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PO OAUH KJAC HECTAIHIOHAPHHUX KPUBHUX B I'lNIbBBEPTOBOMY ITPOCTOPI

CramioHapHi BHIIQJKOBI IPOIECH JOCTaTHHO JOOpe BHBYAIKCS IPOTATOM OCTAaHHIX POKiB, mounHarouu 3 pobir A. H. Konmmoroposa. MoxnuBicTs
oOyyBaHHs KOpeJSLiHHOI Teopil HecTal[iOHAPHMX BHIIQAKOBHMX IpoleciB posrmiganacsi B Monorpadisx M. C. Jligmina, A. A. SHuesuda,
B. A. 3onoraproBa. Jlesxi KiIacu HeCcTallioOHapHUX KPHUBUX JociipkyBaiucs B. E. KannensconoM Ta iH. B maniit po6oTi po3risiganucs HecTalioHapHi
BUITA/IKOBI IPOIIECH SIK KPUBI, SIKi «CJIa00 BIIXMISIIOTHCS» BiJl BHIIAJKOBHX IPOLECIB 3 KOPEILIITHOW (YHKINEIO ClieliaJbHOTO BUIIILY. BBOmuThCS
iH(diHITe3uMaNbHA KOpessLiiiHa QYHKIA, fKa 3a 3MICTOM € BIAXMJICHHS BiJl BUIIQJKOBOTO NpOLECY 3 JIaHOK KOpeIsLiiHO0 ¢yHKuie. B po6ori
PO3IIIAIOTECS. HECTAIllOHAPHI BHIIAIKOBI IPOIECH Y BUIAJKY, KOJIU OIEpaTop IpoLecy Mac ONHOBHMIPHY YSIBHY KOMIIOHEHTY, i KOJIU OIepaTop €
JIICHUIIATHBHYM 3 IUCKPETHUM CIIeKTpoM. [Ioka3aHo, 10 HecTalioHapHiCTh BUIIaIKOBOT'O IIPOLECY TiCHO ITOB’s3aHa 3 BIIXHICHHSIM OLIepaTopa Bijl CBOTO
CIIPsDKEHOTr0. BHKOPHCTOBYIOUYM TPUKYTHY 1 YHIBEpCAIbHY MOAEII HECAMOCHPSDKEHHUX ONEPaTOPiB, MOJKHA OTPHUMATH IPECTABICHHS ULl KOPEISLifiHOT
(yHKIil y BUIIaKy HECTAIiOHAPHOTO BUIIAKOBOTO MPOIIECY, SIKe 3aMiHsI€ IpecTaBlIeH s boxHepa — XiHUMHA y BHIIAJKY CTAalllOHAPHUX BHIIAJKOBHX
nponeciB. OTpuMaHo Bupa3 s iH(iHITEe3UMaNbHOI (QYHKII U Pi3HUX BHUIIAJKIB CHEKTpa (IUCKPETHHIl CIEKTp, PO3TAallOBaHWH B BEpXHIil
HAMIBIUIOLINHI, 1 6€3KOHTPACTHHH CIIeKTp B Hyi). s BUIIaAKy oreparopa 3 AUCKPETHUM CHEKTPOM iHbiHiTe3uManbHa GYHKIIS Moxe OyTH 3HaiIeHa
4epe3 cremianbHy IaMOpa-¢yHkniro. J[ns neGeroBoro mpocropy KOMIUIEKCHO3HAYHMX IHTEIPOBHHX 3 KBaJgpaToM (YHKLIH OTpHMMaHO BHpa3 Ll
iHdiniTesumansHOi QyHKUIT yepe3 crnemianeHy MomidikoBany (yHkmito beccemst HymboBoro mopsaky. IToka3aHo, mio aHaNOTiYHMI HiAXix MOXKHA
BHUKOPHCTOBYBATH ISl €BOJIIOIIIHHO MPEACTABUMHX MOCIITOBHOCTEN B I'JIbOEPTOBOMY MTPOCTOPI.

Kurouosi cjioBa: rineOepTiB mpocTip, HecTallioOHapHI BUMAIKOBI MpolecH, KopensiiiHa (yHKIis, iH}iHITe3uManbHa (QYHKIS, CHpsHKEHUN
oreparop, IMCHITATHBHUH OIepaTop, CHEKTP ollepaTopa, TUCKPETHHI CIIeKTp, 0e3KOHTPACTHHUI CIIEKTP.

Beryn. PosrisiHeMO KOMIUIEKCHO3HAUHMM IpoLEec A
&(t) 3 M&(t) =0 1 kopensmiiHOIO QyHKIIE0 S =e <,
B = ne A — caMOCTpsDKEHHH, B3araii KaXydH, HeoOMexeHUH
K(t=s)=MZ(0).<(s). oneparop [2-4].
CranioHapHi BHUIaJKOBI NPOLECH B TiIbOEPTOBOMY

Kopensuitina ¢yukmis K(t—S) 3a10BOJbHIE piB- . ]
MPOCTOpPi BUBYANNCH, oYnHAt04YH 3 poOiT A. H. Kommo-

HAHHA roposa [5]. I'iipbepTiB miaxin OyB MOJOXKEHHH B OCHOBY
oK oK moOyyBaHHS [ESKUX KITaciB HeCTaIllOHAPHUX TPOIECIB B
E“‘g =0. monorpadii M. C. Jlibmma i A. A. Sauesuua [1] Ta

iHmux npaisx [6-9]. SIkmo po3risHYTH pPIBHSHHS JUIs
Ile piBHAHHA MoOXe OyTH MOKJIAJEHO B OCHOBY  kopemsmikinoi gpynxmii K(t,S) Burmamy
BUIIIICHHS HOBHMX KJIACiB BWIIAJKOBHX, Y 3araJibHOMY
BMIIAJKY, HECTal[ioHapHUX, npouecis [1]. CranioHapHOMY oK N oK __ Zr: 0 (01 0.()
BHIIAJIKOBOMY Tiporiecy ¢(f) BiamoBinae kpuBa &, B Tijib- ot s g @prerh

6eproBomy mpoctopi H P :V(kfk) [2-4], npuuomy nie Matpumsa | sajioRosBise yMoBy

K(t8) = ME@).E6) = (&0, =1 AR S 0 0L,

i a,p=1
Takum 9MHOM, B paMKax KOpEeJAMiiHOI Teopii MOkHA

BHKOPHCTOBYBATH TibOepTiB miaxia. CramioHapHOMY BH- 1 po3risiHyTH kpuBi &, B mpocrtopi H,, siki 3a10Boib-
TaJIKOBOMY MPOLECY BiNOBiae KpuBa B mpoctopi H, HSIOTh PIBHSHHS
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ne Bke A# A", 1o

oK oK .
_(E+gj=<2ImA &.8).

ToOTO HecTaliOHAPHICTF BHMAAKOBOTO IIpOIEca
TICHO MOB’sI3aHa 3 BiIXMIECHHSIM omepaTopa A Bix cBOro
cpsokeroro A* [1]. BukopucrtoByroun TpUKYTHY i yHi-
BepCaJbHY MOZEI HECaMOCIIPSDKEHUX OMepaTopiB, MOJKHA
orpumaru npenacrasnenns i K(t,S) y Bumanky secra-
LiOHAPHOTO BUTIAIKOBOTO IIPOLIECY, SKE 3aMiHsE MPEICTaB-
neras boxHepa — XiHuMHA y BHNA/KY CTalliOHAPHUX BH-
MaJKOBHX MPOLECIB.

Mera i 3aBmanns crarri. Hamam K(t,S) mepen-

0ayaeThCs HEMCPEPBHOIO, TAKOXK ICHYIOTh YaCTHHHI TOXI/T-
Hi mepuioro i apyroro mnopsaky. B po6oti B. A. 3ono-
TapboBa 1 A. A. SdHieBuya [6] Oyino 3amporoHOBaHO

MozemoBat &, B H, 3a I0moMorowo piBHsHHS

d .

£:|A§U

dt
ne A(t) — cimeiictBo omepatopis. Sxmo K(t,S) 3amo-
BOJIBHAC PiBHAHHS

oK 6K:0

ot os

To s A(t) orpmmaemo omepartopHe piBHAHHSA Pikkari:

%AMZ =B, A(0)=0, A= A".

Bunanok, xomu A(t) = A, T06TO He 3aexuTh Big
He posrisigaBcs. [laHa cTaTTs K pa3 1 IpUCBSYCHA [IBOMY
sunanky, npudomy A= A’ a K(t,S) 3agosonbHse pis-

HsHHS

K K A A
o os? :_[ i é"éj'

SAxmo K(t,S) mosxe 6yTu npeacTaBieHa y BUTIISI

K(t,s) =K, (t+s)+K,(t—s),

TO
K K _
ot o6s?

y IHIIOMY BUIAAKY
0’K  0°K
w

Brenemo ¢yHKIi0

°K &°K
== @)

W(t,s)=——
(t.5) o2 s’

Hassemo W (t,s)

HOIO (yHKIiero apyroro mopsanky. Hamami B skocti &,

iH}IHITe3NMAaTPHOIO KOPEIALiN-

OyIeMo pO3TIsiIaTH eBOJIIOLIMHO mpeacTaBiIeHi kpusi &, ,

Ki € po3B’sa3kamMu 3ana4i Kouri B rinedeproBoMy mmpoctopi
H.[1,9]

g, . 3
E - IAé"tV é:t |[:0 = 50 . (2)

itA i
Tobto & =e"&,, ne €™ — onepaTopHa eKCIOHEHTa,
sIKa MOJKe OyTH TIpe/iCTaBlICHA B IHTETPAIbHOMY BHTIISI:

eitAé/O — _i

- gSe‘f (A=21)" & dn. ©)

7

TyT 7 —3aMKHEHUI KOHTYp, IO OXOIUIKOE CIEKTP

omepatopa A[l, 3, 4].
JI7st TAKAX KPHBUX

W(t,s) =i <—A2 A e > _

:—i<[AA"iA*+A"iA* A*];,§S>. 4)

Skuo onepatop A Mae OJHOBUMIPHY YSIBHY KOMIIO-
Heuty [1], To6TO

=(;9)9, (5)

ne § — xaHanoBuil eneMeHt oneparopa A [1], to

W(t,s) =—%([(QAg>g+<fwg>Ag]'fs> =

=13 1,0, 00,0) (6)
ap

ne 9,=9; 9,=Ag;

| - 0 1) . -
41 ¢ — imBosmroris [1].

Posrasaemo CIIOYATKy BHUIIAAOK, KOJIH J € BmacHUM

BEKTOpOM oreparopa A, Tooto Ag = Ag . Toni
W () = ~2f0(1)(s), (7)
Ie
Jo =05 +iBy, () = ("¢, g).

Skmo A € JMCHIIATHBHUM ONEPAaTOPOM 3 JUCKPET-
HUM criekTpoM [1], To

o0 =2 fu ), ©
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Ac

e Nt § e

A
2mi A

— Tak 3BaHa cremianbHa A -QyHkis [1].

Skmo {ij} 3aJI0BOJIBHSIOTH yMOBY [10]

o Im/l Im 4,

9
2l

TO ¢(e) = ZCke”kt.
k=1

Sxkmo Ag # Ag , 1O

A0 =3 fuh 0,
a s ¢, () MaeMo BHPa3
0(1) = (%%, Ag) = (&, 4g).
Jlari,
Ag =iA'g+i(g,9)g =iA"g +||g||2 g

(ue CcHiBBIHOIICHHS BHIUIMBAE 3 YMOBH OIIEPATOPHOTO
By3na [1]),

TaxuM arHOM,
0,0 =(&.e™ (id g+ 2)) = (e id )~ el (0™ ) =
d ita* . ita*
Ia<&>.e“\<g>+l||g||2 <éo,emg>-
OTxe,
do e d L 2\
0= =i+ 1ell Jo 0= (<1 ilel” |3 0,
k=1

SIKIIIO BUKOHYETHCS yMOBa (9).

Xaii Tenep H, = L[ZO,I] [3, 4], a omepatop A Mmae

BUTJISA
|
AF () =i[ (y)dy. (10)
Tomi
AT () =] F(y)dy,
0
1
A-A'
i f _<f'g>Lfo‘lJ g
ne g =1[1].

VY npomy BUMAagKy
|
¢1(t) = <ellAfo ) g1> = J.fo (y)lo (Zﬁ)dy,
0
e 1,(z) —monidixoBana ¢yHnkuis beccess HyJIbOBOIO
nopsnky [1].

0.0 =(eG022) = (foie ™ (v-Dga) =

0.)

=il (0 (e x) =il (0)-+igs 1),

0,1]

e
0.(1) = (&, x).
Hauni,
SitAy, 1 itA [ g% -1
e x_—zglse (A" = AD) xd),
=<,e>e+<U*,e>U*e=<,gl>g1+<,gz>gz,
(A =21) x=h(x,2),
X=A"h-h,
3BIJIKH
1= —h(x,h) = 44'(x, 1), h(0) = 0.
Otxe,
h(x,A) = 1I ‘(Xy)dy‘l—u: ewx‘l‘ei”du— d EA)
0 0 l

Toni

,‘ * __i 1| __ IU+1—)
- 27[143 * [1 eﬂJdA mcj} di.

BuxopucToBYIOUM TEOPilO THIIKIB, OCTATOYHO OTPH-
Ma€eMO:

W =—1, (+/2xt).

Takum 4rHOM,
0.0 =3 [ @D = -1 4,0).

Hlasixu mogaabIIuX A0CTiTKeHb. BUKOPUCTOBYIO-
9 yHiBEpCaIbHI MOJIEI TUCUTIATUBHUX OMEPATOPiB, MOXK-
Ha oTpuMary moganus it W (t,S) y Bumazaky, komu [11]

A-A

dim H=r<ow.
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AHAJIOTIYHAN TIAXiT MOXHAa BUKOPUCTOBYBATHU IS
CBOJIIOIIITHO TMPEJCTaBUMUX HECTAIlIOHAPHUX ITOCIIT0B-
HOCTEH B r'iIb,OEPTOBOMY MPOCTOPI, KOJIH

& =T",
ae T — oOMexeHnH omepaTop , NPUIOMY
dim(I -=T'T)H =r <o,

IIpu upomy kopermsmiiina pizaums W (n,m) BHU3HA-
YAETHCS K

W (n,m) = K(n,m)—K(n+2,m+2):<(I —T*sz)fn,ém>.

Sk
I-T'T =(,ee,
10
=T T =1 -TT+T°(I-T'T)T =
:(,e>e+<U*,e>U*e=<,g1>gl+<,gz>gz,
ae

g,=60,=U"e
Sk 1 ans BUMAIKOBUX MPOLECiB, KopeniiHa (QyHK-
mist K(n,m) BU3HAYAETHCS K CKANSIPHUI JOOYTOK B TIpOC-

Topi H,:
K(m,m) = (&0.¢0)ys,
Toni
W (n, m) = @, (n), (M) + @, (N, (m),
ne
@ (M) = (&, g),
@,(n) = <50,T*"“g> =®,(n+1).

BuxopucToByoun TPUKYTHY 1 yHIBEpcaJdbHI MOZAEII
OIIepaTopiB CTHCKY, MOXKHA OTpuMatH noganus &, (n) amus
pi3unx Bumajkie crektpa [7, 12].

BucHoBku. B poboti orpumaHo Bupa3 mis iHQiHI-
Te3rMaIbHOI QYHKIIT [T piI3HUX BUMAAKIB CIEKTpa. Ko
A € IMCHUTIATUBHUM OTIEPATOPOM 3 TUCKPETHUM CHEKTPOM,
To Qynkmis W (t,s) Moxxe OyTH BuUpakeHa ydepe3 CIielli-

anpHy A -¢yHKHi0. B rinebeproBomy npocTopi L[zoyl] iH}i-

HiTe3UMasibHa (YHKISI BUPAXKAETHCS 4epe3 CIelialbHy
MogidikoBany ¢yHkuito beccens HyIbOBOro IMOPSKY.
Takox po3rIANAcTbC MOMKIIUBICTh BUKOPUCTAHHS Tilb-
OepTOBOTO MiAXiga sl €BOIOIIIHO MPEACTABUMHUX TOCITi-
JIOBHOCTEH.

ABTOp BHpaxae moasky mpod. A. A. SIHueBudy 3a
MTOCTAHOBKY 3aJ1adi, JOMOMOTY i KOHCYJIbTAITi1.
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ON A CLASS OF NONSTATIONARY CURVES IN HILBERT SPACE

Stationary random processes have been studied quite well over recent years starting with the works of A. N. Kolmogorov. The possibility of building
nonstationary random process correlation theory was considered in the monographs by M. S. Livshits, A. A. Yantsevich, V. A. Zolotarev and others.
Some classes of nonstationary curves were investigated by V. E. Katsnelson. In this paper nonstationary random processes are represented as curves in
Hilbert space which "slightly deviate" from random processes with the correlation function of special kind. The infinitesimal correlation function has
been introduced; in essence, this function characterizes the deviation from the correlation process with the given correlation function. The paper discusses
the cases of nonstationary random processes, the operator of which has one-dimensional imaginary component. Cases of a dissipative operator with
descrete spectrum are also considered in this work. It is shown that the nonstationarity of the random process is closely related to the deviation of the
operator from its conjugated operator. Using the triangle and universal models of non-self-ajoint operators it is possible to obtain the representation for
the correlation function in the case of nonstationary process which replaces the Bochner — Khinchin representation for stationary random processes. The
expresson for the infinitesimal correlation function was obtained for different cases of operator spectrum: for the descrete spectrum placed in the upper
half-plane and for the contrast-free spectrum at zero. In the case of dissipative operator with descrete spectrum the infinitesimal function can be found
in terms of special lambda function. For Lebesque spaces of compex-valued squared integratable functions the expresson of infinitesimal function was
found in terms of special zero order modified Bessel function. It was shown that a similar approach can be applied for the evolutionarily represented
sequences in Hilbert spaces.

Keywords: Hilbert space, nonstationary random processes, correlational function, infinitesimal function, conjugate operator, dissipative operator,
operator spectrum, dissipative spectrum, contrast-free spectrum.
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