTOPHE MOKHO CleaTh JUIA TayCCOBCKO-
ro mpouecca, OYAYT CHOpPaBeAdMBEL M JA KBagpaTa TaycCoBCKOTO IPO-
necea.

lIpu BrrymclieHHH BepIIHIHON GYHKUMHM B ciydae TeixerpadHoro u
rayccoBCcKOTO HPONECCOB MBI CHNOBANH «B JT00» MeTOAUKe, CIIPaBeIn-
BOH J[JIA NPOU3BOJBHEIX HMHTEIpPAJBHLIX ypaBHeHHi. JTo ObIO cpxe-
JaHO ¢ WIIIOCTPATHBHOM Ueablo. OgHako naa ypasneHHs (4.18) mosmx-
HO cPa3y HANMCATH BHpaskenHe AJA BePUIHHHON (YHKIUM, 3Ha A JIUID
peurenne ypasHenua [laiicona. B camMom jese, coriacmo paBencTBam
4.22) u (4.16) nna ypasnenus (4.18) mMeeT MecTo cooTHOIMeEHHS

ALS (1) S (tg, £)) =
== SS dTldT <S (t — Tl F (Tl — tg, to — Tf)) <S( 9 — t,)> (462)

Ilyers Temeps caywaitsbii mpoumece z (f) — gynknuma oT mpouecca
Ev (t), ompenensevoro Qopmynoit (4.45). Torgma pus pacmennenus
KOppeqAnuu B JeBoi 9acTh (4.62) M0/KHO BOCIIONb30BaThCA GOPMY IO
(2.4.5), xoTopas B NauHOM ciaydde IpPHHUMAeT B
(S ty) S (to, t')) =

N

F {2y (fo). o2 (Fo)S(E, to)> <Ba(to) - - - 25 (bo) S (to, 1) (4.63)

=0

Brmonnasa wnpeobGpasopanue Jlamaaca mo nepemenHwM (& — t,) H
(to — t'), moaydaeM paBeHCTBO

/pq—?

L =0

)G (q)s (4.64)

rae QyHRNME Gy oOHCHIBaloTCA QopMysiod (4.46). Cnenoparensro, 1is
pepimunHoil pyukuuu I' (p, g) monxydaeM BhipaskeHne

G (P) G (4) .
— } ) 4.
T g oy T (4.65)

2%

k=0

Tax, ecan B (4.18) z (t) = Ey (f), To dyHRUMH G; (p) OMMCHLIBAIOTCH
dopmyuroit (4.51) u Ml npuxoaum K popmyine (4.59). Ecan ke 5 (1) =
= &% (1), To B cymMe (4.65) 0CTAIOTCA TONBKO YeTHbie MHAEKCH k W
GyHRnMHM G,; (p) ONpelleifOTCA, KaK TOBOPHIOCH BHINE, pemelimeM
ypaBnenus [laiicona. Ilepexon k rayccosckomy mpomeccy OCYMeCTB-
afeTca IpeneiabHLIM mepexomoM N — oo, N (22> — o2,

OcranoBuMcs Teneps Ha HpI/Iﬁ.TIH/{\eHI/IHX HCIONB3YeMBIX 00bITHO
IpH aHaTH3e CTOXACTAYECKHX YPaBHEeHHI.
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ITpesxze Bcero paccMOTPMM rayccoBckuit mponecc. B oTom caydae
Maccopas Gynrnus cBsisaHa ¢ BepimuuHoil QyHKNHeH (opMymoi

Q(t—t)=
= Ao? Sg dtdte (S (t — 1)) T (1 — 1,1 —t')exp{— ot — T}}, (4.66)

rie o6JacTh MHTEIPUPOBANUSA OUPeAeseTcs yCIOBUEM IONOMHTEb-
HOCTH BCeX aprymeHToB. Bemouanss B (4.66) mpeoGpasosanue Jlam-
maca mo (¢t — t'), moayYaeM paBeHCTBO

Qp) = AN* {S>pa T (p + @, p). (4.67)

[putnmsienne Kpeitamana cooTsercTByeT 3armene B popmyre (4.67)
I'(p + a, p) Ha A, a npuGausenne Byppe — eme u samene {S),.q
Ha g (p).

Pemenne ypapnenusi [laiicona (4.20') onmpepnensierca B IepBYIO
ouepedb WOJIOCAMH WM APYTHME CYIECTBEHHBIMH 0Co0enHOCTAMU
Pyurupmm g (p). OGosnaunM oco0yo TOUKY AJIA Hee udepes p,. Tor-
Jla MoskHO mpenefpeusr BceMm WwieHaMu pAna (4.59"), kpome mepsoro,
eCJIM BBITOJIHEHO YCJI0BME

A26® | g1 (po) I* [ Ky (o) IP < 1. (4.68)

Hocronbry ¢yukumm K, (p,) camm comepskar Tapamerp [2 =

= A% | g (po) | % mpm P21 | K, (py) | ~ 1.
Tarum o0pasoM, ecAH BHIIOJHAETCH YCJIOBUE

p? = A%% | g1 (po) 12 << 1, (4.68")

t0 BepmHHHYK Qymrum I (p, ¢) MOKHO 3aMeHHTH BeamdHHOR A.
Onmako, Kak Obio mokasamo Boime QyuRiuus {S), .o Takie copep-
JKUT MaJuii napamerp. [HosToMy B HepBoM MPUOIIKeRMH 10 yKasam:
HOMY IlapaMeTpy

Q (p) = No®g, (p), (4.69)

970 coOTBeTCTBYeT NpubamseHuic byppe. 3ToT pe3yabTaT MOKHO 10-
JYIHTH TaKke ¢ [OMONIBI0 MeTOZA PeHOPMalu3alMOHHOW TPYIIE
[62, 63]. Taxum oGpasom, mpubawskenue I{peffuHana Ausi gaumoi 3a-
fa4d He MMeeT MecTa, B To BpeMa Kak npubmnkesme Byppe spasercs
IepPBLIM NIaTOM B ACHMITOTHYECKOM PAa3j0osKeHUHW DeUeHHA Ho yKa-
3aHHOMY MaloMy mapamerpy. OTmeTHM, 910 ammpokcHManHf Gecko-
HeyHoH 1nemHoil apoOH B (4.52') KoHEYHBIM OTpe3KoM MMeeT rpadude-
CKYIO HHTePIpPeTalMic M COOTBETCTBYeT CYMMHpPOBAHHIO OmpejesieH-
HBIX JMAarpaMM M3 obmero psaja TeopHH BoaMymenmir nxsa () (p).
Takaf MATepIperana fana B paborax [64).

MaccoBasa ¢pyarinus (4.69) p nupubamkenuu byppe B TOUHOCTH COB-
majnaeT ¢ MaccoBoii QyHriMedl Aaa TexerpagHoro mporecca (4.30),
AJIA KoToporo (Tak jKe Kak u Aif obobmentHoro rexerpagHore npouec-
ca) OTCyTCTBYeT Ipo3spadHad Ipaudeckas MHTeprnperanmua. JITa
QyHKIHMsS He coFepsKUT NapaMeTpa %, ToTAa Kak BepIIMHHAA QyHKIHA
nas texerpadHoro uponecca (4.33) ero copepikut. IlooToMy mpu BEI-
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nonmenau yexosus (4.68') I' ~ A, dro coorsercrByer yike o0o0men-
nomy npubnmwenuo Hpeiiananma. AHagormannM of6pazoM obcroHt
fello ¥ B cuayuae oGobmemioro Teierpaduoro upoiecca. B stom cay-
wae yexosua (4.44) m (4.68') coBmagaloT M MojkHO npeHe{pevsr BTo-
PHIM CTaTaeMbIM B HpaBoil wacti (4.43). Maccosas jxe QyHKnuA (4.39)
HOPH OTOM Taks/Ke COBHajaeT ¢ MaccoBodl PyHRimed rexerpadHoro mpo-
necea.

Takum o6pas3oM, 1pH BhmodHenuu ycaoBusa (4.68") nma Beex
paccMaTpuBaeMLIX IporeccoB Beplmumas QyHkuua I ~ A, a Mac-
copasi QyHRIMA COBHmAfaer ¢ TOH, KOTOpadg COOTBETCTBYeT Tejerpad-
HOMY upoieccy.

Brime mMut paceMoTpesu BuBoj YpaBHEHHA A cpepHeil PyHKIUN
I'puna (ypasuenume [laficoma). AunalornunsiM oOpasoM MOKHO HmOJy-
YHTh U ypaBHeHHE AJA KOPPEIAMMONHON QyHKIUM

e, vy vy ) =S, ) S*ry, 7).
Iansi oToro yMHOKMM ypapHenwue (4.1) ma S* (»1, ;) ¥ ycpenHuM 10

amcaMO0JII0 peasusaluit caydaidnoro uond f (7). B pesyasrare momy-
qaeM ypaBHeHHe

I' = 8, (5% -+ S\ S8, (4.70)
Vuurhisas Temeph ypasuenue [laiicona (4.77)
S ={1+<8H O} S,

nogeicteyem ma (4.70) ouepartopom {1 + (S> Q). B pesyusrare
nonydaeM ypaBHeHHe

T = (S5 (5% + (8> {A (fS8*> — QLY. (4.71)
Vpasuenue (4.71) MoKkHO HepenHMcaTh B BUJE yDaBHEHU
e, v vy, )=S0, #)) (5% (g, 7)) -
- Sdrzdr’zdrbdr; (S (0, 72)> (S* (7, 'r'2)> X
X K (g, #35 vg w) T (0, 25 7, 1)), (4.72)
KoTopoe nashBaercs ypasuienmeM Bere — Coxnurepa. @Dynrnma
K (ry, v3; 7, #)) Ia3pBaCTCA ApoM omcpaTopa untencusHoctd. Ilpo-

cTelilmee npuGamskedue AAfA DToTo ypaBHeUUd, Tak Ha3kIBaeMoe «JlecT-
HUYHoe» HWPUGINKEHNE, COOTBETCTBYeT QYyHKUMM K Buua

r) Bi(re, ), (4.73)

K(ry, v5; vy, 1) =08(r:— 1) 0(r,
rae Bj (175, r3) — RoppensuuoHHad QYHKuMA moxs f (7).

Pacemorpum Gosee monpobuo npocTeiililee MHTeTpalbHOe YpaBHe-
uue (4.18), yaopierBopsAwIiee YCIOBHIO IHHAMHIECKOH HIPHIMHHOCTH,
rae z {f) — rayccoBcKmMil O-KoppeJdHPOBaHHBIH cAyYaiineli mpomecc,
T. €. TayCCOBCKMH Ipoiecc ¢ KoppeidAanuoHnoi QyHwiimei

G () 2 (F)> = 20% (t — t').
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Vepeauas ypasuenme (4.18), momywaem pasencrso

l{ \
iy 3N — _t Yy _ 2 _ 0 ’
St =gt — 010 —1) + 30\ drg (= 1) (g ST ),

0

(4.74%)
KOTOpoe ¢ y4eToM paBeHCTBa
éi‘—i”“: Ag(0)S (¢, t) (4.75)
npunumaeTt GopMy ypaBHeHus [laiicona ¢ MaccoBoif pynkiuen
Q (1, 1) = 02\2g (0) 6 (1 — T9)- (4.76)

YpasHenue fas KoppensanuonHoit Gpyrarumu I' (4.71) B pannoM ciay-
qae mpHEEMaeT Gopmy

T(t, ¢ t, 1) =<8, £)0 (S*(t, 1)) +
t
+ S dv (S (t —1) {AGZ[Q(S‘S(;Z(:%; ) g (t1, t'1)> +

0

. O8* t,t’ , , -
+ 28, t)ﬁﬂ)]_wa?g OV T'(v, ; 1, zl)} . (4T

YunrteBas Tenepb GopMyis (4.75) u (4.16), mocnenHsAA M3 KOTOPHX
B JaHHOM ciiydae mMeeT BHJ

38* (1, t)

ST = ARSH (T SH(T, 1),

ypasnenue (4.77) MOIIO IepenucaTh B BULe ypaBHeHHA
Tt t; t, tl) = (S (L, ')y {S*(t, t1)> +

t
£ 2| AP0t [ du(S (t 1) (S* (b DS (3, 1) S* (v, £)>. (4.78)
0

Tenepb yarem T0 00CTOATENBCTBO, 4T0 QYHRIUA S* (¢, 1) pynrnmo-
HAJBHO 3aBHCHT OT ciydaiiHolt Gynwnuu z (T) npm T > T, a QyHKIHRA
S (t, t'), S* (v, t) — Upu T < T H, CICJOBATENLHO, JUISL NGILTA-KOP-
pelupoBaHHOTO CIYyYaifHOTO Tpomecca 2 (T) CTATHCTHIOCKH He3aBHCH-
mel. Torma (4.78) MoKHO mepenmcaTb B BHie 3aMKHYTOTO ypPaBHEeHH

T (t, t; ty, £) =S (2, ) (S* (8, 1)) +

1 .
2| Ao [ de (S (t 1) (S (t, T (T 5 1 ) (>0, (4.79)
[
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910 CcooTBeTCTBYeT ypabHenmo Bere — Commmrepa (4.72) ¢ snpom
omepaTopa MHTEHCUBHOCTH BHJA

K (T3, Ti? To, Té) ==
=2 |A %62 (t—1)) 0 (12 — 13) & (1 — T).  (4.80)

TakuM obpasoM, nis S-KoppeiMpoBaHHOrO mpouecca z (f) JecT-
HUuHOoe npubauskerne (4.73) ABJisAeTCA TOUHHIM PABEHCTBOM.

B 3ario0YeHHe OTMETHM, YTO ONUCAHHBI QYHKIUOHAJABHBIA MO~
X0l MO;KHO IPUMEHAThL M K 3amadaM, ONHCHBAEMBIM HEJIMHOHHBIMH
ypaBHeHMSAMH B 9aCTHRIX IPOM3BOIHBIX ¢ QIYKTYHPYIOMUMH apaMer-
paun. ITpu 9T0M JieTRo HanMCaTh JHHelHoe ypaBHeHHe B BAPHALMOH-
ITBIX NPOM3BOHBIX A XapakTePHCTHIECKOTo QyHKIHOHANA PeIHeHUA
340290 W MCCAELOBATh HTO ypaBHeHHe aHAJOTHIHHIMA MeTofaMu (CM.,
wanpumep, [65]).



PﬂaBaS

YPABHEHITSl B YACTHBIX IIPOM3BOTHBIX
1 KPAEBBIE 3AJIAUM

§ 1. Croxactmaeckoe ypapHenne JlmyBuiias
Wit ypaBHeHuil B JACTHBIX IPOMSBOJHBIX

B mpepsiaymux TIaBaX MB TOBODHIH O TOM, UYTO JJIA Jaboit cu-
cTeMbl oO0BIKHOBeHHEIX pAuddepennuaisHLX ypaBHeHHH, HampuMep
suga (3.1.1):

g, (&) - ]
Jt :Ui(g7 t)J‘_fl(Eu t)v g(o):§07 (11)
i «

MOJKHO BBECTH (YHKIAIO

e () =0 (§ (¢) — %), (1.2)
KOTOPafA Ha3HBAaeTCHA INIOTHOCTBIO BEPOATHOCTEH AJA TPAEKTOPUH CH-
cremir (1.1) u ynoBleTBOpAET AUIEHHOMY yPAaBHEHMIO B 1aCTHBIX HPO-
MU3BOJIIBIX

AL d-i— lw; (e, t) -1- i (e, £)] @i (20). (1.3)

ot

Vpapnenne (1.3) HazHBaeTCA CTOXACTHIECKAM ypapmerueM JImysusi-
as, ecan uoge f{x, t) —caydaiHoe Ione INpOCTPAHCTBEHHO-BPEMEH-
Hoi Toukru (x, ).

Huage nemno ofcToMT B caydae, ROIja cHcTeMa € caMolo Hadala
omucHBaetcs nupdepeHMaIbHEIM ypaBlIeHUeM B 9aCTHBIX NIPOU3-
BOJHEBIX

2
WD 1, g, ) a0 D= (14

at R

B oroM caydae MoLy4MTh ypaBierue jas Qyrriugu

@« (9) =0 (q (¢, ) — 9), (1.5)
mapaMeTpHiecKH 3aBHCAMEH oT [IPOCTPAHCTBEHIIO-BPEMOHHOH TOYRI
(x, ), He Bcerga ypaerca. JT0 MOJKIO CAeNaTh, €CJAN ypaBHeHHe (1.4)
COEPHKAT MPOCTPAHCTBEHHE® IPOM3BOAHEE TONbKO HEPBOTO 1IOPHAI-
ka. Llpeskne 9eM paccMOTpeTs 9TOT caydail, ofpaTdMcsi K dacTHOMY
HpHMepy — JHHeHHOMY yPABHEHHIO NepBOro MopsIka

g (t, @) | At ® /
LBt x)—p = X)q (2, x) (1.6)
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¢ HAa7alabUBIM YCIOBUCM
g (0, x) = qo (). (1)

Hax xopoimo u3BectHo, peilenHe JMHEHHLIX ypaBHeHWi mepBoro mo-
pPAAKAa B YACTHHIX MPOM3BOIHHIX HKBUBAJIEHTHO PEIIEHMIO 00BIKHOBCH-
HBIX AupQepeHAaIbHREX ypaBHeHUd AJIA ero XapakTepueTuk. Tak,
ypapmenue (1.6) ommchiBaeT mepenoc mojeM cKopoctH % (f, &) KoH-
NeHTpanum npuMecH ¢ (¢, «) H BeJIWIMHA, CTOAMAA B JEBOU TacTH
(1.6), ABAseTCS MONHOH HpPOMBBOAHOI HO BpeMeHHM (Iarpal;iieBoif)
or BeamumHm ¢ (f, &), T. e.

dtq(t x) = d[.q(t x) -+ w(t, x)a_q(t_@_- (1.8)

VYpapnenue e fas xapakrepuertuk (1.6) mmeer BuA oOHKHOBEHHOTI'O
aupdepeHIHaIbHOT0 YPAaBHeHHA

L V), VO=ul x), xO)=mn (1.9)

[ ONMUCHBAeT ABH;KENHNe YacTHInI B moiae ckopocreidr u (f, ). Ecau
mnosie ckopoctm u (t, x) B (1.6), (1.9) sABIdercs caydaiiHEM IDoaem
IpocTpaHCTBEIKO-BpeMeHHOH To9kHM (X, ), To cTaTHCTHIECKad 3aga-
1a (1.6), (1.9) onmcniBaer auddysuro npuMecu M TacTHI B CAYyYAHHOM
rnojie CKOpoCTeil. .

Honyanv ypapuemme Jluypmnna pasa (1.6), caegys [66]. Hud-
depennupysa (1.5) mo ¢ u Mcmonbsysa KuHaMHdeckoe ypaBHenne (1.6),
mojxygaeM

00 »(q) a aq(t,®)

= =u(t, x)_—-

PR 6(q(t,w)—9)~v(t,w)%qwm@)-

(1.10)

Ypasrenue (1.10) eme He 3aMKHYTO OTHOCHTENBHO DYHKIHH @ » (q)
6marogapa mepeomy wieny B npasoit dactn (1.10). IIponuddeperiu-
pyeM Tenieps (1.5) mo 2. B pesymnnraTe mMOMYyIHM PABEHCTBO

a dq (L, x)

()= — oS (g 6 @) — . (L11)

CpapnmBasi (1.11) ¢ npasoii wacteio (1.10), Bupmm, uto ypaBHeHne
(1.10) MosHO - mepeumcaTh B 3AMKHYTOM OTHOCHTENbHO (YHRIUH

Pre (9) BHRE:

a(Pt, x ((]) p 0q0t’ 2 (q)
e +u (t, %)—4—’

o

qo:, = (9)-  (1.12)

Idto m ecth ypapHenwe Jlmysmwins anf ypasmenus (1.6). Jlemaa ero
7acTh HMeeT BHJ IOJHOW IpOM3BOAHON IIo BpeMeHH:

_—'Y(t x) dq

d 2 0
g0t = (@) =— 7 X)52 491, «(9)- (1.13)
PacemorpuM reneps, caeny# [67], caydail KBasuauHefHOTO ypaBHEHHSI,
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KOoTopoe 3anuieM TaK:

aq (t, x) dq

dx

=Gt q) gl W=qo(x). (1.14)

Mosxuo pacemorpers tarore caydai, korga F n G B (1.14) sasucar or
%, OJHAKO AJNA OPOCTOTH BHIKJIAZOK MBI 9TOTO fenaTh He Gynem.

Temeps manMcaTh B3aMRHyTOe ypaBHeHHe axfa ¢yurimu (1.5)
#e yaaerca. JlomosxnuM (1.14) ypaBuernem ana pyawumu Vq (7, )

9 aq : 0Fi dq dq e 62(] . oG dq (1 15)
ot dz g oz dw, T dwdx, T dg Oy )
0 7] :
C HAYaJdbIIBIM YCJIOBUEM 'i = M
2T P oy

Beegem gyuRIUI0
Pre (g, ¥) = 0 (g (¢, ®) — q) & (Vg (¢, x) — v), (1.16)

ONHCHBAKIIYI0 COBMECTHOE® pachpefeleHue BepoATHOCTEH MHoJaA
g (¢, ) M ero mpocTpaHcTBeHHoTo rpagmerTa Vq (¢, ). JuddepeHiu-
pya (1.16) mo speMenu u Ucmoab3ysA AUHaMUdecKHe ypasuenus (1.14),
1.15), moxyuaem

op o¢ 0q 09 9 dq d . B
ot T Tag o vy ot dmy 9 —Fit, ui +G (¢ ) @
0 e 61’1 52(1
— o\ UkUthi—daCiﬂzk + —v;,}q) (1.17)

Ypapruenue (1.17) He 3aMKIYTO OTHOCHTENBHO (PYHRIMH ¢« (7, V)
M3-32 HAJHIUA B IpaBoli 1acTH 4jIeHa

o o, o
Fi(t, 0) 5= S5 01w (@, 0). (1.18)
Jaa Vo, » (g, v) nveeM (qudpepennupyn (1.16) mo x)
09 0 9 b (t, x)
—(E— — vi — ovh 0% 0, P- (1.19)

Cnepoparenbuo, Bopaskenne (1.18) momkno mepemmcaTh B TePMHEHAX
TONBKO QYHKUHH @ (¢,V), 8 UMEHHO:

a 0%t o d
Fi(t, o) 3 %@cp,,m(q, v)=—Fi(t,q) 5= — Filt, 9)vi g7 - (1.20)

Honpcrapasaa (1.20) B (1.17), nosaydaeM 3aMKHYToe yPaBHeHHE HJA
QyEBRIEE @ (9, ¥):

7} 7 2

= it ) —G(t, o +

at
p 0Fi -
W{vavi——vk}tp F (t ) z; F (t q)vt ’ (1'21)
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KOTOpoe MOMRNO MMepenmcaTh B OKOHYTATEdBIIOM BHAE TaK:

0Q; (4, V) 0Q; (¢, v) 9 9 }
———+ F(, q)T—{v'ﬁF_EG Pt, =+

4+ %{v [a% (vF ¢ ) — %}} Pt 2 (9; ). (1.22)

Ypasueune (1.22) sBaserca ypapHenmeM JIMyBWAA Aixf HCX0QHOTO
kpasminneiinoro ypasuerus (1.14). HawansaniM yeaxosmem pus (1.22)
ABJAETCH yCJIOBHE

Po,e =0 (o (%) — q) 0 (Vgo () — v). (1.23)
B uwacTHOM ciydae ogmoMepuoro ypaBHeHHS
g |, 0 ,

OMHCHIBAICIIETO paclipocTpaHeHWe HeduHediHo# Bojuw, (1.22) ynpo-

HAeTCH: .
9 9 o I [ 4 4G

(6_t' *FQW) P=vp — WG @45 {U — Ud—q} @ (1.24)

B sawiwdenue oTMETHM, 9TO W HejlHHe{iHOe ypaBHeHHWe 00mero
BHIA

oq 99

cofepsialiee IPOU3BOIHEIS IO & TOIBKO NEPBOT0 HOPAJKA, TAK/AKE CBO-
JUTCHA K MHTETPHPOBAHMIO (PYHKIUH ¢ IO XapaKTePHCTHAKAM

p 0H  oH

T Y Tag T e !
de _ oH d9 _ _ g 4 OH (1.26)
dt T dp e~ 4 ap

Ypasuenus (1.6) u (1.14), nogpoGHO paccMoTpeHHbIE BHINIE, SBIAIT-
cA YacTHRIMM caydaamu ypasmenus (1.25).

Jlerko mamucats ypaBmenme Jluysuwias mna cucrems (1.26), xo-
Topoe OynerT onpefedfATh ILIOTHOCTHL BepPOATHOCTeH B JaTpaH;KeBOM
npencraBaenud. MoskHO ToKasaTb, 4To M B ofmeMm ciaydae ygaeTcd
HEIoCPeACTBeHHO TONYIHTh ypaBHeHHe JIMYyBMIISA A8 DI0THOCTH Be-
posatHocTeit W (g, P, pix, %, t) B ditieposnx nepemenHnx [68]. Ilpn
pToM Heobxopumo BBecTH n (n - 1)/2 HOIMOTHUTETBHBIX HepeMeHHBIX
Dik = Pr; = 0%q/dx;0x;, omucHWBAOIMX KPHBH3HY IIOBEPXHOCTH, OP-
TOTOHANIBHOU K XapakTtepuctukam 2, p. GxeMa BHBOAA TaKOBa.

BregeM mirotHoCTh BepoATHOCTeH

W =10 (q(t x)—q)d(p (e, t)— )8 (P (z1) —p) (127
rie P o3HavaeT MaTpHIy pir. Jlis W momyuaes ypapHeHme

ap, op.q.
Wty 9 Py I TRy (1.28)

at ~ 8q ot " 9p, ot opy, ot
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Huddepennupys (1.25) mo x;, a 3aTeM no z;, MosHO HANTH ypaBHEHUSA
dpi  Opik
at ' dt
Hble OT ¢ IO & TpeThero nopAnka. OgHaKo, CIAH 3aIUCATh BRIpAsKEHUe
OIS BeJIUIUHEL ((?—t -1 % d_di) IV, To omo He GyaeT comepikaTh WpPOU3-
BOJHHIX TPeTheTo NopAaKa, W ypaBHeRue pus VW okasmBaerca 3aM-
KHYTHM. JIMmp B crydae, Korga ypasmeHue (1.25) apasercsa xBazu-
JINHeRHEM, BeauduHa W MosKeT He COfep;KaTh ZONOJIHHETENBHBIX MEpe-
MEHHEIX D ;.

OrMeruM, 4T0 B ONHMCAHHYI BEIIE CXeMy 0e3 OCIOKHenui ymaa-
eTca BKJIOYNTH €llle BeAHUMHY [, y/0BIETBOPAMINY YPABHEHUIO He-

Pa3pEIBHOCTH

, KOTOPEIe, BOOGMIIE TOBOPA, COJICPFKAT HPOUZBOJI-

JLIS BeITUIUH

al | @ oH
<+ (1 d—pi) =0, (1.29)
Tak KaK IpH 9ToM He BOBHMKAET HOBHIX IepeMenHblX, B ToM caydae,
Korga ypaBuernne (1.25) cooTBeTCTBYeT pacnpoCTpaHeHHIO CBeTa B Ma-
J0YTI0oBoM NpuUOIMKEHNH TeoMeTPHUYeCKOH ONnTHKH, Beauuunaa 1
oIpeferseT HHTEHCHBHOCTEH CBeToBOH Boaum (cM. ria. 8, 10). Ecau e
(1.25) — ar10 ypaBuenue I'amuawproma — Axo6u, To I cooTBeTcTByeT
KBaZpaTy AaMIIHTyAbl KBA3UKJIACCHYCCKOH BOJHEI.

UTo6s He 3arpoMoKIATH HM3AOREHWE, PACCMOTPUM B KauecTBe
npumepa ypapaenue 'avunbprona — Hxrofu ¢ TpOH3BOJBIBIM 3aKOHOM
nucnepcuu npu n = 1; Torga

H=aG (p) + U (J?), P=0qx, T =0, UV = Quxx,

a ypaBHEHHA IJIA P U I TAKOBH:
O o ’ . v 2 _ 1
p,=—U, Gpr, r= U.. (;ppr Gpv.
B pesyaprate moxywaem crxepymoiee ypaBHeHHE HJAH BEXMUHMHEL
W (q’ p’ r’ x7 t):
aw ; OW , ow , OW
.6—t+G +(pG _H) aq —U ap

— (" 16" 2 — 36w,
(1.30)

Cayuait reomerpugeckoil onTuryu GyneT paccMOTpeH B AecAToll riase.

Ormerum, aro B ofmem cayuae gis cuctem (1.25), (1.29) momno
HamuCcaTh ypaBHEHUA JIMYyBMINA Kak [ JarpamKeBol HI0THOCTH
Bepostrocteit P (g, p, p, I, , t), Tak u asa ditreposoir W (g, p, p,
I, x, t); 9TH BeITMYUHE], B COOTBETCTBMU C ofyuenubiMu B [67] pesyian-
TaTaMH, CBA3AHK cooTHomenueM P = IW, ciaegctBueM KoToporo
ABIALTCA TO 00CTOATETHCTBO, YTO MOKHO MO YIUTh 3aMKHYTOe ypaBHe-
HUe qiasa (QYHKINK

Wig, p, =, t)=1I(x, 1)d(q(x, 1) —q) 6 (p(x, t) — p),

coBHmagaliee ¢ ypaBHeHHEM JJIA IIOTHOCTH BEPOATHOCTER Jarpamiie-
BEIX I€PEMeHHEIX ¢, P, &.

dx
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§ 2. Crarncrnyeckoe ycpeHeHué

B mpexgmpymem naparpage Gnio moJdy4eno CTOXaCTHYECKOe ypaB-
perne JIHyBUIAA NIA mpocTefmuX ypaBHEHUHE B YACTHHIX IPOU3BOJ-
HBIX — JIHHeAHOro H KBAaSUAHHEeHHOTo. YUHWTHBAH, 4TO YpaBHEHUE
JInyBunns camMo sABiIseTCH JUHEHHEM ypaBHEHHEM B 4ACTHEIX IIPOM3-
BOJHEIX, MO/KHO YCPEIHUTH €ro IIo aHcaMOI0 peaxmsanmuil ayrTyH-
pYIOINX ITapaMeTpoB U, CIe0BATENbII0, MOJXYIATE 3aMKHYTOE ypaB-
HeHHE [UUIA TJIOTHOCTU BEPOATHOCTeH pelleHUsA ypaBHEHWH B 9acTHRIX
npousBogHuX. Tak, naa ypasuenus (1.6) moayuaem mrorrocTh BEpo-
artrocreit P, »(q), yepennss (1.10) no ancambaio moneit u u y, a mas
kBasununeinoro ypasrenus (1.14) maxopum ypaBmenue AIs LIOT-
HoCTH BepoaTHOCTEH P, L(q,?), ycpemuas (1.22) mo amcambio cay-
qaiinnix pyrkuuit F (¢, ¢), G (¢, g). Takoe ycpeanenue, Kak Mhl 3HaeM
H3 Pe3yJIbpTaToOB HPeBIYyLUIMX IJaB, MOMKHO THpOBECTH, eCIu Caydaii-
moie most F (¢, q), G (¢, g) — meawpTa-KOppeAUPOBAHHBIE BO BpeMEHH
WA M OpefcTaBUMEL B Bujie z (1) € (i, ), rae z (f) — mpomeccu Tenerpad-
Horo tuna, a G, F — gerepmunupoBanmsie ¢ynkmmu. PaccMorpum,
nanpumep, ypasrerue (1.12), rme 6ymem cuurate u (¢, x) crygafimnmM
NeabTa-KOPPeAUPOBAHHBIM IO [ HOJEM, ONUCHBaeMHM QYRRIMORATIOM
O (', ©)]. Yepegusas (1.12) mo ancambiaio moisA w, moIyIaeM ypas-
HeHne JUIg WIOTHOCTII BeposTHOCTel pemenus ¢ (¢, x):

P * () 9 S 5 q
——t'dg——“ = =Vt %) 5-qP 2 (0) + O [WJ Pt x (Q)> (2.1)

. YuureiBag, uro

i w 0
S, @) P (== 8(r —2) -1, = (9), (2:2)
MO;KHO HepenncaTh ypaBHeHue (2.1) B 3aMKHyTO# omepatopnoil fopme:
8 8 <7, N
{W vt ) o q} Py o(q)="9, [L d(x — 2 )a_w} P o(q). (2.3)

Tak, ecau w (f, &) — rayccoBcKoe moxe, AeAbTa-KoppPeXrupOBaHHOE IO
t, T. e.

O (2, 1=
t

S at S dwldwgBii (1'1, &La, T) 1‘% (wh T) 1P7 (w27 T)’ (24)
0

|
o] -

To ypaBHexue (2.3) mpeBpamaerca B YOO:
J ]
{a—t + v 2) 5 9} P ()=
(e
— 5 \ dwdoaByj (01, s, 1)8 (56— 1) 52 8 (1 — 202) - Py (9), (2.5)
i i
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ROTOpOE MOKHO nepenutaTs B BHME

a a
{Tt—+v(t, %) 54 Q} Py (g =
Poald | 4 0@ @b b . )
2 Y 61']-

9Ty x'=x

1 o2 .
=7 By (x, x, ) 07,07 (2.6)
Ecau caygafinoe mome w (¢, X) MPoCTPaHCTBEHHO OTHOPOLHO N MH30-
Tpommo, To ypaBHemue (2.6) craHoBHTCA COBCeM mpocToiM YOD:

J 17 1 dth! 2 (@) -
][Tt‘l_\’(t’ ) 5q Q}Pt,x(Q)ZTBiJ(O’ t)W, (2.7)

KOTOpOe B clydae OTCYTCTBHSA 3aBUCHMOCTH QyHKnum v (¢, x) or x
HeTpyAHO pemuTh, OTMETHM, uTO ypaBHenue (2.7) omuchiBaet auddy-
3UI0 LOPHMECH B CAY4YalHOM HOJEe CKOPOCTH.

AnazoragmsiM 06pasoM MOYKHO YCPeIHMTb M YPAaBHEHUE aA () YHK-
nuu ¢ » (1.16), cooTBeTcTByfOmEH pemenno KBasunednoro ypasne-
mus (1.14). Ilpumep takoro ycpeamenms Oymer paccMoTpeHn B CJemy-
fouieM maparpade.

Brmie MBI paccMaTpUBaIH NPOCTeHiNINe ypaBHeHUA B 9aCTHEIX Tpo-
n3BoAnnx. Eciau ske uMeercsa HeTuHellHoe ypaBHENME B 4aCTHBIX IIPO-
N3BOMHEIX, HEe OTHOCAILIeecs K DPACCMOTPeHHOMY THOY (Hampumep,
copepsramee qaens Ag uau 0%¢/0x3, Kar T0 UMeeT MeCTO [IJisA ypaBHe-
unit Broprepca, Hopresera—pge Bpusa umm Hasbe—Crorca), To
HUYET0 HOmo0HOIrO CHAelaTh He YaaeTcs.

Tenepp moHsATHE IOTHOCTH BEPOSTHOCTEH He BCETa UMEET CMBICH,
4 OPEXOIUTCS PACCMATPHUBATH ypPaBHEHHe B BaPHANHONHAIX TPOU3-
BOMHHIX JJIS XapaKTepUCTHUUECKOro (GYyHKIHOHANIA peIleHus 3agadH,
KOTOpoe B 3TOM CHydae UIDaeT POJb CTOXaCTHYECKOTO ypaBHEIIUd
JluyBumis 4 masmBaercs ypapHenueM Xomda (cM., mampumep [29]).
Ycepenaaa moclegHee mo ancaMOIf0 peagusannil CTOXaCTUYECKUX IIa-
paMeTpoB, HOIydYaeM 3aMKHYTO€ yPaBHEHNIE B BAPUALMOHHBIX IIPOM3-
BoguuX. lloryuemHoe ypaBHeHHe [If XapaKTepHCTHYECKOIo (YHK-
nuonaja mpefcTaBiser coboit GeCKoOHeYHOMEPHBIR aHAJIOT ypaBHEeHHH,
COOTBETCTBYIOIMMX OORIKHOBEHHRIM AudPepeHnuanbHEIM ypaBHeHAAM
U KBA3WINHEHHRIM YPABHOHMAM B YacTHHRX IpousBofubix. Ecim ke
HUCXOHOe ypaBHeHUNe caMo sABIAAeTCA IUHEHHBIM, TO HeCYIIeCTBEHHO,
KaKue y Hero mpon3BofiHbIe (HepBoTo uiy 6odee BEICOKOTO MOpPSA/AKA 10
NPOCTPAHCTBEHHAIM TMEPEMEHIRIM); Ba}{HO JHUIIb BRIIOJHEHUE YCIOBUSA
opuuAHHOCTH (T. €., YPaBHEeHHE MOKHO OBITH MEPBOI0 HOPAAKA Ii0
BPEMEHU U I Hero HOJHA CTABUTHCA 3agada Homu). Ecnu yeaxosue
IPUIMHNOCTY HAPYINAETCHA, T. e. MBI umeeM He 3agauy Homu, a kpae-
BYI0 3ajlagy, TO B 9TOM cJydae Hago BOCIHONb30BATHCA TeOpUeH HABa-
PHMAHTHOIO MOTPYKEHNs, CBOAAIMell KpaeBrle 3agadl K 3afagam Homn
ONsi BCOOMOTATENBHEIX YpaBHEHUIA.

OrMeruyM, ogHAKO, YTO A OSHOTO KiIacca fAuddepennuanbHBIX
ypaBHeRull, He Coflep;KAIMUX ABHON 3aBUCHMOCTH OT X, & UMEHHO:

aq aq aq d2q ¢
a—t.+z(t)W=F(t, q, , ) (2.8)

dx ' dx dx
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rie # (f) — BEKTOpPHHIA cnydadimei mpomece, a F — gerepmunupo-
BanHAsg QYHKIUsA, peleHne MOMKEO HPEefCTaBNTL B BHJE

t

a(t, ©)=0(t, 2 — {dva(m), (2.9)

0

rie ¢yuruma Q (¢, X) yHAOBIETBODPsAeT IeTEPMUHMPOBAHHOMY V[aB-
T1eHHIO

jg:F(L Q,”_Q _*Q_ ) (2.10)

at dx ’ ow dx ’

Ilas Takux sajay pasiddble CTATHCTHYECKUE XaPaKTepHUCTHKU pe-
mennsg (2.8) oNpPeeNSIOTCS HEHNOCPEJCTBEHHO IIyTEeM YCpPejHeHU:
COOTBETCTBYIOIIUX BRIPAJKEHUH, MOCTPOEHHBIX IO DEMEeHul0 ypaBHe-
una (2.10). IIpamepsr Taknx ypaBmemuit paccmorperst B [69]. Ilpn
pToM Qynknua {g) GymeT yHOBIETBOPATH BaMKHYTOMY ypPaBHEHUIO,
cofiepiRaleMy OpPOM3BOJHEIe o & BeeX mopAfgKoB. PacemoTpum B Ka-
yecTBe mpHMepa ypaBHemme Dbloprepca:

(%q~+{q —I—z(t)}%:v iy (2.11)

dx?

B cuny pasemctBa (2.9) paa Bapuanmuommodl mpousBopmoil ¢ (£, )
mo z (1) uMeeM

¢

dg(t, 2y @ B o
Ty dz(T) Q (t, x—Sdrz(T))——B(t—r)—m—. (2.12)

0
Ilyere z (f) — rayccoBcKuii Ipomecc ¢ KOPpeJIAIHOHHOH ¢yHKumei

B (7). Yepegmum (2.11) mo ancambato peanusanuit z (). B peayanrare
TOJ yYUM

] 1 4 ] 42
- <+ TH<92> + <z By q(t, 2))=v—7<9. (2.13)
Ucnonpayem pmamee gopmynn § 3 ra. 2:

@@ae gy="{arpe—nfHLD

(g lz; z(7) + m(T)]glz; 2(T) + 2 (D =
= exp {SS dtydTeB (11 — Ta) ﬁ;’m} QG Im (M <gn (D),

165



KoTophie, B cany (2.12), Momno 3apucarth B BUIE

t

B8y q (t, @)y = — SdrB(T) 2 (qt, 2, (2.14)
0
(P (t, )=
|1

= exp {2 S dv (t — T)B(T)grs—;ﬂ} @@ z+m> gt 2+ M) ny—o =

=]

o .t o
:;%[édr(t—T)B(T)] <a—qagv—;ﬁ .

B pesyuaprare ypasuenue (2.13) npnrumaer ¢opyy 3aMEmIyTOTO ypaB-
HeHUs:

G W [Jarensm] gy
n=g 0

t

— {v + S dv B (T)} @, (2.15)

cofep;ramero, opnako, B orimuue or (2.11), mpomsBommele Beex
TOPAKOB,

§ 3. Teopns mupapmanTHOTO TOrpYKeHHA
H CTOXacTHIe(KHe KpaeBble 3aaqn

PaccmotpuM pumammweckyro cmeremy, ommcbiBaeMylo cucTeMoit
OOHIKHOBEeHHEX amddepeRnuaIbubX YpaBHeHu# .
dz, (1)

——=Fi(tx) (i=1,2...,N), (3.1)

ompenenenroit ma orpeske Bpemenu [0, T] ¢ KpaoBmMHU YCIOBUAMI
gy (0) + Ay (T) = v, (3.2)

(10 TOBTOPAIOWIUMCHA UHAEKCAM MPeLIO0NaraeTcs cyMMHpoBanue).
QOynrnun F; (¢, ) GyneM cauraTh CAyYaHHRIMU, a TOCTOSHHEIE MaT-
puusl g, h ® BEKTOp ¥ — [eTePMHEUPOBAHHEIMA BeJIMYHHAMH.

Hasn pumavudeckoit samaan (3.1), (3.2) He BHIONHAETCA YCAOBHE
IPUYMHAOCTH, CPOPMYAUPOBAHHOE B TpeThell IiaBe, T. €. peIeHUe
oToll 3amauu x (f) B MOMEHT BpemeHM { (YHKIHMOHAIBHO 3aBUCHT OT
crydaituex cun £ (t, o (1)) mas seex 0 < v < 7. Boxee Toro, naxe
kpaesnle 3pauenus x (0) n x (T) sBasoTca QYRRUHOHANAMH TOJA
F (1, x). I103TOMy METOIIR alail3a CTATHCTHYECKUX XapaKTepHCTUKR
pemwenus ypasrerni (3.1), pasButsie B TpeThell u werBepToil rIaBax,
K JanHOl 3ajmade He IPUMEHUMEL.

JUIf HaXoKMeHHA CTATHCTHYECKUX XApAKTePUCTUK  pPelIeHHs
samawn  (3.1), (3.2) MoKHO BOCHOTB30BATBCHA TEOpHell WHBApH-
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aHTHOTO morpy:kemua [24]. 3ameruMm, uTo pemenme samaun 3.1),
(3.2) mapamerpuuecku sasucur o1 7 m v, T. 6. x =x (4 7, v). Cnenys
[70], BBemem ¢ymrumH

B(T,v)=x(T;T,v), S, v)=x(0;T,v). (3.3)

Tornma, xar nokasano B [70], Benwaunu B u x (¢; T, v), kKax OyHRIHRN
mapaMmerpoB 7', @, ymoBIeTBopAIOT 3agawe Homnm ’

oR, R )
dT—ﬁTkhlel(T,R):]’i(T,R), (3.4)
R (0, v) = (g + h)ixvg;
ox, (6T, w) | Oz
a7 T dvk hlel (T7 'R) :0’ (35)

z; (4 &, v) = R, (¢, v).

B wactroctu, mosaras B (3.5) ¢ = 0, gas ¢pynuum S (T, v) moxygaem
ypaBHEHUe

as, AN i
-(3T— "}— -_(3_21 hthl (Tv -R) ZO’ (36)

k
$; (0, v) = (g + R vy.

Ypaenenue (3.4) ABAeTCA BAMKHYTHM HeTUReHHEM YpaBHeHUEM
nus R, a ypasnenus (3.5), (3.6) — muneitnsie ypasrenus. CremoBa-
TeAbHO, CTATHCTHYECKUE XAPAKTEPUCTHKW pemleHus sagauum (3.1),
(3.2) MoryT GHITH BEIpAKEHEl Yepes CTATHCTHUYECKHE XAPAKTEPUCTHKU
pemenuil sagau (3.4) — (3.6).

OtMetum, uTo A5 3TOH 3amadu «BXomy u «suxom (O u T) gng cu-
creMbl cuMmeTpuuns. IlosToMy ¥ permermio KpaeBo#t 3amaunm MOKHO
HOAXOMUTh He TOJXBKO co croponsl T — 0, mo u, maobopor, 0 — 7.
Hpu orom pymrmun § = x(0) u B = x(T) Kax 6B MeRSIOTCS MecTa-
MH, T. e. 3aJa4y Jerko mepedopMyJIMpOBATh TaKUM 06pasoM, 4ToGE
dynknus S (a) yrosrersopsama ypaBHenumo 1o @ Tuna (3.4) ¢ mauaTh-
HBIM yCIOBHeM mpu ¢ — I', a caMo pelneHye 3agadd x (f) yIoBIeTBo-
pANo aWHednoMY ypaBmemmio Ttuma (3.5).

Croxactuueckne ypaBmemus tuma (3.4) — (3.6) wusywammer B
B nmpegnnymem maparpade. [lis HaXO0RIEHUA CTATUCTUUECKHX Xa-
PAKTEPUCTUK MX pemeHuil cremxyer NOmMOJRUTEH cucremy (3.4), (3.5)
ypaBHeHUAMU Juaf QYHKnuA OR;/0v;

g OR. %R R, oF, OR oF, 4R

i i i ! mo_ i m
oT ~ov; + G, 9v; it (T, B) + 90, hi 9R, Gv; — OR, ov; ®
oR,
—- | =@+ hi. (3.7)
Vi lt=0
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ITocite ®TOro Mo}KHO HANMCATH 3AMKHYTOE JHHEHIIOC CTOXACTHYECKOS
ypaBHenue JIHYBUIRA Mia QyHRUHM

Q1,0 (R Ty uyi) =

N )

aR (T, v)
S5 H 6(31 (T, /U) — Rz) ) (-’El(t; T, U) — .Zi) ) (—T— — uii) y (3.8)
i, i=1 /

KOTOpoe HMeeT BUJ
0Pp 4 8 oF P oF
d—TT’——i— o {Fz (T, R)’E}f_— uikw?li— _”_‘ij'l»ljikum,j 0Hl }(p:

ol
= — 55~ (T R) @) — T {W; um;cp} - (3.9

Ypaenenne (3.9) caeryer pemaTh ¢ HAYATBUHM YCIOBUEM
Pr,0 (Ryy @55 wyy) = 8 (B — x) or, v (B, uy), (3.10)
rre
N
G, (Rw) = I 80101, 0) — o

i, i=1

4R, (1. v)
J

Ormerun, wro ypasmenwe (3.9) comepsknT mepeMelmbie Z; TOXBRO

B mapaMerpuwyeckoM Buje. Ilostomy dymkums ¢r ., TaKike ynommer-

BopseT ypasrenuo (3.9) ¢ mavaapHbEIM ycaoBuem mpu T = 0, Brite-

KaloUM M3 HavalbHEX yexoBuil (3.4), (3.7).

Has ypasnenus (3.9) yie MoKHO HCOTB30BATH HEIIOCPECTBOIHO
pe3yabTaTH Npenbymux raaB. Tak, ecam QaykTyupyomas €acth
F (i, x) aABngeTcs [eAbTa-KOPPEAUPOBAHHEIM L0 [ IOXEM, TO JETEO
BLIMOJIHUTL yCpefiHeHne B ypaBHenmd (3.9) H HoXyuuTh 3aMKHYTOE
yPaBHEHHe JUIA COOTBeTCTBYIOLIEH IIOTHOCTH BePOATHOCTEH Prp , =
= {@r,»). AHAZOTMYHEM 06pPa3oM MOMHO NOXYIUTH BAMEHYTHE
YPaBIeHHsA M B CIyYasfiX, Korga QIYKTYyHpyoOMmAEe 9YacTH QyHKIUR
F; (¢, x) umewor cTpykTypy 2 ()F; (¢, *), rie z ({) — Texerpadumii
uin oboGuiennniii Teerpadueii npomece, a F; (¢, x) — feTepMunU-
pPOBaHHBIE QYHKOUI,

Ormernm, uro ecau Gpynrunu F; (£, o) B mpaBoii wactu (3.1) aBas-
I0TCA JMWAEHHBIMHA X0 X, TO U pemenne ypasHenuii (3.4) — (3.6)
MOKHO HCKATh Ha Kiacce dJuHeHHHX gymkuuit mo ». Ilpm sTom Mmhr
OpUXOUM K MATPUYHBIM ypaBHeHHsAM PHKKaTu ¢ KBagpaTnunoil we-
IMHEHHOCTRIO.

OtveTnm Tarske, 9TO MBMOMETHAS METOJMKA OUEBUIHBIM 06DPazoM
oGobmiaetes w na cayuwail ypabuenuii (3.1) ¢ KPaCBBIMIT yCIOBUAMH

T
g (0 (0) -+ i (2 (7)) + § dv K (v, o0 (1)) = vy, (3.2)

rae g; (), h; (%), K; (¢, ) — DpoU3BOIBHbIE JeTepPMHHMpPOBAHHbIE
dynknun. s atoro ciepyer BocHONb30BATHCH ypaBHEHIAMH, 00-
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obmaromumMn ypapuenus (3.4) — (3.6) na panmsie kpaesne YCaoBHA.
JTH ypaBueHusa npuefens B [70].

Hponamoctpiupyes H3I0#4eHHYI0 METOANKY HA npocrefmnx 3a-
flavax (IpocTeRWX Mo HOCTANOBKE, HO 1@ IO BO3MOMIHOCTAM pelenusg
HEHDOCPENCTBeHHO «B H0O»).

B xauectse mepmoro mpumepa paccmoTpumyu samawy o B3auMofeii-
CTBUM IBYX BCTPEYHBIX MO B CHydalHO-1I€OHOPONHONR cpefe. 3agaua
OLHCHIBAOTCA CHCTEMOH ypaBuenmi

&y = iogry 4= iz (1) 2y, Ty = —i0gz, — iz () 2,  (3.12)
¢ KPaeBHIMH YCJIOBILAME
2 (0) — Pay (0) = vy, 3, (T) = vy, (3.13)

Kpaesrie yciaoun (3.13) coorBercrByor mauto B3alIMOJIeHCTBHIO
MOJl ¢ 3aTlaHHbIMH 3HAYEHHAMM Ha rpanmmax cpefst (§ = 0), xuGo
B3aUMOJIEHCTBHIO MOX € yelxoBHeM oTpaserus mpu ¢ = 0 (v, = O).

3anauy (3.12), (3.13) Mosmo mepemmcaTs B gopme 3amaun (3.1),
(3.2) ¢

iy - iz (8) 2y 1 —p 00
i =(_ynlon) e=( 7o) v=(5 1) e

B orom caywae ouesmpuo, uro R, (T, v) = v, (B caxy (3.13)), u, cxe-
noBarensuo, u3 (3.4), (3.5) moayuaem ypaBHemnHus

9 . ) aR . .
<7 BT, v) — i (0w, + 2(T) Ry) 627: =i Ry + iz(T) v,

(3.15)
d i 6.Ti

Wl,(t, T, ’U)_ l((OQUz —{-Z(T) BI)W:O
¢ HAYMAJBHHMH VCIOBHAMA

R0, v) = v + By, x; (4 ¢, v) =R, (t, v). (3.16)
B cuny aumeiimocT mexogmoi sajaun pemenme ypaBReHmi (3.15)
MOKHO MCHKATh B BHJE ) .
Bi(T, v) =A (D vy +B(D vy, (6 T, v) =

=Ci(t, Dt D (¢, Thv.  (3.47)

Torpa msa pynruuit A, B, C; u D; moxyuaem 3aMKHYTYIO CHCTEMY
OGBIKHOBEHHBIX AnpdepenuaIbubIX ypaBHeHHH

=100t o) A iz (T) (4 4%, 25— j0,B 4 iz (T) 4B,

dar
(3.18)
dc, an,
—p = i0,C; + iz (T) AC,, —7 = (1) BC;

C HAY9albHBIMUE YCAOBUAMHY
40 =8, B0 =1,

Colt,) =A @), Di(t, 1) =B (D), Co(t, ) =1, D, (L 1) = 0.
(t, 1) (t) (¢, 1) (8, €y (2, ¥) ( )(3.19)
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IIaJIee 3aja4a pemaercs cTaHxapTibiM 1IyTeM. Haitgem, Hanpu-
Mep, cpepnne sHadeHud {x;». Hasa sToro wekawoumm B (3.18) nunei-
HbIe WIEHH U IepelifieM K ypaBHEHUAM, pemienne KOTOPBIX 00 YCHOB-
JeHo ToAbKo ¢uaykryanuamu npomecca z (T'). Ilpegmomaras raycco-
BOCTh U HEAbTA-KOppeaupoBaHHOCTE mnpomecca z (1) mo T, 1. e.
G (T)z(T)y = 20%0 (I' — T'), MoHO BHIIONHUTH yCpEefHeHHE U
HANMCATh YPaBHEHUA HJA CpPeHUX BEIWYNH, COHeprKalllie MOMEHTHEE
¢ynKEnEn Golee BEICOKOro mopsaKa. aa Hodyuenns MeJIeHHbIX H3Me-
HeRuil CPefHUX XapakTepucTHK (Ha ¢omHe GBICTPO OCHUINHP YHOMUX
¢ uacToToil Q = ; + ©, IPOMECCOB) IPU JOCTATOYHO MATOR Beau-
ynaRe 0% yHaeTCA YCPeNHHTh 9TH ypaBHEHHA IO HEPUOLY OHICTPHIX
OBMREHHUM; B pesyXpTaTe IpHUJEM K B3aMKHYTOH cucTeMe JHHCHHHX
ypaBrennil. Pemas 51 ypaBrenus ¢ cOOTBETCTB YIOIIUMY HA9AdpHEIME
VCIOBIUAMHE, HOJydYaeM pellenue 3afauM B BHJE

<y () = exp {iwt — 0%} (v; + Pv, exp {iw, T — o2T}), (3.20)
{xy (1)) = v exp {iw, (' — t) — o (T — 1)}

OrMeTnM, 9TO AJf HAXOKAEHUA BHICIINX MOMEHTHEIX ¢ yRKOUn
pemenus sagaun (3.12) caepyer mHG0 BHAEANTH NeHCTBHTEILHEE
U MHUMEE 9aCTH pelmleHus, 1o mepefiTn K WX aMmiInuTygaM u gasaM.
Taroit mofgxox Mb IpexmpUMeM B CeIbMOH IIaBe W H3YUeHUH Kpa-
eBoil 3amauv AJNA OHNHOMEDHBIX BOJH.

B rawectse mpuMepa mHenmmeHHON 3ajaud PacCMOTPUM FBHUKEHUE
qacTUnl B II0Jie CAYYaHHBIX CHI:

By =2y, iy = [(t, 2 (); 22 (0) = vy, 2 (T) = v, (3.21)

OTmetnM, 4T0 AUHaMH9ecKas cucteMa (3.21) omHCHBAaeT TaK:ke B Ma-
JTOYTIoBOM HpUOAMKeHNN 3ajgady o Auddysmu B caydaitHo-HeojHO-
pomnoil cpepne Nydyed, NPUXOAAMUX B 3afaHHYI TOURY (cM., HAOpH-
mep, ra. 10),

Hnasg sroil 3amaud ouesupmo, uto H,; (T) = v;, a ypaBHeHHsa s
R, B z; mpumnmmalT BuUL

8 aR, ) \
—WRQ—}—R -W;—: (T, Ul), RZ(O):UQ,
) (3.22)
xT.
%xi 7T, v)+ Rga—vz=0, x; (5t v)= R; (¢, v).
Hononnsasg cucremy (3.22) ypasmeHueM fuas Gymrmum 6R,/0v,
8 OR, dR, \2 | R, __0f(T,v) R, .
9T ony + ( vy ) + ay% Ry = avy Y Gry |T=0 0 (323)

M mpequojaras, 9to mojie ciayuafimeix cux f(T, v) — rayccoBckoe
IelsTa-KoppennpoBaHHOe mo 1, T. e.

STy ) J(T + v, 2+ 8)> = 2F (8) 8 (v),
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JeTKO HAOWCATh BaMKHYTOe ypaBHEHHE [IA COBMECTHOM ILIOTHOCTIH
BeposATHOCTeN pemenuit ypapmenuit (3.22), (3.23)

Pr, o (R, u, %) = {8 (Ry (T, v) — R) a(’;’fj — u) 8 (6T, v) —x) > »

KOTOpoe uMeeT BUJ

P ap 8 op 2P 92p )
rge mocrosmneie D = F (0), B= — %— Sy’ Ypasnenue (3.24)

CIe[(YeT pemaTh C HAYANbHEIM YCIOBHEM
Pro (R, u, x) = P (R, u) § (R — x) 8 (v, — z),  (3.25)

rie ¢yurnus Pr (R, u) Taxe YHOBIeTBOpHeT ypasuenuio (3.24)
¢ HAYaJABHHIM YCIOBHEM

Py (R, u) =6 (R — 1) 8 (w). (3.26)

OTMeTHM, d4TO mepeMeHHAs i ABAFETCA «IMIIHEID nepeMenHoOR
B afade. Ona Gmaa meofxonuma nag TOJY4eHUA 3aMKHYTOTO CTATH-
CTHYecKOoro onucanusa cuctemsl (3.22). Temepsr MBl MoeM ee HCKIIO-
quTh, UATerpupys (3.24), (3.25) u (3.26) mo u. B pesymsraTe moJy-
daeM ypaBHenme jus ¢ymriuu Pr, (R, x)
0Py, *?Py
vy

a
WPT’@(R,fE)“{“ R
¢ yeaosuem P, , (R, x) = P (R) 8 (R — z,) 8 (v, — x,), rie gynx-

was Py (R) yrnosmersopser ypaBreruio (3.27) ¢ yemosnem P, (R) =
=0 (R — v,).

Beeniem xapakrepuctuweckyo ¢ymrmuo

. Drp (0, 0, ) = {exp {ixR + ioz, + iwyZy})>,  (3.28)

KoTopas, coriacuo (3.27), ymoBIeTBOpAeT YpaBHEHUIO

oD . o2

¢ HAYAXBHBIM YCIO0BHEM
Do (x, ©1, @) = exp {iow} @ (0 + @), (3.30)
a g QYRKIUU @y, (%) uMeeM

o . 2 — ivm
T—LWQP—D%2({J, Qo v == €70z, (3.31)
Pemenue ypasmenus (3.29) ¢ yeaosuem (3.30) umeer Bup
D7, » (%, 01, ©3) = exp {imlvl —D [%2 (T —t)y — %y (T —£)2 +

w?

+ Tl (T — t)3 :|} P [% —]— Wg — (0, (T — t)], (3.32)
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riie Gyuxuwmsa ¢ (%), ynosaersopsomasn ypasuenuio (3.31), pasma
®; (0) = exp {inv, — Dn?t).

ITonaras Temepns B (3.32) » = 0, moxygaem A cOBMECTHOM xXapakre-
pucTHdecKoll QpyHKummHE pemenns 3agaun (3.21) Bipaskenue

D7 o (01, 02) =exPp {i012y (t) + i0yzs () =
. . Do} ,
=exp {01 (U1 — v (T — t)] + iogry — —3——(T — 1) —

— Dt oy — oy (T — t)]Z} . (3.33)

TaxkuM o6pasom, coBMecTHOE O[HOTOYEUHOE pacipejieJieHIIe BepPOAT-
HOCTel /A Benuuny z; (f) U z, (f) OKa3kBaeTCsA rayccoBCKHM. Takoe
e pacupejielieHne BEPOATHOCTeH HMeeT CTaTHCTHUECKAS 3ajada

i.l == Xy, 1\2 = f (tv 0)1 Zy (0) = Uy, zy (T) = V1. (334)

Hpyrolt moaXox k paccmarpuBaeMoil mpoGueMe IpeJIoKeH B pa-
Gore [71], rne mpoananmsnpoBan Taks ke BOIPOC 0 BOSMOMKAOL He ejH-
CTBEHHOCTH PeNIeHHs KpaeBoil 3aja4u, 4To MH He IDHHAMAH B pacyer.
OtMeTHM TONBKO ChleAyoOiee, BaykHOe, HA HAUI B3TJIAN, 0GCTOATEND-
CTBO.

Hak Mbl roBopuin B WepBoil 9aCTH KHHTH, JelbTa-KOpPelapoBan-
HBIX IIPOIIECCOB B HpHpoje He OHBaer, W ANNPOKCUMAIHA (TyKTyH-
pyomux mapaMeTpos [elbTa-KOPPeIHPOBAHHBIME IIPOIECCAMH MOFKeT
ObiTh obocHoBama qua 3anaur Komu., Eeam skxe uMeeTcs KpaeBas 3a-
flada, 10 QAYKTYHPyON(He HapaMeTPhl MOTYT 06JafaTh, MOMAMO J[H-
HaMU9eCKOro paguyca KOoppenAlH, TAKXe XapaKTepHCTHKAMI, CBsf-
BaHHBIMH C pasMepoM CHCTeMb (HaIpuMep, BoJHA, Hafalomad Ha
3epKajio, IoCke OTpaskeHUs TPOXOHUT Uepes Te ke HEeOIHOPOLHOCTH).
B oarom ciayuae ycmosme memnTa-KoppeampoBammoCTH HapaMeTpoB
Hajlo OHUMATh Kak ycaoBue nia sajaun Homu rteopnmu mmsapumarnt-
HOTO IOTPYKEHHS,

Teopus maBapuanTHOro mOrpyiKeHHs Mower GWTh OuYeHB d(pek-
THBHBIM alapaToM I IpH aHAJH3E CTOXACTHUECKMX HHTErPAIBHHIX
ypaBHenuii *).

Iycrs mMeercs croxacTHuecKoe HATErpaibHOE ypaBHEHHe I
oynxnuu T'puna

2
Gt t)=g(t—to) Laldigt —1)z(v)G (. t,), (3.35)

0

rae 0<Ct, ¢y < oo, g(t—t,) — neTepMHEHpOBAHHAA QyHKIHSA,
a z(f), KaK U paHee,— rayCcoBCKHIl O-KOppeXHUpPoBaHHbI Hpouece
¢ IapamerpaMn

G B> =0, <z(t)z#)> = 20 (t — ¢'). (3.36)

*) Hmxeciegyomue pe3ynbTaTH HONYYeHE COBMeCTHO ¢ . VI, BaGKuHEM,
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Xapaxrepnoii aeproit ypapnenns (3.35) aprserca OTCYTCTBHE YCJIOBU S
JIHHHMH‘IOCKOﬁ OPUAYAHIIOCTH.

OGBraHo Ipu HBYUEHHU CTATHCTHUECKIX XapaKTepPHCTUR pemenus
(3.35) ucmonsayiores upnbamkenna Byppe nuaa ypabnenns Haiicona
I JecTHuunoe upubnmkenme mus  ypasHenus Bere — Commurepa
{cm. ra. 4). Jlna paumolf sajatiu cpejHee 3HaveHIe ¢ymaruun I'pruna
B mpubiamuenuu Byppe ynosmzeTsopser ypapHeHHio

(Gt ta)y =g (t —to) -+ 2Dg (0) { dv g (t — v) <G (v, 1)), (3.37)
0

Trne BBefien Koapdunment pupdysun D = o202

Pacemorpum wacrumit caywait ypasmemus (3.35) ¢ GwicTpo sary-
Xatomelt pyunknmeir g (t) = exp {—o|t [} u BuGepem Touky pacmo-
MOIReNHA UcTounnKa ¢, = (. Tlpu srom ypasuenua (3.35), (3.37)
OPpUMYT CHenyoIquid BH:

Uty=e=t 4 afdvea z()U (v), (3.35')
0
(U (t)y = et -+ 2D { dv ettt (U (), (3.37)
0

e 0 <Ct<<oo, U(t) =G (¢ 0). Pemenne ypasmenua (3.37')
BHIJAMUT CIEIYOMEM 00pa3oM: :

Wy =24

exp{—At}, A =a(a—4D)>0. (3.38)

Hepeiinem Temeps K Tod4HOMY pemeHmio 3anadir. Jasa aroro ecre-
CTBEHHO BOCHOJTBH30BATECS TEOPHeH HHBADUAHTHOrO IIOTPYIKeHIA.
Pacemorpum  Bmecto (3.35) ypasmemme

T
Gty T)y=g(t —t)) +a Sd'cg (t—1)2(7) G (7, te; T), (3.39)

Tne peenen «mapamerp morpyskenns»y 7'. Pemrenme ypasmenus (3.35)
COOTBETCTBYeT IpefteisHOMY mepexony I' — oo. Ilycrs B ypaBHemmm
(3.39) ty = T, Torga B caydae 3KCIOHEHIMATHHOMN byrrnuu g (1)
BMecto (3.35") momyuaeMm ypasmenue

T
U@ D=eaT0faldieaazm) U, ) (0<t<T). (3.40)
0

Pemenue crarmeriraeckoit samawn (3.35"), B cmry cranmomapHOCTH
nponecca z (f), CBA3AHO ¢ pelIeHHEM ypaBHEHHS (3.40) pamenmcTBOM
U @E)y= lim <UET)> (T —T=1). (3.41)

t, T
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Ormerum, uro ypasmenie (3.40) skpuBanzenTHO KpaeBoit 3ajgade

o — [l — 21U,

aU (1) U’ (T)= 20, alU (0) — U’ (0)=0.

(3.42)

Temeps Mo;xHO, BooODIe ToBOPA, HCIHOAL30BATHL H3JIOMEHHYI0 BEIIC
MeTO/MKY, IPUTOHYIO A/IA aHAJIU3A CTOXAaCTHUECKHX KPaeBRX 3a7ad,
ONHCHIBAEMEIX OOBIKHOBOHHEIME nuddepeninaIbUEME ypaBHeRUAMH.
Onnaxo B jJamHOM ciydae ynoOHee HCXONUTL HEIOCPEICTBEHHO U3
ypasrerus (3.40). HNupdepenunpys (3.40) mo T, momydaem wmre-
rpajgbHOe ypaBHerHe Nis Bexmuunwn OU (¢, 7)/0T, pemenue KoToporo
¢ mcmorbadoBanmeM (3.40) Mommo mpencTaBuThL B CiaeNyOIEM BHIE:

WD GBIV GT), UE=R).  (49)

3necs R (1) = U (T, T), n1s 9Toif BeJIMUAIIE HMEETCA HETET PAThIIoe
ypaBHeHmne

T
R() =1+ aldresT02(0)U (x, T). (3.44)
0
Huddepennupys ero mo 7', maxomum ¢ yuerom (3.43)
AT — 20t — R(D) +az () R*(T), RO)=1. (3.45)

Taxum o6pasoM, pelreHize HCXOJHOr0 WHTErPATLIOTO ypaBHEHHA
(3.40) cBopmres K cucreMme ypasuenmii (3. 43) (3.45). ¥Ypasuenie
(3.40) me obmajaer cBoHCcTBOM AMHAMHUECKOi IPHYHEHOCTH, TAK KAk
ero pemenue U (¢, T) Apuasercsa GyHKImOHATOM Ipomecca z (T) mis
0 <1< 7. VYpasuenua (3.43), (3.45) ymopreTBOPAIOT YCIOBUIO
OPUYHHAOCTH, NOCKOJBKY [ HAX pemaerca 3sajada Howmmm.

lamee 6yneM neiicTBoBarh cTammapTaM obpasoM. Ilyers o — reii-
CTBUTENbHASA BeIHYHHa. PaccMOTpUM ILTOTHOCTH BEpoOATHOCTeH NI

U, 7T)n R (T):
Pr(U,R) =8 (U (t, T) — U)8 (R (1) — R),

rje ycpejHenHe IIPOBOXHTCA IIo aHcaMOII0 peasH3anmii Iporecca
z (8). Maa Prp (U, R) moxrydaem ypasuenme Jiinmreitma — Dokkepa

0P (U, R) E P ‘ 8 E 12
— =[5V 2W(1—3)JPT+D[W+TRRZJ Pr
(3.46)
C Ha4YaJbHLIM YCJ/JIOBHEM
P, (U, R) =8 (U — R)P, (R), (3.47)
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rae ¢pyukums P, (R) Apagercs IJOTHOCTLI0 BEPOATHOCTOH N BeXU-
garH R (f) B yloBIeTBOpACT YPaBHEHHOIO
3P, (R)

7] 7] 7] ;

¢ HadaabHnM yexosmem P, (R) =0 (R — 1).

CreoBaTenblo, CTaTHCTHYeCKasa B3amada mJisf ypasuenusa (3.40)
mojHoCTBIO ommcaHa. Ilepexon k sajade (3.35') ocymecrnasercd, Kak
ropopugoch BHme, upi f, I — oo, ecam (T — f) — PpuKcupoBaHHAA
pexmunua. OpHaKo, KakK Ierko BUAeTh, ypasuenue (3.48) He nmaer
CTAIfHOHAPHOLO PaCIpefielieHusA BePOATHOCTeH U, CleoBaTeNbHO, BCE
CTAaTHCTHYECKHE XapakrepucTur: pexudunsl U (t, 7') mpu aTOM IIpe-
AEIALHOM IIEPEeXOMie CTPEMATCA K 00, 4TO II0XHOCTHIO IPOTHBOPEIHT IIPH-
Oamskennio Byppe (u JecTHHIHOMY IpPHOIHKEHHIO NI ypaBHEHHA
Bere — Coamurepa). Co craTucTHdeckoil TOYKM 3pemHsA ypaBHCHHE
(3.35") BeccmuicaenHo.

B cayuae, Korjna BeqmumHA o0 =— Y — ix KOMIJIEKCHA, ypaBHeHHeE
(3.40) omucriBaer 3amady o IajeHUH IIOCKON BOJHE Ha CJO# offHO-
MepHoil cAydaitHo-HeoqHoponHoil cpentl. JTa 3ajgada Oyser moypobHO
paccMoTpeHa B cepbMoit rirase. Ilpm aToM cymecTBoBaHue pelleHuA
samaud (3.40) (B cTaTHCTHYeCKoM CMEICAeE) 00yCIOBIeHO (KaK Mbl YBU-
NEM HUKE) TeM, 9TO HMeeTCs CTAMOHAapHOe pachpejeleHHe [IA KO-
spdunuenTa orpaskeHUA BOJHE OT CAOA CPENHL.

Ha sToM MH 3axamdupaeM HM3JoMeHwe 00Mme#l TeopHH CTOXacTHIC-
CKUX ypasHeHHWH ¥ IIepeXojAM HeIoCPeNCTBENHO K M3IOKeHHo (-
3MYecKoil mpobiaeMb — BOJNHH B CaIyd4adHO-HEOLHOPONHBIX Cpenax.



T"'masa 6

CTOXACTHYECKNN ITAPAMETPHYECKUI PE3OHAHC

§ 1. Upnénmxenne Aeabra-KoppeInpoOBAHHOLO
cAydAHHOTO TpoInecca

IIpososkaM  paccMOTpenHe HpHEMepa o IapaMeTpHIECKOM BO3-
Oy#aeHHd KolxeGaTe bHONW CHCTEMH 3a cdeT PIYKTYalHil HapaMeTpos,
LaYaToe BO BTOPOH I'raBe. [[nHaMudecKas 3afada OMUCHIBACTCA CHCTe-
Mo#l ypaBHeHUI

¢ =y, §=-—wg— ozl z0) =z, y0) =y, (1)

rae z (f) — crydaitHas QYHKIUA BpeMeHH.

HKar yxasmBazock Bo BTopoil riase, nTo — mIpocTeiimias samaua,
He [OLYCKAmas 3allMCH pellleHMA B ABHOM Buie. B To e Bpems
9Ta 3a/1a9a BOZHUKAET €CTeCTBEHHEHIM LIyTeM Bo MHOTHX objacrax ¢u-
3WKH, €€ PEINeHHI0 MOCBAINEeHo G0XbIIoe KoTHdecTBO pabor.

YpasHenue I8 COBMECTHON ILTOTHOCTH BEePOATHOCTEH BeJIUYHH X
0 y WMeeT BHJ OMEePaTOPHOIO ypaBHeHUA (JUIA [KedbTa-KOppeTupoBaH-
HOTO Hpormecca z (£)):

P, (z, y) P, ap,

2
=Y ox 1 0oz ‘

ot oy .
. 6 -

+ 01 [ ] 8 ) — 80 — ), (1.2
rie O, [v (1)] — morapudm xapakTepucTHIecKoTo GYHKIMOHATA npo-
necea z (£).

YUHTHBAA paBeHCTBA
dr(f) by ey 2
O = 0, S = T O (t), (1.3)

BRITEKAIOMUe H3 TEAaMAYecKoit cucremnl (1.1), momydaem
i) ad
Tz 0@ @) =) 8y (?) —y)= méxﬁa @@ —2)8@y ) —y). (1.4)

Crenobaremsno, ypasnenue (1.2) cTAaHOBHTCA 3aMKHYTHIM omeparop-
HHM YPaBHCHHEM:

P, ar, . 0P, . [ @l p)
A T 7 + 0 [—l xW]Pt(xvy)' (1.5)

Jisa rayccoBCKUX KeIBTA-KOPPETUPOBAHHHNX (IYKTYaI it GyHRNEOHAN
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O, pasen
3

Ol (@))=—o\dtrr(r)  (G(t)z(t)> =20%(t — 1)), (1.6)
0
a ypasmerme (1.5) upunnmaer sup YOD:

oP, P s 0P, 2 4 s

0P
—_—— = L Wgd —— 1 0“aX t
En T Wo ay T 0

oy*

(1.7)

Jnd OyaccOHOBCKUX [elbTa-KOppeaupoBaHHBX (uyRTyanui ¢ynk-
moHaZ O, BHIrIARWT caexyiomuM obpazoMm:

ox

{ -5}

Olv () =v\dv § depElexp i (r)y — 11, (1.8)

—0

a ypasgenue (1.5) npespamaerca B ypasmenne Hoamoropopa—®Den-
gepa:

P, P, s 0P,
ot Y Tl

e~

+v { @Ep@ Py + 0l — Pa ). (19)

—00

+

oy

Bepnemcs temeps k obmemy olepatopHoMy ypasuenumio (1.5).
13 HeTo MORHO MOXYUUTH BAMKIYTYIO CHCTEMY YpaBHEHHN 11 MOMEH-
TOB J1000T0 mopARKa. ITO CBA3aHO C TEM 00CTOATEIBCTBOM, UTO B OLe-
pPaTOPHYIO YacTh ypasHeHusa (1.5) mepeMmenHbie BXONAT B BHUiE OJHO-

pouiiof KoMOMHAME T 5g+ KOTOPAA He LOBLINAET IOPAJKA paccMa-

TpuBaeMoro MoMeHra. I{ak oTMedasoch B IIpemsymieii Ioame, aTo
ofmee cBOMCTBO BCEX NHHEHNKX CHCTeM. BoJce TOTo, B ypaBHOIIHA
JAA MOMEHTOB BOIJYT TOXbKO KYMYIAHTH Opoiecca z (¢), HOPANOK
KOTOPLIX e IIpeBHOIaeT MopAaaka MoMeHTa. B caMoM jeme, pasiosxeniue
dyBruuonana @;[v (¢)] » pay Teitnopa naa gespra-KoppeTHpoBaREIX
$ryrTyauuit, coraacHo BTOpO#l TaaBe, WMEET B

e~
.1

O =Y o K (V" (1) (1.10)

Nn=1

rne BenwduHa K, (f) ompefesnsier KYMYJIAHTHYI0 QYHKIUIO R-T0 IIo-
pAgka. Ecam momcrasurh pasnoskemme (1.10) B ypasuenme (1.5) u
HaIIHCATh YPABHEHUS IS MOMEHTOB, TO KajKjoe HHTErpHpOBaHUE IO
9acTAM IOHH3UT cTelneHs ¥y na efununy. Taxum oOpasoM, canmmrit
AAMEAHI oTpesok psapa (1.10), koropmit mpunuMaer ydacrue B 00-
Pa30BaHUH YPaBHEHUH JIH MOMEHTOB, COOTBETCTBYET CTEIIEHW BeNH-
9unn y. CnejoBaTesbHO, B ypaBHeHHE [UIA CPENHMX BEIWYHH Boiiger
KymynraAET K,, B ypaBHEHHS HAf BTOPHX MOMEHTOB — KYMYJISAHTH
K, u K, u 1. 1. JTo 03Ha4aeT, 9T0 €CHH MHTEPECOBATHCHA TOIBLKO
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ypaBHeNnAMR [AJIA MOMEHTOB, TO HeT HeoOXO[UMOCTH 3HATH pacupe-
AereHHe BEePOATHOCTEH [@nA (ayKTyauil napaMeTpoB, a JOCTATOTHO
SHATE TOABKO OIpENe/eHHHe KYMYJIAHTH npouecca z (1). Hak ykass-
BaioCh B § O IT. 3, 3T0 BO3MOKHO TOABLKO B ciydae, KOTJA CTOXACTH-
YeCKasa CHCTeMa ypaBHeRAWN mMeer BH) JHHCIHHON CHCTEME:

dx,
d—;-‘——-Aij.’Zl;—}—Z(t)BijIj, .X'(O):,TO, (1.11)
U CYMECTBYeT CTelleHb MaTpuil B TakKas, 4to
B" =0. (1.12)
Tax, nas pacemorpennoi Buime cucremsr (1.1) Marpuna B umeer Buj
|0 0
B—= — (07 1 U“

g, Tak Kak yske B® =0, B ypasmenme nua {z>, <y> Boiiner aump
IepBHI KYMYJIAHT Iporecca z (f). AHalormanbiM oGpasoM, eciH MEL
BBEJeM BEKTOp

Ay =Y  (k=0,1,..., n), (1.13)

10 H3 cucreMsl (1.1) g mero mosydaeM croxacTHYeckoe ypaBlieHHe
dA

e =hA— 0 (= k) [+ 2 ()] A (k=0,1,...,n), (1.14)
9T0 COOTBETCTIBYeT 3amucu cueTeMsu (1.11) ¢ marpumeit
Bij= — wp(n — i) 8; j1. (1.15)

Ogesupno, 9r0 maa matpums B;; (1.15) B*+1 = 0,

Wrax, manumeM ypaBmeHUA IS HePBLIX MOMEHTOB PENICHWS CU-
cremur (1.1), cumras, aro K, =0, K, = 202, [[1a cpeguux sHade-
Hai r () ¥ y (f) DomydaeM cHCTeMy ypaBHEHHIl

S @O =W~ (Y (1)) = — 0¥z, (1.16)

COBIIafaOMyo ¢ cucremoir (1.1) B ciaydae oTCyTCTBHA GIYKTYAIHiA.
ycrs, nampuMmep, HadaabHEC YCHOBHA A (1.1) wumernT BHJ

z(0) =0, y(0)=1. (1.17)
Torma pemenme cucremur (1.16) mmeer Bug
(z(t)y=——sinwpt, (y(t)> = cosayf. (1.18)
0

Bropre moMenTh Beamunu z (1), y (f) oOHCHBAIOTCA CHCTeMoit ypas-
HeHu

@ =2 <ayy, (ay)> = — af 2,
P =— 20 <zy)> + 202wy <32 (1.19)
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¢ HA9aJIBbHLIMUI yciaosuAMHA
(¥ = ayd = 0, yP> =1 mpmt=0. (1.20)

CucreMa ypaemenmmii (1.19) mpu ycmopmax (1.20) merko pemraercs.
Ecau mpu atoM cumtath, 4To B 3ajade MMEeTCH MAmil IIapaMerp,
CBABAHHKN ¢ HATEHCHBHOCTHIO QayKryaudit z (1), c*w, << 1, 10 ee
pellenue, ¢ TOYHOCTHIO J10 WIEHOB MOPANKA 02@,, WMeeT BHI

2,2
Gu)ot

0= e fon o —asn [ 25

X [cos 2wpt - %02000 sin 2w0t]},

2 2t
{x(tyy () = ! {2exp{—c—ij°—}sin2mot 4

4w,
s202 |

-+ 620, [exp {0203t} — exp {— 20 { cos 2(not]}, (1.21)

2 = 2ty b _ﬂ
<y (t)> 2 exp {O th} 79 exXp 2 X

X [cos 2wt — TT 02w, sin 2@)01?] .

Taxum obpasom, pemenme cucremut (1.19) comepsknr pacrymme co
BpeMeneM 9IEHH, YTO COOTBETCTBYeT CTATHCTHYECKOM ITapaMeTpHde-
CKOHl pacKaduKke nuHamudeckod cmeremer (1.1) sa cuer $paywryammit
napamerpos. B cayuae craOux ¢uykryamuil HHKpeMeHT HapaCTaRUs,
kax BupHO M3 (1.21), pamen

b = o%a} (0%wo < 1).

OtMernym, 9r0, Kak caenyer u3 Bhipakenus (1.21), pemremue craTu-
cTudecKoil 3afaqn (1.1) mMeer iBa XapakTepHLIX MacIITaba H3MEHEHU

spemenu: ¢, ~ 1/@, # ¢, ~ 1/0%w;. Tepsrii Bpemenmoif MacmTad
COOTBETCTBYET Iepuony kofebanuit cucreMsr (1.1) B ciyuae oTcyTeTBHA
¢payxranuii (1. e. mpu z = 0) (GricTphie mpoeccH),-a Bropoil cBABaH
C IoABAEHUEM MeNJNeHHBIX HM3MeHeHHH CTAaTUCTHYECKWX XapaKTepu-
CTUK, 00yCHOBIEHHHX HaTHIHeM GAYKTYanil (Me/IeHnbe IIPOLIECCH).,
Ipu arom t,/t, = 6*w, <€ 1. MoskHo TmoCTpoOUTH MPHGAMIKEHHNIH Me-
TON, OCHOBAHHHIA Ha MaZoCTH HapaMerpa t,/t,, Tak Ha3HBaeMBIi
ABYXBPEMEHHO® MeTof, IO3BONAIMHN HOXY4aTh BHPAKEHHA THlla
(1.21) memocpencrsenno, He mpumferas K COCTABNENMI0 X pPeNICHHIO
cacreMul ypaBHeHH# tmma (1.19) (cm., mampumep, [72, 73)).

Jlas moTydYenns MeNNEHHBIX MBMEHEHHH CTATHCTHYECKHX XapaKTe-
PHCTHK Tpomecca z ({) MOKHO MCKIIOYHTS GHCTPLIe NBU/KEHUA, yCpei-
HAA COOTBETCTBYIOIIME XapaKTePUCTUKH [0 BPEMEHH, CBABAHHOMY
¢ mepuomoM OHCTPBIX jBwkeHHH (B naHHOM caydae I = 21/@,).
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Ofosnavas Takoe ycpejllenHe TUILIOK, MMeeM, HallpuMe
y y

(2T ()Y = —5 eXp {020t).
,

“To

Bemmunmma <{2? (t)) npu atom ne ofs3aHa yHOBIETBOPATH HAUAIbHEIM
yeaosuam (1.20). Ecau Brimounrs B cucremy (1.1) numeitnnoe rpenue,
T. €. PacCMOTPETh MUHAMHYECKYI0 CHCTEMY BHIA

dx dy

=Y =2y —oll+z(t)]z, (1.22)

TO COOTBETCTRYIOIAA CUCTEMA Y PAaBHENHI /1715 BTOPHX MOMEHTOB 6ymer
BEITJIAIeTh TAKUM obpasom:

Gty = 2 {ayd,  (ayd = <y — 2y <zyd — of (22,
Q= 4pyB>—2a05 {2y + 20%wh (2.

Bynem mcxars pemrenne, mponopiuuonansroe exp {At}, Torma coorBer-
CTBYIOIICE XapaKTepHUCTHIeCKOe ypaBHEHHE JJIfA A IIPHMET BUJ

AP L BYARY) + 4 (0F + 2920 - 465 (2 — o%el) = 0. (1.24)

(1.23)

Rax nssectHo, HeoOXxopumble U [0CTATOMTEE YCIOBUA YCTONIHBO-
CTH, T. €. OTCYTCTBHE IOJOKUTETHHEBIX BEMECTBEHHHX 4YacTeil y Kop-
meit Ay ypasrenna (1.24),— osro ycaosus Payca—IypBuma, KoTopuie
naa Kybudeckoro ypasHenus (1.24) okpuBasenTHH HepPaBEHCTBY

0 < 2v/ @, (1.25)
Taxum obpazom, upu mapywenuu ycaosusa (1.25), T. e. mpu
2y < 0wl (1.26)

HMeeT MecTo napaMmerpuieckoe Bo3Oysuyenne cumereMn (1.1).
Bonee momnoe nccreposanme 3anadm IoKa3kBaeT, 4To YCJIOBUA
IapaMeTpUIecKoro Bo30Y:KeHHA cHCeMB OYAYT paSHLIMH IS pas-
HBIX MoMeHTOB. Tak, mampumep, ycxopHe BO30Y;KACHHA YETBEPTLIX
MOMeHTOB «cjiafee», dem (1.26), m nmeer Bma (cm., maupumep, |[38])

w2 - 3y?
0 > 2y 0

30 24 6y

(1.27)

OrmeruM, uto ypasrenusa (1.16) u (1.19) Moskuo monyumrh u ne”
DOCPENCTBEHHO, IIYTeM YCpeJHeHHsA COOTBETCTBYIOIIUX CTOXACTHYE
ckux ypasmeHmii (1.1) u (1.14), npenmonaras rayccorocts u 8-Kop~
peaupopannocTs QAyRTyanuil z (f) n ucuoxssys dopMmyast (2.6.5) u
(1.3). Tax, ycpemusas (1.14), moaywaem

. 04,4 (@)
(A =k (Agrd — (n— k) o5 CAyny — 0 (1 — k) m3< GQJ(rtl) > :
(1.14")
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8.1 ()
YuaurhiBas, qToé_—’zt)—:—(n,—/r) A 1, (1.14') Momo sammcars
B BN DeKYDPEHTHOTO ypaBHEHHA:

CAY =k A1) — (0 — k) 0 CApar) +-
+ 0%wg(n — k) (n — k — 1) (A, pe) (h=0,1,...,n), (1.14"

KOTOPOE ABAAETCA, IO CYTH 1eja, 3aMKHYTolf cucteMoii n -+ 1 ypas-
Henmit nasa pymrmmit <do>, <4, . . ., {4,D.

Hro Kacaerca BpeMeHHHX Koppessainuii dynrumit z (1) u y (1),
TO JETKO BUjeTh, YTO WX CTPYKTYpPa OMNMCLIBAETCA NUHAMHYECKUMM
ypaBHeRuaAMu Tuma (1.1) mpu orcyrerBum GuayKTyanmil, HadadbHBIC
YCIOBHS K KOTODEM COREPIKAT OJHOBpPeMEHHEe KOppeJAIlHH, ompeie-
JsfeMbre penrenueM cucreMnt ypasuenuit (1.19). B camom peme, nycrs
t > 1t'. Torga, yMuomas cacreMy ypaBHeHHi (1.1) na z (') m yopea-
HAA, IoAy4aeM

T E (D= YO T ) @ () () | = @ (£, (1.28)

d% GOz ==’ @) x@), YE)2E) e =Y (t) 2 (t')).

IIpn BriBoge ypasnenuit (1.28) mcmoxsayercs Tor daxT, 9o

Gz ta(t)y =0 Ma(t) 2z ')y =0 mpu t >,

Pemenue cucremsr ypasnenuit (1.28) mmeer Bmy
(@ (t)z (1)) =(a*(t')) cos g (t — t') -+
1 ’ 7 . ’ , ,
T o W)z sinw (2 1) (>1), (1.28)

rie Benmauubl <{2%(1')>, {y(¥)z(t')> CcoOOTBETCTBYIT peUmeRHAM CH-
cremur (1.19), 7. e. Bupamenmam (1.21).

OTHOCUTENBIIO Me[IeHHNH pOCT KOPPEXANHH CO BpeMeHmeM, Kak
YKa3nBalloCh BHINE, COOPOBORaeTcA OOWYHHMH KoXebaTelbmEIMUI
OpOLECCaMH ¢ IAaCTOTON @g. JITHU IIPOLECCH MOIKHO MCKIIYATH, yopen-
HAA COOTBETCTBYIOIUE CTATHCTHYECKHE XapaKTePUCTHKH IO NEPHOTY
T = 2n/w,. [Iaa storo BMecro z (¢) U y () BBeeM HOBHE IepeMeH-
HEIC¢ — aMIIATYRY u $asy KonebaHMIT — ¢ TOMOIIBI0 pPaBeHCTB

z () = A (1) sin (0ot + ¢ (), (1.29)
y (1) = 0od (2) cos (aot + ¢ (1)).
Hoperaraas (1.29) B (1.1), morydaem cucreMy ypasrenuit nisf A Q!

dA

o IV =gz (f)sindy,  (1.30)

@, N
= — - z(t) Asin2yp, —
rie Y = wol + ¢. Hpencrasnaa ammauryny A4 (1) B sume 4 — €%,
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Mo;kHO nepemucarh cucTeMy (1.30) B caemylomeMm Bmpe:

du

L0 — z(t) sin?y, ~

7 = — Sz (t)sin 2y. (1.31)

Havanpnbie yeaosus k (1.31) pas npumepa (1.17) rakopnr:

¢ (0) =0, u(0)=1In1/a, (1.17")

YpaBHEHHA TaKOTO THIA pacCMaTPHBAJHCh B § 4 ra. 3.
Paccmorpum coBMecTHYI0 ITOTHOCTL BepoATHOCTEH s pemenuA
cuctemsl ypasmenmit (1.31):

Pr(u @) =<8 (u () — wd (p (t) — @) (1.32)

Bynem camrats z (f) rayccoBcKEM felbTa-KOppeIMpOBaHHbBIM IIpoiec-
coM. Torma, yunmthiBaa paBeHCTBA

o (¢ . ou (¢ .
5q;(t)) = @y sin 4, (‘TIZ#Z— (;" sin 24, (1.33)

YOO naa dymknunm (1.32) MomHO sammcaTb B BHIe

22 s 5

0 ﬁug;q) {sin 29y sin? P} -+

aP 5
L= ;uz {sin? 29 P} — 02w}
+ o%0] a—i {cos 2y sin? PP,} — 2020} % {sin® cos Y P,} +

at 4

+ o0

;;2 (sint$P,). (1.34)

Yepenuaa (1.34) mo mepmony xoneSanuii T = 25/, (muas atoTo
MOCTaTOYHO YCPEIHHTH TPUTOHOMETPHYECKME (YHKIHUM, BXOIALIUEG
B IpaByIo 9acTh (1.34), B cHIIYy IDPENNONO0KeHHAA 0 MATOCTH H3MEHEHHA
CTATHCTHIECKUX XAPAKTePHCTHK 3a BpeMeHa ~ 7)), ToaydaeMm ypas-
HeHHe (cM., mampumep, [74])

2 2
oP, RO MY cfw, 4P, 3

—_— = —_— I it 1.35
G 8 aw T Th Tam T E 0% (1.99)

C HAYAJBHEIM YCJIOBHEM
Py (u, @) = 8 ()8 (u — uy) (wo = In 1/@y). (1.36)

OTmernmyM, 9TO cuCTeMa ypaBHeHHil (1.31) coorsercTBYeT cHCTEME
(3.4.48) ¢ ymrumamm A4 (u, §)=C (u, ) =0, B (u, ) =
= — 929 sin 2¢, D = o, sin® §. Coorserctyomee YID (1.35) aB-
AACTCA ypaBHeHHeM (3.4.49) npm TakoM ompeeeHAN dynrnmit 4, B,
C m D. U3 ypasrenns (1.35) ciaegyer, 9T0 cTaTHcTHIeCKHE xapakre-
DPUCTHEM aMINIATYAb U $aspl KonebaHuit (ycpeguemnsie mo nepuo-
0y HKolxeGaHUil) CTATHCTUYECKM He3aBUCHME W COOTBETCTBYIOIMUE
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fII0THOCTH BEPOATHOCTEH ABIATCA FaycCOBCKUMIL

1)1((‘)):'_1—6}{}) _—q),g-l,
TR T L3
Pt(u)z»;exp _ w— ) (1.37)
Vznsi () 262 (1) J
rue
SCH 2 s}
@ty =uo + T b oy (t) = — &
3 (1.38)
o (8) = — 0%t

Boiamcamm Temeps BupakeHus (z (1)) m <a? (1), mcmoamays
(1.37), (1.38). Tak, pas cpennero snazenus <z ({)> (mcrmoawrays dop-
myasr (1.1.20) mas BEYHCIEHHA CPENHUX) HUMeeM BHIPA;KeHHE

(x(t)) = (A (1)) <sin(wof + @ (1)) =
= (€U0 — Cexp (it - ifp) — exp {— iogt — i}y =
= exp {(u) -+ —:— OZ — % o?p} Sin wyl = mi sin @y,

copmagaiomee ¢ (1.18). Llxs permaunn {? (f))> anamormanrm oGpazom
moJryvaeM

(2 (1)> = ™ (SN (oot + §)> = - (™) {1 — cos 2 (et + ¢))} =

1 . —2cfp
= —-exp {2<¢ud + 204} {1 —e 7 cos2mpt) =

1wl -2 orept
= e 0 {1l—e 2 cos 2wyt },
202

coBmafaiomee ¢ BripaskenueM (1.21) ¢ TOYHOCTBIO 10 WIeHOB MOPAMKA

02wy << 1.
Ilpm nanmaum auHEHHOTO TPeHHA CHCTEMA ONMMCLIBAGTCH ypaBHe-

umeym (1.22). Broas B aToM cirydae HOBYI0 QyHEnub z (1) = e Viz (1),
nag Z () moxrydaeM ypaBHeHHE :

. (l)2
7+ Qz[i+p—_‘;z(t)]i=0 (= o} — 7?). 1.1y

Cumras, ato y << o, MH Bo3BpamaeMmca nias T ¥ ypasHenmo (1.1).
CrenoBaTenbHO, B 9TOM ciydae

(1)) = exp {(02wp — 29) t} {1 — exp {— 3— 02wy t} cos ZmOt}

2
20y

1 mapaMeTpmdecKoe Bo30y;KIeHHe CHCTeMhl HMEET MECTo HPH BHITOJN-
nenmu yciaosusa (1.26).
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Ormerum, 10 YID (1.35) Mosk1o moayumTh u ApyTEM cmocobom.
A HMEHHO, PACCMOTPHM yPaBHEHHA, KOTOPLie Ha30BeM YKOPOUYeHIIHMY
ypaBHeHTAMHE:

d=— L&), ¢=weal(l) (1.39)

rye BBeleHE HOBLIE CJAYydYailHble IPOIECCH
E (1) =z (t) sin 2, &, (t) = z (t) sin® . (1.40)

Uemonsayss pasenctsa (1.33), Jerko MO;KHO HalTH CTaTUCTHAYECKHE
XapakTepuctuku npoueccos E£; (). Takr, misa Hx cpefHuUX 3Hadenni
HMeeM

&1 (1)) = 2000° {cos 2¢ sin® ), (1.41)
By (1)) = 20y0% {sin® ¢ cos ).

VYepenusas reneps (1.41) no mepnoay konebSanmit I', moxydaem

E )y —=— 2T, G =0. (1.42)

AnamoruaHeM 06pasoM momydaeMm
O 0)334
Gi)a )y =——+0%00@—1),

GHET)H=0, EGOERT)Y =01,

m YOO (1.35) coorsercreyer ¥YOD miIs yKOpDOYEHHEIX YDPaBHCHHI
(1.39) npu ycuaoBum, 4To L1pouecck &; (t), &, (f) MoKHO paccMaTpUBaTh
KaK TayCCOBCKME IeJlbTa-KOppejmpoBaHHEIEe IIPOIECCHI, a8 WX CTaTH-
CTHUECKHe XapaKTeDHCTHKHM oTuchBaloTcs (fopmymamm (1.42), (1.43)
[74]. Homeuno, 270 HaKIafpBaeT OTPAHWIEHHS Ha NHTEHCHBHOCTD
dayxryanmit z (t). :

Otmeru™, 9TO ¢ opMadbmoil Tourd 3perna YOO (1.35) nua men-
JeHHLIX W3MeHeHWil CTATHCTHYECKHX XapaKTepHCTHR u (f) m @ (1),
onmcHBaeMuX ypasHeHHAMHA (1.31), MOKHO HOXYYHTH CIeAyIOINUM
OyTeM.

1. He 6ymeM yumthiBaTh TO 06CTOATENBCTBO, IT0 Y = Y (f) ==
= @l + @, T. e. «<38aMOpPO3UM» BpeMA { B OPaBOH FacTH (1.31). Torga,
KAK DOKa3aHO B TJ. 4, MOMHO HaUUCcATh yPaBHeHHe A COBMECTHO
MJIOTHOCTH BeposATHOCTeH u (f) U @ (I):

M = (L)t [ Wy 0 sin 2¢ — %—5% sin? 'lb] Pi(u, 9),

i) 20 odu

(1.43)

e O, [v (1)] — morapmgm XapaKTepHCTHYECKOTO GYHKLHOHAIA IPO-
1ecea.

2. VunmrniBag, 4ro ypaBHeHHe OyxeT YCPeOHATHCH L0 BPeMeHaM
~T = 271/@y, 8 9T0 MOKeT OHTH CHPABENJIHBHM TOABKO JIS QIYK-
Tyanmi 2 (f) Majiol WHTEHCHBHOCTH, HEOOXOJMMO  pa3JORHUTH
9, [v (t)] B pag mo muTencusHoCcTH QaykTyaumi z (f). B pesyubrare
npuxogaM K YID (1.34).

184



3. Yepenuas (1.34) no t, morysaem YID (1.35). Tarkum o6paszon,
MO-BANUMOMY, TIEPEXOJ K CTATHCTAIECKUM XaPAaKTePHCTHHAM, YCpe.-
HEHHHKIM IT0 MePHOAY OHCTPHX OCHMJIIANMA, He 3aBHCUT OT BMAa CIY-
gaifEoro mpouecca z (). AHamOTHYIHAA CHTyauHA HMEET MeCTO H A
He MeJbTa-KOPPEJAPOBAHHLIX IpoIeccoB. B ciexylomeil TiaaBe MEI
paccMOTpEM 3afaly, aHamzormanywo (1.1), ToabKO ¢ KpaeBEMH yCIio0-
BHAMM [JA paszawdunix npomeccoB z (¢). Tasm Gyner mowasamo, 910
pellleHye 331349l [IJIA MeIJIeHHEX H3MEHEHHH CTaTMCTHIECKUX XapakK-
TEPHCTHK He 3aBHCHT OT BHIa IIporiecca.

1A croxacTHdeckoro mapaMerpHYecKoT0 OCHUIIATOPA ¢ TPeHUeM
MOMKHO PaccMOTPeTh 3a/Ia4y O CTaTiHOHADHOM peKMMe, yCTaHaBIUBAl0-
meMcA HOf JleicTBHEM CIYYaiHBIX CHMJ, CTATHCTHYECKH He 3aBHUCH-
mux oT QAYKTyamudid 9acToTh. lTak, paccMOTpUM ypaBHEHHA

dzx dy

=y L=y i Ol [, (1.22)

£ (0) =y (0) =0,

rge f (1) — rayccoBCKMIl MeNBTa-KOpPPeRUpOBAMILIL Tporece, T. e.
@ (1)) = 2078 (t — t'), a z () — neTbTa-KOPpermpoBaLIIL po-
mece ¢ <z (£)) =0, {z )z (")) = 2028 (t — t'). Yepemuan (1.227),
noanydaem <z (1)) = {y (t)> = 0. YpapHeumsi Jid BTOPEIX MOMEUTOB
B 9TOM Cixy9ae BHITJIANAT KaK CHCTeMA ypaBHEHWi

d d 9 P
=7 (x> =24ayd, — ey =<y — 2y <{2y) — oy (xt,

d 9 9
7 <Y = — Ay Ky — g (ay) 4200 (%) F 207,

(1.23")
o 5 2

cTanMoHApHOe penienne KoTOPoil cymecTByeT mpH G w, > 2y 1 Bbl-

TIAQUT TaK:

52

WD = g

s? .
(6202 — 2y) o2t — 2
0 Y 0 <y

<xl/>:0, <I2>: )

9y

lonpofumii ananau3 mOBefeHHA CTAMOHADHOTO DeHIOHMA IJIS CTap-

HIMX MOMEHTOB W ILIOTHOCTH BepOATHOCTEH pemeHHs YpaBHOHMAH
(1.22") comepanTca B paGore [75].

AnanoruauriM 0o6pasoM MoykHO HafiTH W cTAIMOHAPHEIE KOPPes -
nuoHHHe @yHEnum perrennsa cuctemer (1.22°).

MH pacemorpenu cuctemy ypasheuni (1.1) B mpubamkenuu meisb-
Ta-KoppeJaupoBaHnoero mponecca. OneHHM Tenmeps, B KaKUX CAyYaax
3TO BO3MOKHO. B mpuanume ciaemopano 611 pacecMaTpuBaTh ypas-
HeHMe LI MIOTIIOCTI BeposATHocTel Tuna ypasuenui (2.1.15). Onnako
€CIM MHTEePecOBATHCA TOJIBKO MOMEHTAMH COOTBETCTBYIOMIET0 pacmpe-
IeleHnA, TO JIOCTATOYHO BHIACHUTH YCJIOBHA NIPHMEHHMOCTH (POPMYI
(1.48) maa cpennmx suawenuii, ypasuemmii (1.19) mas roppemxanmit
m 1. 1. PacemorpuM BmBO) yeaoBmit mpumenumoctd gopmya (1.18)
aA cpeflHHX BeamuuH, caenys pabore [15]. ITor BuBoOA siBIAETCH
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miocTpanueil ofmero Merofa ILOCHeI0BATeTbHBIX HpuCIMKReHnHi,
H3JI07KeHHOTO0 B TpeThell TiaBe.

Vepenuuym cuctemy ypasrenmit (1.1). Jlas Buumciaenust Koppeas-
unu (z (t)z (f)> Bocmonbayemcs BHpaenmem (2.3.6). Torna cucrema
ypaBHeHW I CPeIHUX BeJWdUH IPHMET BUM

{

G = S (= — () — o S Bt —7){ gj((ffb o (1.44)
0

/

OTmeTHM, 9TO MHTErpay, cToAmuil B mpaBoil dactu (1.44), aABiasercs
COBMECTHHIM KYMYJISHTOM NIA mpouecca z (1) 1 pemeHns x (1) sagaam
(1.1) (em. dopmyay (2.3.19)).

Cmcrema ypasHennit (1.44) He 3aMKHYTa, TAK KaK CONEP/KAT HOBYIO
neusBectryw Qynxnuo Oz (¢)/0z (1). YpaBHeHHe Iias Hee HDOMYIUM,
Bapeupys (1.1) mo z (v) mpnm v << &

6 du(t) _ dy

at dz(vy  dz(1) ’ (1.45)
o dy(t) 2 b (2) '
wm = oMy

HaganpusiMu yeaosusamu pas (1.45), B cuay (1.3), Oynyr ycaosus

Oz )
g =00 = —oh (1) (1.46)

Ilpu ycpennenmn cuctemsl (1.45) BosHHWKaeT HOBasg HeH3BeCTHAA
pynxumsa 8% (2)/6z (1,)0z (1,), cBABaHHAA €O BTOPOH KyMYJSAHTHOM
dyurnumeit z (£) u z (), u . 1. Ecan Bocmoap30BaThes yCIOBHEM @M b-
Ta-KoppeanpoBamnoctn (B (1) = 2028 (1)) B (1.44), To mm mpumem
K cucreme ypasrennit (1.16), coorserctByromeir YID. 3arem yciosue
IelbTa-KOPPEeJHPOBaHHOCTA MOKHO HUCIOJAb30BaTh B CHUCTeME YpaB-
menuit (1.45). IIpu aTOM MBI HOTYYuM 3aMKHYTYIO CHCTeMY ypaBHeHMH
Gojiee BHCOKOTO NOPSAKA, ABIAKIylocsa yiKe Oomlee Tounoii. Ha atom
artame, ycpemusist (1.45), monyanM cucTeMy ypaBHeHMI

% ?gfér£)>>:<gg<(3% . (1.47)
t
< GZ(('c)) = — <6§<(r))>

¢ HAYaJIBHBIMHU ycaoBUAME, coriacho (1.46),

d

e =0 SIS = — ai e (). (1.48)
Pemenne cucremsr (1.47) ¢ ycuxosusamu (1.48) umeer Bun

< gj E?) > = — wo{& (1)) sinwo(t — 1), (1.49)

H, clIeIoBaTeIbHO, cucTeMy ypaBreHnii (1.44) MoxHO 3amncarh B BU/e
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unterpo-guddepeHNEAIBHOI0 YpaBHeHUA
1

j—; (&> + wpz) = «p S dt B (t)sin @yt {x (t — 1)). (1.50)
0

VpaBrenwne (1.50) permaerca, HanpuMep, ¢ IOMOmBbI npeobpazoBaHus
Jlamraca, ofHaKO MEL 3TOTO 3[lech AexaTh He OyndeM, Tak Kak Hac HH-
TEPeCYT B MAHHOM ClIydae TOJABKO YCIOBHA NPUMEHHMOCTH ypaBHe-
uuit (1.16) (eM. caenyrouynit maparpad).
XapaxkTepHbBIM BpeMeHEM W3MEHEeHHs BeJUIuHbl (I) ABIAETCH
t ~1/0,, a Bemanna B (1) nMeer XapaKkTepHoe BpeMs KOPDeJIANHH Ty-
Ectr @,y <€ 1, 10 MOHO npeHeOpedr W3MeHeHNeM BeJWIHHE!
(z (t — 1)) 1 OTrPAHMIUTHCH NePBHIM WIEHOM DAaBIOKeHHA Sin WyT
mo t. TakuM ofpasom, MoskHO mpaBylo dacts (1.50) 3anmcath B Bufe
!
wp < (£)) 5 dt 1B (1).
0
Ilas Bpemen ¢ >> 1, Bepxuuil npefex nuterpuposanus B (1.50) Momuo
3aMEeHHThL Ha 0eCKOHeYHOCTb, H, CJEN0BATEILHO, NPH YCIOBUU
o205ty << 1 (0% = B (0)) ypasuenme (1.50) mepexopur B ypaBHeHHE
coorBercreylomege ¥ (1.7).
Takum ofpasomM, ycaoBusamu npameHuMmoctd pemenus (1.17) as-
AAIOTCA YCIOBHA

@ty <L 1, > 7, 0@yt <1, (1.51)

KOTOpEe, BooGmie TOBOPA, HaKIanuBanT ciaboe orpaHndeHHe Ha HH-
TeHCHBHOCTh Quaykryamuil o2. llocaennee HepaBeHCTBO INIPH 3TOM
HMeeT OPO3pavHuil (U3NIECKNH CMBICI H COOTBETCTBYyeT TpefoBaHHUIO,
aT00R cECTeMa 3a BpeMsa T, He ycmeBaxa O IapaMeTpHIECKM BO3-
OynuThCA.

§ 2. IIponecchi ¢ KOHEYHBIM PAgUYCOM KOpPpeTALHA

Paccmorpum remepn 3ajauy (1.1) B caydae, Kornma mpouece z (f)
obiamaeT KoHeUHHIM DAJHYCOM KODpeIAuuH.

Jlas paccMOTpEHHS CTRTHCTHIECKHX XapaKTepmcTHK 3anadd (1.1)
MOJKHO BOCIOJB30Barhcs QopMyiraMu, HOJYy9eHHHMHM B YeTBepTOH
Irage AJaA CWCTeM ypaBHeHm o0Iero BMAa, KOHKDETUSHDPYA HMX JUIA
cuctemst (1.1). Opuakxo Mu 3TOTO jnexaTh He GyjaeMm Jurs Goxabmeil Ha-
TVIANHOCTH, a MOJYIAM BCe Pe3YIbTATH HEIOCPe/CTBeHHO, KOHKPEeTIO
oA DaHHOH 3agadd.

Ilycrs cmepsa mpomece z (¢) — tenerpadubiii cIydaiiusii oponecc.
Ycepenumm (1.1), B peayabraTe moxydaeMm

@y =<y, G = —o;<x) — op <z Bz (1) (2.1)

Ilas pacmeniaeruss Koppeiasuuu B (2.1) MOKHO BOCHOTL30BATHCHA
anbo BupamenueMm (2.4.9), munbo dopmynoit puddepenumpobanus
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4.3.4). C uembio namocrpanum paceMoTpnm ofa oti Meroma. Corace
Ho (2.4.9) ypasrenus (2.1) MoskHO 3ammcaTth B BHfE
<ry = <y,
W= — o) — 2.2)
— 03 (2 Sdtlexp{— 2 (t — 1)} ey F L, 12 (1)),
0

rae Qynxnma T (f;, {) yEOBJIETBODAET CHCTEMe ypaBHEHUI

d ~ di -

—rE=1, = —f (2.3)
¢ HA9aJBIBMA YCIOBHSMHA

T(t) = (ty), § () =y t). . (2.4)

Pemeirme ypasmenmii (2.3) ¢ ycaoBmamm (2.4) mmeer BHA
1 .
E(ly, 1)=x (})cos @y (t — t1) -+ m—oy(tl)sm w (f —£1). (2.5)

YuurnbBas teneps paBedcTBa (1.3), moxydsaem
OF (ty, ) __ 0= (ty) 1 Sy ()
82 (t) bz (ty) 0 6z (t1)
= — ok (t1)sinw, (¢ — t1). (2.6)

cos g (t — 1) sinmg (t — )=

CnenosatenpHo, cucTeMa ypaBHenHii (2.2) cTaHOBATCH 3aMKHYTOI:
Yy =— op<x) + :
! (2.7
-+ wh (22 S‘ diy exp {— 2v (t — 21)} <z (£1)) sinwy (t — ty).
0

Cmcrema ypaspnennii (2.7) conagaer ¢ ypasuennem (1.50), ecau B mo-
CleHEM CYATATh KOPPeJAUNHOHHYI @yHKuuio B (1) sKCHOHeHlWaIb-
noil. Tawroe coBmamenwme ofycmoBieno tem (lakToM, 4TO B CHCTeMe
ypasuenmit (1.1) durykrympylomuii nmapamerp z (T) HaxOQHTCH HpH
z (f), a He mpHu y (¢). B mpoTuBHOM ciIydae TaKkoTO COBIAJEHHA HC
Gyner.

Ypasrenma (2.7) MOKHO DEIINTH C MOMOmMBI0 TPeoGpasoBaHHA
Jlamraca. Tak, mpm madamrsemx yeaosuax z (0) = z,, y (0) = yo
nuA npeobpasoBanma Jlamnaca sexmauun {z (f)> moxydaeM BuIpaske-
HHe

&dp = F (p)L (p -+ 2v)/[L (p)L (p + 2v) — wy <22,
F (p) = pxy + yo, L (p) =p* + . (2.7")

Jlna Texerpaduoro mponecca z (f) cucreMy (2.7) MOMKHO mOAYIATH
H ADYTHM IyTeM, a HMeHHO, coriacHo gopmyie paddepennqupoBanu s

rae
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(4.3.4), masi koppexsumu {z(t)z()> B (2.1) MokiHo Hamitcath ypas-
HeHue

(4 + ) GOz =iy =GOy @8
Anamoruanoe ypapuenue umeem ¥ mias <z (t)y ()):
(4 + 2o )<y =mie =
= —wy (2 (t) 2 (1)) — g (22 <z (1)) (2.9)

Cucrema ypasuennit (2.1), (2.8), (2.9) saMrHyTa, HaTaJbHHMH YCIO-
BHAMH [UIA Hee SIBIAATCH YCIOBHA

2 (0)) = z9, <y (0)> =y0, <2 (D2 (1)) li=o = <z D)y (1)) li=o = 0.

Bupaman <z (t)z (1)> u {z (£)y(t)> gepes <{z (1)) ¢ momompio (2.8),
(2.9), mpuxonuM omarh K cmcreMe ypaBHeHmi (2.7). Mu me Gymem
0CTAMABIAWBATHCA Ha aHaXm3e cucteMol (2.7) (810 GBIT0 crelano B mep-
BoM maparpade). PaccyMoTpuM Temeph BTODHE MOMEHTH DeIIeHHSA 3a-
maan (1.1). [eficteya anazormuino BuBoxy cucremn (2.1), (2.8),
(2.9), misi BTOpPHX MOMEHTOB HOIYYaeM CHCTeMY INeCTH ypaBHEHMI:

L (aty =2 (ayy, ey = (P — 0f (2t — i (zat),
% Yy = — 2w (xyd> — 205 <z2Y>,
(% + 2v) (za?) = 2 {zzy), (2.10)
(% -+ 2v) (zayd = (zy*> — o (222> — wh (22D (2D,
(% + 2”) (ay?y = — 207 <zay> — 204 (2% (ay)-
OrMernM, d9TO Npefedblbil mepexox v — oo, <{z2> — oo, Ho

{2>/2v = 02, npuBoguT K OpuUOIMIKEHHI0 TayCCOBCKOTO JeibTa-
KOPPeJUPOBAIHOTO CIYyIafiHOTO mpoitecca (TaK KaK IPH TAKOM Iepe-
xome <zz*y — 0, <{zzy> - —0%@) {x%)), W MBI OPUXOTUM K CHCTEME
ypasuenmii (1.19). Cucremy ypasmenuii (2.10) serko pemunts ¢ mo-
Moibio npeobpasosainsa Jlamaca, 9ro Gymer cieqaHo B HaJdbHeHAMIeM.
Ananormaumm obpasoM mas KoppedammoHion dyHrmun {z (H)z (t')>
MOJAydaeM CHCTEMY JeTHPEeX YpaBIeHHH:

TEB () =@ W)zt
() = — 0} (a(t)z (1)) — of 2 (1) z (1) 2 (1),
(4 + ) a2 @p = OymeE),

(4 + 29) Dy (D2 = — 6 Ceta(t)a’)y — o} <Xtz (£),

(2.10")
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fadalbHEe YCAOBHA JAA KOTOPOH mpm ¢ = t' BEpakalotcs depes
pemenme ypasuenmit (2.10).

Iycts Temepp 2 (f) — ofoOmenuuil TemerpadgHmii  mpouecc.
B sroM ciaysae cmcremy ypasHenmil (2.1) MoskHO mepemmcarh cie-
nyomnM oGpazom (eM. (2.4.15°)):

x> =<y,
t
(B> = — 0B x> — 0h (aF [a]) e — vob § dhem ) (a1 a; 21,
0
@.11)
rge ¢ynknmsa %; [¢,, a; z] ynosuersopser ypaBHeHHAM
‘;L'li ES !717 Zji = — (Dg’?f — (ngavft (212)

¢ HaYaJbHHEMH YCIOBUAMHI

Filty, a5zl = 2 (), §n [ty a5 2l =y (8), (2.13)
a7, lal = 7, 10, a; z]. Pemenne cucremsl ypasuenuit (2.12) ¢ HavamB-
HBHIMA ycloBuAMHE (2.13) BRITIADAT TaK:

7 [ty a; 2] =z (t1) coswo V' 1 1 a (t —t1) +y (i) sin w"ri/§%_ 2l
VIF

H, clefoBaTeabno, chHcTeMy ypaBuemmid (2.11) Mo/KHO Iepemucarh
B 3aMKHyToll dopMe:
2> = <P,

G = —eha> —
— wpe! [xc,(a coswo 1 + aty -+ yo <a

sinwn]/1+at> B
wV1+a
{

— v S dtiexp {— v (t —t)} {(x (t1)> <@ cos o Vi +a{t—t)) +

0
. sinw, V1-+ait —H)
_ <y(t1)><a W VAT ait >l. (2.14)
o ¥V 1+a J
Cucrema ypasrennit (2.14), Tax /e Kak n Jisi TexerpagHoro mpomec-
ca, MOKeT OHTH JeTKo pemeHa ¢ IOMOibio mpeofpasopanms Jlammaca.
B pesyaprate moaydaeMm

Yo+ D% , (214/)
(p) + 02CL ()/Cy (D)

{xd>p= T

re L (p)=p® + ol Ci(p)=<d"/IL(p +v) + aojl). Dop-
myxa (2.14') cosmanaer ¢ pemennem ypapHeHHA o0mero Bujia (4.3.71),
ecim yuecth B mociemmeM, uro L (p) = p® + ol Mlp, gl = o
BepHeMcsl Temepb K HCXOIHOMY CTOXaCTHIeCKOMY YpaBieHHIO,
OMHCHBAOMmEMy HNapaMeTpHIecKoe Bo30yi/leHWe OCHMIIATOpA 33
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caetr QAYHTyauuid dacTOTHI:

P4 opr -+ 0zz=0, z(0)==zy % 0) =y, (2.15)

Ilycrs Temeps z (f) =2, (£) + . .. -+ zy (2), roe z; (1) — crarucru-
4ecKH HezaBHCHMEIe TeaerpadHeie IPomeccs ¢ KOPpelIAuHoHHOH QyHK-
nuei

$ai (03 () = By exp (—a [T — 1 [} (2.16)

d a2
Ilockoabry pasa 3roro ypaBHeHmA (cM. § 3 ra. 4)L<E) =5+ IR

M Ip, q) = o), npeoSpazosanme Jlamraca IJIA CPefHETO OT pelIeHud
(2.15) onmcHBAaeTCS KOHEUHLIM OTPE3KOM LeIHo# npobm
@p = F (p)K, (p), Ki(p) =14, (p) — Bi (p)Ki,x (D)1,
(2.17)
rie
Ay (p) = (p + al)? -+ op, By (p) =& (1 +1) (VN — Do,

a F(p) =xzep -+ yo. Tax, ecim N =1, To nemmaa papobs (2.17)
TpPUHAMAaeT BH[

@ oyl gt ot o <22 -1 2.18)
2, =F(p)|p?*+ 0 — ——— | .

' (P + f+ g

49T0 COOTBETCTBYeT peNIeHHI0 CHCTEMBl ypapHeHmit (2.7) ¢ mOMOIIBIO
npeoGpazosanms Jlamiraca (popmyna (2.7')). Pemenme (2.18) Gwuro
molXydYeHo paHee Bo MHormx paboTax. .

Ecau temeps B (2.17) momosuts {z?» = 0%//N u mepeiity k npegery
npr N — oo, TO, COTIACHO peayjbTaTaM Ti. 4, HmoJydaeM pelleHHe
3a/(a4M B cJydae TayCCOBCKOTO MapKOBCKOTO mpomecca z () ¢ Koppe-
aAUUOHHOT QYHKUKei

Mz =o0ctexp{—al|t—1 |} (2.19)
B BHJe GeckoHeunoit memnoi Apobm (2.17) ¢ mapamerpamm
Ap(p)=(p + a4+ @), Br=0(l+ o).  (2.20)

Jdto BEIpasiemme OBLTIO HOJyIeHo paHee npyrmm myrem B [19].

PaccmorpuM Temeps BagpaT BeIWIMHE % (f), ONHCHBAIOMHEI dHED-
ruio cmecreMul (1.1). JTa BeawmuMHa, KaK PYHKUUSA BPEMEHH, OIHCH-
Baercs ypasHemmeM (u — z2 (1))

d’u du d d
dtl3 -+ 4og — T 2wp (z(t) d—l; + =2 (1) u): 0 (2.21)

¢ HAYaJbHBIMA YCIOBHAME
u(0) =a5, o (0) =2z, i(0) =2y — ojl1+z 0. (2.22)

B »sToM caydae (2.21) Tamse oTHOCUTICA K ypaBHeHMIo THHA (4.3.54),
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pPACCMOTPEHHOMY B YeTBepTOH TIiiape, ¢ oIepaTopaMl
L(p) = p(p*+ 4oy, Mlp, g =2w;(p+q). (2.23)

Haganvuoe yeaosue masa (2.21) comep:kur B cefe 3mauenue mpouecca
z (t) mpm t = 0, T. e. HagaJbHOE yCJHOBHE, Boolile roBOPA, Koppenu-
poBaHo ¢ Koahdurumentamu ypasuenusa. Ecnu, nanpuvep, z (0) = 0,
TO KOPpeJANHM HEeT W pelieHue ypaBHeHus (2.21) mmeeT BuJ oTpe3Ka
mernoi apodu

upp = F(p) Ky (p), Ki(p) = [4,(p) — B (p) Kiu(®)I}
(2.24)

rne F (p) = 2y,
A, (p) = (p + al) [(p + al)® + 4o, (2.25)
B, (p) =4 (1 +1)(V — 1) oyl2p + (20 + 1)12

B caysae N = | moaydaeM pellleHWe, COOTBETCTBYIOMEe OJHOMY
TejerpadHOMY IIpoIfeccy:
_ FpLw+ta __ 9.2 o
<u>11— L([J)L([J+(1)— <22> M2 ([]) (\[ (p)'—ZLOO (2p —!—(l)). (22") )
Jdro Bepaskenme oGoGmaer perrenwe 3agauu (1.19) ma cayuwait Teie-
rpadHOTO IpoIecca u SIBISETCs PellleHneM cucTeMul ypasnenuit (2.10).
Ilonaras temeps {z*> = ¢%/N u mepexonsa kK npegeay mpu N — oo,
moJaydaeM pellleHme sl rayCCOBCKOTO cliydaifHoTo mpomecca z (f)
B Bujie GeCKHOHeYHOIl IenHoi npobu (2.24) ¢ mapamerpamu

A, (p) = (p + ab) [(p + al)? + 4ogl,
B, (p) = 4020 (I + 1) [2p + o (21 + 1)]2

dTo pemenue BepBHe Gruio moxydeHo B pabore [19].

AHanoTHdHbe penreHdsA MOMKHO MOIYUHTh, KaK YKa3BBaloch
B WeTBepToii TIaBe, U B ciayduae, Korja z (f) — KBaJpaT rayCcCcoBCKOTO
MApKOBCKOI0O IIpoIfecca.

PaccmeTpennas BhIlle 3ajja49a 0 CTATHCTHUECKOH MapaMeTPHIECKOM
packauke JAUHAMUIECKOH CHCTEMH 3a cdeT QUYKTyalHil mapamMerpoB
MorJia OHITH oIMcaHa KaK B puOIMKeHUH [1eIbTa-KOPPeauPOoBallHOCTH
caygaitHoTo Tporecca 2 (t), Tak ¥ JJIA MPOIECCOB ¢ KOHEIHKIM Pajuy-
coM Koppedanuu Gmarogaps ToMy (akTy, 9To HadaJbHEE YCJIOBHI
3a7aBaJuCh B OQHON TOYKE, T. €. BHIONHANACH JHHAMHYECKAS IMPU-
quAHocTh. Eean /Ke rpaHHYHEle YCJAOBUA 3aJal0TCA B PA3HBIX TOYKAX,
'TO T COOTBETCTBYONIEH 3aiadn He OyAeT BHIOIHATHCA YCI0BUE IPH-
YMHHOCTH. B 9TOM ciIydae Haj0 BOCIIOJAB30BATHCA TEOPHEH MHBAPHAHT-
HOT0 HOTpY/KeHus, Mo3BOJAKIIEN cBecTH KpaeByH0 3ajady K 3ajaue
Komwu. B caemylomeit TiaBe MH W PacCMOTPUM IpuMep TaKoH 3ama-
9@ — BOJHY B OHOMEpHOI CJaydaiiHO-HEOqHOPOAHON Cpefe.

(2.20)



I'maBa 7

PACIIPOCTPAHEHHE BOJIH B OJJTHOMEPHON
CIYYANHO-HEOQHOPOJHON CPEJIE

§ 1. Hocramoska zamaum

3ajlaga 0 pacmpocTpaHEHWH BOJH B OJHOMepPHOIH cpene co crydai-
HHMY HeOJIHOPOAHOCTAMH TPAJMIMOHHO IPUBIeKaeT BHUMAHIIE MHO-
rux ucciaenoBaTeneit [76—90]. dto obycroBaeno, ¢ ofHo# CTOPOHH,
HPOCTOTO BTOH zajjauyd 10 CPABHEHWIO ¢ AaHAJOTHIHBIMH 3ajadaMu
1A ABYX- MIH TPEXMEPHHX cpej U, ¢ APYTOll CTOPOHE], Ba;KHOCTBIO €e
IUIA TOHIMAHUA QU3HMKU IPOIecca PacHpocTpaHeHUsA BOJH B ciydaii-
HHX cpefaX. YUHTBIBasd, 9T0 HTa 3a/[a9a JOIyCKaeT TOYHOE pelienwue,
MOKHO NpOCJEAWTh Ha Heil BiAWsAHNEe Pa3JUYHEIX MofieJeil cpean u
KpaeBHX YCJIOBMI HA CTATHCTHIECKUE XapaKTePHCTHKM BOJHH. Mbr
GymeMm clemoBaTh B W3JoMkeHHH Marepuana paboram [91, 92].

ITycts HeomHOpOMAHAA cpefa pacmoiaraercsa B obsnactu 0 <<z << L
1 BHYTPHU 5TO# 00JacTn AusiieKTpHdecKas NPOHAILLaeMOCTb HMEeT BHJ
e (r) =& - & (2), rae € = g, + ie, — cpexHee 3HAadYeHMe U & (z) =
= g* (z) — ¢uayrryupyomas wacte ¢ (1) (rax uro <& (z)> = 0).

[Tyerh HOpMAaJBHO K CIOK PACIpPOCTPAHAETCA BOJAHA, BOJHOBOE
nosie U (x) KoTopoit yaoBiIeTBOPACT YPAaBHEHAIO

BU (r) | @?
dz?2 ' 2

e(x)U (z)=0. (1.1)

K ypaBHeHHMIO TAKOTO sKe THIIA MOKHO CBECTH M Clydail HAKIOHHOI'O
Hajienus BOJHB Ha Heommoponmerit cioil. IlomobHas 3amaga paccmar-
puBanach B pabore [93], roe Gpuro mokasaHo, UTO KOHKPETUHIH BIJT
YPaBHEeHUA JUIA HIEKTPOMATHUTHOH BOJHBI 3aBHCHT OT e MOJApu3a-
nuu. B aroil ske paGoTe paccMaTpHBaeTCs IPHMeHeHNe Pa3BUTOM HIKe
TEOPHH K KOHKpeTHo# (uamuecKofl 3ajade 0 TerJaoBoM H3JIyJeHHH
CIOUCTHIX cpef. Takasa ciomeTass cpefa MOKeT CIYRUTL MOJeNbI0 I
AbT0B AHTApKTHUIH.

IMycts mpu z > Le(z) = e = const (e, = ey, + ier,), a npu
z<< 0 e (x) = g, = const (g = &p; + i€gg)-

Paccmorpum 3ajady o TajleHHH Ha HeOZHOPOAHHI ciioil u3 00-
mactu x> L Bomam Uy (z) = Ar exp {— ikp (x — L)}, tme kr =
= @)/ er/c (puc. 13). Torna BonmoBoe moxe pu z > L Gymer (c y1e-
TOM OTPa’KeHHOI BOJHH) cIeyIOnuM: )

U (z) = A exp {— ik (x — L)} + Bf exp {ikL (z — L)}. (1.2)
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Bpecy Ap — 3ajannas aMmALTYAa uagalomell Bonmsl, a B — He-
W3BeCTHASA AMILINTY/A OTPaskerHoH BOJHBL.
B obmacrtin x << 0 pemedue MeeT BHJ

U (x) = Agexp {— ik}, ko= % €0, (1.3)

rne A, — HemsBeCTHas AMILTHTYJA IpoIIeJuIed BOJHH.
Pemenne BHyTPH HEOTHOPOJHOTO

PR e ot ciaos 6ygeM mHCKaTh B BHTe
Ve ~lhy (@=L .
PR Ae U(z) = A (x)exp {— ikz} +
g ;s
' ik (L Y exp {ikx 4
-~ ///, G ettt - B (x) exp {ikx}, (1.4)
S ) =
s riae h=—| ¢ llocrkoapRy BMecTo ofi-
7 - - T
4 //;/ “ 2 poit meussecrioit Pynrumu U(zx) mmr
///// Beean gBe Qymrimuu 4 (z) u D (z), ux
S MOJKHO CBf3aTh MPOH3BOJBHBIM YCJIO-
Vs BHeM, KoTopoe ynobuo BHIODATh B Buje

A'(z) exp {— thz} +
Puc. 13, Ha caoii ¢ayrryu- ' . N
]);’IIOIL'LGIUI cpes 113 —‘—g)) 1ajgaer + B (2) exp {ihz} =0 (1.5)
Bomua Ay exp {—ikp (v — D} (gepes mrrpnx obosiauena IpoM3BOJ-
By exp {iky (z-—L)} — OTPa®eB- pag 1o 2), B ety 9TOTO YCTOBHS MOy -
man Boama, a Agexp{—ika} gaey
~—HIpoIICiuIad BOIHA, )
U' (z) = — ik A (z) exp {— ikx} —
— B (z) exp {ikz}]. (1.6)
Ha rpanmmax caoss ¢ = 0 u 2z = L H0IKHEL BHIIOIHATHCA yCIOBHUA
menpepuBaocTa U () 1 U’ (2). Onn mmeror Bupg *)
A0) = BO0) - Ay k1A Q) — B (0)] = koAy; (1.7
A (L) exp {— ikL} - B (L) exp {ikL} = Ap + B, (1.8)
k1A (L)exp {— ikL} — B (L) exp {ikL} = ki (AL — By).
Huddepeurupys (1.6) u mopcrasiss 8 (1.1), nonxydsaem ypasuerne
A" (x)exp {— ikx) — B (x)exp {ilx} =
N ,# ¢ () [ () exp (— ika) -~ B (x)exp {ika}]. (1.9)
« &
Ypasuenus (1.9) u (1.9) oGpasyior cueTeMy YDaBIeHIH AJIA aMIuiv-
tyn A u B. BBegem oTHomenue no.Iei

R (2) = B (2) exp {ikz}/A (x) exp {— ikx}.

*) Orserin, uro yeaosns (1.7). (1.8) mo:kHO samscarh B BRJE KPAacBbIX

yeiaornil gas ypasHerng (1.4): U (L) 4 kl—'[/" (Ly=2A7, U (H— kL—U’ 0y=0,
L ’ o
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s sroit Besrmmasr us (1.5) uw (1.9) Terko moayanTs ypapHeIne

ig? =2 e(n)[1 + R@)P" (1.10)

Hauansuoe ycmoBume k ypasmneniro (1.10) C‘IBJIVeT ma dopmya (1.7):

B k—k — Ve,
R(O)"—‘ ()___‘ 1):1 Ve, ) (111)
Ly Ry ‘/ e —V e
< 0
Eean ypasienne (1.10) ¢ navarpmmiv yeaosnes (1.11) pemeno,
T. e. Halijema Beandnua A (L), To, TOAb3YACDH (iJO])M)JIa\III (1 8),
Jerko HAfTH KoadduiuenT orpaskenns BodNLl oT ciaod [y = By/d,,
ROTOPHII Bhipassaeres gepes 2 (1) caepyviomny ofipazoy:

(quv’?) Ve Ve
U/a[ & T[]/E[—l/b\R(L

Rp= (1.12)

F = . (O] E
Honommm ) & = ny, + iny, u 06o3Hayum —Mm=1%, —n.z:y. bymem

CIATATE, ITO Ma<C. My, T. €. Y <& X. Tor,m B mpaBoll WacTH ypas-
nerus (1.10) moswmo npnGJH,heHHo CIHTATh
“?__:”"“’~—“—2:4 (1.13)
c Ve bt | g \
u neperucars (1.10) B Buje
M =2 iR - (@)1 R (@) (1.14)

CoxpaHeHue MaJol BeJHYNHL Y B [epPBOM cJaraeMoM NpaBoil wacTh
obecrieduBaeT NPaBUAbHHEE yder saryxaunug. llpm sroM ¢ymknmusa
R (z) eBsizama ¢ BoauoBeiM modem U (x) dopayioi

RV 0@ g KL U ()=

. aU (z)
O =TT re G

dr

Orsmerum, aro BBefenHoe Bbime ycaopue (1.D) darTigecku oupe-
nexser ammauryasl A () u B (z). BBuny mpon3BoJabHOCTH 3TOTO ye-
doBust mmons A (z) exp {— ikz} u B (z) exp {ikz} He obazarennHo
COBIIAZIAIOT ¢ majammedl n oTpaskeITHoll BOAHON B cpefe, B IeM JIeTHO
yOequrhes B caydae € (xr) = consl. Oapako Kod@@iunieHT oTpaskenHa
BOJIHH 0T CJI0f, ompereneninit mo dopyyrae (1.12), He 3aBuCUT OT
crocoba pasmenenus moyed npu O < x <7 L. B cuay aToro samegannsa
dyurnusa R (z) He umeeT Karoro-nubo usngecroro cMeciaa. Ousmae-
CKuil cMbICT MMeeT ToJbKo Beawdnna A (L), Tar wak uepes Hee BHpa-
JKaeTes Koa(QOUUUeHT oTpa)KeHUusT BOJIHHI 0T clos GIYRTyuHpyoOiei
cpenbl Toamuun L. OTa ke BelIUYHHA, KaK QYIKUUA TOTIUHL CIO0,
Oynmer, odueBUIHO, YMOBIAETBOPATL YpPaBHEHUI, BHTeRAOmEMy N3
(1.14

dR (L)
dL

=2i(x - iy) R(L) + z|' e(L)[1 - R@L)PE, (1.14)

195



¢ HavaIBHHM yciaoByem, nodygalomumes us (1.11):

k— Ty ’
Tarasa 3anuch. ypaBHEHMA COOTBETCTBYET TeOPHM WHBAPUAHTHOTO IO-
rpy:xenns (em. . D). Mmes B Bumy crkasawnoe BhlIle, Mbl Gyaem pa-
Gorarb ¢ ypaBuenueM (1.14). Ormernm, 94To B 4acTHOM ciaydae, Korga
k = kp, supakenue (1.12) ynpomaercs w npuHUMaeT BUJ

R = R (L), (1.15)

a ecJId IpH BTOM ¥ k, = k, To HagaabHoe ycaoBue (1.11°) cramer ra-
KUM:

R (0) = 0. (1.16)
LA onpenmeleHdsd oA BHYTPH cpeasl BBemeM (yHKI[UIO
i U@ _ 1—R(m
VO =4 Te = TrRE (1.17)

QOyurmua P yAOBJIETBOPAET YPABHEHUIO IIePBOr0 IopAgKa HO X
(ypaBuenme PurKaTm):

W@ _ (e £ () _ ko :
T._.l/x(l]) —1—W)7 l]»’(())—T (1.18)

Ecam mur 3paem pemenme ypaBuenus (1.18), To moxe Boamst BHyTpH
cpempl MOYKHO HaiTu u3 JwHelHoro nuddepeENUaIbHOTe ypaBHEHUA
(orrocurennro U (z)) (1.17), pemenye KoToporo ¢ yeaoBueM U |x—r, =
= A (1 -+ Rr) mmeer Bup

i .
U (x) = Az (1+ Ry)exp {ide&xp(g)}. (1.19)

Bripasierne (1.19), opnako, He ogens yaobno mug ananusa. ETo Mosni-
HO Iepenumcarb B JPYroM Buie, a UMEHHO:

L
U (#) = An (1 + Re) exp {i 5 { de 0o+ 9% + (0 — w1} . (1.20)

x

Tenepb Moskuo mekaoanth u3 (1.20) Muumylo wacts ¢ (z). B camom
nexe, us ypaBuennsa (1.18) caemyer, 9To

by = i (F — ) E @ — W — ) (1.21)

(B mpaBoit wactm (1.21) mu mpeseGperau MalbM WIEHOM Ye), W, Cie-
JOBaTeIbHO,

2 *2 __ 9
i (p— )= I+ i (12)
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Homcrasasas (1.22) B (1.20), monydaem Bupaskenue s wons U (z):
1 iy
— - M t
U@=4u+ R [ErEe ]t T
. #y s
x exp iy Sdaw«w vgdaq, HEL @)
CrenoBareJabHo, wATeHcuBHOCTH Bodus I = UU* pEyTpH cpefs omu-
cuBaeTcs GopMyloi

, , " (L) & $* (
=1t m [ SO
x exp{— 9\,Sdg = jle b oo=lap). (124

x

OTmeTuM, 4To B caydae oTCyTcrBusi moridoumienus (y = 0) paBeHCTBO

I(@=1I(+ R+ RE [ FEEE ] 20

¥ (z) - $* (2)
cpa3y caenyer u3 3aKoHa CoOXpaHeHUdA IOTOKA 3HEePruudl B cpene
d (4 AU dU*
- (U ——U jzo, (1.25)

ecau BmecTo U’ (z) momcTaBUTh ee BHPpaskeHHe depe3 1 1o gopmylie
(1.17). Buipasum teneps B gopmyie (1.24) dynrnumo 1 (z) zepes R (z)
cormacuo (1.17). B peaynbraTe molydaem paBemcTBO

1—-{RL)P [1-FR@)| 15 B*@)]

1—[R(z)[? [1+4 R(L)] 1+ R* (L)]
L

Xexp{ ySda 1+|R(i)lj } (1.26)

I(@)=1Ty(1-+-Rr)(1-+ RY)

rne R; ceasapa ¢ senmumnoit R (L) dopmymoit (1.12). Boipaskenue
(1.26) cunpHo ympomaercs B ciaydae k = kr u, B cuny (1.19), npu-
HEMAaeT BYJ

141 R (z) |2+ R (z) 4 R* (z)

I(‘Z‘):IO[1 —‘|R(L)|2] 1 —|R@)]? X
] G 1 R(£)|2
x exp{— 2y dt 1:13(2”2} (1.27)
Ormermm, uro Beamaupa I (0)/I,= | T|* upencraBuser coGoit

KBajipaT MoAy/aa Koaddumuenta NpoXoxeHus BoJIHb! depes cJIoH cpe-
met (T = Ay/Ar). CuenoBarensno, monaras B (1.27) z = 0, moxyzaem
CBS3b MEXKIY KODPPUIMEHTOM IPOXO0KIEeHHA U KodpumuenToM oT-
pasKeHuA BOJHE OPH HATMIUY [HOTJOMEHAA B cpefie, KOTopasd ABJIAET-
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cs, OMHAKO, ouelh ¢aoskIoll. 13 wactmon cayvuae Ay = ota dopamyina
VIOPOLIAeTCsL:

TP=(—|Re[)exp{—2 Sdg”'ﬁ LEIR@P L (g 08

Brenem remeps Momyas 1 $azy rommrercuoll ¢yvHrInm R (r):

) - /,— wley - Lo ) - .
R ()= l/ ”(J';Ajo\p{/q‘(n}. w =l (1.29)
Toraa Poparyny (1.27) mowro sammearh xar
21, —5 .
1 () = | ”' m Ve (1) Jour(r) - Veosg ()] >

L

X e,\'p{— 2y 5 dgu ('@)} , (1.30)
a camu QyHRIUE ¥ (z) ¥ @ (¥) OMUCLIBAIOTCSA yDABHCHUAMHN, BHITE-
ratomumu u3 (1.14): .

Zz =—2y@*—1) %%l/ﬂﬂ — I sing,

g . : : (1.31)
¢ ~ g . " X

= 2% - % —-IEI 1 V=T coS q)J ,

C HaYaJdbHBIMH YCIAOBAAMH, NOJAYUYAIOMHEMICA N3 paBCHCTBA
W ()1 . k—k,
— L —expiip(0) = - —=. 1.32
l/u(l!) — exp g (O} = - — (1.32)
Jlamee gnsg pasuelx Iexeil maM 6ymer ymoOllee HCIIOAbL30BAaTh NPYTHe

nepemennnte. [IpuBemeM cooTBerTcTsyomue ofo3HaueHAA U ypaBlle-
HUA B HOBHIX TI€PCMEHHEIX:

R () —p(@)esplig @)}, >0, (1.33)
i x B b
—_— = 2 L - 1 ’ () = ‘
ar Wy Gresing rO=|7, (1.3%)
d : | RS
d_(f = 2% - Z‘— 8I(EII> [2 - (p s —) COWJ @ (0) = arg

1 ( ! i

L \ T :

I(x)=1, 1—?)2((5 {1+ p*(x) -+ 2p cos ¢} e‘P{ 2\’3%1#528}

x

Ecau swe npencraBurs R (x) caenyiomuMm obpasom:
R(2) = exp {— & (2) + ip (@)}, 0<@(2)<co, (1.36)
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Z" =2y +x Y singshi (a),

; el (1.37)
df =2 — % 8|(_'l|) [1 - cos@chi ()]

N e

Orwveri, uro Bee cucrensl (L.31), (1.34), (1.37) mveror 06uyio cTpyR-

TYPY, COOTBETCTBYIOMYIO cHCTeMe ypaBHeuwil (3.4.46).
AHATOTAYHBIM METOF0M MOKIIO PACCMOTPETH M 38749y, KOTa ICT0Y~

HUK BOJII UaXoJHTCA BHOYTPI CJI0A CAYy4aiino-meoIHOPOIIOR cpe-

ael [84] (mpH oTCy TCTBIDI 3ATYX QHHS).

§ 2. Crargerudeckine xapakTepucTHkl Ro3ddiimenTtos
OTPARCHILA If HPOXOIREEHHA ROJHEBL

ObpaTuMcsa TeTmepd K CTATHCTAYECKOMY OIMCAHMI XapaKTepUCTIR
o, Baskhoit ocobennoetsio kak ypasuenus (1.14), Tak u ypaste-
wuit, Beitexawmux ws nero: (1.31), (1.34), (1.37), asasercs o obeTon-
TeABCTBO, 4To ux pemrenus R (x) (mam {w (x), ¢ (x)}) saBucaT aums
0T TpPeAlecTBYIOMIN 10 « B3lavedwii caydaiinoir Qynxmun € (z')
npu 2z’ < z, T. e. AJA 9THX PCIIEHHHA BHIOTHACTCH VCI0BAE THIIAMHU-
gecKoil mpuannuaocT. B To ske BpeMs penrenue ypasuenus (1.1) atam
CBOMCTBOM He obIajaeT, TaKk Kak TPAaHHYHbIE YCIOBHA K HEMY CTaBATCA
Ha 00oHX KouTlaXx HeomqHopogHoro cios. llosToMy mns ypaBHeHHMIt
(1.31) w 7. m. MOKHO HCIOIB3OBATH MPUSTULEHINE MeNbTa-KOppeau-
POBAHHOTO CJYYafHOTO IIPoIecca 1 MCCIe0BaTh, B KaKAX CAydadx
Takas AlIpOKCHMAaUsa 0OKa3LIBACTCSA CIPABEANUBOI. JTOT BOIPOC MBI
HCCJIETYCN HCCKOMBRO 1103:ke, a ceffuac GyresM camrarn, dro & () —
rayccoBcras cavaafimas QYURIIIA ¢ KoppeT ool Gyurmiei

e (xye (2" = 20°18 (r — 27). (2.1)

rpe | — paguyc woppeasiua L ¢ (o) (0> 0). Pewernure cucremnt
ypasmnemnuit (1.31) asrgetess mapropcwunm npomeccos, T. e. {u (z),
@ (2)} — MaPROBCKITHE ABYMCPULIE [POMECe, OMHCHIBACMBIT COOTBET-
erpyomny YOO, Feau nirrenensraocts Gayrryarii ¢ (2) Jocratodno
MaTIa 11 Y TAKKE M0, TO nepeMeHuas ¢ () nMeeT CTPYRTYDPY

¢ (@) =@ (0) 4 Zwx -+ ¢ (2), (2.2)

Tjle craTicTuveckune xapasrepuctuku gyuruni u (z), ¢ (z) mepren-
HO MEHSAITCA HA DACCTOAHHAX MOPATKA [UIMHLI BOJHEI 271/, B TO
BpeMa KaK B mpaBoit wactu (1.31) umerorcs OnicTpo MeHANIAECH
dysriun. IloaTomy mo anamoruu co cIydaeM napaMeTrpu9ecKoro peso-
HaHCa, PacCMOTPEHHEIM B Ipepsiiymied riaBe (cm. rTakme § 4 ri. 3),
MJIA ompefeeHuA Me/JIeHHBX H3MEHEHUH CTATHCTHIECKHX XapaKTe-
pUCTHE MOHO yepenuursh ¥ ID 110 epuony OHCTPHX W3MeHeHHIl.
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PaccMoTpUM ILIOTHOCTH BeposaTuocTedl P, (1) pelleBmA cHCTeMH
ypasuermit (1.31)

P, (w) = <6 (u (2) — wd. (2.3)

Nuddepenmupya (2.3) mo z m ucmonbsya (1.31), moaysaeMm ypas-
HEeHUE

P (u) d .
2 2y (= 1) Pe(w) —
_T’_‘_I%Vuz — 1 <& () sin@ & (u (z) — ). (2.4)
e

Ilas pacmerienns Koppenanun B (2.4) BocmombayeMcs (opmyioi
(2.6.4):

P (u) ? )
— =2y (u* — 1) P, (u) —
% 0 a1 [Ceos g 82 > —
HED Vu 1[<\coscp 5 (2] S (u (2) u)>
d . du ()
— - {sind (u(z) —u) = (x)>]. (2.5)

VaurnBas Telepb paBeHCTBA

duf) % Yy~ Tsing(z),
de () [ &
dp () _ % (4. “
8 (r) EI[ “ Vuz_1coscp(x)],

(2.6)

BHTEKAIIEe HermocpeacTBerno u3 ypasmenni (1.31), moxHo nepeni-
carb (2.3) B BUE

0P, (u) ]
_—au—=2ya—u(u2— 1) Py (u) —
0 — | u .
— 2D W]/_u2 —1 £L<cos P |[1 - V=1 oS q)](‘i (w(z) —u)>—
—%<sin2q>]/—u2—16(u(x)% u)>}. (2.7)

Kax MH TOBOPHJIH BHIIE, NepeMeHHAsA ¢ (z) MMeeT CTPYKIYPY
(2.2). Ilooromy, yepeauss (2.7) mo meproAy OBICTPHIX OCIMIIALHIE
TPUTOHOMETPHUECKHX (YHKUHWiA, IlolydaeM 3aMKHYyTOe ypaBHeHHe

mas Py (u) [86, 871

0P, (v) 0 a ]

R .
rae Koaddunment pupdysun D = ﬁ o?l. 9To ypaBHEH¥E COOTBET-

crByer ypasremuio (3.4.90) mia maHHOM 3ajadu. Ecam temeps pac-
CMOTpeTh [BYXTOYEYHYI0 MJIOTHOCTH BEPOATHOCTEH P(uyg, T3 uy, Y)s
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T0 jUiA Heé moliyuaeTca ypaspemme Ttuma (2.8) mo nepevMeHHOM
Z - y. JTo 03HAYAeT, U4TO A BHUMCIEHUS MeJIeHIbIX H3MeHeHHH
MHOTOTOYEYHHX CTATHCTHYECKHX XapaKTepucTur mpomecca U ()
MOKHO PacCMaTpWBaTh eTo KaK MapKoOBCKuil mporecc, MIOTHOCTh Be-
posAATHOCTe# Imepexofia KOTOPOTo TAKIKE YAOBIETBOPsieT ypaBHEHUIO
(2.8) ¢ cooTBeTCTBYIOMMUM HAYAIbHHM YCIOBUEM.

B o0mem caygae ypasmenue (2.8) pemurh me ymaerca. Mueercs,
0fHAKO, CTAlMOHADHOE pacIpejeseHue BeposATHOCTeH Npm Z — 00
(manoMHMM, 9To ANs mepeMenmHo#t R (x) ponws x urpaer mapaMmeTp
L — ronmuna caos) [86, 87]:

Py (u)= %}exp {— “;}, ( — 1)} (u>1), (2.9)

C IIOMOIIBIO KOTOPOTO MO/KHO OLEHUTH, HalpHMMEDP, BEIHYHHY

<unmp>=3du%§%pmw;
) 5

llpm 29/D > 1 pacnpegenenue BeposTHocTeit (2.9) cocpemoroueno
BOamsn u ~ 1 u, caemoBaTeldbHO,

ARD Py~

Ecau sxe 29/D < 1, To pacupenenenue BeposrHocTedt (2.9) mmeer
OoJbIIYIO MMUPUHY U
5 4y D
2\ N i
AR (L)1 j)hly'

B cayuae, rorma cioit duryKkTyupylomeil ¢peAnl He IOTIONIAET BOJI-
1y, T. e. Bce BejmdauHbl k& BemectBenmsl, ¥ = 0 u ypanmwenune (2.8)
NPUHAMAeT BHJ
apP, (u)

0P (u)
u

dxr

Vpasnenue (2.10) moaydeHo ommcaHHbIM Bbime myTeM B paGore [80].
JTo ke ypaBHeHne Gbiio BEBEmeHo pauee B paborax [76] ¢ memonn3o-
BaHMeM KPacHBoil AHAJIOTHH pPaccMaTpUBaeMod 3amadn ¢ OPOyHOBCKIM
IBIKEHHEeM 4YacTHIH Ha IiocKocTu JloGadeBckore; IIpH 3TOM BeJIH-
9WHE v ¥ @ B BeIpaskeHnmH (1.29) cBA3aHH ¢ MOJAPHEMU KoOpAAHATA~
MH Ha 3Toi muockoerd. Pemenwe ypasuenus (2.10) ¢ HaganbsHBIM ycaro-
BueM P, (uy) = 8 (uyx — ur) ompemenseT IUIOTHOCTb BePOATHO-
cteit mepexoma u 3anucmBaercs B Buje unTerpana Memepa — @oxa
(em. Ta. 3):

— D 1) (2.10)

p(ur, L|uy, z)=

o0

5 . 1
:S dy p th pmexp {— D (H‘ + T) (L — x)} Py (ur) P (),
0
(2.11)
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rae P (1) — @yunigrs Jleszanipa nepsoro poja (GyiRmma ®o-
Hyca), yIOBIAETBOPHIOLLAA Y PABIEILNO

d , . . d .t o i
o (W — V)= P i () = — (‘}l = T\j Py (u). (2.12)

PaceaoTpiy remeph wactHuiit cayuait A, — k. Torga magaaenoce
yeaosne s (2.10), ompeles giomee 0 THOTOH eIV 1) ITOTHOCTH Beposti-
HoceTeli,  Oyner

) Py () - 8§ (u— 1y,
ato cootrerernyer yeqaosino £ (0) - O n (L117). Hpn srom peurenne
ypasneinrs (2.10) yvirpowaeres 11 ApiinyMacT Bhi

P (u)y= 5 dun Lthumexp { —D (u‘l +

0

i

! ).[} P i (u). (2.13)

lNemoip3ys WHTeTpalbloe npejicrasienue aia dynwkuun Jleswaunpa
(eM. ra. 3), MowHo mepemmearh (2.13) caeayiomum oGpasow (80]:

oxp {— DL/4} S Je - CXp JL— D |

Pr(chu)=— ——
r(ehu)=- V 22 (DL)'T:

(2.14)

Vehaz—chu

C moMomblo pacnpenenenust (2.14) nerko BMYHCIHTE CTAaTHCTHIECKHE
XapaRrTepuerirn KodPOUIIIenToB 0TpasKenust I NPOXOKIEHI BOTHEL.
‘ Tark, paa senmumn | R (L) |?> m
| T |*> moaydaeM BBIPAEENMA
[ )

¢ w—1

R = du e P ()=

1P =
ey [PV gy
. ‘ - _I/E()\pl ( IUS( (‘h(n“]/m) '
7 Z 4 6L (2.15)

Puc, 14, Cpezinec 3HaTeHHC KO- / .
¢HIECHTa [POXOH{IGHUA BOJHBI Ha pue. 14 mo pamibm pagorsr [80]

qcpes caoit payRTyUpyomeii cpe-  HPUBEICH pesyibraT YHCACHHOT 0 UHTE-
Ml KAR QYIRIUIA TOMUIIHE 05,  TPHPOBAHUA AJA BEJTUYHUHBI T2

kax QyErmum napamerpa DL. Hs
pucyska BupHo, wro upa L — oo (DL >SN0 T (L) —~0,
1. e. OMHOMEPHAS ¢Pefa, 3aHNMAKNIas NOTYyNPOCTPAHCTBO, MOTHOCTHIO
oTpaskaer BodHy. lIpu 2ToM BCe MOMEHTNH BE/TUTHHL! | R (L) |* cTpe-
mares k 1 (cM. cregytommit naparpad).
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§ 3. @ayRryanum NNTCHCHBHOCTI BOTHBI BHYTPH CI1OA Cpeisl
(cToxacrnucexuii BomtoBoi napamerpmyecknii pesouanc)

Pacemorpuy renepn, Bonpoc o maxomjenun CraTHETHYCCKUX Xa-
PAKTePICTHR HMHTEHCHBLOCTI BOJHbLL BOYTPU cpepbl. ak Mpl roso-
PHIM, HHTEHCHBIOCTh BOJIULL onlchibaercs dopmyioii (1.30), rae
dyurmis @ (2) nveer erpysrypy (2.2), a ¢yurmmu uw (z) u § (2)
MeINeH10 MEeHATCH Ha PACCTOSAHUAN TOPAJAKA JJINHE BOJHHEL 1loa-
TOMY [PH UBYYEHINI PAasanuuplx KoMOunanuit us gyuxmuit I () meae-
€000Pa3HO PACCMATPUBATL UX Me/LTelHble IBMeHeHIs 110 Z, T. e, IPef-
BapnTedbllo yepegHUTh II0 OhCTPO MEUSWIMUMCH Ia IJHile BOJIHBI
pynrmuam. Takoe yepemuenme 6yjey obossagars Tuabgoil. Tax,
yepennenue pupaskerud (1.90) gaer

I,

- 21 (&) 0. { -
T () = oot ox {_ 2y dEu (®); . (3.1)

Jra gopmy.sra Guina uaitiena panee s pabore [89]. Anamormumpim o6pa-
30M IOJIVYAEN

I
. 21 I ' ]
2 () — =" S (r) — ND 4 — Ay E ( 3.2
7*(x) T W (LF (B (o) — 1) exp i — 4y Sdbu(g)J (3.2)
A
u T o, Jlazee, 6es orpannvenns obwnoctn nogomum I, = 1/2. Rax

yhkasbiBanoch Bulue, dynsuusa w () B (3.1), (3.2) u 1. 1. aBnsercs
MapKOBCKIN CIydaiiHeIM npouneccoM. Kemn mpir oronm cucremy (1.31)
pas GyEROHN U (Z) TOMONHATH ypaBHEHHEeM

dq ‘ o]

ﬁ: Z\’u(.?:), q(()):(), (.).3)
TO JIA HAXO/RIEHUA MEJIelIno MeISIOIMNCS CTaTHCTIUYeCKaX Xapak-
TePUCTUR U (x) I ¢ (r) MOSRHO paccMaTplBaTh IX KaK COBMECTHBLE
MAPKOBCKHI 11poIece. II0THOCTD BEPOATIIOCTEH KOTOPOT0 OMUChLIBALTCS

i 2]
ypapuernem (2.8) ¢ jofaBremieN B NpaByI0 9acTh YIeHa — 2\76—’1 ul,.
IIpn BrOM  MOJKHO, TOIB3YACH ILIOTHOCTHI) BePOSITIOCTEI! epexola

y ;

H 0AHOTOYETHOH BepoATHOCIBI U (z), ¢ (), BLIYUCIHTL BCE OJi-
HOTO9EYHBIe CTATUCTHIECKME XAaPAaKTePHCTIIKU HHTEHCHBHOCTH BOJI-
upl. Opnano pemnth ypaBHENuC JUIs TNIOTHOCTH BEPOATHOCTEH B HTOM
cyuae 3a1pyAHHTENbHO.

Pacemorpuy mopapobro ciyvail oTeyTerBUsl HONIOUICLMS, T. ©.
y = 0. Torga muorHocts BeposTHOCTedl Tiepexoga 1 0JHOTOYETHAS
ITOTHOCTh BePoATHOCTeH ommchiBawTes dopmyraMmn (2.11), (2.13),
a4 HAXOK[AeHHEe OJHOTOYEYHBEIX MOMEHTOB HHTEHCHBHOCTH CBONHUTCS
K xBagparypaM. Tax, pas Beauaune " (z) moaydaeMm BHpaskeHme

~ g, (U
Ny nixl 4
@)=t (3.4)
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roe gn (it,) — moxuuoM mo u () cTemeHu n, W, CIe0BATIbHO,

- ¢ du -
(I (2)y = S (1—5)5 duteg, (12) p (UL, L| gy ) Py (). (3.5)
1 TUL g
OrMerum, 710 Bee MoMenthl Beawdnuu I (0) = | T |, xag OnLa0 TMO-

KAa3aHO BHIIE, SKCIOHEHINAAbHO 3ATYXAWT ¢ POCTOM TOJIIMHELI CIOM
L —> 0o, T. e. Takoif ¢N0it cpeasl B cpefueM TOIHOCTbIO OTPAKAeT BOJI-
wy. Moseurn sexmauunt [ (L) = 1 — | T npa L — oo 6yayr crpe-
MHTBHCH K eiMHume. PaccMOTpUM Terephb IOBefeHIe CTaTHCTHYeCKUX
XapaKTepHCTHR HnTeHcuBHOCTH BHYTpH ciosd. Ilopcrasassa » (3.5)
BeIpakerne (2.11) pas p, ¢ moMompio PopMyTH (cm., manpmmep, [50])

o

' d 7
S (1—:%)7 Psjin (2) = chun K, (),
1

2 (n 1,2 R
Koo () =57 Ky =1, (3.6)
MOKHO BBHITIONHUTh HHTETPHPOBAHNE IO Uy U TePedTH K ABYKDATHOMY
(0 BHEIIHeMY BIY) HHTerpaly (3fech H gajxee A0 KoHIA maparpada
o6osmageno DL — L, Dx — x):

oy =son |- 6] o B

0

X K, (n)exp {— p* (L —z)} S du g () Posjpin (W) P (). (3.7)

1

Hocronsry I (0) = 1/(1 4 u (L)), nurerpan

w duy, a : ’
§ 2§ s ) p s, Eluo0) Pew) - (35)
: (" ng) :

OTHCHBAST KOppenAnuy Kod(QPuIuenta npoxoKHAeHHA BOJHB C WI-
TEHCHBHOCTHIO BHYTPH CIOSA.

Tlanbreitmas 3a7ada 3aKI0TAETCHA B BEITHCTCHAN BHYTPEHIIY HH-
rerpanos B (3.7) m (3.5). IlorakeM, IT0 MX BHTHCJIEHHE CBOJUTCA
K pemIeHHMI0 IPOCToil cucTeMs nupdepeHnuanbHEX ypaBHeHHH. I
BTOTO PACCMOTPUM BHIPAKEHUSA

o

fr (2) = S QP (W) Pe(w)  (k=0,1,...),  (3.8)

Apngomuecs mnpeobpasoammeM Memepa — ®ora pig  GysROER
u*P, (u) (cm. ra1. 3). Nupdepernupys (3.8) mo z, mcnoabays ypase-
menmsa (2.10), (2.12) u wuHTErpUPYH OO TACTAM, NPUXOLAM K
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yPaBHEHNIO

o

dfy d d
— = S du P, (\u,)—du—(u2 — 1)W uFP_i iy (u) =
1
), ,
= — (W — Rk 2 — k(D fia @), (3.9)
rne
¢ d

‘ll'/‘h. (aj‘\) o du. u}f—l (u2 —_ 1.) px (u) W [)_1’ 2+i‘u (u) (310)

Huddepernnupys Teneps Pyuruuio Py (z) 10 z, aHAJIOTHIHEM 00-
pasoM TojaydaeM ypaBHeHHe IaA Py (x):
dlp/i
dx

[ i, d . d
= S du ])A‘ (u) W(Uz" —1) Wuk—l (u2 —_ l)ﬁ p—l/;+7'-.ll (u):

1

=—(.lkz € _i__lg‘! J_A-) wk—2k(u2+ %)fh-—

1
— (b — 1) (F — 2) Ypog + 2 (k —1) (u2+ T) fios. (3.11)
HaganpueiMu yesnopusavu gas (3.9) m (3.11) sasasiorcs, odesupso,

ycaoBus
Fie (0) =1, ¢ (0) = 0.

Taxum obpaszom, Pymenmun f (z) m {p (r) cBAsann 3aMKHYTOH pe-
KYPpeHTHOH cucrTeMOil HeoJHOPOAHHX AuddepeHNIaNbHNX YPABHEHUH
BTOPOTO TOpAAKA € IOCTOSHHHMH KO3PQHIUeHTaAMH, KOTOPYIO HE
nupepcrasiaser Tpyga pemurb. IIpemcrasum pemenme (3.9), (3.11)
B BHJIe

fi(@)=Fu@)exp{— (12 + o — )2},

1 2) = (@) exp [ — (w2 1 o= — 2] 2},

Torpa pas fy (2) 1 ¥ (2) moryTaeM cucreMy ypasHeHni

(3.12)

L — k=20 — e (k — 1) Frg exp (— 4 (k — 1) 2},

P - ) 1
‘ZL—ZMrmpk:_zk (W2 ) Fa+
(k= D[ 2(0 4 ) Faa —(h — 2) By, | exp (— 45— 1))
(3.13)

¢ HadaJbHEME yciaosuamu [ (0) = 1, P, (0) = 0. Ormermm, TT0 Co-
OTBETCTBYIOIEE PEIeHne OJHOPOTHON CHCTEMEl TAKOBO:

fr(x) = 4 () sin 2k pz + B () cos 2 kpz.



Paccemorpin mpocTeiilime ciydail.

dr, - .. 1
1) k=0, d,; =0, fo=1. fn(x):exp{— (M‘ﬁ— —4—)33}
(3.14)
Torpa mETErpad, Hoaydawliuics us (3.5'), pased
WS(ZH—“Sh‘M K (p)e\p[ W L le<|T|‘2"\,
: ch2na n 1 H 4 { 7
U
TPy — m-l/q K.,el4 opn L -0,
{
1))
K7l+1 :—(lzz—n/')—‘lfn. K]_: 1,
rie T — RosQQIILEnT MPOXO0KAENMsE BOJHBL 4eped cIo# ¢uyrryu-
PYIOILel Cpe/ibt.
2y k=1, dh — Fy1= 21y, by +1E1:—2(M2+%)f1-
CitefioBarelbmo,
R B Z_N_%_ f . L sin 2ux
f (ac)_exp] Lp 4 )x}lmsz;m: { o }, (3.15)
U MHTerpad, moaydawomuiics us (3.5), umeer Bup
ne {;r _ L ofd _shia g , 2L} X
Xp - '_4_} [ cthl.ﬂ: n(“)e‘\p{_p
0
{0032;123 + stp:]j
[ < (z)> mpu n=1, )
VIO (@=L (x)) —<T ()T [ () upit n=2 u T. 1. (3.16)

Otmernm, urto Bmpaskenme (3.16) s (I (x)) 6biI0  TOJAyIeHO
smepese B paGore [79]. ITpm orom dyurmusa {7 (2)), rax Qyuxnus
nepeMeHHHX L, z, YLOBIETBOPser YPaBICHHIO napaboauIecKoTo
THIIA

1 g2<I> 1 a<ly ,
o (3.16")

¢ HAa9aJbHBIM YCMHOBHCM

- . ¢ w sh we ‘ sin2ur |
I (2)) |p=y = me” S dp W{COS 2px - T}——

0
=azch?z L e¢‘chtx

3) k=2, df2 e OFy = bpy — e,

d{(} 1 i~ F 1 —4X
B oy 4 ) o2 (g ) e
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CrepnonsaTensiio.

ll"" ) l‘_'
! ogin Ay o 2
K —— SIN AN

2u (-3 }

Ui em1x(3.17)

Folry = 2o o e - T
T2(x)="x — ll2)(o;. (IO T

\
B aroM caydae murerpaas (3.7), (3.5') 6yAyT onucpBaTL BTOPOH Mo-
MEHT HHTEHCHBHOCTH M KOppeIANHI KBAJIpaTa HATCHCHBHOCTIL B TOU-
Ke z ¢ Kop(QOUIImeHTaMI NPONOKIEHNA I OTPAYKOHNA BOJLHbL:

5 sh s . N B .
(P = et STt enp ol (10 ) BT @) e,
0

ch*ua

~ by L] ¢ vslhopse 3 N 1\ »
<7 =5 exp {41 — —‘T S dp};” exp {— p*L} (.W -|- —4—)]‘2 (x).

4 | ch2um
0

Ormerny, 7o upu L — oo 1z 5= 0 (7% /(T = 3:2.

Taxaym o6pazoM, pemas HOCAEN0BATEAbHO PEKYPPEHTHYI0 CHCTe-
My ypasmermit (3.13), MOKHO BBIPAZHTh COOTBETCTBYIOIII MOMEHT
MHATEHCHBHOCTI uepe3 efHCTBeHIYK Kpaxparypy. MHrerpatamu Ta-
KOTo THIIA, KAK Mbl BIJeIN Bhle, onuchBawTcs u Koppeasn ™ (z)
¢ WHTeHCUBHOCTHLI0 HA TPAHHIAX CJOM.

PaccMoTpuM Temepl CTPYKTYpY BoBHHKaomMux Bhipamennit. Hax
MBI BHJ[eJIM BHIIE, MOMEHTH HHTEHCHBHOCTH BOJIHGI BEYTPH CJI0S CPE/IH
OIMCHBAIOTCH HHTETPAIAMH BHIA

T (@) ~

oo

1. ’ } ‘
~expfnte — 4| | du g ® () exp (= gL+ 2inpa) =

L ¢ h :
—exp{— 7 Lt — b} | du i @ wexp (— L(x— g,
(3.19)

roe senmaunEa & — 2/L, a @ (p) — anreGpamdeckan QyHKNUA Mapa-
merpa W. Ecam 06paTmrbes K acHMOTOTHIECKOMY CILYIal0 L — oo,
£ — ¢urcuposansan Bemnmina (0 <{§ < 1), To u3 BHpaKeHNA

(3.19) cepgyer cymecTBoBaHNIe JIBYX MacirtaboB

- 1 1 1
= (1— )1 I e

rTakmx, 9o npu 0 < & < &, BeamInHa <}?r> SKCIIOHEHIHATbHO Mala.
Tpn &; <TE < &, Beamamua (T™) BKCIOHEHIUAILHO BOINKA, AOCTH-
rag MakcEMyMa B Touke § =~ 1/2, <F]\7l>max ~ exp {(—'ia—“i} ITpu
1> & > &, BeamTuHa <7‘> AKCTMOHeHIHANbHO OLICTPO CTPEMHT-
¢ 1 enmEHLE. Bce BHIIECKasaHHOe OTHOCHTCH K cIydaio n > 2.
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Wermwouenne coctaBaser ciayuait n = 1, Korma toaxm & u &,
CIUBAIOTCH I paclpejeseHne cpepieil MHTEHCHBHOCTH HOCHT MOHO-
ToHHHI XapaxTep. B mpemene (cM., manpumep, [79]) mpm L — oo

0 upu §<1/21
CTE))=0(& —Y2)=1 Y2 mpu E="/s,
1g mpu 2>/

OrmeTuM, 9TO TAKOH{ CTYyIeHIaThlil BuJ cpenHeH WHTEHCHBHOCTH
cBs3aH ¢ BHOOpoM mepeMennoit § = z/L. B camom pene, npu L — oo
WApPIHA TIepexo/Hoft 06IACTH, Kak MOKasarto B [90],~ V L. B wmac-
mrabe ke & ona umeer Bup 1/ V' L upu L — co. [leperiii MacwTad om-
penensiercsi papenctBom n*E (1 — &) = 1/4, a Bropoit oGycrosren

Tem (aKTOM, UTO B CHIAY YCHOBI
| T" (LY> -1 mpu L — oo ocBoOBHOI
praax B uprerpain (3.19) poimen pma-
BaTh WOJdC [, =i (n — */2). lpu arom
KOUTY]) HHTETPHPOBAHUSA NOJIKEH OHITH
CHABHHYT BHIle 3HAYCHHA W, T. €.
U, << inE. OTMeTHM, 9TO C POCTOM R
g, > 0,af,— 1. Hapuc. 15 cxema-
THIecKH wu300pajkero pacIipe/erleHNe
MOMEHTHHX (QYHHKIHIl HHTeHCHBHOCTH
BOJIHEL BHYTpH ciod cpenbl. Tor daxT,
970 MOMEHTHBE (YHKIUHAU WHTEHCIB-
HOCTH BKCIOHEHIMAAbHO PACTYT BHY-
TPH CIOSA, CBUNETEILCTBYET 0 HAJHIAN
s ABJEHUA CTOXACTHIECKOTO TapaMeTpPH-
¢ yeckoro pesoHaHCA, AHAJOTHIHOTO
Puc. 15. CxeMaTuuccroe mu30- obrranoMy HapaMeTPHqGCHOMy peso
fpakenme IOBejeHMA Momenrop ~ LalCy. Pagnuma saxmwogaercst B ToM,
HHTeHCHBHOCTH BHYTPM ¢ayk- ITO, TOCKOJbKY B IPAHMIHHIX TOMKAX
ryupywomeir cpegst (DL > 1, MOMeHTH HHTEHCUBHOCTH 3aaHbl, K-
k= k). CHOHEHIUANBIEIH pPOCT TPOUCK OAAT
BHYTPH €O H MaKCHUMAJbHOE 3HaYe-

HHe [IOCTUTAeTCH B €T0 Cepejiue.

ABANOrMYHO OLHOTOTEYHHIM XApPAaKTeDHCTHKAM HHTEHCIBHOCTH
BOJHBL MOM{HO PACCMOTPeTh W MHOTOTOTETHHE XapaKTePHCTHKH, Ta-
Hye, KaK KOppeasiid HHTeHCHBHOCTH B ABYX H 0ojlee TOYKAX BHYTPH
cpexbl. OHE Take OYAYT OMUCHBATHCA KBAAPATYpOit THIA HHTErpa-
aos (3.16), (3.18). Haiigem, manpumep, KoppeasmuonEy©0 QyHKITHIO
naTeHcuBHOCTH By . = (I (z) T (y)), rme L >y > x. Torma mo
OmpesieNeHnI0 IWIOTHOCTA BeposTHOCTeH mepexona

e dudu dug
By x= glgg T sty (ur, Ly, )P (1, y |ty 2) Pfir). (3.20)

MopcraBnaa B (3.20) mmTerpanbHOoe NpejcTaBleHne AJA TepBOi
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dynrwmm p (2.11) u gHTerpUPYSA 1O U, TIOTyYaeM BHPAKEHHE

RS

a (o, 2, 1\ shua 2 1
By, x = S ap .”( - -4—) zhﬂm exp Jl_ (u + T) (L—y)} X

0

X

e 8

du U Py (1) S duyuy Py iy (ty) p (Uy, Y| s, ). (3.21)
: .

o0

Buyrpennnit murerpan fy (y) = § duyuyP i (w) pliy, U |ug )
- 1
MOJKHO BBITHCAMTH COBEPIICHHO AHAIOTUIHO BHIHCACHHIO (yHKITHE

/rx (x) (3.8). B camoM peiie, MOCKOABKY TIOTHOCTH BEPOATHOCTE Tie-
pexopna, Kaxk QYHKIHA nepeMeHIoll Y, YIOBIETBOPAET TOMY e ypab-
HeLW, UTO 1 0JHOTOUYeYaf 1IJLOTHOCTh BepostHocTell Py, nas Gpyuk-
nun f; (y) cupapeuanea cucreMa ypaBHeHHI

Ji () =exp {— (W —=2)(y — )} ¥,

i . o~ dh - 1),
d_f;_]-l_—_mpl, %+¢1:—2(u2+—4—)]‘1,

(3.22)

rae dynrnus ¥ (y) amaxormama ), (z) (3.10) ¢ samemoit P, (u) Ha
D (uy, y | Uy, ). Haganeune yexosus s cucremst (3.22) momygaoT-
cA U3 onpenenennd GyHruui f; (y) n P, (y) npu npemeanEOM Nepexoe
y—z, T. e,

]Tl l.L/:x = u’x])—l/ﬂ—’l,ll (u.\)7

” d (3.23)
Pily—e= (ui —1) du,, Py (Uy).
Pemenne cucremet (3.22) ¢ yeaosunmu (3.23) umeer Bujg
in 2 —
Fr(y) =P o () [COS 2u(y—z)+ _Smp‘z(+”)‘l L
1 9 d )
T (s — 1) 7 Py (W) sin 2p (y — 2). (3.24)

IMopcrapasia Teneps (3.24) B (3;.21), TOJydaeM BEIpaKeHe
% ¢ 9o, 1\ shun ‘ 1
By .= 5 S du (Wﬁ‘ 71) ﬁexl’ {_ L (HZJF —4—) Ay -

0

oo

(= ) dwaands ) P o,

1

¢ 1\ shum 1
By,x:%gduu(}k?_’!— —4—) :hzuun exp {_L(Hz—!“ T)+y+
0
3

sin 2y (y — %)

—}-x(pz— 'T)H[cos?.p (y —x) + —ZH—] fo (2) +

o (@) SO 3.25)
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rae Pyuniun f, (1) 1, (X) onnchBawoTes cieTeMoil ypasaenni (3.9),
(3.11). Taxmm o6pasos, KOPPEITAIIONIYI0 QYNKINIO UITELCHBIIOCTH
MOKIIO 3AIICaTh OKONYATENBHO B BIje MHTErpala

a ¢ s . 1y shyus 1
By’x:—z—Sdpp(w—;-—)ﬁexp{ ( + — ) ﬂ—-1/7~3x},
0

4 4

‘H»COS 2}[ (y — T\ w l f‘l (Cl) L i’z () sin 2u (y— } ('% 26)

! ! w
rae Gymkmug [, (1) onucusaerea gopmyaoit (3.17), a ¥, (7) ompene-
JISIETCS PABEHCTBOM

~ Lyl oF 0«
l')-z (.’17) = —/{—L d(z — ZIJ T Z(f“”"\J . (32.7)

[Ipu y = z epaskenne (3.26) mepexoputr, ecrecrBeHHo, B (3.18),
a npu z = 0 monygaem woppersmuw {I (0) 7 (y)>, copmagaomymwo
¢ dopuyioit (3.16).

TaxuM 00pasoM, Bce OJHOTOTETHBIE MOMCHTHBIE (Y HKI[HY HHTEH-
CHUBHOCTH BOIHLI BHYTPH caosl QIyKTyUpyoOIei cpembl W Koppeas-
THoHHLe PYHEIUIT PAa3HOro MOPHIKA ONHCHBAKWTCH O HOR KBagpaTy-
poil.

Brime Myl mogpo0Ho paccMOTpesy 3agady B OTCYTCTBHE MOTAOIIe-
uns (y = 0). Yaer KoHeIHOCTI BeauIunH y 6y/eT paccMOTPEH B Cefb-
MOM maparpade, a 37ech 0TMETHM TOJIBKO, IT0 JerKo BEIYHCIHTh CPei-
Hee smavenne yposus mureucuBnoctit {y (z)> = (In I (z)> npn na-
JUIHN morjomennsa ¥ ).

B caMowy gene, pyuwuus y (z), coraacuo (1.30), omncrpaeTcs Bbl-
paskeHHeM

L
y(x)=1n 2Ty —In[1 4 u( L)]»Jyjdgu -

4 Inu(z) - Vuz —1cosq(z)] (3.28)

LA HAXOMUEHHS cpemHero 3HAYeHHA Y (x) e TpebyeTcsi 3HaHUSA
ABYXTOTednoil miIoTHOCTH Beposrmocredl (ur, uy). Yepemman (3.28)
10 @, TOJyIaeM BHIpaskeHHe

@D =TT —In (A +ur) +In(1 Fuy)—2y (deu@).  (3.29)

M3 (3.29) caegyer paBeHCTBO
Y (2)) | = In 1. (3.30)

*) Ha 370 o6cToaTeaneTno 00pari moc anmanne B, U, Teanprar. Popuyaa
(3.32) Ona 1M TIOJMyYeHA paHeC JPYTUM 11yTeM # JIOJO7eHAa Ha HAY9IHOH Ceccuu
Cosera AH CCCP no mpofaeme «Duangeckan 1 TeXHWIeCKas aKycTHEa» (AKycT,
mypa., 1975, 1. 21, c. 483).
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Yepenuusm rtemeps (3.29) mo u n mpoguddepeunnmpyen mo z. B pe-
3YABTATE TOAYUAEM

@y =2 @)y @), (3.31)

A5 naxoskeHIs cpejtero snavdeHust B npasoil dacru (3.31) yunosnam
ypasuernne (2.8) na In (1 4 u) 1 mpounrerpupyem no BceMm u > 1.
HuTerpmpys 1o wacrsd, moxyTIaeM BbIpasieHIie

L dnlt 4w ()] = — 2y - 2y -+ D

CremoBareiibHO, TIE3aBHCONO 0T KpaeBblX yeaoBuit mpu # = 0, co-
raacuo (3.31), (3.30), umeer mecro

de— ey =2y D, (gla)y=Inly— 2y Dy(L —x). (3.32)

§ 4. O Bauamin XpaeBbIX YeaoBuil vHa (QIYKT)amim
HHTEHCHBHOCTIL BOTHbI

B nepsoyM maparpade 6510 moNYIeHO CTOXACTIHYECKOE BHPAMKEIIHe
LA AHTEHCUBHOCTI BOJHLI BHYTPHU ¢X0fA. HoHKPeTHble pacdeThl B Tipe-
JHIYIEEM maparpade oTfpalnInBATIACH CIyTaeM, ROT/[a HeBO3MyIMeH-
Hasg JI0JeKTpIdecKas [POHIIAeMocTh (TOKa3aTelb IPeroM:1eHus)
B C/J0€ Cpejbi COBIATAeT C AUJICKTPUIECKONR TPOHHIIAeMOCTHIO BHE
crosi. Cayuail pasHbix 31adenii AIDTeKTPUTecKodl IpOHUIAEMOCTH
faeT BOBMOJRHOCTH WPOCJEIHTb 3a BANAHHEM KpaeBHX ycIoBUH Ha
CTATHCTHYECKHE XAPAKTEPUCTHKHM WMHTEHCHBHOCTH BOJHBI W, B dacrt-
HOCTII. Y4eCTh IajH9ue oTpazkare]bliodl rpauwus (inb6o or Golee
IJIOTHOH cpefnl. aubo, JLIs akycTHIecknX BoJII, of Bakyyma). Hisxe
MBI TOIPOGHO PACCMOTPHM DTIf TIPeIenbubie ciiyIan. ¥ 100H0 BOCIOMb-
30BaThCH 3ammcebio Benuwuusl 1 (x) B Buge (1.33)

R(zx) = p () exp {ig (x)). (4.1)

rae yHkmun p (z) 1 @ (z) yaonaersopsior ypasnemnio (1.34) (B oT-
CyTCTBHE TOIJOIEeHH):
‘ b —k,

Z) —_— |l";| Elay(1 —op¥sing, o(0)= | (%.2)
: O hy<7k

dg Lk S R I DU I T

=2 |- STET ¢ {r) [9 (p L _ﬁ) cosa ! ¢ (0) = {n, lo > o,

4 caMa HHTCHCNBHOCTH BOJIHH CBisaula ¢ $yHRmussmmo p () 11 @ (z)
dopvyaoit

[ ((I})—_- [O 1 ——'{42 ([1)

m {1 - ()‘2 (l) - 2p /1> coSs (p} (/l 3)

b "

ITo-npesxueny Oymem caurarth & () rayccoBckoil meapra-Koppean-
poBaHHOI ciydaiiHoil yHKImeil o z, T. e.

{e(x) E(2')) = 20218 (z — 2'). (4.4)
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B oroM ciyzae pemeHme cmcreMu ypasmeruii (4.2) {p (z), ¢ ()}
ABIAAETCHA MapKOBCKEM nporneccoM. Oymruua ¢ (x) npu bToM nmeer
CTPYRTYPY

Q) =9(0) + 2k + ¢ (), $(0) =0, (4.9)

a pysrnnm p (z) 1 § (r) MeIIeHHO MEHSAKTCA HA PACCTOAHUAX MOPAJI-
Ka JUIUHEL BOJIHEH.

B pgamHoii 3agage, HOMUMO Pa3iIMIHBEIX CTATHCTUYECKHX IapaMer-
pPOB, MMeeTCA MOMONHUTEILHKIH mapamerp ko/k, ROTOPHIT XapakTepH-
3yeT BIUAHNE KPaeBoTo yeiaoBua npu ¢ = 0 wa quaaMury Boanst. Cry-
qaii ky ~ k coOTBETCTBYeT HPU ITOM 3ajade O NPOXOIKICHHHM U OTPa-
JKOHUH BOJHE OT CJIOS CPEJB, B TO BPeMsa KAK 3HAUCHWe mapamerpa
ko/k — 00 oTBegaeT HaAWIWIO 3EPRANBHOM moBepxuocrd mpu x = 0.
ATOT mpefedbHHI cAydail TPUBOLUT K Kpaesomy yeaosuio U (0) =
nasa ypasuenus {1.1). JIpyroe mpefenbuoe suagenne ky/k — O onnm-
CEIBACT OTPa)KeHHMe aKyCTHIeCKON BOJIHEL OT BAKYYMa, a COOTBETCTBYIO-
mee Kpaesoe yciaosue mia ypasuenus (1.1) mmeer sug U’ (0) = 0.
B npegeraymem naparpade nogpo6Ho paccMaTPHBANOCH YyCloBHe ko =
= k. OgeBugno, uto upu k, ~ k, KpoMe ecCTeCTBEHHOT0 YCIOKHEHHA
dopMyI, TOMYUICHHHX BHIIE, HAKAKWX HOBHX 300EKTOB He mOABHUT-
ca. PaccMorpuMm Temepd mpenesbHBe Caydam ko — oo u ko — 0.

Hax npm £y — oo, tax m upa ko — 0 p (0) — 1, m, cregosarens-
HO, U3 ypaBuenud (4.2) moiaydaeM paBeHCTBO

pf(x) =1 (ko — o0, ko — 0). ) (4.6)

B mpeampymem maparpade BMecro p (x) paccMarpmBanachk QyHK-

u—1
T Opnaro B cuny
TOTO, 9T0 3HadeHMI0 P (r) = 1 cooTBeTcTByeT 3mHadenme u (r) = o0,
WCHOAB30BATE ee 31ech Orno Onl meygobmo, TaxmM o6pasoM, B BHIpa-
smennn (4.3) 1A MHTEeHCHBHOCTH BOJHM COASDIKHUTCA HEOTpeeleH-
HOCTD, IPH K, —> o, ko — 0. Urofu ee packprsth, HAM Hago 3HATH
XapakTep cTpeMieHHsa BeIWIuHEE P2 (2) K eguimme. IT0 MOMKIO HAWTH
ciaegyiomuM o6paszoM. Ypasuenwe (4.2) Jerko pelIuTh OTHOCHTEIBHO
dyurmum p (). B pesvabraTe molyaaeM paBeHCTBO

ousa u (x), onpedensieMas GopMynoit p (r) =

o0 expig ()~ [ — (]

PIT) =~ exp (g (M) - TT—p O (4.7)
— &
p(0) —‘l F- /:)
TIe
£ faze@sing ). (4.8)
0
CiegoBaTeiIbHO,
1—p*(z)= 411 —p? (V)] exp {7 (=)} (4.9)

[(1+pO)exp{g(x)}+ (T —p O)* '
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109TOMY TIMEEM ACUMUTOTHKH
k
4K9XP {—a(z) (ko—> o0),

1— o (z)— (4.10)

k
4 —-exp {— g ()} (ko —0).
Urak, B o6oux mpegenbHbx caydaax gopmyna {(4.3) npaummaer npo-
cTOHM BU:

I (z) = 2Iyexp {— q (L) + ¢ ()} [1 + cos {@ (0) + 2kz + 6((4@1}1]5

rge GyHruouy g (2) U § (2) ONUCHBAIOTCA YDPABHEHUAME

ZZ _—_—%é(x)sin {p (0) 4- 2k + ()}, ¢ (0)=0,

y i (4.12)
G L6 (@) [+ cos {9 (0) + 2k +F (2]l §(0)=0.
Cuncrema ypaBuenumii (4.12) aBiIseTcsa 9acTHHM CIy9aeM CHCTEMEL
(3.4.46). Tar rax BeawIuHH ¢ () ¥ § (£) OKA3RIBAOTCA MEIJIOHHO ME-
HARMAMACA QYHRIUAMA HA PACCTOAHUAX NOPAIKA TIAHE BOJIHE, IPH
M3YJeHAN DAasNAIHEIX CTATHCTHYECKHX XAPAKTEPHCTHK Mernecoo0pas-
HO IPOU3BECTH yCpeaHeHue 110 OHCTPO MEHAIUMCH HA [IHHEe BOJIHEL
dyurmuaM. Yaurusag, dqro pemrenme 3agadm (4.12) (g (z), @ (x))
ABIAETCA MAPKOBCKHEM TPOMECCOM, TAKOe YCpPeJHeHHe nocmTquo
NPOBECTH B YPaBHEHWAX [IA HJIOTHOCTH BepOATHOCTeH mepexoja H
OJHOTOYETHOH HIOTHOCTH BEPOATHOCTEI.
Beenem pyurmuio

Oelg, 7)) =08(F () — 9 (¢ (x) — 9), (4.13)

KOTOpasA YIOBIETBOPSAET CTOXACTHIECKOMY YypaBHenwio Jlwypmina:
oD, k[0 .. n, @ .

— = {Wsme + W“ -+ cos 6)} e(x) D, (4.14)

rme 6 = @ (0) + 2kx +- §. Ycpenusasa ypasuenme (4.14) mo amcamG-

a0 peaymsamuii € () cTAaHHAPTHRM myTeM, HoXydaeM ypaBHeHue

BI/IHmTenHa — doxrxepa I OMHOTOYETHON MIOTHOCTH BEPOATHOCTEH
Py (g, §) = (D« (g, §)>:

OP = —2p {7 sin0 4 -2 (1 0P P07 (415
T =2D |5 + g5 (1 4-cos®) Pe(q, §)  (4.15)

k2s2]
(p=").

KOTOpPOe MOKHO mepenucaldb B Buje, 00iee ymobHOM [iA ycpegHeHHA
00 OBICTPO MEHAIAMCH (byHRunﬂM'

0P,
- —20{ O+'2 5 a_ sinf (1 + cosf) —

—chose(1 4 cose) %(1 + c0s0)? -
+ = sm6(1 4+ cos 6)} (0, ®).  (4.16)
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Yepeuissa Teueps (4.16) mo OpieTpo MeusAlomica GyHRINAM, T0aY-
qaeMm ypaBICIIC
a2

ar, 9 p l])diP 3D P 4.1
pye :-DW],\'”F 6_(]")‘ .\‘—{' FQ?" x (' 7)

¢ HaZa1bHbIM  YCJIOBIIEM
Po(g. ) = 8(9) 0 (). (4.18)

Vpasueune (4.17) coorserctByer ypasuenno (3.4.49) mna mannoi
sagagn. QueBHIHO, UTO YpaBlleHue LI YCPeLHeHHOH TIOTHOCTH Be-
posTHocTeil TMepexoma MapKOBCKOro mpomecca {g (z). ¢ (z)} Taxike
mmeer sug (4.17). Orcroma cuenyer, 9To caydaiiHpie mpoueccht ¢ ()
u ¢ (x), Bxoasuume B Gopmyiy (4.11), ABIAITCA rayCCOBCKAME Hesa-
BHCHMBIME TIPOLECCAMH CO CPeHUMY 3HATSIMAMA

f(x)> =0, g (x)p =Dx= (4.19)
U KOpPPeIsHUonusME QY ITKIAAMYI

(p ()¢ (z')) = 6D min {z, '}, <§ (@7 (z')> = 2D min {z, z'},
(4.20)

e § (z) = q (z) — <g (z)>. Momobuoe ycpennernue ypasuenus (4.106)
MO0, OYeBMJHO, NOPOBECTH, eCIU BHIOJNHeHO ycaoBme D < k
(D)L <€ 1, h=2n|k]).

Taxmy 06pazoy, MBl MOJKEM NePenncaTh BHPAKEHHE NJIA HHTEI-
cuBroctn Boaub (4.11) B BAAe

I (z) = 21, exp{—D (L — 2) — § (L) + § (@)1 — cos (2kz + §)]

(kg — 00). (4.21)
I () = 21, exp {—D (L — z) — ¢ (L) + G ()}[1 + cos (2kx + ¢)]
(feg — 0). (4.22)

Mopmyms (4.21), (4.22) mo3BOAAIOT AETKO BEIMCAATH MIO0BIE MOMEH-
THI MHTEHCUBIIOCTH BOJIH (KaK OJJHOTOYEHBE, TAK M MHOTOTOIEdIIbe).
Tak, nas pacmpejiefenns cpeineil HHTEHCHBHOCTH BOJNHEL B ClI0€ Cpe-
MBl TMOMyIaeM BBIPAKeHHUA

A (x)y = 2T, {1 F= exp {—3Dx} cos 2kz}, (4.23)

T/le BePXHUIT 311aK OTHOCUTCS K C.Iydaio £y —> 00, & HMMKHAN — K cay-
qato %, — 0. Oryerum, yro npu Dz => 1 pacupesieienne BepOATIOCTOH
nas § (r) CTPEMUTCSI K PABHOMEDHOMY DAaclpe/elienulo Ha OTPe3Ke
[0, 2x]; mosromy momyuaem, uto npu Dz > 1 (I (x)> = 2/, nesaBu-
CHMO OT KPaeBHX yciaouit npu z = (. AnamormaseiM 06pasoMm Haxo-
mgum, 9ro mpu Dx > 1

2 (x)> =0612exp (2D (L — 2)} = 1. A (KI? =A4l). (4.24)

MakcuManbHOe 3HAYeHHe JWCTIEPCHH MHTCHCHUBHOCTH, KaK M APYTHX
MOMEHTOB, MOCTHTATCH BHYTPH CJIOA cpelsl BOAUSH 3epPKAIBHON mO-
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BOPXIOCTU, T. €. MOMCHTH MIITCHCHBIOCTH TaKiRe HRCIOTCHUTIIANLIO
PACTYT BIIYTPI €105 CPOALl ITPH YBOTITUCHTW CTO TOTIAINL ., KAK DTO
IMEET MECTO M B CAYUae OTCYTCTBHUA OTPARCUIIST OT Tpannunoil 1ioc-
KOCTI .

Taxkpm 06paszom, MOAHO HapHCOBATDL CACAVIONYI0 KapTHITY 110Be-
ACHHA MOMCITOB HITETICHBIIOCTII BNYTPH €05 CPEIbl ¢ IBMeNenIeM
KPacBLIX YCJIORUHT (mapayerpa Ag) TPl HOCTATOUHO GOIBIION BeaMIN-
e . — roxmumnn caos, Jlan aadnix Ay, naeercs pesiiti vaReuMy Al
nOAuaw rpannnl 2 = 0 0 sKCuoeInHa LT BhXo Ha dpaucnie |
npu x = L. llpu yseamuennn A, MakCHNMYN CMOILACTCH BUYTPDL €105
(Makcnmanbnoe caemenne o ~L'2 opu £y = k), 10 vKenoxweuumaiL-
nbifl BLINO Ha 3Hauenme 1 BOmmsu z = L ne wmanmensieren ([, = 12).
Vipn maasuelinres yRenuuenuu Ay MAKCHMYN OMATDL € MED[AOTCs K IPit-
nane z ~ 0, a nkemoneni@aiabutil Buxoi na | ne ussensercst. Ta-
KuUM 00DPAa30M, CaMO ABJENUE dKRCIOHeHIUAABHOIO POCTA HUTCIICHBIIO-
CTH BHYTPH CIOS CPeflbl OKA3BBACTCH OTEeHH TYBCTBHTCIBIIBINT K Kpae-
oMy yeaoBuio upw x = (. Ofnako »KCHONEHIHAJILHHIT XapakTep
BBIXOfa Ha suawenme I (L) = | oxasmBaercs yumpepcanbubinv. lu-
puma 3ToW o6MacTH 3aBUCHT OT KPaeBLIX YCIHOBHH. Rak oTaeyanoch
BULITIIE.

B paGore [90] maywancsa Bompoc o (IyKTyALHm RNTCHCHBUHOCTH
BOJEHI BI'YTPH CIOA CPEMEl ¢ 3ePKAIbION oTpaskalomedl MoBepXHOCTHIO
opu x = (. Ilpu sToM 3a ocmoBy OPATUCH «YROPOUCTILIHICY yPaBHEHUA,
THIA PacCMOTPEHITBIX B IMpeAuayiiell raase, A5 CTONACTHISCKOTO Ta-
payeTpuueckoro pesoranca. OHAKO CyIECTBENHOC paziudie 3TUX
BYX B3ajlay COCTOHMT B TOM, YTO PaccMOTpeHHas 37ech 3ajlaua fABTAeTCA
KpaeBoii, B To BpeMs kak B pabore [90] maa naxoskmenus crarucrude-
CKUX YapaKTeDHCTHK «YKOPOTCINEHIX» ypaBlenuid HCOOAL30BAIOCEH
yCa0BHe AMHAMUYCCKON HPHUMHHOCTH, KOTOPOM Ha caMOM Jlefic Her.
Pesynpratur pacueron GayrTyannii @mHTENCUBHOCTH, MOMYICHHBIC BEI-
me, coBmAjalor, OFHAKO, ¢ peayabratamu, noayucnmnsium B [90].
JT0 03HAUAET, ITO-BHIAUMOMY, UTO METOJ «YKODOYEHHBIX» ypaBienii.
pasBuThii B [90] mag-manmoil sagagu, mosker ObThL KOPpeRTHO 000C-
moBATl.

§ 5. O Bunanmn monemeil (pempt
HA CTATHCTIIYCCHKIIC XapaKT(‘p"CTUE" 3agaun

Briiie Mp H3y9add pasdIudHbie CTATICTHYECKNE XapaKTepUCTHEW
BOJIIN B CIYIafIIO-HCOAMOPOIIIOM C€JT0€ Cpembi B MPEINOI0 e ITHH,
arto € (z) B (1.11) — caydgaiinan rayccoBckas QYURIUA, JedIbTa-KOP-
peaupoBaHHas BO BpeMeHu. I[pu naluguu 3aTyXaHwmfA B cpefe male-
eTCA CTAan@OHADHOE pacupeiesenue BeposTuocTteil Ans GAyKTYyanmit
Momyafl Koadduimenta oTpaykenna BOJHK oT ¢a0s cpepn. Ilpemera-
BEM K0dQduImEenT OTpazkenus B BULe

R (z) = exp {—lu (2) + ip (x)]}, 0 < u < oo, (5.1)



rae dyuknuy u () ¥ @ (r) YA0BIETBOPAIOT YDABHEHMIIM (1.37):

Z; = 2y + af (x) sin ¢ (x) shu (z),

(5.2)

'% = — 2« — 0§ (2) [1 + cos @ (z) chu (z)i,

~ a
ae(z) =k (2),a= %; BEJUYHHA U XaPAKTePU3YeT HHTCHCHBIIOCTD

dayrryanmit € ().
CoOTBeTCTBYIOIMEe ypaBHeHHe A OTHOTOTETHON MIOTHOCTH Be-
posATHOCTell (amamorHwiIoe ypaBueHuio (2.8)) mmeeT BHA

P, (u) 0P (u) P P
=1 oy =D shu [chuf{— —Z_sh u] P, (). (5.3)
a2s2l .
rne D = G CrayuonapHuoe pacmpefieleiine BepOATHOCTOH OPH ITOM
TAaKOBO:
Pu(u)=—h—exp{~p(cthu—1)}  (p=-3-), (54
had shzu D)’ :

qT0 cooTBeTCTBYeT pacmpefcaenmio (2.9) B mepemenuix (1.29).
OrMeTnM, 970 B nepemMeHHHX (1.33) cranmonapHoe pacmpenelIeHne
BepOATHOCTEH MIA p OyleT mMeTh, 09eBHIAHO, BUT

__ 4Be 2pp® } o2y ,

Po (p) = r— gz OXP {—1,p2 =5/ (5.47)
B ofmoeM cayuae, ccau u == f (), M CTAlFOHAPHOE DPAcCTpeneyeHue
IJIA BeJAWUMHB 1 daercsa B Bupe (2.9), craumonaproe pacHpejesenue
s o) paBHO :

Py () = P (u=710) | () |

OTmeTun, 910 UpH BhBoAe Kak (5.3), Tak m (5.4) mcmoxnsyorcs
nBa TpUGIMAEHUs. JTO, BO-HEPBHX, TayccoBOCTh U JeNIbTa~-Koppein-
pOBANHOCTL caydaiinoit ¢ymxipun & (z) #, BO-BTOPHIX, BO3MOKHOCTD
HepeiiTH K YpaBIEHHAM, YCPeIHEUHHM HAa PACCTOAHMAX HOPAAKA
ATwHE BOJIHL. 1l0aTOoMy TpeAcTaBiseT OTMPeedeHHBId HHTEPeC TOTI-
HOe pelllerue 3afaT AJs Karoi-unOyas Momedu GIAyKTyanuil TuaIeKT-
PUYeCKOl TPOHHIIAEMOCTH ¢ KOHETHBIM PaflyCcoM KOPPeIANNM. Ta-
KIME MOJeNsIME ABIAITCA (QIYKTyamud B BAJe TeJerpagHOTO CIy-
qaitroro mpomecca m oGoBmernnoro Temerpadmoro mpomecca [92].

VTak, pacCMOTPHM CTOXACTHIECKYI0 CHCTEMY YPaBHOHHI (5.2) m
BBEJCM BeJHIAHY

Dlu, g2 @ =06w@—wd(e@@—9, (63)

ABNAMYIOCA QYHKIMOHATOM OT caydaiimoro mpomecca § (7). Cpen-
Hee 3HaYeHuWe 5T0¥ BEIMYMHBI — COBMECTHAA IIOTIOCTD BEPOATHOCTEH

nas u (x), ¢ (z):
LD [u, @, z; & (@ = W (u, 9). (5.4")
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Huddepernupys (5.3') mo z 1 ucnonsays ypasuenus (5.2), 0.1y
cToXacTmdecKoe MMHEHHOe ypamHenmme JluyBuian:

(ja—(f + 2L (u, 0) D = ak (x) M (, ) D, (5.5)

rhe auHeiiHeie onepartopsl L (u, ¢) u M (u, ¢) oupenensnoress GopMmy-
JaMu

L (@) f= (v 5 — % 5)

o i . 9 (9.6)
M (u, ) f=———(singshu)f —5—W(1 - cosgchu)f.
Hlaa manenefimiero naM TOHAMOOUTCS BBIPAYREINE [IAS BapHALUOTIHOM
npoussoyioit pyuknuonana d [u, ¢, z; & (F)] oo & (') nmpu 2’ = «z.
CranflapTHBIM TyTeM MOJIYIaeM JJIA Hee PaBeHCTBO
D u, @, 2 E (¥ {3 -
AL @ B E@ . 477 (u, ) D [u, ¢, 73 & (7). (5.7)
- ()
YepennuM Teneps ypapaenue (5.5). C ywerom (5.4”) monysaem ypas-
HeHHe s COBMECTHOH TLIOTIOCTH BepOATHOCTEH Beamaun u (x) u

ow - ~
01"” 2L (u, @) Wy =al (u. ¢) & (z) D (u, ¢, x)). (5.8)

Ypasrcuue (5.8) He 3aMKHYyTO oTHOCcHTeabHO yuniuu W,. Kormper-
HBI{ BHJ 9TOTO YPaBHeHUA OmpelejseTcA CPeJHCH BeJHIMHOH B Tpa-
BOIl 4acTH U 3aBHCHT OT Xapakrepa cayuaiinoii dyuxmaum § ().

Ypasuenue (5.8), cormacHo Tperbeil TTaBe MOMHO TEPETHCATE TAK-
Ee B (OopMe ONEepaTopIioro ypaBHEHHA:

OVVx ~ . 8

St o We=<{O0 [ | D), (5.9)
e O, [v (%)] :(1%6*” v (@], a O, I[v (%] — morapudm xapaxre-
pucTHuecKoro dymximonama uporecca § (z), T. e.

x

Ol (M= Inexp {i \arv (e (1?)}>.

ITepeiizem Tenepd K mayvennio ypaBHenud (5.8) IiIA KOHKPETHEIX IPO-
11eCCOB.

5.1. enwra-roppennpoBarusie mponeccei. Ilpessne Bcero pac-
CMOTPHM MOJeN b puryKTyanuit § () ¢ HYJeBEIM PALMYCOM KOPPEIATHA,
T. €. MOJIeAD JeABTAa-KOPPEAUPOBANHEIX 10 r PayKTyanuit & ().

Ilma peabra-KoppenumpoBaHHEX nponeccoB & (x) morapudm xa-
pakTepuctudeckoro pynkumonana O, [v(7)] yrnosiaerBopser pasencTry

0, v (1)] = 6, [v (z)],
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o, cuejoBatebno. ypasuenne (5.9} ¢ ygetom paBemnctBa (9.7) Opuuu-

yMaeT GopMy 3aMKIYTOTr0 YPaBHEHUS:

W, . o i /
2L ) W= [T 0) | I (5.10)

Tak. miIA TaycCcoBCKOTO JeIbTa-KOpPeNupoBanHoro mnpouecca & ()
¢ dymnrnumonaon O, paBHLIM
X
~ 10 100 /4
O v ()] =——+ 5 azv® (¥),

0
(5.10) nputmyaer Bug ypasueums Jitnmreiina — MDoxkepa:

ow. - a2
e 2L (e, @) W= 5

Hepefipey Temeps HemocpeacTBerHo K nporeccas & () ¢ KOHETUHIM
paguycom woppessumu. [lpu 9roM MBI moapodmo paccMOTPEM Cay-
vaii Texerpadguoro mpolecca u Goxee Kparko OCTAHOBHMCA Ha CIydae
0600menHOT0 Tenerpadoro upoiecca.

3.2. Tenerpadusiit mpouecc. Ilyers & (z) — remerpadmerii ciy-
Jalimelif Wpolecc, ompeneaseMblil Gopmymaoi

I (u, @)1V (1, @) (5.11)

E(2) = a (1), (5.12)
rjlec Prob. (¢ = 1) = Prob. (e = —1) = 1/2, a n (0, ) — nexounc-
JeHHBIA CIOyvalliikiil Tpolece, o0majaomuil cpoifcTBaMm:

1) n 2y, &3) = n (21, Zy) -+ n(2y, Ty), T < 2y S Ly

2) n (21, 2,) U n(Zy, Ty) OPH 2, < T, < Ty CTATHCTHICCKU HE3ABU-

CHUMTIL;
m

3) Prob. (n(xy, x2)=m) = Lm'”]— exp {— n (x4, 2a)},

Xy ay) = v | & — Tyl
Hoppeasunonuas Qyaxius JIas € () B 3TOM CIydae uMeeT BUN
CE (z) & (z))> = pPexp {—2v |z, — =z, |},

a pagmyce koppeasnuu [ = 1:2v,

[lar Gni:to mokasano Bo BTopodl TilaBe, JIA IPOM3BONBHOIO yTIK-
uolasta ot Teerpadroro muponecca F [E (B)], e T < z, umeer
smecTo Gopyyaa quddepennumpoBannA KOPPEIALIUH

(2 E@ P EEOD = E@ 1 RE@L . L (13)

Obosnaunm pyurnuno (& (2)D (v, ¢, )> B npaBoil gacTH (5.8) wepes
a¥y (u, ¢). Hupdepenmapys ¥, (v, ¢) mo = m memoabays (5.13) u
(5.5), modxyuaeM ypaBHeHHE

(5 +29) ¥ ) = — 2L (w, ) W (0, 9) +
AT (u, @) (B (2) D (u, 9, 2)>.  (5.14)
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YuuTHBAS TeNepD, 4T0 A5 Te1erpadioTo polecea (5.12) 2 (2) =
TOTYYaeM 3aMENYTYIO CHCTeMY YpaBHEUHH MepBoro MOpSgKa WO
nnsa dysrnmit W n ¥,

6TV, ~ P
aT“ + 2L (u, ) VW =l (u, ¢) ¥,
N A (5.15)
=2y L)W= (uy @) Wy,

0¥,

dx

C HAMQABIBIME YCAOBIANI: HpH & = ()
Wou, ¢) =@ (4, ¢, 0), ¥, (u, ¢) = 0.
Oryieray, aro cueteny ypasnenuii (5.15) nowno 3anmearn B BujLC

ofioro nurerpo-ddepernyraasioro ypasueuus i Gyasman M

oW o7
o 20y ) W=

= 2] (u, @) \dx'exp{—2(z — 2') [v -+ L (u, §)]} 1T (u, )Wy (u, @).

Ce 28

(5.19")
JIeTKo BEUmCTUTH HpemeT B cayuae v —> oo (toe. [=172v — ().
Orcronia cregyer, 910 Ipu dTHY yCaoBHAX mymeer yecto YID:
(31er §
ox

- 2L (u, @) W= DIT2 (u, ¢) W (u, @), (5.16)

T7Ie
o? w2
D=1 —gy=LL%
2v “ | & |2

Paccmorpuy cucresy ypasremnmit (5.15). Bymes mckate penrenie
B BUfe psanoB Dypse no ¢:

Wy (u, ¢)y= E W (u, z)etnr, W (u, )= D) W, (u, a:) eing, (5.17)

Torma nast kosddunuenros Mypre W, W, mterko OOAYIUTE CHCTEMY
ypaBHeHuHi

ow F]
L i —
— - Z(Y o mn)ﬂ =

= i%}z{Zn‘Fn + Ln chu - %Shu] Woq +

-+ I:n chu — %shu} ‘Fn+1},

LI (v g2 ixn) v, — (5.18)

dx ou
=1 {Zan+ [nchuﬁ—%shu} Waa +

Pl
-+ [nchu — %shu} W/n+1}‘-
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Hac 6ymer unTepecoBaTh ILIOTHOCTH BeposTHocTed mua | R |,
n
cBazanuag ¢ Qywwmumeir | do W, (u, ¢) = 2aW, (u, x). [laa wee
—
moJly4aeM ypaBHeHUe

aw ow L 8 R
{0x0 -—F 2Y 6u0 = 17—0; Shu (LP -1 ‘F]_), (5.19)

rme ¢ysxruuu ¥4, OMHCHBAIOTCA CHCTEMOM
oY 3
F1 . "
™ + 2(V+Ya_uil%)lfi1—
:$% {Zerl -+ l:ch u _ijh uj[ W - l:chu — 7(1— sh u] VVJ—rg} .
(5.209)

Cucreva ypasuenuii (3.19), (5.2() e saMKuyTa, TaK KaK TOMHMO
7o ¥4y B mee Bxopar gyurmun Wi, W,

CrelaeM  Temeph  ynpomamboijee mnpefmono:kenme: | Wy |,
| Wi, | << | W, |, 7. e. siuanue rapmonns W, Wi, na gunaMury
W, me cymectsenno. B a70a cayuae cucTeMa ypasuenmi (5.19), (5.20)
CTAHOBHUTCS BaMKIYTOI:

oW, + oWy
ox v Ou

a d . i T d
B 4_2(\, . y—au—:}:m) W=y |chut Tushu] Wo.

a2 g o .
= L—Z—Wshu(l}_l—‘Pl),

OrmeTuM, 9T0 aTa CHCTOMA YKBHBANEHTHA HHTETPO-AN(HepPeHIHATBHO=
My ypasuenuio fisa dyurmmn W, (v, )

oW, oW,
ox + ou

:%Zishugdx’oxp {—2(x~a:')(v—{—y (,i )} X
0

ou
/ d '
X cos 2% (x — ') [chu + —,;sh u] Wo(u, z7), (5.21)

KoTopoe QopMmaibHO CoBmagaer ¢ ypasxexmeM (5.15'), mpommrerpu-
POBAHHKIM [0 ¢ OPU TOTOIHATENBHOM IPEIION0KOHIN

<A/Z (uv (P) exp {2 ('L - x,) %%CP} M (u’ (P) W (uw (P)> =
= (M (u, @) exp {2 (x —x') %%} g (u, @)) Wo(u, z)

(3Mech YriIoBHMEH cKoORamu 06o03HadeHa omepanus WHTeTPHPOBAHMSA
oo ¢). 9T0 IPeImoJOMEeHHAE COOTBETCTBYET OGBUHO HCHOIB3YEMOMY
B TAK@X 3aJa9aX MeTOJy yepefAHeHWs HO GHICTPO MEHAIOMUMCSH BeJIH-
gmpayM (CM., nanpuMep, OpesAymue naparpadu).
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Ipw Hamwamn satyxanus (v # 0) pemenwue ypasuenus (5.15') npu
Z —> oo aeT CTAHOHAPHOEe pacupefieleHme

We (u, @) = W (u, ).
YpaBuenme JUIf CTAUHOHADPHOTO DACTIPECICHHA JETRO OOJXYy9IuTh U3

(5.15"), coBepmmB 3aMeny mepeMeinoft HHTETPHPOBAHESL 2’ —> & — &'
B YCTPEeMHUB I K 00:

o 2 1 ~
L(u, @) W (u, ¢) = UT M (u, @) EEN AT M (u, )W (u, ). (922

CooTBercTBYIOImMEe CcTalWOHADHOE YpPABHEHHC JUIA nyiaeBoit yphe-
TapMOHHUKII TPAHAMAET BUJL

Wo ) =gr-shu{[(v+ v )+ [ (v v

T Wy Wo) = shu— o (o W) |+

-+ in [(v -+ y-%r + xz]_l[VVI —W_— %Shu—ddT (Wa— W_z)]}
' (5.23)

Ypasuennme (5.23), rak e Kax W HeCTALMOHAPHOE ypaBHeHue, HE fAB-
AACTCA BAMKHYTHIM, HOCKONBRY HoMuM0 W, B HETO BXONAT (yHKIUH
Wy Wa, Wy 4 W.,. Cpenaem remeps fBa yOpOIAOmWMX IIpeji-
HOJIOKeHUA OTIOCHTeNBHO CTAIMONAPHOTO paclpefieleHHs:

L. (Wi Wo |, [ W= W, | <KW,

B orom caywae B ypaBunenum (5.23) MOKHO OCTABATH JMIND W (w);
B Pe3YILTATE IOTydaeMm

X[ZchuWo—{—shu

a

Wo(u)— %shu[(v—{— y;—u)z_{_xz]_l X
X v—l—yi 2(:hu—f—shui Wo.  (5.24)
(v v4)( i)

Orsmerum, daro ypasuemme (5.24) COOTBETCTBYET mEPeX0Ay Z —- 0o
B (5.21).

d d : dwW

2. ’VW(Zchu—}—shuW)W0|<v duo

2chuWy 4 shu

o d
T. €. B IPaBOU 9YacTH (5.24) MOKHO HPEHEGPETs QIEpPATOPOM el

B orom cayuae B ypaBHemmm (5.24) MOMHO BaMEHUTE oueparop
v L v d/du

(v + 7 dfdu)? 4«2

HpuMeT BuJ

W (w) =ishu(2chu + shud—‘i)wo, (5.25)

Ha umedo v/(v? 4 %?). Torma ypasuenue (5.24)

==

8 4
p= a;\i (v? 4+ %)= a;rl (1 -+ 4n20?),
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rme | = 1/2v — paauyc woppemsinun ¢ynwumn § (r). Vpabuemneé

(5.25) coBmagaetr ¢ ypaBienme 715 CTa{HONAPHONT IO THOCTH BCPOAT-
Hocreit (5.3).

HopyupyeMoe Ia eIHHHLY PpelicTiHe dTOT0 VPaBHEHUd TaKOBO:

TV (1) = —b—exp (— B (cthu — 1)}, (5.26)

1 copmanaer ¢ pacupeseiaenuen (0.4). Oynrius (5.26) umeer maxen-

1 —[J)

MYM NPI @ == iy == - In{f ]/ 1 - ). Venorae 2 moeie TOACTAHOBKI

B rero pewenus (5.26) mwpunmMaeT B

[3 o5 chu L o
T U e | Ty (5.27)

Eeam vy < 3. 1o yeaosne (5.27) napymaercs B Goxpuroil obxactu
smavenmit u. [TostoMy HeoOXo0/MMO, 4TOOLl BLITOMHAJOCH YCIOBHUE

v <& V. (5.28)
B oy cayuae (5.27) cBognTeA K yCIOBHIO

sh*u > _115_ =sh*u,.

Ormerum, aro (5.28) ABIseTCA YCIOBUEM MAJTOCTH 3aTyXaHUA BOJ-
HBL 11a Machitafax mopAafKa paguyca KOppeXAnnd M SABISETCsH ecrect-
BeHHLIM TPeGOBAHMEM 3aj1aud. B mpoTHBHOM cnyuae BoJaHa u3-3a 60i1b-
[IOTO BATYXAHMS IIe TMOYYBCTBYET CIOUCTYIO CTPYKTYPY CpeEl.

Taxum o6pasoy, pemrenue (5.26) saBegoyo nempuronHo B ofaacru
MaJIHX U, COOTBETCTBYWIMIX 31aTelMAM KodQPHIHeHTa OTpPayKeHusd,
00 MORyIW Oiamskum K eaumnuie. Eeam Bomoamsercsa  yciobue
W (uy) <€ Wy (4g). To obaacth u < Uy He SBIACTCA CyIIeCTBE HHOM.
Tax kax na yuyactke 0 << u << uy pyuxuysa W, (u) MOIIOTOHHO BO3-
pacraer, To yeaosme W, (u,) << W, (i) Moskio samemnts Goiee
yROOIIRIM:

sh 2u, < sh 2u, = .

J1o TpUBORUT K HepaBeHCTBY P (v/y — /v) =1, mam Kk ycaoBumio
Bv/y > 1. TloncraBaas f u3 (5.25), naxoaumm OKONIATEJNBHO, HETO
IpeNToIozKeNe 2 CIpaBefiuBO B CymecTBemniol ofaacTu mo u Tmpw
yCIOBUT

V2

u? << (k2 - v?), mam og << |E [? (’1 1z ) (o2 =n?), (5.29)

a pacmpenelenue BepostHocreil (5.26) mpaBmiIBHO OTMCHBAaET MHTEP-

Balj
Rj<ese—)/ 1+ B}/ B,

Temeps mepeiiieM K BEIACIHERNIO YCJAOBUN, IPH KOTOPHIX CIpaBen-
amBo mpeanoiaokenme 1, camrad, aro (5.28), (5.29) BEIMOTHAIOTCH.
Ilas aTOTO Caemyer MBYYHTh ypaBnenue Aus Wy. B npasoit ero gactu

222



crout obmuii Kospdunuent a® (x* + v?), Koropuii, cormacuo (5.29),
maix. [loaromy B mpaBoit wacTn ypaBmenus mis W, MO0 ocTaBuUTH
amms W, mpenebperas aMUIRTYAaMH APYTHN (MaIBX) TapMOHUK.
B peaynsrare moayuaem ypasuenue

daww, Loy
—— il = —
du [
Upw manuann saryxanwms sumornsiercst yeaosmne W (0, ¢) =0, Tak
Kak snadenud R, papuple MO0 MOTYJII0 eIUHUIE, He MOLYT HOABUTHCH
HE B ONHOM w3 peamsaumit. MosTomy ypasuenme (5.30) cilepyer pe-
Imark ¢ rpasndauein yerosuem W, (0) == 0. 910 pemenue ureer pun

a?p W (u) (530)

8(v—in) shuy

. 2 w —
Wy ()= — B h((uh_f‘)) (5.31)

d r . H /}
Fre—my ) W ospfi o

S 2

9

. . - % ;
Ecau srmoausores yexonus y < x, a*’.<7 (x* + v3), T0 pynKnUs
Wi (u — u')/sh (w — u') sBaserest maasno#t mo CPaBHEINIO ¢ HKC-
TIOHEHOUATBHBIM MHOUTeNIeM, U U3 (5.31) MoskHO B oToM caygae
HOJNYYUTH

o ia®p W, (1) caq

W) =— B8 (v-—ix) shu ° (5.317)

Teneps MoHO BEACHUTE yeaoBUsA, mpu KOTOpPHX B ypasrenuu (3.23)

% — @B Wy (w) - aw, B o
|1/1 1(u)|— ™ VW I w <2Ch-[1 0“}* shu au —?H—H—I/Vo(u).
= ITH YCIOBUA UMEIOT BUJ,
- 2 2 2 = i V2
P n VY wE LN, man 08<|a|2]/1+ T (5.32)

[Ipu Brmoanennn (5.32) aBroMAaTHICCKH BhIIONIAOTCH © yeaoBne
n

a? < - (¢* £+ v%), mcnoassosanioe Mpu nepexose ot (5.31) n (5.31").

Hpone roro, yemosne (5.29) rawske Bumonnsercs, ecin CHPABeNJIUBO

(5.32).

Taxum obpasom, ecan

- 2 = Y =

VY, VKR, 0L EPY 1 4 vIx?, (5.33)

TO pacupejie.ICHue BepoATHOCTeH LA 1 ounclBaercsa Gopayaoit (5.26).
Otmerus, uro pacupenenenue Buma (5.26). wo ¢ apyrunm mapaser-
payu OBLIO TOJIYYeHO U MpoaHaTH3UPOBANO B pabore [86] xak cra-
uuonapuoe pemenue YID. Tloxyuentoe Bhie pacmpejenenue (5.26)
Yv

0?2

HepeXoauT B HEro0 MpPH v > x, KoTda =~ £ [>. B mporusoto-

e

AOMRMOM — Ciydae  KPYNMHOMACIITAOHBIX  MEOTHOPOAHOCTCH v < x,
8yx2  8y[E|?

f= alv = Lzln He 3aBUCUT OT NJIUITEL BOJHH, 9TO COOTBETCTBYeT

Vo

TEOMeTPOONTHICCKOMY NPUGIUAEHHIO,
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Cregyer momuepKHYTH, 9T0 yciaoBue (5.33) pomyckaer moboe co-
OTHOMIEHNE Me}IY paauycoM Koppeasinun ! = 1/2v u gaunoir BoIHH
2n/x.

5.3. OdoGuiennnprii Temerpadusri mpomecc. Pacemorpum  Temeps
Apyryio Momenb aykryanuit € (z) ¢ KOHEYHBIM PaanMycoM KOppeis-
MM, TAKKe TONYCKAOMYI0 TOYHOEe PemeHue 3ajatqu. A umenno, 0y-
deM cuuTaTh QYHKOUI € () 0600meHHHM TelerpadHEIM IIPOIECCOM
(em. ra. 1, 2):

5 (2) = ang (5.34)

Ime COBOKYNHOCTL CAYUaWHBIX TUCEd @, &y, - + «, Qf, . . . CTATHCTH-
9eCKN He3aBUCHMA C DPACIpeflelleHUeM p (a) ({a) =0, <a2> = n?),
a n (0, £) — nexounCIeHHEH CAyIaRHHT IpoNece, BBEAEHIIBI Bhle.

Ilnsa Taxoit Momesun Qayxryanuil & (r) Koppeaanuonnasa ynKus
TaKKe MMeeT dKCOOHOHINAJThHBN BU:

& (2)E (2')) = pPexp {—v |z — 2|},

¢ pagmycoM Koppedsmuu I = 1/v.

Yro6El MOJAYINTH 3AMKHYTOC YpaBHeHHe AJif HIOTHOCTH BEPOAT-
mocreit W, (1, ¢), HaM HYRHO, Kak ciaexyer u3 (D.8), BHUUCIUTE Be-
mmauny <& (z) O (u, ¢, z)>. L1 BEraucIenns Takoli Koppesnuu Boc-
moanayeMess Qpopmymoi (2.4.15), cupaBegiuBoit mas oGobmennoro
teserpadHOTO mpomecca € (r) W HPOU3BONBHOTO PYHKNUOHANA OT ile-

ro F. e (X)) (Z < z):
(&(x) Fo.le(@D = (@F.[a]y e 4-

v\ de’ exp (— v (z — 7)) <aF [z, a; B(@)D. (5.35)
0 »

31echb
Foldl, & 2O =P 00(7 —2) - BEOE =D g g
Fla1=F.10, @ 01,

a c.nyqafmaﬂ BeJMYMHA & CUUTACTCA CTATUCTHICCKH HE3aBUCHMOU OT
nporecca € () ¢ pacupenenenuem p (@). Taxmm 06p330\1 (bymmno—
nan I, cosnamaer ¢ gymrnmonanonm Fy npn z << ', a pua x> 2
cleyeT 3aMEHHUTh TPOMECe & (z) Ha CAY4aHyIo BeIHIHITy d, He 3aBH-
camyio ot € (z). Ilpu arom, ecTecTBeHHO, ROMRHO BHIOIHATHCA YC-
JOBUE HeLPePHBHOCTH A4 f npu z = z’.

CrnenoBateanno, ypasmenue (5.8) aasi 0606mennoro regerpaduoro
mpomecca € () IpuMeT BUJ

ow . ~ -
=+ 2L (u, @) We=0M (u, @) @D [u, ¢, z; @ e +

4+ Ew]lAl(u, cp)S dz’ exp {— v (z — )} (d(f) [u, ¢, z, 2"y @]y (5.37)
0
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e ¢ymxumouaa @, coraacmo (5.D), yAOBIETBOPSET yPABICIEHIO

%;2 4 2L (u, ¢) D = aaM (u, g)® (z>7) (5.38)

¢ HAYaJbHBIM YCJIOBHEM
T !
Dy = D (uw, ¢, Z'). (5.39)
Pemenue ypasuenus (5.38) merxo nammcats B obmem Bupe. [las sro-
ro mpegcrabuM ¢ynrmuio O cregyiomuy obpason:

d =exp {—2(z — L (u, (p)}CE (5.40)
C ygerom Toro Qaxra, 9TO OIEpaTop B (5.40) ABIAercs omepaTopoM

CABHTA TO 4 U ¢, mius ¢pyurnmu O moryuaeM ypaBHenume

90 —qall w42y (2 — ), ¢ — 2(z — ) D,  (5.41)

pellleHne KOTOPOTO ¢ ycaoBueM (5.39) TakoBo:
b=explaa ( dEMu+2E g—25)} 0@, 9, 7). (5.42)
0

B ypasnemun (5.37) ¢urypupyer, ofgumako, He caMa QyIKUHA @,
a cpequad peananna (gD, cBABaHEasA ¢ pacpe/leeHIeM BEPOATHOCTeH
cayvaiigodl BeAWYMHH &. JTO HPUBOAMT K TOMY, YTO B ypPaBHeHUH
(5.37) mostBIAETCH OMEPaTOP

x—x’

{aexp faa { aeirw+ 28 920 DWe (u, @), (5.43)

3aBUCAmMUIl OT KOHKDeTNOTo Buja pacmpefelenus p (&@). Ypasmenue
(5.37) mpu >TOM OKAa3HBaeTcs 3aMKHYTHM ypaBneuneM. Kcanm ke, on-
HAKO, MHTEHCHBHOCTL PAYKTyanuil 4 TOCTAaTOYHO Maja, ToO MOKHO OT-
PAHNYNTHCS MEPBHIMM WIEHAMH DasioKeHHMs HKCIOHEHTH IOM 3Ha-
KOM ycpennenus. B mepsoM nopsgke mManoctn o WP = (%) BHpaiie-
Hue (9.43) DpmMHUMAaeT BUJ
x—x’
~ Y = ’
apr § a2 0 (u 4 2, o — 268) Wee (v, 9) (5.43")
0
n ¢pyuxnus {GD> Gymer onpegedATHCA BHIPAKeHHEM
oy 1, o
ad [u, ¢, z, 2'; @]> =
x—X

=aptoxp {—2(x—2)L(u, 9)} | d& M(u-+208, 0—20E)Welu, @) .
(5.44)
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Taxum o6paszom, ypasmenue (5.37) ¢ mpasoil 4acrbio Bufa (5.44) sAB-
IseTcs BaMKHYTHM wuirrerpo-fudepeHTuaIbHEIM ypaBEenueM, CY-
MeCTBeHNI0 OTIMTalomuMess oT ypaBuenusa (5.15°), cmpaBepiausoro
naa gaykryanuii € (z) B Bufe TeilerpadHoro mpolecca.
Ipu v — oo ypasmernue (5.37) raxke mepexoaur B Y ID:
o
dx

= 2L (u, ) W=D (u, @) W (u, ¢), (5.19)
rae
PETE . 2,2
D = —M — azl (1.2 e MT2 .
v €]

Hanpraelimnit ananus ypapueHHsa (5.37) MOKHO HPOBECTH aHAILO-
rmuHo ciaydaio teiaerpadmoro mpomecca. Pacemorpum crammonapHoe
peimenume, T.e. mepelilem K mpeflely Ipu z — oo. B orom cayuae
ypaBuenue (5.37) ¢ mpaBoii gacTeio (5.44) MORHO Hmepenncarp B BUAE
OTMepaTopHOTO YpaBHEHMUA:

Lu, )W (u, ¢) =
2 A A
=3 M (u, ¢) .

_ M , _
v+ 2L (u, @) (u (P)V—{—ZL (6, @)

Ypasuenue (5.46) oramwaercs OT CTANMOHAPHOTO YpPaBHeHUA JJIA
dynxnuu W B caygae gaykryanuit mapaMerpoB B Buie Tejerpa@Horo
nponecca (cm. ypasuenme (5.22)) maamauem nepex W pomoianurenn-
HOTO omeparopa v/(v oL (v, ¢)). OnHako eciay Mbl MOCTYOUM Rajee
TAK jKe, KaK M B HpeJbAymeM pasfieie, T. €. PACCMOTPUM TOIBKO
mepBy0 rapMonuMKy pasiomenus W, B psage Dypse mo ¢, mpemedpe-
rag OCTAJbHHMH TapMOHMKaMM, M, B CHIy MaJoCTH HapaMeTrpa v,

W (u, 9). (5.46)

d . .
npenefpesKeM OIepaToOPoM Y -— B HPaBOH YacTH (5.46), 10, ouenmauo,

npugeM K ypaBHeHWI0, COBHAfaomeMy ¢ ypaBHemmeM (9.25), ¢ mapa-
MeTPOM
=1 (1 1 4wl (5.47)
T oa¥l R ! ’
rme I = 1/v — pamuyc xoppessnun Gysknun € (r). Takum obpasom,
CcTamOHApHOE pacmupefeieHne BepOATHOCTeH AJsl L B ATOM Caydae
TakKe 6ymeT ommemBathes opmyaoi (9.26).

Ciregyer HOgUepKIYTh HEKOTOpOe pasindue MesKly YpaBHeIUAMU
(5.10), (5.15%), (5.37). @opmanvuo ypasuennme (5.10) (mam ero =act-
mel cayuait (5.11)), kax m (5.137), (9.37), ABAAeTCA TOUHHM B CIy-
wae, ecam € (z) — [deabrTa-KOppeIMpoBaHHasA CiaydaiHas GyHKuusA.
Onnaxo Takme QYHKIUE peasbno HeOCYMEeCTBHME M BCOTAa sBJIAITCA
anmpoKcHMAaIueR peajibHblX CAYIalHHX QYHKIUHA ¢ KOHeTHEM pamuy-
coM Koppeasnuu. IIpm mccaefoBaHMM 3aKOHHOCTH TaKol amIpPOKCH-
MaOuM BOBHUKAOT orpammdenus ma ypasenme (5.10). B To e Bpe-
MsA temerpadubE uan 0600mEHHHRE TederpadHHE Tpomecch (usm-
YeCKH 0CYMECTBUMH ¢ Topasgo 60Jbllel TOIHOCTHIO, TAK KaK 1A HUX
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cregyer tpeGoBaTh NWIIL Y30CTH pealbHBIX «pponTOBY, a He MajoCTH
panMyCcoB KOppeJsAluM II0 CPaBHENMIO ¢ APYTHMM MaclirabaMm 3aja-
gn. B atom empicae ypasuenne (5.415") nam (5.37), B orauaue or (5.10),
MOYRHO CUMTATH TOTHEHIM.

Kax Buamo us ypasmenuit (5.10), (5.15"), (5.37), mpegmomnoxenue
0 XapaKTepe 3aKOHa pacrlpefeseHus BeposTHOCcTel auda € (r) cymecT-
BEeHHO CKa3hBaeTCsA Ha BUe YPABHEIUH AJA MIOTIIOCTH BepOATHOCTEH
KOMILIEKCHOTO Kospduumenta orpaskeHus, M DTH paclpefeseHusl,
Boofme ToBOPA, MOTYT CHIBHO OTJIHYATHCHA APYT OT ApYra.

NneroTes, ogHaKo, I HeKoTopEe obmue CBoHCTBA HTUX pacupefe-
aenmii. Ilpesige Bcero, 3To CymecTBOBaHWEe CTAanMOHAPHOTO paclipe-
MeJeHUs BepoATHOCTeH MpH NAJINIMU 3aTyXaHus., Bo-Brophix, IpH
BHIIOJATICHUH YCJaoBuii (5.33) Buj cTarmuoHApPHOTO paclpe/eleHUs Be-
POSTHOCTEH AAs MOXYIS KoadduimeHTa oTpaskeHHsA BO BCeX pacCcMoT-
PeHHHX CJAydasgX OKaznBaeTcsi ONMHAKOBHM M COBIAJaeT ¢ pacupe/e-
nmeHmeM, BmepBhie moaydennbiv B [86]. Bmoame BosMoKHO, ITO BTOT
3aKOH pacmpefenerus (IpW YKa3aHIIBX OTPaHUMYeHMAX) Tie 3aBUCHUT
0T BHAA pacupejieleHus NI € ().

§ 6. [IsyxupoBofHas IUHHA N yPABHEHHMA HepeHOCa

Buauskoit 3amaveil Kak K paccMoTpeltol B TaiHOM, Tak H B Hpe-
IBAYImel TiiaBe ABASAETCH 3aqava 0 pacIpoCTPaHeHMU U BaamMOMei-
CTBUM ABYX BeTpeunmx moi. Mexommas cmerema ypaBHeHHE TaKoBa:

'T.l = (iml 7' Y1)$1 + iz (t)xm (6 1)
£y = — (l0y — Vo), — iz (t)zy,
roe ®; — CoOCTBeIHBle WaCcTOTHL PACHpOCTPAHAMMUXCA MON, Vi —

X KodPUumueHTH saTyxanus, a z (f) — QYHKnusA, Koropyio Oymem
CUNTATH TAYCCOBCKOM caydaiinoit yHKIMER ¢ Koppeiaayuonnoi Gynx-

nueit BUa
Gt s> =B (7). (6.2)

K cucreme ypasuenuit (6.1) Hago 3agaTh Hav9ajlbHbIe WIH KPAaeBhie
yeaosusa. Pacemorpum cuawaza samavy Homrm, 1. e. myers npn ¢ =
=0

0 0
7, (0) =z, 7,(0) = s (6.3)
Hac 6ymer wHTEepecoBarh BOOPOC O HOBEJeHUH HMIITEHCHBHOCTH KayK-
poit moget W, = |z, >, W, = | z, |%. Das srux dynknuit mz (6.1)

HOJIyYyaeM 3aMKIYTYI0 CHCTeMY HeTHpeX ypaBHenuid:
W, = —29,W; + iz (W, W, = 2y, W, + iz (1)¥,
¥ = —iQD — ¥ — 2iz ()W, - W), (6.4)
b = —iQV¥ -+ yb,
rae N
Y=V, — Y, Q=0+ 0, V()= -’1’32-’1’3;k — 22y,
D (t) =z,77 -+ T37,.
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Buyecro gyuxuuii W o O sBegtem e Qynrmun A(f) n B(t) coraacio
paBencrsam

V= Ae-i¢t 4- Bel?t, (D = Ae-i® — RBelat, (6.5)
Torma cnerema (6.4) mepenmmeres B Bume
W= — 29W 4 iz (1) {Ac=i% |- Beioty,
i 9 — o9 "_, _]-- 'z £ — 162 197
Wa =2yl - iz (¢) {Ae + Be®l}, (6.6)

A= — yBe iz ()&l (\Vy -1 Wy),
B = yAe 0 iz (t) e~ (W1 4 W,).

BpegeM Temepb BMecTo CIyHUaliHOTO Tponecca z (f) MBe KOMINIEKCHLIE
ciaydalinbie QyuUKIUN

§ (1) =z (e, & (1) =z (H)ei (6.7)
¢ KOMILICKCITHMHE <<Koppenﬂunounbmn» $yHKIHAMET
Gy (2 + 1) (1)) = B (1) exp {—iQt — 2iQ1},
& (2 + 18, (1)) = B (1) exp {—iQ7}, (6.8)
&t 4+ 18 () =B ”c) exp {iQt - 2iQ¢}.
Torna cucrema (6.6) mpumer Bun
W= —2y/W, +i{§ (4 +
W:z = 2% W, + i {& A + & (¢ ) }s (6.9)
A = —yBe¥t — ik, (1) (W, + Wy)
B = yAeTHol — it ()(W, + Wy).
Pacemorpum temepnr miaorwoctn Bepositnocreit mass Wi (£), W, (D),
T. ¢. QYHKIUIO
Py (Wi, Wo) = 8 (W, (1) — W)8 (W, (1) — Wy)>,  (6.10)
rac yepejuelie NpOM3BOSHTCA 10 ancaMGIio peaimsanmit GyHKIHE

z (1), Judpdepennupys (6.10) mo ¢ u MCHOAB3YSA ABA MEPBHX ypaBHe-
nuA (6.9), momxyzaem

P,
ot

’

17 - 17
:ZYI T/VLWIPI—ZW sz VVQP{ —

— i(d—é,l— + %) C[E (1) A+ Ea (2) BIS(Wa(t) — Wi)d(Ws(t) — Ws)> .
(6.11)

IMepeitnem rtemeps K NpuUOHMIKEHUIO AeJbTa-KOPPEIUPOBAHHOTO IIPO-
necea mpas pyunkuumi §; (£), &, (£), T. e. HoMOKUM

G (D8 (2 + 1)) = 20% (1) exp {—2iQ1),
By (8 (2 4 1)) = 207 (T)
e A+ = 2026 ) exp {2iQ¢}),
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rie .

0

o = — S dt B (t)exp (iQ1) = — S dt B (1)cos Qr. (6.12)

lv| [

OTyMeTuM, 910 Mbi MOKeM J(eHCTBOBATH ¢ KOMILIEKCIHME CJydai-
npMu QYHEIuAMHT §; (f) HOAHOCTHIO aHATOTHIHO TOMY, Kak MH pado-
TaJIu ¢ MedCTBUTEABHBIMU (YHKIUAMH.

Ecau unreuxcuBrOCTH Paykryanumit z (), T. e. mapamerp o7, Aoc-
TATOYHO Majla, a TAKMRe MaJbl BeJMYHUIIEL V;, XapaKTepuayoIiue 3aTy-
_XaHWe MOX, TO Mbl HMeeM MeJJIeHHEE CTOXaCTHIeCKHe HPOLECCH Ha
$ore GEICTPEX ocHmIAEPYOmMUX (¢ gacroroli Q) mponeccos. Jlas wme-
KJIOTeHHs TaKUX OLICTPHIX TPOIECCOB HAgo YCPeTHUTh, Kak 06 aToM
FOBOPUIOCH HEOTHOKDATIIO Bhillle, mo mepmofy ocmumisanuit. ITpm
atom oueBmgHo, uro mamo cumrath (E;E > = (EE,> = 0. Wrax,
yepenuuM 1o Bpemenu (6.11) u Bocmoapzyemest Gopmyon DypyTny —
HoBukoBa [Js pacmellieHWsi CpeJHEI0 3HAUEHHA B TPaBO#W YacTH
(6.11). B pesyxabrare moaydaem ypaBHEHHe

Pt g O WP, — 2y =0 WP, —
R L) AR LR LT A

a8, 0\ 84w , 8B o B
1 (awl+dW2)<[652(1)+65,1(t)]6(W1(t) WS (Walt)— W) >+

RV 5 5 \ier
- io (0W1 ™ 0W2)<[ oW, (A mo TP (t))wl(t)Jr

.0 5 5 , .
o (A w8 esaz(n)wz] 8 (Wa(t) —Wa)o (e (t)—w/2)>'

2

(6.13)
Vunreisas Teleph paBencTBa, BrTeKaomue u3 (6.9):
W () __ SWal) __, ) SWa(t) _ W) _ "
0y (2) OEs (1) T8 (@) 0% (1) ’ (6.14)

SAW _ dB@) :
SEat) | 0B {Wa W),

moJiydaeM ypaBHenne BuUJa

0P, 1 i}
— = 20 iy WP = 2 g Wl —
5 0 0
~ 207 (d—Wl + Tvz) (Wi Wo) Py —
0 0 2 —= ;
— 20 (Tvl + Tn) (ABS W (t)— W18 (Wa(t)— W)y,  (6.45)

rie gepra ofoznavaeT yepepHeHue 1o Bpemenu. B cmiay Toro, uTO

Ti— 27 = () = — 2WalWe,  (6.06)
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MOKHO 3anmmcaTh ypasuewme (6.15) B samuyroii doprye YID:

opP ) P
1 = 2]’1 #VIWIZJ[ — 2Y2

o, Vel
09

0 0
4+ 20? ((WVl -+ (WV?) WiW, (TVI + FW_T) Py, (6.17)

Jgt

¢ Ha4YaJdbHBIM YCJIOBHEM

Py (Wy, Wy) = & (W, — W8 (W, — Wy). (6.18)

U3z ypasuenusa (6.17) BuireKkaoT ypaBHeHHS N5 MOMEHTOB BeJUYUH
Wy, W,. Tax, nina cpegHuX 3HavYeHMIT HITOHCHBIOCTEH MOI HMMeeM
ypaBieHHs

Wiy = =29, WD + 26° W) 4 (W),
Wod> = 29, KWyp> + 262 (KW + W)

ITH ypaBHEAUS 11a3biBAIOTCH YPABHEHUSAMH TEpernoca M COOTBETCTBY-
10T 00HYIT0l MUHEINO0H (eHOMeHOIOTITeCKoi Teopuu (CM., manpumep,

[94]).

JList BTOPHX MOMEHTOB WOJIYUaeM CHCTeMY
WD =4 (0% — p)WD> + 8% W, W,
WEy = 4 (0> + v,)XW3> + 8% (W, Wy, (6.20)
VIV = —2 (1, — 1K, + 402 ((Wy -+ Wy)®.

Ormermy, dro cmcrema ypasuenuit (6.19) Goiza monydena pamee
B paGore [95].

IIyers remeps cucreMe ypasrenwii (6.1) mocraBmeuns Kpaenbre yc=
TOBUSL:

(6.19)

2 (0) — Bz, (0) = v, 7 (T) — 2, (1) = v, (6.21)

B aroM caydae ans penreHus 3amadu He GyAeT BHIOOAHATHCH YCIOBHE
OPUYUEHOCTH, ¥ HAaZ0 BOCIOIL30BATHCA TeOPHEeH WHBAPHANTHOTO TO-
TPY;KEMHA WIH MeTONOM, allaJOTMIHHM HMCHOJB30BAHHOMY B 3amade
0 pacHpocTpaHeNWH BOJAH B ogHoMepnoit cpeme. OTmeruM, d9TO BO-
mpoc 0 MOBEROHNM CPeNHMX 3HadeHuit pemrenus 3apaum (6.1) paccmar-
pUBaJCA B mATON Tiame.

Pacemorpum nBe BemoMoraTeabHEE 3aKaduM, OMUCHIBAEMEC YpPab-
mernusaMH (6.1) ¢ KpaeBHMUM YCHOBUAMM:

1) &M (0) — paf? (0)=0, 2) z{(0) — Pz (0) =

1,
e () — 2 (Ty=1;  a@(T) — v (T)=0.

|

Torga owgeBMAHO, UTO CyMMa TaKUX pelleHnil z; = v2x§1) -+ v1x§2)
fymer maBarTh MCKOMOE peIlleHHMe 3aJadd, a KayKIyI0 M3 DTHUX 3amad
MOKHO pPaccMOTpeTh METONOM, H3I0KeHHLIM B NpeAHAYOINX mapa-
rpadax.
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OraeTHM, UTO ypaBIe s JIAIeHHON Te0pUH 1IePeIloca, KOTOPble 111
a

ManHOM 3a7a9M UMEIOT BU YPABHeIinit —?—t My = = Wa= D (Wy— Wy),
pacemartpupanuch B paborax [96], rme GrI0 MoKasaho, 4To Jneiinasd
reopms mepenoca paboraer amurb B cayvae DT << 1. B paBorax [84]
OPOM3BONMAOCH PACCMOTPenHe JMIEHHOW Teopuu mepenoca Ajs BOJL-
B, PACIPOCTPAHIOMEHCA B ONIOMEpHOH CJIy 4ai110~Heo{HO PO HOM
cpeme, paceMoTpennoi B Tperbey maparpade. ComocraBienue TOUIBIX
BEIpAJKEIHH ¢ BHPAJKENMAMU, MOJIYYEHHBIMU I1a OCHOBE auHe oM
TeOPUH TIePeroca, MOKa3kBaeT, UTo NOCAENHAA ABIACTCHA aCHMITOTH-
WeCKOH TeopHeil, CHpaBelIMBOM JIMITh HPH BEITOJIHEHHH YCIOBUA
DL <€ 1, KoTa MO;XHO HPOBOJIUTH pacuers IO TeOpPHH BO3MYMEHW.

§ 7. O BamARMM 3aTyXaHus BONHBI HA (QIYKTyaNud HHTEHCHBHOCTH

Kak yxasmBamnoch Bhire, B Cilyyae HalIUTHA 3aTyXanus BOJIHE
M PacHpOCTPAHENHH B CAYTalHO-HEOAHOPONHOM cpeje PaykTyanuu
HHTeHCUBHOCTH BOIHOBOTO MOJAA B CjI0e (IYKTYHPYHINEH Cpefh Omu-
cwBaores gopyyravu (3.1), (3.2) m T. m. (3mech u pgajee cuuraeM,
uro ko =k == kr). Iloaromy amns HaXOMAEHHA CTATUCTMICCKUX Xa-
PaKTePUCTHK MHTEHCHBHOCTH BOJIHBI ITaf0 3HATH OATOTOUEHITYIO TJI0T-
110CTH BepoATIOCTeH M IIOTHOCTH BeposTHOCTeH mepexoma AJIs ABY-

x

MePHOTO MapKOBCKOTO mporecca (¥ (), Sd&u(&)). Jlerko manmeaTh
0

ypaBHEeHUs, KOTOPBIM DTH QYIKIMH YAOBIETBOPAIOT, PEUEHNA KOUX,
OMHAKO, BHPa’skAOTCHA Tepe3 MalomsyueHHke cpepommanbuee Qynk-
uu. TlosroMy HpPOABMHYTHCH B TAKOM HalpaBIeBHMH B NaHHOM BO-
npoce B HacTosmIee Bpems He yraercs. Hak 6biTo moxasamo B wersep-
roM maparpade, B cIydae OTCYTCTBUA BaryXalls HMEeTCs o61acTh
IpocTPaHCTBEIHBX MaciiTaboB, He 3aBHCAMAA 0T KpaeBbIX yeaoBUi
a JeBOM KOMIe CI0A (HANoMHMM, 9T0 BONHA HajaeT Ha CIOH cpebl
cripapa). B oToii ofiaacTi cpeaHss MHTEHCHBHOCTE 0CTAETCH MOCTOHMN-
HOl (C TOUHOCTBIO 0 HKCHOHEHIMANbHO MAIBIX TWIEHOB), a BhiCIIMe
MOMEHTH pKCTOTIe HIHaIbHo napacraior. Eean rommuna cios L crpe-
MUTCH K 0o, TO 00JacTh dKCHOHEHUATBHOTO poCTa Payrryanmit ui-
TeNCUBHOCTH 3alIMaeT BCE MOJYIPOCTPAHCTBO, PACHOJIOsKelloe CJle-
Ba OT Tpadmin, ha KoTOpylo magaer Boiua. Kcrecrsemno mayvuth
BAUAHWE 3aTYXaBUs BOIHB Ha (AYKTYyalWu HHTEICHBHOCTH B 3TOM
mpejlenbHOM cliydae. MoykHO 0RMAATH, UTO 3ajgava B 9TOM CIydae
noHa cymecTBenHo yupocruthea. Oapako, Tak Kak MCXojHas 3a-
java sipisercs KpaeBoi sajaduelf, meo6xopumo mepegopmyampoBarh
3ajavy TakuM 06pasom, aT00E HCKIOTUTDL YCIAOBHME HA JeBOW Ipanule.
D10 MOMKHO CeIaTh, Nampumep, ciefyomuym obpasoM. Ipesie Beero
CABUHEM CHCTeMY KOODPAMHAT BIpaBO Tak, 9To0B cl10H QIyKTyMpyIlo-
meit cpej B BaHMMAX OH mpocTpaHcTBEnHyM ofxactsh — L < < 0.
BBenem QyHKIuH

a(@) = A (@ exp {y2), b(@) =B (@) exp{—ya}, (1.1
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rne A (z) u B (z) — dyurnuu, seenenunie B § 1 (cm. (1.4)). Torna
BOJIHOBOE HOJIE BHYTPH CJOA CpPEJnl IIMeeT CTPYKTYpY
U (z) = a (z) exp {—ixz} 4 b (z) exp {ixx}, (7.2)

a ¢pyurnuu a (z) u b (z) ynosuaersopsior, corsacuo (1.5), (1.9), cu-
cTeMe ypaBHeHHH
da i%

0"1

E‘__W_'z— | 5 [ be2i"‘x], .
db ix & (x) —oinx (7.9)
.= —Vb+ T [ae +b]
¢ KPAaeBHIMH YCIOBHAMH
a(0)=1, b(—L)=0. (7.4)

(3nech cUMTAEM MHTEHCHBHOCTH Iajalollell BOJB paBHOIl ejuHmie.)
Boxnosoe none B o6nactn & > 0 mMeer Bux

U (z) = exp {yz — ixx} + Ry exp {—vyz - ixz}, (7.9)
rjie KOMILIEKCHBI KodPQUIMenT oTpasKeHUsA BOJIHH oT cloa Ry, ompe-
meiserca uepes pemeHme ypasHenus (1.14):

dglr) =2i(»-iy)R - ’;’ TSJ]) [1--R(z)]?, R(—L)=0, (1.6)

¢ IIOMOIOBIO paBEHCTBA

R (0) = Rr. (1.7)

IIpu aroMm dynrmus R (x) cBAsana ¢ dyHKouaMun a () u b (z) coriac-
Ho pasenctsy (1.13):

b ()
R(z)= d‘(I) (7.8)
H, CllefoBaTeibHO, '
b (0) = Ry. (1.9)

Tarum o6pasom, ecian Mul 3itaem pemeHne ypasuenus (7.6) u, creno-
BaTedbHO, BeJIMIuHy Rz, To MoHO mepedopMyaupoBaTh 3agavy (7.3),
(7.4) wax samauy Homm, onucwiBaemyio cucreMoil ypasnenmii (7.3)
¢ HauaiabHuMu yerosuamu a (0) =1, b(0) = Rr. Onnaro pemenue ee
yiKe He YI0BJIeTBopsAeT YCIOBHI0 OPUIMHHOCTH, TAK KAK KOMOJEKCHasA
BeqmunHa Ry ABIseTcs QYHKmHOHATIOM molis € (r) Bo Beeil obaactn
— L <z <{ 0, r. e. pyurnun a (z), b () ABIAOTCA QYHKIMOHATAMHA
moiia & (x) Bo Beeir o6JIacTH mpocTpaHCTBA, 3aHUMAaeMOro ciaoeM QIyK-
TympywIinei cpegu. B sToM ciydae Heo6X0aMMO BEUHCINTH BapHAMU-
OHHBIe Mpou3BoaHbe QyHKIHHE a (z) u b (z) mo mouro € (r). das nux
uMeeM

da(z) _ ba (1\ da (x) SRy,
68(1) & (7)) sry, aR; OE(z)°
=0
o
7.
b (z) __ 8b(a) _ ob(a) SR (7-10)
08 (2') ~ 8E(«') |oR L aR; ¢ (¢) "
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Byepmenm Qynrmum u(z) = da (x)/0R, v (x) = db (x)/0Rr. Itn Pyuk-
LUH yIOBJIETBOPAIOT, OYCBU/HO, CHCTEME ypaBHeHHH

Fe=vu—ig e p et u(0)=
.’ _ (7.11)
B 2D e ), 0 (0) =1,

I peluelne ee YHOBIeTBopseT ycaoBuio mpuauHHoCTH. OTMETHM, UTO
dyirnun a (z), b (x), u (r), v (xr) cBA3aHH PaBeHCTBOM

a(r)v(x) — b (x)u(z) =1, (7.12)

ABIAOMUAMC A ILHTErpaioM s cucreM (7.3), (7.11). Temeps ocraercsa
Beruncauth Beanunny SR /8¢ (). [as sToro mpoBaprupyem ypaBHe-
aire (7.6) mo & (z') mpu = > 2”:

d dR(x) (o L . E(2) SR (x) -
—— = —{QL(KTLY) + in TE] [1 —i—R(x)]}Gé—(I,) . (743

dr 0t (x’)

Hauaabvueim yeaosueM Kk (7.13) ABaserca paBeHCTBO

OR (z) %
M. CIeJOBATeNbHO, pelienie ypapuennd (7.13) mpu x = 0 umeer Bupg
OR;,
O 2y

& [2i0et i)+ B arr@)])
(7.14)

Bennuuny 8R/88 ypaerca cBasath ¢ BomHOBHIM moiem U (x) BayTpu
caos cpefpl. Y1o6bl MOJYIHTD TAKYH CBA3b, HEPENHUINEN HepBoe I3
vpasHeHuit (7.3) caegyoomuM obpazoM:

B —qa— i 2D L R@), a=1;  (7.15)

pellieHHe ero MOMKHO 3anucarTh HakK

R(z)Pexp]

I

LA P

X

a@=—explir—iger\de@u -t rEN}.  (7.16)

ZE|

CrenosatenabHo, gopmyny (7.14) MoxHO mepenmcats B Buje
SR,
o8 (')

Pgrar L+ R@a (@) exp (— 2ina’). (747

YunrweBas remepn, 9T0 aM0 BOJIHOBoe HoJe (7.2) B TepMIHax dyHRIUT
a (z) u R (z) umeer Bup

U(r) =a(x) 1 + R (2)] exp {— ixx), (7.2
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1o yuaaem 1MCKOMYIO 3aBIICIIMOCTH

(SRL . % p) Y
68(3‘)—1 TE] U ()=

ke
2] €|

[a(x)ye i - b(x)et™]".  (7.18)

Tari o6pasod, cucTeMs ypasuenuit (7.3), (7.41) u pasencrsa (7.10),
(7.18) 006pa3yioT 3aMKHYTYIO CHCTeMy, CTaTUCTHYECKHe CBOHCTBA KO-
TOPOil MORHO OIHOCTHIO OLIICATH, CINTAH, KAK I paHee, £(r) TayCccos-
CKIM JeJIbTA-KOPpPeTHPOBAHHEM mporeccoM. OTMeTHM, UTO TaKas
mepedopMyIHPOBRA 3a[aYM MOJHOCTHIO DKBHBATEHTIA HCXO0HON HO-
cragopke. OHaKo 3[e€Ch MBI yiKe MO:ReM HePedTH HemoCpe/\CTBeHHO
& upeneny L — oo, mpu KoTopoM | Ry | mMeeT cTaumonapuoce pacupe-
jeenne BeposTHocTeil, onnckpaeMoe dopmyioir (5.4").

OTMeTHM BaMedaTeIbIIyI0, Ha Iall B3TIAZ, 0Co0EHIOCTH paBeH-
crBa (7.18). Vexopnas BoiHOBAaf 3agada, MOCTAHOBKA KOTOPOi ObLIa
ommcaHa B HepBoM maparpade JaHHOM TiaBh, ABIAETCH KpaeBoil 3a-
madell, 1IA KOTOpOH yjAaeTca BBECTH (QyHRIHIO R (x), me mMmelomyIo
0¢060r0 QH3MIECKOT0 CMBICTA H y0BJIETBOPAIIYI0 YPAaBHEHUIO Lep-
poro mopfAxka 1o x. C moMOImBIo 9Tofl QYHKIHE MOJKHO OIpeEJeNuTDh
KOMILIEKCHYIO MOCTOAHHYI0 Ry, NMEOIyl YeTHHil dusmIecKmit
CMBICH — K09(HUIHMenTa oTPasKeHHA BONHE OT CI0f QIyRTyHpyio-
meii cpens. Pasenctso ke (7.18) noKas3mBaer, 4T0 BeAUTHHA Ry ompe-
JCJAAET HoJle He TOABKO B ¢BOGOIHOM POCTPAHCTBE, HO  BHYTDH CJI0,
T. €. B TPHHIAIE TOCTATOTHO JJIA aHHOR 3amadl HCCIeT0BaTh pelre-
Hife ejuHCTBenHoro ypasmenus (7.6).

Ilepeiiem Temeph K HM3YUEHMIO CTAaTHCTHYECKHX XapaKTePHCTHK
AHTEHCHBHOCTH BOJIHEL BHYTPH cllof cpexbl. BeepeM pyurmun Wi(x) =
—a@) P W@ = 6@ p@=lu@ @ =1v@ T
YROBJETBOPAKIINE yPABHEHIUAM .

aw : . % Bl . .

e — oy —i T;I) (a*berins — qb*etine) Wy (0)=1,

W oW —i T:? (a¥berins — qb¥e2in), TV, (0) =| Ry J%,
(7.19)

d , € (x . .

B T i e, p(0)=0,

d . € oo Saenc

B gy i B e ume), a1

n yHRIHAIO
(Dx(WD W27 P, (_I) =
— 8 (W, (@) — W) & (W, (@) — W) 8 (p(2)—D) 8(q () — ). (7.20)
@Oynrnusa Dy, Kak GYHKIUA CBOMX DEPEMEHHEIX, yA0BIETBOPAET CTO-
xacTHuecKoMy ypasBHenuio JlmyBmiid:
oD
dx

¥ LoDy + i & (x) M D, (7.21)
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C HaAYaJbHBIM YCIOBHEM
Oy (W, Wy, p,q) = 6 (W, —1) 6 (P) 6(g—1) 86 (W,—| Rt |2)7

TAe BBEJEHH OHepaTopH

d a
Ly——2y(a Wy— —IV p———q),
Wiy TS oq ~
s s (7.22)

M= (5‘/71 -+ ter) (a*bgm%x — ab*e—amx) +
+ (a—ap + di) (uFpetine — yy¥e 2inx),

Ycepepuum Teneps ypasuenue (7. 21) mo amcambi0 peanmsamuii € (x)
cunTas, KaKk I paHee, € (I) TayCCOBCKOI /edpTa-KOPPeIHPOBAHHOM
dyHRUei, T. e.

e (x) & (a')) = 26%y6 (z — ).
Torma mna dynrmuu {D,> = Px(W/l, W, p, @) — OmHOTOUEYHOIi COB-

MeCTHOIl MiIoTHOCTH BepoaTHocTedn ¢ymrmuit W (), W, (2), p (@),
g () — ToaydaerM ypaBHeHHe

0P, oM
] _LPHFLzl_lcﬁ/OKéb I)q>> <168() } (7.23)

JlJ1s1 BADHAIHOHHHX OPOM3BOJHEX, Gurypupynomux B (7.23), coriac-
Ho (7.3), (7.10), (7.18) u (7.21) HMeeM paBelcTBa

2‘: (g [a + be?inx] |- | — uU (z),
&b 3
65—8:_ l[ae'2“‘x+b]+1 LU (z),
%% — i L v, (7.24)
v ;
ey = — e e o
OM O, o
67&'—(1):—— Zlglﬂ‘[ ——Z’KN a3
rue
N= (ﬂif [wa*U? — u*al7*2] 4- dW [pb*U? — v*bU™*2).

OrmernM, 910 ipE & —> x B dopmyraax (7.10) Brrax wieHoB, CBA3AH-
HEIX C (SRL/(Se VIBAHBAETCS, TAK KaK OHHU oupeuenemﬂ opu mo6mx z'
B To Bpems Kak sexmunnsb 8a (z)/8g (z'), 8b (x)/88 (') IGRL/65=0~
IMopcranosra (7.24) B (7.23) mpuBopuT, BooOme roBopsA, K He-
3aMKHYTOMY ypaBHenmwo ia P,. Omgnaxo, eclm, Kak H paHee, HHTe-
pecoBaThCA TOJNBKO MEJJIEHHHMH H3MEeHeHHAMM CTaTHCTHYECKUX Xa-
PAKTePHCTHK BCEX BEJIHYMH, HeOOXOAMMO YCPeJHHTb BTO ypaBHEHHE
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no neproxy OHCTPHX OCHUIIALMII, YTO NPHBOJUT YrKe K 3aMKHYTOMY
YPaBHEHU:

== (i*l + £2 + £1,2) Py, (7.25)

o (W,
“v (dWl Wi aW, W2)
17 d ad .9 [4] -9
—D ( oy + all’._,)(dﬂ'z Wi+ —de” 2) ’
5 ] o , 4 a a
L2:—2Y< p——q)—D(g,;r;,g)p_CJ(@—er;;),

Liz=D ( e )(W1 AT )(W1 — Wa)(Wig —Wap)-k

+ D(%}ﬁ— ;_q)(al_%W1+ mw2) lp+q-+(p—q) (Wig —W2p)l,

rae Kodddumuent qudpdysun D = %262,/2 | & | 2. Ilpu BuBoge (7.25)
HCTIONB3yeTeA Taxse dopMyia, BuTeKaomas us (7.12):

Wa(@) 4 (x) — Wal@) p (&) = 1 + b (2) u (2) + b*(2) w* (). (7.26)
Hauansuum yeaosuem pas (7.25) ABIsAeTCA paBEHCTBO

Po(Wy, Wo, pyg) = 8 (W, — 1) 8 (p) 6 (¢ — 1) Pr(Wy), (7.27)

rpe Pr(W,) — miorHocTs BepoATHOCTeH AisA KBajpaTa MOAYHNA KO-
spPunuenTa OTPAKEHUA BOJHH OT CIOA CPEHL.
Otmernm, uTo w3 ypasHeHms (7.25) ciemyeT paBEHCTBO

AWy — Wep)) =1 (7.28)

¥ yPaBHCHHA NI IEepBHX MoMmenToB Bexmdud W, (z), W,(x), urpd-
omue pojb ypaBHeHHH mepeHOCA:

2 W1y =29 W + D Wy — Wa) (Wag — Wap)),

~
I

d (7.29)
7 (Wad = = 2v (Wad -+ D((Wr — Wa) (Wag — Wap)),
C HAYAJIbHBIMH YCJIOBHUAMH
Wi0)> =1, Wy(0)> = (| B 5. (7.30)

Bripaskenue, croamee B npaBoit 9actu (7.29), cBA3aHOo ¢ Koppensanuei
dynruuit Wy, Wou p, g, onuchiBaiOmx BIHAHNE HAYaJAbHEX JaHHEIX
na nosegenue W(z). Ecau supaxenue Wyq — W,p 3aMenuts Ha ero
cpejHee 3Hauenue, pasHoe efmumie (cM. (7.28)), To modydaem ypas-
HEeHHs, COOTBETCTBYIOIME IMHeHHol Teopuu mepenoca. OTMeTHM, ITO
opn z — O mosepenne Qynrmuii <W,>, {W,>, Kak 210 clefyer m3
(7.29), (7.30), ommcmiBaeTcH GopMyraMu

Wi@> =1 + {2y +D (1 —<| R P)} =, (7.31)
Wylz)> = < Re P> — (29| RLP> — D (1 — | Re )} @ (2 < 0).
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Vpasrenus (7.29), (7.25) u dopmyust (7.31) copaseaansul Ajaa cion
aw06oit womeunoil toamuun L. Eciau temeph mepeiitu K mpegely
L — oo, To dpynrnusa Pr(W,) B (7.27), kak oTMeuasoch BHIule, Gyner
HMETh CTAIUOHAPHOE pacIpejeleHne
w ) -
. POO(I/V2):(1——‘-2—BVV—2)26Xp{—12E—V;3}’ B:%, (/-32)

u seiwunna < | Ry | %, durypupyromas B (7.30), (7.31), Bounciser-
¢ 10 9TOMY pacIpejeleHno.

CpaBruM Temepb TouHoe pemenue (7.31) ¢ CooTBeTCTBYOIMEM pe-
meHNeM ypaBHenuit Jnneiinoit reopnn meperoca. B amneiinoil Teopun
HepeHoca MCXOTHBIMEH ypaBHEHHAMH ABjIALTCA (L = 00)

d?’l — 2(1'[/’[/1 _|__ § (er — IV-Z), 1’1/1 (0) = 1.a
dv; , (7.33)
o= —2aWy + 8 (W1 — W), W2 (0)=R,

rje HemaBeCcTHas KoHcTaHTa I ompejensierca us yCIoBHA OTCYTCTBHA
pacTyImeil 3KCIIOHEHTH HA £ = — 00, a )EHOMEeHOJIOTIIeCKIe apamer-
pHI o 1 § uTpatoT poib KooddunuenTos 3aTyXaHusA M AUGPY3IH. Coort-
peTcTBYOMEe pemenne 3agadu (7.33) m eeT BHJ

W,(z) = e, W,(z) = Ret, h =2V a (o + §), :
R = (20 +- 8 — W/, (7.34)

Cpasnenne peumenus (7.34) upu z — 0 ¢ (7.31) moxassipaer, aro ic-
BO3MOJKHO OTOM{ECTBHTH HapaMeTphl o, § ¢ HCTUHHHMHA Kodpduiuen-
tamu y, D u dopmyuns (7.34) HecHpaBeIHBEL AIA JOOHIX 10CTATOUIO
ManbXx sHaueHmil x. Taxum o6pasoM, IuHeiiHad TEOPHA LEPEHOCA I A
HOJIYIIIOCKOCTH, B3AMOJHEHHOI CJIydaiimo-HEOTHOPOHOM cpepoii, He
opuMeHHMa B 06IMeM ciydae. Pemennsa coriacyloTca ¢ mapaMeTpamn
a =1y, 8 =D, R=<|Ry[®> numb B aCHMOTOTHIECKOM IIpepneie
B >> 1. Ilpm Mausix 3uadennax £ ypabuenns (7.33) cupape/InBh ¢ Ha-
pamerpamm o =y, 8§ = D, R = { | Ry |*>, ogHako oHH J0BOJBHO
GeCTpO mepecTaiT GHTH CIPABEUIMBEHIMH, TAK KaK pelleHHe UX CO-
Mep/KUT PAacTYIYI0 ¢ PacCTOAHNEM DKCIOHEHTY.

Pacemotpum cayuait y = 0. Torga P (Wy) = 6 (W, — 1) u

P.(Wy, Wy, p,q) =8 (W, — Wy)8(qg—p — 1) P, (Wy, (?773

9)

Tak KaKk B 5TOM cly9ae COXpaHAeTcHd IOTOK sHepruu, T. e.
d d
4 W1 () = Wa(n)]= z-l9(2) —p(2)]= 0.

Iopcrasasaa (7.35) B (7.25) u unrterpupya mo W,, p, g, moayiaem
ypasuenme mia P, (W,) = (8 (Wy(x) — W;)> Buna

oP_ (W
—x,(—l) S ) W2P, (W1), Po(Wi)=06W;—1), (7.30)

dr ﬁW%
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9T0 COOTBETCTBYCT JOTapHPMUYECKU-HOPMAIBHOMY pPacHpemeleHnIo
mpaa peamdunnt Wi(z). B gactmoctm, m3 (7.36) caexyor dopmyin

(Wix)> =1, Wi(a)y =exp{—2Da}ur xn,

HoJyueHOEIE paHee JPpYIUM MyTeM B UYeTBepToM Haparpade.

AHamormuHEM 006pa3oM MOKHO PACCMOTPETh 3agady O CTaTHCTH-
JecKHX XapPaKTePHCTHKAX HOJA HMCTOUHMKA B OesrpaHudHOil cpeje.
IIycTh HCTOYHHIK PacmoIOKeH B Hadajle KOOPJAUHAT, BeTHIHHEL, COOT-
BETCTBYIOIMYe 3HadeHuaM x = 0, GypeM orMedars nugexkcamu . Pac-
CMOT pHM BHadale cJoll KoOHeYHOoll TOJIMMHB ¢ IPAHUIAMI B TOUKAX
—L_, L,. B atom cryuae BoanoBoe moie U (z) B obmactn —L_ <
< & < L, onuceiBaeTcA ypaBHEHHEM

%+’f2[1+§(1)]l]=2ik5(ﬂc) (k=w--1iy), (7.37)

| €]

OTHY A BbITERAKT F'pPaHUYHEIC YCJIOBUA IIPDA X = O:
U, (0) = U_(0), Uy (0) — U-(0) = 2ik." (7.38)

I'pannanpimMu yeaopusamu mpu —L_, L., Kak 1 paHee, ABIAITCA yC-
J0BHA HenpepHBHOCTH mods U m ero Hpom3BogHOI.
Boanosoe moie B obiactax x == () MO}KHO IPEJCTABUTH B BHJE

Uy (2) = a4 (z) exp (—inx) -4 by () exp (i), (7.39)

re gynrmui ay (z), by (z) ymosaersopsior cucteMe ypapnenmnit (7.3)
¢ TPAHUTHHIMU YCIOBUAMH

b_(—L)=20,a,(L,)=0. (7.40)
Beepem ¢ynrmun .

b_ s
R(@)= =5 e, R.(0)=

2y (%) o i
5 (@) € ) (7.41)

YAOBIETBOPAIINE ypaBHENIUAM

dR— (x) . i . B (x ~
Tl = 200t i) Rx (@) i T U Re @) (T42)

[€]

C Ha‘Ia.;IbHBIMI/I YCIOBUAMHA
R (—L)=0, R_(L)=0. (7.43)

Bsegem oGosnaueHus
R_(0)=R, R,_(0)=R, (7.44)

H OTMETHM, 9T0 BeiuuuHa R_ coOTBETCTBYET KodYPHUIMEHTY oTpaie-
HHUA BOIHEL 0T CI0A ¢pemdr, 3anmMalomero obiacts (—L_, 0), B upep-
m0JI0;KeHHH, YT0 B mpaBoif moxymiockocTd & = 0. Benmauna me R,
cooTBeTCTBYeT Kosddumnenty orpasenns or cios cpeasr (0, L,). Cre-
70BaTebHO,

b_(0)=R_a_(0), a,(0)=R.b,(0), (7.45)
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u coraacuo (7.38) momyiaem

14 R i R_ -
a,_(O)_—_i—JB—J‘;—_, b, (()):T_iﬂﬁ__ . (7.46)

Temepb 3agaua IA J€BOTO H HPaBOTO CI0EB CBOANTCH K pac-
CMOTpeHHOI pamee, HO HadajbHEe yciaoBua opu x = 0 RaKk I @y,
Tak u pua b, onncrBaempie opMyaamu (7.45), (7.46), 6yayr QyHx-
HuoHaxaMu mous & (r) Bo neceM mpoctpancrse (—L_, L.). Moxno 6b1-
o 6B OUHCAHHBIM BHINE cIoCo00M HAHTH ypaBHEHHE /1A MIOTHOCTH
BepoaTHocTel Beawan W, W,, olHako 0HO CTaHOBUTCA B TAHHOM CIy-
qae ov4eHb rpomo3aknM. OTpaHHIMMCH IMOITOMY BBIYICTENIIEM Bejn-
YU HBE

Iy = <W(0)> + <Wy(0)) = {1a () P+ 18(0) I (7.47)

B mpeneanHoM caydae L_, L, — oco. Ilpexcrasasa R, B Buje

U BHIOJIHAA ycpepHeHHe mo daszaM, KOTophle PaBHOMEPHO paclpejie-
sensl B unTepBane (0, 2m), moaydaem

L=2{G=5 )

Beanununr 4 (%) cTATHCTHYECKH He3aBHCHMBL (B CHIY Hpejmola-
raeMoli O-KoppeampoBamHOCTH & (7)), B HeOTPAHMYEHHON cpefe s
HIX CyIeCTBYeT CTAHoNapHoe pacmpesielieHne BepoATHOCTelH (2.9):

P (1) = Pexp {— B (u— 1)} ([3: EDX) . (7.48)
Brimosinag ocTaBmieecda ycpejgHeHne, HaXoquM
2 1 4 . ~
=2 (2=p £ ) —FFEE(=),  (149)

rae Ei (z) — unTerpaibpras moKasaTelbHas dyurrmus. Vcenoarsysa
ypasrenus (7.19) 1 yuuTLBasA, YTO, B MOJIHOM COOTBETCTBAU C (7.18),
OR %
. 2
=i U%L(z
Oe (z) 21| = (7)),
MOMKHO HANTH CIeTyoInue UWIeHb Pa3joeHHA H0 X JIIf BEIHIHH

WS> u <W,>, anaiormaune (7.31).
1 2.
PaceMoTpuM Temleph, yis MOJHOTHL KAPTHHEI, HpejieJbHbie CIy-

qau caaboro (P << 1) u cuwabsoro (f >1) saryxanua. C momompbio
pepamennda (7.49) HaxoguMm

o~ +2). Bt

To~1+ 5 1.
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Jus semmunasr | R[*> = limn (| R |?) Jerko HDONYYHTh PAaBEHCTBO

CIR D =1 -+ 2petEi (—28),

oTKyga miasa Qgopmyn (7.31) umeem wpu P << 1

W =1 -+ 2vx (1—2 In 2p),

W =1+ 28 1In 2p — 2yz (1 + 21In2p),

I (x> =20+ pn2p) — 4 Dxpln 2p,

a B ciydae p > 1

. .1 .

(@3 =1+ g5+ 2 (1 4+ 5] -

AHalorHuHHM 06pasoM i CpefHero 3HAYCHHS HHTEHCHBHOCTII
B TOUYKE PACHOIOHeHHA HCTOUYHUKA

. 14+ R,) 2

e ) _1 2N —

IO = <Ja (0 -+ b ) = | LRI

B OpejenbHoM ciydae L_. L, — oo mocsIe yCpeaHeHNnsA 10 YTAAM Ho-
JydaeM BEIDA'KeHHe

Suu_ —{u 4u_)-1
T (O = (==
s U

KOTOpOe MOJKHO 3amucaTh B BHje OXHOKPATIHOTO IHTEIpala
¢ L B2 -
oy =p{ar L2EEOD o (7.50).

0

Cienosarexnsno, nasa uosepgeHnsa <{JI (0)> B zasucmryoctn oT mapa-
MeTpa [ moaydaem BBIpajKeHIe

A0 =1-+ (7.51)

1
p .
Beoime 60 mONydeHO ypaBHEHHe, ONMCHBAKINEe pacOpeelenue
BepOATHOCTEH AJMA HHTEHCHBHOCTEN BCTPEUHBIX MOJ, KOTOpO€ cojep-
JRAJ0 JBe JOMOoJHUTe IbHEE fepeMeHHbe, VINTHBAKINNe BIUAHNE I'pa-
oum Ha Qayrryaguu Boaxel. IlodydeHHoe ypaBHeHye, OfHAKO, OKa-
3HBaETCA 0UCHDb CTORHEM. Teopus HHBAaDHAHTHOTO LOTPYKEHHA TaeT
OpAMoOH OyTh monydeHus Gosiee IDOCTBIX ypaBHEHHE *).
IMycrs wax u B § 1, caoil caygaiino-HeoqHOPOAHOH Cpepl 3aHUMaeT
gacTh npocrpancrBa 0 < r <{ L u cmpaBa Ha Hero mHajaeT miocKas
BOJIHA eIHHHYHOR HHTEHCHBHOCTH. ToTjia pelleHEe 3ajgadu B 00macTu

*) TIpuBe/lenHbIC HIDKe Pe3yanTartol moiayaensl coyectno ¢ I TI. BaGruusria.
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0 << & < L omncriBaerca gopmyaoi (1.19):
L
Ua)=(1+ Ruyexplib [ diyp @) (h=n+ iy, (7.52)

X

rre dyurmoua | (z) ompepeasierca pasenctoM (1.17), a KoMmITeKcHBII
Koopdumuent orpamenus Ry, kak ¢ynrmus napaderpa L — Toimu-
HBL CJlof, omuchiBaeTcA ypasneHueM (1.147):

any, I TN R .

EZZL (%TI'V)RLj—IW__—ﬁ(L)ll*ﬁ ]{L] y ,R():O- (I.OO)
Crenys mpesM Teopun HIBADHAHTHOTO MOTPYKEHHA, GyIeM paccMar-
puBarh BoiaHOBoe mode U (r) Kak GyHKIUIO ABYX mepeMeuHnx, z u L,
rge x < L, 1. e. U= U (x, L). Torna, puddepenuupys dopmyry
(7.92) mo L u ncuonpsys pasenctsa (1.17), (7.53), momyuaen ypas-
HeHe

D — iU =i 22D R U@ 1) (154

4 |F|

¢ HaYadLHBIM yYciIoBuem
Ue, L) lpox = 1 == R, (7.55)

rie pyHruuA R, onuceiBaercsi ypasHenueM (7.53). YpasHenus (7.53)
n (7.54) ABIAOTCA YypPABHEHUSMI TEODHI HHBAPHAHTHOTO MOTPYKe-
HIA 1A fannoii 3agaqi. OTMeTHM, 9T0 B § 3 171, 5 oHH GBITH 1IOJYIEHEL
ADYTUM €¢0C0B0M, HCXO0/If [13 OITHCAHUA 3271aUH € TIOMOM[BI0 HHTETPATb-
Horo ypapserus. llpunmmnunmansnniy orarudmen cucrem (7.53), (7.54)
oT mexoanoir 3agaun (1.1) sABAgeTcA To, 9T0 ypaBHEIHA TEOPHN HHBa-
PHAHTHOTO HOTPY;REHHA YIOBIETBOPAIOT YCIOBHIO IIPHUMHHOCTIL.
IIpencraBuym BoanoBoe noxe U (z, L) B Bupe

Uz, L) = A (z, L) exp {—ikz} -+ B (z, L) exp {ikz}, (7.56)
rxe B (z, L) ceasana ¢ yarmusnn 4 (z, L) n R (z) yeaonuenm
B(xz, L)y = A (z, L) R (z) exp {—2ikx}, (7.57)
H, CJe0BaTelIbHo,
Uz, L) = A (x, L) [1 + R (2)] exp {—ikx). (7.58)

llogaeprnem, uro ¢pynxuns R (z) B (7.57), (7.58) He saBucuT 0T ma-

pamerpa L. [duddepennupya supaskenus (7.57), (7.58) mo L, mory-

gaeM ¢ DOMOMmMBI0 (7.94) ciemgyfomue ypaBHEIHSA:

LAGRINY Y “'ILL’ (1 -+ R) A(z, L), Az, 2) = exp {ika},
(7.59)

B t) —inp i 228 (4 R B(a, L), B(r,a)=
= R, exp {— ikz).
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Ypasuems pia yusnnit A, B, U orindaioTes TOJBKO HaTaJlbIbIMIL
3HATEHIAMH.
Bseaesm Tenepn, kax u panee, QyluKIjUH

a(z, L) = A (z, L) exp {yz}, b (z, L) = B (x, L) exp {—vyz}, (7.60)
V0BJIETBOPSIIONLHE YPABHEHUAM

da . L% F(
oL =il i

3 [ 4 Ripla, a(x, r)=exp {inr},

O‘I

—

b % & (L)

= - T [1-- Rulb, b(x,z)=R,exp {— inz}. (7.59")

Oyuruun ¢ (z, L) u b (z, L) onMCHBAIOT AMIVIHTY{H BCTPETLIX BOJH.
BregeM EX HWHTEHCHBHOCTH

Wiz, L) = |a % Wz(x L)y=1b,

KOTOPHe, O4eBUIRO, Y/AOBIETBOPAT yPaBHEHUAM

Wi (2, L) = — 24W, (2, L) + 15 El(f,) [RL— RE)W, (z, L)
(7.61)
¢ HATANLHHIMH YCIOBHAMHU
Wiz, z) = 1, Wz, 2) = | R % (7.62)
Ucnonnays (7.53), ansa ¢yHEnum p, = | R, |* monydaem
(Zz = — hyps — 1 7‘;]) (1 —pa) (B — Bz), po=0. (7.63)

Ilepeiifies Temephb K CTATHCTHIECKOMY onmcanuo. Bynewm cumrars,
KaK U paHee, 4To & (z) — rayCCOBCKHH O-KoppenupoBaHHGLIL, Cay-
9afiHni mpomecc. DBBegem (yHKIHIO

D (Wl,.Wz,p)zt‘S (Wy(x, Ly — W) 8 (Wylx,L) — W,) 8(pr — p), (7.64)

YAOBIETBOPALLYI0 ypaBHEHHI0 JlmyBuiis

oDy 0 1 o _w 4
T:2Y ( pIUa Wi+ W, W 4 2% P) Oy —

in 7}
p— - 1
2% | [am Wi

Wy — 2o (1—0) | #(L) (R — RE) 01
(7.65)

8
W,
¢ HaYalbHBIM yCioBueM mpu L = z

Dy (Wy, Wy, p) = 8 (W1 —1) 8 (W; — p) 6 (p. — p). (7.66)

Vepenrum ypasmerne (7.65) mo amcambiio peanusanuit & (L). Ilony-
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YHM I COBMECTHO#l mmoTHOCTH BepoATHocTeit W,, p ypasuenme

(W, Wa, p)
—T 2y(dW Wi+ i W +2—p)PL(IV1, Wa, p) -
D
o |G W i Wa — o (= 0) [ U R (L REIDL) —
D

2
— Lam i We— g5 (=) | (B — Rip )
w?52l, -
(D= 215'2) (7.67)

¢ HaYaJNbHLIM yCaIoBHeM mpu L = x
P Wy, Wy, p) = 6 (W, — 1) 8§ (W, — p) Pc(p). (7.67)

Ypasuenue (7.67) ne 3amruyT0 oTHOCHTENbHO QynkruEd Pr (W, p).
YauTHBAaA, 4TO HAC HHTEPECYeT MeIeHHOe H3MEeHEeHIe CTATHCTHIECKIX
XapaKTepHCTHR PeIIeHHA 3ajadl, MOMKHO OOBIYHBM Ccloco00M yepen-
unTh ypapHenme (7.67) mo OncTpHM ocnmIIANUAM. B pesyabraTe
IIOJyYuM ypaBHenHe Jifnmreiina — Dorkepa
oP; Wy, W,, . B
LTP)ZZ (m%m/r{* %I’Vz+ 2'0% P)pL +

. 7
+ [W WH 57 2~d—p<1—p)]h+

2
D [m - m Ws— (1—p)] 0PL (W1, Wa, p)  (7.68)
C HaYaAbHLIM ycsaoBueM (7.67°), rne dynrnusn P, (p) yposuersopser,
09eBUAIHO, YPABHEHHIO

Po® 4y pp 2D Lp(l—p)P
o = WP x(p)— 55 P (1 —p) Pelp) +

+D—p(1—p) —P () Lo(p)=08(p). (7.69)

Ypasuenus (7.68), (7.69) HOJNHOCTDI0 OMHCHLIBAIOT CTATHCTHIECKHE
XaparTePUCTURY HHTCHCHBHOCTH BONHE. Eciu jke HuTepecoBaThes uH-
TEHCHBHOCTBI0 OT/IeILHLIX BCTPEUHHIX BOJNH, TO A HUX HOIydaercs
folee mpocToe ypaBHEHHE

9P, (W, o
La(L :2V(WW+25— p)PL(W, 0) -
+D [ W — (1_9)}&
+ D [6IV (1 —P)} ol (W, p) (7.68)

¢ HAa9AIbHEIMA YCJAOBHAMH
P(Wy, 0) = 8 (W, — 1) Pu(p), Puo(Wy, p) = 8 (W, — p)P.(p).
s ypasmenus (7.68") cmemyior ypaBHenus WHBADHALTIOTO HOTPY-
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qerna nNJaAa nemex MOMEHTOB
W (@, L)y = — 29 KWy — DI — <pt)]
¢ HAYAJBHLHMHN yCJIOBI/IHMI/I opIt L = X
Wile, )y = 1, Wlz, 2> = <pd- -

Vumuoskas ypaBHeHue (7.68) Ha Wi“ W?f n marerpmpysa mo Wi,
P Y 1

W, monysaeM mia oymruuu Qr (A, ke, p) = ,‘“f dWlszWi”‘Wg’-
Py (Wy, Ws, p) Golee mpocToe ypapuenue
aQ;

0 J
W~_——-2y(7\.1+7\,2—2§P—Q)QL —D [7\41"1"7\42 "["'@(1_9)} Q-+
D [l + o (4 —p)| 00k Bap) (T68)

¢ mawaibHBM yeaoBueM Q. (A, Ay, p) = p™P.(p). Ecam pemenue
ypasaenusa (7.68") ©u3BeCTHO, TO COOTBETCTBYION[ME MOMEHTRL HHTEHCHB-
mocTel JJA BCTPEIHHX BOJIH MOMKHO HOJIYYNTh, HHTEIPHPY A €T0 1O .
B cioyuae MHEMBEIX 3HAYEHHH Ay, A, BeImduHa (), ABIAETCA Xapakre-
pucTiraeckoit Qpymriueit morapudmon murencumBHOCTEH Wi, W,.

PaccMoTpuM Temepb DpefelbHLIA CIydail, KoTfa clydailnas cpefa
3aHIMaeT MOMYIpocTPancTBo z << (). OToT cayvail COOTBETCTBYET mpe-
neJabHOMY mepexony L—soco, z—»oo mpu yeJaoBum, 9t0o L —z— — 2 —
durcupoBannas Beiamdiia. B pesyaprare Buecto (7.69) momydaeMm
cTalnmoHapHoe ypaBHeHHe

P _(;
N(P):O

212y =D (1 —p) Pulp) + D (1 —p)—g ), (7.69)

pelIene KOTOPoro oMHCkBaerca Gopmyioi (7.32). Ypasnenue (7.68)
HepexofuT B ypaBHeHHe OJHHmTedHa — @orrepa

aP_ (W, p) P :
0 9 9 g :
“D[ax—v”’—ﬁ“_p)}Px—D[WW_Tp“_p)] Pl

(7.70)

¢ HAYAJILHHIMH YCIOBHAMH
Po(Wy, p) = 8 (W, — 1) Pulp), Py(Wy p) = 8 (W, — p) Pu(p)-

Haa semuwann (W, {W,> maXoguM ypaBHCHUA
LW =29 W + DKW — (W) (7.71)
¢ HAYAJbHHMM YCJIOBHAMU
Wi(0)y =1, W, (0)) = <p>-
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Ypasnenua (7.71) nrpawoT poxb ypasHermit mepemoca. OTmeTnm,
4TO0 HX BHELIHUIl BUJ He COOTBeTCTBYeT NUHeNHO# Teopum mepeuoca.
Nexops w3 (7.71), moskuo maittu mosenenmne ¢pyrrumit (WD B oxpect-
HocTH Touke z = O:

W@y =1 +zl2y + D (1 — <), (7.72)
Wy(2)) = <p> + 2 [2y <p> + D Kp> — pH)L.

G yuerom coorHomenns <p°> = 2 (f + 1) (p> — 1, aBagwmerocs
CJAENCTBHEM CTAlLOHADHOIo ypasuenus (7.69'), sTn BHpaskeHUA cOB-
HaJlaloT ¢ COoOTBeTcTByomuMu gopmynamu (7.31).

PaccmoTpuM Temeph acHMITOTHYECKOE NMOBeJCHUE DEILICHUS ypaB-
nenud (7.70) mpu f > 1. VaursiBasg, aro B 9TOM OpelelibHEOM Clydae
CTAalMOHADHOE pacmpejielenne BepoAaTHocTelr uMmeer Bup P.(p) =
= 2p exp {—2PBp}, MoxHO cpesars B (7.70) 3aMeHy mepeMeHHLIX
pf — p. Ilpu oTom sAcHO, uro mocsaennuil wien B (7.70) Gymer umern
mOPAKOK B2, HODTOMY € TOYHOCTDIO 10 WIEHOB ~ B~ mMeeM

oP (W, Wy . 0 9 — ,
el T (2y+ D) (Wl Wit o Wg) Py, W),

Po (W, Wa) == § (Wy — 1) 2B exp {— 28Vl (7.73)
Ypasnenue (7.73) merko pemaercs, B pe3yibraTe A CPeHAX 3HAYE-
Huit pyErnuit W mosyuaem Bupaskenus

W)y = exp {2yz (1 + BN}, (Wy(a)) =
= (2f)""exp {2yz (1 + p1)},

4TO COOTBETCTBYET (enoMeHosorndecKoil Juneiinoil Teopun mepenoca.
OrMeTuM, 9TO B 5TOM CiIydae, KAk BUAHO U3 ypaBHenusa (7.73), otcyrt-
CTBYeT CBA3b MEK/AY HHTEHCHBHOCTAMHU BCTPEYNHIX BOJIH.

Nurterpanbuoe ypaBHEHUE, COOTBETCTBYII[ee paccMaTpHBaeMOoif
sajiave, mayianoch B padore [97] ¢ momomplo mpubnmkenns Byppe
U JeCTHEYHOro npubiawxenud jjia ypasmenus Bere — Coxmurepa.
B aroit pabore GbiI0 mOXyUeHO pellieRne, COrdacyiomeecs ¢ IHHeHHOH
Teopueit nepenoca. CiegoBaTenbHo, ucnoiabzoBauuse B [97] npubnu-
JKeHHEE METOJH pacieTa CIPaBeUIuBH, HO-BUANMOMY , JINIIb IIPH YCILO-
Bun 3 >1. : k4

Bcaygaey = 0 P, (p)—> 06 (p — 1) u ypaBuenne (7.70) nepexonur
B (7.36). IIpm y 5= 0 pewnts ypasrenue (7.70) me ynaercs. Onnaro
mig gysrmuu Qy (A, Ay, p), onuCEBaOMme MOMeRTH Bexnaur W,, W,,
MOYKHO DONYYHTH ypaBHeHHe, aHatormauoe (7.68"):

T L T

—D[Mthat 2 (1—p)] 00n (7.74)

rne  ¢ymxmus  Qu(hy, Ay, p) = §§ AW AW, W Wh P, (W,, W,, o)
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1 Qp (M, Ay, p) = pMPu (p). Pewenme ypasneuns (7.74) MOMHO
IPeJCTaBUTh C TOMOIBI0 KYJOHOBCKUX CeponjanbHuX ¢yHRIu.
Kpome Toro, s ypaBHeHHII Mofo6HOIO BHAIA CYMECTBYIOT XOPOIIO
paspaGoTanuEle qncIenHble MeToxn (cM., mampumep, [39]).

OTMeTHM, 4YTO TeOopHsA MHBAPHAHTIOIO IOTPYsKEIHA I[O3BOJIET
CBABATL peNIeHHE 3ajauy 00 HCTOYHHKE BHYTPH CJYyYalHO-HEO[HO-
POHOI CPeAsl ¢ pelleHieM 3ajavu o MajieHuH BOJHBL Ha CJOMH CPEJinL.
[Ipu sToM, Hampumep, CpejHAA HNTEHCHBHOCTL BOJHBI B 3ajade ©
HCTOTHIKOM B Cpejie, saHMMamomeil BCe IPOCTPAHCTBO, MPOCTHIM 00-
pasoM (4epes KBajpaTypy) ONpefefAerca ROPPeIAnHOHHOH (yHK-
1jielf MHTEHCHBHOCTH BOJIHBI B 3ajiade O MajieHHH BOJIHB HA IOJIYIPO-
cTpaHCTBO. PellieHie, COOTBeTCTBYIOIIEe JMHedHONH TeOPHM HepeHoca,
B 9TOM clydae TaKKe MABJACTCS ACHMITOTHICCKHM TPENeJIoM NPH
p> 1.

Briie Mu mojipo6HO PAacCMOTPETH OJ(HOMEDHYIO 3a/1ady 0 Pacmupo-
CTpaHeHHH BOJHH Tepes ciloit GuyrTynpymomeit cpexnr. Oanaxo B pe-
aJbHLIX YCJAOBUAX (TpeXMepHAs cpefia), MPEKIe YeM CTrarer oupeje-
JA0IEM oTpajkenne BoJHB (0OpaTHOE paccesHICe), CYIIECTBEHHYIO
podib Gyzer nrpaTh paccesHIe Ha MajIhie yriIb (momepednas quddysms
BOJHL). CTaTHCTHIECKOE OMUCAHIE BOJHOBOTO MO IS 9T0r0 CIyTas
fymer paccMoTpeHo B IOCJeRyOMuX IjaBax KHUrH. Teopus unsa-
PHAHTHOLO MOTPY/KeHHs, OMMCAHHAS BOLINe JUIs OZHOMEDPHOH 2ajadm,
jerko obofmiaeTcst # Ha TpexMmepuuii cayuaii [162]. 9o mosBonser,
B IPHHIIAIE, YCTAHOBHTL YCJIOBH, IPH KOTOPHIX MOKHO Hperne6pedb
obparEmM paccesrueM. Opnmako, YIHTHIBag, 4TO B HACTOsIee Bpe-
MA ellle He HMeeTCH KOHKDETHBHIX Pe3yaLTaToB B JAHHOM HANPABJICHUM,
ML He OyJeM Ha 9TOM OCTAHABJINBATLCA.



I"'naBa 8

PACITPOCTPAHEHUME BO.JIH
B CIYYANHO-HEOJHOPOJIHBIX CPETAX
(METO/] CTOXACTMYECKOI'O YPABHEHIIA)

Ilpn pacmpocTpaHennm BoJH B cpefe €O CIyYalHHME KPYIIHO-
MaciuTaGHLIMY (10 CPAaBHEITHI ¢ JIMTI0H BOJIHH) HEOJHOPOLHOCT AMHU 13-
3a aderTa MHOIOKPATHOTO pacCesgHus BIeped (QUIYKTyalluu BOIHO-
BOT'0 TIOJIA GHCTPO HAPACTAIT ¢ paccTosnueM. HaanHas ¢ HeKOTOpOro
paccTosnna, CTAHOBATCA HEMPUIOXHBIMH DPACUCTHl 10 TEOPHH BO3BMY-
meHud B To#t win nuo# ee dopme (obracTs CUNLIBIX GAYKTYaUmil).
Itor apdert GoI oOHApYIKeH 9KcmepuMenTanbuo I'padenoit u I'yppu-
gem [98] B ommTax mo pacmpocTpamenu: cBeTa B TypOyJeHTHOH art-
mMocdepe 1 B jajbHeilieM mccjaeoBaica Godee nogpobdno Bo MHOTHX
paborax [99]. Cunibarie IYKTYAINN HHTEHCHBIIOCTH MOT'YT BOBHIKATD
OpH PacIpocTpaHEHUU PAJHOBOIH depes HoHochepy, CONHEUHYI0 KO-
poHy WiM MeR3Beanuyio cpeay [100], mpu mpocBeunBanun aTMocheps:
HJIAHET BO BPEMA MOKPHITHA UMHU €CTeCTBeHHHIX HJIH HCKYCCTBEHHBIX
ucrounrukoB mamdydenna [101] u B page ppyrux caydaes.

Of6mee cocTosgnme TEOPHH PACIHPOCTPANEHHA BOIH B Clydaiino-
HeO[HOPOAHLIX Cpefax UpuBefeHo B o6sopubix paborax [33, 102—
107]. Hume mol, caeaya [102, 103], paccmorpum ommcanme mpomecca
pacIpoCcTpaHeHUsA BOIH B CAYIAHO-HEOJHOPONHLIX cpefaX B npuban-
amenun gUPOY3UOHIOro CIyIaifHOTo mporecca W OOCY/UM YCIOBHA
OPHMEHUMOCTH TAKOTO MOAXO0MA.

IIpr srom mesecoobpasmo pasbuTh paccMaTpuBaeMHil MaTepHAall
Ha TpH wacTH. B mepBoil (nacTofmas riaBa) pacCMOTpeBHe Benercs
HA OCHOBE H3YYeNUs CTATHCTHUYECKUX CBOHCTB CTOXACTHYECKOrO ypaB-
HEHHA, OMHCHBAKINEro MPOMECC PACIHPOCTPAHEHNA BOAHE; BO BTOPO
gacta (ri. 9) msyuaroTes CTATHCTHYECKHE CBOMCTBA peLUEHHA ITOTO
CTOXACTHYECKOTO YpaBHeHHA, BHIHCAHHOrO B ABHOM BHje (B BHJIE
KOHTHHYyAJXbHOTO WHTErpaja), u B TpeTbeit wactu (ra. 10) pacemarpu-
BaeTcsd mpubJIMKeHHe reoMeTPHYECHKON ONTHKH.

§ 1. Hcxoppbie cToxacTHiecKue ypaBHeRHH
A HEKOTOPBle HX CIeJCTBHA

Pacnp00TpaHeHHe Monoxpoma’mqemoﬁ BOJHAEI B cpefie C KPYIIHO-
MacIuTaOHLIMU HEOOTHOPOJAHOCTAMU 6yneM ONHUCHIBATDH CRAJJAPHBIM BOJI-
HOBLIM ypPaBHeHHEM

Ap k2 1 4 & ()] = 0, (1.1)
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3/ech lp CBsA3auo ¢ KOMIIOTIRITOH BOJIIIOBOTO TIOMA FE cooTHotnennem
£ -— (&>

5 . w? -
E=vyexp(—int), k=—F5<e) a gr)= o

— ¢ayKTynpyomas 4acTh AMDIEKTPUYCCKON NPOHHIAeMOCTH MK
moKasaTead nperoMienus (B adbHefileM TIIbAY ¥ € nncath He Oy-
JeM).

Ecmn mpenebpeunr paccesniem na Goabmme yranl, To Bymecto (1.1)
MOMKHO HCIOIb30BaTh TMapaboiudeckoe ypaBHeHie A8 QVHRINM U,
CBA3ANNON ¢ P COOTHOINGHIIEM 1 = U exp {ika}:

20k 28 A u -+ K% (2, p)u(z, p) =0, (1.2)

(Pz{y» z}, AL:_UT+ 022)7

rge och x BhfpaHa B HaOpAaBJIEHHH IEPBOHAYAILHOIrO PacHpoCTpamne-
uudA Boanu. lpu mepexone or (1.1) x (1.2) orGpacHBaercs ciaraemoe
0%u/0z?. HawanpupM yeaosmem E - ypabHenmio (1.2) sgBuagerca
yc10Bne

u (0. 0) = 1y (0)- (1.3)

B garbimeiuies Mpr 6yaeMm mexopnts w3 ypasuernma (1.2).

OTMeTHM, UTO TPOIECC PACHPOCTPAHEHUS BOJHbBI, ONHCHIBAEMBIH
ypasienmenm (1.2) ¢ rpamuansiv ycrosuem (1.3), apaserca oGobme-
HieM Ia GecKoHeYHOMEpPHBI cayTail paccMorpentoll B uecToil 11aBe
CIICTEMBI ypaBHeHUil 11d IMapaMeTPUUeCKOoro Bo30yiKieHHs Koieba-
TeJIBHOH cuCTeMH ¢ QAVRTYHDYIOIINMA HapaMeTpaMu.

Vpasmenne (1.2) ¢ rpamansiy yexonem (1.3) MoKHO 3ammcatsh
B BIe cileyloumiero nnrerpo-aug@epeHmalpioro ypaBHeNN:

COh e
(@, p) = o (P) CXP {7 - \ die (s, p‘} -
[

o 5 dzesp{i 4 S dne(n o)} AuE p), (14)
0 |

e

KOTOpOe B PAfe CIAyuaeB oKashiBaeTcsa Oodee yAoOHBIM.
Tar wax ypasueinte (1.2) gprgercsa ypaBHEHHEM NEPBOro IOPAA-

Ka mo & ¢ rpanmaubM yeaosues (1.3) mpr z = 0, To AJI1 9TOT0 ypaBHe-
HIS BHIMOTHAETCS YCIOBHE IPHIHHHOCTH, BBefieHHoe B Il 3 (Koopnu-
HATA I UTPAET POJIDL BPeMeNn), T. 6. HMeeT MeCTO COOTHOIICHITe

ou (z, P) . , ’

2 ) mpun 2 <0, x xz. 1.5

(58 (aﬁ/7 pr) ) P 1 ~ > ( )
;151 BapHATOHKON TPOM3BOHOMN IPH £ = %' MONyIaeM CTAHAAPTHHIM
myTeM

Sue (. .k '
ﬁ:lTé(p—p)u(%p)- (1.6)
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&u (z. p)
de (', p')
BhIpajkeHa wepes Qymrnum I'puma ypasmemms (1.2), CBA3SLIBAKINY IO
u(@ p)uru(z,o)opud < 2’ < z:

B obuem caywae Beamdmia npn -0 < 2’ <z MoxkeT ObITH

w0 =§do'G(z, p; 2, p)u(a’, o) (1.7
(w(z, 0) = { do'G(z, 0; 0, p')uy (9,
apu OTOMOIM COOTHOLIEHUA

Su (z, p) ok ., o
—66(;,’2,)—_—ZTG(x,p;x,p)u(x’p).

Oynrnusa lpuna G ynosiersopser mpu 5ToM YPaBHEHHIO
Gz, 02, 0) =g (z,0; 2", 0) +

+ ‘T]; S dg 5 do’¢ (z, 0 €, 0" e (E, 0") G (5 0" 2, ),  (1.8)

’

X

rae
7.

’ ’ i .]'1 - ’)2 ’
g(z, 007, 0) = exp {TEZO0L ()

2(z—a’)

npejcrapisier coboit pynrmuo I'puna gug ypabmenns (1.2) B orcyr-
cTBUe HeopHopoanocteii. Ipi 2~ x gopmyma (1.8) mepexonur B dop-
MyIy

G2, 0,75 0) lrox =g (2, 0; 2, ') e = 0 (p — p),

ABIAIMYI0Cs 0000MenemM U3BeCTHON GopMy b Teopuu auddysui Ha
MHEEMBIE Koa@gumuent puddysuu. Ormernm, uTo QymRums T'puna
G (z, p; 2’, ) onucuBaer moe chepuaecKoil BOLH, pacmpocTpansgio-
meiica u3 Touku (z’, o).

Murerpanbroe ypasuenne (1.8) Moo 3anucaTh B DKBUBANEHTHON
dopme B Bupe QYHKIHOHANLHOTO YPABHEHUS B BapuanoHHBIX IPOH3-
BopHLX (cM. § 4 ru. 4):

8G (z, pra’, ) .k ) L
—W——”f 3 G(z,p; & 01) G (E, o1; 7, 0) (1.9)
(' <E<Cx)

¢ ¢HavaJIbLHLIM» YeaoBueM
. . ’ ’ . . ’ ’
G(x,S)’ x, 9) |sm—g(-73y9, 1:19)
B psAge Cillyuaes, KOorjga & noCTaTovYHO MajJgo, MOYKHO UCHOJIB30BaATh

TEOpPHIO BOBMYMEHWII 10 € U MPeACTaBUTh & (Z, p) B BHe HTePAIEOH-
HOTO psama:

u(z, 0) = uy(z, p) + wy(x, p) + uy(z, o) + ...,

rae uy(z, p) = § do'g (%, 0; 0, ') up (o') — pemenue coorsercrByIO-
Imeil 3aj1a1H B CIydae OTCYTCTBUA HEO{HOPoOAHOCTeH (r.e. mpu e = 0),
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a u, (r, p) — n-il NTepanHOHHbI WieH n-ii creneHn Do moawo £. C mo-
momibio opmyd (1.7) u (1.9) merko BHIKCATD BHPAsREHIA A U, (T, ),
u, (z, p) u T. 1. B caMom mene, packiafnBasg moie u (z, p) B PyHKIHO~
nalbublét pam Teiropa mo &, moxydaeM

g (x', p') =

=0

X ’ ) 6 ’;’
i (2, 0) = de Sd" 3;(.(;', 2)
0

I
1;' o=

S dz’ S do'G (z, p; 2, 0V u (2, 0) le=oe (', p) =
0

H ]‘ ’ ! ’ 4 7 ’ 7 ’
= TS‘Z“ Sdpg(xap;x’p)u()(x’plﬁ(rvp)n

0

Ilas caemyromero npubAMKeHRA ToJlydaeM

Uz (z, )=
___1_ S dz’ dl‘”Sd "do” 8 (. ) 8($, ’)E(JC" ") .
=3 O T e @ p) e P 0=
- —1124_2'5 dl" S dx” S dp/ dp”ﬁ (x/, p/) 8(1«'”7 p/r) e
0 0

X g(x, 0,2, 0)g(x, 05 2" ") ue (2", ") ¥ T. I

Buipaskenue pIs uy(z, p) OUHCHIBAGT PACCCAHME MAajalonieldl BOJHEI
uo(z, p) HA HEOMHOPOAMOCTAX € (Z, P) B TAaK HAa3KHBAeMOM «GOPHOBCKOM
npuCInKeHNm).

Ureparmonnsiit pag aia u (z, p), PaByMeeTCs, JErRO MOJIyTuTh
H HemOCPeACTBEHHO, HCX OIS U3 ypasueruit (1.2) wan (1.8). Opgmaxo’
OTHCAHHLIA OpueM OKa3HBAaeTCs dQPeRTHBHLIM NI HAXOMACHUA HTe-
PANMOHHHIX WIEHOB Pa3inuubiXx QyHKIuil oT u (r, p), HaupuMep LA
KOMIIIeKCHOi a3 Boduu ¢ (z, ) = In u (z, p) (cM. falee ypaBHeHHE
(1.21)). Tax, npenctaBuas ¢pynknuo I'puna B Buge

’ ! I‘: ’ I
G (2,0 7 0)= 5 =7y OXP { . ; + ¥ (z, 05 2 p)},(HO)
rae ¢ (z, p; 2, p) — uaber KommiIeKciol gassl chepuuecKot BOMHHL,
pacnpOCTpaHHIomeHCH u3 touru (z', p) B TOURY (z, p), MO QyHKIME
VY (z, 0; ', ') mollyuaeM pasilosKeHHE
V(z, 0,7, 0)=Va(z, 0 25 0) e (z 03 2 0)
rye
0In G (#, p; 2", o) _
‘l/ ('Ti pi S Sdple (E’ 91) éE (Ev p[) 8:0-—_
d ’ glr, 03 & PR E P 2’5 P1)
S ES 01€ (€, P1) 70 0 2 )
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d

(x—

—
=

[
o

I
N
5
e~y

)(_E x) Sdple (E7 91) BN

Ko

L PR — ) o @ B
X exp i =B (E— e —2) fooan

Oyurnusa [puna G (z, o; ', o)), momumo ypasuenus (1.8), ymosier-
BOPSIET TAKKE y]PAaBIEHHIO

G (x, p; &, p')zg(r, o 2 o)+
1 ‘ " = ” ’” 7" ’ ’ 3/
g VNG & o) 08 0 2 p) (1)

x’

B aroM 1erko momHo y0egUTBC, CPABHUBAA NTEPAI[UOHHDIC PAL O
e mas ypasmennit (1.8) u (1.8).
BrrmoanuM Kommercuoe conpsikenne B (1.8') u mepecrasmy TouRK
(z, p) u (z', p') (MMes B BUAY, 4TO TO-IpesmHeMy & > z'). YuuTuBag
TORIECTBO
gz, 0 z. 0 = g (z, 0, @, 9),

HOJyIaeM ypaBHEeHie

" .
G*(z' o5 7, p)—g(r 0 ', ') +

k¢ " 1 1" ’ ’ "
+ Lgsdﬁsdpg(x, 0 & 0 eE 06 (2, 05 & 07),

cpaBHeRHE KoToporo ¢ ypasnenuem (1.7) maer pasencTso
G (z, 0; 2, 0) = G* (7', 0's @, p) (z >2), (1.12)

BEIPAJKAIONIEE TEOPeMy BB3AMMHOCTH [JIsA DPACCMaTpHBaeMON 3ajaunt
(npubnmwxenne mapabommyeckoro ypasHeHmsa). Kemm ke Qyurmus
& (r, p) = e (p), TO OUEBH/HO, YTO HMEETCH €MIle OJHO CBOUCTBO CHM-
MerpuH mia Gyunimun 'puna:

G(z,p 2, p) =G (z, p/; 2/, 0). (1.12)

Ypasueuusa (1.8), (1.8") mosxuo 3anmcath, 04eBHHO, TAKIKe B BHe
pudpepeHMANBHEX YpaBHEHH

7 ’ ’ ’ .k y ’ ’
- G (&, 0 x,~p)——AG\~v 0 2 o) +i5e(x, 0) G (0 2, 0),
0 ;o .

WG('Tv P?ﬁap):—z—ZA\yG(%p;ﬁyp)—

— i%s(l‘ﬁ 0)G(z, p; 2’5 0) (1.8)
C HavYaJbHDLIM YCIOBHEM
Gz, 0; 7', 0) [rox =8 (0 — )
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lpu orom, wawr Jxerko Bumerh, gymkuusg [puna ynosiersopser yc-
JOBHAM  OPTOTOLAILBLIOCTLL

doG(x, o; ', p)G*(x, p; 2", 0")=0(p" — 9"
Sp (x, p | p)G*(x, o ') 0 —90") (1.13)
SdP'G(%px; @’y p7) G* (23, p3; ', 97) =8 (01 — p2)-

CaepcrBueM 9THX YCILOBHII ABJIAETCA PABEICTBO
Sdpulwv p) u¥ (x, p) =\ dpu? (p) ug* (p), (1.14)

rae uy (z, p) n uf (x, p) — perrenns ypasaenus (1.2) ¢ HavanbHBIME
yeaosuavu uy (0, p) = uf (p), us(0, p) = u3 (p). B wacrHOM ecxyuae,
Korgma uy (p) = uy (p) = u, (p), dopmyna (1.14) sBEpamaer saxoH
COXpaHeHHs DHEPTHM!

(dp 1 (x, p) = do Io (0) = const (1 (x, p) = u (2, p)u* (=, ). (1.14)
OTMeTHM, UTo eCIH ME MMeeM IpomsBoibHyl dynkmuo G (z, o7
z’, 0'), YAOBIETBOPAKILYH HHATETPAJbHOMY YPaBHEHMIO

Gz, 0 2, p)=g(z,0; &', 0) +
+ 5 dt [ dpg (2, 9 & 0) e (B 0) GG 05 2, ) B E 0 7 0,

TO MOKHO MCKIKWYATEL M3 ypapHeHnsa (1.8) dyHKmmo g, aHamormdHo
TOMY KaK 9To jmeiajoch B § 4 ra. 4, u nepenucars (1.7) B Tepmuaax
dynruuit G u ¢ 8 Buge [108]

G(x, p; 2, p)=G(x, 0; 2/, 9') —
— JdE Sdp”G (z, p; & )V E 05 T, 0).

Oynxnua [puna G*(z, p; ', p') onncnbaer cdepuieckyio Boany,
PACIPOCTPAHAIILYIOCA B OTPUI{aTe]bliOM HATIPABJIEHUI HO OCH &, HC-
TOUHIK KoTopoii Haxoautes B TouKe (27, o). CmoMomnio oToil ¢y KN
MOKHO PelIRTb 3afady 00 oTpayKeHNN OT 3epKala BOIAL, Pacmpocrpa-
Aspomeiics B clydajino-HeogHo poHoii cpepe [109]. Ananornunas sama-
9a B caydae ogHOMepHON cpensl paccMaTpHBalach B cebMOW Iiase.

Ilyerh oTpakamliaa TpaHula sAsaserca miaockocts® (L, p).
Torga moae Nagalomeil BoJAHL Ha OTpParkalomeil II0CKoeTH, COTIACHO
(1.7), nmeer Bun

u, (Ly o) = | dpoG (L, 13 0, o) o (po)-

Orpakaomasn INIOCKOCTb OCYLIECTBIsAET NMHTerpajibHoe mpeobpaso-
Banue nagalomnieii BOJIHEL

u_(L, ps)=Y dprV (P2, p1) 11, (Ly 1),
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1, HaKOHEL, /0 OTPAYRCHHOI BOJIHHE B ToYKe (I, P) ompenensercs
dbopmyoi

u_(@, p)= | dpsG* (z, p; L, p)u_(L, ps) =
== Y dpodpidpoV (s, 00) G (L, 05 2, ) G (L, p1; 0, po) tg (o). (1.15)

Hia aGeonoriro orpaskaromedt mwioekoety V (02, 01) = Vb (0 — p1)
1 dopmyna (1.15) ymponaeresn:

4

u_(z, py=1", Sdpldsz (Ly 033 2,0) G (L, p1; 0, 02) o (p2).  (1.15")

OTmeTnM, YTO XapaKTEPHCTHKH OTpaskaomell IIOCKOCTH MOTYT
6mTh caydaiiue, 1. e. Gynrmma V (p,, py) B (1.15) momer 6HTE cay-
qaiiAoil GyHKmumed mpocTpaHCTBERARX KOOPAMHAT.

Hemonnsys coornomenns oproronannaoetu (1.13), ana nHrencns-
HOCTH OTPaM{eHHOM BOJNHH NOJy4aeM HHTErpalbAB 3aKOH coXpa-
merns [109]:

§do1_ (@, ) =S doudpndpV (0o, p1) V* (021 0w, (L, p)u* (L, p),

KOTOPBIA 1A aGColIOTHO OTPasKAIMEH TIOCKOCTH IpHHEMaeT 0co6o
npoeryo dopmy:

(o1 (2,00 =1,

Ypasnenue (1.2) ¢ rparsmann yeaosnem (1.3) ommersaer pacmpo-
CTpaHeAue BOJIHE B HEOTHOPOAHOM €pefe B MAJOYTIA0BOM IPHOIMsRe-
HUM, TPHM OTOM BEINOJNHAETCA 3aK0il coxpamenms oHeprmm (1.14").
EroMo#o momyduTs n HemocpeacTBeH R0, MCX0/A 13 YPaBACHNA (1.2).
B camom neme, naA BeauumHE

(dp 1, (L, p)=|Vol* {do o (p).

1 1
¢z, B, p)=u (1", R | Tp)u* (z, R — Tp)
u3 ypasHersusa (1.2) monyuaem ypaprenme

G_CP:/—;:VPVR(]O +i /7[6 (.T, R »—l—%p) — x-;(.r, R — _179” ¢(r, R,p)

ox

(1.16)
Murerpupys oo ypasuenne no R u npeanonaras, wro mose u yomsaer
Ha GeCKOHeYHOCTH JI0CTATOUNO GHETPO, TOIYIaeM
Z\dRg(z, R, p)=
~\dRg(z, B, p)=

== i—ic—_S\dR [e(x, R + %p)—e(x, R—Tp)](p(x, R, p),
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oTRyZa Hpu p — () caegyer MATETpaA >IEPTHA
%SdRI(z, R)—0, wm SdRJ(z, R)— Po— const, (1.17)

rme I (z, R) =u (z, R) u* (z, ) — HATeHCHBHOCTL BOJHBL

Ilpn pacmpocrpaHeHMH OTpAHMYEHHHRIX HYYKOB B HEOTHOPOHON
cpejie 4acTo MHTEPECYIOTCA He TOLBKO (QAYKTYalUAME HITeIICHBHOCTH
BOJIHB BHYTDH HydYKa, HO N GIYKTYAIUAMHA IOJOKEIIHA IIydKa B HpPO-
erpaferse Kak ieqoro. Takoe cvelqedne Hydxa NpuGIN/KEITHO XapaK-
tTepusyercsa QAYKTYANUAMHE TOJOKEHHS (IEHTPAa THARECTI» HHTeH-
cusrocTn okt [30]. IIpm sToym BerTOp MOJO:KEHNA IEHTPA THAKECTH
OTIPEIENIACTCA ©CTECTBEHHBIM 06paszoM:

{dpol(r,00 1 ¢
: o\ dool (, o). (1.18)
0

[dol( o)

Beamanua, crosimasi 8 snamenarese (1.18), corxacmo (1.17) we sasu-
CHT OT ¥ M #ABJAETCS [eTePMUHNPOBAHHON. YMHO:KAA ypasilenue
(1.16) ma X, unrerpupyano B u nouaras p = 0, nmogydaem ypasme-
Hue paa g, (x):

d i ;
P (@) = — S dR Y, (z, B, p),_,- (1.19)

Jlns peIUMCICHMS BEJIMUNHH, cTosfued B mpasoit yactu (1.19), mopeii-

Oc (.2?) =

crsyem mna ypasuemsme (1.16) omepaTopom Vo,  TOIOKAM

3
Y
o = 0 n mpomurerpupyem mo I. B pesynrrare HOJI;‘II/IM PaBEHCTBO

J o (e

= ViRV Boo)| =5 AR T (@, B) Vae (2, R),

¢ OMOILI0 KoToporo ypasHenue (1.19) Moixwo mepenmucars B BHfe
a2 1 ¢ ; ,
mpc(x)zzTOSdRI(I, R)Vge(z, R). (1.19")

Harerpupya (1.19') ¢ rpasnYHbBIME YCJIOBUAMH (UL CHMMETPHIHBIX
TYYKOB, PacpOCTPAHSIIONAXCH BJOJAb OCH Z)

L dp (@)
p.(0)=0, dz
monydaem gopmyay [110]

X

=0,

X=0

. (1) =73~ \ dE (z — ) SdR IE RB)V.eE R),  (1.20)

0

Goaee yRobHYI0 B pAZle cIyiaes, deM MepBoHadanbuasn gopmya (1.18).
Ormernm, uto Bmpaykennsa (1.17) u (1.20) mMeror cMBICI TOABKO
Ias oTpaRMYeHAHRX NYYKOB, HO He IJAA INIOCKOH MaJgalOmedl BOJHEL
(up () == uy = const).
PaccMoTpuM Teneph omMCaRHe aMILIMTYNHO-Ga30BEIX (IYKTYyau(mi
BoaHm u (z, p) = A4 (z, p) exp {iS (z, p)}.
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Beopa wommaexenyo gasy Boannt u/u, = exp {p}, ¢ = y + iS,
rae y = In A/A, — yposeHb aMILIMTYQH BOJULL, a S — dAyKTYa-
nud Gasel BONHH OTHOCHTENBHO (A3EI IATAONME BOTHE kx, moskHO
Hanuecarb, nexons us (1.2), mejauHeiinoe ypasHeRHe MeToa ILIABHEBIX
sosmymenuii (MIIB):

., 0
2Lk——% A9+ (V_ @)+ k2% (x, p)=0. (1.21)

Ecan & (z, p) foeratodno Mamo, 10 A71s pemenns ypasHenus (1.21)
MO}KHO TOCTPOHTD HTePALUMOHHBIE DA 110 TMOJW €, T. €. MPEICTABHUTE
KoMILIeKeAyo $asy BOaHH ¢ (z, p) B BHIC

¢ (2,0) = ¢° (2, 0) + @1 (1. 0) + 9, (z,p) + ...,
rie ¢° (z, p) = In u, (z, p) — Qasa BOTHH B caydae OTCYTCTBHA He-
ONHOPOJIHOCTEN, a MTePAIMONHEE WIenn ¢, (T, p) UMET BUJ
1
P, (2, p):-—n—!S e Sdzl cooda, S dpi .. . dpue (a1, P1). . . € (T, Pn) X

" (z, p)
8e (r1, 01) ... 88 (xn,0n) le—o

C nomompo onmcannoil BIIe TPOUERYPH (HAXO:/IeHHe UTEPALMOH-
HBIX 4JIEHOB pPsAfa U U) ITeTKo HOJTYYHTH SBIBE BLIPAKEeHH I JH0-
Obix @, (z, p). Tax, manpumep,

xX (S .
¢1(z, p) = S dz, S dpl(% e—o e(z1, P1) =
0

ko ° 1 :
=i S dz; S dple(z, 05 T1, P1) U (21, P1)[,_ & (21, 01) =
0

.k d 1
= ch S dz, S dplm g(z, p; 1, P1) o (21, P1) € (21, P1);
0

IPA ITOM BHPaKeHHe JJA ¢y (T, ) COOTBETCTBYET TAK HA3HBAEMOMY
nepsoyy npubumsennmo MIIB (em. § 4 Hacrosimeii rmass).

Hnsa erydas mnockoil najgaomeit soxmm Uy (0) = u, u, cregosa-
TeJBHO,

o (2, 0) =uy  (9°(z, p)=10),
LA
%&%p%:tf}gdugdmguup;%ﬁpﬁsmhpﬁ-
0

AnagormuuniM 06pasoM A ILTOCKOIR maflaonieil BoJHE mogydaeMm

k £ ]
P2 (2, p) = — ?S dzidz, S dp1dpe (71, p1) € (22, 03) X

XA—g(z, 0; x1, M) g (x, p; 23, o) + 2g (z, p; 4, 01) € (T4, P1; T2, P2))
o T. [
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" Bepremca Temepnh menocpeactBentio K ypasuemmio (1.21). Paane-
aas B (1.21) peficTBATCABNYI0 M MHMMYI0 YacTH, HOIyIaeM

0
2k—E A S 2V, 9V S=0, (1.22)
C)S 9 9
2k —ar——'ALX—(V_LX)”—i—(VJ_S)2:}C"8(.[, p). (1.23)

C moMompio ypasmerus (1.22) MoHO MoJyumuth ypaBHEHMe JJIA MH-
tercupHOCTH BOonHE [ — exp {2y} B Buje

EL v, (1v.S)=0. (1.24)

Ypasmenune (1.22) mosrHo mepemueaTh TAKiKe B BIje HMHTerpada
no Tpaexrtopuu. Beemed sextop @ = {k, ¥V S}. Torna moayanym

a,Vx:—%ALS (z, 9). (1.25)
Bsoas enmamansiii sextop ! = @/a, HampaBIeHHHI BIOAb JTyda, HpH-

XojAmero 8 Toury (z, p), ypasuenue (1.25) Mosxno mepemmeathb cie-
ayoomuMm obpaszom:

d 1
a7 X (@ )= —5-A:5(z, 0) (1.26)

Huddepennmansaoe ypaBHeHHe Jyda HMeeT BHJ

dr a ~
—r=l=—" (1.27)
BssaB z-rovmonenty ypasuerns (1.27), norydaem ! = % dr. Anamo-

ru9HO JTIA HomepeuHrx Kommorent mveeM dR/dl =V, S/a, min

=—9,8(z, R). (1.28)

[Iycts R = R (z, &, p) — ypasuenue xyda (§ — TeKymaa Koop-
amHAaTa), yposjersopsanomero ycxosuwo R (z, ) p) = p. Unrerpn-
pya (1.26) n (1.28) ¢ yexosuamu y, (0, p) = 0 (114 mpocToTHI paceMar-
pHBaeTcA caydaii muockoi soans) u R (7, z; p) = p, moxywaem [111]

g

2z o= — 5 (AEASE R Sp)  (L20)
0

x

B (z, & p)=p—%gngiS(n, B (z, n; p)).  (1.296)
g

Vpasmenne (1.24) MoKHO TaKike 3amucaTh B BUJE
div ({a) =0 (1.30)
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Kax cnemyer us (1.30), oaeprusa pacrmpoeTpauserca BAodb Jydeii, mo-
CTPOEHHLIX Opu moMoru (1. 296) TaK KaK IJIOTHOCTD MOTOKA DHEPTUH
coxpaHsiercss BAOJAL JIy4uesoil TpyOruM, oIpeneiaseMoil 'ypaBHeHHeM
(1. 296) B emay roro, 4ro ayu, mpuxons-
OMi B JAaHHYK TOYKY, €IHHECTBCH, HMEET
MECTO COOTHOINEHUE

B, & B (r, &;0) =R (1, & p),

(1.31) Q

CMB[CJI KOTOPOr0 B3aRKIIYAaeTcs B TOM, 9T0 g
B RadecTBe TPANTHYHOTO YCAOBUA IJA Tyda &
MOKHO, HapAny ¢ ycuaosmem R —p & z ¢
opu £ = z, Gpathb raK:ke yciosue B —
=R (z, £; p) mpn £ — &, (puo. 16). e 16, Honepemioe cxeme-

Ilepeiinem temepsr K KoMHOHEHTAM Y0 B TOUKY haﬁfmnemﬂ
Dypbe BeeX BeJHYNA TO TIOMEPEYHBIM KO- (z, ).
OpIHHATAM:

x(z, p)= S dpy, (z)exp{ipp}, S(z,p)= SdpSp(x) exp {ipp).

Torpa ypasnenne (1.22) roclie HETeTpNpoBARTA 0 TPOIOIBHOI KOOp-
NUHATE MOMKHO IIepelucaTb B BHJE

X, ()= L SdaS ® + 4\ & d01daan?, 5, @ 1@, (1.32)

rie Ay, ¢, = (9192) 0 (g1 + g, — ). Pemenne ypasnenus (1.32) mo-
HO IpeNicTaBHTL B CJIENYIOmEeN dopme:

7, (2) = 505 Sda \ dq 625, ©) Dy, 4 (2, ®), (1.33)
rpe gyHrUnsA Dy 5 (7, 2') ynosaeTsopser ypasHeHHIO

Dy, prl, 2) =Dy, (2, ) + Sda\dqldqﬂql.qz 0w @D E ),
0 (1.34)

Tan x>0,
ipr x <7 0.

Cpasamsan (1.33) ¢ (1.29), noxydaem epsisb dysaxiun D ¢ Tpaek-
TOpHEi Jyda:

Do o (z, 2") =452 (8) (z — ) 8 (o' + R (e 2, p)). (1.35)

Eenau ecmpaBegimso npubimKeHHE — TeOMETPHUECKON — ONTHKE
(k — oo), pacemorpenme aMmIATYAHO-GazoBhX GAYRTYAImil CymecT-
BEHHO ympomiaerca. B sToM eciydae ypasHeHHe [JiA BeJIHMIMHEE

1
DS, v (@ &) =8 (p — p)0(x — '), /)= {
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y (r, ) (1.22) me memseresi, a ypasnesne (1.23) npuuumaer Bujl
2k L2 (V. S =k%(z, p). (1.36)

Taknm 06pasoM, B TpUOIM/KeRAN TeOMeTPUIeCcKOH ONTUKH ypaBHenne
mas $aspl BOJAE HE 3aBHCUT OT aMILIUTYIHL

Kaxr M BUIeAW BpiIe, TPACKTOPUH JyUell, NPUYOASAIUX B TOUKY
nabmogenns (z, p) (1.29), onpepensores sexmaunoil V, §, ypasuenne
[ KOTOpOii, B CBOI 04epejib, B HPHOIMKEHNH reomMeTpudecroil om-
TUKM HWMEeT BHJ

i} 1 - k
LY S (V. SV S =LV ez o) (1.37)

Pemenue ypasaenua (1.37) TakiKe MORIlo 3allUcaTh B BHJIe HATErpasa
M0 TOMY JKe JIy4y:

x

k

V.S (2, )=+ S A&V, et Rz, &) (1.38)
0

Mopcrasaas (1.38) B (1.296), moxHO MeKMOUNTE Gasy BOIHE U3 pac-

CMOTpeHHs. W NPHHTH K YPaBHEHHIO JJIA TPACKTOPHU

PR —1Vie@, R(z) (R@)=R(x a5p) (139)

da'?

[ I‘paHH"IHBIMH yCI10BHAAMHU
Riz)—p, “BU] o (1.40)

dz’  |x'=0

TaxuM o6pa3oM, B HOPHUOJMKERHHM TE€OMETPMYCCKON ONTHKH Kak
ypOBeHb AMIUIMTYAH, Tak U rpajuent ($aswl, onmpenedsiontii yrox
OpUX0/la BOJHH B TOYKY HalaropeRns IpH 3agamrAON peaamsanuu
mossi € (z, P), OMPEReIATCHA eJHACTBEHHBM (IUITAMUYECKUM» Ypas-
wennenm (1.39) ¢ rpammaasivu yeaosmavn (1.40). Oamaxo B aTOM MpH-
GIMKeHNN BO3MOYKHA HE eMHCTBENHOCTh pemenus ypasHenus (1.39).

OTMeTHM TarsKe, 9TO ecaH MH 3HaeM pemexme ypapnenus (1.36)
1A GasH BOJHH, T. €. $asy Kak QyHKIHOHAI IO € (z, p), TO MOIKHO
B ABHOM BHJE BEmmcaTh u pemennme s y [112].

§ 2. Ipugmmwrenne muddysuouroro cayuaiizoro mpomecca

PaceMmorpum Tenmepb CTATHCTHIECKOE OMMCAHHE BOJHEL Haxr orme-
yajoch BHIIe, moie u (z, P) yHRMMOHAIBHO 3aBMCHT JAMb OT HPej-
mectsylomux sHadennii & (§, o). OHaKO MoskeT CYNIECTBOBATH CTa-
THCTHIeCKAS ¢BA3h Mexay u (z, p) B MOCHeAYOMUME 3HAYCHAUAMHE &,
Tak Kak sHagenus € (z', o) mpu ' < x KOpPPEIUPOBAHH CO 3HATCHUA-
vn & (&, p) mpu & > x. Hewo, 4T0 KOppENAUMA MOIA U (z, 8) ¢ mo-
caeylonmMu 3EadernaMy e (¢, p)) samerHa wpm & — x << Iy, e
Iy — TPpOJOIBHEIL pajuyc KOppeIsnun . B rTo ke BpemMsa xapakrTep-
HbIil Pauyc KOPPEAALMA n0IA u(x, p) MO IPOJOTbHOMY HAIDABICHAIO
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AMeeT BeJIUYHHY mnopsnka x (cMm., mampumep, [30]). Iostomy B pac-
CMaTPUBAEGMOI 3ajade CymecTBYeT Maibiii mapamerp I/x, Rorophrit
MOKeT GbiTh MCTOMb30BAH I NOCTPOCRNSA IPHGIHAEHAOTO PEIIeH s

B nepsoM npuamrenuu MokHO0 HOMORUTD Iy = 0. B atom cayzae
sHavenuA moyeil w (§;, p;) npu &; << x OyayT He TOIBKO (QyHKIMO-
HaJdpHO, HO W CTATHCTHUECKY 11€3aBHCHMEI OT 3Hadenuil € (n;, p;) Opu

n; >, T.e.

<’IIu(§iv ;) e(n, pj)>———<Hu(§i, pi)><H6(nj’ Pj)> (2.1)
| (& <a3 1, 2).

Henonways csoiicrso (2.1), nerko moayunmrh ypaBHEHMA JUIA CTATH-
CTHIECKHX MOMEHTOB moJisl u (x, p). Hoxamem s1o ma upmyepe {u).
st oToTO BOCHOTB3YEMCH YpaBHEeIIHEM (1.4). Vepenunn ero, yurem,
4T0 BO BTOPOM CJIaTaeMOM B IPaBoil YacTH BEJMYHUHA £ (1), P) B DKCNO-
Hente GepercA Beerjia NPH 3HAYCHHAX 1) > £, T. €. CTATHCTHUECKH
lesagnenMa or BTOporo comuoxmreas A w (€, p). Ilostomy mpu
yepennenun (1.4) orH Muo/KHTENH MO/KHO YepPemHATh HE3ABACHMO:

Cu(x, p)) = uo ©) <exp {i %gcdg e(&, p)} > 4+

o yat Cexplig {anemn o)) > AL, o (2.2)
) )

z

Honysennoe ypapuenue siBaseTcsl 3aMEIYTHM, TAK Kak He COTEePIKHT
APYIuX HeusBecTHLIX $yHRLuUi, KpoMme <{u).

llepeiimem remeps or mHTETpO-IMdIEPEHLMANBIOT0 YPABHEHILA
(2.2) ¥ nuddepennuanbromy. 3aMeTns, 4To I HeJbTa-KOPpeanpo-
BaHHBIX (QIyKTyaumil & HMEeT MECTO paBelcTBO

(exp{ig gdne(m o)}y = exp {LIT[SE dne(i, p) + §dn e(n.0) > =
0 ] 13
= <exp {i % §dne(n, p)}> <exp {i %S dne(n, p)}>, (2.1
0 5

cupaseqauBoe pasn awodoro 0 < & < z. llostomy, ecam M ssemem

dyurumno O, (p) = {ex i Ve (o , p)1>, TO ypasuenue (2.2) ¢ yde-
o) pig Jdne (n, p)
v

ToM paseHcTBa (2.1") Mo:xHO mepenmcarth B BHjE

(2, 00> = 0 (0) D 0) + 57 D () T A e,

OTKYZla YiKe JIeIKO MO;KHO HOJYYATE AuddepeHmmanpHoe ypaplenne
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nan {u (z)): _
2 Cua, p)) = g AL ud + (@, 0 5z mDelp). (2:2)

BrefeM XapaKkTepueTHdecKuii QyHKIHoHaJN TMoas € (z, P):

O3 [P (€, 0] =<9Xp{i§d§ Sdps(é, )P E P }>—
0 = exp {O. [V (', 0")]}-

Torga ypasuenue (2.2') MosKHO Iepemucarth B BAJE

2wy =g Ay wy+ O [ £ 80— ) | w,

<u(07 P)>:u0(9) (’x:—d—o ) (22”)

AHAJOTHUYAKM 00pasoM MOMKHO IIOJYYHMTDb YpaBHEHHA JIIfA Mo-
MEHRTOB MOJA NPON3BOJBHOTO MOPIAIKA

Mn,m ((I), 917 LS ] pru Pi: o e ey p;ﬂ) ==
= {u (@, P1)-.- U (2, P) ¥ (T, P1)-.. U* (T, Pm)D-

Ilas aToTo HeoOXOoaHMMoO cHaYaja 3ammucaTh puddepeniuaabaOe ypas-
penne 1aA u (r, p1)... u* (z, P), a 3aTem npeobpasosaTh €ro B HH-
TeTpo- n;ﬂdubepeHuHa.HbHoe ypasuenne tuma (1.4). IHocae ororo, me-
moap3ys (2.1), MOKHO BRIIOIHHTH yCpejfenne. YpasHenme iIs
My m, Tonydentoe Takuy o6pasonm s [113], myeer sup

My m(z, 3, 03})=
— MO ({p;, {p}})<exp{i%$d§ D:'s & 0,) -—28(& p;)]}>+
e Sz Com [ §an [ Yoo o= Yot o] ¢

% (Z Ay, — Z Aplv) MY W (0, ), (23)
— fryent k

rae {p;} — COBOKYIHOCTE BCEX P;, Yepe3s M%,m ofo3Havera BeJINM4NIIA
MY (od 031 =uo(p,) - - o (Pu)UT(0) - - 13 (Prn)-

CooTseTerByIOIEE ;[mbq)epeﬂunanmoe ypasaeane umeer sum [114]

+ 6, [%26(9' —p»—%i 5(0' =) | M- (23)

=1 k=1

=

n m

v ]

ERN
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Ipu suiBope ypasmenmit (2.3), (2.3') GLUI0 MNOAB30BAHO CBOHCTBO
TMeJbTa-KOppPenpoBannocT QyuKnuu € (z, P) BAOJB HANPABJICHHS
PaCIIpOCTpAileHUsT ROJIL, A 3aKOI PACIHPE/eNeHA He KOHKPCTH3U-
posajics. PaceMoTpuM Teneph 4acTHEI CJaydail FayCCOBCKUX (IyKTya-
nui nons e (z, p). B oroM cayuae cratucTHdeckme XapaKTepPHCTHEN
€ IOJHOCTBIO ONUCHIBAIOTCH KOPPENANUOHHON dyHKIHeH

e (z, 0) e (@', p')> = Be(r, p; ', 0').

Yenosue iebTa-KOPPeAMPOBAHIIOCTH 9YKBUBAJENTHO 3amene B, Ha
9PeRTHBHYIO KOpPpeaAHonnyw ¢yHKIH0

B (z, 0; 2/,p) =8 (x — 2') A (z; p, 9, (2.4)
rme A omnpejensieTcs W3 yeJI0BUA PABeHCTBA HMHTETPANOB mo Z 0T
Be n B2,

oc

Az 0.p)= | da'Boe, g3 2", p).

Has erarmerndeckn opHOpoanoro 10N & GYHENUS A He 3aBHCHT OT
z, . e. A =A (p—p'). B pacemarpusaevmom ciydae PpyHKmuomaL
0, wumeer BHJ

Ol (& )= — -\ d& { dordpo (0 —02) ¥ (& ) ¥ (& po)
0

n ypassenue (2.3') npuauMaer BuUn

] i ' ’ ’
-8;11/],1,m:2—2[A1+...+An—A1 — =AM —

k2 . §
= Q Oy, 0,) M m, (2.5)

The

Qn,m= .

1

T
s
3

I3
T

A, —p)—2 2

1

Ap,—p) + 2 2 A(p,—p,)-
1 J=1k=1
(2.6)

J

I
KA

I
A
A
S

I

Eennm Mbt pacemarpupaem rayccoscxme JAeIBTa-KOPPeNupoBainLe
payrTyanum £, T0 COBOKYIHOCTD ypaBHeImii (2.5), a Tamme ypasHe-
HHUe 151 XapaKTePHCTUYECKOTO QYHKIMOHANA TOJNA U MOMKHO IIOIY-
uth u apyruM meropom [115]. IlpounsocTpupyem ero ma npuMepe
Ypasuenua mas {uy. Yepegusasa (1.2), moayuamm

(2ik o + AL Cu@, p)> + k2 e(x, p)u(z, p)>=0.  (2.7)

AIA HAXOMUEHHA TOCTeHETO CJIATaeMoTo nenoassyeMm dopmyay

(2.3.6'):

@RI =\ dr e (e )y (RS (2:8)
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HO3BOJSIONYI0 BHMUHCIATH KOPPEJAMAI TayCCOBCKON  CiydgaBiHoll
dyrrnmm & (7) (e (r)> = 0) ¢ dpyuxnmonanom R or nee. Tax Kar pe-
menne u (r,p) ypaBHenusa (1.2) sApjisercs (YHKUHOHAJIOM OT &,
T0, IpuMeHsasn (2.8), MOKHO HOJIYINTH
X
Ce(z, p)u(z, p)>—§ da'\ dp' Ce (2. 0) e (@', 00 (grpogy > (29
Mopcrasasaa Bumecto <& (z,p) & (z', p')) dPpdeKTHBIYIO KOppeIANHOH-
By ¢yurnuio (2.4), nmmeeM
1 / oy s buz, 0)

<8(.’L‘, p)u(:r, p)>—’2_SdpA(p P) e (2, ) ’

TIpEUeM NpH HHTeIPHPOBAHHUI IO £ YUTeHA YeTHOCTH O-pyHKuyun, B pe-
3ysabTaTe gero mospuacsa Muokurtenb 1/2. llopcraBmas ycpemnenHoe
pasenctBo (1.6), nmoxygaem

Celx, pyu(z, p)) = i—Z—A (0) Cu (=, 0)2,
TaK 9To ypaBHeHHe (2.7) OKOHYATENHHO IPHHEMAET BHJ
(20 5 + A1) < (200> + P2 A u (@ p)y=0, (2T

COBIANAIIITH ¢ ypaBHeHHeM st M o, ciegyomuy u3 (2.9).
Ilosuoe craTucTHIecKoe OMMCAHHE IOJA U (Z, @) MOKIIO HOJYINTH
M3 XapAKTepHCTHIECKOTO (QYHKIHOHANA

O, o, )= exp {i § dofu (@, v (o) -+ u* (@, 0)v* (O] ) -

BriBegen ypapHeune il HeTo, [ 33faBasch INOKA CTATHCTUICCKHUM
xapaxrepoM QIYKTyanuii &.
PaccMOTpHEM BCTIOMOTATEJbHOE ypaBHeHHe NI QYHKIUN

(4 — g ALjw(e p=igle(@ )+ oz plw(z0) (227

¢ magagpHeM yeaoBmem w (0, p) = u, (p). Ypasuenme (2.2”) orim-
gaerca ot (1.2) BBegenneM IPOH3BOIBHON AeTEPMUHAPOBAHHON PYHK-
¢ (2, p).
flco, uro pemenme ypasHenma (2.27) w — QyHKOHOHAT OT
e+ @, 1. e. w=wle |+ ¢l. Orcrona BriTeKAET PABEHCTBO
ow(zx, ) _ Ow(x, o)
de («", p') T 09 (' )
BeeneM xapakTepHcTHYeCKHE QYHKUmoHAN 1A w (x, )’

Wi, %, o) = Coxp {i §dolw (z, ) (0) + w* (z, 0)v* (O)I] > -

Narepecylomm#t Hac xapakrepuctmiecknmii gynxmuonan D, moxayda-
ercs us mero upu ¢ = 0, 1. e. Oy [v, v*] = ¥ [v, v*, 0L
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Judpdepennupysa ¥, mo 2 n memosnays ypasuenne (2.2”), a taxke
KOMHOJIEKCHO COIPSLKEINIoe K HeMy, HoJyYdM

0¥y i o b
7 =z—kS do [”(p) Al VO AL g <p>] P+

+ i%gdpcp(x, 0) M (p) ¥y - i% S dp 71 (p) x
X <8 (z, p) exp {i Sdp’ [w(z, p')v(0) + w* (z, ) v* (9’)]}> ;

3lleck BBeJeH HPMHUTOB OIEpPaTop

3 ) )
M p)=vP) 5o — V™ (0) 577y -

Wcmoapsys obmyio MeToguKy, H3JI0/KEHHYI0 BO BTOPOH TilaBe, HOCIe/-
HHIl 4ieH B mpaBoil dactd ypasueHmA miua V¥, MoHo mepemmcaTh
B BHJE

(et o) exp {Sxda Sdp'e (£ 0) ﬁb

i—g—Sdpfﬁ'(p) 0 ¥,
(ol L]

YuaureiBadA, fajiee, PaBEHCTBO
8  wr i koo g
5 (0] Ve=1i Tﬂ[ (o) ¥y,
KOTOpOe HpOBepPsAeTcA HeHOCDeNCTBEHHOH MMOXCTAHOBKON, MOKHO me-
penncath ypasHenme jisa V¥, rax:
oV, i 8 N d
7;—2—k8d9 [V(P)ALM—@)——‘U (p)AJ_W] ¥y -

. k ~ . 6
+ LTSdP(P(xv 0) M (p) W, + O [m] ¥y, (2.10)

Tfie, XKaK U paHee,
Ou 1 & o)1 =Inexpfi {ag fape @ o) v o)}

— JorapudM Xapakrepumcrmieckoro ¢ynkumonarza monsx € (E, p).

BasgHoit ocobennoctpio ypasHenns (2.10) aBigerca ero «ogHo-
POFHOCTEY MO ¥: KaKAaA omepanua Bapuamuwonuoro auddepenmm-
poBaHEA 1o v (WIM v*) COmMPOBOMIAETCS YMHOKeHHEM Na v (WaH v*).
JTo mo3BojsAer moxyuuth M3 (2.10) ypaBHeHHUs giA MOMENTOB HOJA
w (z, ), KoTOpble, KaK u caMo ypapuenme (2.10), ABJIAOTCA TOTHBIME
CIeACTBUAMH WCXogHOro ypasHenmsa (2.27),

Jlaa penwsTa-KoppeaHpoBaHHOTO ciydaifHoro moias e (&, p)

O | roreer] Vo= [mrarm) =05 T 0] ¥
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u, monaras ¢ = 0, modydacM JJfg XapaKTePHCTHICCKOTO (QYIKIKO-
Hama moist u (x, p) ypaBHenme Bupa [114]

ol S 5 A

(2.11)

Jlas rayccoBCROTO JICTBTA-KOPPEIUPOBAIHOTO BIOJb OCH & Ciydali-
HOLO mOJIs & (r, p) ¢ Koppeasnuonnoit Qpyurnueir suga (2.4)

O [y (z, 0)] = —% S dpdp’A(p — ) (2, )P (2, 0')

O MB OpEXofuM K ypapienmio [115]

a0, i 5 d
—W—ZTSdp [U(p)ALW—U*(p)ALM—*@] by —

S S dpdp' A (p — p') M (0) 1T (p') Dy (2.117)

VYpasuernunc (2.11") sipisiercsa GeckoHegHOMepHBIM aHajoroM YJID,
B CBA3HM C 9UCM ONMCAHHOe NPHOJMKEHHe DACIPOCTPAHEHUS BOUHBL B
cpefie ¢ TAaYCCOBCKUME MeJIbTa-KOPPEIMPOBAHHEIME (IYKTYaLHAMA
£ MOMKHO Ha3BaTh mpubIMmKenmeM ANGPY3sHOEHOro CIYyYaHOTO TPO-
recca. BomnimeM B siBHOM BHe ypaBHeHHA AiA QyHKiHH
1 1
Iy (z, R, p)=<u (x, R+Tp)u* (x, R—Tp)>,

Ty (2, P15 020 055 0,) = U (2, p1) U (2, p2) u* (2, p7) U™ (2, P,)>,

BEITeKalomue n3 (2.5) mpu n=m =1 nn=m=2:

oTy i 2 1
= VaV, e — - D) 2, D(p)=A(0)—4(p), (212)
1 1
I'» (0, R, P)ZUO(R +-2—p)u;" (R—TP) ;
oI 4 i

’ ’ 2 , ,
=g At A — A= M Ty — - [D(pr—0) + D(p2—p,) +
+ D (py— ;) + D(ps — ;) — D (p — p1) — D (p, — o)1 Tss  (2.13)
Fll (01 P1, 02, p;_v p;) — ul)(pl) Uy (pz)u:)k (9,1) u:')‘ (p’z)

Ypasuenns (2.5) apyruMm IyTeM MOJNYYeHB B monorpaduu [116],
a pasmple gacTHme cixydam mx — B [117—1211

VYpapreuue (2.12) 5KBHBAJCHTHO TaK Ha3hBaeMOMY MaJOYTJIOBOMY
NpEOIWKEAN0 ypaBHeHHs mepenoca maxygenma [117]. [leficeu-
TeIbHO, MoAcTaBiAAa B (2.12)

Ly (z, R, p)= S dw J (z, R, »)exp(ixp),
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AL QYHRUAN J MO0 oIy anTE ypasHeue

R S de'f (e —n)J (z, B, %), (2.14)

BA0)
e

rge Y=

Tk?
= —— D¢ (0, %) — unguKarpuca paccesniis, a Mg (ny, %) — Tpexmep-

de f (%) — xosddumment srcTHHKLH, f(»)=

Hasid CUEKTPAIbUAsL TIOTHOCTh ROPPEIANNONROT Gynkiun B, (z, p).

Ypasuenne (2.12) mas I', onucwmaer CPEfHIOID WHTeHCHBHOCTD
BOJHBL B MOKeT OLITh PEmeHO B OOMEM Ciydae mis OPOM3BOJIBHOM
OYHKIHE [ B TIpOMBBONBREIX HATANbHBIX yeaosuit. Yro Kacaertcs
yYpaBHeHUSI fnsA [y, T0 €ro aHaJIUTHYECKOro DelleHnd moJyduTh He
YRaeTcs, H HeoOXOAUMO MPUOeTaTh K SHCICHHBIM MM OpAGINHEHHEIM
METOIaM. ACHMITOTHKA PemIenus s I’y 6ymer upusenena » clIemyIo-
meR raase.

Orverny, uto B caygae mmockoit UaNAI0IIel BOJHB, KOTHa HAYA b-
Hoe ycuopue K ypapHenio (2.13) mosno B3aTH B Buge 1, (0, {o:;}) =1,
ypasrenue (2.13) ynpomactes m sanmchiBaeTcs B (popae

ol i G2y k2 ., ’
d‘vl & aror, Tﬁ (r1, 72) Iy, (2.13 )

rae
F(’lel, 7'2) = 2D ()'1) —TL 2D (rz) — D (’l'l + ’l'g) —D (7'1 — 7’2),

7'1:pi-—91=pz—9;, 1‘229;*91=92*9;~

ITommMo ypaBuemnit aus CPE/INUX 3HAYCeHHH IpouU3BeneHUA moJel
U (r, pq)...u* (z, p,) ¢ oxumaKoBEIME TMPOJONBHBIME KOODPAHHATAMHE
Z, MOTYT OLITL TIOJNIY9€HLI YPABHCHUS I s pynkouit  <u (x4, 04)...
o U* (T, 07))> UPH HECOBIATAIOIAX 31aTeHMsY x [122]. Tpannmumme
YCIOBHUS K 9TUM YPABHEHHAM COfiepIRAT () YHKIHH M, ., OpH copmanma-
IOIAX 3HAYCHUAX HPOHOJIBHOLO apPryMeHTA.

IoxkaseM opT0 Ha upuvepe  dyuknmn T (z, py; y, 0,) —
= <u (z, p;) u* (y, p,)>. Myers mis OUPEJeNeRHOCTH £ > . YMHO-
#asl Toraa ypasnenne (1.2) ma u* (y, p,) n YCPeAHss, moayaum

o
TQCF(-’LH 01; Y, P2) = _
i .k \
:ﬁmw»uwwwywmmwamwmm>@m

WNenonnsys remeps dopmynrr (2.8), (2.4), (1.6) m yauThBas yenopma
UpmannnocT (1.5), ypasmenne (2.15) momxmo OEePennCaTh B BHJe

9
o7 Uz, 015 9, 02) =
i k2

=35 Aol (25 055 9, 02) —-5- A(O)T (2, p5; , ps). (2.16)
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Vpasuenne (2.16) caregyer pemaTs ¢ YCIOBHEM
T(x, p1; 9, p2)|x=y:I‘2(f/» 01, P2) (2.47)

rge pymmuma T, (y, p1, 02) = <w (¥, 01) u* (y, p2)) oumcmBaercs
ypaBmenuneMm (2.12).

AmagoramiiniM o6pazod MOKIIO0 ITOJTYYATH H YPABHEHHA AJA BeJH-
aur (& (21, P1)--- € (Zn, Pp) U (X1, P1)--.u® (X, Pm)D, OMHCLIBAIOIIMX
Koppersinum moisn € (x, p) ¢ peluenyneM 3ajgaqu.

Ypapuenne (2.7') pua cpenuero mojs Jerko MoikeT OBITH penreHo.
Ero pemenmne mMeer BUA

u(x, )y = uy(x, p)exp {— —};—- x} , (2.18)

. k?
rae g (x, p) — Moje UPH OTCYTCTRUM QAyKTyamuil, a y= - A0y —

KOO(PQUOIHEHT HKCTHHKIIAM.

MosxHO B 0of0meM ciydae pelunTh W ypaBueaue and PyHrmum .
Jro pemenue Oriio mojgygeno B padore [123] npm mecmefoBaHUT ypas-
HeHHs TepeHoca W3JyYeHUs B MaJoyruoBoM mpubimkeHun (2.14).
Ho3nmee anagormgHoe penrenue HCCIeToBaNoch B padorax [110, 124].
Ecam B (2.14) npoussectr npeoGpazopanue Oypre mo nepemennoii I,
KOTOpAA He BXOANT B Kod(POUIMEHTHl YpaBHELHs, TO Mbl HOJYTHM JIH-
Heftnoe pupdepermaisHoe ypaBHEHHE B YACTHWX HPOM3BOLHEIX
HepBOr0 HOPAAKA, KOTOPOE JEerKo pellaercsA, IampHyep, MeToIoM
XapaKTePHCTHK. OTO peIleHHe WMeeT BUJ

Ty (z, R, p)=

=qu vo (g, 0 — g 5-) exp {ig R — —”f—gydED (e~ q%)} (2-1'9)

0

rme v, (9,p) — HadaapHoe 3HadeHHe (GYHKNUM KOTEPEHTHOCTH MPH
z=0

Ilasn dgacTHOTO CJaydas MIOCKON mapamiiefl BOJHEL, KOTAA
T, (0, R,p) = | ug I, Yo (2, P) = | uo P 0 (q), dopmyra (2.19) mpu-
obGperaeT mpocTOil BHA:

k2x

T (2, R, 0)=|us [ exp {— =D (o)} - (2.19)

@ynrnusa [, onpegeiser KorepeHTHOCTb BToporo mopsaxka. Ms ye-
JI0BHUA

kD (p) =1 (2.20)

MOJKHO OHPEeIUTh PafuyC KOTePeHTHOCTH AJA moiA u (x, p).
Ilpn BHYMCIEHNN KOHKDETHBIX MHTErpaiioB, CBABAHHBIX ¢ KOppe-
asanuonHoft ¢ynknueit monda e (x,0), yRoOHO mepeHTH K CHEKTPAIBHOM
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QYyHELUHA, ompefeiasieMoll paBeHCTBAMHE

Be(z, p)= S‘dq dwn D, (q, »)exp {igzx |- inp},
1
@]

(2.21)

De (g, ®)= S dxdp B (z, p) exp {— iqx — inp}.

Ecau temeps BoClOIb30BaThCA HPHOAMmKeHHeM (2.4) W camTarh moJIe
€ (z, p) CTATHCTHIECKN ONHOPONHLIN H H30TpomHb™, To 3 (2.21) u
onpepeneHus QyIRuE A (p) moaygae-

A(p)=2n gdx(Ds(x) exp {inp}, M, (x)=1,(0, ).

CrnemoBarensno, B HPHOJIMKEHUN [1eJbTa-KOPPEJIMPOBAHHOCTH IOJA
e (z, p)
<&(z1, p1) (T2, P2)d =

=2n8(z — 1) S de @, (%) exp {in(p; — p2)}. (2.4)

Yumuomast paBeucrso (2.4) na —(—)—:IT; exp {-— iP1P1 — [ P202) I HHTET PH-
Pys II0 BCEMY IIPOCTPAHCTBY P1, P2, UOJIYYaCM PaBEHCTBO
(ep, (21) €p,(22)) =218 (21 — 2) & (1 + P2) De (1), (2.21)

yRoOHOe IJIA mPaKTHYeCKOro HpPHMeHeHHA. 3Hech
ep (@)= dpe (z, p) exp (— i pp}.

OTyernM, 910 ecau moxe & (z, p) OTAMYHO OT HYJIA TOABKO B CIOE
(0, Ax), a mpu 2 > Az ¢ = 0, o BMecTo dopmymnr (2.217) moxyuaem
BHIPaIKEHHE

(&p (X1)€p, (22)> =278 (11 — Z3) 0 (Ax — 1) O (p1+ p2) De (P1). (2.217)

Ecam paccMorpers (Qaykryauuu & (x, ), BhI3bBaeMbe TypOy-
JeHTHBIMH OYJIbCANMAME TCMIEPATYPH, TO B 3HATHTEJbHOM HHTEPBAJIe
BOJTHOBHIX UHCEJ TpexXMepHasA CHeKTPAaJbHafA miIotuocts (D, (%) mveer

BHUJ
2.,-11 s )
De ()= ACx 113 (Upin<Z % << Hmax)» (2.22)
e A = 0,033 — umcnennana koHCTaHTA, C3 — CTPYKTYpHAS Xa-
PAKTePHCTHEA QUAYKIyauuil AUDICKTPUIECKOIl 1POHHAEMOCTH, 3aBH-
cAaA oT BuenHAX HapamerpoB moToka [30]. B pron cayuae pyurnusn
D (p) Bwumcasercs:

D (p) =2 { dud, () [1 — cos wp] = NC3ph,

rae N = 36r2AT (7/6)/15.2%+ T'(11/6) = 1,46. IlomcraBasAs aTo BH-
paxenne B (2.19), moxHoO paccantarts kKak ¢yHrnmo [ (z, R, p), Tak
1 cpefHiol0 WHTeHCUBHOCTD BosHH {[ (z, R)>.
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B kavectBe mpHMepa pPACCMOTPHM OY9Y0K, pacipefejenne TOJA
B HAYAJBHOM CETelINH KOTOPOTO HMeeT BHJ

_ p2 . /\'92 .
Uo (p) = Uy exp {_ Sa? + { oF J 3 (2.23)
anech a — apfexTuBHAn MUPHHA OydYKa, F — paccTofnne A0 LEHTPA
uarydenus (ecaum F =: o0, TO NYIOK KOJNIUMUDOBAHHBIA, eCcyH

F > 0 — nydox pacxojamuitcs, ecau F <0 — cOKyCHPOBAHHELT
ua paccrosnmm x = |/ [). Oyuxuus vy, (g, p), xogamas B (2.19),
B DTOM CJydYae paBHA

u2a?

Yo(q, p) = —o—€xp {——i—[s—ij(if——q)g“ﬂ}’

g pmas cpegdeir mnTencupHoctH B nyduke ([ (z, R)) =T, (z, R, 0)
moxygaes [110]

oo

S dt 17, (2kaRt]zg (x)) ¥

0

X exp {— 2 — %T% 021132.1( 02(11) )5” tb/a} , (2.24)

8\

279
Eu(‘]kza‘

I(z, R)Y=
I (2, B)y = S5

{ 1 1 7121
rae g (x)=1{14 k%* [7 + _F__} } n J,— ¢yarnna Leccenas.

B paborax [125, 126] okcnepHMenTaIbEO HPOBEPAINCH 3aBHCAMO-
et (2.19), (2.24) n obuapys;ieHo MX Xopomice COIJAcHe ¢ OMLITHBIMH
TAHHBIMI.

OrMeTHM, 9To AIA mydka (2.23) pemenue ypasmeuns (1.2) B ciy-
9ae OTCYTCTBUA HEOTHOPOTHOCTEN mMeeT BHJ

2 — ika?/
Ug(z, p) = ) exp {— e 1 — tha®F } . (2.18)

1 . o/t -+ ir/ka? 2a? 1 — x/l - ir/la?

i

HMHTeHncHBHOCTH, BOJIBEI B 9TOM Caydae 6yneT OHUCLIBATHCS BBIpayie-
HHAEM

) [2A2at 02 2a2 ,
I, 0) = L exn {— (2.24)

Tamnxe HeTPYNHO HOJYYNTH W pellenue ypapmenus (2.16), omm-
CHIBAIOIEN0 MPOAOABHYI Koppelanuio B Boiine. OHO HMeeT BHT

I'(z, p1; ¥s 2) =
k \ ’ I ’
:exp{—TA(O)(x—y)}Sdpg(x—y, o) T (y; o1 — 05 02)
(z>y), (2.19")
rue g (%, p) = —%; exp {L—ZZ—z} — ¢yuxuna I'puna ypapHeHHA (1.2) B

OTCYTCTBEE HeoAnopoxHocTel, T. e. mpH & = 0.

Yro xacaeTcs ypapmenusa pua 'y @ ypaBHEHHN, ONHCHBAKIINX
fosee BHICOKHE MOMEHTH. (UIyKTyauii HHTeHCHBHOCTH, TO, KaX YKAa3bl-
BAJOCH BHIIE, AX AHAJATHIECKOTO pelleHHs IMOJydYuTh HE yNaeTcCsl.
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IIpu6nmrennoe pemenne ypapxenus (2.13) (¢ ygeroM OZHOKpPATHOTO
pPacCeAHHA B CMBICJIE TEOPUN MePeHOca Waaydennus) npusefeno B [110]
Zaa caydas TypOynaeHTHHX ¢ayxryanuit e. B pabore [127] mpuso-
AATCA Pe3yIbTaThl IMCICHNOI0 PEHICHHS STOI0 YPABHEHHS B ABYMEp-
HOM caydae. B aroft pabGore moaygerno mopegenne GAYKTyaunii mATEH-
CHBHOCTH, KAYECTBEHHO COTJACYINEeeCs € DKCOePHMEHTAIbHBLIMA
peayisraramu, onucanubiva B [99]. B pabore [128] mpusogsres pe-
3YJABTATH YHCJIEHHOTO HHTErpHpOBAaHUA ypasHenusa (2.13) B Tpexmep-
HOM CJIydae [JIs TAayCCOBCKON KOPPeJANUOHHOE QYHKIUNA AUIICKTDH-
JeCKON IPONMIaeMocTH. B 9ToM ciydae Taxyke HOJYYeHO HACHIIIEHWE
GAYKTYyaryIii HUTEHCHBHOCTH, KAYECTBEHHO COTJIACYIOMEECs ¢ Pe3yib-
ratavu [99]. B paGore [129] ypapnenue (2.13°) B caygae TypGyneHT-
HEIX OYJbCAUI € HITEIPUPOBANOCH TUCIEHHBIM METOHOM — METONOM
Monre-Kapao. 1lpum oromM monyuemunic pe3yabTaThl TAKKE COIJIACY-
0TCH ¢ DHCTIEPUMEHTAIBIBIMY TAHHBIMH.

Oyurnua T, onuchBaer Takme QIYKTYAUUH CMEINEHHs IPOCT-
PAHCTBEHHO-OIpAHMICHHBIX OYIKOB B CIHYYAlHO-HEOMHOPOXHHIX Cpe-
max. Taw, QiIA QUCOEPCHH TMOJNO:KeHUS HEHTPA TAKECTH WIITEHCHBHO-
CTH BOJHH B mydKe, coraacHo (1.20), mmeem

"o

=\ 3 dEds (= — 1) (7 — Ba)
0
% ( dR1dR, (1 (1, R)T &, Ro) Ve (. Ry Vie(Ee, Ro)d. (2.25)
Henonbays yciaoBde [CIbTa-KOPPEIUPOBAHHOCTH, B Bhipasikennn (2.25)
MOKHO PACIIENUTH KOPPEJANAH HHTEHCHBHOCTH M & B CHJIY TOTO, 9TO
OI (&, B) _
e, R ~— 7
61 (&11 Rl) 61 (E 1 R).) —
Se (EZ’ pl) 68 (,1 p El - E ) (E? - El) == O.

JT0 mo3BoJsierT mepemmcath (2.23) B BuUje .

(p2(z))y =

om

W= de—a) {ardR. (1 (e R IE Ry <
0

X S du 2D () exp {in (R, — Rp)}.  (2.26)

Bocnoxszosapnmceh Teneps (ypbe-npeobpasoBaHEEM A HHTEHCHB-
HOCTH BOJIHBL

I (z, %) — (uu SdRI( R)exp {— ixR},
'7* (‘Z’ M):'j( ? _M)!
Gopmyany (2.26) MokBO 3amucaTh CIEAYIOMAM 00pa3OM:

8o ¢

P \de(z—&y S d% Dy (%) ¢

0

p2(x)> = -

JE ). (2.27)
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Bemamunna <| ¥ (&, ) |*)> omucviBaetca pynruumeir I'y, anasnTHgecKoro
BHIPa;KEHHUA [JIA KOTOPOii He mMeercA. [fooToMy HpH fanbHeiIeM U3y-
wennn (2.27) OPHXOAHTCHA HMCIOJIB30BATH DA3JIHIHbIe HPHOIMKENHA.
Awnanms takmx mpubammenwuit mpopopmics B paborax [110]. Orwme-
THM, 9TO 1O Meépe DPACHPOCTPAHEHNA BOJHOBOI'O MydYKA B CJIydYaiiHO-
HEOTHOPOHON Cpeje HaJalbHOE pacHpe/eseHre HHTeHCHBHOCTH
«paciieBaetesy. DIYKTYauWHE HOJMOMREHHA TMENTPA THRECTH Ompeje-
JASI0TCA, TAKEM obpasoM, aByMsa odderTaMm: CpPeIHHM YUIHPeHHEM
Hy9KA U QAYKTYAUHSMH WHTEHCHBHOCTH OTHOCUTEIBIHO DTOLO YikKe
ymmpennoro cpegtero npoduas. [[aa ygera nepsoro opdeKra ciaeny-
et samennts JJ (§, ) ma <J (E, »)> B (2.27), u popmyra (2.27) npunn-
MaeT BUJ

x
5
ey =35 e —p (anwan o1 @ P (@227)
0 L4
rae Beamgnna {J (&, ®)> maxomures u3 Bupasenua (2.19).
PaccmoTpuM Temeph 3ajady O HAXOMICHHH CTATHCTHYCCKMUX Xa-
PAKTEPHCTHK BOJHL, OTpasKeHION oT 3epkaia. Ilome oTpameHHOR
BOJHBI ONHCHBaercs puipaswendem (1.15). Ilpepmosaraa crarucTuge-
CKYI0 He3aBHCHMOCTH (QIYKTyarnuil mapaMeTpoB CPelnl 0T XapaKTepH-
CTHK 3CpKalla, ycpeaHas peipaskenue (1.15), moayiaem BLIpaiKeHHe
nIs cpepgHero orpaskenmoro moias [109]:

<u—- (07 p)> =
= S'dpzdpldpo@’ (P20 1)) <G (L, p2; 0, 0) G(L, p1; 0, po)> o (90)- (2.28)

Dopmyita (2.28) ocofeHo MPOCTO BHIIAMAT AN OTPAKAKMEHR I10c-
KOCTH ¢ mocroaHHKM Kodddunuentom orpamenna {V (p)> = V,0 (p)
¥ JA DJOCKOH Hmanaiomeit BONHBI eHHIYHOY HHTEIICHBHOCTH:

u_ (0, p)> = Vo <ut (L, o). (2.29)

OtmernM, dto dopmyra (2.29) Hra moxydena Buepsre B pagore [41]
¢ HCHONBROBAHWEM fABHOM sanmcu $ynxnmii ['pyHa B BUAE KOHTHHY-
aNBHOTO WHTETpaja (CM. CIeIyImy TIaBy).

Brimie Ml mofpo0HO paceMOTpeNd 3afady O PacHpPOCTPAHEHHH
BOJIH B ¢pefie o CIYJaiiHBIMH HEeOAHOPONHOCTAMHA B HpeAT0J0;KeHNH,
UTO OTCYTCTBYET perylAapHas cocraB/siomas moins € (z, ), T. €. mpi
yearropun, uto <{e (z, p)> = 0. lpn nmaauvymy ke’ peryisapHoOil CoCTaB-
IA0IMeH & TaKske JIETKO HANMCATH COOTBCTCTBYNINHWC YPABLUCHHS AJISA
MOMEHTHHX (YHKIHI BOAHOBOro moidf B nupPy3MoHHOM NPHOIHKe-
anu. OgHaKo MaxokAeHAe pellenns HX M AHAIA3, €CTECTBEHHO, YCI0M-
gaworea. Ilyers, manpumep, <& (z,°p)> = g, (0). Torma BomxHoBOE
ypasuenme (1.2) mpumer BHA ‘

, . k-
—-au ((;:1: 0) = -;)—ZI;[AJ_ + kzso (p)] 122 + LTS (.’l', P) u, (230)

u(0,%) = uo (p),
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rae <& (z, p)> = 0. Jlusa ypapmenna (2.30) MOMHO BOCIOIBL3OBATHCS
aupdysmonnsM NpubAIGKendeM. Tax, A5 CpeAHero moJas molydaeM
ypaBuenme

= u(z, o) = _)—; AL + K (0)] (1) — -’;i A (0)<ud, (2.31)
peIlleHHe KOTOPOTO HMeeT BU[
{u(z, p)d =1uo(z, p) exp {— % A (O)x} , (2.32)

rae QyHKIHA 1, (z, p) — pemmenne ypasuenus (2.30) B caydae oTcyT-
CTBHA CAYyYJalHBIX HeoxHopoatocTeit (1. e. mpu & = (). AHaJOTHIHBIM
ofpaszoM OIA (QYHKIHA KOTEPEHTHOCTH BTOPOTO MOPSAAKA IOIyIaeM
ypasmenne (I (z, p1, p;) = <u (z, 1) u* (2, 05)))

d

Fr r (z, o1, 92) =
i .k k2 5

:—2—;- (A]_ —_— Ag) T + 12 —2—'[80 (p]_) — & (pz)] I — '—4—D (p]_ — 92) 1 f (233)

KOTOpO€e B HMEPEeMCHIIBIX p; — P = P, P31 + 0, = 2R MOHO 3aOoucaThb

B BHIe

a

—T(z, 0, R)=

=l ik [ (R ) = n(E - LTS D@

I'(0, p, R)="T9(p, R)EuO(R+ —;—p)u;‘ (R— %p) .

flcro, aTo B ofmem caygae pemnts ypapHerus (2.31), (2.34) ne mpen-
CTABJIAETCH BO3MOKUKM. BayRHHM 9acTHBIM ciaydaeMm ypasuennd (2.30)
ABIAETCA CJaydail, Korga g, () = —a?p? Taxas 3afaga Bo3HWKAaeT
HPH BOJIOBO}HOM PACHPOCTPAHEHHWH BOJH. JTO MOTYT OBITH KaK aKy-
CTHYEeCKHe BOJIE B IPUPOXHOM BOJHOBOME (OKeaHe), TAK W PagHOBOJI-
nel. B caygae orcyrerBus Quayrryauuil € permenne ypasuenns (2.30)
MO;KHO HPEJCTABUTEH B BHAE

Ug (‘Zv p) Zf (.Z, P) u (‘Z7 p)’ (235)
rae pyuxuun f, & yIoBJIETBOPAIOT yPABHEHHAM
af i
= 55, A, — azkzpzl fs f(O, p) = 1,
o "i? o (2.35")
Pz — 9% AL +2(V. . InHV.la, @0, p)=ue(p)-

Ypasuenns (2.35') jerxo pemaiTcs, U B pesyJbTaTe mojiydaeM
1 . ak 4
fz, 0)= cosar 3P {_— b= P tg ax} !

2
@ (x, p):SdMuo(M)exp{— i%Latg oz -

mp 1 (2:36)

cosazx |’
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tre

o (p) == Sduuo (%) exp {ixp}.
Ormerum, 90 QyHENUA f (z, p) ONHCHBAET PACHPOCTPAHEHHE ILIOC-
KOH BOJHH H BOJHOBOE 110JIe B ITOM ciydae sIBIAETCA IepHOLUTe-

o . o
cKOll (yHEnumei ¢ mepmogoM L— - Ilpz »sroM B TOUKaAX ap,=

b
=(2n-+ 1)2—; ¢yurmus f o6pamaercs B 6eC KOHEUHOCTD, UTO COOTBETCTBY -

er QOKYCHpOBKe IIT0CKON BOMHEL. BonHOBOE jLe moje uy(x, p) B 00memM
ciydae B GeckoHeunocTh me obparmaercs. PaccMoTpmm B KauecTse
mprMepa BOJHOBOH HYUOK

Uo (p) = U, exp {— p*/2a%}. (2.37)

B stom cJIyuae BOJHOBOE IoJie

Up

X

Uo (.’I?, p) - i
koa? tg O'x)
X exp I— %2 [iak tg ox + ! - )]} , (2.38)

2 cos? I .
a® cos?ox (1 C ka8 ox

cos ax (1 -

a (bOpMy.TIa IJIsI AHTEHCHBHOCTH IPpHHUMaeT BU]

2 2 )
Io(z, p) = o (2, p) ug () —dul oyp )0 )
o (%, p) =10 (2, p) Uy (2, P) 2 LA Ry
rre
g% (z) = cos?oz |- ﬁsin2 az. (2.39)
VYpapmenune nasa QyHknum KorepentHoctH (2.34) B 9TOM ciydae
TAKKe YIPOMAETCSA:

2 T= 1 V,Val — ia%pRT — % D (p)T. (2.40)

Pemenue ypasnenus (2.40) mpemcTaBEM B BHIE
] 1 A\~
I'(z, p, R)=f(:v, R+ % p)f*(x, R - Tp)l“(x, 0, R), (2.41)

rae QymEnuA f (z, p) onucHBaeTcsA (GOpMYIOi (2.36). Torma mus
¢yurnun I (z, p, B) noaydaem ypaBHeHHe

oT = =R =
=7 VVal +atgaz[RVa 4oV, )T — 5D (@, (2.42)

T (0, p, B)=T,(p, R).
Vpasueune (2.42) jerxo pemaerca myreMm npeoOpasopanus Dypse

212



mo R, u B pesyabrare moiaydaem prpaskenne [130]

I‘ (.’L‘, p, _R) =
1 , 0 .
= g exp {— iakpR tg ax} S dq o (m — g 18 az, q) X
X
SR L cosdl p L sinel—5 1 (2.4
X exp cosax qR — e S dg D [ oo P o e q] , (2.43)
0

rage Iy (p, B) = gdq Yo (0, @) exp {igR}. Ilomaras B (2.43) p=0,
TOJAYYaeM BHPAKERIe A cpefHeil MHTeHCUBHOLTH:

1
A (z, R)>:deQYo(—eqga1’ Q) X
i k2 g 1 sinag ’
X exp { cosar 9B — 7 S dED(E 0S o q)} , (2:43)
0

a momaras B (2.43") R =0, monydaeM M3MeHeHNe CpefHeil HHTEHCHB-
HOCTH BAONDb OCH BOJHOBOMA:

I (2, 0)y == S dgyo (— %q tgaz, q) X

cos? ax
e

cesp{— I farn (R o)) - 243

ka cos uz

IIpr o — 0 ¢opmyna (2.43) mepexogut, eCTeCTBEHHO, B (opMyny
(2.19).

OrMerEM, UT0 €CJAH BOJHOBOH nydox (2.37) cOrmacoBaH ¢ HEOXHO-
POmIIOi cpefoit, T. e. mapaMeTp ¢ YMOBIETROPSIOT PABEHCTBY

hoa? =1, (2.44)
TO BOJIHOBOE HOJIE Up (2, p) (2.38) mpuHHMaeT BUJ
Up(Z, P) = Uy XD {— 5;2 — ia:c} (2.45)

M, CJejoBaTelbHO, aMILIHTYZa €ro He MeHsSercs B HpOonecce pacmpo-
CTPAHEHUA BOJHBL

Brmre MpI paccMoTpeln caydadl ofHOPOANBIX M30TPONHEIX (PIyK-
ryanuit mousa € (x, p) B napaboianmdeckoM Bodmosope. llpeacrasmser
ompefielleHHHN HHTepec M ciaydall ¢uaykryanuil nmapaMeTpoB €aMoro
poanosoma. Ilycrs e (2, p) umeer Bup [130]

e (z, p) = — &%* + z (z) p%, (2.46)

rae mapaMeTp o [IeTePMUHHPOBAH, a z (z) GymeM CIMTaTh TayCCOBCKOM
HelbTa-KOPPeIHPOBAHHOW caydainoit ¢yrrnumeir ((z (x) z (2')) =
= 20% [6 (x — 2)). B arom crydae ypaBHenue (1.2) npuHEMaeT BUA

ou i

T — 75 At +%k[—02+z(x)] o*u, (2.47)
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A B KAUECTBE HAMAIBHOTO YCIOBHS DACCMOTPHM pacHpPOCTpaHeHme
BoaHOBOTO Iyuka (2.37). Oryernm, UTO LA COrIACOBAHHOIO C BOJHO-
BOXOM mydYka (T. €. [Jisl KOTOPOIO BHLOJIHAETCA DPABEHCTBO (2.44))
mamHAA 3afjada paccMarpuBajiachk B pabore [131].

Pemenue ypasuenus (2.47) ¢ HaJaJbHEIM yCJIOBHEM (2.37) MomHO
N pefcTaBUTL B BHJE

1 .
u(z, p) == exp {— g d @ e+ B (x)} ) (2.48)
rae pyurimu A (z) ® B (z) yA0BAETBOPAIOT ypaBUEHHAAM
(ZA = - ki - [A% (z) — a?h2at] — ika’z (x), A(0)=1,
xz a
dB i (2.49)

i
ka?

x
CaepoBarenbuo, B (z)= — SdgA(g) i [HTEHCHBHOCTb BOJHOBO-

0
TO TOOJSA OHmHUCLIBAeTCs BBIPDaKeHUEM

T (@ 0) = exp{ s 0214 (2) - A% @] = 5 | G214 (B) + A}
0

(2.50)

Mummyio gacts ¢pynrnur A B (2.50) MOIKHO MCKIIOYHTE, HCHOJIb-
gys mepsoe ypasuenme (2.49), a uMeHHO:

— @) — A @)= S n[A@) @) (251)

B pesyJiabTaTe NoJydacM creapylouiee BHIpasKenune JJIs HHTEHCUBHOCTH
moJs:

T(2, p) =~ [A(2) + A* (@) exp{— 2,

2 £ =
LptA @)+ 4 (x)]} . (2.52)
nJiIn, nojgaras p:O, BLIpa;KeHI/Ie Jigie: MU3IMEeHeIInA HHTCHCHUBIIOCTH
BAOJb OCH HEBO3MYIIEITHOI'0 BOJHOBOMA:

I(z, 0)= 5[4 () -+ 4*()}. (2.52')

CregoBaTeIbHO, CTATHCTHIECKHe XapaKTePUCTUKHM WHTEHCURHOCTH
BONHBI ONHCHBAIOTCA CTATHCTHIECKHMHU XapPaKTePUCTHKAMH peIeHusd
ypaprenus (2.49) pas pyurnun A (r), KOTOpoe AHAIOTHINO ypaBHE-
Nu©o TId KodQPHIMEeHTa OTpPasKeHHA BOJHB B OJHOMEPHON CIOUCTO-
HEOHOPOMHON Cpefie, PACCMOTPEHHOMY B CEIbMOM TilaBe.

IpencraBum ¢ynxnuio A (z) B BUAE

—7 1 4= (z) exp {— 2iax}
A (z) = koa® T—p (x) oxp (— Ziaz} * (2.53)
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Torpa pus ¢ynrmuy ¢ (x) monydaeM ypaBHeHHe

W L (efer ipemimm2 g (z), W (0) = 9L (2,54

dx 20k . { - kaa?

ITonosxuM remepb

P(x)= 1/u(z)—e\p{l(cp—2ax)} (uw>1). (2.55)

u(z)

Torga ¢yuxknuu u (r) ¥ ¢ (r) YNOBJIETBOPAIT YPaBHEHHAM

v 1, () V ut — Lsin (¢ — 2az), u(0) :Tkia—a_z 1+ A2ala?],

dz ak
(2.56)

e rrcat gz —e] 001

a Beipasienue nns [ (z, 0) mpuEuMaeT BHZ

aka?
Iz, 0)= — . (2.57)
u (z) - Vut(x) — Lcos (¢ — 21r)

Hlamee, kar 0ob6pgno, GyJeM cUmTaTh, UTO HHTEHCHBHOCTH QIYK-
Tyanui z (z) HOCTATOYHO MajJa M, CIefOBATEIbHO, CTATHCTHIECKHE
xapaxkrepHcTHRE u (z) X @ (r) Me[lleHHO MeHATCA Ha Macmrabax
~1/o. IlodTOMYy OO HAXOMTCHHS CTATHCTHICCKUX XaPAKTEPUCTHK
HHTEHCUBHOCTH BoJHH (2.57) ciaegyer ycepegHHTb HX 10 GHCTPO
ocnmuinpylonuM ¢yHkiEaM. 1lpn aTom pacnpejenenue BepoATHOCTEH
s QYHKIUE U () ONHCHIBAETCS YpaBHEHHeM (CM. T, 7)

P _(u
P p 2w — 1)L (D:ﬁs—”_), (2.58)

dx on ou 2a2k?

a BeIHIHHY ¢ (x) CJeIyeT CIUTATh CTATHCTHIECKH TE3aBHCHMOH OT
u (z) B paBHOMEpHO pacupeneinenxoit B unrepsane [0, 2n] (Dz > 1).

BrraueanM MOMEHTH HMHTEICHBHOCTH Boamel {/"). YcpegHeHHe
OymeM mpoBomHMTHL B fBa ortama. (CHadalja YCPeIHHM IO yTIYy, B pe-
3yibTaTe IMOJyTaeM BBpasKelue

rne P, (u) — nmommuoMm Jlesmwanfapa n-ro mopsafka. Temepb yepemium
(2.59) mo w. Iaa ororo ymuosrmy (2.58) ua P,y (1) U TpoUHTEIDH-
pyem mo BeeMm u > 1. I/IHTerpr}’I 10 TACTAM U UCIOAB3YS PABEHCTRBO

dd¢ (u? — 1) P (wy=n(n—1)P.(u),

nmojgyuaeMm ypaBHeHHe
d .
A Py (w)) = D (e — 1) Py (u)),
pemeHne KOTOpOTO nMeeT BHU[L
Py (0> = Py (ug) exp (D (n — 1) 2. (2.60)
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CregosaTennio,
<(ﬁ)n> = P,_1 () exp {Dn (n — 1) x}. (2.61)

Eciiu napameTpsl TyIKa COTIACOBATNLL ¢ ITapaMeTPaMH BOJIHOBOAA,
T. €. BRINOAHACTCA yeaoBme oha®? = 1, 910 cooTBETCTBYCT COGCTBEH-
HOM MOjie HeBO3MYIIEHHOTD BOJHOBOJA, TO

A™ (x, 0)) =exp{Dn (n— 1)z}, (2.62)

YTO COOTBETCTBYeT 10TapHMAYECKHA-HOPMAIBHOMY Dpaclpeneie auio
BepoATHOCTEN Mia Bexmanus / (z, 0). B gacrirocty, us (2.62) crenymor
paBeHCTBA

I (x, 00 =1, <I*(x,0)> = exp {2Duz},

nosy4ennsie pnepssie B padore [134]. Taxmy oGpasoM, MOMEHTH HH-
TeHCHUBHOCTH BOJIHE Ha OCH BOJHOBOZA PACTYT DKCIOHEHIHAJBHO
¢ yBeJMYeHHeM DacCTOSHUA B OTIHIHE OT CAydas OAIOPOMHBIX H30-
TPONHHKX (PAYKTYanuil €, Ifle CPelHAA HWHTEICUBHOCTb ONHUCHBAETCH
gopmyaroit (2.43”) m, BooOme ropops, 3aTyxaeT ¢ POCTOM Z.

§ 3. Merox nociegoraTenbHBIX NPHOMIKeRUil
o ycaosusa npumennMocTr gudPysuomnoro npHOIKEHHA

OcTaHoBHMCS Temephb Ha YCIOBHAX LPAMEHHMOCTH HPHOIMKEHUA
nuddysmonnoro caylafroro mporecca. Mosrer GuiTh mocTpoeHa reo-
PHA TIOCTeN0BATENBHBIX NPHOIMKEHEN, YTOIHAWMAAL QYHKIHOHAL-
HYI0 3aBHCHMOCTL CTATHCTHYECKHX XapPaKTePHCTHK BOJHB OT HOJSA
e [53]. Paccmorpernnoe Beime mpubimsenue Auddy3noHnoro ciyiam-
HOLO TPOIecca SBIAETCA IIePBRIM IIaroM B DTOH TEODHH; CJe[yIom[ue
NpubImAKennA YIATHBAKT KOHEUIIOCTL TPOA0ABIOr0 pajmyca Koppe-
JANME TOXA M NPUROAAT K CHCTEMe 3aMRIYTHX unterpo-guddepen-
MUAJIBILX ypaBIenuil A MOMEITTOB (CM. § 6 ra. 3).

Vrkasauupii MeTOI IOCIENOBATEIbHLIX TPUOIUKEIIMH CTPOMUTCA
cIenyomuM o6pasoM. Bradase BrnuchBaeTcd OCCKOHEYHAs 3allel-
JAIOMANACA CHCTeMa YpaBHeHmi jasi Kakoro-smbo. momenta. Ilpu
BTOM HCIOJBL3YETCS NIPEANOI0ReHHe O FayCCOBCKOM pacupesiesieHIH
nisa e 1 gopmyna (2.3.6"), onHAKO IPENIONOREHHIE O [IeNbTa-KOPpeIn-
pPOBAHNOCTH He memojbayeTca. B Kakgoe W3 9TUX ypaBHEnUU BXOJIHT
roppesaanmonnas Gyuruua Be (r, p). Ecau neronb3oBaTh ycaosme
fleJIbTa-KOPPeanpoBanHoCT (2.4) B TepBOM M3 DTUX YPaBHEHMI, TO
MB TPHUXOJAMM K OnHcammoMy Bune auddysmommmomy npmbimire-
HHOIO, a OCTAJBHLIC YPABHEHUA CHCTEMII OKa3LIBAITCH HEeHYAHDLIMU.
Ecam sxe B mepshix 7 — 1 ypaBHEHMAX OCTaBHTL TOYHOE 3HAUEHME
Be (z, ), a B n-M ypaBHEHHMH HCIOIb30BATH anmpokcuManmwo (2.4),
TO MBI IPEXONHM K 3aMKHYTOHl CHCTeMe W3 1 YPaBHEHMI NJs UHTe-
pecympomero Hac MoMeHTa. JacTHIHO ONUCAHHAA IPOTEAYPa [eMOHCT-
pHpOBajach Ha NpPHMepe MapaMeTpmieckoro BO3OY;KHEHHS CHCTEMBI
3a cgeT QUyKTyanud napamerpos. IIpOMITIOCTPHpYeM Temephb JTOT
MeTOf Ha IIpHMepe YPaBHeHWs [ CPeJHero IOJ,
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VYepemmum ypasHenme (1.2) m gias Haxosaenus eu) HCNOIAb3YeM
(2.8). B pesyabraTe moayauMm BepakeHHe (2.9), NMONCTaHOBKA KOTO-
poro B ypaBHeHHe 171 {u) JaeT

. NI Y oo,
(2ll€%+AJ_)\u>'Tl‘lZde Sdea(xa o,z 79 \0:\; g)S*O
0
(3.1)

Ypasuenue (3.1) He ABIAETCA 3AMKHYTHIM, TaK KaK COJEP/RUT HOBYIO

meusBecTnylo ¢ynrmuio {Su/de>. Urobm moxyumTh ypaBHEHHE A

Hee, mopeiicteyen ma (1.2) omepartopom /8¢ (2', ¢') mpm 2’ << a
Su (x,

un yepenumm. Jlas Bbrancaenns seamanubi < € (7, P) el p) gz)> CHO-
y

Ba BOCHOJIBBYGNICH gopuyioit  (2.8). B pesyabrate [OIyIUM

(2ik a ’ ) Su (r, >_{~
‘ " 7 &2u (l o
+ K S dx S dp"Be (z, p; 2, o <6£ (x". 0) 68’1”, p")>— 0. (3'2)

0
Vpasrenue (3.2) cHoBa OKa3bBaeTCA IIe3aMKHYTHIM, TaK KaK cojep-
JRIT BTOPYIO BADUAIMOHHYIO NPOH3BOARYI OT mois u. H YpaBHeHLI0
(3.2) crenyer moGaBHTH IpaHHYHOe YCIOBHe NPH T = Z', KOTOpOE
noayaum, yepenunsasa gopuyny (1.6):

u(z .

P B = i blp— @) (@, ) (3.3)
Temepb MBI MOsceM Hanucatb ypasnewme fas ¢ymrnmm {8%u/8ede)
n 1. 1. Takmm oOpasom, ypasuenus (3.1), (3.2) m 1. A. obpasymr
3aleILIAIINYOcA  OecKonegnyro cmereMy ypasnenmit. Havamrbmbie
VCIOBHA K MNOSBIAOIUMCH HOBRIM YPABHEHHAM MOYKHO TONXYIUTH
BapHanmonneM Auddepernuposanumem (1.6) m mocrepyromum ycpen-

menues. Hanpumep, mpm 2" < 2 moiaydaem

o
(wraigr o= e =0 (g 6
e(z", p") fe (5 p') Be ("

OTMeruM, TUTO madaldbHOe YCJA0BHEe K RN-MY YDaBHEHHI COTEPKHUT
¢yuxnuo, sxogamyno B (n — 1)-e ypasuenmne. 3aMKHyTOe YpaBHEHHe
B npubamKenun AUGOY3MOHHOrO CIYTalHOro Npoiecca, KaK YKashl-
BAJIOCH BHIIIE, MOJyJaeTcsa IpH s3amere B ypasuenmn (3.1) ¢ymrmun
Be na B = 8 (x — )4 (p — p') TaK KaK B HTOM clIydYae BO3HU-
Kaer Bejumamna {Su (x p)/8e (', p’)) UpH COBHAJAKINIX 3HAYCHUAX
z = x', KoTOpas, coriacHo (3. 3) BHIpaaerca deped {u). 3aMeHY
B, Ha B MosmHO mpomsBecTH He B NMepBOM YDABHEHHH IeTIOTKM
(3.1), a B ommoM u3 mocaenyiomux. Ecau aro cpenarts, Hampumep,
B ypaBHeHHH (3.2), TO O] BHAKOM HHTerpajla NOSBISAETCA BeJIHIMHA

d2u (x, p)
5 7, p") B¢ (= >,KOT0paH, coryiacHO (3.4), BeIpaskaercst gepes
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cpellHee 3HaUeHUe IePBOii BapUAaIIMOHHON TPOH3BOJAHON, M MB HOXY-
9aeM ypaBHeHHe

i 0 Su (x, P) .. K2 Su (x, p) -
(2"/' or T Top® )< Be (2, p)> + i 40) \_68(1’—,9’)>—0’ (3:5)

cIpaBelJmBoe IPH & > &', ¢ HAUAJBHEIM YCIoBHEM (3.3) npu z = 2.
¥Ypaprenua (3.1) u (3.5) o6pasyoT BaMKHYTYIO CUCTEMYy BTOPOIO IpH-
6amAenIns.

Anajorudnpy 0o0pasoM MO;RKNO HOIXYUYHTH BaMKHYTYIO CHCTEMY
VpaBHEHUH CilelyIOMUX npudiumenuil, a Tak/ke W CHCTEMhl YpPaBHC-
HHEI [J0da ApYIrEX MOMEHTOB IOJS U.

Pemenne ypapuenns (3.5) ¢ ycaosHeM (3.3) mMmeer BuUp

Su (I, p) . k o 7 k [ k (P—p/)2
=i @0 |y O\ me =y )] X

Be (27, p)
X exp {—kTZA(O)(I——x')} . (3.6)

Brrpaskenue, saxmaiouennoe B KBajgpaTHhiX CkoOkKax, npd x — 2° — 0
crpemutes K § (p —p'). lopcrasuasn (3.6) B ypaBuenne (3.1), moayanm

(-t )=

ox 2l

X
I ol W . k - ko —p") .
=7 S”x Sdp [2ni(.x—z/)°"1’{_ 2t(x—x')H x
0

X exp {— 2 A40) (x — x')} Be(x—2',p—p)<u(z’,p')>. (3.7)

8

YpasHerne (3.7) Moskmmo pemurth npeoGpasoBanmeM Jlanigaca mo z
u mpeoGpasoBanumeM Dypue no p. M e Gyfem memath 3Toro, a BhIAC-
HHM JHINb, IPH KaKHX YCJIOBHUAX pellleHHe YpaBHeHHUs (3.7) mepexo-
OUT B pellleHHe YPAaBHEHUA, COOTBETCTBYIIIEro NpPUOIMKEHHIO Aud-
¢dysHOHHOro ciIydaliitoro Imporiecca.

Bripaskenne B KBajpaTHBIX CKoOkKax B (3.7) mpefcraBiser coGoi
(Pa3MasaHHylo» Ha macmtab a = [(z — 2')/kl'> 8-pymrnuio mo
p — p’. B cBowo ouepenn BermunHa (z — z') OrpaHHIABAETCA BEJIHTH-
HOH MopAfiKa MPOA0ABHOTO MacmrTaba HeofHOopoAHOCcTeH [ 3a cHer
muoskurens B (x — 2, p — p'), oTkyma moaygaem, 910 a ~ (I /k)'-.
Eeam - cmra @ Maa mo cpaBnenmio ¢ ! -macmraboMm ¢yuruum B,
m (p—p'), 7. e. (Iy/k)!:< I, 1O BHpameHHC B KBaJpaTHHX
ckoGKax MOkHO 3amenuTb Ha O-Qymwnmwo. Wrag, ecam 1| < kI,
TO ypaBHeHHe (3.7) MOKHO 3aIlHcaTth B BH[E

T
(35— 2 Ar) ular 0> =

— _gs dE Be (5, 0) Cu(z — &, p)> exp {— kTZA(O)g} .

0



Ecnnm, wpoMe T0ro, BHNOJHAETCS YCI0BUE
: Kkt

1. e. ocaablleHEe CpefHETO TOJA Ha Maclitadax mmopsfka ly Mauo,
TO MOYKHO TpeHeJpedb HKCIOHEHIMANLHLIM MHORUTENEM H COBHUTOM
apryMenta ¢yuknunm {u). B pesyabrate ypapHenne NPHHHMaeT BHJ

(& =g b )aw=—4 §da Be (8, 0) Cu(a, p))-

0

Ecau, makonen, £ >>1, 10 BepXHHUil Tmpefiel HHTETPAPOBAHAA MOKHO
YCTPeMATh K GeCKOHeTHOCTH, W MBI IPUXOJMM K ypaBHeHmio (2.7°).
Takxum 06pason, IprOIMKeHTe THOPY3UOHHOTO CIYIARHOTO MPoIecca
IS CPeflHero TOJS CIPABEJINBO MPH BHITONIEHAN CICIYIOIMIX Tpex
YCIOBUM: :

Iy <R, ol <L, x>0y (A(0)~0ily) (3-8)

AHaOTHIHHIM 00pa30M MOKHO HOTYIMTH M HCCIeNOBATH YPABHEHUSA
BTOPOTO NPHUOIMReHHA s QYHKIHH KOTePeHTHOCTH T, (z, R, p).
VenoBus TpHEMeHEMOCTH TMPHGAMKeHHA ARGHY3HOHHOTO CIyIaHHOTO
nponecca aius L'y (z, B, p) uMeroT Buj (1pu II0CcKO magaroneil BoJiHe)

pLa, kx| ViAQp) <L (3.9)

BaskHO mOomIepKHEYTb, 9T0 ycuaosus (3.8) um (3.9) npakruTecKn He-
3aBHCUMBl, TAK KaK HAKJANEIBAIOT OTPAHNIEHMA HA PasiMIHbe Iapa-
MeTpbl. B gacTHOCTH, MOKeT 0Ka3aThCs, ITO YCIOBUSA (3.9) BEImOIHA-

-2
TCS B TOM caydae, korga ycxosue yl << 1 (y:%A (1)) mapyma-

etca. OTMeTuM TaKke, 910 yciaoBusa (3.9) HaKIagbIBAKT OrPaHUTEHNA
TONBKO HA JOKaJbHble XapAKTCPHCTHKA (IYKTyarmuil € u T0-
9TOMY MOTYT OHITb BalHCaHbl U AAA TYPOYIEHTHOI Cpefsl, B TO BpeMs
Kak BeJIHUMHA Yy ompefeinserca Hambojlee KpPYTHOMACIHITAGHEBIMU
GIYRTyau HAME E.

OTHOCHTENbHO VCIOBHH TPUMEHHMOCTH AU(QysHOUHOTO MpUOIH-
AeHna A QAYKTyanui WHTEIICHBHOCTH CM. CHeIYIOMYK TIaBy.

§ 4. Avnanryxno-hazoBbie (PIyKTyali¥ BOTHBI

PaccMoTpuM Temepb CTATHCTHIECKOE ONHMCAHIE AMIIMTYAHO-(aso-
BHIX (IAYKTYyaLHH BOJHBH.

Kommiekcnaa ¢asa BOAHBI ¢ = % -I- .S OMUCHIBaeTCsA ypaBHEHH-
em (1.21). Tounme pemenus: ypasaenuit (1.21) m (1.2) oKBUBaIeHTHEL.
B mepBoM TNpHONMMEHEE MeTONA IIABHHIX BoaMymenmil PhiroBa
(MIIB) (cv. momorpagmio [30]) B ypasnenun (1.21) omyckaercsa wnen
(Vi9)?, 1. e. paccMaTpHBaeTcsl ypaBHeHHe

2ik 280 Ao+ Ke (x, p) =0 (h.1)
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¢ HavaldpubIM yeaosueM ¢, (0, p) = 0 (nas miockoit magatomeit BoJ-
HH).

Pemenue ypapmennsi (4.1) pus ¢ypbe-KOMIOHeHT IO ITOMePEUHBIM
KOOpAMHATAM [aeT IOCHe pasfeleHHA [eHCTBHTENbHOH ¥ MHUMOIM
qacredt OAA ypoBHA aMIIJ'II/ITy,IILI n ¢assl cienyomue GOpPMYIL:

o

W ___._)_Sd ep () 51n—(1"‘§)~

; (1.2
0 kO - 2
Sp(x) = 3 a‘gep(g)cos—:k (x —E).

0

Pemenne B 3ToM ciiy4ae SABJIAETCA TAYCCOBCKHM CIYYAMIBIM ILOJIEM,
H cTaTHCTHIEeCKHe CBOUCTBA aMIIIHTYAHBIX QAYKRTyaluil oNHCHBAKTCA
]

napamMeTpoM ag == {%h (, p)», A KOTOPOTO, COTIACHO (opMyIaM
(2 21’) (2.21") m (4.2), umeem

Sdpldpa@p,( ) Ap. (7)) exXp {i (P1 + P2) 0} =

J‘Izl 2397

k k

=)
=)

k 2
dp pDe (p {1 — A [smp—x—sm —p—(x—Ax)]} (4.3)

Ecam mone e (r, p) sanmosHser Bce WPOCTPAHCTBO, TO Az = z m

22z k. 2 ’
oy ()= 2 gdppcp () [1— psinfz].  (43)
0

Ecan ke moxe & (z, p) OTAHIHO OT HYISA TOABKO B TOHKOM CJCe

Ar <Lz, 10

op(x) = i%;ﬂ S dp pDe (p) [1 — cos—i-2 x] . (4.3")
0

ITOT clIydall HABHBaeTCA CIyIallHBIM (A30BHIM DKPAHOM, ¥ BOIHA
nocje MPOXO/KAeHHA TOHKOTO CI0A (QIYKTYHPYIOMed cpembl pacupo-
cTpaHAeTCA Jallee B IYCTOM IPOCTPAHCTRE.

Ecnmu ¢ayxryanuu e (z, p) BBHIBBAHH TYPOYIEHTHEIME NyJbca-
HUEAMHE Temmepatrypsl, to ¢yurnus O, (p) omuceiBaerca dopmynoi
(2.22) n marerpansr (4.3'), (4.3") nerko BeMcAAIOTCA. B pesynabrarte
moayuaenm [30]

02 = 0,077C lsg"1s (Az = x),
o8 = 0, 144C2k Isa*l+ Az (Ax < x).
IIpn sToM okassiBaeTcst, 9T0 YCHOBHEM CIPABEJIMNBOCTH NMEPBOTO MPH-

6amrenusa MIIB s avnuatyqusx GaykTyanmii Apiserca ag () << 1.
O6nacte QuyxkTyanuil aMIUIMTYAB, B KOTOPOU BHIMOJHSETCH DTO He-
PaBeHCTBO, Ha3bBaeTCsA «00iacThi0 CJabHX ¢uyrryanuiy. B obmacru,

(h.4)
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2 o
rme 0, o= 1 (koTopas HaswBaeTcA «0GITACTHIO CHABHBIX QUyKTyaumin),

HeoOXoanuMO mM3ydath mnosuoe ypasuenue (1.21). Ha pue. 17 mpuse-
NeHa IKCIePHMEHTANbHAS 3aBHCEMOCTH [UCIEPCHH YPOBHS aMINIH-

Za, /
- //U R o o
- o ° 2 o°
Zﬁ / o2 geo&ioéio 9:3 oooco‘é 060, © o oooocoéoo °
- [ %6 o000 A © o
[ R
° ° o
21~ &5
> b3
o/°o°
’)o\qgi" S
28] 1
o, sé
o Qg
o
24| F
Lo}
ﬂLL ; I S S S SN ST
2 4 A & -~ W7

Puc. 17. IKCHePHMEHTAJbLHEE 3HAYEHMA JICIEPCUIl ¥ (z, P) B 3aBHCUMOCTU OT
napaMerpa o, [99] (UTpIXoBas JHHUA COOTBETCTBYET pacyeTy Mo MEePBOMY Npi-
omurentio MIIB).

PUIS )
79899
4,996 |-
299 |- 2y
498
096 1
99 -
48
46
i [ t !

-3 =7 -7 7 7 J Ln/,—ln/

a3 5
4q75 -
208 |-
90414
7 202
7 20081~
3 7 4002

T

T

Puc. 18. PacnpeieseHnc BepoATHOCTe(l JIIsE HHTCHCHBHOCTII CBETA B TYPO yaenTiol
cpene [99] (aumua I cootserctayer 0F < 1; 2 — ol =1+4, 3 —oX> 4
2
4 — o5 > 25).

TY[BL O, OT TlapaMeTpa O, IPH PACNPOCTPAHEHHH CBeTa B TYpOyJeHT-
Hoit armocgepe [99]. Pemrenne, coorBercrByiomee mepsomy npubiam-
atenmio  MIIB, moxasamo Ha 9TOM DHCYHKe WITPHXOBOH NpAMOI .
Ha puc. 18 msobpaikeno pacmpefeleHHe BepOSTHOCTeH sl YPOBHSA
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avmanaTyam [99]. Us storo pucynka pmjio, 910 B obaacTa cixabRIX U
0UeHD CHIABHHX (UIYKTYanuil pacmpefelienue BeposaTHOCTed GIH3KO
K TayCcCOBCKOMY, OTKIOHEHHS OT KOTOPOTo HalaiofaloTesi TOJBKO
B o6nactn 05 ~ 1. Uro Kacaercs gayxryanuii yria OpUXoja BOJHBI
B TOUKY HaOJOfeHus, CBASAHHHX ¢ QIYKTYanUSMH BeJHIHHLI v,S§,
TO OHH XOpPOLIO OIMCHBaloTCsA HepnkiM npubmmxennem MITB [132].
Mpu stoM mus jUCIepCHE yria NIpPHXofa BOJHH B Touky (7, 0)

o (z, p)= %VLS (z,p), amamormino pmpogy dopyyn (4.3') m (4.3"),
LOoJyYaeM BHparkKeHHUs

oo

@ @p =" (appae [t - osindea]  (Ae=a),
Y (4.5)
(@ (@ =2\ ap prve(p) [t eos foa ] (Ae 0,

0

OrMertuM, uto auddysnonnoe npubimkenne pis ypasuenus (1.2)
IpaKTHICKN He HAKIA[HBaeT OrpaHMUeHHs Ha aMIUVIATY[HBE QIyx-
Tyanum W, cilefoBaTedbHO, ypPABHEHWS /I MOMEHTOB ToJs U (z, @),
HOIYyYeHHHe BHITe, CIpaBedUBH W B 00JacTH CHIBHMX (AYKTYanuii
AMIUTATY/TEL.

CratucTHUecKHme cBoitcta pemenns ypasHenma (1.21) rtawike
Moryr Omrth omucaHsl B auddysmommoM npuGimkennu. Onmaxo,
B CHJIY HeJUHeHHOCTH CaMOTO CTOXACTUIECKOTO ypPaBHeHUsd, ypaBHe-
NHA [ MOMeHTOR (QYHKIMH ¢ (z, p) OKA3HBAIOTCH HE3AMKHYTHIMH.
ITosToMy /st u3ydeHHs aMILIUTY/AHO-Pa30BHX QAyKTyanuil Hago IpH-
BAeKaTh Kakyw-anbo pomodnumrenpuyio uHopmaimio. B kadectne
Takodl uEPoOpManuu MOMIO HCHONAB30BAThL, TATPUMEp, DKCIepHMeH-
TaJdbHBe faliliile 0 HOPMAJbHOCTH OJHOTOYETHOTO paclpefeJeHus
BepoATHOCTeT IS YPOBHA aMIVIUTYAH B 06JaCTH CHIBHHX QAYKTYa-
nuit. Jlnsg cnygas nipockoil mamaolledl BOJAHHE YpOBeHL AMINIMTYILL
W MHTeHCHBROCTh BOJNHH omucmBatorcs ypasmenusamu (1.22), (1.24)
¢ yeaopmyu g, (0, g) = 0. I (0, 0) = 1, u pemrenms sTUX ypaBHeHHT
OYAYT OMHOPOMHHMHU CJHYHAHHEMHE IOJAMH B IJIOCKOCTH Z = const.

VYepeansas ypasuenue (1.24), moxydaeMm cooTRoUIenue

I (@, ) = 1, (4.6)

BHpkaloMee 3aKOH COXPAHEHHsA DHEPTHH JUIf paccMaTpuBaeMoil 3a-
pagn. Ilpu HopMambHOM pacmpefenenun jas 7y (z, o) us (4.6) moay-
yaeM

I (z, )y = <exp {2y}> = exp (x> + 204} = 1,

U, clleoBaTelIbHO, CpegHee 3HaueHme ypoBHA ammiutyam <y (z, )
H jdenepeHs ypoBHA oy = {(y — {¥>)?> CBA3AHN COOTIONICHNEM

o) — —1>- (4.7)



He npencrasiasier tpyma momywurs B 9rom caydae dopmyay
o (z, 0) (z, p)) = oy (4.8)

Yuromas reneps ypasuenue (1.24) ma y (z, p) u yepemusas, nomydaem
¢ yueToM (4.6) # DpocTpaHCTBEHHOH OJHOPOHOCTH COOTHOINERIe
1 g e
Gl ) I (r, ) =5 VaET T E O VIS E 0. (49)

v
]

Jlepass wacts ypaBuenus (4.9) mpm HoOpMaIBHOM pacupefeseHHN
BepoATHOCTeH /I cBABaHa ¢ gucmepcuedl y coraacuo (4.8), a penu-
dnHa B mpaBoidl gacru (4.9) ompemensierca koppessiumedn ¥V, I u VS,
Ecan mpu pacuere ammauty;mpix QayKTyaluil MosRHO LCHOIB30BATH
paa V.S gopmyny mepsoro unpubiammenus MIIB (4.2), 1o mpasyw
q9acTb ypaBHenus (4.9) MORHO BEIHCIMTL B Auddysmontiom mpubin-
JKeHUY W TOIYIUTh ACHMITOTUUYECKOe Bhipaikedue [133]

oy ~ Ina, (og > 1).

dra QopMysa UPOTHBOPEIAT OKCUEPUMENTAIBHEM [AHHEM  (CM.
puc. 17). Orcrooma MOXKHO ClesaTh BHBOJ, YTO HECMOTPHA Ha TO, 9UTO
Gayxryanuu yria mpuxofa, cBasaHmple ¢ penudupoi V, S, Moryr
OHTE onucans B Hepsom npubimwkennn MIIB naske B o6aacTu cCUIBHEEIX
GAyrTyanmil aMIUIMTYBL, NOJAB30BATHCSA HTHM BHIDAsReHHeM [JIA pac-
deta aMIIRTYAHEX QIYKTyanuid Henb3s. B srom Mul yOeguMmcs elie
pas um:e, paccMarpuBas NIpuOIIGKenne reoMeTPpHYeCKodl onTukm.

OrmeruM, 910 B ofmactu caaGmx GAYKTyauuii MHTEHCUBHOCTH
YPOBeHb AMINIHTYAH HMMeeT TayCCOBCKoe pacnpejeliedne BeposaTHO-
creit. Iloatomy dopmyrna (4.7) cupasegnupa B oroit obaactn. Pacemo-
TPAM Telleph AUCIHEPCHIO MITTENCHBHOCTH Hiocko#t Boumnt. Jlas Hee
uMeeM

Pe = Iy — 1 = Cexp {4y}> — 1 = exp {4y + 802} — 1 =~ 4o},
(4.10)

Ifie 0y omuckBaercs Gopmymoi (4.3). CiefoBarenasno, B obmacT cia-
Opx Qayrryanuil gas TypOyJdcHTHLIX OyAbcanuil TeMOepaTypH

Bo = 0,307C gk at s (Az = z), (4.11)
Be = 0,563Ck" x:Ax (Ar < x). (4£.12)



Fnasa9

PACIHIPOCTPAHEHUE BOJIII
B CIYYAMHO-HEOJHOPOJJHBIX CPEJAX
(OYHKUMOHAJILHBIA METO]T)

PaceMotpuM Temepb cTaTHCTHUECKOe ONHMCAHHE XapaKTePUCTUR
BOJIHOBOTO IIOJIA B cpefle €O CIYyIalHBIME HEONHOPOJHOCTAMM, OCHO-
BaHHOe 114 UCI0JAb30BaINN (YHKINOHAILHON 3allUCH PeNleHUs 3aadd.

§ 1. Howmrmmyansuas saumuch PCHNICHHA 3a]aun

Il omucaHusa NIPOMeCca PACIpPOCTPANEHHs BOJHEL B HEOMNODO/-
Holt cpeme GymeM MCXORUTH, Kak M B IpeAnaymell raape, us mapaGo-
AU9ecKOro ypaBHeHUS

ou i .-k
M Ayt i (e pu, w0, p)=uw) (LD

ox 2k .
Ijle 0Chb & COBIAfaeT ¢ HalpaBJieHUeM IHaaomell BOJHN, § == {Yy, 2} —

92 A2
a7 gz 2 € (% @) — dayrTympyio-
mas 9acTh HOJIA AMIJeRTpHIECKOll IPOHUIAEMOCTH.

Nenomssys Mertoft, npepnoskennsit @pagkunsiv [134] B kBanToBOM
reopum mousi (eM. rtakme [135—138]), pemenme ypasmenus (1.1)
MOJKHO IIPeJICTAaBUTH B olepaTopHod ¢$opMe, MIN B Bufle KOHTUHYATb-
Horo murerpana [139]. Jlas otoro pacemorpum Bmecto (1.1) Gouee
CJI0KHOe YpaBHeHHe, CofepsRaniee NPOUSBOJBHYI0 AeTePMUHUPOBAH-
Hyl0 ¢yHRIuO T (I):
oD _—_ZI’—EAL(D—Fi%a(x,p)CD-FT(x)VLCD, (1.2)

“or
| © (0, ) = uo(p), 1 (7, )= P (2, p) eco-
Iaa papuamumonmnoii upoussoguoil 8D (z, p)/bt (z) craumapTHEM
oyTeM IOJXydYaeM BbpaskeHHe
oD (z,
ﬁ —V, D (z,0), (1.3)
n ypapuenue (1.2) MosHO Iepenmcarth B Buje
oD i 6D .k

Bynem uckath pentenne ypasaHenus (1.4) B nume

mollepeunsie KOOPAMIATHL, A =

x

® (2, 0) = exp {5 | & g5 0 (@ 0): (1.5)
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Torpa yas ¢pynruum ¢ (z, p) HonydaeM ypaBHeHHe IEepPBOro IOPAMKA

Wit e e+ T@T 0 00 0)=ue(e),  (1.6)

penienne KOTOPOTO BLIFVIAOUT TaK:

k

q><x,p)=uo(p+0§dzr<§>)exp{iTondaa(a, Sdnrn)} 1.7)

CaenoBatensuo, ¢ yuyerom (1.5) u (1.2) noayuaem

x

u (@ 0) = exp g\ d& s u o+ §d§r<§>) X
X exp{ % S dte (E, o+ é dnt (n))Ht:O. (1.8)
0

IJT0 PABEHCTBO MOKIO BAMCATH B BHfIe KOUTUHYAIRHOTO HITETpaa
(cM. HHEIKeE):

u(z,p)== SDUUo(p 'rgcdzv(g)) X

xexpli ([0 ~i—e(§,p;~§dnv(ﬂ))}}, (1.9)
0 g '

o Ilav (&) {S .. \ EJi[ dv (5) exp {i - S de v (&)}}—1

&0

B caydae mIocKoil nafamomeil BodHH U, (p) = uy 1 popmyaa (1.8)
DPUHEMAeT BHJL

i dE 02 .k
u(zx, p) = Ug exp {.’/ S 5 (Z)} exp {L 5

Oma

(1.10)

Bripamenne (1.9) monyckaer BepoATHOCTHY I MATepupeTanuio [17],
a IMeHHO, ero MOKHO GOpMAIBHO BANUCATH B BUE CPefiliell BeJIUTUHEL:

(e, 0) = Cinafo -+ § a2 o 0) oxp i 4 SdEe(E,erSdnv( .
' (1.11)
Yepensenue 3pech NpPOUSBOAMUTCS DO amcaMGii0 peadusanuil moJis

v (§) (§ << x), roTOpOE MOKHO DPACCMATDPHBATD KaK (TayCCOBCKOE»
caydaiiHoe 110Jie CO CPEe[IHUM SHAUEHHEM, PAaBHHEM HY/II0, I ¢ KOMIIGKC-
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HOU «RoppeNsAnuoHHONY (yHKmuei
o) vs (B> = 8usd (&1 —8)  (a, f=1,2).

Jlerko Buaets, 910 Bee GOPMYAH, cIOpaBeTUBHeE A OOHIHHIX
rayccoBCKUX CAYYaHHHX DoOJeil, BepHL U B 9TOM cIydae. B wacTHO-
cru, Oymer cmpamemiamBa W gopmyna (2.3.8).

Ilpencrasasas (1.11) B supme

u(z, p)y= S dn g (%) exp {irp} X

x

X <exp {in §d§ v(E) + i%S.Cd&e (E, o +Sd7] v(n))}>,v )

g

rae Ug (%) = 5o dp'ue (p) exp {— i%p’}, MOEITO0 BLUINIHATH yCPef-
Y
wenne mo gopmyre (2.3.8) 1 nodyqurh BLHpaKenie
. o
u(zr, p)= 5 dw up (%) exp {ixpj—- L;c x}xp (z, p, %), (1.12)

st n 0= ConfidSare oo o~ £

£
5

BosBpamascs & onepatopHOMy BHAY, BHpakeHue i P (z, @, %)
MOKHO 3alMcaTh B ¢opde

¥ (T, 0 %)= ‘ ‘
— exp {4—2 S;dg 6152@} exp «{L’ ;L (> dge (En o I é dn [T(’])* %D}r:o' ‘

(1.13)

Iipencrapmenne (1.13) saasiercs: pemenneM nuddepeHnuaabHOro ypas-
HOHNSA

K= LA iy — eV, $(0, 0 =1 (1.14)

Bupasenus (1.12)—(1.14) npeacrapisator pasioiieHHe 3a1aqTH
Do njaockuM postHaM. Bripaskenme (1.12) w ypanuemne (1.14) nuas Be-
JINYNHBL 'lp MOKHO HOJYUYUTH, pasyyMeerci, H HellocpeaCcTBeHHO H3
ypasuenns (1.1).

Brpasenue, ctroamee 5 npasoil wactu (1.12) nox smaxom unrerpa-
13, OHUCHBaeT NAEPpPARHHI0 IUIOCKOH BOJHH 3a cdeT HEeONHOPONHO-
cTell TONA €; IPH 9TOM MHOMKHUTEND U, (%) exp {ixp — i%x} ONUCH-
BaeT MuPparnuio B cBOGONHOM HOPOCTPAHCTBE B OTCYTCTBUE &, & MHO-
JKATedb ) YIATHBAET BIHAHHE HEOAHODOAHOCTeH Ha Takywo pudparm-
POBAHHYIO RBOJHY.

286



Pemenne ucxognoro ypasnenus (1.1) 3 dopme (1.8), (1.9) momxuo
HONYIUTE M HEIOCPe[ICTBEHHO, UCIMOJb3YH BEPOATHOCTHYI0 MHTEpPIpe-
TAIHMI A pellenus. PaccnoTrpum ypapuenue

290 i L oe(x 0) (2, 0) F v () Vog(z p),  (1.15)

9 (0, p)=uo(p),
rae © (r) — «rayccoBcKoe» caydailHoe IoJe € TeH3OPDOM (Koppelsi-

E88%07 03

<l/ gl)vﬁ (g ) "‘—_60(.,56 (El—g‘z) (ai B: 172)

Pemenne ypasuenus (1.15) saBasercs ¢yurimumonasom mnoas v (E),
T.e. ¢ = ¢ [x, p; ¥ (E)]. Yepenunm ypasuenne (1.15) mo », a nas pac-
memtennst rRoppeasnuua <{¢ (z2)V ¢ (z, p)> BocmOaBR3yeMcs dopMy-
aoit (2.3.6"). Torma momydum ypapmerue

%<‘P>v=i%8<w>v+2—2h<@>v, (1.16)
{9 [0, p; ¥IDw =uo(p)-
Cpapuubasg (1.16) ¢ (1.1), Bmumm, d9ro
u(z, p) = (¢ lz, g; v (E)D0. (1.17)
A yunTmBas, 4ro pemenue ypasHeuus (1.15) mymeer nupg

¢ lz, 0; v(§)] =

x

idas(a, o+ anem)},
0 £

X

=ufp + { dze@)exp i
0

o] =

MBI BHOBBb NPHXOMAM K Bhiparkenmio (1.9).
IOas mepexoma ot (1.17) x ¢opme (1.8) mepenmumenm (1.17) B puse

u(x’ p): {@ [z, 0; © g) ( J/v It—-ﬁ—

X

:< °xp {Sd vl m(g) >,,<Plx, 0; T (E) Jrmo, (1-18)

(]

e T () — Npou3BOJBHAS JeTePMHHUPOBATNNAS  BEKTOP-QYHKIIMA.
B ¢opmyne (1.18) MoKHO BRHIIONLHTH yCpeHeHHe, H B pesyiabrarte
moJXydaeM

PG 8
u(z, p) = exp {—ZTOS dg 52 (%) } ¢z, 0; T (E)]r—os

q9T0, eCTeCTBEHHO, COBHANAET ¢ BEpamenmem (1.8).
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B saxmouenue npuBefeM BLipaiienus s ¢yuripuu I'puma ypas-
wennsa (1.1), omucnBaomeil moje cheputiecKoil BOJHEL

X

G(z, p; 2, p)=exp {_—lh S de %}» [5(9_9’ J

H\

\ ¢ =0
G(z, p; x,p’):SDv(S(p—p’—,L S{dgv(g))exp{z—]j—jdgx

Do— [ de @{y.- I dv @ exp {i—f?gda @ (.20

f=x" f=x’

KoMImeKcHo conpsAskeHnble OPMYIsl ONHCWBAIOT (QYHKIUIO T'puna
jist cepudecKoil BOJHBI, PACHPOCTPAHAKINEHCH B OTPHIATENHHOM
HapaBiedd OCH Z.

OTMeTuM, 4TO MOKIO 3alHCATH B BUJle KOHTUHYAJIBLHOTO HITErpa-
na u pelllenne gauneifsoro AuddepeHruaTbHOTO YpaBHeHUA oburero
BH[A:

dn
at

L F (2, V)u=0,

KOTOpoe, OfHaKo. B OTIMIHE OT PACCMOTPEHHOTO YpaBHeHnud, Oyner
cofeprkaTh JBVKDATHHN KOHTHUHYAJIbHBIH HMHTErpal [136].

§ 2. Crarmermdyeckoe OUMCAHHE BOJHOBOTO 10AA

IlepeiiieM Temeph K CTATHCTUYECKOMY ONMCAHUIO PACIPOCTPAHEHNH
BOJIHEL B CIy9ailB0-HeOIHOPOAHOU cpefie. Kax u B npeasiaymeil raase,
6yfeM cauTaTh, ITO QIYKTYaLuu MOJLA € (x, p) ABAMIOTCA TAYCCOBCKUM
OTHOPOJHBIM, [eJbTa-KOPpeJupOBAlHbIM 10 0CH T, COYIalHEIM HOJIeM
¢ KoppeiasnuonHod QyHRnuei

(e (21, Pr)E (Ta) 02)> = 8 (x) — x)A (01 — 02), (2.1)

rre A (0) = 2n [ dx @p (w)ei*?, a @ (x) — TpexMepHas CHEKTpaLb-
Has QYHELUS HOds & (1) OT ABYMEPHOTO BeKTopa .

B cuay gopmyant (1.12) Ham gocTaTouHO H3YTUTH CTATHCTHYCCKHE
XapaKTepuCTHKHA QYHRIHE .
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Yepenuaa dopmyry (1.13) me amcamOuro peadmsanmmil nons e,
HoJy4aeM

(W (2, 0, %)) =
= exp {% S dg, 61‘5)%)} exp {—- %2 A(0) x}tzo = exp {— ATZ A(0) :v} )
a, CJIeJIOBaTe;bHO, BHpaKeHne [JA CpeJHero IOJs MMeeT BHUJ
{u(z, p)) =exp {— %2 A(O)x} S dn ug (%) exp iixp — izi/: :v} )

€CTeCTBeHHO, copmajaiomuil ¢ dopmymnoit (8.2.18).

O6pasysa Ouimmeiinyio KoMOumanuio py* u ycpemuss, moaydaem
(8mecb 0003HATAM @) — Py = P, i — Ry = %)
<Ip (fl?, plv M1) IP* (:l?, 02, M2)> -

x

= exp {;—k S dg [61?2(&) T 5-;22%]} x

0

x

% exp {— - §ng (o+{an[nm—mm—2]) _,
0 13 !

(rme D (p) = A (0) — A (p)). Henas $yHKumOHAALHYIO 3aMeHY Ie-
PEMEHHEIX Ty — Ty = T, T; + Ty = 277, 8To BHpaskeHHe MOKHO I€-
pellcaTth B BHE

x
i

PR 62
<Y (2 P15 %1) ¥ (T, P2, %2)) = €XP {_k_ S &€ 5 (€) 8T (a)} X

(]

o= §an o Yanxtn— ] =
0 13

=exp {_ L §d§D (p—-—:-(x—g)J} (2.2)

H, CAe[0BaTeJbHO, HOJYIATH BHpaKeHHe AAA YHKIUN KOIepeHTHO-
ctm proporo mopapka u (z, p)u* (x, p,)>. AnamorminsiM o6pasoM
JerKo MONYYATh BHpKeHHe H s OPOXOJBHON  KOppeaAnun
(u (x1, p))u* (24, Pg)>. OTH BHpa/KEHHA, eCTECTBEHHO, COBIANAIOT
¢ dpopmynamu (2.19), (2.19") openpinymeii raape. [{ns Bcex ocralb-
HHX MOMeHTOB moneldl u (x, p1) u u* (x, pp) 3aMKHYTHIX BHpa:KeHNI
HONYYNTh He yAaeTcA. IT0 06yCIOBIEHO TeM, 9T0 B PACCMOTPEHHEX
3agavax nudpaknmonHre sPQPeKTH He CKa3HBATCS HA CTATHCTHTE-
ckoM nopefennn ¢ymrmuit (P> m {Yp*> (meiicTBEe COOTBETCTRYIOMMX
OIepaTopoB CBONHUTCA K €MHHIE), B TO BpeMsa Kak NJIA BCeX APYIHX
MOMEHTOB BIHAHHE AUPPAKIUOHHOIO oIepaTopa CYMEeCTBEHHO.
Boipaskennus juia cpefiero noiA u QYHKONN KOTePeHTHOCTH, KaK
OBIJI0 NOKA33aHO B Ipekyimeil IiaBe, JeTKO LOIYIUTL H HeOCPen-
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CTBEHHO, YCpelHsii COOTBETCTBYIOIIHe cToXacTAYeCKHe ¢ ypanHenus.
B sToM cMbicie WA BHUACICHHSA YKA3AHHEIX BeJNTIHH 3TH MeTOA
MOJKHO CUMTATh 9KBHBajdenmTmaivu. llpencranisercs, ogHaKo, CymecT-
BeHHbIM, ITO ¢ IIOMOIBIO OIIEPATOPHOTO MEeTOAa, WU KOHTUHYATILHOIO
WHTErpaia MH MoKeM BHITHCHBATH BEIDRJReHUS JUIA TAKHX BeIUTnH,
KOTOpHI® He MOTYT GHTH ONHUCAHH 3aMKHYTHMH ypAaBHEHUAMU (manpu-
Mep, BHPa/KeHAs, CBABAHHHE ¢ QAYKTYanusMU HHTEHCUBHOCTH BOJ-
ubr). Tak, HanpuMep, MOJKHO HOAYIHTH 3aMKHYTOe YpaBHEHUe s
(QYHKIME KOTEPEHTHOCTH TeTBEPTOTO NODSIKA
F4 =u (.’t, pl)u (.’[, Pz)u* (.’[, Pa)u* (xi P4)>,

¢ TOMOImBI0 KOTOPOTO 3aTeM HATH BEIWINHY I? (z, @)), monaras
B DeNIeHHE Py = Py = O3 = P, = P. ONHAKO DPEIMATE AHATUTHICCKH
9TO ypaBHeHUe He IPeACTABIAeTCS BO3MOKHLIM,  OHO COJEPRUT MHO-
ro ammHnX (s HaxoxkpeEna ([®>) mapamerpoB, B TO BpeMA Kak
sanuch peamdnibl /% (z, p)> B KOHTHHYyaJIBHOM BHJ¢ 3THX Napame-
TPOB He COAEp/KHT. IToaToMy Takas 3amuCh MoskeT OHITH NoJIe3HA A
M3YTeHUS ACUMITOTHIECKHX XapaKTePHCTAK JIOCHX MOMEHTOB H,
cleoBaTeqbHO, paclpefieleHAs BePOATHOCTEH Ui HHTEHCUBHOCTH
BOJIITOBOTO IoJs (cM. clenylomui maparpad). Hpome Ttoro, B pane
clIyuaeB IMpeicTaBleHue IIOJSA B OUEPATOPHOM BHjle LI03BOJIAET HalTH
COOTBETCTBYIONAE CpeJHNe XapaKTeDUCTHKN TeXHAYeCKH Ipomie 10
CPaBHEHHI0 ¢ H3YyUeHUeM COOTBETCTBYIOMHX ypanuernnii. Tak, B § 4
npefuayniedl raaphl HpH W3YICHUU AMILTATYQHO-(PA30BHX QIYKTYa-
nuil Tpe6oBaloch BHYUMCIN Th BeJAHIMHY & (y, o) (z, 0o)> (x> ¥)-
Ecan nexofuTs upn aToM u3 ypasmenns (1.1), 1o cienyer cocrasurh
nudpepenEaIbHOe ypaBHeHAS JUIA BeTNTHHEL ey, pO)u (z, po) u* (2, p3)
np® y << ¥, YCPeRHUTH €ro, YCTAHOBUThH I'DAHATHOe yCJIOBHE JULA Be-
amaunn {euu*) mpm £ = Y, PeIOUTH NoJdydeHHOEe ypaBHeHHe ¢ COOT-
BETCTBYIOMMM T'PAHUIHBIM YCIOBHEM, @ yie 3areM HOJLOKATE O3 = Q.
B To ke BpeMs BLIYHCIeHWe BTOH BeJMIMHEI ¢ IOMOMBIO IpejCcTaBie-
masi I (z, p,) B oIepaTopHOM BuJie Malo UeM OTIHIAeTCHA 0T BHIIHCIe-
aug  BeamdmEH {\PPp*>, PacCMOTPEHHOTO BHIIIE. damnuch  pelleHHs
B BHJle KOHTHHYaJIbHOTO MHTerpala yRo0HA W IPH aHAIN3e CTPYKTYPL
BOJIHOBOTO OJSA, OTPA/KeHHOTO OT 3ePKaJbHOW MOBEPXHOCTH [41].
Hermonnays gopMyay (8.1.15) n Apnoe Bhpaienue JIA QYHKOUM Tpn-
Ha (1.19), st moaA oTpaskeHHOM BOJIHEI B TOUKe (0, p) moxy1aeM BEI-
paskeHHe (LPETIOIAraeM JUIsi IPOCTOTH, ITO 36DPKAJIO0 IPOCTPAHCTBEH-

HO OfHODONHO, T. €. V (0, p1) = V (02 — @1))
L,

torp (0, ) = { 4BV (§) exp {WIS dE [TST (,f—jg}} X

dE [E(E, p— Sgdnn)Jrs(E,p—-b— SLdnrHr §d7]172)]}><
) L 0 13

L
X exp {Z%S

0

» (2.3)

T=0

X uo(P—_‘b—'Sdg [T1+Tz])
0
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KOTOpOe MOMHO Iepenucath B BHJE

torp (0, p)= § bV (8) { o () exp {1 (0 — §) — 1 5 1}

k
o gV v Sl S s 0+ Sann— )+
0 1 0 0

L L

+8(§,p—b+ Sdnr1+ \ dn T, — - (2L—§))]}T‘=O. (2.4)

Ycpepunu Teneps (2.4) no aHcam0iaI0 peannsanmii Uoss &, TPeIIOaa-
rasg, Kak M padee, TayccoBoCTh H JedbTa-KOPPEIAPOBAHHOCTE &.
B pesyabrarte momydaeM paBeHCTBO

Ctorp (0., 00> = { BV (0) { dreo () exp {ise (o — ) — 1 22 L]
L

X exp{z—ZSdE [::3 +6L;;]} X
X exp {_ = 'SL dt [A (0)+ A (p— § dn (T + o))+ [%“ (L — g))]}rﬁv,}

(2.5

Jlerxo pupers, uro dopmyay (2.5) MoKHO 3aumcath B BHJE

Cttorp (0, ) =Sde(§))deu0(n) oxp {in (0 —p)— i “TE} %
X (L, g )W (L, 040, —=)>, (2.6)

rae ¢yHKumA P ommcrBaercsa dopmyaor (1.13). @opmyna (2.6) yupo-
m@aeTcs JJIA NJIOCKOH majatomeil BOJHE, OIA KOTODOH u, (%) = O (%),
N UPHHUMAEeT BHJ

{Uorp (0, 0)> = (Unan (L, 0) Uorp (L, 0)), (2.7)
rne

oy (L, )= § 4BV (§) tnan (L, 0 — p)-

Qopmyan (2.6), (2.7) cBA3LIBAIOT N0Je OTPasKeHHON BOJHK B IIJIOC-
kocru (0, p) ¢ molleM Ha oTpaskamomed maockoctn (L, p).

Brane MH pacecmarpmBasMl caydaill OTCYTCTBUA pPOTYIAPHOH co-
crapagiomet y mons e (z, p). Ecan umeerca e (z, p)> 7= 0, 10 $op-
mMaabro ¢opmyaw (1.8), (1.12), (1.13) naror omepartopHoe BEpakenme
IS pellleHUA 3aiadd # B 9roM caydae. OnHaro taras dopMa sanmen
HeynoOHa, TaK KaK OHa (asmpyercd Ha ydere NUPPAKLIUA BOJHK
B CBOGOJAHOM IPOCTPAHCTBE, & He B IIPOCTPAHCTBE C pEryIAPHHIME
HeonHOpoRHOCTAME. Paccmorpum ciywa#h mapaGonmdeckoro mpodmis
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peryiaApHOR cocTaBaapIieil mons e (r, p), T. 6. ypABHEHH®
a i o L ko~
—6:—=2—Lk[A‘L——a“kgpg]u—|— i—-&(z, p)u, (2.8)
u (0, p) = ug (p).

Hax orMedanoch B HpeABAYINEH riase, pelleHHe ypasHeHma (2.8)
MOKHO mpenctaBuTh B BHae (8.2.35), T. e. B BHfe

1 .
U(r, p) = —ooo— eXP {a- i —-p tg ax} a(zx, p), (2.9)
rie QyEEnmA @ (z, o) YROBIETBODAET YPaBHEHHIO
dit i ~ ~ .k o~ ~
—a%::?‘—;ALu —{—atgaxpru—{—z—z—e(x, p) &, (2,10)
@ (0, p) = Uo(p)

Jlasee CraHgapTHEIM IyTeM IoJydaeM OHNEPaTOpHOe BLIparKeHHe

a(x, p)= exp{'yb S dg 612 (E }U[L 0, Tl |v=s

e & YHOBIETBOpPAeT YDABHEHHIO IEPBOr0 TODAAKA 1O p:
9n laptg ax 4+ T ()] Vpl:t 4+ éié (,0) Ty (2.11)
Z(0, p) =1uo(p)-
Ypasuerne (2.11) merxo pemaercs MeTOAOM XapaKTePHCTHK, H B pe-
syJbraTe NOIydaeM 3amHCh peliendsi ypasHenus (2.8) B omepaTopHOM
BHJE:

1
u(Z, 0)= 5om exp {— L— pitgar +op S 5o (E)}

Sdg SN

cos a

X Uao(
cosax

X exp{z—gdge(g, cos o +§dnz:§ﬁ r(n))}t___o. (2.12)
3

COS ax
[pencraBass none u, (p) B BHAE

o (p) = \ dug () exp (i}

H HCHOIB3YSA BePOSATHOCTHYI0 AHAJOTHIO (IEPeXOif K COOTBETCTBYIO-
HieMy KOHTHHYAILHOMY MHTEIPHPOBAHEI0), HOJIYy9aeM OKOHYATeILHO®
poipaskenne [130]:

u(z, p)= m—gd” Ug (%) €xp {"' L—p“tg C!x_}_cosowc -
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rge
Y(z, p, %)=

—exo g ot pirgesa i e s 2220

X

% sina(x—E,)+SdncosaE T(ﬂ))}r=0- (2.14)
£

ka coS ax cos an

Berpaskenue (2.13) mpejcraBifer pasiosKeHuWe peIHeHUA 3afadd 0O
miIockuM BonHaM, Ilpu stoM MHOKUTens npu QyHEnum P B (2.13)
onuceBaer AuPPAKIUI0 IJIOCKOH BONHH B cpege ¢ mapaGoludecKuM
opodunem (&), a pyHKIUA ) yIUTHBAST BIUAAUE CIYIAUHBIX HeOZHO-
pomHOCTell HA TaKyw gudparuposaHHyw Bonny. llpu o — 0 popmynn
(2.12)—(2.14), ecrecrBenno, mepexopmar B ¢opmyns (1.8), (1.12),
(1.13).

Huaa n#axosRgeHuA CpegHUX XAaPAKTEePUCTHK BOJHOBOTO IIOJM
u (z, p) MOYKHO, KaK U paHee, CIUTATH Nole € (X, p) TAyCCOBCKUM [elb-
Ta-KOPPEeAHPOBAHHEM CIYIallHEIM TIOJeM, W 3aJada CBOJUTCA K Ha-
XOMRAeHUIO CTATUCTUIeCKUX XapaKTepuctuk ¢pynknuu . Tar, maa (Pp)
moJaydaeM

P (z, 0 x)):exp{——%zA(O)x},

a
o i z 62 62
0 1= 2
x x
k2 cos af ® sina (x—§) cos af, _
Kexp {—T Sdﬁ D (cos az®  ka  coscE + Sdn cos an(Tl— Tz))}n=o=
0

x

§
=exp{— - {azD(p— L LI (244
0

€Oos ax cos af,

THe P = P — Py, ® = ¥y — Ky, Qopmyan (2.14") mossoxalT WONY-
quth BHpaKenusa mpaA oymknmi (ud ® I' (z, p, R), Koropsle, ecrect-
BeHHO, copmagaior ¢ gopmymamu (8.2.32), (8.2.43).

TlepeliileM Temeps K BEIACHEHWIO ACUMIOTOTHYECKOTO IIOBefeHMA
QryrTyanmii HMHTOHCUBHOCTH NJIOCKOM BOJXHH B 00JdacTM CHIBHBIX
dayrTyanuit B cpefle Gea peryiApHOMl cocraBIAnIied nond & (Z, p),
caenya patore [140].

§ 3. dayxkryanum WATEHCHBHOCTH NIOCKO# BOJHEI
PaccMorpuM craTHCTHYecKmil MoMeHT modA u (Z, p)

| P (Zy P19+ vy p2n) = <(H u(z, pqu) u* (z, p2k)> . (31)
1
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B wpubamrennu gnddysuonHoro caydainoro npouecca dymxmud [y,
yraoBJeTsopsier ypasieunio (8.2.5) npu n = m, KOTOpOe B IlepeMeH-
HHX Q) 3alUCHBAeTCA B Buje

2n 2n

or i i+ 2 \
2 :—}_2(—‘1) 1A1F2n +%2 ( 1J+l ( ]—pl) FZH, (32)

dx 2k
1==1 [, j=1

¢ magaxpmmm yeaosueM Iy, (0, 0y, . . ., 05,) = 1.
Oyarnua D (p) B (3.2), cornacuo § 2 ru. 8 onncuiBaerca PopMynoi

D(p)=A(0) — A(p)=2x { du® (%) (1 — cosxp),  (3.3)

rne @, (®) — TpexMe pHBIA cIieKTp MOJAA & (7*) OT JBYMEDHOTO BEKTO-

pa «.
Ucnonssya sanmuck modA u (r, o) B BUfe KOHTUHYAJAHHOTO HHTe-
rpana (1.9), npoBoiA ycpegHeHme IO MOJIO & (I, p), MOXydaeM BRpa-

smeane aAnsa [y, B BuMe

FQn (.Z', {pz}) —
x 2n
0 j=1

2n o€

2

_ (— 1)7‘"“ S dgD (p, — o+ S dz' [v;(x') — (:c')])} . (3.4
7, =1 0

dopmyny (3.4) MoskHO TaK/Ke IONYdYUTh, pemas ypaBHenue (3.2)

METO/IOM, OTIUCAHHEIM B IePBOM naparpade. Dopmyny (3.4) momkno 3a-

nucarth B omeparopHoil ¢opme, KorTopas uHOrfga Golee VoOHA gus

NpoBefieHUsA KOHKPETHHIX BBITHC/JISHUIL:

Ty (2, {0}) Hexp{z/ +1§d§ E)}X
0
2n

X exp {___’;i;;l(_hujﬂ Sng (p — o - Sxdx [Ti(z") — 7 (% H)}q:o'

(3.5)

Ecam temepb COBMECTHTD TOIKH @) = Qgr, 70 Qynxnuna ', mepeii-
mer B ¢ymkmumo </ (z, @)1 (z, 03)> . . . I (T, P2p—~1)>, OMUCHIBAIOMIYIO
KODPEJSIMOHAbIE XAPAKTCPUCTUKU HHTCHCUBHOCTU BOMHLL. Eciau ke
Teleph TOJNOKUTH Bce p; = p, T0 OQyuxnua Iy, (z, p) = {J" (z, p)>
§yZeT OMUCHBATL N-blil MOMEHT WHTCHCHBHOCTH BOJIHEL.

IIpe:xme weM uccienoBath acuMuToTURY Oymxnuit I'y, mua caygas
PIYKTYyUpyOIUX IapaMerpoB, paccMOTpuM Gojee IPOCTYIO B3agady
o (QIyETYyanuax nolsd 3a CaydyaiHBIM (a3oBbIM PKpaHOM. AHANOIHA
MeKIy 9TUMHU 3afadaMu y:Ke otMedanach B pagore [104]. Ogmaro npu
HCNOJIb30BaHNY KOHTUHYAJbHOUW 3amucu pemenwii ans 1y, 9Ta amaio-
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rUfA, N0 CyIecTBY, mepexofuT B emuHHI /A ofemx 3amad Merof MO-
Jy9eHHA ACHMIOTOTHKYW pelleAuil B o6aacty CHIBHEX QuyrTyamuil.
3.1. Coyuaiinerii ¢aszossii skpan. Ilyctes uMmeerca cioil meonmo-
pomHOH cpefbl, TOMWHA AZ KOTOPOTO HACTOALKO Maja, 4T0 BOJHA
npu NPOoXoHIeHHN depes cioll mpuobperaer TONBKO cIydaidprii naber
dasu
Ax

Se = dEeG o) (3.6)

0

¥ He MeHAeT aMIIUTYAbl. Bymem caurars, 9ro & (§, p) — TayccoBcKoe,
[elbTa-KoppeJdupoBanHOe 10 X II0le, OMUCLIBaeMoe (Gopmyoit (8.2.4).
Ilocne mpoxoswaeHUA HEOIHOPOTHOI'O CJHOS BOIHA PAcIPOCTPAHAETCH
B OQHOPOTHOM Cpefie, U ee PACTPOCTPAHEANE ONUCEIBAETCA YPABHEHUEM,
Koropoe moaydaercs u3 (8.1.2) mpm e = 0. Pemenue asToil 3amauu
naercs (bopMyJIaMn

u(z, p) _e\p{ o }exp {iS (p)} = (3.7)
= m% S dv exp {i +iS(p+ )} ' (3.7

AHAJIOTUYHBIME TIpHBEIeHHEM Bhime ¢opmynam (1.8), (1 9).
Paccmorpum dymrrmuio 'y, (z, {p}). Homcrasaaa (3.7) B (3.1) m
yepemHsif, JeTKO moixydaeM (QopMyay

an (T, {p}):(_;,k_ )2115'....\‘031;1 dvgne},p{

a1 %4

gE

(— 1) 0t

1o

[y

J=
2n

E2Az .
——3 - Z (— 1D (0, — o + v — Uz)} - (8.8)
7, =1
Jdra dopmyna asasgercsa amalxoroM (3.4). Paccmorpum moppoGmee
coydait 7 = 2 NpW NONAPHO COBMEIICHHHEIX TOYKaX HAGHWIeHusd
PL=0, =0, 0=p =090, 0 —p =p Torma
1-‘4 (I, pl, p/, pr/’ pu) — <I (1" p/) I (1‘, pu)>
— xoBapuanusA uATencupnocreit / = | u |°. Ecuu B (3.8) (npu r = 2)
BBECTH HOBLIE NMEPEMOHHBIE MHATCTPUPOBAHMA

V1 — Vg —17 V1— =7 U—-”U_’I'WM—’)'
1 2— 11 1 4— T2 1 3— T3 ) —

TO MHTETPUPOBAIIUE MO 7 H I’y MOKHO BEIIOJHATE B NOJIYYATE B Pe3ylib-
tare GOpPMYILy
A (z, @) I (2,0")) =
. \2 , .9
= (—k—) S dridr, exP{i —;—7'1 (1 —p) — — 2’: F(ry, rz)}, (3.9)

2mx

te F (ry, 7,) ompemenserca us (8.2.13"). Uarerpan (3.9) mompofuo
mccaenoBaics (B TOM duclie ¥ IHCAGHHHIMEH METOAaMH) BO MHOTUX
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paborax (cm. o6sop [104]). PaccmorpuM ero acuMnTOTUKY NpH

X — 00,
Comuomurens exp {—k2Az F (1, 1,)/4} = f, ("), 7;) o6pamtaercs
B eqununy npm 2 = 0 u npu 7, = 0. YpaBuenue

S RRATF (11 ) = 1 (3.10)

onpejielisier TPAHALY 061aCTH, BHE KOTOPOU [y (71, 7°y) DKCIOHEHIUALb-
mo Manmo. Tax Kak F cocrour u3 JuneliHod KomOumanuu ¢ymrnuit D,

a ypaBieHHe -Z—k%xD (px) = 1 (cm. (8.2.20)) ompepenser pajguyc

KOTepeHTHOCTH NOoidA, TO ACHO, 970 OJHUM M3 XaPAKTEePHEIX pas3MepoB

aToll 06JacTH TaKke OymeT Q.
Ha pme. 19 npusesenn kpmBhie (3.10) gna dymrmuu D (1) =

= pC%’/s, noABnAlOmelicA B B8ajade O PACHPOCTPAHEHUN BOIH B

75/
7 |-

/A

== ——
I | |

g 5 7 75
e

Puc. 19. Kpupue Y, k2Az F(»,, 7)) = 1 tan cayuaes: 1 — D (r) ~ % vy | 73

2—D (@)~ e ry 8 — D (r) ~ [1 — exp (—r2/2D)], 7, | 7y, pi/21 = 01

Kpusaa 4 coorsercrByer IPpeHeseBCKOMY MHOJKATENIO IPH 717y == 16p2, MiTpm-
XOBHe JWHAA — H30JNMEEA Ty = Pk, Tg = Pke

Typ6yienTao# cpege. Kpussie mOCTPOEHH Ha MIOCKOCTH Ty == | 77 |,
Iy = | 7y | MIA ABYX OpefelbHHX CIy9aeB B3aUMHOHM OpUeHTALUU
BOKTOPOB 71, . 17, = 0 1 [ryr,] = 0. Bcee ocrannuie kpusble pac-
oJIaraloTcs MedJy NpUBeJeHHHMu Ha pucynke. B obumactax ri > r,
u r, > ry kpusble (3.10) acuMmroTHYeCKH NpPUOAWIKAIOTCH K IPA-
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N |
MBEIM, ABAOIGUMCA DEUIeHUAMU ypaBHenud - E*Ax D (1) = 1u

%kAxD(r1)=1. ITO CBA3AHO C TeM, YTO KOMOUHALDWUA
Q(ry, 1) =D (ry -+ 1) + D (ry — r2) — 2D (1) (3.11)

obpamaercsi B HYIIb OPH 7y S>> 7y, U B ypasHeaun (3.10) B aroii obnacrm
ocTaercd TOABKO mepBoe ciaraemoe. Taxoil Bum ofaacTu, orpaHwIu-

. L4,
BaeMoil KpuBo#l — A*AzF = 1, mpakruveckn He 3aBucUT OT BEGODA

Koppeasanuonnoit ¢ymruuu B.. Eciu, Banpumep, nocrpoutsh 3Ty
o6nacts s pymrmmm B, () = o} exp {—r%/22}, To MH moryIuM
(mpm 717, = 0) KpuByo 3 ma puc. 19, umeromyio Takoil e xapaxrep,
910 W AJA cremenEod ¢ymkmuu D,

CoMBONETENE fp (71, 7'2) = €XD {i —:—ufrl (12 — p)} uMeeT XapakTep-
H

B Macmrab pre= (z/k)'/: (papuyc mepsoil sonsl Dperens). IlosTomy,
ecJn

(x/k)2 > (3.12)
TO BHYTPH NEHTPAJIBbHON dWactu o6dacTu, OTpaHWYeHHOH KpUBOU
(3.10), dbymrnua f, Menderca caabo, T. e. 30eCh 00PE3aOMHEM MHOMKU-
TelleM ABiAercA (ymknuA fi. Opmako npm ri, > na/2kpp mepuof
OCOMINANME ARPPAKINOAAOTO MHOMUTENA CTAHOBUTCH MOHBIIUM,
9eM Py (cM. puc. 19), moaromy Ha mepudepun sroH ofIacTu cyliect-
BeHHHIM MHOMUTeJdeM CTanoBuTcsa f,. OTcloga JJImHA TOJOCH HA
puc. 19, cymecTBeHHOH [AA WHTErPHPOBAHUA, ONPEENIOTCA MHOMU-
TeNeM f, @ uMeer nopAAoK 1/kpy. B cBABH ¢ pTHM B 3ajade moABAAETCAH
BTOpO# XapakrepHHN MacmTad

ry = a/kpy. (3.13)
Taxum o6pazoM, MOKHO CYMTATh, YTO IPHU BHIOAHEHUM YCIOBUA

(3.12) cymecrBenHnoit B maTerpaie (3.9) sBasercs 06aacTh, HPUMEL-
Kaomas K runepmiockoctaM 7= 0 u », = 0. Ilpu sroMm, YeM GoabIne

napamerp ro/py = x/kp#, Tem yske aTa oGmacth. I10aTOMY WHTerpaJ
(3.9) MoxHO paséuTh HA JBA, OJIUH K3 KOTODHX pacmpocTpaHeH HA
obmacTe ry =< Py, & Apyroit — ma obadacts r, =T px. Ho B mepsoi
061aCTH UHTeTPHPOBAHUA MOMKHO WUCIOJBL30BATH PA3IIOKEHHE

2A
f1 (11, 72) = exp {-— k2x D (7)) - kzjx Q (7, rl)}z

~ exp {_ B D(rl)} {1 +222 0 (g, r1)+...}, (3.14)

TAK KAK HM30Munun QyAKuu f; 37eCh BechMa OMU3KM K H30AMHEAM

dynrnuum exp {— Ekm:c D (r,)}, uzo6paskennnm Ha puc. 19 mrpmxo-

BHMU JHHEMAMU. TodHO Tak e B 06HACTH Iy < P MOMKHO HOMOMKUTH

hrwrmexp L Dt + 227 0y .

(3.15)
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1
Tax xak mmomurenu exp {— + K*Az D (y,)} 6ucTpo yORBaIOT BHe

OJIOC 7'y’y <C Pf, KAHIH U3 WHTEI'PAJIOB TEIEPh MOMKHO PAacIpPOCTpa-
HHATH HA 6BCKOHB‘IHYIO 00JaCTh. B pedyiabTare moJydaeM acUMOTO-
THICCKYIO dopMyay

I (2,01 (z,0")y= (%)2 S dry dryexp {i %frl (75 — !p)} X
X {GXP [— kéz D ("’1)] [1 + "l%x—:g (125 71) + . . -L—l-

4 exp [— ’”:“ D (rg)] [1 + 220y, ) . ]} (3.16)

i8

3aMeTHM, 9TO OPH 9TOM JIBURABL YINTHBAETCH 00/1aCTh UHTETpUPOBA-
HuA, ofpasyeMad mepecedeHUEM IOIOC Fy << Py U Iz < Pp. ¥ 9UTH-
BaeMEIH TBasKIH BHJIAJ MOMHO OIEHHTH KaK

2 v 2t r F 2\
d=~ (—z—;x—/g ):drlldfrglexp {— —“2 [D(r)+ D ('r.z)]} ,

U OH OKAa3LIBAeTCH BeJuYunoil 6Goiice BEICOKOTO0 NOPAMKA MAJOCTU
(mo Mamomy mapameTpy Qi/ry = kp%/:c), geM OCHOBHOM YUTeHHRH TICH,
a TaK/He MEHLIIUM HeCKOILKUX clelyomux 4iexnoB. TeM He Memee
npeHeGpeyReHNe HTUM CIAracMbIM He IO3BOJAET NOIXYIUTH eme Golee
BLHICOKUE YJeHb ACHMITOTUYCCKOr0 PasiosHeHUA.

Ecau ucnonnsosarh chnexrpalinnoe pasinokennme (3.3) ¢ymrrmum D
B dopuyne (3.11) ang Q, to u3 (3.16) 6ygem umers

(@) I (@, 0> =1 + exp{— 72D (o)} +

4 ak?Ax S dx D, () [1 — cos ﬁ] exp {iup — k:i D (%)} +

k
+ n/ﬁA:c;S dx D, (%) ,:1 — cos (xp — 121)] X i
X exp{— %D (p— ”; )} +... (317
Ecau momomuth 3uech p = o — p’ = 0 u yuects, 910 % < 750

TO /A CPEJIHEr0 KBAAPATA OTHOCHUTENBHHX (UIYKTYanuil MHATEHCUBHG-
CTH TIOJAydaeM

2A
=1+ nzr’Az S du Qg (%) ¥t ex p{— kT“T D (—"%)} +... (3.18)

Ilycrs dayKTyanuu & B HEONHOPOAHOM CJIOe BHBHIBAIOTCA TYpOyIeHT=
Hocthio, Tak uT0 D¢ (%) = ACix~1/3, Torma (3.18) mpusopur K us-
BecTHOMY pesyiabrary [104]:

B2 =1 + 0,429 B** + .. ., (3.19)

rme Py = 0,563Cek7/625/6Ax — cpemuumit  KBagpaT OTHOCHUTEABHBIX
QIyKTYanuii UATeHCUBHOCTH, PACCIMTAHHLI 0O MeTOAY IJIAaBHEIX
BosMymenuii (cM. (8.4.12)). IIpmBemennas BHme omubka 8 oKasH-
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Baercs mpu: aroM mopsnKa (By) 125, T. e. mpu P S 1 mama mo cpas-
HeHHIO ¢ ydremmbiM B (3.19) ciaraeMeiM.

PaceMoTpuM Temeph KOPPeNANUOHHYI0 PYHKIMIO UATEHCUBHOCTY,
xoropas, cormacao (3.17), CKIajEBAeTCA U3 Tpex COCTABISIIOMIMX:

Biz, o)=I(z, ¢') I (a: ") — 1 = B (x,0) 4 BE (z, 0) + BY 2. 0)-

HanGonpmaa wus HUX pPaBHA
’ 1
BY (2, 0) = |Ts (¢ p) [P = exp | — - 1Az D (o)}

2 3
Brgucienue ciaaraeMBX B(I) u BY naer

B { B*—1)/2 mpu o << 1y, (3.20a)
(V=1 _ 228z AD (p)4 mpn p>ry, (3.206)
BY <:c 0) = (62—1 /2 mpu p << py, (3750%)
By (x,0) = Az Dy ( )p % 4
¢ E2Azx ®T
X\ dx %3 exp | — — D(_k_ npu

; ootz

L pL o (3.201) 17/(7)

Macmra6om dymxiun BY (z, o) asns-
eTCA pajuyc KorepemTHocT: 0;. Cxe-

17,(3) Z7/{2)
marmuecKuit Bup ¢yurumu B (z, ) Y <

~

~
mpuBeger Ha puc. 20. 2 ”N_—p
Hszno:xennne cooGpa:ReHHA JIETKO
o6o0marnTca Ha Golee BHICOKAE MOMEH-  pye. 20, CxeMaTHIECKHil BRI
TH I',. Ilpu 5TOM MBI OTPAHUIUMCH  KOppeSAIMOHHOM dyHKIUIH
uccaesoBanueM (/™) = Iy, (z, 0). Dop- Pnykryanuii  HHTEHCHBHOCTH
myaa (3. 8) B 9TOM cIydae weer puy D1 (% ) DPU UKCHPOBARKOM .

2n

) X exp{i ,_f[ Z (—1)to] —F(oy, ..., ’Ugn)}, (3.21)

=1

e

2n
F = Az Y (=01 D (15— ) (3.22)

®Oyurnua F cBsAzaHa co caydaiiaeiMu HaGeramu ¢dasn S (v;), onpene-
aseMuMu ¢opmynoir (3.6), cooTHomeHuUeM
2n

F %QZ( 1)—15(1-)] S>o.

J=1



Orciofa ACHO, 9TO €CJAH BCE HEYETHHE TOIKH ¥p.4; COBHALANTRZIO-
mapHO ¢ KaKUMu-Au00 YeTHEIMU TOUKAMU, TO IIOJO0KATeABHE® M OTDH-
marTeJnpHEle Haberu ¢asz KomMmeHcupyioresa B F ofpamaercs B HYJHIb.
[loaToMy cTaHOBUTCA OYeBHAHEIM, 410 npH (z/k)V: > pp OCHOBHOR
BRIag B {I™> 6ymyr maBars Te 06jacTH, THe TPOHCXOJUT TaKad KOM-
nencanusa. HerpygHo nojcduraTh, 9T0 9HCAO TAKHX ofjacreii paBHO
n!. Torna, samensas (3.21) ma yMao)KeHHH Ha n! WHTETPAJ AHIIb OO
oguo#d u3 sTux o6Gmacredi A,, B KOTOPOW

|?)1—?)2|~|?)3—?)4'~- -~~|Uzn—1—’02n|<9m
ToayduM

n

™y =n! ( 2::1 )% S dv; . ..dv,exp {il—z;z,(_ 1)7‘—10?_17}.

Ay Jj==1
(3.23

Y6rBaAre NOJKHHTEIPAJILHOrNO BHIPAKGHHMA N0 KaKIOH M3 IepeMeH-
AHX ¥; — ¥y, Y3 — ¥, W T. 7. obecnedMBaercsa COOTBETCTBYIOIIUM
ciraraeMeiM u3 (3.22):

KAz [D (v — o) + D (2 — v1)ly
1
s

B T. [. OTH claraeMile cieyeT OCTABUTL B HOKA3aTeje SKCIOHEHTH,
2 HKCIOHEHTY OT OCTAJIBHEIX CJIATaeMEX, KaK X B PACCMOTPEHHOM BHINEG
ciydae n = 2, clegyeT pPAa3JI0KHTh B DAN:

E’Az [D (vs — v4) + D (v — v3)]

Iy =n! ( F )m S dvy . .. dvs, exp {L—?in (— )™ ol —

20z
Ay m==1
_ —k:—'—A:C Z D (’Ugm_l — Uzm)} X
m=1
an' n’
k2A -Auid )
<+ 2V X(_1)J+1D(v}_vl)+...}, (3.24)
=1 l=1

Illtpuxu y 3HAKOB CyMM O3HAYA0T, 9TO U3 HAX BHOPOIIEHH WIEHH,
BoIleINVe B sKcnOHeHTY. B dopmyine (3.24) uATerpupoBaHHe MOMKHO
pacopocTpaHuTh Ha Bce NPOCTPAHCTBO, TAK KaK BHe ofmactH A,
nofpIATerpaNbHaf GyEkmuA npexefpeskuMo Maiaa. G yderom aroro
MHOTOKDATHEIT mHTErpas B (3.24) MO/KHO BHYUCIMTL TOYHO M HONY-
qure gaa <{I™> dopmyny

(KIS =nl L 4+ n(n— 1B — 14+ .., (3.25)

B KoTopoil B2 ompemensercs Bripamenuem (3.18). O6cysxpenne moiry-
9eHHOH (OPMYIH MH IPOBeeM HECKOJILKO HO3[HEe, IIO0CJe TOTO KaK
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PaccMOTPUM PACHPOCTPaHEeHHE BOJIH B CJiydaiiHo-HeogHOPONHOH cpefe,
HOCKOJBKY Ioxydamnmuecd B 000X Caydaax Pe3yAbTaTH AHAIOTHIHEL

3.2. Cmyuaitno-HeogHOpOAHAM cpefia. 3HeCh ME PAaCCMOTPUM aCHM-
WUTOTHKY BHICIIMX MOMEHTOB molf ['p,, pacmpocTpamsomerocs B ciay-
9aifHo-HeogHOpOAHOHE cpeme. (DopMampHOEe pewenue »TOH 3agadd
Aaercs BHpaskeHHAME (3.4), (3.5). Or paccMOTPeHHHX BHIIE (POPMYII
AIA $azoBOr0 HKPaHa OHM OTIWIAIOTCA JIUMb 3aMenoil OOHIHOIO
WHTEIPUPOBAHUA Ha KOHTUHYAJNbHOE. PaccMOTpUM CcHAYAJa BEJIUIUHY
 (z, 9') I (z, p”)), HOTOpPAsA moNygaercss u3 1, Npm NOHAPHOM CJHs-
HHU TO9eK HAGIIONEHHA O = P, == p’, P3 — P, = P". [lua nmockoil
BOJIHE (I‘é?l’ = 1), wucmonssys (3.D) ¥ BBOLA HOBEE IepeMeHHLIE,
monyauM (p = p’ — p”)

x

<I'1">=exp ‘ Sdg s exp{;_’zi§dx'[2p(p+§dgrl)+
0 x’

42D (Sdgrg) D (p +Sd§(7'1 + 7'2)) —D (9 "':S’d'é (r1— ’I'z)):l}

2 ’I'a=

(3.26)

Qopmyny (3.26) MoKHO 3amucaTh W B Buje, BHTeraiomem u3 (3.4),

OJHAKO MH 0yjeM HMCIOJb30BaTH OmepaTopHYI (Popmy samucu. O6o-
3HAIUM

Bi=p+{dtr@®), Ro=\ane

Croamuit B sKcnoHeHTe PYHKIMOHAI

Y=

,N|>

gdx (2D (Ry) 4 2D (R2) — D (R, + Ra) — D (R; — Ry))
0

geoTpHIaTeden u obpamaercs B HYIb HA TAKUX TPAGKTOPUAX 2*;
u 7y, BAA KoTophix By = O unu R, = (. CymecTsennHii BKIag B KOH-
TEAYaAbHHN HHTErPal Jal0T TPAEKTODHU, jJesxamue B o0iactu, rpa-
HHNa KOTOPOH ompenenserca ycaoBueM ¥ = 1. Ho paa rex tpaexTo-
puii, y roropux R, Benmko no cpasmemuio ¢ R,

2D (By) — D (B, + By) — D (B, — By) >0

® ycaosue ¥ — 1 mepexogur B

dz'D (Ry)=1.

C’Q/'?R

Z
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TosroMy st 3THX TPaeKTOPU

exp {— ¥} =exp {— —k;—ida:'D (Rl)} X

0
<t — i’j}gdx'[D(R2+R1)+D(R2 — R)—2D(B)I+ .-}
’ (3.27)

4 UHTETPAPOBAHHE MOKHO PACHPOCTPAHUTD Ha BCIO o61acTh, mon06HO

TOMYy KaK 5TO [ejaxoch AaA (asoBoro JdKpaHa. TouHO TaKy!o K€

GopMYITY MOKHO BaUKCATD W JUIA BTOPOI o6nactu, e | By > | Byl
| ———

Ecau z/kox > 1,10, kak u B ciydae gasoBoro dKpaHa, nadpar-

LHOHHBIA omepaTop
X

N i ¢ 82 ! "
CrasiiBaeTcsi NI HA LepuQepun o6IacTd HHTEIPHPOBAHES, TIAE
muGo | By | > | By |, mubo | By | > | By |
Tlogcrapum pasioskenus exp {—W} B COOTBETCTBYIOIMUX o6aa-
crsax B (3.26). Torma Gymem mMerh
x

I'T"S = L exp {— %idx'p (p + S de v (B) )} X

] x’

{2 [0 o+ ,da<r1+w>)+D€P+§,d§<*1’—”2’) -

Re_38

—2p(\der) ]|+ b+

. =0

+ Lexp {—— 22 fda:'D (”i dt 7y (E))}{i —l—%idm'[D (p—[—
0 [}

’

28

]

x
x

+Sd§<r1+rz>)+D(p+§da<r1—m>)*

x’ x’

—2D o+ § dgrl)] 1. } . (3.29)

'ri=o

Ecau B mpeIsKCHOHEHIUAIBHEX MHOMHTENAX HCIOIB30BATD CIEK-
TpaubHEe PasNosKeHus A QYHKUHME [), TO MOKHO BHTHCIUTH mei-

creme omeparopa L B (3.29), mocme ero <J']”) mpunuMaer BUJ
(I'T"s — 1 = By (z, ) = BY (. p) + BY (2,0) + BY (z,0),  (3.30)
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rue
B{)(z, p) =lexp {— 5 k%D (p)}, (3.31)

BY (z,0) = nkzidx’ S du @, (%) [1 — coS {%2 (x — x’)}:l X

X exp {ixp-— kz;’ D [—:— (x — x'):l -—szogldx”D [%(w-—x")]},

B (z, p) = nk2§da:’ S dn @, (%) [1 — cos {xp — L’;: (x — x')}] %

0

X eXp{_ kz;’ D [p-—-:—(x-—x'):l —-l;—zggdx”]) [p—%(af—x”)ﬂ.
Y

(333).
Ilonaras sunecs p—10 ® yunTHBag NepBHil 9YIEH Pa3TOKEBHA B DAL
2 .
1— cos"—k (x —x'), ana |p?(xz)= B;(z,0) Gyunem umernr ¢opmyry,
3.18):

aHAJIOTHYHYIO

(
z)=1 +ngdx' x— ') dex.‘lCDB(x) X
0

k2’

x
bed ’ k2 % "
D [T(.r—x):l ——Tde”D [T(x——x ):l}—{—..._
L
(3.34).
Bripamenne (3.34) ocraercss B cume W B ToM caydae, Korma @, D
MeJIeHHO MEHATCA BIOJb z. B dTOM ciaydae Jerko mepeiitu ot
(3.34) k (3.18), ecau cuurtaTh, 4r0 @ =0 BHE ca0a 0 < 2’ < Az < 7.
Hccnenosanue xoppensmuonHod ¢yuxmuu By (z, @) uposopures:
aHAJOTHYHO PaccMOTPEHHOMY BHIIe ciaydaio dasoBoro skpana. I'mas-
HEl 91en Bﬂ) B (3.30) npencrasaner coboil KBagpaT MOTYIA QYHKIUE
KOTePEeHTHOCTH BTOpOro mopsajgka. Bo Brtopom caaraemom (3.32)
1
U3-3a HAJAUIUA MHOMKHUTE IS exp {-— — k22’'D ] (x —x ):l} aAPTYMEHT

KocuHyca MaJd B 0oJdbmell 9acTé HHTEIPUPOBAHHA O x', TAK dUTO,

x

\exp{




Tak kak B (3.35) x < kor/a = 1/ry, umeenm p << ry, €@ ~ 1. Orciona
clexyer, 94To W B HTOM cIydae BHmomHsercs coormomenme (3.20a).
Ecau sxe p >>r;, 10 B dKcmonenTe B (3.3D) MOXHO OCTaBUTE JNIIb
claraeMoe Ixp, 4To TPUBONMT K Qopmyle, amamormumoit (3.2006):

BY z,0) =~ — %2 2?ALD (p), o> 0. (3.36)
Craraemoe BY) npm p < p; pasmo (p2 — 1)/2, uro coBmamaer

¢ (3.208). B obmactm paccrosmmii py<< p << ro 1€TKO LOIYIHTH
BEpayKEHOe

2 z—a'

x
: k2 o
B(zs)(x, o) ~ i 00 \dx CDB( ko ) dexjx, e
0

, x
2 — Y

X exp {— k; D [%(T - x,)]_'k?z';dx”l) [%TP — - (z—2" “ ,
(3.37)

amamormanoe (3.20r).
Ecam paccMoTpers caydaii TypOyIeHTHOHE cpejr, TO U3 (3.9)
umeem [141—143]

B2 (z) =1 + 0,861 (B *° + . . ., (3.38)

rge Mcooib3oBaHo o0o3HaYeHHeE s = 0,307CEk?/8211/8 st cpenHero
kBajpaTa QIyKTyanuii HHTEHCHBHOCTH, PacCIUTAHHOLO 1O METONY
mpnaBHEX sosMymenuit (cm. (8.4.11)). [lasa cnaraeMex KOPPeIAINUoH-
Holi ¢pynkrmuu By (z, ) ToXydalOTCHA, TPU ITOM $opMy I, cOBIANAI0-
e ¢ COOTBETCTBYIOMUME pe3yIbTaTaMu paGot [108, 142].
PaccmorpuM Temeph Brcmme MomeHTH (") = Typ(z, 0). Uz
dopmyarr (3.4) AcHO, 4TO IPH P; = (0 ocHOBHOI BKIaJ B HHTErpai
al0T Te TPAeKTOPHUH, IJA KOTOPHX o6pamaercsa B HYJIb QYHKIHOHAL

- i (— 1)j+l+1§dx'D (§ da’ [v; (") — ¢, (2")])
3y t=1 0 %

M1 MOKeM HOCTYHmaTh 3/leCh IO aHAJIOTHH C daszosriM sKpanoM. Bryice
s oy W3 nl cymecTBeHHEIX 00JacrTell MHTErpUPOBAHUA M OCTAL-
s B IOKasaTege DKCIOHeHTH W3 (3.0) JHIb ClIaraeMbie BUIA

D [:§ dE (Tajs1 — Ta.i)] )

obecreunBapmue OpcTpoe yOHBaHUE IOJLHTETPATBHOTO dyaxuc-
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Hamna, [TOJyIHM

(IS =~ n! oxp {_’_]ZJ (— 11)111§d§ c‘n?—g)} X
< exp [ — Z qu'D (5 dg[T2i1 (§) — TZ’(E‘)])} X
= o0 X’
TS YRt s SR
L, § ; (3.39)

ITpux y sizaka cyMMsI 03HAa4aeT, 4TO B Heil NPOUWYINEN cJaraeMule,
OCTaBJCTINBIE B 9KCIOHeHTe. D3BegeM MOBbBIE TNepeMEHHLIE

Tojo1 — To; =15 Taj - Ty = ZRJ'.
Tora
5 e ¢ 0
T = 2 R
812, ]( ]

2

3
251

o1

B urux uepevernHmx mepsoe c¢jgaraesmoe B (3.3Y) mMeeT ciegyromuit
BHJ:

n X

Jy=n! exp{ ki ;édg Tj@lf?} v
J=1 0 X

Ecam Bo BTOopoM caaraeMoM 03 (3.3Y) MCTOAB30BaTh CLUEKTPAIbiloe
pasziaosrenue (3.3) GyAROAA 1) B TpelyKCIOHEHIIAATIbHOM MIIO/KATE]IC,
TO TOCJE IIECHOKHLIX TPeodpasoBallliii 3TO CJaraeyMoe 3amumieTcs
B BlIE

n X noox
: s OV 0 { o 0%
— — gl 2 Iy . cn 1L g O
Jy= — n'lak S(]J, 5 dae (h, (%) exp { /C Bdb SRR, } X
I, s==10 J=1 0

% sin [ Sda re(E) | sin | 5

+in\EOE —2) (R — RGN} . (3.4
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Bruncnsisi peiicTBue omepaTopon, B HTOTE NOJAYIaeM

Jo= —ntm N Cdar § dnde () x
LS
. P x , . 2 P ;
X sm[ :k Sdge(g — ') (8, s — '1)] sin [ ;k SdEG(E —z)(1 — 61,s)} X
k2 N ” T ’
X eXP‘{—TZ d2"D (S g0 (E—x )% (6s'j_6l’j)>}’
=1 0 X
rae 8, ; — cumBor Hponexepa. Cymmmporanme no s, [ maer

x
w2

Jo=nln(n-—1)nk? )d.z" S dn @, (%) sin? {T(l— 1:’)} X

e

(z — x)]} . (3.42)

X exp {— D [%(1 — x')} — %S da'D |

. K2
Pasmaras sin? [T(x —z') } B pAl I cpaBlHuBafg HOJyYeHHYIO (op-
b

Myly ¢ (3.34), umeem
Jy=nln (n — D(P? (x) — 1)/4.

G yuerom (3.40) mosydaes, 4To W B Cjy4ae DPACIPOCTPAHEHUs BOJIH
B CJAYYAiHO-IIEOIIOPOXHON Ccpeje MMeeT MeCTO pas3ioyeHune

I =nll+nm—HF @ —D4+...], (343

copmamaomee ¢ (3.25) maa GasoBoro skpama; OpH 3TOM, pasymeercs,
B? (z) B KayrmOM caydae ompejelseTcA DPABIMIHLIMI (HOPMYIaMH.

Mopuyaa (3.43) maer mepBRIe JiBA YJeHA ACHMITOTHYECKOTO pPas-
aoswenns {I™> npu B} — oo. Tar wak P — 1 mpm Bj — oo, BTOpOE
cnaraevoe B (3.43) wMamo mo CPABIEHHI0 ¢ NEPBEIM INPH HOCTaTOYHO
0oabImx |32, Jlutms B TOM caydae, KoTna

(B2 (z) — 1) n(n — 1)/4 < 1, (3.44)

BEIpasicenme (3.43) mmeer cupicat. Opmaxo mpu GurcHpoBamHOM P
BCeTla NalAyTCs Takme HWOvepa 7, IS KOTOPLIX yeiaopme (3.44)
Oymer mapymarnesa. ITooromy dopmyna (3.43) cmpaseminsa JIRIIh
AJA He CAUITKOM Goabmux n. Ecou He TpHHHMATh BO BHHMaHHUE Orpa-
nuuenue (3.44), To mo Momerram (3.43) MOYKHO BOCCTAHOBHThL INIOT-
HOCTH BeposiTHocTeit piaa [
p (D) =8 (1) exp (—1) {1 + (B* — 1)(1 — 21 + 1%/2))2 + .. ).
(3.45)
W3 oaroit gopyyan caegosamo Orr, 910 mpu P2 — 1 — 0 mrorHOCTH
BepoATHOCTEH miA [ cTpeMmTcA K 9KCIOHEHOUANBHOI, 9TO COOTBETC T-
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BYET rayccoBCKOMY pacupeeleHuio A5 Cl1yIadHOT0 BOMHOBOIO HOIS.
Onnako, B cmay (3.44), oT0 He TaK, I JHUINb HUBINHE MOMEHTH
{I™ moryT xopomo omachiBarhes pacupegeaernev (3.45). Caemyer
TAK/KC OTMETHTH, UTO M BEHIXOA Ha acmMOTOTHRY (3.43) mpm Bp — oo
MOSKeT OBITH [0CTATOTHO METICHIIBIAN (MATPHMED, JUIA CTELeHHONR CTPYK-
TypHO#t QyHEmuE D (p) ~ p°3 CYIECTBEHHOH OKAasHBaeTCA PasHUIA
cropoctedl pocta dymkumit pb 3 u p?). Orvermm, aro dopuyrna (3.43)
ApyrmM myresm Onita moaydena B paGore [143].

Wenoangopanme sanuc CTATHCTUYECKHUX MOMEHTOB IIOJIA B BUJE
KOHTUHYaABHOT0 HMHTErpaja MO3BOJIAET HCCACROBATH HIPHMEHMMOCTh
TaK HagbiBaeMmoro mMerofa l'wiirenca — Humpxroda, KOTOPHHA B HacTO-
Adlee BPEMA MCHOJIB3YETCHA B psime pafoT Kax JUIA YUHCIeHHBIX OIEHOK
[144], Tax ¥ 1A ROJNYYEHHA aHaJRTHIECKUX Bhipaskenmii [145].

Meron [wiirenca — hmpxroda. npetgoskennuii B padore [140],
oclloBEBacTcA ma sammew pewrends sagavu (8.1.2) B pume (8.1.7):

ulz, p)= \ dp'G (z, p; 0, 0") Ug (0),

rjie Uy (0') — pacupesenenue oA B madanbnoil maockoctn x = 0,
G — croxactuueckasa gynrnua [puna pas ypapuerus (8.1.2). Oynk-
nusa ['puna B caydae orcyrcroua GayrTyanuil € (x, p) HMECT BHJ

, , . ( #9,2 ) ,
G’E’:O:g(‘x’ 9’179): 2:-5[‘/\;__1./) exp{lg(g_x’; }('T)x)

[Tpubauskenue, uenoabaopanuoe B [146], cocrour B ToM, 4T0 QYHKIUIO
['puna B caydaitHo-HeofHopoHOl cpeje sannchBanT B Buge (8.1.10):
R L ik (p—p)2 | . ,
G(z.p; 2", ') = m exp {Lz(gi_g/)) - Wiz e, P/)} )
rae pynrnua ¥, (z, p; 2', ¢') — naber wommIiercHON ¢asm chepude-
CKOH BOJHLI, PacIpocTpandwimeiics u3 Touxy (x', ') B TOURY (z, 0),
B HepBOM HpEUOIKEHAN Mo € ompejpesseMuit mo dopmyne (8.1.11).
[ast caydafiHO-HEOAHOPOIHHX CPCJL CTATHCTHUCCKUE XaPaKTePUCTHKE
Y, mayuanuch & pagore [147]. OrmeruM, 4T0 B J1aCTOAIEE BPEMA HTO
npubankenne He 000CHOBAHO.

B pabore [144] merop [ofirerca — Hupxroda Ona memoab3osan
AJA M3Y4YeHHS CTATHCTHICCKMX XAaPAKTEePHCTHK BOJIHOBHIX ITyYKOB
B TypOymentHO# cpege. Ilpu sroM jiA BeamdmHb 1), ommenrBaemoit
B caydae IJIOCKOl BOJHH ypasuenuewm (8.2.13"), o mIprBojuT K BHIpa-
JKEIIHIO
F4 (‘Zv r1, ’rz) - (

L .
g S dp, dp exp {LT (71— 1) (12— 02) —

L e R e S ACI U > Bl el SICR Y

e F (R,; K,) onpegensercs ¢opmyuoi - (8.2.13").
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ITpuGnusxenne (3.46) e mpuMenumo B o06macTH caadux GIyKTY-
anuif, rme ono gaer OMMOKY TOTO ke WOPAAKA BCJINYMILL, UTO T
ocHOBLOH 4ien. G IPYTOil CTOPOHLI, KAk ObIIO BHIO U3 HPCALITYINETo
pasgena, npubammenue (3.46) B ofmactn cuapnnmx (AYKTYarmit
JaeT Ka4eCTBeHHO BEDHEI Pe3yibTar, HO ¢ OUMOKON TMOPSIKA 0CTOB-
HoTO 4ieHa. [Ipubaimrenue (3.46) MoT:10 Grl OKA3ATHCA TIOACBILIM JIJ1A
IpOMe:KRYTOUHOR obmactu B} =~ 1, Ije He CUPaBeNUBLI UM TEOPHA
BO3MYMEHU, HE acCHMITOTHIeCKHAe peinenusa, OIHAKO Tak KaK U NPH
Br << 1, m mpu Pi > 1 mpmbamwenne (3.46) gaer e manayio omndry.
TO TIeT OCHOBAHNII CTATATH, YTO B 00JIACTH [3)(2, ~ | roqnoeTh ero oOyueT
VJAOBIACTBOPUTCHLIOM. XOTH, [0 BECH RIVIIAMOCTIL 10 1ILPISAIBECHEC
JAACT NPABWIBIYI0 KaCCTREUILYI0 RapTHiy.

B sarmouenie oryerum, 4ro IpejgctaBieunne noas u (r, p) B BUIE
KOHTHHYAJIbHOT0 MHTETPAJA HO3BOJAET UCCILN0BATh H BOMPOC O Tpe-
neJax OPUMEHHUMOCTH JARGPYSHMOHIIOTO MAPKOBCKOTO 11 pHOIAGIIH S
ana  ¢ayrryanmi umrenmcushoctu [148]. Pesyabrar oxasuzaercd
caegynomum. Bce yeaoBMA TPHMEHHMMOCTH MAPKOBCKOTO I pUOJIHKe-
HHA A BHUACICNUA Beanuuuel (/™) cOBHAFAIT ¢ YCJOBHAMU IpH-
MEHUMOCTH MapKOBCKOI0 Ipuliamwenua AasA peamumiet {[*)>. Huaue
roBOpA, MapKOBCKOe NPUOIMReHAe HE H3MEHAET BIIA PacIpehciie-
HHUA BEPOATHOCTEH s WMIITEHCHBHOCTH.

Hdasa TypOyaenTHnY Nyabcaridi TEMICPATYPH B 006aCTh CIafBIX
daykTyaumii MapkoBckoe WpUOIMKEHHE CUPABEJVBO NPH BHIITOJHE-
HAU HEepaBeicTs

g () L z, (3.47)
e A = 2n/k — mImHa BOJHHI.

B obixactm ke cHABHBIX (QAYKTYauwi YCIOBHEM T PHMENNMOGTH

MApKOBCKOTO IIPUOIMKEHAA ABISETCH YCIOBUE

bl i =T L 1, (43.48)

The oy | 1 onpepeasores gopmynamn (8.2.20) n (3.13). Ilepapeinctsa
(3.47), (3.48) mMeror upocroit ¢mzmueckmii cymuica. lloka B s3agaue
0 PACIPOCTPAHEHUHN BOJIH B CPeie CO CAYIafinpIMi HeOTHOPOUUIOCTS-
MH HAUMEHBIUNM U3 BCEX TPOAOJBHBIX MacITaboB ABIAETCA PAsMyC
KoppeaAanun & (eTo poab AJIA TYpOYIEHTIILIX TYJILCAIRA TeMIepaTyphi
urpaer pasmep sonn Qpemess), cupanefanBo MapKOBCKOE IIPHOJIU-
wenne. [Ipu mpmieHny 8 06aacTh CHABIBX QAYKTYALMA TOSBIACTC I
OpOfONBHEIE  MacmTal ~ pj (kx)': KOTOPHI TOCTEHCHHO YMeHb-
maercs, TAaK 9YTO NOPHU FOCTATOUHO OGONMBIIOM 3HAUeHHM mapamerpa
Bi OH MosKeT cTATh MemBINE pajMyca KOppeJdiHd e. Hph BOSHHKIO-
BeHUH TAaKOWl CHTyanMM Y:Ke HEJL3A [OJB30BATHCA MADKOBCEHM
I PUOIT e HIEM.

‘Hepasencrsa (3.47), (3.48) mokii0 paccmMarTpuBaTh U KaK oTpaHu-
YeHUSA CHU3Y U CBEPXY HA BeJMYNHY macmTala §yHKIHHE KOPPeXAINnR
uHTeHCHBHOCTH. llpm 5TOM MapKoBCKoe TPUGIM:CHEE CIPABEINBO
JUML B TOM cIydae, Korma aio0nie Maciiralbl, Bo3HAKAIOmME B 3a7a-
4e, OCTAKTCA MAJIEMH [0 CpPAaBHEHHIO C [JIHHOH TPACCHI.



I'nrasa 10

PACIIPOCTPAHEHUWE BOJIH
B CIYYATIHO-HEOAHOPOAHBIX CPEJJAX
(ITPUBJIMKEHNE T'EOMETPITYECKON ONTIIRIT)

PacesoTpust Teneph CTaTHC THUCCKOC ONFCATIC BOJIIDL B CJydatin-
HCOAUOPOANLIY  CPeaX B NPHGIILKCIIUIT  TCOMETPHIECKOT  OlrHKI
(auycTurm). [1CXOAHBIME YPABIEHHAMU ABIAOTCH ypaBHEHHA [JIH
nurencupHOCTH (8.1.24), dasst Boausl (8.1.50) U ypapneuue s nyden
(8.1.39). 3mas pemenne ypapaenmsa (3.1.3Y) — Tpaerropmio JIyua,
MOSRITO, HETOCPEJCTBEHHO UIITeTPUPYH, ONPE/eNHTh Kak WHTEHCHB-
Hocts Bommul (Popmyna (8.1.33)), tak m dasy (poprmyna (8.1.38)).
TlosToMy OCHOBHOMH 3ajaueli B TeOMETPOONTHYECKOM MpPHOSU/KeHUY
sApasgerest 3agada o aAnhdysmm ayuedl B cuaydaiimo-lieo;lHepopHOH
cpesie, peIEHHI0 KOTOPOil NOCBAMEHO 0o0abiioe KojmIecTso pador
(car., mampmmep, [116, 149—152]). Ilmire bl Oy ienm caeionatsh pabore
[15].

§ 1. Tuddysun xyueii B caydalino-HEOHOPONNBIX CcPeAAX

OGRYHO B KauecTBe IEPeMeHHOi, OMMChIBAIOMCH N0BeeHne IyTeil,
ncmoapayercs Aauna jyda [. [Ipuumvasa [ 3a HE3aBUCUMYIO IepeMeH-
HyI0, MO;KHO sammeaTh ypapHeHHA nydeii B Qopme

dr; (1) dr; (1)

o )
dal :Ti(l), —dl—:(é']*" T,,"T;)#—- (11)

(l’2172737|1’|:1)7

riie u = In n, n — uoraszarexp mpexomienns. Taras sanmen ypan-
HenmA Jgydeil mcuoxbayercs, Hanpuaep, B rumrax [153].

Byznes cumraTh, 9T0 u ABJNAETCA TAayCCOBCKIM OIHOPOAHBIM W H30-
TPOMHBIM CIYIAMIBIM TTOICM CO CPETHUM 3ITAUCHHEM, paBILIM ITYIIO.

Ecam BpeeTd ImecTmMepunie nextopn § = {», T}, ¢ = {7, 0} u
=10, a}, rae a;= (Op — Tﬂk)d%r(:)
MOJKHO 3aIICaTh B BUje, auadorudauos cacreve (3.1.1), — ycaosma a),
6) BLUIOJHEHBI, & UTO KACACTCA HePeX0/ia K anmpOKCHMAIUHA KOPPe -
yuoHHOM ¢yuruun fua f upm momomu O-QyHEnmm (Hopyyaa (3.1.4),
TO 3716CHh MBI CTAIKHBAEMCHA C HEempeojoduMHLM 3aTpyjaHenucy. Jlero
B TOM, 9TO @; = a; (#, T) = a; (&) He 3anucur or [ (RoTOpoe B AIIHOM
ciydae mrpaeT poxs Bpemenn). PopManbHO MOHO CYATATR, HTO
pynruma By (8, &, I, I') (me 3aBmcAmad B JJaHHOM cjydae OT L, 1N
umeer mo mepemeinion (I — ') OeckomedHE HHTEPBaJ KOppEIILHM,
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u6o npu croab yroguo Gomsmux (I — '), Ho durcupoBanumXx &, &
sra Qynkiua we yonBaer. Takuy o6paszom, zanucars ¥ID, coorser-
crBylomee JuHammdeckoi cucredye (1.1), me ypaeres.

Mosxno, ofHako, sanmcarh YpaBHEHHA Jyded, B3AB 3a 1163aBUCH-
MYI0 OepeMeHHYI0 Koopauuary 2. [eau ypasHeHHme Jyd9a HCKATh
Bpopme B, = R, (z), tie B, = {z, y} — momepednoe cMemenue, TO
BMecro (1.1) Gypem umMeTh MHAMAYECKYI0 CHCTEMY

LT )
LRL(Z)ZT;(_'Z)— %rdz):%—/ (1.2)
l/i —12 z Vl — ’

e 1, = {Ty, Ty}, @ == {a;, d,}. 3aMETHM, O/JHAKO, UTO B DTOIl (hophrre
ypaBrienne Jgy4den MOKHO HCNOAb30BaTh JAUUIL O nepBoﬁ TOYKNI 110-

BOpOTa, Tjle ofpallaeTcs B HY/NB 3HAMCHIATCID V1 1. Orcroga
BLITCKAET, UTO B CTATACTHUCCKON sagauc ypasuenma (1.2) zomuo
HACHONB30BATh JMHIh B O8JACTH. LG MAJdd BepOSTUOCTh CTpPUIlaTe ] b-
HBIX T,, T. €. B 00JacTH Majpx YIVOBLIX OTRIOHEHUH ayda (tr, ~ 1).
B sroMm caydae Bmecro (1.2) Mmbr MOykeM HanmcaTh HPHOIHIKENTYIO
cueTeMy ypaBIEHUWH s Jdydell B MaaoyrioBom mpubamnennu [15]:

d
dz

Vpaswenusn paa aydein (1.3) copmagaor ¢ ypasuenmem (8.1.39),
ONUCLIBAIOMIMM PACHPOCTPAIIENNAe BOJLUL B MAJOYTJIOBOM IPUOAHAe-
HOM B OPHGIMHEHUE TeOMeTPHIeCKOH OIITHKH, eCJH yuecTh, YTO
n? =1 +4¢. J{nsa cucremn (1.3) esapmcmyMasn mepemelias 2z yise
BXOQUT B 4@Cjo apTyMenToB f, W IODTOMY 31€Ch MO/KII0 ITepeiTn
K npubamkennio auddysmoHHOTO ciaydaifmoro nporecca. Coorserct-
Bylomee YOO npuanmaer BEA (KOOpAMEATA z UTPaeT poJb BDPEMEHH)

\ d 7 ‘ \
B, (z)=m1,(z), ——1.(5)=V 0(R,,z2). (1.3)

. 2
0P, (R, .7) Lo P, - aiP, (1'4)
0z ! = URJ__ 611 ?

rme D — xosddumuent 1uddysun, KOTOPhl BO3HMKACT LUPH BHIYHCIe-
HUR Fyp 1 714 MOJCTH CTATHCTHYC CRA OO POFHLIX U N30 TPOIHEBIL BIYyK-
Tyauri u paBen

D=m {dnwd (x) (1.5)
0

(@ (x) — TpexMepHAA CIEKTPAThHAH TJIOTHOCTh KOPPEIALNOHHON

OYHKLER |).
Vpasuenue (1.4) merxo pemaercs, W eT0 pemeHue, COOTBETCTBY-

oImee Ha4albHOMY YCJIOBHIO
Po(B, v )=38(R,)d(r)), (1.6)
nMeer BHUJ TayCCOBCKOTIO pacnpenene}mﬂ ¢ MOMEHTaMHu
(R (2) Run(2)) = —=Ddyz, (Rus(2) 7.k (2)> = Doyz®  (1.7)
(T (B) Tk (2)> =2D0,,2.
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1Ta ocmoBe ypasnenuit (1.3) Jerko moMyTUTh I OPOLOIBHYIO KOD-
peasumonnyio Gyukimio cvenenait ayga. Yumoamy (1.3) ma B, ('),
rne z' <z, uW yepexnmm. B pesyabrarte mONIyIHM

L (R, (B (Z) = ()R

d
dz

(1.8)
(ri ()R (Z))=<RB_(Z)Vipn (R 5)

Tak kag mpubamzennio quhdysmoOHHOTO CAYIARHOTO TPoIEcta COOT-
BETCTBYET MOJeIb JeJdbTa-KOPPEIUPOBAHHBIX 110 Z HEOAHOPOJHOCTEH,
to R, (/) He RKOppeIHPOBAHO C «IOCJIELYIOMMNUY BHATCHIAMU
Viu (R, 2), T.e. (B, (z)V_u (R, (2),2) =0 npu 7z < z. Orcona
caegyer, U0

(t. ()R (=<t (Z) R (7)) =2Dz"

IloficTaBasis 910 3HAdeHIe B NepBoe I3 ypaBHEHHIl (1.8) u pemasn

ero mpm HakaapRoM yeaosut (R (2) B, (2))=r = —é— Dz”, monydaeM
(R, (z) R (Z))= 2Dz”(z——;—z'), (1.9)
(R, (z) B, (&) « 3 . z— 2z
L i :1\1“{_7%) (1+g)_./2’ lg_____|z—z|
min

V<R (2 B (&)

Paccyorpuy remeps 3ajady 0 coBmecTHoi anpdysun ABYX Jyded.
B sToM ciaydae MBI MMECM JHHAMUYECKYI0 CHCTEMY BOCLMOTO MOPAIKA
dR ; . d T o (R ;, z) (1 10)
— =T S Vi=m .
dz dz iR,
(i =1, 2 — momepa ayueil) m wmpuxoaum k YID, omHCHBAOMEMY
OTHOCHTENBIYI ARGOY3UI aydeil:

P.o, 1)=<8(R 1 — R 5~ )8 (T —Tia— 1)),
P Doy (p) e (1.11)

aP,
Lz
gz ! 0o o0

rue
Deys(p)=2n S du [1 — cos np] %D ().

Ecam [, — paguyc ROPpENANMEU .15 TPafHeNTOB HORA3ATe A IIpe-
goMiIeHTs, TO Lpu p > ly Dgg = 2D08y5. ITO COOTHOIIEHAE 03HATALT,
qT0 IpH GOMBIMAX TIO CPABHEHUIO C /) HATAMBIIBIX PACCTOAHNAX MY
Ay4aMBE WX OTHOCHTENBHasA H[HPQHysmaA TPOMCXONUT C YIABOCHHHIM
Koo(dumentor RuQGPysu, 9TO COOTBETCTBYeT HE3aBUCHMOL nuddy-
3un Kayaoro ayda. CopMecTHOe pacupejieieline BepOATHOCTeH B 9TOM
caydae MOJKHO CIMTATh TayccoBCKuM. B obmen se caydae ypaBHeHue
(1.11) pemuts He ypaercsa. flcHo auumb, 4TO NPH MEPEeMEHHOM K02-
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dmuieyre judPy3ud pemcHue ero HC ABIHCTCS TayCCOBCRIM paclipe-
JeTCHHEM.

Cayuaii p </, /onycraer Oosee moaneii ananus. Pasiaras
B (1.11) dyurnuio | — cos ®p B pAx, moxyIacm

7
. Das (p) = pip; \ A% win nang D (%),
fleito, 9ro B crarucTUYECKH IIBOTPOMHOM Clydae
\ doe it et 5D (30) = B (831003 - Biadis - Dizd).

CpepThiBasg 0T0 PaBEHCTBO IO IapaM HHAEKCOB [, j m o, [}, Haiizeit.
qTo
N
> X 5
B ==\ du»’D (%)
l
o
1
2 . A
Do (p) = a8 (%0 - |- 200py)- (I.12)

Jaxerun, uro pequduHa B ompeserser B upuOAMAKCHUE [eOMETPUTE-
CROfl OLTIRI aMINATYAHBIE QUIYKTyannu (CM. crexyomui maparpad).
JT0 He ABAACTCS HCORUIAUHHN, KO0 aMITHTYise QIYKTYalRHn
CBsA3aHRbl ¢ H3MEHEHUAMHN CEYCHUst JAyIeBoil TpYOKH, T. €. ¢ OTHOCH-
TEJIBITLIME CMCHIGHU TN JTYTeH.

Hooppmnuentsr muddysuu Lgs MOKHO HCIOAB3OBATL B QopMe
(1.12) 1uie B TOM caydae, KOrJa CPeInUil KBaTpaT PACCTOAHUA MeKITY
AydaMH MaJX 00 CPABHEHMIO C .

Ecau ypasuenue (1.11) ¢ kosppunmenramm (1.12), 7. ¢. ypanmenne

0P, |, ol _oep, TRE)
dz % dlgoly

= 1B (0%00g + 2p00p)

oL
VMHOLETE TTa {2 w mpounrerpuposarh 10 BCesM @, [, TO Hocme umte-

rplipoBaliuAa II0 YacTAM MTOJYYIUM YypaBhHeHUe

d

dz

(U2 (2)> = 8B (p? (2)). (1.14)

Yuuowast ypasuenne (1.13) eravaza ua p*, a sarem Ha pl, monyTusm
TAKWM ke o0pasoi eufe mapy ypasricnuii:

“ 2 \ ¢ d ’ 1 N VN AN [N
— Pz =240, K p(5)L(z) = Py (L1

Ypasmenus (1.14), (1.147) o6pasywr 3aMRHYTYIO CHCTEMY, KOTOPYIG
JeTkO pewruTh. M3 pelmenuss 9Tod cHCTEMH CJIEYeT, YTO0 eCJa’ CYINC-
CTBYET TAKOH WHTepBAd 3NAUCHUII 2z, #a KOTOpoM oz > 1 (o =
= (16xB)/%), mo mce eme p;exp {az} <= I§ (om Beerga cymecrsyer
LIS OCTATOTHO MAJIBIX 0y — HAYAIBHHX PACCTOAHNA MEMRIY JIydaMmu),
TO B 9TOH 00JACTH TPOMCXOTUT HRCIOHEHIHATBARGA poct {p*>, {plD,
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1Py 3anlerwarn, 4ro Hadaclo HTOH 0OJACTH DRCTOHCHIHAJLHOTO POCTH,
ONPETTACAIOC  VOHOBUCM &2 ~ |, coBnajiaeT ¢ NavdaIoM 04JactTi
CILTLITHIX GAYRTYaUIil  NATCHCUBWOCTIL,  Tak KAR 05 ~ 0%'/"’ ==
= {n (471 )12pnse,

Boume anl paceMaTpHBAIN 3a7aud 0 AHGPYIHI 0JHOrO U ABYX
Ayueil., Amamorudiiniyn o0pagod MOSRIO PACCMOTPeTh A 33 awy o and-
Jyvanm a0d0oro RONETIIOTO TIeAa JIyaeii. OTMeTIN. 4T B DTOM ¢TyTac
meerest cmenududcerdll CTATHCTHICCKRE HnTerpacl IRIGREUIA.

Pacemorpun sagany o guddysun .V tyqed, /innavideckas caceTe-
A ONHCHEBACTCS YPABHCIMAMIT

{/R,L,i (J) _
e ToidE)
dv ;) N o g i
7-— = Vil (B3, z5)=1 5 dawnp (%, z)exp {indd | (2)},
i=1,..., N (1.10%

(u(p, z) = s dxp (%, z) exp {ixp}).
¢ HAYaJbRBIMHI YCIOBUAMMA
B ;(0)=Rl; 7v.:(0)=0.

MMome p (%, z), ®ak ¥ paHee, IPEINOIATALTCH TayCCOBCKAM OANODOT-
HEIM  CIAyYaitHLIM ITodeM, jelLTa-KOPPEeJTHpPOBAHHBIA BAOJTh OCH 2,
T. €. KOppelaAnmonHas QyHRGUA DoiasA W (%, 3) HMeeT BHJ

(B (s 2 (o, 7)) =20 (ot + %) 0 (= — 2) D (),
rie, xar u pamee, D () — TpexMepHad CHEKTPAJLIAST ILTOTILOCTD

KOPPETALUONAON  dyurmunr  w (#%).
PaceMOTpUM BEKTOPHI, HAUPaBACHHBIC BIONHL OCH i

Ay (2)y=[H_i(z) X B (2)], B (z) =111 (z) X B 5 (2)],

Co(z)=1t1;(7) X 1:(2)] (,k_ RLAT
C novompio cueremsl ypasrermit (1.107) 114 vTUX ReauTHN ToNyYacM
/
% Ay (z) = By (2) — By (2),
d B ()= (z) |- S dun (2, 2y exp {inf (2)} = R (2)], (1.10)

0y (=i \ dny (o, 2) toxp (R L (2)) [ % T (2)] 1
+exp{indd ;(2)} [v,:i(2) X =]}

YepepHus 9Ty CHCTEMY ydeHeHI/II/I Jlisg pacimemienns KoppesAnuii
pocmoibayeyes dopmyaoii (2.3.67), KoTopasi B paceMaTpUBaeMoM CJIy-
yae TpHHFMACT BUJ

OR
G 2) BRI =D 60 (s
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y‘IHTNBﬂH. nanee, COOTIOIeHU
OR 1.(:) &t B

o Li
S (— w2y v,

. Wi—% tmexp {— i=ld ()},

BHTEKADINNe U3 XapakTepa puHaymdeckoi cueremst (1.107), ycpen-
Hennyw cucreMy ypasmenmit (1.15) mojrmo mepemucaThb B BUIe

d .
—— (g (20 =< By (2)) — (B ()

d

; | (1.15%)
E(Bik(z)>:<0ih (Z)>7 dz \Jﬂ)( )>‘—0

Pemenne (1.15") ¢ yderoy madadbHpX MAHIBIX HMEeT BILT

Bih‘ (Z)>: <Cf)k(Z)/ :OU, (1.16)
(A (z)y =[R; X B ;]= const.

Us (1.16), B YacTHOCTH, €1€e1yeT, 910 COXPANACTCH CPeIHAA BCINTHHA
nIioIafn A’—yi‘OJleHHu, ocTpoelroro ta toukax K, (z):

(S (2)) Z (i, b >:%“L () X B (9D

T Bovn () =B (0)

[Tepexoma B oToli opmyre K mpemeny upu [V — o0, HOTydaeM Bhpa-
JKeHHe

82y =5 § (cdy — ydz) y =S, (1.16")

C®)

KOTOPOE TIOKABKIBACT, UT0 CpEJHee 3HAUCHUE NI0IANH cevennsa Jyue-
Boit proxﬂ coxpanserca (C (z) — ROHTyp, OXBaTLIBAOINUH DTy IYy-
wepyl0 TPYOKY B ILIOCKOCTH z == cOnst) *).

OTMeTHM, YTO COXpailelle cpeHeli MIomany B cIydae Tpex Jydei
Guuto moayueno B paborte [154] ma ocuose H3YYeHIA COOTBETCTRYI0-
mero YO® nua cosmecTHoH nuddysmm Tpex ydeil.

OcranopuMcs Temeph Ha YCIOBMAX ITPUMEHHMOCTH Yad. Hax
oTmeuajoch Brime, YOO nia muddysug ayveir ymaeTcA o6OCHOBATD
TOJIHPKO B MAaJOyTJI0OBOM HpHGJIHmeHIm. Orcionia, cormacuo (1.7},
BOBHIKAET YCIOBHUE

2

(A y<<€ 1, umu

(1.17)

D70 ycIoBHe HaRIajhBaeT 0UeHb ciafoe oTpaHUYEHHE Ha LOLIepevHoe

P2
cvemenue ayda: (R (z))> << 72, UTo KacaeTcs mompaBoK, CBABAHHBIX
¢ KOHEYHOCTBIO IPOJOJBHOTO Panuyca KOPpPeIAndH, TO, Kak MOKaza-

*) PapeHncTBoO (1.1"6/) CHOpaBeJIMBO U i HErayCCOBCKHX [edbTa-KOppeiu-
POBaEHEX QIYKTYauu# HOMA () [17].
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HOo B [15], TpeGoBanme uX MaJOCTH TMPHBOJUT 'K YCIOBHK z > [
n K tomy ke ycaosmio (1.17).

B psge samay, cpazanupx ¢ pacmpocTpaHeHHeM cBeTa B caydaiiHo-
HEOTHOPOMHBIX ¢pejaX, MPUXOAWTCA PACCMATPHUBATL CHCTEMY ypas-
uenni (1.3) ¢ rpaHNYHBINMIT YCTOBIUAME, KOTOPhle CTABATCA He B OJHON
TouKe z = (), a B IBYX pasnmaHmX ToYKax (cM. (8.1.40)):

R, (L) =py 7. (0)=0. (1.18)

B atoym cayuae gus paccvarpusaeMoil 3aauy e BHIIOJHAECTCA YCJIIO-
BUe MPUYUHHOCTH W, CIAEKOBATENBHO, DTU JY4YN He ONUCHBAKTCA MUG-
dysmounry mpubamnenmes. Boofuie TroBops, IJIOTHOCTH BEPOAT-
HOCTell JATA 9TUX Jydell OymeT YCJIOBHOH IJOTHOCTHIO BepoATHocTeld
Bcefl COBOKYIITOCTH Jydel, paccMoTpeHubix srrme. Ilpm stom, mas
TOro 4rofbl JIyY W3 HAUAJABHOLN IIoCKoeTH z — () Iomal B TOYRY Po
npu z = L. weoOxoamyo, wrobw oH suimes U3 touknm I (0), ymos-
JeTBOPARIICH  YCIOBHIO
L
R, (0)=p— \ds(L—2)V \W(R. (z),2) (R (z)p=p). (1.19)
0

Ecam paccrosiume L, TpoxouMoe JyIoM, TOCTATOUIIO MAT0, TO MOMKHO
pemath cucremy ypapreuu#t (1.3) ¢ ycaosmamnm (1.18) merosom mmo-
CAeTOBATENBHMX Tpubamneniii. B nepsoM mpuliamkennn B gopMyae
(1.19) mo:wito savennuth Beanunay 2, (z) B mpaBoil 4acTn Ha ee cpef-
Hee 3HaveHWe py. B sToM npubamkeHnH, B CUAY ciuydaiiHofl mpupom
dynsnun u (rg, z), cama touka B | (0) ApnsAerca caywafinofl Toukoi,
MJIOTHOCTDH BEPOATHOCTEH I KOoTopoi Gymer rayccosckoii. Keau swke
TEOPUWA BOSMYUIEHUA ©e paforaeT, TO HAL0 BOCIOJB30BATBCA TeOpHei
HHBAPHAHTHOIO HOTPYsReHHUsi, CcpofsAmell Kpaesyio samauy (1.18)
K sagaue Homm jaa nexoTopoll BemovorateIbHodt QyHKIUU (cM.
ri1. 5). ITpm aroM, xak mokasamo 8 § S Ti. O, ONIOTOUEUNEE XapaKTe-
PUCTAKA IyYa COBOAMADT ¢ BLIYACAEHIHMU T0 TepBoMy Tpubiu-
JREHUIO.

OTMeTIM, 9TO Takasl JYICBAA TIOCTANMOBKA 3ajadd TI03BOJAET
[OJOATH K BOIPOCY 0 PAYRTYalMAx UHTEHCHBIIOCTH BOJILI U3 YHUCTO
reoMeTpudeckux coofpaskernmii. I3 paccmarTpupaemoil 3ajmaue MoJeH
COXPAHATHCA IIOTOK 3HePLUN uepe3 cedenme Iydesoll TpyOkm, T. e.
peamunna /S = const, rpe S — IIomanb cedennA Jydenoil TpyOKH,
a I — unrencuBWoOCTh BOJIHE, YepequeHHas IO CEYEHNK Jydenon
TpyHrm. Bripeses B miockoctn mabmogenns z = L momagky mio-
maneo S, Torga mymeem

I,S =1T5,, (1.20)
rie 1, — MHTEHCHBHOCTb BOAHE B ILIOCKoCTH z = 0. W3 (1.20) cae-
myer, 4To caydaiinaa sexamdwsa [ (0g, L) ompenensderca QayrTyanua-
MH BeamauHpl S B miaockoetH z =0, T. e.

I (po, L) = I, lim (19 = const). (1.21)

Se—0

S
8o
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Orciofa cienyer, 970 CTATHCTHYCCKHE XaPaKTEPHCTUKM HHTEHCHBHO-
CTH BOJINN JOJSKHLE OINpEIeTAThCA CTATHCTHIOCKEMA XAapakTepucT-
wavu peamumnn B, (0), wortopast samaercs ypasuenmem (1.19). He
orpanmamBas odLHOCTH, MoskI0 Mon0:kuTh B (1.21) py =0 u pac-
cMATpMBATL Ciywaii, Korjga S, — mlomagr Kpyra. B mepsom mpu-
Oamikenuim, onucanuon pouie. peamdnpa K. (U) mveer rayccosckoe
pacupegereniie peposTiocTeil. B oToM NPHOZMENNR TIMECT MeCTo
vasas gedopMalis KONTypa ILOWAJKIE, a HMEHHO: Ol 110BCPracTes
surneifen edopMalisay, B ciaydaiinad BeJmumia S TpecraBiifer
coBoiT TITOMmMANh OLTHICA €O CAYYANHLIMU BeTHYHHAMH J10/1yocei,
PasiMUHEC CpeAle 3HAMeHHA KOTODHX ONPCAeNATCSH CTaTHCTHYC-
cKUMH XapakTepucTHrayT Beanauist B (0). Moskuo morasarh [155],
9To B DTOM caydae caydaimas peamunna & = S/S, mpn S, >0
pacipeegena Mo 3aKOHY
“~x

p( )27}— Q 1—-(?_3?’ exp {~ t (1’§ L 7—17&)} (o >0, (1.22)

i .

[ an

——cc

Te [IOJ0:KMTCARHASL FOCTOAHHAA ¢ CBA3aHa CO CTATUCTHYECKMME
xapakrepucrnkaym seaminiet By (0). Orpunarenpunie snavenns §
5 (1.22) cooTBETCTBYIOT HBMEHEHII0 HalpabIeHUsS 00X01a KONTYypa
SLINTICA I, CJE[0BATETHII0, OFPULATEABLHRM BHATCTHANM IUomans S.

Bepneycst Tenepb clioBa K 3ajade 0 Jydax, OUNCLBAEMBIX CHCTe-
Moit ypasuennii (1.1). 13 sManoyramoBoM HpuOAMKEHIN CTATUCTHICCKT®
XapaKTepPUCTHKI JTy9eil MOTyT OHiThL OMHCAHbI, KaK ITOKA3AIo BhIIIE,
Ha ocHose ¥YOD, 3 ¢usmuecknx coodpa kenmii ACIO, YTO HPH Aaab-
HeHIme\ pacupocTpaHenny Jyda B ueoHopoHoil cpere OyayT passu-
‘parned QIYKTYAIHA HATPABIEHNHs PACHPOCTPAHEHHUsI, M 3aKOH pac-
Mpecaenus BEPOATHOCTCH JIOJRCH  CTPEMUTHCA K UBOTPOLIIOMY.
OfAAaKO DTY AAJDHENIyIo HBOJIONHAI 33KOHA DACTIpeeleHns yike
HeJIB3d onmchnaTh upm moMoiqu YIM. Tem me Meimee oKazhiBaeTCs
BO3MOYKHBIM MTONYINTH TOUHOL pelleHne DTO 3anadi NI MPeIeabHoro
pacupesenenus Beposariocrein [156].

VcmoapayeM ;1 T cepryecKyr CHCTEMY KOODIUHAT.

1= {cos ¢ sin 0, sim ¢sin0, cos 0},

Tag wro ypapucirng (1.1) upamyr Bupi

dx . dy . . dz .

— = cos ¢sin 0, —p =singsin 0, - = (08 6,

N Lo dl . e P o 99
=7 = ¢cos 8 [C()b(p—(ﬂ-—}—SID (p—()?] —-sinb -, (1.25)
dp sin @ ap cos @ Op

al = sin® oz sin@ oy

Dyuryumo pacipeneNenyust BePOATHOCTeH
WL, r, 0, )= (r (1) — 7800 — 05 (p() — ) (1.24)
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naiiesm B jBa vrama. Ha neppost oTane 3apukcupyeM ogHy H3 peaJin-
sanuii p (#) W paccMoTpPUM 3a7a4y € BEPOATHOCTHHIMH HaYaJbHHIMA
veaosusivm., Ecam mpu [ = 0 3a7ano HavalbHOE YCIOBHE

W0, #, 0, @) = W, (0, q), (1.25)
IO HER LhiLeTTast JBOJIOUH A pdCHpO;[e‘leHI/IH W OIIHUCHIBACTCA YypaBlue-

Jen JluyBis, COOTBCTCTBYIOLUM JAMHAMUTECKOH cucreMe (1.23).
JT0o VpaBuenmne Mo:kio npeodpaszoBarh B YpapHeHMe AMA QyHKOOH

P(r, 0, ¢) = Wisin 0, nopmuporaHuofi ycaropuem
a aT
\ de \5111[)d() \ dep P (. r. 8, ¢)=1,
) 9 -
o P oP (o . gt o
T {d— sin @ - [ COS P - )—J sin (PW oS 6} —
aP 1 T on in ¢ ou S I
-dcp Sin © i_—s ¢ Tu) (PJ
. ar . . 1P
_,—_c()S(psmOL P —= UM = 1 + sm(psmﬁ[‘ng—t—g—yj +
oA k

apP

) du
e 3]
- cos 6 [91 —

] — 1 (2P Vp — VP). (1.26)

Utodnl DOAYYHTH OTCIOfa COOTBETCTBYIOLEE Cpefie CO CIyYailHbIMA
HeogHopoHoeTsiMi  ypasuenue mia W, (1.26) caexyer ycpenHHTEH
no w. Moxaro, oRaKo, [0.IYyYUTH TOYHOE peIleHue HeyCPeUHEeHHOIr0
ypastenns (1.26), cooTBeTCTBYioEE YCTAHOBHBINENYCA DEKUMY,
JTo pelenme anagoTUYHO pacupegenenun ['uébca B cTaTHCTUICCKOH
MeXaHNKe, KOTOpoe fABJSCTCA pEenieHHeM CTAIMOHAPHOTO ypaBHEHUA
Jlmyswas ¥). Hexomoe peimentie He J0JI3KHO 3aBuceTh oT I, O, ¢.
Jlerko mwmjers, uro Takmm pemenues ypasnenns (1.26) Anaercs
QYHEUMA, YyAOBACTROPAWIAA ypasHenuw VP = 2P Vyu, T. e.

P(l, r, 8, @) = Pyexp {2n (). (1.27)

ITO BLIpajkeHUe ABAAETCS amajdoroM Gopmyis boiabuvana. Y4HTH-
Bag, 4To P = In n. Gyaey HMerhb :

P, e, 0, @) == Por® (1),

Rouctaura Fy sosier Gurh olpejeicHa U3 YCAOBUA ITOPMEPOBKE
(UTo HMeeT CMbICA JUULB juH KOHCYHOTO ofbeia)

e 0, )= — (1.28)
A Sdr n? (s)

Teuepyr ne npencrasasict Tpyida BHNOJIHUTL yepeldenue 1o #, YTO
s

*} OTMeTuM, 4TO ypaBHeHHA JJIA Jy9Yell MOKHO, KaK XOPOUIO H3BCCTHO, 3a-
mucaTh B q)opme TaMHJIBTOMOBHX YPaBHEHHH,
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TpUBOAUT K QopMmyle

2
P08 gy = T, (1.29
\ ( Y <.";r5 Rdr ”2(")> \ )

Ecanm Mo:KHEO cuHTaTh, 4TO HHTerpan ot n? He QUyKTyHpyer, TO
(P>~ {n¥(r)>. ATOT pesyTpTaT HMeeT UPOCTOH CMHICA: Tak Kak
JAVYH M3TUOARTCH B CTOPOHY YBEIWYEHWA K, TO MIOTHOCTL BEPOAT-
HocTell Goabime B Toit ofmacTm, rae Goasme {n®).

§ 2. Ammauryauo-dasopnie QayRTyamun

PaccyoTpuy Temepb (QAYKTyarnuyu HHTEHCHBHOCTH U (ashl BOIHES
B IEOMETPOONTHYECKOM NPUGINAEeHNN.

3 ypasnenmii nas unrtencusuoctn (8.1.24) m paswr B reomerpo-
omTmueckoM mpmbammennd (8.1.36) Ierko moaydnTh ¢ yYeToM IIPO-
CTPAaHCTBEHHOI HEOMHOPOHOCTH BeeX TMoell B IMIOCKOCTH z = const
serpaskenne [157]

OISy = Focery - L cr(v Sy (2.1)
2N v 2k L7 ’

gz N

C Jpyroii cTOPOHHEL, MMEET MeCTO COOTHOINEHNE

ViV,T (z, 1, Pz) I\Oi-':? = <[ [(V LX)Z -+ (VLS)2]>7 (2'2)

e T (z, o1, po) = <u (, p1) u¥ (T, P3)) — QYHKIUA KorepeHTHOCTH
BTOPOrO TIOPSIKA, PACCMOTPEHHAs BO BTOPOM maparpade BochMO
riapi. B IpUOIMAERHN TeoMeTPHYECKOH OMTHKE BEpaskenne (2.2)
yIpom@aercs W HTPUHAMAET BHT

ViVl (x, p1, Pz) ’91:;) = <[ (VLS)2>- (2-3)
Jlesas "actp ypasHeHHs (2.3) Mo:keT OHTb BRMUCJEHA B IpHOINKe-
pnu guddysmoHHOTO ClIydaiiHoro mpomecca. B aToM caydae dyrKRIMA
I' mia miockoir soauml omuckBaerca dopmynoit (8.2.197) (u, = 1),

a
. ’ ’ 6[’&7
(e e, o) T a,p)> = { do'A (0) ey > =
Su*

N\ =
. , , 61’
:SdpA(p)(\u(:c, p)m+u*(‘”’ 0) 55(; p’>>:0'

CaemopaTeabHO, B TeoMeTpoolTHueckoM H auddysuornoMm mpubin-
sReHMAX HMeoT MeCTO paBeHcTBa

(L(V. 8P =2 A, D (0)z =k, (T8> == A D(0)z, (2.4)

e 7 = n? S du D (n) x = 112 (V1 So)?> — guemepena yriaa MWPUAXO-

0
M4 BOJHH B TOuKy HaOXIfeHus B TePBOM HPHOIIReHHH MIIB B
HpUGIIHREHHE TeOMeTpIIecKodl ONTHKML.
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B mpubnmmennn reoMeTpudecKoil ONTHKE I ARQOYSHOHHOM MPH-
OJMREHUE MOSKHO I[OJYIATH TAKMKC 3aMKIIYTOe ypaBHenmue M
dyuarmun

Gz, p; 8, u)=L(z,0)0(S (z,0) — 5)d(VS (x, p) — u)>,

OTHCHIBAIOINEH KOPpemAndl HITEICHBHOCTH ¢ (a3ol M IpajgHeHTOM
¢aspl sonmst [158]. Iuddepernupyd Ty GYHKINIO II0 £ U HCIOILIYA
ypasuenus (1.24), (1.36), (1.37) BoceMoll I'Iasp, TMoCTe HECHORIBIX
npeofpasoBanmii mojiydaeM ypaBHEHHe

oG 1 - o1 , dG k24 (U) 0% Kk %G
o T V)G T e = TALD O) 57 -
(2.5)
Jlitst mTocKoll namatomedl BOJAHLI, B CIIY CTaTHCTHICCKOH 07IHOPOIIO-
CTH BCEX MOJCH B IIOCKOCTH x = const, V-G = O u ypasuenne (2.5)
VI pOULAeTCH:
T N e A Tt
S gt =t G A O e (2

Jto ypapuerne ofiaagaer Toll 0coOEHHOCTHIO, TTO A BETHUMH
UIS™ (08/9py)™y u3 Hero MoskeT GLITH HMOJyUeHA BAMKHYTasd KOHEUHO-
MepHas JdWHeHHas CHCTeMa YPABHEHHH IIepBOT0 HOPAMKa, pelleHne
KOTOpoli me BH3HBaeT 0COOLIX sarpyxuennii. Iloaydermnie DEiue
peipaskenns (2.4) ABIAKTCA UacTHpM CJIydaeM pelleHHd Taxol
CHCTEMEI ypABHEHN.

OTMeTHM, YTO MO;KHO HPOMHTEIPUPOBaTh ypapHenme (2.5) mo S,
T. €. UCKAKYATL Pasy BOJHE U3 paccMoTpeHusa. Mpl mpuxogum upn
3TOM K ypaBHEHMIO

oG 1 ~ k2 #2C
oz +T(?LV*)G_TAL1)(O)W

Ypasuenune (2.7) coBmagaer, eCTeCTBEHHO, ¢ yPaBHEHHEM [LIA IIOT-
HOCTH BepPOATHOCTEH, OIMCHBAIIIIM IuGOYBUI0  OTIEN HHOTO Tyda,
TaK KaK, COTNACHO Pe3ylIpTaTaM IM. 5, YDABHEHHE AIA BeIHUHHH G
COBIAKAET ¢ ypaBUeHueM [If IIOTHOCTH BePOATHOCTedl JarpaH/KeBHX
MePeMeHHBLX, T. €. XapaKTepuCcTuk JAydeil.

Ecnu ke uckarh ypasuenne 1is INIOTHOCTH BePOATHOCTEN

Py oI, S,u)=
=@ (x,0) — D)6 (S (z, p) — )8 (VL S (z,0) — w)

MapaMeTPUUECKH BaBHCAIEH oT mpocTpamcrsemnoil Touku (Z, 0),
TO HOJYUYATH €T0 B 3aMKEYTOM BHme He yhaercA. OnHaro ypapHeHNe
IIA IIOTHOCTH BEPOSTHOCTEdl MOJKHO BaMKHYTH, €CIH ee IepeMeHHLIe
NONOIHATL BeINUYAHAMHA, XapaKTePU3YWIUMH KpuBusny (asoBoro
¢ponra [67, 68]. ITo cpsasano ¢ TeM, 4TO HMEeHHO (IyKTyaruu KpH-
BHBHH (a30Boro (poHTa TMOPO:KIAKT (UIYKTyanud HHTEHCHBHOCTH
BOJWH B [€OMETPOOUTHYECKOM HPUOIIKennn.
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¥pasmenne A1A ¢asel Bomnnt (8.1.36) cooTBevernyeT vpaBneino
Famunprona — ko6, paceMorpeHnoMy B ndaroii riape, B KoTODOM

¢

2 1 .2 i Lo

2k (?Oi ’

,’T_[JI){ IIoJdydeud SaMRHYTOTO ypaBuCeHla ;g fIOTHOCTIT B‘Op()HTll()l"l(’ﬁ
(I)&SOB};IX OepeMeHHbIX TOCTATOYHO BBeCTI TPH AOTOJHHUTE) LHBIE nepe-

928 .
MEHHBI® Dy = m——, 0 cTOXACTIUecKoe yparuerre Jlmysuwana mpn-
api0p
HIIMACT BINY
9
adv i Ay ool il o . 1 o .
1 e . [ O 1A I IR
o LA pi an, b2k 48 3 Dii ol m i Py pz’p}“'l
1 . fe e, de d 0% g
e — oV = — _— A T v
= pall 3| 0 e g e W 29)

HJanec, yunreiBas rayccoBeKuii xapaktep QIyRTYaIHil & W TeapTa-
KOPPEMUPOBAHMOCTE MOMA & (X, P) MO T, MOMHO BHIIOIHHTH yepeaHe-
HHE 0 aHCcaMO0/II0 PeajH3aldii &, UTO IPHBOIHT K LIOABJICINI0 B ITpa-
Boit wactu (2.9) mud@y3uoHHbX UIEHOB:

Px, p(S, DPi» Diks I):
: 4. 728
:<6([($, m__[)é(é (x, p) —S)C\)(—;(T — pi) 6( >y Pih)>> ,

dpidpk )
2
apP 1 apP vy aP 1 @ 1 4 1
L —p. o . —— . .. =
Az [ I Di (9\02. (Y AERY L T ]p I d/);/l- pl:/)/,r[ % pu’l
%2 G2 42 1 o2
=7 {A (O) g5z AJAD (0) ( a5 dpii - T—_dp% ) .

2
_TAiD(0)< 2 "i)}p, (2.10)
Iy 8pi‘i
rie D (p) = 4 (0) — 4 (p).

Ilas umockoit magalomedt BoJHK, B CHIY IPOCTPAHCTROINION 010~
popuocrt, Vo> = 0. Uuverpupya ypasrenme (2.10) wo S 1 I, mo-
nydaeM Oonee TmpocToc ypaBHeHHe, oUHCHBaWMee GIYRTyaiun Ppaso-
BHIX TPajIHeHTOB:

25 (@, 0 .
s o(po ) = 8(V.S (@ 0) — ) 8 (T2 — pu) >

dpi(’/ph_
oP 1 i} 1
T T E g pupnP — —=puP =
k2 1 72 1 G2 02 ’
4{2 WD (O)F5 — 8% ”(ap%f %)} (2.11)

Ananormunnim obpasom, warerpupys (2.10) mo S m mo p, monyuaem
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§ PABITCIHNC.  OTHICHIRAOMEe ¢tV ETY it iTTec aBIoOCTIL BO TR

5 s . . . 02N (&, 0) .
Dy ootds piy= \0 (/(r,0)—1)0 ( gy pih’)‘> )

f

0P J ! 1
o P [P e e P = il =
Ny 2 e 2
. (r‘[)“[] rf//

[Hererpapys (2.017) mo 7. modyyaey ¥ pantioiine (i1 TWIOTIIOCTI Be-
POSCFIOCTCH BTOBLIX NPGHEBOANX  (fodhl. 01T BAOLITY KPHBUBITY
dasonoro dponta, vl

I | ‘ I /, A

- 7.7;_ sappl? == pul = = A A z;(()( 2
' il " ()]1 s /}

(2.11")

Cpawiusas (2.117) ¢ (2.11). Buanm uro mepBBe H BTOPHE UPOU3BOI-
Hble (Pasbl BOJHB ABTHIOTCA CTATHCTIUGCKA HEBABHCIIMBIMI 11 ILIOT-
[OCTh B2poATIoctell [ TPATUHCHTOR (Qasbl yJIOBIETBOPACT TP HTOM
Y PABICHITTO

7 > /:: '/[) 153 <
aP A poy 2l (2.12)
i ¢ l}Z/iL‘

Ma (2.12) caepyer. wro pacnpefiedeltie (07HOTOYCYHOR)  BeTH UMD
T S suniAeresT fAYCCOBCENM ¢ JHIcme peueil

<(\_ i LSN‘)2> =

(Ma,

FrO COBWATACT  IEBOCTIBLIM PEBYI BT oM LT3 MAJIHS GATKTY U aa-
[T YA BOJATTT T, CCA0BaTeILI0, 0600ulaeT ero na cryiail opoms-
BOJABITHIN B ywryaniil aMiaiieyini. B 1o sRe BpeMsI, Kar BIJO 43
(2.117), eymecthyer clubHad CTATHCTINECKAST  CBABH Mely QIyKTy-
AMITAMIT IITITOCUBHOCTI 1T KpuBHanoil gasoBoro $pomra. Y papiueHns
(2.10) --- (2.11") cylileeTROIIIO VIIPOIAIOTCS B JIBYMCPIIOM CIyTae.

ey

Taw, vpasacte (2,017 @ o1oM caveae TPUAHMaCT BHJT ((1 = 7m)

gl i " , | g 2h 1 , 3 ey
S Al g @0 gl e g LD () G

QTMeruM, uTo paceMoTpeInas Boie 3ajaua 0  CTaTHCTUYIeCKOM
ONUCANUI AMIIHTYANO-(a30BbIX (IYKTYAUMIT CBETOBOH BOJHHL B I'e0-
MOTPOOLNTHUACCKOM TRLUO/IKeHIH alaJoTHuNa 3ajflaye 0 CTaTHCTHYe-
CKOM OIDMCANTIM CTICTCMEL HOB3AWMOTEHCTBYIOMUX JacTHIl B TIAPOUHA-
MugecroM IIputmiqcerun. C IoMOMWLI0 amaJoTHYHRX YPaBHeHil MOK-
HO HMCC/AeT0BATH PABIHYHLIC CTATHCTHYECKHe CBOHCTBA Iy4Ka YacTHIL
(em. [159]).

ITosi yucnHEIe BRIINIC ypaBHCIUS, OUMAKO, JOCTATOYHO CITOKIB H B
HACTOAIIEC BPEMS cilte Maso mayuennt. 1TodTosy pasyMmilo HPHBIEKATh
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HeKOTOPEIE JONOATHHTEIHHLIE  (HBITeCK 000CIOBAHNEIE IPCIIONO-
SLENus.

@opayast (2.4) MOIKILO 1CHOABIOBATD /L5l LPOBCPKLL TEX WK NUbIX
LPEANON0/KeH Al  OTHOCHTENBIIO  XAPAKTCPA  aMIVIMT Y HO-pa30BHX
GryKTyanuil 1, B 9aCTHOCTH, IIPEINONO0REHUsL 0 BOBMOIKHOCTH 3aMEeHbI
V.8 ma VS, us nepsoro npudausernsa MI1B pas pacyera amnmary-
HEX Gayrryamuii. Hax ykassBatoch bpime, B OpHOIIKEHIH -
G yBHOHHOTO CIYUAlHOTO IpoIecca MOyt OLITh BBIUIICIEHB B SBHOM
BHUAE BETHYMHBI

{u (z, py) u* (z, 02) & (¥, 93)>7

(
Cu (z, p1) u* (2, P2) & (Y1, P3) & (Y, 01))s

¢ TOMOILBI0 KOTOPHIX HC ILPEJICTABIACT TPyjla HATIL BbipaskeHIA 11
AV SV 8>, I (VLS. D70 NO3BOAACT HPOBEPHTH BOIMOKITOCTH

samersl VS ma VS, B (2.4) mps pacuere aMILTITYAUBIX (utyRTya-
muii B obaacti cuablbly  Paykryanuii. Onyckass HOpOMCRNYVTOUIbe
BBIKIAKM, OpPHBEICM OROITYATCJALHLIA pPesyibrar [(157] (mist ¢payk-
Tyamuil €, BH3BAHIHX TypPOyIenTuoCThIO):

AV SV, 8> = kFfy (03),
A (V8% =k 1 — £, (o),
rae GYHRNAHE f; 1 f, UMeIoT ACHUMOTOTUUCCKHW BHJ
fE)=1, fa(@)~oi  (oi<1),

910 coorBeTeTBYeT mepsomy npubmmkennio MIIB, n

/

P ~1/3 .2 —2 -
D)~y fo (o))~ (05 =>1),
(a5

2 2 meR?
Ile napaMeTp O, ONpeicsAeTcs o GopMmyne Op= ——& g‘ dn w@g ().
0
1M ACHMIOTOTHYECKHE OLEHKH CBIICTCABCTBYIOT O TOM, 9TO B 00aacTH
CHTHHEX (IyKTyamuil HHTEHCHBHOCTII MeIb3st HPOBOLMTH 3aMEHy
V.S ma V S, npu pacdere aMILTHTYIHLIX (QIyKTYaIHid.

@opmyan (2.4) MOKHO TaKRke MHCIOOMB30BATH U JAA  BHBOIA
VCIOBHl NPUMEIIMOCTH NPHOTHKeHUsT NHQDHYBHOHITOrO CIyyaiiRoro
mpomecca TPU OMICAINH AMILTHTYAHO-Pa30BLIX (uiyKTyamui B reo-
MeTPOOTITHUeCKOM —NpUOIM/KeHIN, KOTODLIe, KaK JIETKo BHeTD,
COBMAMAOT ¢ YCIAOBHAMH TPHMEHAMOCTI HpHOIIEeHHA AUpHYsHOH-
HOTO CJYMAiHOTO IpoIecca JIiisl CTATHCTHICCKOr0 OMACAHs Huddysuu
Tyueii B caydaitmo-neoanopoamoil cpene (popmyaa (1.17)).

OTMeruM, 910 B HpAGAmAKeRHN AH(GOY3HOMHOrO CJIyIafiHOTO TPOo-
Iecca MOZKIO TOJNYYHTH 3aMKHYTOe ypaBHEHHe JIf XapaKTepucTnde-
ckoro ¢ynxnmonana S (z, p) B WIOCKOCTH T = const. JT0 ypaBHeHUE
AHAJOTMYHO YPABHEHHIO JUIs XapaKTepHeTHIecKoro (YHKIMOHATLA
mona u (z, p). OfHAaKo, B cHIY HeJHMHeHHOCTH ypaBHeHHA AJIA $asbl
BOJHE, YPABHeHHA /JA MOMEHTOB a3kl BONHE OyAyT HE3aMKHYTHIMA.
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§ 3. Teomerpuyecrkoe mwpHOMILKEHHE
B CTATHCTHYECKOH TeopHil BOMH *)

Brrme Mol paceMorpedii  mpHOJIGLRefNme FeoMeTPITYECKOI  OHTHKM
UL BOJI B CJAVUANIIO-HEOITOPON0I cpefe §03 peryasaproil pedpak-
U 1A OCTIOBe MAJIOYIJIOBGTO HPHGIIKCINA AT ypaBHeHIsa Terba-
roapiia. Ha caMoM [eJde reoMeTpuaecKoe TPUGIIARCINe ABJIACTCSI
VHIBEPCATBHEIM ANIAPATOM, IPITOXHLIM I TOSHX BUAOB BOJIL,
pacupocTpauAoONUixcsA B IPOIM3BOABICI  cpefle, T I03BOIHAIONINM
OpHEHTIHPOBATHCL B OCHOBHBIN dipderTax, COMPOROKRIANINEY IPONEce
pactpocTpaHenisa pojH. Himke Mbl DaceMOTPIIM TeOMeTPIrecKoe Ipi-
GIIRenIe B TEOPHH BOJII ¢ OOWEX HOSHIHH I NPOITIOCTPHPYEM 0C-
HOBIILIE Hjled Ha KOHKPETHHIX IpHMCpay, DAcCMOTPEHILIX B ITPEALLLY-
myX TIaBax.

PaccyorpuM ypasiefie, omHCLIBAIOHEe paclpocrpaeinie cRa.lap-
Hoil BOXHK B cpefe, cBoficTBA KOTOPOH MATO MEHAIOTCS Ia TPOTHKE-
HHM TepIoja  /UIHNHH BOJHEL. XOpOITO [13BECTHO, UTO €ro pererne
MOZKHO TPEeJCTaBUTh B BI/IE JTOKAIBHON TIIOCKON BOJIIH

w (e, ) = A (@, 1) exp {iS (¢, 1)}, (3.1)
re A u S — ee amnanTya 1 $asa coorsercTBeHo. ITo aHaxorMM co

clydaeM OJXHOPOJHOL CDebl MO/KHO BBECTH TOKAIBIBIH BOJIIOBON
BeKTOp f M JIOKAILHYIO 4YacTOTy O

e 8
k=VS, o= — — (3.2)

MMojcraBaM 3aTeM BBIpasienne (3.1) B ommcHBaoliee BOIHY ypaBHEHIe
M PAsTOKIM aMILTUTYAY B DA 0 MAJOMY HapaMeTpy, TpPeAcTaBIAL0-
meMy coGoil OTHONICHMC NepHoja KN JJIMIE BOJHH K XapakTepHOMY
BPEMEHHOMY ILIM IPOCTPAHCTBEHHOMY MacmTaly opeji.

B HyZeBOM IIPHOIMREHIN TOTydaeM TMCHePCHOHII0e COOTHOMCHNe
D (0, k,x. 1) =0, nm

o = Q(k, x, t). (3.3)

C yuerom (3.2) cootmoutenue (3.3) ABisercst ypasHeHHeM B MacTIBIX
MPOM3BOAHLIX TEPBOTO nopsaaka (ypasnenue I'amMunproHa — flroGu).
VpaBHenue [DepBoro NPHOIMReHHs O0LIYIIO HMeeT BHJ 3aKoma CO-
XpaHeHHA:

al :
L Ne =0 (I=4Y, (3.4)

rae I — MHTEHCHBHOCTH BOJHII, a Cy — e TpynooBasi CKOpPOCTh:

e, = 0Q/0k. (3.9)

13 pucHepcHOHHOTO coornomenns (3.3) MOKHO HAWTH XapakTepHeTa
wecKHe YPABHEHWs, ONpeeAIHe BHJ COOTBETCTBYIOMIX BOJHE

*) PeayabTaTHl [IAHIOI'0 naparpada noxydcunt copmectno ¢ I'. U, D a6ruHbEM
u B. M. DlesuoesiM, (Akycr. xypa., 1980, r. 26, e 4).

323



Jayueii:

dx [ dle dw Y R
dv A v, o (3.6)
dt ok dr dt ot
rae d/dt = 9/t |- e, V. Haewredr, kpoye Toro, ypasueiist List §asbl
ay av .
DY o S P 3.7
dt O ok (5-7)
W HITCILCHBIIOCTH
dl .
dar . [
= Ve, (3.8)

Hogo0npiil HonXo;1 ik TEOPIIL BOdIE CTPoOro vdocuoBall ¢ BOMOULLIO Bit-
pHalmoHHOro wpmiuia (cM., manpusep, | 60]).

Kax mokasano B mAToll TaaBe. Aid J0O0T0 YPUBIeNnA B YaCTHLLX
NpoW3BOAHKX Buja (3.3) MOJKHO BBCCTII IJOTHOCTHL BeDOATIIOCTEH B
$a30BOM mpocTpaHCTBE, IS KOTOPOI yilaercs HanucaTh Jdudeifdoe
VpaBHEHWE JBOAIOUWH (KAHETHUECKOC yPABHEINe, TLIH  YDaBIEHMUC
Jluysnans). [Tpu mazimuum B 3afane ¢1yuaiidbix IIa paMeTpoB 870 ypae-
Hende ABJIAETCA CTOXACTHYSCKUM H ITOTEMNT JIONOAIHTeIBHOMY yC-
pepHenmio 1o amcambaro peanusanmil napaverpos. C yuetom (3.8)
B uHCJIO TIepeMeHHBIX DTOr0 ypaBHEHHF Terko Briaowuts { (x, 7).
OfHARO MM HaXOMACHHsA CTATIHCTHIECKIIX XapaKTePUICTHK HHTCHCIB-
HOCTH BOJHEL MORIIO BOCNOJBL30BATBCA Oojee 1IPOCTHIM LOAXODOM.
Kax mokaszaHo B TMI. 5, JIerko IMamCaTh JaMRHYTOC EHIETHYCCRO
ypaBHeHue JJI7 BeJTUIMIThL

Dk, x, ty=1{x, t)0(k(x, ) — k), {3.9)

npuueM 0 GopMe OHO COBNAJ3eT ¢ ypaBHEHHEM 1A ILIOTHOCTH Be-
posATHoCTeil JarpamkeBny Koopunuar o« (1), B () (xyuqeii)

d.b oD .
S = (3.10)

Coraacuo owpeseaenuo (3.9) ¢ momonpio BeamnanHe O Mozkit0 HalTH
HHTEHCUBITOCTL (IIOTHOCTH DHEPIrHH) BOJHE

T (e, t)y= | dkD (R, , ) (3.11
Il IIOTIIOCTD LOTOKA BLEPIIH
W, 1) = § dicegh (1o, i, 1). (3.12)
B coorserersin ¢ ypapuenuem (3.10)
ol - 9 40
- F VIE==0. (3.13

Otcoja caenyer, uro Bemmunny @ (k, ¢, t) MOKHO OTOKAECTBUTL C
JAyIeBoil HHTEHCMBHOCTHIO, a ypaBHenne (3.10) — ¢ ypapHeHumeM mepe-
HOCA M3IYYCHUA B OICAIIHOM BELIE F€OMOTPHICCKOM IPHOIMIKeIInH.

IMycers Temepn wacToTa BOJHLI () 33/aHA ¥ 0CTAeTCHA HEN3MEHIION.
[TpeamonoskuM, KpoMe TOTO, 4TO BOJHA cJab0 OTKIOHSAETCA OT WePBO-
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MAYAJIBHOTO TAPABICIA PACTPOCTPATICILs, KOTOpoe HpUIMEM 3a 0/
ny 13 oceil xoopgmuar. OGo3HauMM BBIAETEIINYIO RoOpINIATY E.
Toria mpir & == 0 R -= Ay = (k+ 0, 0). Jlucneperonnoe cooTomenie
MOSKIIO PasaoskiTh 1o crenciaM Beawumint (B — k). flcro, uro B
O\ UeiflIOM Pas105KCTINT NMEeTCs TMePBAs CTeICnb Ma1o0il BeINUIIH
ks — kg (Goiee RpiCOKHC CTOIeIl OTGPOCHM).
B pesyibTare HOJYWIM VPaBIEHIIo
Lo == Q) ((1), IS A E). ! (.71 i)

<

B KOTOPOM, BOOGILE TOBODSA. JJOCTATOUHO OCTABIITL UE[IBHIC 1CLCUEBRI0-
MHE 4eHnl pasao-kenus mok, (specb k) 11 o, — COCTBOTCTBEHIIO TIPO-
eKLIH BeXTOPOB A 1I . MA NNOCKOCTb. 1Ie PHeHINKYIApHYI ocl §).
I10 yparEende aHATOTIYHO COOTHOIIOIII) (3.3), B ROTOPOM BBLIjpeICI-
Hag KoopimnmaTa & nurpaer poib vpeseHH. Temeps MomITO JHCIOIB30-
BaTh Bee ITIPUBEIEHHBE BRIOIE DACCY;RACHUA I YYOCThL 3aBHCHMOCTH
HapaMeTpoB cpedsl oT RoopamHaTe &. B ToM cayuae. norma pagmyc
KOPPEIAIMK 110 § 3HAUATETHI0 GOMBINC JAWHLL BOJIIBI, HO CYILEeCTBEH-
HC MEHBLIe TPOXOIUMOT0 €0 PACCTOAHUA, MOKHO IMPHMEHUTD MCTOMH!,
OIMCAHTBE BHIME 417 O-KOPpPeIupOBAHIBIX CHYUAHBIX IIPOIECCOB.
Taxroif cocof mpuMeHAMCA B NpeIRIYINX naparpadax.

B rauc¢TBE KOHKpETHOTO IpEMepa PaccMOTPHM B ONHCAHHOM TPH-
SMUKeHHY pacmpocTpalieHIfe CKAIADHON BOJNEL B IIOCROM BOITHOBOTE,
IIOKABATCH B 1TPEIOMIENTST KOTOPOTO li3MeudeTes MPONOPIHOHATHHO
KBAJpATY 110116 DeTH0H KOOPAUHATE 2 (COOTBOTCTBYIONAS HIPAKIIAOH-
mas sajgada paccMarpueazack B ra. 8, 9). B oreyrerie cmydaiinoi
COCTAaBASAIIE IoKasaTedas MOPEeTOMICHIA [[ICHEPCHOITHOe COOTHO-
menne (3.14) raxoro:

0 0 c
2 (ks — B K= - a2 (v — kD), (3.15)
4 XaparTeprcTUYeCcKHe YpPaBHEHITA (3.6) pBRIISTAT CIEMVIOLIUM 00-
pasoMm:

dz dv . o
E:U, E:—(LQZ. (016)

(Mycrs mpu & = 0 z = zy, v == 0, I = I, (2); Torga z - 3, cos ag,
v — gy sinag, T = |cosaf| ', (z/cos aE).

Kein yueeTh Teneph CAyuaiiylo COCTABMMLIOULYI) TORABATC s pe-
aomiennsa e (§, z), to ypaBuenus (3.16) 6ymyr mmeTs BUJ
dz dv 1 oe (€, 2) ’
T:U, TZ—(LZZ—{— 5 T . (316)

a £ Jz

Cuurran, ga1ee, & (§, z) TayCCOBCKEM OSHOPOLULIM CJIyYALbLIM ICIEeM,
S-KoppeanpoBaHHMM IO §, T. €. HMEOMUM KOPpPEeIALUOHHYIO
¢ VHKIHIO

~ (T . P

(€ e,z =4(E-5)8E—E)
| 1IpoBojst ycperHenme B ypaBHeHum (3.10), moaygaem ypaBHEHHE
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ditnmreiina — Moxrepa (P = (DY)

apP ap o 0P 1 2P -
w5 v e =7 HO) 5 (3-17)

¢ HagaIpHHKM yeaosiem P = Py (z,v) npn & = 0; sgecs H (p) =

1
=5 Aud (o).

C momompro npeoGpasoBanma Dypne sBefeM HOBYIO QyHKIHIO
U (z, 0, 8):

Pz v, &)= dpi"(z p, &) exp (— ikvp), (3.18)

rae k = ki — navaaproe BoamoBoe wuciao. Torma aus gymRIHA
I'(z, o &) moanyvaeMm ypaBHeuie

T i oo - ke , .
e [Td(z—dp — iahpzl’ - — H (0)p*I'=10 (3.17)

Vpasuenne (3.17') copmagaer ¢ ypaBHeHHeM A QYHKIMH KOTeDEHT-
HOCTH ypaBHemus leqbMromblia B napalolMdecKOM IpUOTHACHUM,
rZe BMecTo cTpykrypuoit ¢yurnuu D (o) = A (0) — A4 (p) BxopuT
pennmyuna H (0) p?, cBa3amnas ¢ MePBEIM WICHOM €¢ Pa3IOeHHS 10 0.
Takas cBfisk Meswy Beduvuaamu P u I' 6pura ormMeaena B paGore [161].
TaxnM 06pa3oM, Kak yyke TOROPHJIOCH Bhe, BermuuHa P spaserca
AVueBoii MHTEHCHMBHOCTHIO, a ypasmerne (3.17) nna paumoil sapa4n
mpepcrapisger coholl ypaBHEHIe mepeHoca U3IyUCHHA B TPUOIMReHUN
reoMeTpUIeCKOR ONTHKE (ARYCTHEH).
Vpasuenme (3.17) MOKHO peMINTE:

P(z,v, &)= Sl dpdq Py (p, q) exp {ip(zcosaf — va'sinaf) 4
+ig (sasinaf - v cosaf) — (Ys) H (0) [p0™* (§ — (20)7! sin 20E) -
L pga? (cos 208 — 1) 4 q% (& + (2a)'sin 208)]}, (3.19)
e
Py (p, q)= (2n)? \ dz dv Py (z, v)exp {— ipz — iqu}.

C momomieo dopmyn (3.11) 11 (3.12) gerko HaiTH CPEAUIOI0 AHTEHCUB-
HocTh {I> m maornocts moroka ouepruu {II>, mampumep:

KI(E 2))=
= - s ips_ H (0) p? g tg ag
T lcosak| S dp Py (p, o8 aﬁ) exp {cos aF, 802 [cos2 o Pf )

Ecau sermamma P, He saBumcur ot ¢, T. e. P, (z, v) = P, () § (v),
TO

(M 2= —atgas [2<D+ 2OE o ] @320

IMocKONBRY chpaBepauBO BHTeKamee n3 (3.13) paBencTrO 8—05<I> -+

] ,
+—= (II) =0, pna cpepueidr uHTeHCHBHOCTHM <[) mosysaercs
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ypaBHeHue »
ﬁ, <I>:(Ltga§%[ Iy -+ Lz 7 I (3.21)

az o

¢ wawanpumm  yeaosuwem I (0, z) = Py (2).  llyern Py (z) —=
= I, exp {— 2z%/a”}, ToTHA

(T(E 2y = o
VI

exp {— o}y < 2y =57 g

e

H (v) sin 20,
— cos? —
F (8) = cosat + 5k (8 — 5 ).
Mpu H (0) = 0 nonyuaem Bmpaskenme i [, maiffenroe Buime ¢
HOMOILBI0 ypasuenmi (3.16).
Jlosi BeJMIWHEL

Q (B, R, Xyy &g, 1) =
— 1 (o1, 0) 1 (s, £) oy (01, 1) — Bon) © (Ko (o, 1) — o) (3.22)

TaR/ie yjaercs NOIYIATh 3aMKHYTOe KHHCTHYeCKOe ypaBHeNnne, COB-
magaomee 1o GopMe ¢ ypaBHEHHEM JUls ILIOTHOCTH BePOATHOCTER Jar-
paHKeBHIX Hoop;mHaT x; (t), Fe; (8):
aQ :
Qe e QN2+ L0V (3.23)

d:v e ahl

C TOMOMNIBI BHPaKCHUA (3.22) MOKHO LIAUTH BETUIAHY
T (@t t) (00, t) = § dloy B (Bor, o, 24, 2, 1)-

ITocme ycpenHenusa mo ancaMGao peanmsanuil  QIyKTYHPYIOIHEX
mapaMeTpPoOB OTCIOIA NMOJMYdaeTca yHRIMA KOPPesniln /151 HHTenCnB-
HOCTH. ]

B wacrmoctn, faa sagaum o Aud@ys3um ABYX Jydeil B IBYMEPHOM
ciyuae m3 (3.23) Bmrexaer ypasuenue (P = (Q))

ap op 6P  H(0) [*P , 6*P 1 2P

—_— — < _ J D 7y — S

e UL T % [ayg OU;J o H (= %) 5
(3.24)

Korpa paccroamue (2, — 2,) MeAYLY JydaMid NPEBBIIIAET pajHyc KOD-
pelAIN, HMeeT MecTo HesaBucHMas nudPysus ABYX JydUeil.
Beegem ¢yurumio Iy (g:, 2;, §):

P (v;, 23 &) == Sd% dql's (s, 2i, EYexp {— ik (v1q1 -+ v2q2)}s (3.25)
IA Koropoil us (3.24) mogydaeM ypaBuemHue

oT'y i 9T, iy

_6E,_ k 072,001 k 0z, Er
k2 §
= 4 H (0) (qz_l— q;) F4—'TH (Z]_ -——*Zg) q1q21 4, (3.26)

B
ta
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QWO COBHANACT ¢ YPaBIOTNeM LA GYURILIE KOPCPCUTIIOCTIL YeTBE hTo-
O NOpHAIKa. £ ROTOPOM CTPYRTYpitast Gyvunnrsa 2 (o) pasioaena o
PASL IO MATBIY BOAIMINAM ¢ IE ¢/, 10 KB DavIBIN L1CHOB.

B psne sazau «aenaenmsiey nponecck mrddyanie pporeranT a do-
He «OLICTPHIXY OCIILLIIIPYIOIHX [I3MeHeHHil HepeMenusix. B aTodl
CVAAC. KAK MBI BIFICSTI B MpeTRIVITIN ITaBa X, MOJA¢3e1l TIPHeM, ¢RI
BAIMIBI ¢ VCPOLUCTULOM 1VTOTHOCTIL BOPOATIIOCTCT 10 OLICT PLIM OCIILT-
AAnnAM. Paceatorpiont 3,051 npoctotel WIOCKIT BOTHOBOT, JIOKA3aTNID
mpeaoMiIenna woreporo pamsen |a? — ¢ ()] 2% rae § n oz — uponoan-
ST 11 HONepeutas RoopammaTe. a ¢ (3) — raycevgeran  SRoppenns
poBaTas  eavidinas  Gyvasmust. s Kortopoii (e (8) ¢ (87> -
= 20 yS (E—T7). Tawast moetanoBra 3alatle 01IebBaeT $JA VKTVl
HapaMerTpon BoAMNGROIA,

Ypawiemost s Tveei TakoBo

d: de B -\ o=
= =0 7z = —0"z -#(5)z (32()

Bsepear itoppre gepeMenunie # B, COOTBETCTBYIOIIIE AMIANTY/E U
daze ocmumATHINIE JTVTAL

Z - Cos(-expu, ¢ o= — o sin gexp u,
du e(5) . dep & (%) o a 90
— == — — =81 PCcusP, -7~ ==U— ——CO08"P. 320
dz, a v P dz 2 087 ¢ ( )

Sl pyurmm Po= S (w (§) — u), omMCLIBAINCH 1L TOTIOCTE BOPOAT-
HocTel Ao seauwntnnt u (§). nocae yepemnenua mo & (E) n dnierpo
ocyITADYiomet gase ¢ TOJyunM ypaBleHHe
> =2 3
a3, _a_[ 0P 95 (3.20)
2 .

o7 4a2 du | ou

COOTBOTETBYIOUIEC TaVCCOBCKOMY pacupenenellinio 1A Be MW U.
MoskTI0 BRECTIL IWIOTIIOCTH BReDosATHOCTCH £ st asyx ayueir. Ilo-
CaIe YOPCIICINS o pasaM o6eiX JyUell ypasuerne 1ia P Gymer 1MMeTh
TAaKOl ke BMI, Kalk B ¢Javuae JBYN JVIUCIT, PacnpocTpariioniuxcs
NEBABHCHMO IDYVT OF IPYTa.
ANATOrnyImeIM 00pasos MOEHO PACCMOTPETh W TPeXMe DITAIH BOJLTIo-

. e 2 ey (g N2
BOJL ¢ OkAzaTeeM  upegoytenns  {(wy — g) 27 | {2y - £,) 73, THe
OC KOOPINHAT Z; U Z, UAUPaBienn BAOAL TIasnux oceli. I oeaywae
(LU PITTCC RI- CIRCT pPIYIOTo BOJATIOROTA (%, ©,)  3alada CBo-

AWTCH 18 HPCABIIYIICET, NOCKOALKY JIBIZECIING Jyua [POHCXOHT B 0fl-
noit wrockoern. Hpim o %% @, TAKOC JIBIGREIIE HMEET MecTo ML I
ILA0CROCTAN, COOTBOTCTRYIOMIN FaaBiibia ocAM. I3 obiiesm e cayuae
TPAEKTOPUA [AyTa yike I¢ OyieT nnockoil. OJHaRo B HepPCMENHEIX U,
U, YDABACHIEe I BEINdarun P Io-npeskueMy HMeeT TakoW ;e BRI,
KaK 1A ABYX HE3aBHCIIMO DPACTIPOCTPAISIOIIINCA aydelf, 1o ¢ pas-
JHIHEIME RodPPuumenramMmn AngQysnm.



AR THIOYEHUWE

B aIpe;loskeHEOD RHIIre GuIHT PasBUTSHL OVHEIHOIAT bILIC MCTOIb
UBVUCIHHST CTATHCTHUCCKIY XAPAKTE PUCTUR PCHICUHI CTONACTIICS KX
VDABLETUTIT IT §BUIM PACCMOTDCIBL TIPHMEFICIIS 3TIX MeTo;[0B & KOTI-
EPeTHLIM CTAaTRCTUICCRIIN BOZHOBLIM Ba [ UAM,

Hposons GopMaTbUyo KAACCUPITRAIMIO. DASBTITHIMI BLILE MOTO-
JAMIL MO/KHO PaccMaTpPUBATh NEJTIHEHITMC JLilAMITIeCKUC CHETCMDBl 110
UeHCTBHOM CHYUallHBIX BO3MYLLEUHil, ONUChEaeMLe Kak CI¢TeMaMn
OOBIKHOBE TIBIX j(MPde pelIquatbybIX ¥ PARTCINGY, Tak 1y JaBHELULsAMI B
YACTILIX ITPOIMBEOAHLIN I HHTET PAMILILIMI Y PABHEOITUAMN, IPIITeM ¢1y-
qadilible Ta PaMeTphl MOTYT BXOAMIL Kax B KoddEiuiieHTol ypassenna,
TAK I B TMPABYI0 9acTh. Bamio JINIb, 9T00bI BHLO.IUHA0CH YCTOBIE
AUAAMILYECRON TPUYNHHAOTTII.

DyuREonaIbHbe METOIb H3YUCHI CTATICTHUCCKAX  XapakTepil-
CTIIR PerieHIrst 3adatT ObLIT PasBITLL T alraTirsa JHedubix (Boodue
TOBOPS, OMEPATOPHLIY) CTOXACTITUCCKIX ypaBueHnid, TIpn aToM BakHBIM
MOMCLTOM ABAAETCHA BOIIPOC O BOBMOIKHOCTIL Ceelelitd TCX0;lH0B Ire-
JHIMCITHOT 3000 RO JUHCIM 38/1Q0aM PACCMOTPCLHOTO FILlA.

Eeanl croxacrmaeckasd 3a/1a4a CLUCLIBACTE ST CHETCMOL 4O TUNCH TN
OOBIKIOBEITLIN  UEPHENCHNTAIBEMX  YPARICIHLEL, 70 BCeTjia Iy Teal
pacnfpeHus IPoeTpatueTBa (1OUC THOMCPHOTO. 0ATAKO) MO0 e pedi-
TH K 9KBHBATICHTIOMY efl OIMICATIITIO ¢ TOMOLUILI) HITHEMHETo ypaBHe-
AL B 9ACTHBIX UPouapombix  (ypanieurio <hiysumnia). Tipy otos
ypasieimte JIIysinets cojep st doapmme mirdopaanmir, Yea me Xoj-
HOC, i OHITCHBART TLIOTIHOC L B(:]l()ﬂ'.”]I()("l‘(ii:2 LT JI(’/,\'(Jllll(JI'/.I JUTH QM-
QOCHOIT cretenmut B hazoBoM npuctpaiterse. Bocoydae sre Hponsnosh-
OTO 1eNIelhitoro VPaBuOeHyI 8 TaCTHLIY IIPOH3BOTILIN TakykC MOFRITO
SCPERTIT K JHHICTUTOMY YPaRiIlCHo. 1o yike B 0eCROHeTIoMe pTToA L PO-
CTPAHCTEC, COACPIRAIeMY BapUAlIONIIbe OpoM2soinnie (VpdBIeHTx)
Xomga). [omeutto, nyd KOURPETHSAMH THLUA YHABIENNH MOIKIO B
Diie CAYIACE YOPOCTATL TAKON [epexox. Tak, ecad HexojHoe ypas-
HCIME COREPSNIIT 1IPOCTPAHCTBEIHLIE [POU3BOJHLIC TOJALKO TEPBOTO
MOPAAKA, 70 MOMHO OTPARHIMTHLCSI NEPEeXOmoM K KOHeUHOMEDIIOMY
IIPOCTPATICTBY, @ €CJHU K TOMY (1€ OHO ABIAETCS KBABHJMHEHHEIM, 10
PasMepHoCcTh PACHIMPEeHAOT0 IPOCTPAHCTBA eme (ojiee CORpAIaeTcs.
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[{paesast 3ajada  Jgist OOBIKTIOBCIITIEIX JuddepenTiian bl Y Y paBie-
HEE ¢ IOMOMBIO TeOpUI HIBApHANTIIOr0 HOIPYRCINT CBOANTCA K
KBAa3MIRHETHOMY YPaBHEHHIO.

Mrak, Mul HeperTd K jmaefirody (mndgepeHipmanpHOMy I IH-
TCTPANIBHOMY) €TOXACTHEECKOMY Y PABHEHILO. IMpu yepeaHeHMII BTOTO
ypaBlleHHs M0 (UIYKRTYHPYIOIM lapaMerpaM MH, Boo0Ie rosopd,
[Ie TOJYYaeN 3aMKIYTOTO YPaBIEHIIA s MuTepecyomeil Hac Belu-
quupl. VM Taroe 3aMplKaHIe MOSKHO NPOH3BECTH IyTeM AOIOJIIHTENb-
[HOro mepexoja K HOBOMY DAcCHIMPEHIGMY HpPOCTPAHCTBY, BOOOIIE TO-
BOps, GecKoHewHoOMepHOMY. B peayasrare momytdacM JHHeliHoe ypaBs-
Hemme I CPellero 3HaweHHSA HHTEPeCYRIeHd Hac BEJMWINE, HO C
BAPUAIMOHIIEIMIT  [1POTI3BOHBIMU (mampuvep, ypasnenne lllBunrepa
JUIST CTOXACTIIECKHIX IHTCT PAILBIDIX ypasnenitit). 11 B aTom cMpIcTe
npoGieMa aHaIH3a JITeHIX CTOXACTITIECKIY 3ajat HOJHOCTBI) ata-
JOTHYHA AHAIN3Y HETHHenblX JTeTePMHIHIIDOBAHIBIX  3afat -
BUIIL, T. €. MO/KHO YTBEPaTh, UT0 JIIeHHbe croxacTHyccrHe 3a-
Ja4H MO CBOCE CYIIIOCTH ARIAIOTCA HCAMIEHITEI  3aadaMi. Ilpn
KOITKPETH3AL[II CTaTHCTHIeCKOH IPHPOIL PIYKTYHPYOIHY HapaMer-
POB CHTYAUIS B psie CliyyaeB ylnpom@acres. Tax, ecau QIYRTyHpyfo-
e TapaMeTpsl ARIAITCH MAPKOBCKHMI  IPOICCCaMI 0OGLICTO THIIA,
TO PACIIHPEHITOR IIPCCTPATICTRO MOsHerT GHITH CBEAEHO K KOHETHOMEPHO-
My, & LI YacTIRX CIydaeB MapKOBCKHX TDOIECcoB, TaKMX, Kak
reqer padHpiit, 0G00ODICITHEII renerpadusil 1 MapROBCKME IPOLECCH ¢
KOWETHBIN JHCIOM COCTOALIN. BOOGmE MOKHO 0GOliTHCH (€3 Kakoro-
nn60 pacumpenusa OpocTpaneTBa.

Peayaprathi A caydas, Korja GayRTYHpYODMIL HapaMeTpaMi
ABNAOTCA TAYCCOBCKIE MapKOBCHKHE ITPOUCCCLL LTI PYHKIHM OT AHX,
MOKHO TOIYIATL, MCXOAA IN3 MPEACTBLOI TEOPeMbl 0 TMepexone cyM-
MbL [I€3aBHCAMbLIX TCleTPAQHBIX NPOIECCOB ¢ YRCIMICTHEM HIIcaa die-
HOB B TayrCOBCKHIX MapKOBCKUIL mporecc.

Bepneaics teneps ¥ CTOXACTUYECKOMY APTeHoMY ypaBHeHIIIO 00-
niero toma. veercsi o ACTMIITOTIINCCKAM  caydail, 11a3biBacMbli
IPUGAMRCTIC) eI BTA-KOPTeTHPORATIoro Tpoliecca (moxrs), Rorja
CUTYATUIA COBCeM Ylrpomaeress. B 9TeM acuMITOTIHCCROM IIpetere
CTATITCTIMNCCKIIC XaDaiTe PUCTHRIT pemremntil cTOXaCTHIeCKAX Y pABITC-
MU caMIl YAOBAETBOPSIOT ANNEHNLIM yPaBlCHILIM 1 TEOPIH) MO0
paccMaTpuBaTH Kak veopuio oGodmentoro OPOYHOBCKOTO JIBH;KEHUA.
C (raugecKoll TCUKI 2PenTs oTa &CAMNTOTITECKAA TCOPUS MPUTOIA
MTa TeX cHryanuit, KOUJa paceMatpHBaeMan CHCTeMa yiKe HCIbnTala
MOCTATOMHO® WICIO LICHABICHMBLNY CYTARIBIX BOS3JEHCTBMH U MOLHO
YIOBICTROPUTHCS Y¢ [F@ANEHITBIM ORUCATIIEM €€ ITOBEJIeHIIT 34 BPEMCIIa,
GOMBINIE IO CPABNEHNIO CO BpeMeneM «eJHHHTHOTO TOTIRAD. JTto 00-
CTOATENLCTBO B 00YCTOBANBaET NPENMyilecTBa PACCMOTPEHHOTO DyHE-
MOHATBIOTO MOAX0A, TaK KAk MCTOABl, OCHOBAHHBIE HA TIPUMEHEIIN
TeopHM RO3MYILEIMil, 00BIYHO TPUBOIAT K 0eCKOHEYHHIM CHCTEMAM |
vpaBmennii Amsn ¢TATHCTUMCCKHX XapDAKTEPHCTUK pPeImeHus saiatdn n
UX 11 pHOIH/KReHLble PCIUeHTs YacTO OKA3HBAIOTCHA CIPABE/IINBLIMIL JIIIIE
HpU BECHMA RECTHUX OTPaHNYCHHAX. ITpeuMyIecTBOM AAHHOIO MOJ-
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X0la ABJNACTCA TaK}Ke BO3MOKHOCTH OJHOBDPEMEHHO HCCIEI0BATL W
ero TPAHUIFl TPUMEHIMOCTH.

Bee, uT0 rosopmmocn Beie, oTHOCHTCH K 3afavad, A1 KOTOPHIX
BBIIOMTIAICTCA yCI0BUe AunaMudeckKoi npuunnunoctn. Curyanns, ogna-
KO, Jlaske NI caydas [elbTa-KOpPeJWpPOBAHHBIX HOPOICCCOB, KOPeH-
HBIM 00pa3oM MeHAETCS, eCIH MBIl HMeeM JUHeHHYI0 KpaeBYIo HCX O HYI0
safjaqy. JlmA Hee He BHOOTHSETCH YCIOBHe AWNAMHTECKON HpPH-
YMHHOCTH, W, KAK Mp! BHAEIH I12 OpuMepe BEIBOMA yPaBIEHHUA IIepe-
1oca M3JIyIeHHS B OTHOMEPHOH caydaitHo-cJI0MCTOR cpefe, ypaBHeHNA
LA CPeJHAX xapaKTepMCTWK MMET BHJ HeJHICHHNYX He3aMKIIYTHX
ypaBHeHnil w 3amMplKaHWe WX YAAeTCA OCYIMECTBUTH TOILKO IIYTeM
pacurEperus (KOmeTHoAepioro, 0fnako) (asosoro IpocTpancTsa.

Uro ;e KacaeTcss BOJAHOBLIY CTATHCTHIECKUX 3adad, pPaccMoTper-
HbLIX BL{NE, TO O IeMOTCTPIPYIOT BEChMa UUPOKYI0  BO3MOINHOCTH
npuyerelins Py HRIIONANBUNY MeTOLOB K HAXO0Me N0 CTaTHCTIIIe-
CKHX XapaKTepUCTHR penenms sajav. 1Ipm nToM, Kak 9acro oKasbl-
BAETCS, pacCMOTPEIble MeTofr JafT 0olee MOINHAII ammapar AJIA
pemenust KOIKDETHBIX 3ajad, 9UCM JpYrHe CTATHCTHYSCKHE METOBI
(IpEMEPOM HTOTO MO;KET CIYMHTH 3ajada O PACIPOCTPAICTHH BOJI
B cpefie co CayvafHBIMM HEOTHOPOAUOCTAMA, T/ JIPYTHUME METOJAMA
TPYAIO MOJAYYHTL 000CHOBAIINYIO KAPTHHY MOBEJeHUT CHIAbHBIX PayK-
Tyanuii BOJHOBOTO MOJ).

ITpm aToM Tarwe 3aj1a9H, KaK 3afaql O CTOXACTHYECKOM IapaMeT-
pUYeCKOM pe30HaHCe ¥ BOJHAX B OANOMCPLEIX CIy¥aifibix cpejax,
ABJAIOTCA NPOCTEHMUMH, 0 TOCTAHOBKE, MOJAIBNLIMA (U3HICCKUMU
3aJadaMi, JONYCKAMIEME IIOTHOE BCECTOPOHHee mcciegoBamme. Bo-
Jee peatplas 3ajada, TaKasg, KAR BOJIHA B TPEXMepHOI cpefie, yshe He
MONyCKAeT TAKOTO MOJHOTO MCCJAEOBAIMS, U B DTOM caydae paboinM
annmapaToM ABIAAETCA MpulIMsKeHHe IeThTa-KOppennpoBARIBIX QuIyK-
Tyaluil mapaMeTpoB cpejbi.

Tpu paccmorpenmu TpexMepHOH 3amgadd MBEl OTPAHWIHINCH IIPHU-
famrennmeM mapaBoanmueckoro ypasnends. OTMeTmy, 4To Teopua UH-
BAPHAHTHOTO TOTPY/KeHHA NO3BOJAeT, B HPHHIMIE, CHHTH 3TO OT-
panugenne [162].

Crnefayer MOAYepKHYTH €lfe pa3 B 3aKJIoueHUe, 4YTO B cTONACTHYE-
CKUX 3ajadaX OePEeMeHHBIMHU SABIANTCA (YHKIUUL, H TOITOMY TOJBKO
PYHRUBOHANBHKIT TOAX0J, NOMKeH GBITH U ABIAETCHA AJCKBATHHIM MC-
XOMHOH MOCTAHOBKE 33ja4MU.



(=N

Earakei

>

©w=

10.
11,
12.
13.

14.
15.

21,
22,
23.

24.
25.
26,

28.

29,
30.
31.

352

16.
17.
18.
19,
20.

ATTEPATYPA

Junwmeiin A., Cotoaysocexws M. Lpoywoneroe asioreuic, ¢b, erareii. -
M.: OIHTU, 1936,

Langevin P.— C., R. Acad. Sci.— 1908, Paris, v. 146, p. 550,
Uhlenbeck G, F., Ornsiein L. S.— Phys, Rev., 1930, v. 36, p. 823,

Wang M. C., Uklenbeck G. E.— Rev. Mod. Phys., 1945, v. 17, p. 323
Yandpacexap C. Croxacrudeckne upoOMeMBl B QI3IIKe I aCTPOHOMIILL. —
M.: LLJI, 1947,

Qeasep B. DBpejlenue B TeOpiI BCPOATIIOCTE(l I ce IPuaomernist.-— M.:
Mup, 1964, 1967, . 1, 2

Jdose M. Teopua mepoaTHocreil.— M: HJI, 1962,

Hmo K. Bepoarroctasie upoueccsr:— M.: WJI, 1960, 1963, perm, 1. 2,
Tuzman H. H., Cropoxod A. B. BBefeHie B Teopuo ciyvaiilivlx mpotec-
coB.— M.: Hayra, 1965,

Ilpozopos 10. B., Posanos I0. A. Teopua seposruocreii,— M.: Hayxra,
1965.

Jy6 J. J. BepuaTtnocrasie nponeccs.— M.: 1LJI, 1956,

Junrun I, B, Ocnopanig TeOPIH MapROBCRUX Hponeccos, — M.: ®uswar-
rmiz, 1959; Mapxopckue mpongccil, — M.: Omaxartrua, 1963,

Iimo K., Mawrun T'. II. JInddysnognsic Mponecchl I X TPACKTOPIH. —
M.: Mup, 1968.

Hosuros £. A.— HITO, 1964, ., 47, c. 1919, ’
Kaayrur B. H., Tamapcruix B. H.— Hse, pysos, Pajnodusura, 1971,
T, 14, ¢, 707; — Y®IT, 1973, . 110, c. 499.

Kaaykuw B, M., Tamaperuie B. H.-- Teop, mat, ¢ua., 1973, =. 17, ¢, 277,
Kaayrun B. H.— lsp. pysoe, Pagnodusmra, 1975, 1. 18, ¢. 1454,
Bourret R. C.. Frish U., Pouguet A.— Physica, 1973, v. 65, p. 303.
Myswuyr O. B.— Tcop. mar. ¢us., 1976, . 28, c. 371

Kaaywun B, H.— Was. Bysos, Pajmodusnka, 1977, 1. 20, ¢. 562; Badrun
I. H., Kasysun B, ., dwéasun T, A.— Hap. sysos, Pagnopusnia, 1980,
1. 23, Ne O,

Kasykun B. H.— 3B, Bysos, Pagmodusnra, 1977, 1. 20, ¢, 1752,
Kaaywun B. H.— 113n, Bysos, Pagmodnsnra, 1979, 1. 22, c, .
Labrun I'. ., Kasyvun B, H,— Teop. mar. ¢ns., 1979, 1. 41, c. 388,
Kasyrun B, H.,— W3B. Bysos, Papuodmsura, 1977, 1. 20, ¢, 1165,
Morrison J. A.. McKenna J.— SIAM—AMS Proc., 1973, v. 6, p. 97,
Haken H.— Rev. Mod. Phys., 1975, v. 47, p. 67,

Van Kampen N. G.— Phys. Rep., 1976, v. C-24, p. 171,

Kasywun B, M. CraTHCTHYecKoe OIICAHHE NUHAMUYCCKEX CICTEM bayn-
Tyupylomnyy mapamerpayu.— M.: Hayxa, 1975,

Monun A. C., Aerom A, M. CramicTndeckad TIupoAuHaMUKRA,— M.:
Hayxa, 1965, u. I; 1967, =. IL

Tamapekuii B. H. Pacnpoctpanenne BoaH B TypGynenrtnofi armocdepe.—
M.: Hayra. 1967.

Deiinnan P., Xuoéc A. [iBagToBaAd MeXaHNKa U MHTEIPAJILI 110 TPaeKTo-
pusam.—- M,: Mnp, 1968,



44,
45.

46,

. Teonoe B. J., Mupaee A. II.— Teop. rep., n ee mpin., 1959, 1. 4, c. 342;

61.
62.

63.
64.

65.
66,

Tamapcruiy B. H.~- ilaB, Bysos, Pajmogusnra, 1974, 1. 17, ¢. 570,

3. Bapabunenwos 10. II., Kpasyos 10. A., Pumos C. M. 1 np.— YOH, 1970,

r. 102, c. 8.
Maiazros A, 11, KyumyrsauTeblil aHaius gerayccounX ¢JIyIailuiblX IpoueccoB
1 ux mpeobpasosannii,— M.: Cos. panno, 1478,

35. I'medenwo B. B. Wypc teopun nepostuoctell,— M.: Hayka, 1965,
36.

Kuy M. Heckolbko BePOATIOCTHRIX 3ajad (UAnKIL 1f MaTeMaTikir,— M.:
Haywra, 1967.

. Brissaud A., Frish U.— J. Malh, Phys., 1974, v. 15, p. 524.

Pumos C. M. Bpemcume B cratHerinieckyw paiodusnky.— M.: Hayka.

1976, 4, 1.
T'uzonoe B, 1i., Muponos M, A. Mapropenie mpontecest.—  M.: Cos. pa;yto.

1977,

 Neaempoa KooB. B oen: Teopra cnsisn o Hlox pe B Po desona, M,

Costan, 1972, e, 30,

Koasgeroe B30 UL 3ROTd, 1973, 10 65, e 234,

Furutsu h.— J. Res. NBS, 1963, v. D 667, p. 303.

Donsker M. D.— Proc. Conl, Theory and Appl. of Aualysis in Funcl.
Space: M. I. L. Dhess, 1964, p. 17. (llepesos » ¢0.: Marenarnra, 1967,
o 11, Ne 3, c. 128).

HArosuw JI. A, 1pndaurkeHHoe BBIUUCIEHMC KOHUTHHYAIBIBIY LIHTETPAAOB
mo rayccosbin mepaM.— Mwuack: Hayra nt texunka, 1976,

Maaazos A. H., Mysuuyr O. B., Iosysenmos H. I’.— 1138, By30oB, Paguo-
$usmra, 1978, 1. 21, c. 1279, ‘
Jdozunos B, M., lTanupo B, E.— Has, AH CCCP, dua, atym, u ox., 1977,
1. 13, c. 690; Physica, 1978, v. 91A, p. 563,

1460, . 5, c. 293,

. Cmpamonosuy P, T, Mgdpamisle Bonpocsl Teopun GIyRTyanuil B pajiuoTex-

muke,— M.: Con, pazno, 1961,

. Humospanoe C. [., Yemeepurce B. M.— TM®, 1978, r. 35, ¢, 211.
. Humrun B, A., IIpydnuros A, II. llirerpanbubie npeodpasoBaHEUA M Olle-

panionnoe ncuncaenue, — M.: 1layxa, 1974,

Tayzoscruti A, B,, Kaaykun B. H.— Hss. AH CCCP, ®us. at™. u oK.,
1973, 1. 9, c. 675,

Hasegeva H.— Phys. Lell., 1977, v. 60A, N 3, p. 171.

Kasyrun B, H., Tamapcriui B. Il.-- Msp. nysos, Paiodusira, 1971,
T. 14, ¢. 1400,

. Hoawancruii @, B., Kaayrun B. H., O6yros A. M. u np. Henunelinwe

ClICTeMBl THpOfHAaMNYeckoro rrma,— M., Hayra, 1974,

. Kysosaes I'. Il., Bournoe 0. I.— Wsp. By30w, Papnoduanka, 1977, 1. 20,

c. 1503,
Taedsep E. B., Monun A, C.— YMII, 1974, ©. 29, Ne 3, c¢. 111,

. Arpecan JI. A.— WUss. ny3os, Papuodusura, 1974, 1. 17, c. [60.
. Haayrun B. H.,— 3B, Byson, Pagnodmsnra, 1977, v, 20, c. 169,
5y,

GO.

Kraichnan R. H.— J. Math, Phys., 1961, v. 2, p. 124,
Bourret R, C.— Canad, I, Phys,, 1962, v, 40, p. 782; — Nuwovo Cimento,
1962, v. 26, p. 1.
Qunneavbepe B, M.— HITD, 1967, r. 53, c. 40l
Bozoawbos H, H., Illupros J{. B. Bsegenue B TCOPHIO KBAHTOBAIHBIX
noaeit,— M,: Hayra, 1976.
Kpanrosaa Teopilg Ioas n QusnKa (u30BbIX mepexogos: ¢6. craTeil.— M.:
Mup, 1975,
JTybros A, A., Mysuuys O. B.— Wsan, sysos, Paguopuanxa, 1977, 7. 20,
¢. 901; Hasbandan O. I., Tamapcruii B. H.— W3B, By3on, Vagmodmsuka,
1977, ©. 20, c, 549.
Ruasyxun B. H., Uss. AH CCCP: Mex. sxupk. u rasa, 1971, N 4, . 120.
Manazos A, H., Caunes A, H.— Wszs, Byaos, Pagnodusmra, 1974, T. 17,
c. 699,

333



82.
. Pusos 10. A.— Wasp. Byscs, Pazmodnsura, 1973, 1. 16, c. 1240,
84.

85.
86.

87.

88.
89.

90.

91.

92.

93.
94.
95.
96.

97.
98.

99.

100

101.

334

. Maaazos A. H., Cautes A, H,— HKITD, 1974, 1. 67, c. 2080;— Hszs.

BysoB, Papgumodmsuka, 1976, . 19, c. 1368,

. Badkun I. H., Kasyrun B, II.— Ilss. Bysos, Pagnodusuka, 1979, 1, 22,

c. 1283,

. I'ypéamos C. H., Heaunoscruie E. M., Cauves A, Il.-— 113B. BY30B, Pagno-

¢usmra, 1978, 1. 21, c. 1485,

Golberg M. A.— Appl. Math. and Com., 1975, v. 1, p. 1; Kacmu [Jorc.,
Kasa6a P. MeTomsl TOIpy:;KeHid B mplxadajHoil matesatnie.— M.: Mup,
1976.

71. Cauues A. J.— Wss. By3os, Panncdmsura, 1978, 1. 21, ¢. 998,

Koya [Jx. Metogsl sosuyuierufi B mprwmajuoil Matemature.— M.: Mup,
1972.

Papanicolaou G, C., Keller J. B,— SIAM, 1. Appl. Math., 1971, v. 21,
p. 287,

Mumponcarckuts 0. A, Metogsl yepejsenisi B HOTUIICIHOIL MeXaHlIRe, —
Rues: Hayrosa ymsa, 1971,

Myswuyr O. B.— llss. Bysos, Paqnodusuna, 1978, 1. 21. ¢. 934
Tepyewwmeiin M. E., Bacwaves 5. 15,-— Teop. pep. v ce npik., 1959, 1. 4,
c. 424; — Pa;mor. u ocewtp., 1959, 1. 4, ¢ GLI,

Becnaaos B, H.— WNasp. Byzcs, Papnodusuka. 1959, . 2, c. 711,

. McKenna J., Morrison J, A,— 1. Matll, Phys., 1970, v. 11, p. 2348,

. Tazapan 10. J.— WHITD, 1969, . 56, c. 1856,

" Papanicolaou G. C.— SIAM, J. Appl. Math., 1971, v. 21, p. 13,

. Morrison J. A., Papinicolaou G. C.. Keller J. B,— Com. Pure and Appl.

Math., 1971, v. 24, p. 473.
Sulem: P. L., Frish U'.— J. Plasma Phys., 1972 v. 8, p. 217,

Teavgpearn B. H.— Aryer. smypr., 1972, 1. 18, c¢. 31; Kohler W., Papani-
colaou G. C.— J. Math. Phys.. 1973, v. 14, p. 1733; 1974, v, 15, p. 2186.
Lang R. H.— J. Math. Phys., 1973, v. 14, p. 1921

Aépanosun B. C., JJamaos A. H.— Hsp. nyson, Paguodusiika, 1975, ™. 18
c. 1222,

Kohler W., Papanicolaou G. C.— SIAM J. Appl. Math,, 1976, v. 30,
p. 263.

Bazap-Hmnun M. X.— YMI, 1976, 7. 31, ¢. 2.

Aé6panosun B. C., Puoos 10. A.: Tesucs 7-ro Beecolosnoro crmiosuyma
Mo AudpaKnm U PacHpOCTPAHCTII0 PaIICBOAR. — PocToB u/]l, 1977.
Aépanosun B. C., T'yp6amos C. II., Puxos 0. A.— Wsp. Bysos, Pagmo-
¢usura, 1979, 1. 22, c. 560.

Kasysun B, M.— Wsu, pysos, Pagmodusnka, 1979, 1. 22, c. 180; 1979,
1. 22, ¢. 5391; Badrun I, H., Kasysun B, H. 138, By30B, Pagnodusnka,
1980, . 23, c. 413.

Faaysun B. H., Tamapcwuu B. H.— W3B. By308, Pagnodusuxa, 1977,
. 20, c. 1040,

Bpezoscwux B. JI., Tamapckuii B, H.— WNss. AH CCCP, Dma. ary. 1 OK.,
1977, 1. 13, c. 144

Yandpacesap €. Ilepemoc myuncroil sneprud,— M.: NJ, 1953; Coboaes
B. B. Heperoc ayaucToii sueprun 5 atmocdepax 3sess B miaHer. — M.:
Tocrexmspat, 1956.

Papanicolaon G. €.— J. Math, Phys., 1972, v. 13, p. 1912,

Marcuse D.— 1EEE Trans, 1972, v. MTT-20, p. 54; Morrison J. A.—
IEEE Trans., 1974, v. MTT-22, p. 126,

Beaos B. J., Puéax C. A.— Axycr, swypr.. 1975, 7. 21, ¢, 173, -
I'pavesa M. E., I'ypsun A. C.— H3B, BY30B, Pagmodusura, 1965, t. 8,
c. 717,

T'ypeuuw A. C., Kon A. M., Muporos B. JI. u ip. PacnipocTpanenue JaseprOTo
msiygennA B TypGyuemtHON arsmocdepe.— M.: Hayka, 1976.

Jdomosa H., A.— YOH, 1975, 7. 115, c. 603,

Liller W., Elliot J. L., Veverka J. et al.— Icarus, 1974, V. 22, p. 82,



102,

103.
104.

105.
106.

107.

108.
109.

110,

111.
112,
113,
114,
115.
116.

117.
118.
119.

120,

121.
t22,
123.
124,
125.

126.

127.
128.

129,
130,
131.

132.

133.
134.

135.
136.

137.
138.
139.
140.

141,
142,
143.

Kagyrun B. J., Tamaperuit B. I.—— Han. Bysos. Pammopusura, 1972,
T. 15, ¢, 1433.

Kaaynun B. II.— Hap. vyson, Paymodusura, 1973, 1. 16, c. 1629,
IIpoxopos A. M.. Bynusurw @, B., Toueaqwsuan K, C. 1 ap.— YOH, 1974,
1. 114, ¢. 31,

@oume P, J, — TIINDP, 1075, 1. 63, Ne 12, c. 43

Wave Propagation and Underwaler Acoustics’Bd. by J. B, Keller and
J. S. Papadakis, Springer-Verlag Berlin, Heidelberg, New York. 1977.
Laser Beam Propagation in the Atmosphere id. J. W. Strohbelin, Berlin,
Heidelberg, New York: Springer-Verlag, 1978,

Awxyurun M. I'.— 113n. Byszon, Paguodnsuka, 1974, 1. 17, ¢. 1350,
Teavfoam B. H.— Axyct. srypu., 1976, 1. 22, ¢. 123; Cauves A. H.—
Nas. Bysos. Paunodusura, 1978, 1. 21, c. 1240.

Kaaykun B, H., Tamapcruii B. H.— I13s. Bysos, Pajuodrsura, 1970,
1. 13, ¢. 1061; Kaaynun B. H., Kon B. H.— Hsp. By3os, Pagnodusura,
1972, 1. 15, c. 1381,

KRasywun B, H., Tamapexui B. H.— 3T, 1968, 1, 55, ¢. 662,
Kasyrvun B, H.— N3B, nysos, Paguodusnka, 1974, . 12, ¢, 1506.
Rasykun B, H.— WOTD, 1969, 1. 57, c. 952,

Kasyrurn B, H.,— W3s. vysos, Paxuodusnra, 1975, 1. 18, ¢. 63,
Tamapceruic B, H,— WOTD, 1969, . 56, c. 2100.

Yepnos J. A. Bonxum B caydafino-gcognopoausx cpelax,— M,.: IHayxa,
1975.

Joaun JI. C.— Wap. sysos, Pagmodusuxra, 1968, 1. 11, c. 810,

Beran H, J.— J. Opt. Soc. Am., 1970, v. 60, p. 518. .

Beran H. J., Ho T. L.— I, Opt. Soc. Am., 1969, v. 59, p. 1134.

Muwos B. H.— Tpymer OUAIL, 1967, 1. 38, ¢. 171,

IMTuwes B. H.— W3B. By30s, Paurodpusmra, 1968, . 11. ¢. 866.
Kaayrun B. II.— M3, Bysos, Pamuodnsnra, 1970, 1. 13, c¢. 1069,
Hoaur J. C.— HN3s. nysos, Pammodmsura, 1964, 1. 7, ¢, 380.

Whitman A, M., Beran M. J.— I. Opt, Sce. Am.. 1970, v. 60, p. 1595,
Apmenves A. B., I'ypeun A. C.— 3B, nysos, Pagmopusura, 1971, 1. 14,
c. 734.

Kanauempamosa M. A., Ilokacos B, B.— IaB. By30s, Pajmodnsura, 1971,
T. 14, ¢. 1200.

Brown W. P,— . Opt, Soc. Am., 1972, v, 62, p. 966,

Jlaerecsanckas H, M., INuwos B, H.— UWsn. nyson, Pamrodusura, 1970,
T. 13, c. 16.

Eaenos I5. C., Muzaiios I'. A.— KBM u MDD, 1976, +, 16, c. 1264,
aayrvun B, H,— Auyer. ssypw., 1880, . 26. ¢. 207,

Papanicolaou G, C., MclLaughlin D., Burridge R.— J, Math, Phys., 1973,
v. 14, p. 84,

Typsuu A, C., Karavempamosa M. A,— Tlse. Bysos, Pajodusnira, 1968,
t. II, e. 661; Kaoywun B, II.. —Foan sysop. Paquodnsuka, 1969, ». 12,
c. 723,

Rasyrun B, H.— Wss. sysos, Painodpusnwa, 18972, 1. 15, c. 540,
Opadkun L. C.-— Tpynet ®UAH. 1063, +. 29, c¢. 7; Nucl. Phys., 1966,
v. 76, p. 588.

Teavgpand H. M.. Heaom A, M.— YMH, 1956, r. 11, Ne 1, ¢, 77.
Feynman R.— Phys. Rev., 1951, v. 84, p. 108; EFepafios M. A., JAH
CCCP, 1970, 7. 191, No 5, c. 979.

Buaozunyes J{. H., Bap6awos E. M.— YOH, 1972, . 106, c¢. 593.
Pau-Liv Chow.— J. Math, Phys., 1972, v. 13, p. 1224,

Kaaysun B, H., Tamapcruti B. H.— MOTO, 1970, r. 58, c. 624,
Basopomuwy B. V., Kaaysun B, ., Tamaperuii B, H.— HWITD, 1977,
T. 73, c¢. 481,

Gochelashu[”i K. S.. Shishov T 1 - Opl A(‘[El, 1()71, V. 18, p. 67.
Toveasawsuau K. C., Muwoe B. H.— HITD, 1974, 1. 36, c. 123
Arywrun H. I'.— Wss, Bysos, Pagnodusura, 1978, r. 21, Ne 8, ¢. 1194

335

3 -a



144, Banar B, A., Kpovos . M., Muponos 2. 0. — Ilan. sysos, Pajodnsia,
1974, r, 17, ¢, 252

145, Lee M. II., Elliot R. A., Holmes J. I, et al, — ). Opl. See. A, Y76,
v. 66, p. 1389,

140, Kpasyoes 10, A.. @eieyaun 3. 11, Ilas, Bysos, Paunogusura, 1967, 7. 1Y,
c. 68.

147, Kon A. H., ®eisyaun 3. H.— Ian, vysos, 'atvodusnra, 1970, 1. 13, ¢, 71

148. Basopomnuii B. V.— fIT®, 1978, 1. 75, ¢. Sb.

149, Tenucoe H, I'.— Tlzr, pysos. Paqnodrznra, 1958, r. 1, c. 34,

150, Roxuecapos B. M.— 1lzs, Byson. Pawoduanna, 1866, 1. 9, ¢. 202,

[51. Kearep 4. B.— B ¢8.: Tnapoynanuueckad ueycroitausocre,-— Moo Mup,
1964, ¢. 2635,

152, @einbepe L. J. PaciupocTpancuiie pa{UoBOIH BAOIL 3eMHOIl [IOBEPXIIOCTIL
M.: HMag-so0 AH CCCP, 19061,

153, JTawnday 7. J., Juewuy E, M, Mexannra cmromuex cpe. — M.: octex-
usnat, 1954; daerTpoanHaura cuTeiieeX cped,— M. Dissvarrns, 1954,

154 Bybapesa II. B.— Ilas. Bysos, Panunodisura, 1973, 1. 16, c¢. 310,

155, Kaaywun B. H,, Tamaperwic B, H,— Teop. sep. 1 ce mpnt., 1939, 1. 14,
e, 357.

156, Tamaperui B. M. - Van bysos, Panodusura, 19710 70 (4, ¢. 960,

157. Basopomuui B. V.. Nagyeen B, .-~ Ilas. Byson. PagnoQusnra, 1972,
. 15, ¢. 897,

158. Maaaxos A. I., Cawres A, JT. - Tlse. syson. Pwinousnra, 19740 1 17,
e, 1817,

139, Masazxos A, H., Caunes A, H.-- TRWITd, 1954, v 57,0 ¢ Gi0.

160. Yusex Joc. Jtunciiooie v neasmefinnge soads, -- Moo Muyp, 1977,

161, Cauves A. H.— Ilsp. pyser. Vaqnedusura, 1978, +. 21, ¢, 543.

162. Baswun . M., Hawwun B, H., Dosseun JI. A.— JLAIL CCCP, 1980,

. 200, Ne o, el 1142,



OTJIABTEHNE

IIPEAMCIOBIIC + « « v o v v e v e o e e e e e e e e e e e e e e

TaaBa 1. CraTucTiueckne XapakTepHCTHRH CIYYalHRIX BeTHYHH H
HPOIMECEOB « « « « v« v 4« o s s s e b e e e e e s e e s
§ 1. Cayuaiimsle BeJQmumHB M IIX XaPAKTEPHCTHKM . . o o o o . .
§ 2. Bapmanmonible (QYyHKOHOHAJLHBIC) IIPOM3BOJHEE . . . . . .
§ 3. Caygaiigsle IpoOIECCH, TOJMA M IIX XaPaKTePUCTHRM . . . . . .
§ 4. MapKOBCKHE IPOIECCHL - « . o v & & v & o s o o o + o o s o

Taasa 2. Paciennenne KoppeiaiHii B JUHAMHYECKMX cHeTeMax

. lpuMepsr JAUHAMITYECKHX CIICTEM . . e e e e e e e e
Cpepiee 3HAUYCHHC NPOHMBBEIEHIA ABYX d)yHRLmuHanoa e e
TayccoBCKuli I IyaCCOHOBCHKUIL CJAy%aldHLIe IIpoHeceH , , . .

P L U P O L
UL LI DD =

TIpomeccs TeaerpadHOTO THITA .« « -« o « & 4 & o o o & o o »

. MapKoBCKHE HPOIECCEL . - « v & & v o o o o o o s o o « =
Jlexpra-KoppednpoBaEnEle clydailmeie mpomeccsl . . . . . .
Taasa 3. Ipubmikenne  JeibTa-KOPPeIUPOBaHHOro  ciyuaiiHoro
OPOTIECCA .+ . « v 4 4 & v v e e e e e e e e e e e e e e s
$ 1. YpasacHue SimmTeiiHa — (DOKKepa (VID) muaa cuctembl aud-
(epermmaNpHNX ypaBHEHMII . . . . . . ... ... ...

§ 2. IlnoTHOCTL KeposTHocTell mepexoma . . . .
§ 3. OO0 ycaoBEAX NPUMEHIMOCTH Y PaBICHISA Dimretina — (DOI\KPPH

§ 4. O merogax pewenmust YOO ..., ., - e .
§ 5. O0obmerHre Ha CayIAl HETrayCCOBCKIX (b'Iy:KTyaLmn HapaMchOB
§ 6. Merox mocmefoBaTebHKX upHOTIGReNHI .. . . . . . L. . . .

I'aasa 4. Cayuaiinple upcrecehl ¢ KOHeUHBIM pPanuycoM Koppensanuu
§ 1. O HeKOTOPHX KIACCAX CTOXACTITeCKHX YpaBleHuil, [onyCKa-

OMEX 3aMKHYTOE CTATUCTHIECKOE ONNCAHME . . . . . o . . . .
§ 2. MapKoBCKUe TNPOUECCH OOWICTO BILA . .« « . . . « « . . . .
§ 3. llpomeccnl TexerpagHOTO THIA . .+ . o . o . 4 . .. .
§ 4. Merogs KBaHTOBO TCOPWH TOJA B ;mHa\mRe CTOXACTIHIECKUX
cmcTeM (CTOXACTHUCCKME HHTETPaJbHBIE YPaBHCHHH) . . . . .

Tnasa 5 VYpasHeHHs B YacTHBRIX NPOM3E)IHBIX H KpaeBbie 3aaul
§ 1. CroxacTudeckoe ypasHeHUe JINYBUILIA AJA yPaBHEHUH B FACTHHX

OPOMBBOJHBIX . . . . 4 v v v o o o s o o 4 & s o o 4 o o
§ 2. CTaTHCTHYECKOE YCPEHHEHEE . - -« o o & o o & « o o & o o &
§ 3. Teopua uilBaApHUAITHOTO MOTPYMCHNA H CTOXACTHYCCKHE Kpaesble
BAJATH  © v vt v e e e e e e e e e e e e e e e e e

[

0
16

30

44
4%
48
52
57
63
63

76



I’'masa 6. Croxacruueckdii mapamerpuueckuii pesomaHc . . . . . .
§ 1. OpuGmukenue [ensTa-KOPPeNrPOBAHAOTO CAyJaiiHOTO ITporecca
§ 2. TIporeccsl ¢ KOHEWHBIM DAUycoM KOPPeIAUUH . . . . . . .

TanasBa 7. Pacnpoc’rpaﬂenne BOJH B OHOMEpHOIl cayualiHo-HeolHOpo-
"oii cpeme . . . .
§ 1. IlocramoBKa 3ajgasm . . . .. e
§ 2. Cratuctuueckue xapamepncmmx Road)tbnuueHTOB otrpamenn;{ a

NPOXOKIEHNA BOJHBL . . . . . , . . . . .
§ 3. (DJIyKTyauIm UHTeHCUBHOCTH BOJIHBEL BHYTpI/I caon cpe;;u (CToxa—

CTU%eCKuil BOAHOBON napameTpMYecKHil pe30HaHC) . ...
§ 4. O BANAHUH KpaeBHX YCJHOBUU Ha QIYKTyarmuu MHTEHCHBHOCTI

BOMHBL . . . . . . . . v v e e e e e e e e e e e
§ 5. O BuuAHEUM Mojejell cpeisl Ha CTaTHCTHYECKHE xapaRTepnchn

sajaum . . . .o

5.1. ,HeJlea-RoppeJmpOBaHHbIe npoueccm (217) ‘5.2, Tenerpad)—

HHI 1mpomece (218). OGobuicHymii  TegerpagHBNl  11po-

nece (224).

§ 6. IIByxupopomHAs NUHUA W YpaBHEHHWA MNepeHOcA . . . . . . .
§ 7. O BIUAHUU 3aTYXaHUA BOJHA Ha QIYKTyauuu HHTeHCHBHOCTH

T'aasa 8 Pacopocrpavenne B)IH B CIyuaiiio-HEDJHOPOOHBIX Cpegax

(MEeTO; CTOXACTHYECKOTO0 YPABHEHMA) . . + . v . o o o « o « o . .
§ 1. HcxogEme croXacTHdecKue YpAaBHeHHA U HEKOTOPHE HUX cJef-
cTBUA . . . .

§ 2. IpuGomrerue ;m(btbyanonﬂoro cnyanHoro mporecca . . . .
§ 3. Merox mocuefoBaTebHHX NPHOIMKEHUH M yCIOBUA IPUMEHU-

mocTu Auddy3HOHHOTO npn MIGKEHUSA . « « v v o o o o o o
§ 4. AMunurymHO-PaszoBHe QAYKTYAIUH BOJHBL . , . . . . . . .

Taasa9 Pacupocrpanenue BogH B cayuaiiHo-HeopHOPOZHBIX cpenax

(byHKUPOHANBHBIE METOX) . . . & v v . . .. ... . ..
§ 1. KoETuRyadhHASA 3aUUCh PEIMEHWA B3ajaud ., . . . . . . . .
§ 2. CTatucTHyecKoe¢ OIMCAHME BOJHOBOIO MOMA . . . .« , . .+ . . .

§ 3. OayRTyauuu WHTEHCUBHOCTH IWIOCKOH BOJHBL , . .
3.1. Conyuaiigniit dasoBuit akpaH (295). 3.2. Cnyqaliﬁo HGOIR—
HOpomHasa cpeda (301).

I mara 10. PacupocTpadenne BoJH B CIy4aHHO-HeOQHOPONHBIX Cpeax

(DpuGimikeHde reoMeTpHueckoil OomTHRH) . . . . . . . ., . . . . .
§ 1. Iuddysusa nyweil B caAyualHO-HEOTHOPOTHHX cCpemax . . . .
§ 2. AMmiurygHo-dasoBhie QAVKTYAMHA . . . . . . . . . . . .

§ 3. Teomerpmaeckoe npubiumKeHHe B CTATHCTHHECKOH TeOPUU BOIH

BAKIMOUCHAE . . . . . 4 4 v v e v e e e e e e e e e e e
JITEPATYPA . . . L . . o e e e e e e e e e e e e e e

176

176
187

193
193

199
203
211
215

227
234

247

247
258

276
279

284
284
288
203

309
309
318
323
329
332



