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Hauwnonansneiit Hayunstit Lientp “XapbkoBckuid (pU3MKO-TEXHUYECKUIT HHCTUTYT”

PACIIPEJIEJIEHUE BEPOATHOCTEM
OVYHKIINOHAJIIA-CBEPTKH PEI'VJISIPHOI'O CUT'HAJTA
N HOPMAJIBHOT'O MAPKOBCKOI'O ITYMA

Paccmompena cynepnosuyus pezynspuoii pynxyuu S(t) u cayuaiinozo npoyecca X(t), obnadaiowezo

CBOTICMBAMY HOPMATLHOCMU U Mapkosocmu. i 3a0aHHO20 6peMeHHO20 UHMeP8ana Ha 6ase YKA3AHHOU
QyHkyuu u3yuen @QYHKYuonan ceepmouyno2o muna. IIpeonoswcen u ucnonvzosan nooxoo, OCHOBAHHIN HA
NPUMEHEHUU DeBEePCHbIX PYHKYUU, Ymo Oai0 B03MONCHOCMb NOYYEHUS AHATUMUYECKO20 GblPAdCeHUs O
npouseoosweli QyHKyuu pacnpedeneHus CIy4auHbiX 3HayeHull (QYHKyuoHana-ceéepmru. IIpoanaruzuposamvl
cmamucmuyeckue ceolicmea QyHKYuoHana-ceepmiu. IInomHocms U UHMeEZPAIbHLIL 3aKOH pacnpedeieHus.
HAXOO0SIMCs YUCTIEHHO C NOMOWbI0 00pamHozo npeobpaszosanus Jlaniaca 01 8blOPAHHOU pe2yIApHOU QYHKYUU

S(t) u evibpannvix smavenuii epemenu nabmodenus. 1, Oexpemenma cayuaiinozo npoyecca V u e2o

2 2 .
unmencusnocmu Oy . Tlokasano, umo yeenuuenue napavempa 10y npusodum k pacwupenuio snauenuil
ynkyuonana-ceepmxu 6 nepugeputinvie obnacmu 6Gorvuux ykiowenuii. Ymenvwenue napamempa VI

npUEOOUm K IOKAIU3AYUY 3HAYEHUll hynKyuonana-ceepmiu 6o aykmyayuonnot ooracmu z = 0. [nomuocmo
pacnpeodenenus 6eposmHOCmel QYHKYUOHANA-CEEPMKU UMeen eOUHCIEEHHBIIL MAKCUMYM, 08e MOUKU nepecuba
U IKCNOHEHYUATILHYIO ACUMINIMOMUKY HA Nepupepusix.

Kniouegvie crosa: pezynsipnas (pynxyus, Ciy4aiHOCmb, HOPMALbHOCHb, MAPKOBOCHb, UHMESPATbHbLE
Keaopamuunvle (QYHKYUOHANbI, QVHKYUOHAL CE8EPMOYHO20 MUNA, NPou3gooAwas QyHKyus pacnpeoeienus
seposimHocmet, cmamucmuyeckue ceolcmad.

0.C. MABMAHIIIBIII

Hamionansauii Haykoswii LlenTp “XapkiBcbkuil i3UKO-TEXHIYHUHN IHCTUTYT”

PO3IOI1)1 UMOBIPHOCTEN
®YHKIIOHAJY-3TOPTKH PEI'YJIIPHOI'O CUTHAJTY
I HOPMAJIBHOI'O MAPKIBCHKOI'O IIIYMY

Posensamymo cynepnosuyis pezyaapnoi ynxyii S(1) i eunaoroeozo npoyecy X(t), wo eonodie
61ACMUBOCMAMU HOPMATLHOCMI § MapKkosocmu. [[ia 3a0anH020 4aco8o2o iHmepsany Ha 6asi 3aznauenoi QyHxyii
BUBUEHULl (DYHKYIOHAN 320pMOYHO20 mMuny. 3anponoHosano i GuUKOpUCMAHU NIOXi0, 3ACHO8AHUU HA
3aCMOCY8anti peeepcHUX QYHKYIN, wo 0an0 MONCIUBICMb OMPUMAHHA AHAIIMUYHO20 6Upasy O MEipHol
@YHKYIT pO3n00diny 6unadkosux 3HaueHv QyHKyionary-3eopmru. [Ipoananizogano cmamucmuyti 61acmueocmi
@yuryionany-3eopmku. Llinonicme i iHmeepanrbHUil 3aKOH PO3NOOLNLY 3HAXOOSMbC YUCETbHO 3d 00ONOMO20I0

360pomnozo nepemeopenns Jlannaca o obpanoi peeynspuoi gymxyii S(t) i obpanux smauenm» uacy
. . .2
cnocmepeaicenna 1', Oexpemenmy eunadxosozo npoyecy V i tiozo inmencusnocmi Oy . Ilokasamo, uwo

. 2 . BV
sbinbwenns napamempa 1Oy npussooums 0o poswupents snauenv QyHKyioHany-320pmKu 6 nepudepiiini

obnacmi eéenuxux yxunemv. 3menwenns napamempa V1 npuseéodums 0o noxanisayii snauveno gynxyionany-

3eopmxu nio ¢aykmyayiiunoi oonacmi. Llinbuicme po3nodiny timogipnocment QyHKYIOHATY-320pMKU MAE EOUHULL
MAaxcumMym, 08i mouKy nepecuHy i eKCHOHeHYIaIbHY ACUMNMOMUKY Ha nepudepii.

Kniouosi  cnosa: pezynapna QyHKyia, HOpMmanbHiCMb, MAPKOBICMb, [HMEZPANbHI  K8AOPAMUYHI
@yHKyioHanu, QyHKYIiOHAN 320pMOYHO20 Mumny, MEIpHA QYHKYIA po3nooiny UMOSIpHOCMEN, CMAMUCIUYHT
61ACMUBOCMI.
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A superposition of a regular function S(t) and a random process X(t) with the properties of normality

and Markov property is considered. For a given time interval, based on the specified function, the convolution-
type functional is studied. An approach based on the use of reverse functions is proposed and used, which made
it possible to obtain an analytical expression for the generating distribution function of random values of the
convolution functional. The statistical properties of the convolution functional are analyzed. The density and the
integral distribution law are found numerically using the inverse Laplace transform for the selected regular

function $(t) and the selected values T of the observation time, the decrement of the random process V and
o . 2 . ) . 2 . .
its intensity Oy . It is shown that an increase in the parameter TOy leads to the expansion of the convolution

functional to the peripheral regions of large deviations. A decrease in the parameter VI leads to the

localization of the values of the convolution functional in the fluctuation region. The probability distribution
density of the convolution functional has a single maximum, two inflection points and exponential asymptotic
behavior at the periphery.

Keywords: regular function, normality, Markov property, integral quadratic functional, convolution-
type functional, generating probability distribution function, statistical properties.

ITocTanoBKa 3agaun
B p;me 3a1a4 BO3HUKACT H€O6XOI[I/IMOCTI: BBIYHCIJICHUA CJIy‘-IElﬁHBIX BCJINYHH, KOTOpBIe
MPEACTABISIIOT cOo00M  KBaJpaTU4YHbIE (PYHKIIMOHANIBI OT TPACKTOPHH HOPMAaJIbLHOTO
MapKOBCKOTO Tmporecca. Ilpumepom Takux (YHKIIMOHATIOB MOKET CIYXKHTh CBEPTOUYHBIN
WHTErpaJl ISl 3aJJaHHOTO BPEMEHHOTO MHTepBana 1

T
szjx(z)x(T—t)dt, T>0. (1)
0
3necy moa {x(f)} moHUMaercs HOopMalbHBIA mporecc OpHiuTeiiHa-YnenOeka (OY-

npouecc). CranuoHapHBIM BELIECTBEHHBIM ciay4aiiHelii OY-mpolecc HMMEET HyJEBOE
2 2

MaTeMaTuueckoe oxxkppanue u aucnepcuto M[x“(f)]=oy. Ilpu stom OVY-npouecc x(?)

YIIOBJIETBOPSIET CTOXACTUYECKOMY AU PepeHIINaTLHOMY YPaBHEHHIO

30+ 15(0) = w(0) @
rae nexkpemertT v >0, a w(f) — BUHEPOBCKHM CIydallHBIA Mporecc ¢ aucnepcueit
o5, /2 ¥ KOppenAMonHol pyHkmuedt M[w(f)w(t')] = %a\z,v min(z,t").

B Gonee oOmem ciydae MOXKHO paccMarpuBarh o0oOmieHue Qynkiumonama (1), B
KOTOPOM TOMHUMO ciy4yaiiHOH  ¢yHkmum — x(f) Takke ¢Qurypupyer peryisipHas

JNeTePMUHUPOBaHHAS QYHKIUSA S(7):

Jyos = j [x(t)+sO[(T -t)+s(T-0)]dt,  T>0. 3)

[ToctaBuM 3amady O HaXOXKIEHHHM IUIOTHOCTH pacrpeneneHust f()) ciydailHbIX
3HaueHud » ¢yHKIMOHana (3) WM, YTO SKBUBAJICHTHO, XapaKTEPUCTUUECKOW (yHKIHU
(XD) Oy.s(A) pacmpeneneHuss BEpOSTHOCTEH OIS CIydalHOrO (YHKIMOHAIA-CBEPTKU C
napameTpoMm A

Ois(A) =(exp(= /x5 )y - @)

3n1ech M HWXKE YrOJKOBBIMH CKOOKamMM OyzneM o00O3HAa4yaTh ycpelHEHHE B

npocTpaHcTBE (PYHKIUI {x(t)}, a HIDKHAM MHJEKCOM YKa)XeM IPOCTPAHCTBO (YHKIHH,
OTHOCHUTEJIBHO KOTOPOTO HILETCS MaTeMAaTHYEeCKOE OXKHIaHHE.
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[TogoOHbIe 3amaun paHee paccMarpuBajiack B padorax [1-3]. B atux pabortax mis
BeIuuciacHusd XO nNpunIjIoCr MNpCoAOJICTh 3HAYUTCIBHBIC TCXHUYCCKHUC TPYAHOCTH, B
YaCTHOCTH, HAWTH aHAIUTUYECKOE TpeICTaBIeHUE sl pyHIaMeHTaTbHONH MaTpuIsl exp(4),

rne A Hekotopas (4x4)-matpuna. B HacTosmieil paboTe NMpeiokeH | UCIIOIb30BaH MEHEe

CIIOKHBIM TIOAXOJl, OCHOBAaHHBIM Ha TPUMEHEHHH PEBEPCHBIX (DYHKIMH, dYTO Jalo
BO3MOKHOCTh PACIIMPUTh MOCTAaHOBKY 3aJaud Ha Cly4yail CBEPTKM CHUTHaja B CMECH C
IIYMOM.

OTMmeTuM, 4YTO KBaJIpaTUYHOCTb CTPYKTYyphl (QyHKUMOHaNOB Jy, U Jy,o Jdaer

BO3MOXKHOCTh aHAJIUTUYECKOTO BBIYUCICHUS (DYHKIHMOHAIBHOTO MHTErpajia (4) U moiaydeHus
3aMKHYTOI'O BBIP@XKEHHUS, B KOTOPOM OTCYTCTBYET KOHTHHYAJIbHOE HHTETPUPOBAHHUE II0
JIMCCUTIATUBHOM TayCCOBOM Mepe.

Brruucienne xapakTepucTu4ecKoi (mpou3Boasimeii) pyHKuumn
PaccmarpuBas GpyHKIIMOHANBHBIN HHTETpal (3) B MPOCTPAHCTBE, 00OPa30BAHHOM 3THUM
MHOXECTBOM (DYHKITHI1, 3aIIUIIIEM €T0 B BUJE
1 T
Jis=5] ((e(0) + 50+ X(T = 1)+ ST =)} = (x(0)+ 5(0) — x(T =) =T =) |dt . (5)
0

TOrAa

0,.(1) = < ﬂ(x(z)+s(t)+ *(T - 1)+ s(T— 1)) — (x(0)+ s(T—t)—x(T—t)—s(T—t))z]dt> . (6)

Brenem dynkmmm
u@)=x@)+x(T—-t)+s@t)+s(T—-1t), v(t)=x(t)+st)—x(T—-t)—s(T —1). (7)

[IpuauMasi Bo BHUMaHUE SIBHBIN BUJ (DyHKIMOHANA (3), MPEICTaBUM €T0 B BUJIE

Jxis =J [ 1+J_[x

4>|~
4>|»—

f[dtx(t)+s(t)+x(T N+s(T-1)] - jdz[x(z)+s(t)—x(T—t)—s(T—t)]2.(8)

[TockonbKy i1t BBEICHHBIX (DYHKIHE u(2) 1 V() CrpaBeIIuBO

(u()), =s@)+s(T =1), (u(®)), =s@)—s(T—1)
1 (u(tyv()), = (s@)+sT —1)\s(t)—s(T -1)),

TO B CUJIy 3TUX PaBEHCTB CIIPABEIJIUBO <u(t)v(t)>X = <u(t)>X<v(t)>X , IO3TOMY OHHU B CHIIY
HOPMAJBHOTO CBOMCTBA Mpoliecca X(f) CTaTHCTUYECKU He3aBUCHUMBI. OTCIOAA BBITEKAET, YTO

Oy.s(A) MOXHO 3amucaTh B BUE

Qx+s A= Q+ @) 0 (A, ©)

rac

0.4 = <exp{— %jdt [x(t) +5(t)+x(T—t)+s(T - t)]2 }> = <exp{— %jdtuz(t) }> ,
ﬁ ' T a0
0 A) = <exp{% { dt[x(t) +s(t) = x(T - t) - s(T =) }>X < {% ! dtv (t) }>X
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B ¢dakropuzanmonnom npencrtasiaeHun (9) mns XD cHavama pacCMOTPUM TEPBBIM
MHOKUTENb. B HEM Hapsly ¢ MHOXKECTBOM (PYHKITHI {u(t)} HCIOJIb3YEM COTIPSKEHHOE C HUM

MHO>KECTBO (PYHKIIMIA {p(t)}. Torna

0,.(A) = <exp{— %Idt u>(t) }> = [ Dp(2) <exp{— [dip* @) +=-2]at p(t)u(t)}> ., (1)

X
rae Dp(t) — 0600meHHbI nuddepeHran B IpocTpaHcTBe GyHKITUH {p(t)}.
B cuny HopManbHOCTH cTatucTryeckoe cpeanee B (11) paBHo

<exp{ﬂ j dt p(t)u(t)}> = exp{— %z j dt p(z)j dt' p(t')<u(t)u(t')>x} , (12)

YTO MOCJIE MPSMOTO BBIYKCIICHUs Koppensitopa K (¢,t') = <u(t)u(t’)> Jaer

0,(1)=| Dp(t)<exp{— jOT Pty —%ai LT pt)dt jOT p(t)de' [exp(- vl =)+ expl- v+ - T|)]}> .(13)

Ymeepowcoenue 1.
CTaTUCTHUYECKHE CpEIHWE, OCHOBaHHBIC Ha KOPPEIATOpE KU(t,t’)=<u(t)u(t’)> C

coOCTBeHHBIMH (QYHKIMAMH {@, ()} ¥ COOCTBEHHBIMH YHCIaMH {A, }, SKBHBaJICHTHBI
COOTBETCTBYIOUIMM  CTaTUCTUYECKUM  CPEJHHM, OCHOBaHHBIM  HAa  KOppEIsTope
K (t,t’)z(x(t)x(t')> C coOCTBeHHBIMH (YHKIUMSIMU {y,(f)} ¥ COOCTBEHHBIMH YHCIAMHU
=124}

Hokazamenvcmeo.

PaccmoTpuMm ypaBHeHue s coOCTBEHHbIX (QYHKIMH {@, (f)} omepatopa K|,
UcxonHoro ciydaiiHoro OVY-mporecca ¢ COOTBETCTBYIOIIMM MM HAbOpoM COOCTBEHHBIX
gyucen {A,}, n=1,2,...,

T

(gon )+ s(t)) =A, _[ dt’ (gon "+ s(t’))[exp(— v|t - t'|)+ exp(— v|t +t'— T|)] (14)

0

Koppenstop K (t,t") umeer Bun K (t,t) =<x(t)x(t')>+<x(t)x(T —t')> U BBIpAXKEH
yepe3 koppensTopbl OVY-mporecca. Bo BTOpoM (9KCIOHEHITMATBHOM) CJIara€MOM  TIO/T

uHTerpasiom (14) ocyiiecTBUM peBEpCHYIO 3aMeHY BO BpemeHU T —t' =¢, TOrga, BHOBb
UCTIONB3YS TIEPEMEHHYIO ', TIOIYYUM

T

(0, (0+5)= A, [df (9, (t) + 5t + 9, (T =)+ 5(T =) Jexpl-v]t—11). (15)

0

N3 (15) BeITEKaeT, 4yTo NJIsi peBEPCHOM (PYHKITUU CITPABETUBO

(p,(T—t)+s(T —1))= Ajdﬂ(gpﬂ (&) + () +9,(T 1) +5(T —1"))exp(-vjf +¢ ~T|). (16)

HIIN
T

(0,(T =)+ (T =)= A, [dr (¢, (T =) +5(T =) + @, (¢) + s(t))exp(-v—]). (1)

0
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CxknanpiBas (15) u (17), npuxoaum K ypaBHEHHIO

), (18)

T
v, ()= 2AnJ-dt’t//}z (") exp(— V|t —-t
0

e v, )=, +s(t)+¢,(T—t)+s(T—1t). B 3TOM ypaBHEHHH SIIPOM CIYKUT
yxe koppemnsatop K, (¢,¢") Toneko OY-mponecca {x(t)}.

CraTucTHYecKie CpeIHHEe, OCHOBaHHBIC Ha Koppemstope K (t,t") :<u(t)u(t')>
coOcTtBeHHBIMU (yHKIMAMH {@, ()} W COOCTBEHHBIMH 4YHCcIaMH {A }, SKBHUBAJICHTHBI

COOTBETCTBYIOIIIUM  CTAaTUCTHYECKUM  CPEAHHMM, OCHOBAaHHBIM  Ha  KOppEJSATOpE
K (t,t')=<x(t)x(t')> C coOCTBEHHBIMH (GYHKIMAMH {y/,(f)} W COOCTBEHHBIMH YHCIIAMU
A3 =1{2A,}.

N3 (15) m (18) MOXHO 3aKIIOYNUTh, YTO HAXOXKIEHHWE CTATUCTUYECKUX CPEIHUX,

OCHOBaHHBIX Ha KOPpPEIATOpe KU(l,t')=<u(t)u(t')>, MOXKHO CBECTH K HaXOXICHHUIO

CTAaTUCTHYECKHUX CPEHUX, OCHOBAaHHBIX Ha Koppeisitope K (¢,1') = <x(t)x(t')>. [Toatomy

0,(2)= <exp{—§ j dt[x(t) +s(t") + x(T =)+ s(T - 1) }> = <exp{—% j (x(t) +s(t)) 2dt}> . (19)

0 0

ITIpu s(#)=0 B mpaBoif YacTu 3TOrO BHIPAKEHUS MMEEM IPOHM3BOIAIIYIO (PYHKLHUIO
0O, (1) »sHeprernyeckoro ¢yHkuuoHana Y =J, (1). Hrak, umeem i napuuanbHOR
MIPOU3BOAIICH (QYyHKITUN
0,(1)=0,(2/2). (20)
Ymeeporcoenue 2.
CraTicTHYeCKHE CpEIHHMEe, OCHOBaHHBIC Ha Koppemsitope K (Z,¢") =<v(t)v(t')> C

coOcTtBeHHBIMU (pyHKIMAMH {@, ()} W COOCTBEHHBIMH 4YHCcIaMH {A }, SKBHUBAJICHTHBI
COOTBETCTBYIOIIMM  CTATUCTHYECKUM  CPEJHHM, OCHOBAaHHBIM  HA  KOPpEIsTOpe
K (l,t')=<x(t)x(t')> C coOCTBeHHBIMH (GYHKIMAMH {y/,(f)} W COOCTBEHHBIMH YHCIIAMU

Ay =124,

Jloxazamenbcmeo.
[IpeoOpa3oBaHus, aHAIIOTHYHBIE BEIIIE U3JI0KEHHBIM, TPUBOISAT K BBIPAXKCHHUIO

0 0

Qv(l)—<exp{4 j dt[x(t") + s(t') - x(T -1") = s(T = 1) }> =<exp{%j(x(l)+s(t))2dt}>. (21)

[Toatomy u3 (20) u (21) monydaem OKOHYATEITHHO

Oy.s(A) = <exp{— zi (x(?) +s() \x(T =) + (T - t))a’t}> =
' X (22)

= <exp{ .T x(z‘) + s(t) }> <exp{j j x(t) +5(1) 2dt}> .



ITPUKIIAJTHI THTAHHA MATEMATHYHOI'O MOAE/IIOBAHHA T. 4, M 1, 2021

daktopuzanus BbIpakeHUs (22) TO3BONSET 3aKIIOYUTh, YTO IPOCTPAHCTBO,
OTBEYAIOIIEE MHOXECTBY (DYHKITUH {x(t)} BMECTE C {x(T —t)}, pacciamBaeTcs Ha JBa

MOJAMPOCTPAHCTBA, COOTBETCTBYIOIIME  aJJUTHUBHBIM  TMpoIleccaM {u(z‘)} u {v(t)}
cOOTBeTCTBEHHO. Takum oOpasoMm, X® (O,(1) ¢opmupyercs B NOIIPOCTPAHCTBAX,
00pa30oBaHHBIX (QYHKIHSIMHU {u(t)} u {v(t)} COBMECTHO, HO C IBO€ MEHBILIEH NUHTEHCUBHOCTHIO
o: xaxnoe. [Ipy 3TOM uX MpAMoe 0ObeAMHEHHE CyTh IPOCTPAHCTBO, B KOTOPOM JeHCTBYIOT
byHKIUHA {x(t)}.

3ameuanue.

B uactHoM ciydae s(f)=0 mnocne 3amensl B (22) 2voy => Oy, U TpPENEIbHOIO

nepexona v — 0 B MOJIYYUBIIEMCSI BRIPAKCHUU MPUXOIUM K XapaKTEPUCTUIECKOH (yHKIIMU
T
Ow(d)= <exp(— /Uw[w]» GyHKIMOHANTA-CBEPTKH  J :L w(t)W(T —t)dt oT BHHEPOBCKOTO
nporecca w(t) [4-8]:
P 1/2
0y (2) = (exp(- 4/ ) = (bW 2o 7). (23)
JInisi KICKOMBIX (DYHKITMOHAIBHBIX CPEIHUX MOXKHO HCIOJB30BAaTh paHee HaWICHHBIC
aHanutudeckue npeacrasieHus ([5], crp. 190). Ilpumensisa eipaxenue 1.23 ([5], ctp. 194), B

pe3yabTaTe TpPOMO3JIKHX MpeoOpa3oBaHUil OKOHYATENbHO TMOJIYYMM JJsI  HMCKOMOM
XapaKTepUCTHUECKON (QyHKIIUU

4 T ) 2/12 )2( T T ’ ' ,
0, (A) = {%Pgﬂ’) exp{— % ! S2(t) dt} exp{ . IV‘Z) { dr ! dr'S (0)S. () f,(r. 7,7 )} x

y 4r v exp(vT )
Si(r)

exp{%ISz(t)dt}exp{%ldfldf's(T)S(T')fz(VaTaT')}} . (24

B Beipaxkenuu (24) ucCnonb30BaHbl CIEAYIONINE 0003HAUCHUS:

S.()=s)£s(T 1), r,=yv> +24vos /4, f(r)= (ri + v)z exp(riT)— (ri - v)2 exp(— riT),

fr(r,7,7") = [(ri + v)exp(rtz')+ (ri - v)exp(— rir)][(ri + v)exp(ri (T - r'))+ (ri - v)exp(— (T - r’))}
Ecnm 3amucare mpomsBeneHWe B TpaBOMl  uyacTH  BhIpakeHus (24) B BHjE

+ + + - - - 1/2
Ox.s(4) = {QX (D) G5 (1) Oxs () Ox ()05 (A)Oxs (/1)} ,  TO  MOXHO M3 BHUAA  3TOIO
" _ 1/2

MPOU3BEJCHUS 3aKITIOUYNUTh, YTO MHOKHUTEIHN {QX (A0 (/1)} OTBEYAIOT BKJIaJy HOPMAJILHOTO
OY-myma x(¢#) B (opMHUpPOBaHHE CIy4aifHON BEIMYMHBI — (QYHKIMOHAIA-CBEPTKU Z =J .
Hanee, MHOXUTENN {QS+ (DO (ﬂb)}”2 OTBETCTBEHHBI 32 BKJIQJ PETYISIPHOTO CUTHama s(t).

_ 1/2 v
Haxkonen, MHOXUTENIN {Q;S (A)Oxs (/1)} OTBEYAIOT BKJIALy IIEPEKPECTHOrO B3aUMOICHCTBUS

CUTHaJIa ¥ 1IIyMa, UMEIOIIEro MECTO U3-3a KBaIpaTUYHOCTH (pyHKIMOHana Jy ¢ (3).

CBoiicTBa cCBepTOYHOro pyHKINOHAIA
Haiinennast xapaktepucrtudeckas ¢ynkuus (24) O,(A) ¢yHKUHOHAIA-CBEPTKU

Z =J, g PEeryIspHOro CUrHaia s(¢) U HOPMaJIbHOIO MapKOBCKOIo Ipouecca x(f) COmepk UT

BCIO CTaTHCTHYECKYI0 HH(pOpMAIMIO O ciydaiHoi BenmuuuHe Z. B cuyuae s(¢)=0
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IUIOTHOCTh  f(z) CHMMETpHYHa OTHOCHTEIbHO IJmHHM z=0. B o0mem ciydae oHa

yIOBJIETBOPSET OOIMM TPeOOBAaHHUSAM, MPEABSBISEMBIM K IUIOTHOCTSIM PACHpENeICHUSIM
BEPOSTHOCTEW WHTETPAJbHBIX KBaJIpPAaTUYHBIX (YHKIMOHAJIOB, a HMMEHHO, f(z) uMeer

€/IMHCTBCHHBI MaKCHMyM, JBE TOYKM Iepernda W HKCHOHEHIMAIbHYIO aCHMIITOTUKY Ha
nepudepusx.

Jlnst  wacTHOro, HO BaxkHoro ciydas s(¢)=0, wHpOpMANKIO O TUIOTHOCTH
pacmipenienieHusi BeposTHOCTEH  f(z) MOXHO TIONYYUTh C TOMOINBIO  OOpaTHOTO
npeo6pasosanus Jlamaca (mapameTpsl pacueta: s(¢) =0, oz=1, T=1).

Ha puc. 1 npuBeneHbl 3aBUCHUMOCTH IUIOTHOCTH f(z) JUIS yKa3aHHBIX 3HAuCHHM
mapaMeTpoB pacueTa. MOKHO MOKa3aTh, YTO yBENHMUYEHHe TapameTpa 1o, TPHBOIUT K
pacHuIMpeHuIo 3Ha4YeHW (PyHKIIMOHAIA-CBEPTKH B mnepudepuitapie 00JacTH  OOJBITUX
YKJIOHCHUH.

Ha puc. 2 npuBefcHBl 3aBUCIMOCTH WHTETPABHON (DYHKIIMU pacrpezeneHus F(z).

W3 pacderoB cremyer, 4TO yMEHbIIEHHE mapameTpa y =v71, paBHOTO OTHOIICHUIO

1

uHTepBana HaOmoaeHus 71 K uuHe Koppemsumu [, =v~ OVY-mpouecca, NpUBOAUT K

JIOKaJIM3alMK 3Ha4eHUH (PyHKIIMOHAIA-CBEPTKU BO (IIYKTyallMOHHOM obmactu z ~ 0.

i T .-

f(2)
F(2)

02 04

Puc. 1. [InoTHOCTL pacnpenejeHus Puc. 2. ®ynknus pacnpeaeeHus
sepositnocreii f(z) npu s(¢) =0; nunns — sepositHocreit F'(z) mpu s(¢) =0; auunns
v =0.1, nyakrup — v =1, rouxkn — v =10 —v=0.1, nyakrup — v =1, Touxu —

v =10

B cnydae oOTCyrcTBHS IIYMOBOM KOMIIOHEHTBI COOTBETCTBYIOINAS IUIOTHOCTH
pacripenenenust MeeT Bua O -¢pyHkiun upaka

T

f(2)=0| z=[s(t)s(T —t)dt | (25)
0
B o0Gmiem ciiyuae u3 (24) ciaenyer A IepBOro MOMEHTA, 4TO

M[Z] = (Jy.s) = % [s2@ar- % [s2@at = [s@)s(T-r)at, (26)

TO €CTh CIy4aiiHasi KOMIIOHEHTA He JaeT BKJaJ B IEPBbIi MOMEHT.
Hanee, nucnepcust yHKIMOHATIA-CBEPTKU PaBHA
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2 2
D[Z]= <JX+S> - <Jx+s> =
vI —1+e™” (" (27)
=0y ———+0y J‘dz'J. dr'[s(z')s(r') +s(T-1)s(T - z")]exp(— v|z' - r'|)
14
0 0
B cmyuae pgocraToyHO OONBIIOTO OTHOIIGHUS CUTHAI/IIYM MPUOIMKEHHOE
BBIp@KEHUE JUIS TJIOTHOCTH PpACIpEieiCHUs BEPOSTHOCTEH f(z) CilydallHBIX 3HAuYCHHM
dyHKIMOHaNa-CBepTKH Z = J, ( PeryaspHOro curfaia s(f) W HOPMaJbHOTO MapKOBCKOTO
nporecca x(¢) ciuemyromee

2

1
@)= zbiz] T 2p[2]

Ha puc.3 u 4 mnpuBeaeHbl 3aBUCUMOCTH, WUIIOCTPUPYIOINIME ACHUMIITOTUYECKYIO
2 Co2 =
bopmyny (28) st cnydas, koraa s(¢) =¢° Jlannaca (mapamerpsl pacueta: oy =1, T =1).

f(z)
F(2)

Puc. 3. [11oTHOCTH pacnpeesieHuUst Puc. 4. ®yukuus pacnpeaejieHust
Bepositnocteii f(2) mpu s(t) =5 ammnn - Bepositnocteii £(2) npu s(t) =t nunnn
v =0.1, nyuxkrup — v =1, Touku — v =10 - v =0.1, nyuxrup — v =1, Touxn —
v =10

U3 puc. 3 u 4 MOXXHO BUJETH, YTO TUIOTHOCTH pacrpeneicHust f(z) MMeeT rayccoBy
dbopMy U JTOKAIHM3YETCs] BOKPYT TENEPh y)Ke HEHYJIeBOro 3HaueHus M[Z].

BoIBOaBI

B pabote paccmoTpeHa cymnepno3uius perysisspHON (CUTHAIBHOM) (PyHKITUH s(t) u
cnyvaiiHoro — mporecca  OpHiuTeliHa-YineHOeka — x(f), oOiajgaromiero  CBOHCTBaMHU
HOPMAJIbHOCTH M MapKOBOCTU. Jl7s 3aJaHHOTO BpPEMEHHOTO HHTepBana [  u3y4deH
¢ynkuuonan J,, cBeprouHoro tuma. IlpeanmoxeH moaxoJ, OCHOBaHHBIN Ha MPUMEHEHUU
peBepCcHBIX (YHKIUH, YTO NajJ0 BO3MOXKHOCTh TMOJNYYUTh AHATUTHUYECKOE BBIPAKEHUE IS
npousBogsamer pynkuun Oy, (4) = <exp(— Ady s )>X pacmpe/elieHusT CIydailHbIX 3HAYCHUN
¢dynkuuonana-ceeprku  Z=J, . I[IIOTHOCTb M MHTErpanbHBIA 3aKOH paclpeneiIcHus
MOJIYYCHBbI YHCJICHHO JJId BI:I6paHHI>IX S3HAYCHUAX BPCMCHU HaG.HIO,Z[GHI/IH T, ACKPCMCHTA
cIy4aifHOTO MpOIlecca V ¥ ero MHTEHCHBHOCTH Oy . I1oTydeHo, uTo yBeTMueHHe mapaMeTpa

To; TPUBOIUT K PACIIMPEHMIO 3HAYEHHUH (yHKIMOHAIA-CBEPTKU B epudepHitabie 06macTH
OONBIINX YKIOHCHHWH. YMeHbIIeHHe napamerpa vI TPUBOAUT K JIOKAIM3ALUU 3HAYCHHUN
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(GyHKIIMOHATA-CBEPTKH B (IIYKTYallMOHHYIO 001acTh z ~ 0. [ImotHOCTh f(z) ymoBieTBopseT

o0uM TpeOOBaHUAM, NPEIBSABISEMBbIM K IJIOTHOCTSIM PACHpPEENICHUSIM BEpPOSITHOCTEH
MHTETPAIbHBIX  KBAJPAaTHUHBIX  (QYHKIMOHANOB. [IpuBeneHbl YHCIEHHBIE MPUMEPHI,
XapaKTePU3YIOIIHE ONMUCAHHBIE CTATUCTUYECKUE CBOMCTBA CIy4YailHOM BEJIWYUHBI —

¢GyHkumoHana-ceeptka Jy . o. C IMOMOIIBIO MPEAENTFHOTO Mepexo/ia U CTaHIapTHBIX 3aMEH B
npousBogsamierd ¢yHkaun Q,(4) =<exp(— A )> MOJIy4eHa XapakTepucTHuecKas (QyHKIUsS

Oyw(A)= <exp(— Ay )> (YHKIIMOHATIa-CBEPTKHA, OCHOBAHHOM Ha BHHEPOBCKOM ITpOIIEeCCce
w(t).
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