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EXAMPLES OF INFORMATION TECHNOLOGIES FOR RECONSTRUCTION FROM THE DATA
OF THE SPECTRUM OF SOME CLASSES OF RANDOM FUNCTIONS

It is known that a stationary random process is represented as a superposition of harmonic oscillations with real frequencies and uncorrelated
amplitudes. In the study of nonstationary processes, it is natural to have increasing or declining oscillationcs. This raises the problem
of constructing algorithms that would allow constructing broad classes of nonstationary processes from elementary nonstationary
random processes. A natural generalization of the concept of the spectrum of a nonstationary random process is the transition from
the real spectrum in the case of stationary to a complex or infinite multiple spectrum in the nonstationary case. There is also the
problem of describing within the correlation theory of random processes in which the spectrum has no analogues in the case of
stationary random processes, namely, the spectrum point is real, but it has infinite multiplicity for the operator image of the
corresponding operator, and when the spectrum itself is complex. Reconstruction of the complex spectrum of a nonstationary random
function is a very important problem in both theoretical and applied aspects. In the paper the procedure of reconstruction of random
process, sequence, field from a spectrum for Gaussian random functions is developed. Compared to the stationary case, there are
wider possibilities, for example, the construction of a nonstationary random process with a real spectrum, which has infinite
multiplicity and which can be distributed over the entire finite segment of the real axis. The presence of such a spectrum leads, in
contrast to the case of a stationary random process, to the appearance of new components in the spectral decomposition of random
functions that correspond to the internal states of "strings", i.e. generated by solutions of systems of equations in partial derivatives
of hyperbolic type. The paper deals with various cases of the spectrum of a non-self-adjoint operator 4, namely, the case of a discrete
spectrum and the case of a continuous spectrum, which is located on a finite segment of the real axis, which is the range of values of
the real non-decreasing function a (x). The cases a (x) = 0, a (x) = const, a (x) = x and a (x) is a piecewise constant function are
studied. The authors consider the recovery of nonstationary sequences for different cases of the spectrum of a non-self-adjoint operator
A promising since spectral decompositions are a superposition of discrete or continuous internal states of oscillators with complex

frequencies and uncorrelated amplitudes and therefore have deep physical meaning.
Key words: information technologies, mathematical modeling, correlation function, triangular models of operators,
nonstationary random sequences and processes, spectrum of an operator, rank of nonstationarity, quasi-rank.

Introduction.

The problem of reconstruction based on the complex
spectrum of a non-stationary random function is quite
relevant in both theoretical and applied aspects. This is due
to the fact that a natural generalization of the concept of
the spectrum of a non-stationary random process would be
the transition from a real spectrum in the case of
stationarity to a complex-valued or infinite spectrum in the
non-stationary case. The basis for such a generalization is
the fact that a stationary random process is represented in
the form of a superposition of harmonic oscillations with
a real frequency and uncorrelated amplitudes, that is, an
elementary stationary random process is harmonic
oscillations of the form &(1,w)=¢& (w)e™ , where A, —

real frequency of harmonic oscillations. When studying
non-stationary (transient) processes, the presence of
growing or decaying oscillations is natural, therefore the
simplest non-stationary random processes are processes of
the form ¢&(f,0)=¢ (w)e™, where 4 =a,+if),
B, #0 (if B, >0, then the fluctuations increase, and if
B, <0, then the oscillations disappear). At the same time,

the question arises about the construction of algorithms
that would allow to "compose" sufficiently broad classes
of non-stationary processes from elementary non-
stationary random processes. A similar question arises
with non-stationary sequences and non-homogeneous
fields. Separately, there is a problem of description within
the correlation theory of random processes, in which the
spectrum has no analogues in the case of stationary
random processes, for example, the point of the spectrum
is valid, but the corresponding operator in the operator

image has this point of infinite multiplicity, and also, when
the spectrum itself is complex.

For Gaussian random functions, the procedure for
reconstruction of a random process, sequence, field by
spectrum is developed in the article. It should be noted that
compared to the stationary case, wider possibilities open
up here, for example, the construction of a non-stationary
random process with a valid spectrum, which has an
infinite multiplicity and which can be distributed over the
entire finite segment of the valid axis. The presence of
such a spectrum leads, in contrast to the case of a
stationary random process, to the appearance of new
components in the spectral distribution of random
functions, which correspond to the internal states of the
"strings", that is, they are generated by the solutions of
systems of equations in partial derivatives of the
hyperbolic type. The task of obtaining physical
interpretations of spectral expansions of non-stationary
functions is closely related to the task of restoring a
random process by spectrum. The article continues the
research [7] and solves the problem of obtaining spectral
distributions of some new classes of random sequences
and fields. Note that, using the operation of coupling
operators (operator complexes), it is possible to consider
more complex cases of spectra.

Analysis of the latest research.

Spectral analysis of unitary operators was
successfully used by A.M. Kolmogorov [1] to build a
correlation theory of stationary random sequences, as well
as to solve a number of applied problems of filtering and
forecasting of stationary random sequences.
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Kolmogorov's approach is based on the fact that each
stationary random sequence corresponds to a sequence of
vectors in a specially constructed Hilbert space, which
allows studying non-stationary random sequences by
methods of mathematical analysis of deterministic
functions that take values in the corresponding Hilbert
space. Later, Kolmogorov's ideas were further developed
in works [2, 3]. A. M. Yaglom [4] and Yu. A. Rozanov [5]
made a particularly significant contribution to the
construction of the general theory of stationary sequences
in Hilbert space.

The spectral theory of non-unitary operators, the
beginning of which was laid in the work of M.S. Livshits
[6], and further development was obtained in [8-19, 21,
22], could not help but give impetus to various
applications. One of such examples of effective
applications is the reconstruction of random processes and
sequences by spectrum. For stationary random processes,
this problem is solved in [1, 4]. For non-stationary random
processes and sequences, this problem was not posed in
this formulation. These considerations were the
motivating motives for the appearance of this article. In
the process of researching this topic, a number of problems
arose that are of independent interest.

Formulation of the problem.

The task of reconstructing random processes
(sequences) by spectrum is one of the important tasks of
modeling random functions. In the case of a stationary
random process, this problem is solved using the spectral
theory of self-adjoint operators and, for example, in the
case of a discrete spectrum, it is reduced to the
construction of a special nondecreasing function of jumps
with jumps at the points of the spectrum. For non-
stationary random functions, this problem was not posed
in this formulation. To solve this problem, it is natural tco
use the spectral theory of dissipative non-self-adjoint
operators or contractions.

Let us first consider the case of a discrete spectrum.
Let be a given finite or countable set of complex numbers
{ﬂk}, which are located in the upper half-plane and are

limited as a whole: |4,|< C . Let's construct a dissipative

operator 4 whose spectrum consists of these points. Let

B

A —ak+z7 and put an additional requirement that

Z B <. To construct a dissipative operator, consider a
k=1
Hilbert space I, and an operator A€[l,,l,] of the

following form:
(47), = af+i 188 (k=12...) ()

It can be seen from (1) that this operator is
constructed only by the spectrum {lk} and its matrix

image is lower triangular. It's easy to check that

s By

A-4 A\ A ~ RS
=<-,g>g,where g=|p, |,thatis, it 4 has a one-

dimensional imaginary component. But then the curve ;E[

in [, shape 5, =e"! Zfo , where ;EO fixed element with 7, ,
is a non-stationary curve with a rank of non-stationarity
equal to one, and the spectrum of this curve consists of

~n A

{4, }. Similarly, the sequence ;En in [, shape 8}1 =4 ¢&,
is a non-stationary sequence with quasi-rank equal to unity
and a spectrum {4, }. Using the image for the function
from the operator A through its resolvent, we have for the

k-th component e"’;lgo (in the case when ;Eozé)

o . A=A,
representation: (e"Ag) = —L. e 2 I1 -2
k 27i Y ﬂk—/l Jj=1 /’{’_ﬂ’j

.Ifall 4, are distinct, then, calculating using the theory of

residues, this integral is equal to the sum of residues at

special points. We receive (e"’gé)k = ' a, . For ;lné

, we

)
k 27,

of excellent ones, we get accordmgly 4, accordingly we

get, respectively

_y
H—dﬂ But in the case
ﬂ -1

k
s _ n it n
have (A g)k —Zij b, , where e “a,, /1j bj,( excesses
=1

of the corresponding integrand functions at special points.
that & #g
cumbersome, so only the final result will be given:

(), =g o

In the event calculations are more

where a, ==& For 4 &, accordingly we have
k
(2)150) :_L. eir/l _ﬂk Gdﬂ,,
K 27i A=A
k-1 i 3> k-1 _ =13 ]
G=> |1+ _iB, Zye1 avz +[[Z2—.
u=0 ﬁ“# ﬂ“ v=0 [ lﬂ/l J j=1 ﬁ“j -
I+—=
40 A, =4
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Consider the case when the spectrum of the non-self-
adjoint operator 4 is located on a finite segment of the real
axis, which is the domain of values of a real-valued
nondecreasing function a (x) . Then a model operator is

an operator A that acts in 1120 1 and acquires the form

(;If)(x): a(x)f(x)+ij.f(y)dy. Using the results of

work [20] on the image of the resolvent, for the curve
& =¢"E, we have:

s
a(}’)*}.

dr |dA

eit;i 20 — lfu(x)éo(x)_"_

gS jg%(r)

Note that the curve ™ %O(x) is a stationary curve

in Hilbert space Ly, .

Similarly for ?;n = ;1’120 we get:

s s 1 2,0 7, Jah ,
Sn=A o= 27[1'7 a( )~ A I§°( Vaxor® a }d’l
or

X J\; dy a2
¢, =a"(x)&,(0)-i[&( )— —g e *da \dr,

where the first term is a Hankel sequence in lTZO > due to

the fact that its correlation function is equal to

(¢ (a0 (3 (), = ()

that is, it depends on the amount n+m.

Let's consider the cases:
1. a(x)=0,

u, () =8, =&, (x)- [£,(0)

‘;ZO (x)‘2 dx ,

t

X—7

J, (2 t(x—r))dr ,

o (VK 4,2k
where J,(y)= 2 (D) y Bessel function of the

2 &2 k1 (k +1)!

I-st kind of the 1-st order, y =2,/t(x—7).

2. a(x) = ao,
u,(x)= e"A§ "“"§ )—Ie“”"'g‘o(z')«/iJl (2 t(x—‘r))d‘r
3. a(x) =x,

u,(x) =ei’;’A0 =&, (x)—Jei”%o(r) fo_TJI (2 t(x—r))dr

4. Let a(x) be a piecewise constant function of the
b,0<x<a,

b,,a,<x<a,

b,,a, <x<1.

form a(x)=

There are six possible cases of mutual location of
points 7 < x from the interval [0;1] relative to points a; and
a>. Let us consider only the most complex arrangement, in
which the interval (7; x) contains gaps a; and a;.

LetO<t<a;<a;<x<],then

j &o(z 7,
© ={0(n,x,b,,b,,b,)+0(n,x,b;,b,,b,)+0(n,x,b,,b,,b,)},

|: :| el Y9 (n=1)
(l’l xb bzab) 272'12 n' n 1 { A-b, /lbl}

n=1

(x)fo(x) +

A=b,

|:l a, T):' [ = R
P Z & (ix)" e e +ZC,,’,16"W‘ (i) e "hby o
=

nl( 1)!

0 glima)] sl .
(b b) ;S'b b) ZC (bl_bz)K
clila-a)] e ()t ogliv-a)]
Dm0 (blbz)”;s;a,]bz)sd’(S,./—K)}},
W (S—r+1-1)!
where @ (S,7) ZO: Sm'

We note that, using the coupling operation of
operators (operator complexes), it is possible to consider
more complex cases of spectra. Using the Cayley
transformation, a non-stationary random sequence can be
reconstructed  from the spectrum, in  which

dim([—T*T)H =1, where H =1, is the Hilbert space,
T e [lz,lz] is the operator that acts in this space, and the
discrete spectrum g is contained within the unit circle of

the complex plane. Indeed, from the general picture

n _ 1 n -1
& =T 50_—2—m§/>/1 (T-A1)"'&dA, Te[l,L],
assuming for simplicity that £, = e, where e is the channel
element of the operator T (1 ~T'T=(.e) e) and

considering that the resolvent (T —/11)7l can be

- y)
=ﬁ(A 11)[/1 1J—r/1 j

-1
and accordingly e:\/z(A —i]) g, g;iz(l,l,...),

represented as (7 — A/ )71

where A the Kelly transformation of the operator T.
This transformation is a non-self-adjoint operator

= 1+ 1,
dim2Im 4/, =1 with and spectrum 4, =i ad ,|,uj| <1
-4,

which is located in the upper half-plane. Using the
triangular model of the operator 4 to (£, ), finally obtain:
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N =
(gﬂ)k_(T e)k__ 27i 4)/1 M i l—yjfl:jdﬂ'

Using similar considerations, it is possible to restore
a non-stationary sequence in the case when its spectrum is
located on a continuous arc of the unit circle:

S, (x) =T"¢, (x) =
oy

27

T (1-2)dt
& (x) ”!(17,1)51(1)4(1“)
(I-A)a(t)-i(1+4)

dAa,

where T e[l%o’l],LfOJJ, a(x) nondecreasing real-valued
function.

Having model images for e’“go or A %0, it is easy
to calculate the corresponding correlation functions.

Prospects for further research information
technologies.

The authors consider it promising to restore non-
stationary sequences for various cases of the spectrum of
the non-self-adjoint operator 4. At the same time, it should
be borne in mind that the spectral expansions will have a
deep physical meaning if these expansions represent a
superposition of discrete or continuous internal states of
oscillators with complex frequencies and non-correlated
amplitudes. In the case of an infinite spectrum, one should
expect the appearance of members in the spectral
distribution that correspond to significantly new states
compared to stationary random processes.

These states, in turn, correspond to distributed
systems: generalized strings generated by equations with
partial derivatives of the form

o*u ou o*u 0*u
a,—5+2b,—+c,u=— or
Otox

+au=0.
’ o ot ox>

Let us emphasize that the construction of the
correlation theory of random fields can be connected with
the theory of systems of doubly permutable operators.
This will make it possible to study random fields by
methods analogous to the correlation theory of random
sequences and processes.

Conclusions.

Thus, in this article, the task of reconstructing non-
stationary random processes (sequences) by spectrum is
solved. Different cases of the spectrum of the non-self-
adjoint operator 4 are considered, namely, the case of the
discrete spectrum and the case of the continuous spectrum,
which is located on a finite segment of the real axis, which
is the region of values of a real-valued nondecreasing

function a (x) . The cases a(x) =0, a(x) = ao, a(x) = x and

a(x) — piecewise-constant function are considered. It
should be noted that model images for non-stationary

LA An A
random processes and sequences (e"*&, or 4 £ ) can be

used to build specific models of non-stationary random
processes that can be applied to interpret statistical data.
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O. I1. ITPIIIIEHKO, H. B. YEPEMCBKA, C. I. BYXKAJIO
HPUKJIAJA IHOOPMAIIMHAX TEXHOJOI'TA J1JIsI PEKOHCTPYKIII 3A IAHUMHA
CIIEKTPY JESAKHUX KJACIB BUITAJIKOBUX ®YHKIIII

Binomo, mo cramioHapHui BUITAQAKOBHIT NPOIEC 300paskKyeThesl Y BUIILAI CYIEPIO3UIi rapMOHIYHUX KOJMBAHb i3 JIHCHAMH
YaCTOTAMH Ta HEKOPEIbOBAHUMH aMILTTYAaMd. IIpH MOCHI/UKEHHI HECTAlliOHAPHUX MPOLECIB MPUPOAHOI € HAsBHICTh
3pocTayux abo 3racarovnx KoiuBaHb. IIpu 1IbOMY BHHHKAE 3a/1aya 00yI0BU arOPUTMIB, SIKi JO3BOJISUIM OM KOHCTPYIOBATH 3
€JIEMEHTAPHUX HECTALllOHAPHUX BUIIAJIKOBUX IIPOLECIB IIMPOKI KJIacH HECTAI[lOHApHUX mpoueciB. [IpupoaHuM y3araabHEHHAM
HOHSTTS CHEKTPY HECTAL[iOHAPHOTO BHIIAJKOBOTO MPOLECY € MepexiA BiA iMCHOro CIEKTPY y BHUIAJAKY CTAL[iOHAPHOCTI 10
KOMIUICKCHO3HAYHOTO a00 HECKIHYEHHOKPATHOTO CIIEKTPY B HECTAL[IOHAPHOMY BHIIaJKy. Tako BMHHKAae IpoOieMa OIHCy B
MeXax KOpeJsLiitHoi Teopil BUMAAKOBHX IPOLECIB, y SKHUX CIHEKTP HE Ma€ aHAJOTIB Yy BUIAIKY CTalliOHAPHHUX BHIAJKOBUX
MPOLECIB, a came, TOYKa CIIEKTPY JifiCHA, ajle y BiAIOBIZHOIO OIEpaTopa B ONEPaTOPHOMY 300paXKeHHI Ll TOUKa HECKIHYCHHOT
KPaTHOCTI, @ TaKOX, KOJIM CaM CIIEKTp KOMIUICKCHHil. PEKOHCTPYKLIs 32 KOMIUICKCHUM CIEKTPOM HECTalliOHAPHOI BUIIAIKOBOT
GbyHKLIT € OCUTB aKTyaJIbHOO POOJIEMOIO K Y TCOPETHYHOMY, TaK i B IPHKJIAJAHOMY acliekrax. B crarTi po3pobieHa nporeaypa
PEKOHCTPYKIIii BUITaAKOBOTO IIPOLECy, OCIIJOBHOCTI, ITOJISI 33 CIIEKTPOM JUIS TayCiBCHKHX BHIAAKOBUX (yHKIiH. [TopiBHSHO 10
CTaI[lOHAPHOTO BUMAJKY, TYT BIAKPUBAIOTHCS OUIBLI HIMPOKI MOXJIMBOCTI, HALIPHKIIA[, HOOYJOBa HECTALlIOHAPHOTO BUIIAKOBOTO
HpOIIeCy 3 AIMCHUM CIIEKTPOM, SIKMH Mae HECKIHYCHHY KPATHICTh Ta SKUH MOXe OyTH PO3NOJIJIEHHM HA BCbOMY CKIHYEHHOMY
BifIpi3Ky HificHOT oci. HasiBHICTh Takoro cnekrpy NpUBOAUTE, HA BiIMiHY Bi/l BUMAJKY CTAL[iOHAPHOTO BHIIAJKOBOTO IPOLIECY, 10
MOSIBH HOBHX CKJIQ/IOBUX Y CIICKTPAILHOMY PO3KJIa/i BUIaAKOBUX (QYHKIIIH, sIKi BiIIOBINaf0Th BHYTPiLIHIM cTanam "cTpyH", TOOTO
MOPOPKYIOTBCS PO3B’SI3KaMHU CHCTEM PIiBHSIHB y YACTKOBUX MOXIIHHX TilepOoIigHOro THITY. ABTOPH BBaXKAFOTh IIEPCIICKTHBHIMH
BI/THOBJICHHSI HECTaLliOHApPHHUX IOCIIJOBHOCTEH [UIsl PI3HUX BHIAJKIB CIHEKTPa HECAMOCIPSDKEHOTro oreparopa A ToMy, LIO
CIIEKTpaJIbHI PO3KIIa M € CYIEPIIO3HIN€I0 JUCKPETHUX a00 KOHTHHYAIBHHX BHYTPIIIHIX CTaHIB OCIHIIATOPIB i3 KOMIUIEKCHUMH
YacTOTaMH Ta HEKOPEITbOBAaHUMH aMIUTITyJaMH 1 TOMY MaTUMYTh TIIHOOKUH (i3naHumit 3MiCT.

KurouoBi ciioBa: indopmariitHi TexHosorii, MareMaTH4He MOJCIIIOBAHHS, KopelsiliiHa (yHKIsS, TPUKYTHI MoJei
oreparopiB, HecTalliOHAPHI BUIAAKOBI MOCIIIOBHOCTI i POLIECH, CIIEKTP ONepaTopa, paHr HECTAL[IOHAPHOCTI, KBa3ipaHr.

O. I1. [IPHIIIEHKO, H. B. TEPEMCKAA, C. H. BYXKAJIO
INPUMEPBI HTHOOPMAIIMOHHBIX TEXHOJIOTHH 1151 PEKOHCTPYKIIAH 110 TAHHBIM
CIIEKTPA HEKOTOPBIX KJIACCOB CJIYYAUHBIX ®YHKIINU

V3BecTHO, YTO CTAllMOHAPHBIM CIy4alHBIH NpoLeEcC MPEACTABISETCS B BUAE CYNEPIO3HLMU TapMOHHYECKHX KOJICOaHWH ¢
BEIIECTBEHHBIMH YacTOTaMH M HEKOPPEIMPOBAaHHBIMH aMIUIMTyJaMu. IIpu HccienoBaHMM HECTAaMOHAPHBIX MPOLECCOB
€CTECTBCHHBIM SIBIIIE€TCS HAJIMYHE BO3PACTAIOMNX WM yObIBalomux KkojeOaHuid. IIpm 3TOM BO3HHKAeT 3ajada IOCTPOCHHS
QITOPUTMOB, IO3BOJIIONIMX KOHCTPYHPOBATH M3 JJIEMEHTAPHBIX HECTALOHAPHBIX CIIyY4ailHBIX NPOIECCOB HIMPOKHE KJIACCHI
HeCTalMOHAPHBIX IporeccoB. EcTecTBeHHBIM 0000IIeHNeM TOHATHS CIIEKTPa HECTAIMOHAPHOTO CITyYaifHOTO MPOIecca SBIISETCS
MEPEXO0Jl OT BEIIECTBEHHOTO CIIEKTPa B CIy4ae CTAMOHAPHOCTU K KOMIIJIEKCHO3HAYHOMY MITH OECKOHEUHOKPATOHOMY CIIEKTPY B
HECTAI[MOHAPHOM ciydae. Takxe BO3HHKAET MpoOJIeMa ONMCAHUs B paMKaX KOPPENSAIMOHHOM Teopun clydalHBIX MPOLECCOB, Y
KOTOPBIX CIIEKTP HE UMEET aHAJIOTOB B CIIy4ae CTALIMOHAPHBIX CIIyJalHBIX MPOIIECCOB, 8 UMEHHO, TOYKA CIEKTPa BEIECTBEHHAs,
HO Y COOTBETCTBYIOIIETO OINEPATOpa B OMEPAaTOPHOM IPEACTABICHUH 3Ta TOUKa OECKOHEUHOH KPaTHOCTH, a TaKkKe, KOrjaa cam
CIIEKTP KOMIUICKCHBIN. PEKOHCTPYKIHS 110 KOMIIEKCHOMY CHEKTpPY HECTAI[HOHAPHOI! CiTydaiiHON (QyHKIINH SIBIIETCS JOCTaTOYHO
aKTyaJbHOH NpoOIeMOi Kak B TCOPETHYECKOM U B NPUKIIAJHOM acleKTax. B craree paspaboTaHa mporenypa peKOHCTPYKIHN
cilyqaifHOro mpolecca, IOCIeI0BaTeIbHOCTH, IO 10 CHEKTPY ISl TayCCOBCKHX ClIydalHbIX ¢yHKnui. ITo cpaBHeHHIO cO
CTaI[MOHAPHBIM CIIy4aeM, TyT OTKPBIBAIOTCS OoJiee IMMPOKNE BO3MOXHOCTH, HAIIPAIMeEp, OCTPOSHUE HECTAIIMOHAOTO CIIyJaifHOTO
MpolEecca C BEIECTBEHHBIM CIIEKTPOM, KOTOPBII HMeeT OECKOHEUHYIO KPATHOCTh M MOXKET OBITh pacIpe/ie/ieH Ha BCeEM KOHEUHOM
OTpe3Ke BEIeCTBEHHOH ocu. Hannuue Takoro crnekrpa NpuBOIHT, B OTIMYHE OT CIIydasi CTAl[MOHAPHOTO CIIy4aifHOro Mmporiecca, K
TIOSIBIICHUIO HOBBIX COCTABIISIOIIUX B CIIEKTPAIbHOM PA3NIOXKEHUM CIydalHbIX (QyHKIMIH, KOTOpbIE COOTBETCTBYIOT BHYTPEHHHM
COCTOSHUSIM "cTpyH", TO €CTh OPOXKIAIOTCS PEILICHUSIMHI CUCTEM YPaBHEHHUI B YACTHBIX IPOU3BOAHBIX THIIEPOOINIECKOTO TUIIA.
ABTOpH CYHTAIOT IEPCIEKTHBHUMH BOCCTAHOBJICHHE HECTAalMOHAPHBIX ITOCIIEAOBATENBHOCTEH UIS Pa3HBIX CIydaeB CIIEKTpa
HECaMOCOIIPSDKEHHOTO Omeparopa 4 IMOTOMY, YTO CHEKTPAJIBHBIC Pa3lIOKEHHs SBIIOTCS CYNEpPIO3ULIHEH IUCKPETHBIX WM
KOHTHHYAJIBHBIX BHYTPHHUX COCTOSIHUI OCHMILUIATOPOB C KOMIUIEKCHBIMH 9acTOTaMU U HEKOPPEINPOBAHHBIMH aMIUTHTYIaMH 1
NIOTOMY MMEIOT ITyOOKHH (prU3NUecKuil CMBICI.

KnroueBble ciioBa: HMHpOpPMAIMOHHBIE TEXHOJIOTHH, MaTEMAaTHYECKOE MOJCIMPOBAHUE, KOPPEJSIHMOHHAS (YHKIN,
TPEYroJbHbIE MOJENHU ONEPATOPOB, HECTALMOHAPHBIE CIydailHbIE IMOCIEIOBATEIBHOCTH U MPOLECCH, CIIEKTP OMEpaTopa, paHr
HECTAI[MOHAPHOCTH, KBa3UPAHT.
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