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B mpezcraBnenHol pa6oTe, mpu moMouy GeiHMa-

AHHOTal'I;I/UI. B pa60Te HCCITeTyIOTCS CBSI3H ¥ aHa- HOBCKHX MHTETPAJIOB, MCCIEAYIOTCI KOHKPETHO MHTET-

JOTHH MeX/Ty 33/[a4aMy TeOpPHH cnyqaﬁHHx IIPOLIECCOB PpajibHbI€ IIOJIMHOMBI BTOPOTO IIOPAAKa OT CIIy4YaHHOIO

o II . X KTepUuCTHUYEeCKad HKIIWA TaKUX IIOJIN-
u QJCHHMHHOBCKI/IMI/I HHTEerpajiaMHu. Ha ocnose paHee ponecca apaKTepHc ecka ‘l)y 1 a ox

HOMOB ABJIAETCA IIeHueM a1 HIITMAJIBHOT -
IIOJTY4Y€HHBIX PEe3YyJIbTATOB IIOKA3bIBAETCSA CYIIE€CTBOBA- oMo JIACTCA PEIEHIEM 7y (b(bepe [IMaJIbHOTO ypa

o . BHEHHWA B BAPHMAITMOHHBIX IIPOM3BOAHBIX IIPEANHICPOB-
HUe QJCHHMHHOBCKI/IX WHTEr'pajoB [JIA OIIpE€AEeJIEHHOIO pHal, P A PeA P

KOTO THUIIAa M BBIPpAXKAETCA 4 WHMaHOBCKUE WUH-
KJjacca q)yHKI.[I/IOHaJIOB. CKOTO a paxxaeTc epes <1)e AdHOBCKHE

o Ter bI. II II HN WHMaHOBCKUX WHTeTpa-
,ZLTI}I IIpoCTeNIIETO Ciay4vas CABHUIA B IIPOCTPAHCTBE, erpaz O OHpEAEJIEHIIO (l)e aHOBC erpa

. JIOB, OHM fABJIAIOTCA IIpeZielaMM KOHEYHOKDPaTHBIX, YTO
yCIIOBUA «aOCONIOTHOM HENpephIBHOCTH» AJIA MHTETpPa- pea P

JIOB, TIOJTYYAIOMMeCs PH TOMOI[bH TMHEeHHEIX ¥ HeIv- YKa3bIBa€T Ha IIPOLEAYPY MX BbIYMCIIEHMI. ,ZLOKaBaTeJH:—

o o CTBO IIOJIYY€HHBIX PE€3yJIbTATOB OCHOBBIBACTCA HA BBO-
HEMHBI 3aMEH M3 MHTEI'PAaJIOB II0 I'ayCCOBOM KBa3uMepe C y pesy

. MMOM IIOHATHUH (PeliHMaHOBCKOIO MHTErpasa 0 KOHU-
KOMILIEKCHBIM ITapaMeTpoOM OBLIM HalifleHbI paHee. A ¢ P

YeCcKo# 06JacTu.
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B pabore TaxKe HaXOZATCA YUCTO BEPOSTHOCTHBIE
mpuMeHeHUA (eHHMaHOBCKMX MHTETPAJIOB, yJaéTcs
CBeCTH K pelneHHIo ypaBHeHud llpesunrepa Haxoxe-
HYe XapaKTepUCTHIeCKuX (yHKIIMOHAJIOB IIOJTMHOMOB
OT CJTy4aifHBIX IIPOILECCOB U HA 3TOM IIYTHU yKasaTb IIPO-

neaypy uX BbIYVICIEHUA.

KirioueBbie c1oBa: cryvaifiHbli 1Ipomecc; xapakTe-
pucrudeckas GpyHKIUS; ©3MePUMOe POCTPAHCTBO; OTie-
DaTOPbI; MHTErPasIbl; Ipe/ieIbHbIi Tlepexoi; pasbuente

OTpE€3Ka; KBA3MIMeEpa; paciipeneieHue.

Beepenue

WaTerpuposanue B QyHKIMOHAIBHBIX IIPOCTPAHCT-
BaX — BaXXHBIM pasziesl COBDEMEHHOM MaTeMaTUKU, TECHO
CBA3aHHBIN C TEOpHEM CIy4alHbIX IIPOIECCOB, MaTeMa-
TUYECKHMM aHAJIH30M M HMMEIOIIHWH Cepbe3Hble IIPHJIO-
JKeHUA B MaTeMaTUIeCKOH U TeopeTHdecKoi dbusnke.

[l moTpeGHOCTE DUBMKY HEZOCTATOYHO MHTETrPa-
JIOB IIO 3HAKOIIOCTOSHHBIM MepaM. XOPOIIO M3BECTHO,
4ro P. QeiftHmaH fay TPaKTOBKY KBAHTOBOI MEXaHUKU U
3JIEKTPOJMHAMUKY, OCHOBAaHHYIO Ha MCIIOIb30BaHUU
HOCAIIMX €ro MM MHTerpajoB B IIPOCTPAHCTBE TpaeK-
TOpPUM. DTH MHTETPalbl aHAJIOTUYHBI CPeTHUM TEOPHH
MapKOBCKHX CJIy4YaHHBIX IIPOLECCOB, HO POJIb II€PeXO-
HBIX BEPOSATHOCTEIl MTIPalOT KOMIUIEKCHBIe (DYHKIUU,
IpeJCTaBaAomue o060l PyHIaMeHTaTbHbIE pelIeHMI
YPaBHEHMH IIpeAMHIePOBCKOTO THIIA.

CootsercTBytomas «Mepa DeitHmMaHa» He UMeeT OT-
paHMUYeHHON BapHAIlUU yXXe Ha anre6Gpe LUINHAPUYIEC-
KX MHOXKecCTB [1], 1 moTomy deiiHMaHOBCKUE HMHTETpPa-
JIBL HEe MOTYT CTPOMTBCA TaK, KaK 3TO JeJaeTcsa B KJIac-
CHUYeCcKO¥ TeOpHU MepHI: OHU ITOIYy4aloTCA B pe3yIbTaTe
CHeIyaTbHOMN IIpeieIbHON IPOIe Ty PHL.

PaccmoTpum kiacc GyHKIMEH, A KOTOPBIX CYIIeCT-
ByeT eliIHMaHOBCKMI MHTETpaJl.
X=X+iX

mpoctparcTBa X. Msr Gyzem rosoputs, uro f(x) —

ITycrs KOMIIZIEKCHOe pacliupeHUe
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Kjacca A, €eCiini  OHa

byHKIMA
CIIeIyIOIUM YCIOBUAM:

YAOBIETBOPAET

A -1) f(Ax) — u3mepuMa OTHOCHUTENBHO X € X ,

mpu AeV ,rme z=Ax,
V:{}L: A=pe”, O<]/<%}

A - 2) f(Ax)- asamurmusa no A B o6mactu V u

HeIIpephIBHA BIOJIb TPAHUIIEI IPU X € X .

A — 3) BBIIONIHAETCA OIl€HKA

|f(xei}/ )| <c- e(Ax,x)sin27+g(x)¢(||x

), (A<B™")
rae ¢(x) orpaHWYeHa M HeNpepsIBHA B JIOOOM KO-

g(x)

B v — 0 npu ||x|| —®©

HEYHOM IIPOCTPAaHCTBE, a

paBHOMepHO Ha cdepe B II060M KOHEYHOMEPHOM

IIPOCTPaHCTBe.

OcHoBHas 9acTs

Ilycts €(t) (0 <t <T) — ciay4aifHBIi IpoIiECC,
HMEIOIUI U3MEePHMBIE, TIOYTH HaBEPHO OTPaHNUYEHHBIE
TPaeKTOPUH, C U3BECTHBIM XapaKTEPUCTUIECKUM DYHK-

LOHAIOM.
T
7.(0) = M exp[i j O(0)e(z)dr].
0
PaccmoTrpuM mHTETpasbHBIN IOTMHOM BHIA
T n
n, = [ D@8 (0)dr. (1)
0 k=1
XapaKTepUCTHYecKas (QYHKIUS KOTOPOTO SBIAETCS
dyuximonanom ot KoadduriuenTos moauxHoMma (1).
n T
2.(a...,a,) =M exp iZJak(r)gk(r)dr @
k=1 ¢
BrrumcauM pacnpefesieHre IUCKPETHOTO aHAajiora

¢dyukuonana (2) gaan = 2.

Teopema 1. Ilycts € cnyvaiinas BenumduHa BR™ u

IIyCTh
2 2 . —
Z( )(a’ﬂ) = Z( )(al""’am”ﬂl""’ﬂm) =
=Mexpiiy a,e +i). et
k=1 k=1
D, )0 = 2" (@) = 1.( ®3)
X, =x (@)= x.(a),
TOrZa
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17@B) = [ 1@+ (d), @)

aectu y"(x) dynxius kmacca A, To

12@B)= | 1@+ 2ipud),  ©6)

i
1 0
roe [ =
0 1

, — eqUHUYHAsA MaTpHUIA.

JoxkazarenscTBo. IlycTs
2 .
22 s @3y Braen B) =
a,; B, 05;,0,...,0)

R e))
_Z (als"-s
TOrma
@)
7 (...

5am;7ﬂ]7"”ﬁ\')ﬂS:O
am;IBI’“"ﬁs—l)'

Ecnu npopuddepennuposars paBeHcTBO (3) 1m0 Ps 1

)]
=X,

ABaXIBI IO (s, TO IIOJTYIHM

@
aZ; _iM g e{ ;“kﬂ*’;ﬂkﬂ}
2
P,
b 1(2) s {iZa,tsﬂriZBAE,f}
52 :M gse k=1 k=1 .
aaﬁ'
3Hauur,
2 2
o A
ﬁ_ 7 > (s=1,m),
@y B B0 =
2 1o Qs Prseees B g 2o
)] .
ZY l(al"“’anl’ﬁl""’ﬂ?*l)’
a
(2) _ A,
o (a,ena) =1 (0,....x,).

Takum 06p330M, MBI IIOJTYYIHIN MYypPaBHEHHNS C IN Ha-

9aJIBbHBIMHU yCJIOBHAMU:

a}(@) 0 751(2) 0]
=—i—5 0 (0,5 ) 5 0
op, 50!1
—,1’02)(&1, am):l(l)(ala'-'aam)
6}((2) 61(2)
ﬁ= i ;2 en @, 3 B Bo) g o
b 2
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) 2

ot O,

B, aa’” !
1(051’ am;,Bl,~--sﬁm—l)ﬂ,,,4=0 =

am;ﬂla“'aﬂm—Z)
s Brseess

(2)

=72 (e

[ 7
H lmZ) (al >

o, oa

(2)
m—1 (al LR

(2)

ﬂm )ﬂm:O =
;B

IIpumensas Teopemy 1 pa x?

2
1 (a,...

Bt

, HOJTyIUM
1 .
= IZ( )(al +xl’a2""’am)/'l—zﬁ](l)i(dxl)’
Rl

rze (1) — marpuia, cocrosujas U3 OFHOTO dIeMeHTa I;

nMeeM

2
(e, ...

s 7y

’am;ﬁl;ﬂ2)=

= j?ﬁm(al;az +x29'"9am;ﬂl)ﬂ—2ﬂ2(l)i(dxz) =
Rl

R R

= J. {I Z(l)(al TX.a +X,,0,5...,Q, ):uZﬁz(l)i(dxl)}:uZﬂz(l)i(dxz) =

_ D .
= j)(( (& +x50,+x,,05,...,4, )lu—zﬂ,(l)i (dxl);u—zﬂz(l)i(dxz)'
RZ

Iloce m maroB Mst IIOJIyIHUM

(2)(0!1, am;ﬂlﬂ'”’ﬂm):
= _[ _[Z(l)(al +X50, +X,,.,0, +X )Hu_zﬂkm,(dxk) =
R R
= I 7" (a +x)/172/m (dx).
ot
Ho
e, B)= 27 (@, B),
3HAYUT
22 (@B)= [ 2" @+ 1) (d).

R

Ilycrs ¢(7,...,7, ) pasbuenue orpeska [0, T] Tou-

kamu O0<7, <..<7,<T wu mycrs & =¢&(7, ),
o(r,)=a,At,, B(r,)=p,Ar,. Paccmorpum  BbIpa-
KeHUe
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2. (a, B) =M exp {ija(r)g(r)dr + i_T[ﬂ(r)gz (r)dr}

Ecnu samenuTts HWHTErpajibl COOTBETCTBYIOIIMMHU MH-

TerpajbHBIMH CYMMAaMHU, TO IIOTyIUM
m m
. . . 2
1. (e, B) =lim M exp lZakgkArk +lz PeiAt, r =
a k=1 k=1

=lim (e, )= lim | 2" (@), (@)

TIe
. ii’kEkArk
2 (O=Me™
1
— 0
At
a [q = — MaTpUIia M-TO MOPAIKA.
1
0 _
At

ITpumenss reopemy JleGera o mpezieIbHOM II€PEXOe

II0Z, 3HaKOM HHTETpaJia, II0Jy4aeM

(0 B) = [ 1 @+ Br)piy ().

3pecn
n (@) =M epo Ol(T)g(r)dr}.
Haxower, 0
2., p) =
=M exp {zf a(r)e(r)dr + i_T[ B)e (r)dr} =
= i 2 A By, ().

BrruncnmM xapakTepHCTHYeCKHH GYHKIIMOHAN JJIA
rayCCOBOM KBAaSUMEPBI /L, ;

m

i . i
Ky (@) = [ €970, () =Tlim [
H "

O Aty

Moy (dx) =

—tim [ ] [ €@ e, (A =

9 k=1 gm

2 IO ATy LA o
Ie e

1 2 =20 dxk
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2
X

Y 2_02
Yy

iAz'k
e 1 K
=lim Ie dx, =
q _ 21
= x|~ ! =
Ark
¥ 2
iAT, (kaj
. m 1 A o 2
= lim eoh Ie dx, =
q i 2i
k=1 o - 1 o
Ark
. 1 2i iQ2A
_hmH—\/Zﬂ — lele k=
4 kg 2i At,

2z

At,
= limexp {zzm: OArt, } =exp {z'[ QZ(r)dr}.

Taxum 06P330M, A O0Ka3aHa ciaeayrouasa TeopeMa.

Teopema 2. Ecnu y, (x) dyHKuug kiacca A, To

V4 (a, ,B) =
=M exp {i}a(r)g(r)dr + i]. L(r)e’ (z')dr} =
7)

j},’] (a +x)/sz1i (dx) =
[ 2 (@42 Bix) 1, (d) =
J% (a +\/Ex)lu—21i (dx),

a XapaKTepuCTH4YecKas QyHKIMI «MepBI» (i, AMeeT

BU[L

X, (@) =exp {i G (r)dr} )

ITpumep 1. IIpu momomu dopmynsr (4.) BEIYUCIUM
XapaKTePUCTHYeCKYIOo GYHKIMIO g - pacpesieleHuii.

B dopmyne (4.
B =..=p, =t Torma

0= 1P O.0= [ 7)) =

MOJIOKHM ) =...=, =0,

I
m © 1, 1 1 x;
_ 2 2 i g
= e e dx
lk:!v[o \/ﬂ =2t k
m o 1 2(4 1
giE== 3,
i TN—21 b
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LY PR B S
T )T T2 e
3axroueHue

2
Ve =, 1_L dx;, = dyy . Takum 06pa3om, Mbl BbIYUCIUIN XapaKTEPUCTUYECKMI
2it ) ’
l_ .
it

bYHKUMOHaN pacnpeaeneHnii MHTerpanbHbIX NOJIMHOMOB
BTOPOro MopsaKa OT C/y4alHbIX NPOL,ECCOB M HaWM

N‘_

XapaKTepUCTUYECKYIO GYHKLMIO «MepbI» L, ., @ B NPU-

= 1 1
t)= N2 =
o) 1;! 272t (l_lj mepe 1 HalWNKM XapaKTePUCTUYECKYI0 GYHKUMIO X * -pacn-
\/ 2ti

peaeneHui.
] =(1-2it) 2.

3

1

1
S Ja=amy [\/(1 —21i)
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Abstract. The paper refers to the connections and analogies between the problems in the theory of random
processes and Feynman integrals. Based on the previously obtained results, the existence of Feynman integrals for a
certain class of functionals is shown.

For the simplest case of a shift in space, the “absolute continuity” conditions for the integrals, obtained using
linear and nonlinear substitutions from integrals over a Gaussian quasi-measures with a complex parameter, have
been found previously.

In this paper we study specifically the second-order integral polynomials of a random process using Feynman
integrals. The characteristic function of such polynomials is a solution of the differential equation in the variational
derivatives of the Schrédinger type and is expressed in terms of Feynman integrals. By the definition of Feynman
integrals, they are finite-multiple limits, which indicate the procedure for calculating them. The proof of the results
obtained is based on the introduced concept of the Feynman integral over a conic domain.

In the work, purely probabilistic applications of Feynman integrals are also found. It is possible to reduce to the
solution of the Schrodinger equation the determination of the characteristic functionals of polynomials from random

processes and indicate the procedure of their calculation in this way.

Key words: Characteristic function; distribution; integrals; limit transition; measurable space; operators; quasi-

measure; random process; segment division.
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