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IIpumeHeHne JIMHEMHBIX MHTETPAJIBLHBIX NIPE00pPa3oBaHUH
JJISl ONMCAHUA HEMAPKOBCKUX CJIyYalHbIX MPOLECCOB

Mopo3sos A.H. (amor@mx.bmstu.ru), Ckpunkun A.B.

MockoBCKMii FOCYy1apCTBEHHBbIN TexHn4Yecknil yauBepcuretr um. H.J. baymana,
Kadenpa pusnku

IIpu omnucanuu OpPOYHOBCKOTO JIBHXKEHHS, a TaKKe€ MHOTUX JIpYrHX
CIIy4aifHbIX TPOIECCOB, MPOUCXOAAIIUX B (PU3NUECKUX U TEXHHUUECKUX CHCTEMaX,
NOJIB3YIOTCSI OOBIYHO MOJENBI0 MapKOBCKOI'O CiyyalHoOro mpoiecca [1]. B atoi
MOJIENIM TPEAINOJIaraeTcsi, YTO NPOTEKAHWE CIy4YalHOro Ipolecca B OyaylieM
3aBUCHUT TOJBKO OT COCTOSIHUS B HACTOSIIMII MOMEHT M HE 3aBUCHUT OT 3BOJIOLUU
npouecca B mpouuioM. Jpyrumu  cioBaMu, IpPOTEKaHUE  Ipolecca
XapaKTepU3yeTcsl OTCYTCTBUEM Yy Hero namsatd. ONMChIBaIOIIME TakOW mpolecc
ypaBHEHUS ABIAIOTCS qudPepeHnnanbHbIMU ypaBHeHUsIMU. OJTHAKO MapKOBCKas
MoOAeNb sBIsAeTCs mnpubmkenHou [2, 3]. Hampumep, yuer yBiIedYeHUs
OpOYHOBCKOM 4YacTULEd OKPYKAIOIIMX €€ YacTHI[ Cpelabl MPUBOJUT K
HEOOXOJMMOCTH 3HAHUS MUMITYJIbCA YaCTULIBI HE TOJbKO B HEKOTOPBIM HayaJbHBIN
MOMEHT BPEMEHH, HO U JIJI1 MOMEHTOB BPEMEHHU, MTPEALIECTBYOIINX HaYaIbHOMY
[4]. IIpomecc nBMXKEHUS OpPOYHOBCKOM YacTHUIBI B BS3KOW cpelie CTAaHOBHUTCS
IIPOLIECCOM C NaMATBIO, YTO BEAET K CYIIECTBEHHOW NOrPEIIHOCTH B Cllydae
OpUMEHeHus: i (IyKTyauud HUMIyJgbca OpOyHOBCKOW YaCTHUIIBI MOJENU
MapKOBCKOT'O CIIy4ailHOIO Mpoliecca.

OTKIMK peanbHbIX (PU3NYECKMX M TEXHUYECKUX CHUCTEM HA BHEIIHEE
CillyyailHOe BO3JICHCTBHE SIBISIETCS HEMapKOBCKUM mpoueccoM. Ilpu 3tom camo
BO3JICHCTBUE MOKET HOCUTh W MApPKOBCKMH XapakTep. YKa3zaHHbId 3pPexT
BO3pACTaeT C POCTOM CJIOKHOCTU CUCTEMBbI. B 4aCTHOCTH, OTKIIMK OMOJIOTUYECKHUX
U COLMAJBbHBIX CHUCTEM Ha CIy4ailHOE BO3JCUCTBUE SIBISETCS MPUHUUIIAAIBHO
HEMApPKOBCKHUM IIPOLIECCOM.

JpyrumMu mnpuMepamMud HEMApKOBCKHX IPOLECCOB SIBJSIOTCS pPEalbHBIE
PaMOTEXHUYECKUE CHUTHAIbl NPU HX aMIUIUTYJHOW u (Ha30BOM MOIYJSLUU
COBOKYITHOCTBIO JIETEPMHUHHUPOBAHHBIX W CIydallHBIX mpoleccoB [5]; dumkkep-
myMm [6], BCTpedaroluiicsi B CHUCTEMax pa3iWyHOM NPUPOIbl (HAIpUMED,
GiyKkTyaluy KHHETUYECKUX KOA((UIMEHTOB WM LIYM AJIEKTPOHHBIX MPHOOPOB
[71) u mp.

Takum 00pa3oMm, HCHOIB30BAaHUE MOJEIHM MAPKOBCKOTO CIY4YailHOTO
npouecca BO MHOTHX CIIy4asiX SBJSI€TCS CIMIIKOM TIpyObIM, a B HEKOTOPBIX
Clyyasix — MPUHUUIIAAIBHO HENPUMEHUMBIM. B CBSI3M C 3TUM akTyalbHBIM
CTAHOBUTCSl pa3pabOTKa MaTeMaTHYEeCKMX METOJOB OINHCAHHUS HEMapKOBCKHUX
ciyyaHeIX — mpoueccoB. OmHOW M3 BO3MOXKHOCTEH  MaTeMaTUYECKOIo
NPEACTABICHUS  HEMapKOBCKOTO  TIpoliecca  SBISETCA  HCIOJIb30BaHUE
MHTErpaJbHBIX OMNEpaTopoB B3aMeH auddepeHuuanbubix. Takolt moaxon
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MPUHLUITAAIBHO TO3BOJIET Y4YECTh MAaMATh CUCTEMbI MPU MPOTEKAHWH B HEU
CIIly4aliHOTO Ipolecca.

B nanHOll paboTe mNpoOBENEHO OIMMCAaHWE MAapPKOBCKOrO Mpolecca C
UCIIOJIb30BAaHUEM CTOXACTHYECKUX JU(DPepeHMalbHBIX YpaBHEHUM, 3aTeM
CHENAaHO OINHMCAaHWE HEMapKOBCKOIO IMpoLecca, KOTOPBIA 3alaH C IOMOIIbIO
JMHEHHOTO HHTErpajibHOTO mpeoOpa3oBanusi. Hakonel, B kadecTBe Mpumepa
MOKA3aHO, KaK C MOMOIIbI0 MHTETpajbHOro npeodpazoBaHus ¢ siApoM abeneBa
THNA BO3MOXXHO ONUCAaHHE XapaKTEpPHOIO0 THWIIA HEMAPKOBCKUX IPOLECCOB —
bauKkep-nryma.

CroxacTuueckue auddepeHumnaabHbIE YpPaBHEHUA. Teopus
cTOXacTU4YecKux AudGepeHInaIbHbIX CUCTEM JaeT BO3MOXKHOCTH OIMPEAEIsATh
HEOOXOIMMbIE CTATUCTUYECKHE XapAKTEPUCTHKH CIy4yalHOTO mporecca Z (t) B
TOM Ciy4yae, KOrja A3TOT TMpOLECC YyAOBIETBOpseT AuddepeHunaIbHOMy
YPaBHEHHIO

dZ =a(Z,t)dt+b(Z,t)dW (1), (1)
rae W(t) — NIPOLECC C HE3aBUCUMBIMM NpupamieHusmu. IIpouecc Z(t) B OTOM
Cly4dae SBIJIIETCS MAapKOBCKMM IIPOLIECCOM, CTATUCTUYECKHE XapaKTEPUCTHKU
KOTOPOTI'0 MOXXHO OMNPEIEHUTh MyTEeM pelleHUs Tu(PepeHInalbHOrO ypaBHEHUS
i L -MepHOU XapaKTepUCTUUECKON (PYHKINH g (7»1,...,?» Lol seeest L) [8].

Ho cymectByroT mpoueccsl, KOTOpbIe HEBO3MOKHO OIMCATh C IOMOUIBIO
muddepennmansaoro ypaBuenus (1). B wactHoCcTH, ecnm ciydaiiHBIA Tpoliecc
Z (t), OTMHCHIBAETCS C MMOMOIIBIO JIMTHEMHOTO HHTETPAIBHOTO MPeo0pa30BaHUs

2(1)=[G(6,0)am (), @)

riae G(t,’t) — HempepbIBHAS (DYHKIMS TEPEMEHHONW T, TO 3TOT MPOIECC MOXKET HE
SBIIATBCSI MAapKOBCKHMM IMPOILIECCOM. 3]1€Chb CYHUTAaeTCsi, uTo uHTerpan (2)
npeacTaBisier codor murerpan Mrto [8 — 10]. YacTHpll ciydyail MCIIOIB30BaHUS
npeobpa3oBanus Buga (2) mas omucaHus ApoOoBoro 3ddekra umcciaenoBaH B
pabote [8].

N3 Beipaxkenus (2) cienyer, 4To HadajdbHOE YCJIOBHE IS Tpolecca Z(t)

NMEET BU
Z(t)t:O =0, 3)

a, CIelOBaTelIbHO, €ro OJHOMEpHAas XapaKTepucTuueckas (QyHKOUS g (X;t)

MPUHUMAET Ha4aJIbHOE yCIIOBUE [ 8]
g (}”;t)z=o =1. 4)
Ecnu  wunTerpanmpHoe mpeoOpazoBaHue (2) HUMeEET  SAPO G(t,r),
JIOITyCKAloUIee CBEACHUE YpPaBHEHHs (2) K KOHEYHOMEPHON CUCTEME YpaBHEHHMIA
tuna (1), To 3aja4a HaXOXKJACHUSI CTATUCTUUYECKUX XapaKTEPUCTUK Tpolecca Z (t)
MOXKET OBITh pelieHa CTaHJAPTHBIMA METOJaMH TEOPHUH CTOXAaCTHYECKHX
muddepennmanbabix cucrteM [8 — 10]. Ho B oOmiem ciydae Takoe nmpeodpa3zoBaHue
OKa3bIBAETCS HEBO3MOXKHBIM, YTO MPUBOAUT K HEOOXOAMMOCTH pa3pabOTKu
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aleKBaTHOM METOAMKHM HaXOKICHHA CTATUCTHUYECKUX XAPAKTEPUCTHK IIPOLECCa
Z(t), onucriBaeMoro ypaHerueM (2).
Ecnu siapo uHTerpanpHoro npeodpasopanus (2) UMeeT BUJL

G(t,r):exp(—a(t—r)), (5)
TO ypaBHeHUe (2) mo3BoJIseT 3anucarh ypaBHeHue Mro
dZ =—oZdt + dW (1) (6)

C HaYaJIbHBIM yclioBHEM (3).
B cnydae, ecnim omHOMEpHasi XapakTepucThdeckas (PyHKIHS Tporiecca C
HE3aBUCUMBIMH TIpUpaieHussMu W t) uMeeT BUi A (X;t), TO ypaBHECHHE s L -

MEpHOW XapaKTepUCTUYEeCKOH (yHKIMH g, (Kl,...,k L;tl,...,tL) nporecca Z (t),
OTHCHIBAEMOTO YpaBHEHUEM (6), MOKHO 3amucaTh B hopme [8]

0 9
%:—ax%m(h;g)gu (7)
rae
0
(st )=k (At ), L=12,.. (8)
L

HauansHoe ycnoBue ajist ypaBHeHus (7) UMeeT BUJ
gL(7»1,...,kL;tl,...,tL_l,tL)LL:tH =g (Mo kA At 1) (9)

Pemenue ypaBHenuss (7) Cc yderoM HaudalnbHOTO YycioBusi (4) maer
BBIPAXKEHUE TS L -mepHou XapaKTEPUCTUUECKOU byHKIUN

gL(kl,...,KL;tl,...,tL):

L Y L
g (Apseeshp3tyst, ) = €XP ZJ.x(ZKkexp(—a(tk—r));rjdr . (10)
k=l

=y
Ecmu nponece W(t) SIBJIIETCS. BAHEPOBCKUM IIPOLIECCOM C HHTEHCUBHOCTBHIO
V U ONUCHIBAETCS OJTHOMEPHOM XapaKTePUCTUIECKON (pyHKITMEH

hl(k;t):exp(—%vkztj, (11)

TO B COOTBETCTBHH ¢ opMytamu (8) u (10) nmeem
g (M Apstyst, ) = exp{—%l;(%kk(exp(—a‘tl —~1,|)—exp(—a(z, +tk))))}.(12)
Jlns cryuas, xkorma mpomecc W(t) mpencraeiser coboif IyaccOHOBCKMIA

MNpOIIECC C HHTEHCUBHOCTBIO TMOTOKA CKAYKOB V U XapaKTEPUCTUUYECKOU
byHKIMEH CKaYyKOB g(%), TO C YYETOM €ro OJHOMEPHOU XapaKTepUCTUUYECKON

byHKIIIU
hl(X;t)zeXp((g(K)—l)vt) (13)

IOJIyYUM



DnektpoHHbIi HayuHblii xxypHan «MCCJIIEJJOBAHO B POCCUN» 1246  http://zhurnal.ape.relarn.ru/articles/2007/119.pdf

g (Moo A3 tyest, ) = €XP VZL:]( (ZX exp(—a(z, —r))] jd’t .(14)

=1 1
OTMeTUM, 4YTO MPOLECChl, OMUCHIBAEMbIE L -MEPHBIMU XapaKTEPUCTHUYECKUMU
bynkuuamu (12) u (14) ABIAIOTCS MapKOBCKUMM CIy4YalHBIMH IpOLECCAMU U
YAOBJIETBOPSIOT YCIOBUIO (9).

Onucanne HeMapKOBCKOIO MpoLecca, 3aJaBaeMoro JMHeNHHbIM
HHTErpajbHbIM NpeodpazoBanueM. PaccmoTpum o0muii MeTos1 HaxoxaeHus L -
MEpPHON XapaKTEPUCTUUYECKOU (PYHKIIUU gL(Kl,...,k L;tl,...,tL) npoiiecca Z(t),
OMUCHIBAEMOT0 JINHEHHBIM UHTETpabHBIM IIpeoOpazoBanuem (2) [11].

Hauynem ¢ mocTpoeHust 0IHOMEPHOU XapakTepucTuieckon Gpynkuuu. byaem
CUMTaTh, YTO Mpeodpa3oBaHue (2) mpexacrasiser codoil unrerpan Mro [8 — 10].
Pazo6bem untepBan (0, 1) Ha N paBHbIX MHTEPBAIOB, MPOJIOJIKUTEILHOCTHIO
At =t/N . MOMEHTBI BpeMeHHU ¢,, COOTBETCTBYIOIIME OKOHYAHUSIM HHTCPBAJIOB,

YAOBIIETBOPSIOT yCIOBMIO: ¢y =0<1¢ <...<ty_; <ty =t. Torna nnarerpan Uro B
(2) MOXKHO 3aMEHUTH CPEAHUM KBa):[paTI/IIIeCKI/IM MpeIesIoM

Z(t) —hmZG tt,)AW (t,), (15)

N—w
roe AW(t,)=W(t,,,)—W(t,) — He3aBucuMbIe Tpupamenus npouecca W (t, ).
OnHoMepHass XxapakTepucTuueckas (QyHKUMS g (k; t) npouecca Z (t)
BbIpaxkaeTcs Gpopmyon
gl(k;t):<exp(i7uZ(t))>, (16)
rje omnepauus <> NpeJCTaBIsieT COoOO0M HAaXOXKIEHHE MaTeMaTHYeCKOTO

oxxkunanus. [loacrasnss B hpopmyny (16) BBIpa)KeHI/Ie (15) MMEEM
N-1

gl(k;t): exp| iL hm ZG AW( = hm Hexp zKGtt ) (tn)) (17)

Tak xak mnpupameHus AW( ,) ABIMIOTCS HE3ABUCHMBIMH, TO TOCIETHEE
BeIpaxxenue B (17) mpuoOpeTaer Bu

N-1
gi(51)= lim g<exp(im(t,tn AW (z,)- (18)
JlorapudmupoBanue Beipakenus (18) naet
N-1
Ing;(A;¢)= lim Y Inh(r;t5,), (19)
N—o =0

rae BBeAeHO 0003HAYECHUE
h(h;t;t, )= (exp(iLG(t,t, AW (2,))) - (20)
YyutpiBass TO, YTO IS Ipolecca C HE3aBUCUMBIMU  IPHPANICHUSMU

XapakTepucTuueckass (PyHKIUS  MPUpAIICHWA  3aluChIBa€TCA  4epe3  ero
OJIHOMEPHYIO XapaKTEPUCTUUYECKYIO (DYHKIMIO, UMEEM
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Wty )= (exp(iGlet, o, ) = PO )

(exp(irG(e,2, W (z,)))

Torma
Inh(A;t;2, )= ln<exp(ikG(t, t, W (2, ))> - ln<exp(ikG(t, t, Wiz, ))> . (22)
[ToncTanoBka BeipakeHus (22) B popmyny (18) naet
= 1n<exp(ikG(t, t, Wt ))> - ln<exp(iKG(t, t, Wiz, ))>
2 5

ITocne 3amensl B Qopmyne (23) cymmupoBaHus uHTerpasiom HWrto u
NOCJIEYIOIIEr0 NOTEHIIMPOBAHUS ITOTYYUBIIEr0CS BBIPAXKEHUS OJTyUHM

Ing,(A;¢)= lim At .(23)

g (k; t) = exp[j x(kG(t, 1:); ’C)d’l?] , (24)

rae 0
x(AG(t,T)T)= %hlhl (AG(t, 1)), (25)
b (LG(t,7);7) <exp(i7uG(t, ’C)W(’E))> : (26)

Jlns ciydas, ecnu mpomecc W (t) sBasercs BUHEPOBCKHM (CM. (OpMyITy
(11)) umeem

g (h;1)= exp[— %VKZ J. G2 (s, r)dr] , (27)
0

a eclii — myaccoHOBCKUM (cM. hopmyay (13)), To

t

g(\s)= exp[vj (g(LG(2,7))- 1)dr} . (28)
0

Tenepp mnepereM K TIIOCTPOEHUIO L -MEPHOM XapaKTEPUCTUUYECKON

dbynkuuu. g HaxoxkaeHus: L -MepHO#M XapaKTepUCTUIECKON (PYHKIUU 3aIUIIEM

UHTETpalibHOE IpeoOpa3zoBaHue (2) uisi MPOU3BOJIBHBIX MOMEHTOB BPEMEHHM 1,

IpUYeM JJIs ONIPENICIEHHOCTH OyIeM CUUTATh, UTO ¢, > {;:

Z(t,)= ]IG(tl,r)dW(r), (29)

rne [=12,.,L. YuuteiBas TO, 4TO BbIpaxkeHue (29) mnpencraBiseT coOOM

I/IHTeraH I/ITO, 3aMCHHUM €TI0 CpeI[HI/IM KBaI[paTI/I‘{eCKI/IM HpeI[eJIOM
N;-1

2()= lim D Glo.1,)am(1,). (30)
n=0

3nece N; —uucino pazouenuit uurepsana (0, ).

ITo OIIPEAEIICHUIO L -mepHas XapakTepucTuyecKas byHKUIMS
27 (Myses A3t senst; ) BEIPAKAETCS OPMYIION
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L
1 (M A g 3ty )= <exp(i2k12(t, )J> . (31)

I=1
[ToncranoBka Beipaxkenus (30) B hopmyny (31) naet

N;—1
(7\.1, ’}\‘Lﬂtl’ ,tL)—<eXp[ Z}\‘l]vlllin ZG tl, AW( )]>

<exp[ NlLlr—I>loo 3 [i A, G(t,t, )]A wit, )]>

[Tpu monydeHun nocienHero BeipaxeHus B hopmyie (32) BBeIEHO YCIOBUE
Gl.t,), ., =0 (33)

(32)

Brimonnenne npeobpazoBanwuii, ananmornunsix (17) u (18), naet

Nyp-1
(}\‘13 a}\‘Latla 9tL <]\[11I_I>IOOHeXp[ {ZKZG 5, ]AW( )J>

(34)
Np-1 L
= 1li 1Y A,Gt,e, ) |AW(¢,) | ).
dim 1] <GXI{1[; Gl H)J (n)]>
[Tocne norapudmupoBanus Beipaxenus (34) nmeeM
Np-1
Ing, (M hpstpenty )= lim Y A hpstentst,),  (35)
Nj—o P

e BBEACHO 0003HAYECHUE

BMy oA 5ty 52, ) = <exp[i[ile(t,,tn )jAW(tn )]> (36)

I=1
Janee BbIONHSAS onepauuu, ananoruunsie (21) — (26), umeem

gL A3ty ) = €Xp J.X[(ZMG [,7 j ] ; (37)

X[[ MG(%T)}T] = —1nh1[[ZL:7ulG 1,7 J, J (38)
hl[[z_: e ,’C)];‘t] = <exp(i[z_: A, Gt ,r)JW(t)J> : (39)

[Tpn HaXOXAICHUH WHTETpaIa B BRIpaXeHUH (37) HEOOXOIMMO YUUTHIBAThH YCIOBUE
(33):

Tac

M=

TN

Gly.t),,, =0. (40)
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@opmynsl (24) — (26) ABIAIOTCA YaCTHBIMU Cily4yasiMH BbipaxkeHuit (37) —
39) pu L =1.
B Tom ciyuae, eciu npotiecc W(t) SIBJISIETCS BUHEPOBCKUM, TO
min(t; ,tk)

| &
g1 Ohrnhpitynty )= exp = v D kg [ Gl )Gl DT, (4D)
1k=l1 0
a €CIIM IIyaCCOHOBCKUM, TO
t L
21 (Moo A3ty ) = XD vj g ZKZG(Q,I) -1 |dt|. (42)
0 [=1

Jls citydasi, korja sapo npeodpazosanus (2) umeet Bua (5) popmyisl (37),
(41) u (42) coBmamaroT cOOTBETCTBEHHO ¢ BbIpaxeHusmu (10), (12) u (14),
MOJIYYEHHBIMHU C MIOMOILbIO TEOPUHU CTOXACTUUECKUX TUDPEepeHIInaTbHBIX CUCTEM.
B o6miem ciydae, korja WHTerpajibHOe mpeoOpazoBaHue (2) HE CBOAMUTCH K
KOHEUHOMEpHOU cucteme nuddepeHunalbHbIX ypaBHeHUH, TO (opmynsl (37),
(41) m (42) onuchBalOT HEMAapKOBCKHMM ciyuaiiHbld mnponecc. Ha s10, B
YaCTHOCTH, YKa3bIBaeT TO, 4YTO i BbipakeHus (42) B oOuiem ciiydae He
BBITIOJTHSIETCS ycoBue (9).

IIpumep onmucaHusi HEMAPKOBCKOI0 mpomecca. PaccMoTpuM B KauecTBe
npumepa onucanue hpaukkep-mryma. [lycts sapo npeobpazoBanus (2) UMeET BU

1
Glt,t)= , (43)
(he)=—
a rpouecc W(t) SBJISIETCSI BUHEPOBCKUM. Torna Ha ocHOBaHUU (popmyiibl (27) ipu

nepexoAe OT PACXOMSIIErocs MHTErpaja K anmnpoKCUMHUPYIOUIEH ero KOHEYHOU
BEJIMYMHE JIJIs1 OJTHOMEPHOM XapaKTEPUCTUUECKON PYHKIIUU UMEEM:

1 ., ¢
At)=exp| —— VA~ In— |, 44
&)= exp{ - i n L) ()

rae ot >0 — manas BenuuuHa. [ L-MepHON XapakTEepUCTHYECKOW (yHKIIMH
npuMmeHeHue Gopmysisl (41) NO3BONSIET MOTYUYUTH:

gL(klv'"vkL;tla"'atL):

1 L ( ) tj L »\/tl +1/tk (45)
=exp| ——V Arln— |+4 AA, In .
2 ; Y l,kzzl o Nt —t, + 0t ++/dt

I>k

@opmynsl (44) u (45) HarOT BO3MOXKHOCTh ONPEACIUTh MAaTEMaTUYECKOE
O’KHMJIaHUE U MOMEHT BTOPOI'O IOPsAJIKA CIly4alHOro npouecca Z (t):

(2(1)) = &1

=0, 46
IO\ (46)

A=0

82g2 \/E+\/Z
Z(t)2(t, ) = —2=2— =2vl ' 47
- W Wosree o)
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3necw t, > t,. llpu ¢, =t =t dpopmyia (47) npuobperaer BUA:
t
(2°()=v h{s—) . (48)
t

MomeHT BTOporo mnopsigaka (47) mo3BoJiSIET ONPEAEIUTh OJHOCTOPOHHIOO
CIIEKTPAJIbHYIO IJIOTHOCTh CIIy4alHOro npouecca Z (t):

G(w)= %}3{4["?[ t)>cos (mdr} =

_ (49)
=lim 8vt_ft In \/; tViTT cosmtdT
810 T+ 0 + \/5

NuterpupoBanue Beipaxkenus (49) naet [12]:
Glo)= (- 1)23V li_r)r(l){ts %(1F1 (g6 +1/2;5i00t ) F ((e56 + 1/2;—1'(01‘))} , (50)
rae F(z) — ramma pyHkuus, | F l(a;b;z) — BBIPOXKJICHHASI TUTIEPreoMeTprIecKas

byHKITHS.
B Ttom cnywae, ecim f>>1 BBIPOXKICHHBIE TUIEPTEOMETPUUCCKUE

¢ynkun B BbpaxkeHHH (50) MOryT OBITH pa3loOXKEeHBI B pAJ IO CTENEHSIM
BBIPAKECHHUS 1/ ~vot . Torna npu coXpaHEHUU TOJBKO MEPBOI0 WICHA Pa3JIOKEHUS

umeeM [13]
(o). =
o oot -
(2] -
- g (e (03 5|25

(51)
Takum o00pa3oMm, choydalHBIH TIpollecC, OMHUChIBaeMblid L -MepHOMU
XapakTepucTuueckon pyHkimeit (45), MMeeT CreKTpaIbHYyI0 IUIOTHOCTh
6(o), ., =2, (52)
()
KOTOpasi Bo3pacTaeT oO0paTHO-MPOINOPIMOHAIBHO YacTOTE MPU €€ YMEHBIICHUH.
DTO yKa3bIBaeT HA TO, YTO ATOT MPOILIeCC ABIsAETCS (QIUKKEP-ITyMOM [6].
[Tonyuennas L-mepHas xapaktepuctuyeckas GyHKIuUsA (45) MOXET HAWTH
OpUMEHEHUE [Isl aJeKBaTHOTO ONUCaHUsi OpPOYHOBCKOI'O JBMKEHUS, TaK Kak
baykryanuu kodddunmenta nuddy3un OpOyHOBCKON YAaCTHUIIBI UMEIOT XapakTep
baukkep-mryma [2].
3akiodenne. PaccMOTpEeHHBII METO ONKMCaHUs HEMapPKOBCKUX CITyYalHbBIX
MPOILIECCOB C TIOMOIIBI0 JIMHEWHBIX MHTETPAIbHBIX TMPEe0Opa3OBaHUN MOMKET
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UCIIOIb30BaThCA NPU PACCMOTPEHUM IMPOIECCOB, MPOUCXOASAIINX B BSI3KUX U
PEOJIOTUYECKUX Cpeliax, PAAUOTEXHUUECKUX CUCTEMaX, a TAKXKe B IPYTUX Clydasx,
KOrjJa MPUMEHEHUE MOJIEIH MAapKOBCKOTO IMPOIECCa MPUBOJUT K HETOUHOMY WIIU
HEaJIEKBATHOMY OMMCAHUIO TIPOIIECCOB, TPOUCXOIAIINX B TAKUX CUCTEMAX.

Hcnonb3oBaHue pacCMOTPEHHOTO METO/AAa  OINUCAaHUA  HEMapKOBCKUX
IIPOLIECCOB MOKET MPUBECTU K OOHAPYKEHUIO HOBBIX (pu3myeckux 3H@exToB, HE
MPOSBIISIIOIINXCS TIPU UCTIOJIB30BAHUU MAPKOBCKOW MOJIEIIH.
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