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4 Editorial prolog
| _

June is a hard month in St. Petersburg Universities. It is a time of exam sessions and diploma presenta-
tions. Peter the Great St. Petersburg Polytechnic University is not an exception. Nevertheless, the Univer-
sity students with high research skills are ready to publish their results and achievements. Thus, the Edito-
rial Board emphasis an attention of the Journal readers on the papers prepared by students of Electronics
and Communications Institute Vladislav I. Satyshev “Modern Approaches to Design of Multi-Channel
Delta-Sigma ADCs” and Natalya V. Kvashina “Influence of Algorithm Parameters on Static Nonlinearity
in Switching-Based Calibrations for DACs”. The papers are based on results of the student diploma works.

We wish authors to continue the research and to present new articles in our Journal.

Chief'in Editor
Prof. Dr. Alexander S. Korotkov
Director of the Electronics and Communications Institute
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Circuits and Systems for Receiving, Transmitting

and Signal Processing

YCTpoWnCTBa U CUCTEMbI Nepeaayun, npméma
n 06bpaboTKn cnurHanos

Research article @ 018
DOI: https://doi.org/10.18721/]JCSTCS.15201 T
UDC 519.8

COMPLETE SYNCHRONIZATION
OF CHAOTIC SYSTEMS AT DIFFERENT PARAMETER VALUES

V.N. Shashikhin' 2 , S.A. Savchuk?

12 peter the Great St. Petersburg Polytechnic University,
St. Petersburg, Russian Federation

B shashihin@bk.ru

Abstract. The article solves the problem of controlling the mode of complete synchronization
of two chaotic systems at different values of their parameters. The control is based on the principle
of linear feedback on the phase vector of chaotic generators. The introduction of feedback
makes it possible to ensure the equality of the components of the phase vectors of the receiver
and the transmitter due to the equality of their Lyapunov characteristic indicators. To change the
Lyapunov spectrum, it is proposed to synthesize control by the modal control method based on
the solution of the Sylvester linear matrix equation on the basis of the theorem on the topological
equivalence of the nonlinear system and its linearized model. An example of using this technique
to synchronize the chaotic oscillations of two Lorentz systems when transmitting information
using chaotic masking is considered. Computational experiments confirm the operability of the
proposed method of ensuring the synchronization of two chaotic systems.

Keywords: synchronization, chaotic generators, hidden data transmission system, chaotic masking,
control with feedback

Citation: Shashikhin V.N., Savchuk S.A. Complete synchronization of chaotic systems at
different parameter values. Computing, Telecommunications and Control, 2022, Vol. 15, No. 2,
Pp. 8—24. DOI: 10.18721/JCSTCS.15201

© Shashikhin V.N., Savchuk S.A., 2022. Published by Peter the Great St. Petersburg Polytechnic University
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Hay4dHasa cTaTbs —®@
DOI: https://doi.org/10.18721/JCSTCS.15201 & T
YOK 519.8

NMNOJIHAA CUHXPOHU3ALIUA XAOTUYECKUX CUCTEM
NMPU PA3JINYHbLIX 3HAYEHUAX NMAPAMETPOB

B.H. Wawuxun' = , C.A. CaBuyk?

12 CaHKT-MNeTepbyprcknin NoNMTEXHUYECKUA yHUBepCuTeT MNeTpa Benunkoro,
CaHKT-lMeTepbypr, Poccuitickan Pepepaums

B shashihin@bk.ru

AHHoOTamus. V3yueHa 3amada yrpaBlIeHUST PEKMMOM ITOJTHOM CHHXPOHU3AIIUY IBYX CHCTEM C
Xa0TUYCCKOU TMHAMMKON M CTPaHHBIM aTPaKTOPOM IIPU pa3INYHBIX 3HAYCHHSIX UX ITapaMeTpPOB.
VipaBieHre CTPOUTCS IO MPUHIINITY TMHEHHOM 00paTHOM CBSA3M 110 (pa30BOMY BEKTOPY XaOTH-
YeCKMX reHepaTopoB. BBeaeHMe 00paTHOM CBS3U MTO3BOJISIET 00ECTIEYNUTh PABEHCTBO KOMITIOHEHT
(ha3oBBIX BEKTOPOB MPHMEMHUKA U MepeIaTuMKa MPU paBEHCTBE UX XapaKTePUCTUUECKMX MoKa3a-
tesneit JianyHoBa. [Iist usMeHeHus criekTpa JIsmyHoBa MpeioskeHO Ha OCHOBE TEOPEMBI O TOTIO-
JIOTUYECKOM 9KBUBAJICHTHOCTH HEJIMHEWHOM CUCTEMBI U ¢€ JIMHeapu30BaHHOI MOIEIIN B TUIIEP-
0OJIMYECKOM ClIlydae CUHTE3MPOBaTh YIIPAaBJICHNE METOIOM MOIAIFHOTO YIIPAaBJICHUS Ha OCHOBE
pelIeHUs] TMHEMHOTO MaTpUYHOTro ypaBHeHUsT CuiabBecTpa. PaccMOTpeH IpuMep IpUMEHEHMS
JaHHOW METOIMKU UISI CUHXPOHM3ALMY XaOTUYECKMX KoJebaHuil nByx cucteMm JlopeHlia mpu
nepenaye MHGOPMALMU C UCITOJb30BaHUEM XaOTUUYECKON MaCKUPOBKHU. BeuncautenbHbie 3KC-
MePUMEHTHI MMOATBEPXKIAIOT pabOTOCTIOCOOHOCTH TIpeAJIaraeMoro MeTojla Ha OCHOBE paBEHCTBA
OTHOMMEHHBIX KOMIIOHEHT (ha30BBIX BEKTOPOB MepeaaTInKa M MPUEMHNKA U COOTBETCTBYIOIINX
3HAYCHM I KPUTEPHEB ITOJTHOM CHMHXPOHU3AINHN JBYX XAaOTUUECKUX CUCTEM.

KioueBnie ciioBa: CUHXPOHU3ALIM, XaOTUYECKUE TEHEPATOPhI, CUCTEMA CKPBITOM TTepeaayn TaHHBIX,
XaO0TUYECKOEC MAaCKMPOBaHUE, YIIPABJICHNE C O6paTHOI>i CBA3bIO

Jlna murupoBanus: Shashikhin V.N., Savchuk S.A. Complete synchronization of chaotic systems
at different parameter values // Computing, Telecommunications and Control. 2022. T. 15, Ne 2.
C. 8-24. DOI: 10.18721/JCSTCS.15201

Introduction

At present, there is an increased interest of Russian and foreign authors in theoretical research and
practical application of nonlinear systems with chaotic modes, which is caused by the widespread intro-
duction of information technologies in various spheres of civil and military application [1—4]. One of
the important problems in the creation of information systems is the problem of ensuring reliable and
confidential communication [5].

One of the promising directions in the development of telecommunication systems is the use of de-
terministic chaos [6, 7], which allows providing a high level of protection and a wide band of the carrier
with its large information capacity [8, 9]. The main issues in the construction of telecommunication
systems based on chaotic generators are issues related to the synchronization of chaotic generators. To
solve these problems, various types of synchronization are used: generalized synchronization [10—12],
frequency synchronization [13], and phase synchronization [13—15].

Among the various systems of covert information transmission [16—19], systems with chaotic mask-
ing based on full synchronization have become widespread [20, 21]. To implement full synchronization,
various approaches are used on the basis of rough chaotic systems [22, 23], hyperchaotic systems [24,
25], and the introduction of mutual influence between two chaotic generators [26, 27].

© WawwuxuH B.H., CaBuyk C.A. 2022. U3paTenb: CaHKT-MeTepbyprckuii NOAUTEXHUYECKUIA YHUBEPCUTET lNeTpa Benukoro
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The paper proposes a method to ensure full synchronization of chaotic generators with different val-
ues of parameters caused by technological reasons. The considered method is based on the management
of the spectrum of characteristic indicators of Lyapunov chaotic generators [28, 29].

The problem of complete synchronization of two generators with chaotic dynamics

Mathematical model of chaotic generators. Let the dynamics of a system of hidden information trans-
mission, which consists of a transmitter, a receiver, and a communication line, be described by two au-
tonomous families of ordinary differential equations

X(t)=dx(t)/dt=F(X(t), a, ' ())+G(Z(t), X (1)), X(0)=X,, (1)

Z(t)=dz(t)[dt=F(Z(t). B, u’ (1)) + G (X (1), Z(1)), Z(0)=2,, (2)

where X (t) e R" is the vector of the transmitter state, Z (l‘) e R" is the vector of the receiver state,
o € R’ is the vector of the transmitter parameters, 3 € R’ is the vector of the receiver parameters,
u' (t), u’ (t) e R™ are the vectors of the transmitter and receiver control, m < n, F:R"®R*®R" —
— R" is a vector function that determines the dynamics of the transmitter and receiver behavior,
G:R"®R" — R" is a vector function that determines the nature of the communication between the
transmitter and the receiver. The function G depends linearly on the state vector of the transmitter and
receiver.

The vector function F has a given smoothness class by vector arguments X(l), Z(t), and u’ (t),
thatis FeC',, FeC/,, and F e (C;,. , or satisfies the Lipschitz condition

|F(x")-F(x")|<k|x -x"

F(Z')-F(Z")|<k|z' -z

, k>0.

b

The vector function F"

1) is unstable in relation to the setting of initial conditions — there is a value 0, such that for an
arbitrary point X € R" and & > 0, there is a point ¥ € R” for which the condition dist I:X (to ) R
Y(to )] < g follows dist[X(t), Y(t):l > 6 for some ¢ > £, where dist[*, *] is the distance;

2) ‘is topologically transitive — for any two open sets N, M, there is such / that F’ (N) NM =,

3) has the element of regularity or otherwise density of periodic trajectories — in any vicinity of any
point of phase space there is at least one and, therefore, infinitely many periodic trajectories.

These three conditions determine the presence of chaotic dynamics in systems (1) and (2) at certain
values of their parameters.

Criteria for complete synchronization of chaotic systems. Complete synchronization of chaotic sys-
tems occurs when the evolution in time of the states of the interacting chaotic generators proceeds in the
same way after the completion of the transient process. In this case, the equality of the similar compo-
nents of the vectors of the transmitter and receiver state is ensured:

X, (t) =z, (t), s X (t) =z, (t), e X, (t) =z, (t) 3)

Various criteria are used to assess the full synchronization mode [30].
Synchronization error for each time point

x(6)=z (1), s x, (1) =2, (2), s x, (£) — 2, (7). 4)

The integral error

10
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e[| (-2 (1) at. )
0
The similarity function

((z(t+9)-5 (1))

G? (1:) = , (6)

W @)z )

where Xx; (t) and z, (t) are the same-name components of the phase vectors of the transmitter and re-
ceiver. In the case of full synchronization, the similarity function is zero.
Evaluation of the degree of synchronization

Oy,
v=— 5 i=1n, (7)

where X, t) and z; (t) are the same-name state variables of the transmitter and receiver generators,
Gi and ¢ are the variance of the variables Xx; (t) and z, (t), G, .. is the variance of their sum. The
estimation of the degree of synchronization can take values v, € [0.5;1], while v, =1 corresponds to
the case of complete synchronization, and with the independence of the processes X; (t) and z, (t),
we have .

The cross-correlation coefficient

NERAE K : ®)

where X, 2 are the values of the similar components of the phase vectors of the transmitter and receiver
at time points j=j , j,; X = {xl, Xyseves Xy onef s Z = {zl, Zyyes 2 } are a number of values of the
components of the phase vectors of the transmitter and receiver.

The cross-correlation coefficient is equal to one when fully synchronized and tends to zero when
there is no statistical relationship between the processes in the transmitter and receiver.

Full synchronization management task. At the same values of the parameters of chaotic generators, a
full synchronization mode is observed. When changing the values of the parameters of one of the genera-
tors, desynchronization occurs and the identity of chaotic oscillations is lost, which disrupts the process
of data transmission in the communication system built on the basis of these generators.

In this situation, the task arises of synthesizing control that restores the identity of chaotic oscilla-
tions X (t) =7 (t), t > t, at different values of transmitter and receiver parameters o # 3.

FERNY

11
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It is necessary to synthesize control in the form of linear stationary feedback on the phase vector of
the transmitter and receiver when changing the parameters

u (1)=LX(t); u*(t)=LZ(1). )

Feedback coefficients L/, i = 1,2 (9) are calculated based on the condition of equality of the spectrum
of Lyapunov characteristic exponents of the receiver chaotic generator

Q(F, Z, B, uz) = {xl, coes N woms Ko 2Ky > A, Y :2,_11} (10)
to the Lyapunov spectrum of the transmitter
Q(F, X, a, u'). (11)

The equality of Lyapunov spectra makes it possible to ensure the identity of chaotic oscillations of
generators and to ensure complete synchronization, which can be checked according to criteria (3)—(8).

Synthesis of the Lyapunov characteristic exponents spectrum control

Topological equivalence of nonlinear systems. The feedback control synthesis technique is based on
the topological equivalence of the behavior of nonlinear systems to the behavior of a linearized system.
The systems of nonlinear autonomous differential equations (1), (2) correspond to a vector field F. Ac-
cording to the Hartman—Grobman theorem [31, 32], a continuously differentiable vector field with a
hyperbolic special point in some vicinity of this point is topologically equivalent to its linear part.

From this theorem, it follows that the qualitative behavior of the solutions to an autonomous system
of nonlinear differential equations (1), (2) at a hyperbolic special point is completely determined by the
behavior of the solutions to a system of linear differential equations with a constant operator (Jacobi ma-
trix) of the linear part of the field at this point. At the hyperbolic special point of the nonlinear system,
no Jacobi matrix eigenvalue lies on the imaginary axis.

The nature of the behavior of the solutions to linear differential equations corresponding to the non-
linear system is determined by the intrinsic values of the Jacobi matrix, the real parts of which are asso-
ciated with its Lyapunov characteristic exponents. A characteristic exponent of a function y(z) is a value
that has a finite value or value 00 and is defined as

k(y) = E(r” ln”y(t)”).

—0

The characteristic exponent determines the change in the function according to the scale of indica-
tive functions.

The nature of the behavior of solutions to nonlinear differential equations is determined by the Lya-
punov spectrum. Negative characteristic exponents correspond to regular dynamics, in the presence
of positive, negative and zero characteristic exponents in the Lyapunov spectrum, there is a chaotic
dynamic.

Using one of the modal control methods, it is possible to provide the required spectrum of a line-
arized system, and by virtue of the theorem of topological equivalence — also the corresponding spec-
trum of a nonlinear system.

Linearization of a nonlinear system. Using the Taylor formula in the assumption of the smoothness of
the vector function F by vector arguments X(£), Z(¢), u' (t)(F eCy, Fe (C;,. ,and F € (C:, ) in the
vicinity of a special point and limited to the linear term of the Taylor series, we convert equation (1) and
(2) to the quasi-linear form:

12
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X(t)=J(X") X (0)+f(X°), X(0)=x,, (12)

Z(t)=J(2*)z(t)+ f(2°). 2(0)=2,. (13)

In equations (12), (13), the Jacobian matrices J(X®) and J(Z%) are calculated at singular points X5,
75 of nonlinear systems (1) and (2) according to the following formulas:

ofJox, ... of/ox,
J(x)=| . : (14
o,/ox, ... of,/ox, X(1)=x*
of oz, ... of)ez,
J(z%)=| .. - (15)
o, [0z ... 9]0z, 2(t)=2°

If all singular points are evaluated

b

7 (&) <alke

and Jacobian matrices are calculated by formulas (14) and (15), then equations (12) and (13) will take
the form of linearized systems (or equations in variations):

Y(t)=J(X")Y(t), (16)
W(t)=J(z°)w(1). (17)

Systems (16) and (17) can be used to synthesize control of nonlinear systems (1) and (2) in order to
fully synchronize chaotic oscillations of receiver and transmitter generators.

Synthesis of control of complete synchronization of chaotic systems. Control of nonlinear systems (1)
and (2) by introducing feedback consists in changing the spectrum of Lyapunov characteristic expo-
nents to achieve the desired result — full synchronization of two chaotic systems at different values of
parameters.

Using the modal control method based on the solution of the matrix algebraic Sylvester equation for
a linearized system of a chaotic generator

W (t)=J(2° )W (t)+Bu(t), (18)
control in the form of static linear feedback
u(t)=LW(t) (19)

is derived from the condition of equality of the spectrum of the closed system (18), (19)

13
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W (t)=J(2° )W (t)+BLW (t)= AW (¢), (20)
A,=J(Z°)+BL 21)

to the required spectrum

Equation (18) is a linearized model of the nonlinear part of systems (1) and (2), according to which
the decentralized feedback (19) is calculated from the state vector of the transmitter and receiver. Equa-
tions (18)—(20) are written in the coordinates of a linearized system and do not contain a mutual influ-
ence function G.

Let us represent the matrix (20) of a closed system by the expansion in the basis of its eigenvectors:

A, =SDS™, (22)

where @ is the Jordan form of the matrix 4 P S is the matrix of eigenvectors of the matrix 4 - Then sub-
stituting (22) into (21) and multiplying by S, we get:

J(2°)S-S®=-BLS. (23)

Let us eliminate the nonlinear component in the right-hand side of equation (23) by introducing a
matrix factor V'=—LS, then the equation (23) will take the form:

J(2°)S-SD=BV. (24)
Equation (24) is the Sylvester matrix equation. It is linear with respect to S and solvable if the follow-
ing conditions are met [33]:
1) full rank matrix V;

2) rankD = n, where D, :(B|J(ZS)B|...|J(ZS)"_1 B)eRnxmn;

3) rankH, = n, where H, = (VT

o'y |(o")"” VT) e R

4) the spectra of matrices J(Z°%) and @ do not intersect;

5) the eigenvalues of the matrix @ are pairwise different.

Having solved equation (24) with respect to the matrix S, one can calculate the matrix of feedback
coefficients:

L=-VS" (25)

The matrix L found by formula (25) is used to control the Lyapunov spectrum of a chaotic generator
on the transmitting and receiving sides:

X(t)=dx(t)/dt=F(X(t),a)+BLX(t), X(0)=X,, (26a)

Z(t)=dZ(t)/dt=F(Z(t),B)+BLZ(t), Z(0)=Z,, (26b)

14
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which ensures that receiver and transmitter performance is equal for complete synchronization.
Investigation of the information transmission system using chaotic masking

Examination of the system at the same values of transmitter and receiver parameters. The Lorentz

system is considered as chaotic generators (1), (2) of the transmitter and receiver for the system with
chaotic masking [34]:

X, =cr(x2 —xl),

X, =x(r—x)—x, 27
X, = x,x, —bx,

with parameters oL = (OL] =o0=12a,=b=2; 0, =r= 45).
System (27) has three singular points:

XSZ]

(xl =0; x, =0; x, :O)T’
X7 =(x, =-9.3808; x, =-9.3808; x, =44.0000)’,
X7 =(x, =9.3808; x, =9.3808; x, = 44.000)"

and a Jacobian matrix,

-12 12 0
J=|45-x;, -1 —x |,
X, x -2

the eigenvalues of which, calculated at the specified parameters at special points, are equal to

A, =-30.3799,
p{1 (X7), i=13} =41, =7.3799,
A, =—2.0000.

A, =—16.0791+0.0000,
p{1J (X77), i=13} ={%, = 0.5395+11.4481;,
), =0.5395—11.4481}.

The Lyapunov spectrum of system (27)

Q(F, X,a)={y, =0.6283; x, = 0.4156; x, = —16.0441}

contains a positive characteristic indicator, and the phase volume of the system is compressed, so a cha-

otic mode occurs in the Lorentz system at the specified parameters. The phase portrait of the system is
shown in Fig. 1.

15
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Fig. 1. Phase portrait of the Lorentz system
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Fig. 2. Time diagrams with the same parameters of chaotic systems:
a — transmitter component x,; b — receiver component z ; ¢ — component difference (x, —z,)

Fig. 2 shows time diagrams of the first components of the phase vector of the transmitter and receiver
and their difference at the same values of parameters.

Since the parameters of the transmitter and receiver are equal (o = ), all the given characteristics are
equal. Therefore, there is a complete synchronization of chaotic oscillations in the system. The values of
the complete synchronization criteria are given in Table 1.

Examination of the system at different values of transmitter and receiver parameters. At different pa-
rameter values, the identity of the phase vectors is violated, which leads to the desynchronization of the
receiver and transmitter. This effect is considered when the receiver parameter values are changed:

16
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B=(B,=0=12.01; B, =b=2.01; B, =r=45) =
¢0L:(0L1=c5=12.00; azzbzz.oo; a«3:l":45),

With the changed values of the parameters, the Lorentz system on the receiving side

Z,==2,— 2,
Z, =2z +az,
zy=b+2z,(z,—¢),
has the following characteristics:
— three singular points

Xs:l

(x, =0; x, =0; x, =0)T,
X = (x, =—9.4043; x, =—-9.4043; x, =44.0000)",
XS:3

(x, =9.4043; x, =9.4043; x, = 44.0000)";

— Jacobian matrix eigenvalues

A, =-30.3955,
p{rJ (X)), i=13} =12, =17.3855,
A, =—2.0100;

A, =—16.0987+0.0000 ,
p{kiJ(stz), i= ﬁ} = 4%, =+0.5394+11.4746 ;,
A, =+0.5394-11.4746 j;

— Lyapunov spectrum

Q(F,X,0)={x, =0.6284; x, =0.4156; y, = —16.0441}.

Fig. 3 shows time diagrams of the first components of the phase vector of the transmitter and receiver

and their difference at different values of parameters.

There is a significant difference between the components of the same phase vectors in the system, and
data transmission becomes impossible. The values of the complete synchronization criteria (actually

de-synchronization) are given in Table 1.

Synchronization when there is mutual influence. To restore synchronization between the transmitter
and the receiver, the mutual influence between the subsystems is introduced [35]. The system of two
Lorentz oscillators with different parameters and with the addition of a coupling coefficient is described

by equations of the form:
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Fig. 3. Time diagrams with different parameters of chaotic systems:
a — transmitter component x,; b — receiver component z ; ¢ — component difference (x, —z,)
X =0(x,—x)+v(z,—x),
X, =X (r—x3)—x2,
X, = x,x, —bx;, 28)

z) :Gz(zz _Zl)+Y(x1 _Zl)

zZ, =z (r2 —23)—22,

Z, =21z, —b,z,.

The mutual influence function is determined by the difference of the first coordinates of the trans-
mitter and receiver multiplied by a constant coefficient. With the parameter of interconnection y = 10,
the system (28) has the following Lyapunov characteristic exponents:

Q(F,X,Z,a,B,y)={x, =0.8520; x, = 0.4764; y, = —-0.2983;
%o =—0.5547; 7, =—15.8508; 7, =—33.6646).

Fig. 4 shows time diagrams of the first components of the phase vector of the transmitter and receiver
and their difference at different values of parameters and the presence of mutual connection between
them.

The difference between the similar components of the phase vectors of the transmitter and the receiv-
er is significantly reduced, which indicates the restoration of synchronization. The latter confirms the
values of the synchronization criteria given in Table 1.

18
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|x1-21|

Fig. 4. Time diagrams with different parameters of chaotic systems and their interconnection:
a — transmitter component x,; b — receiver component z ; ¢ — component difference (x, —z))

The complete synchronization in the presence of mutual influence and management of the spectrum of
characteristic exponents. To ensure the full synchronization mode of two chaotic generators at different
values of parameters, feedback (19) is introduced into the Lorentz system of the transmitter and receiver
and the system of autonomous differential equations (26) or (28) takes the form:

X, = cs(x2 —xl)—(llllx1 +1)x, +1113x3)+y(z1 —xl),

_ 1 1 1
X=X (r—x3)—x2 _(lzlxl +1,x, +123963)’

. 1 1 1
X; = XX, — b, —(131x1 +15,x, +l33x3),

. (29)
Z, =0, (z2 —Zl)—(llzlz1 +12z, +llz323)+y(xl —Zl),
z,=1z (1’2 —Z3 ) 2 _(122121 + 122222 +1223Z3)a
zy =22z, =b,z, _(132121 +152, + 152, )
Feedback coefficients L/, i = 1,2 are derived according to formula (25) and are equal to:
0.1203 -0.0489 0 0.1047 —0.0426 0
L'=/-0.1835 —0.1203 0 |; I’=|-0.1749 -0.1147 0 | (30)
0 0 0.5 0 0 0.49
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In formula (25), the matrix S is the solution to the Sylvester equation (24), J'(Z5), JA(Z5) is the solu-
tion to the Jacobian matrix of linearized models of the transmitter and receiver, @ = diag {Xl =0.0709;

Y, =0.0184; x, =-5 .4453} is the matrix of the required eigenvalues of the closed linearized system of
the form (20).

The feedback system (29), (30) has the following Lyapunov characteristic exponents:

Q(F.X,Z,6'.6°,b',b’r) =
= {xl =0.8704; x, =0.3316; y, =—16.7021;
%4 =0.8157; x5 =0.3706; x, =—16.6863}.

Fig. 5 shows time diagrams of the first components of the phase vector of the transmitter and receiv-
er and their difference with different parameters, the presence of mutual influence and control of the
Lyapunov spectrum.

Thus, the control of the spectrum of Lyapunov characteristic exponents makes it possible to signifi-
cantly reduce the difference between the similar components of the phase vectors of the transmitter and
receiver, and the system is in the complete synchronization mode. The values of the full synchronization
criteria, for this case, are given in Table 1.

Table 1
Criteria for complete synchronization of chaotic systems
Criteria for complete synchronization
Characteristics of the data . . . . . T .
.. Dispersion coefficient Correlation coefficient Similarity function
transmission system
Vx 121 Vx2,:2 V.\'3 Z3 R.\'l =zl RXZ 22 RX3,Z3 le =zl GxZ,zZ Gx3 z3

me transmitter an

Same transmitter and | | I I | | 0 0 0

receiver parameters

Different transmitter and

. 0.4977 | 0.5020 | 0.4664 | 0.0047 | 0.0041 | 0.0673 | 0.0112 | 0.0106 | 0.0025
receiver parameters

Existence of mutual

. 1 0.9999 | 0.9999 1 0.9999 | 0.9998 | 1.510=° | 3.5-107 | 0.0012
influence

Existence of mutual
influence and control of 1 1 1 1 1 1 3.3:107¢ | 1.3-10~ | 6.1-10*
Lyapunov spectrum

In data transmission systems with chaotic masking, the signal at the transmitter output S(7) is
formed as a sum of transmitted information m(¢) and the value of the first component of the phase
vector of the chaotic oscillator x (7), that is S(¢) = m(¢) + x,(¢). The signal at the output of the system
m(t) represents the difference between the signal transmitted over the communication line S(¢) and
the value of the first component of the phase vector of the chaotic generator of the receiver Zl(l), i.e.
m(t) = 8(t) — z,(?). Fig. 6 shows time diagrams of the information transmission system with chaotic
masking.

Thus, with equal values of transmitter and receiver parameters, there is a complete synchronization
of chaotic generators in the system. With different parameters, the process becomes out of sync. The in-
troduction of mutual influence and feedback into the system allows restoring complete synchronization
of chaotic signals with different parameters of the transmitter and receiver.
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Fig. 5. Time diagrams with different parameters, mutual influence and control of Lyapunov spectrum:
a — transmitter component x,; b — receiver component z ; ¢ — component difference (x, —z))
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Fig. 6. Time diagrams in the transmission system: a — signal at the input of the system;
b — signal in the communication line; ¢ — signal at the output of the system
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Conclusion

A control synthesis technique for complete synchronization of chaotic oscillations in a nonlinear
system using phase vector feedback is proposed. The feedback coefficient ensures the equality of the
spectra of Lyapunov characteristic exponents at different values of the parameters of chaotic generators.

The possibility of using the proposed method of feedback synthesis by the example of a system con-
sisting of two Lorentz systems has been investigated. The results of computational experiments con-
firmed the complete synchronization of chaotic oscillations in the information transmission system with
chaotic masking.

The advantage of the proposed method of forming a complete synchronization of two chaotic sys-
tems, which combines the introduction of the mutual influence of subsystems and control of the Lyapu-
nov spectrum, lies in the possibility of transmitting a useful signal of lower amplitude, which could make
the communication line stealthier. In addition, a full synchronization mode is provided with different
parameters of the transmitter and receiver and mutual influence in a wider range.
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Abstract. Incremental delta-sigma ADC (IADC) and memoryless delta-sigma ADC are
described. These two approaches allow to utilize a delta-sigma ADC, known for its increased
resolution, in multi-channel systems due to the inter-sample interference suppression that two
mentioned structures provide. In this paper, MATLAB/Simulink models of the mentioned
structures are presented. In particular, limiting blocks are added to take into account nonlinearities
due to finite power supply of integrators; coefficients of delta-sigma modulators were selected so
as to maximize their signal-to-noise ratio; parameters of the raised cosine filter were selected to
minimize crosstalk between channels. Results of simulations, namely power spectral density of the
output signals and signal-to-noise ratio of the output signals, confirm operability of the described
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AnnoTtamusi. PaccmoTpeHnsl mHKpeMeHTanbHble aenbra-curma AL (IADC) u nensra-curma
AIIIT 6e3 apdexra namsaTu. JlaHHbIE TTOAXOIbI MO3BOJSIOT UCIOJIb30BaTh AejibTa-curma ALITI,
M3BECTHBIC BBHICOKMM pa3pellicHMEM, B MHOTOKAaHAJIbHBIX CHUCTeMax, OJlaromapsl MOIaBICHUIO
MexXBbIOOpouHOl mHTepdhepeHuu (ISI), KoTopasi nocTuraeTcs B AByX pacCMaTpUBaeMbIX CTPYK-
Typax. [IpuBeneHbsl Mmoaenu ykazaHHbIX cTpyKTyp B MATLAB/Simulink. B yacTHocTU, BBeAeHbI
orpaHUuYMBaloIIe OJOKU IJisl yueTa HeJTMHEMHBIX CBOMCTB peaibHbIX MHTEIPATOPOB, O0YCIOB-
JICHHBIX KOHCYHOCTBIO HANPSDKEHUST TMUTaHUsS; KO3(P(PUIIMEHTH IejbTa-CUTMa MOIYJISTOPOB
BBIOMpPAIMCh TAKUM 00pa3oM, YTOOBI MAKCUMM3MPOBATh UX OTHOIICHME CUTHAJI/IITYM; BHIOOD
ImapaMeTpoB (IIbTPA MPUIIOTHSITOTO KOCUHYCA IMPOBOAMICS C IIEJbI0 MUHUMU3AIIUN MEKBBI-
0opouHOIt MHTep(dEepeHIINN B KaHalaX. Pe3yabTaThl MOneInpoBaHUiA (CTieKTpajabHas INIOTHOCTD
MOIIIHOCTU BBIXOAHBIX CUTHAJIOB, OTHOIIIEHUE CUTHAJ/IIIYM BBIXOJAHBIX CUTHAJOB) MOATBEPKAA-
0T PaOOTOCITOCOOHOCTDL paccMaTPUBAaEMBbIX CTPYKTYP.

KimoueBbie ciioBa: aHaaoro-1ncpoBoil mpeodpa3oBarTeb, IeIBTa-CUTMa MOIYJISIIINS, MEXKBBIOOPOU-
Hasl uHTepdepeHLIus, UHKpeMeHTalbHbIi aensra-curma ALITT, nensra-curma ALLIT 6e3 addexra
MaMsIT!

Jlna muraposanms: Satyshev V.I. Modern approaches to design of multi-channel delta-sigma ADCs
// Computing, Telecommunications and Control. 2022. T. 15, Ne 2. C. 25—-31. DOI: 10.18721/JC-
STCS.15202

Introduction

Electronic signals can be divided into two distinct categories: analog signals, which are continuous
in time and amplitude, and digital signals, which could be presented as a set of discrete values. Digital
systems and devices for storing and processing information have become widespread in recent decades.
However, all of the signals that can be collected via physical processes, such as human speech or tem-
perature measurements, are analog. That rises a problem of converting such signals into digital form so
that they could be processed in digital systems. The devices that carry out such a conversion are known
as analog-to-digital converters or ADCs.

In practice the necessity of using one ADC to digitize several analog channels might arise. That pro-
cess is known as multiplexing an ADC. There are many types of ADCs, and among them delta-sigma
ADCs are known to achieve the highest resolution thanks to oversampling and the noise shaping effect
[1, 2]. Unfortunately, it is not possible to use conventional delta-sigma ADCs in multi-channel devices
due to the inter-sample interference (ISI). The problem of ISI also known as crosstalk is demonstrated
in Fig. 1.

The aim of this work is to present two modern approaches to design a delta-sigma ADC in a way that
it could be used in a multi-channel system, that is it is free of inter-sample interference.

© Catblwes B.U., 2022. NU3paTenb: CaHKT-MeTepbyprckuii NOIMTEXHUYECKUI yHUBEPCUTET MeTpa Benvkoro
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Fig. 1. Multiplexing a conventional delta-sigma ADC

Incremental delta-sigma ADCs

The first approach to design a multi-channel delta-sigma ADC is to use an incremental delta-sigma
ADC (IADC). The main feature of IADC is the presence of a global reset pulse. The memories of both
analog part and digital part of the ADC are reset at the beginning of the conversion of the subsequent
analog signal sample. Thereby it is possible to completely remove ISI from the system. Moreover, since
the delta-sigma modulators (DSMs) of such structures usually have finite impulse response, it is possible
to use a finite impulse response decimation filter in contrast to much harder to implement infinite im-
pulse response filters that are usually favored in conventional delta-sigma ADCs. The implementation of
the decimation filter in this structure can be as straightforward as a cascade of integrators (Cols). Other
advantages of incremental structures include low latency and less tendency to idle tones.

The main disadvantage of incremental structures is increased thermal noise compared to conven-
tional structures. To keep the same value of signal-to-noise ratio (SNR) as in conventional structures,
it is necessary to increase the size of the input capacitor which results in higher power consumption of
the amplifier that drives it [3—7]. There is a number of different approaches to improve characteristics

o>
(A bz ol 1u1y

PRz Limiter PR Z
Unit Delay Unit Delay
Resettable Resettable1

simout

Relation

}a—“‘rEI
H*
F o—
-1
3
»l
L
convert AQ——M ] )= iﬁil
-y -y
—»R Z R Z L
Unit Delay Unit Delay
Resettable2 Resettable3

Fig. 2. Model of a second-order IADC in Simulink
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of incremental structures such as IADC with extended counting [8—11], hardware-sharing IADC [12],
multi-step IADC [13—15], zoom ADC [16].

A second-order IADC was simulated in MATLAB/Simulink and is presented in Fig. 2. The model
consists of a second-order delta-sigma ADC and two integrators that filter out the quantization noise.
The decimation is carried out in a MATLAB script. In order to implement reset, functionally resettable
unit delay blocks are used. Limiter blocks are added to take into account possible nonlinearities that
could be created by real integrators due to limitations of power supply. Coefficients of delta-sigma mod-
ulator are selected so as to maximize SNR. Simulation results are presented in Fig. 3, 4.

Simulation results show that the reset pulses lead to a dramatic SNR decrease of the DSM output
signal compared to conventional structures, but the SNR of the IADC as a whole remains good enough.
As stated before, it is possible to add a multiplexer to the input of this model and configure the reset
pulses in a way that would erase the memories of DSM and filter integrators at the beginning of each
subsequent analog signal so as to achieve a zero ISI multi-channel conversion.
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Memoryless delta-sigma ADCs

Another approach to design a multi-channel delta-sigma ADC is to use a memoryless delta-sig-
ma ADC. This type of ADC relies heavily on implementing the decimation filter as a Nyquist filter,
which is commonly used in communication systems. By utilizing zeros in its impulse response, it is
possible to achieve a great ISI suppression. The main advantage of this structure comparing to IADC
is that it achieves higher SNR because the impulse response of its decimation filter is not limited by
the reset pulses which leads to narrower transition width and higher stop-band attenuation of the fre-
quency response. That results in better overall noise suppression [17]. The principle of operation of
the memoryless-type system is as follows. Let fs be the oversampled DSM clock frequency, M — the
oversampling ratio. Then if an analog signal is sampled at the frequency of fs /M, up-sampled by a
factor of M, passed through the DSM and Nyquist filter, the resulting signal would have zero ISI once
in every M samples. These samples can be extracted by down-sampling the resulting signal by a factor
of M (Fig. 5) [18].

A memoryless delta-sigma ADC utilizing a third-order DSM and a 4-bit quantizer was simulated in
MATLAB/Simulink and is presented in Fig. 6. The model consists of a switch that acts as multiplexer,
an upsample block, a third-order DSM, a 4-bit ADC-DAC structure (quantizer), a raised cosine dec-
imation filter, which is a popular Nyquist filter, and two switches that act as a demultiplexer. Results of
simulation are presented in Fig. 7.

Results of the simulations show that the memoryless delta-sigma ADC shown in Fig. 6 achieves a low
noise level, which results in the SNR value of 81.9 dB, and great ISI suppression. The value of crosstalk
between different channels is —94.5 dB.

Conclusion

Two modern approaches to design a multi-channel delta-sigma ADC are described. These structures
are suitable for multi-channel systems as they aim to suppress the inter-sample interference, that limits

fS/M fS/M
1l f f Nyquist f 1
— 2 DSM = decimation f—————
A B c filter D

N ";1 JﬂmHmWJJ_T

T

quantization filtered out filtered out
noise quantization quantization
noise noise

Fig. 5. Block diagram of memoryless delta-sigma ADC

simout

simout1

Fig. 6. Model of memoryless delta-sigma ADC in Simulink
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the usage of conventional delta-sigma ADCs in such systems. The MATLAB/Simulink simulation re-
sults of the second-order incremental delta-sigma ADC (IADC) and the third-order memoryless del-
ta-sigma ADC are presented.
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Abstract. This paper presents a comparative study of nonlinearity reduction by different
algorithms of switching-based calibration method for DACs. Based on the known algorithms,
one general parametric algorithm is proposed. The introduced parameters are a resolution of
primary array and numbers of folding and decoupling operations. The intermediate options of
such a general algorithm, defined by the parameters combination, are called “algorithm cases”.
The algorithm cases are compared by the efficiency of static nonlinearity reduction in presence of
random and systematic errors. For both errors, the folding operation improves DNL in contrast
with the decoupling operation, which deteriorates it. The increment of folding operations number
lowers the presence of systematic drift in DNL, which completely disappears at the maximum
number. In the case of INL, the impact of both operations is determined by the elements order. If
elements values depend on their indices, the folding operation deteriorates INL in contrast with
the decoupling operation, which improves it. All fully unarized arrays provide the INL reduction,
but do not decrease DNL.
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Annoramusa. [IpoBeneHO cpaBHUTENbHOE HCCAeIOBaHUE CHIMKeHUsS HenuHeiHoctu LIATT
pPa3JIMYHBIMUA QJITOPUTMAMKU KOMMYTAlIMOHHOTO MeTona KaJiuOopoBKU. Ha oCHOBE M3BECTHBIX
aJITOPUTMOB TIPEICTaBJICH OOMIMI TTapaMeTpUUeCKUii alropuT™M. [IpelToXKeHHBIMH TapaMe-
TpaMU aJTOPUTMA SIBJISTIOTCST Pa3psiTHOCTh MCXOIHOTO MAacCUBa U KOJIMYECTBO OIeparuii 00b-
eOWHEHUs U paccoeanHeHUs. [IpoMeXyTOUHbBIe CIydand OOIIEeTro alfOpUTMa, OTIPEAC/ISIOIIAECS
KOMOMHAIMEH ITapaMeTpOB, HAa3bIBAIOTCS «CIIydasiMU airopuTMar». [IpoBeieHO cpaBHEHUE CIIy-
YyaeB aJITOpUTMa MEXIy co00il 1o 3(D(HEKTUBHOCTH CHUKEHUSI CTATUYCCKON HEJIMHEMHOCTHU B
MPUCYTCTBUM CIyYaliHON M CHCTeMaTUYeCcKoil omnooK. s oboux TUMOB OIIMOOK Orepaius
obobeauHeHus yaydinaer DNL B oTinure oT onepauuu pacCcoeaMHEeHUs, yxyaluawliei e€. YBe-
JIMYeHNE KOJIWYECTBa OIepallnii 00beAMHEHUS CHIDKACT BIMSHUE CUCTEMAaTUYECKOTO yXOla B
3apucuMocTy DNL, TTOJHOCTBIO MCYe3alomero Mpyu MaKCUMaJTbHOM KOJIMYECTBE omepaluii. B
caydyae INL BmustHre 00eMX omiepanuii 3aBUCUT OT TOTO, B KAKOM ITOPSIKE HAXOMISITCS 3JIEMCHTEHI.
Ecnu HabmomaeTcst 3aBUCMMOCTD 3HAYEHUM 3JIEMEHTOB OT X MHACKCOB, TO OMepalus o0benm-
HeHus yxyamwaeT INL B oTinuue ot onepaliuy paccoeIuHeHus, KoTopas e€ ynydinaeT. Bece mac-
CHBBI 3JIEMEHTOB, MMEIOIINE YHAPHYIO apXUTEKTYpy, IeMOHCTpUPYIOT cHIKeHne INL, ogHako
He yMeHbInaoT DNL.

KiroueBbie ciioBa: 1111(hpo-aHaAIOTOBLIN Mpeobpa3oBaTelib, LIU(poBas KaauOpoBKa, KOMMYTAIIMOH-
HBIl aJITOPUTM, OTKJIOHEHME, CHIDKEHUE HeIMHeHOCTH, uddepeHIraIbHas HeTMHEIHOCTD, NH-
TerpajbHast HEJIMHEITHOCTh

Jna marapoanmsa: Kvashina N.V. Influence of algorithm parameters on static nonlinearity in
switching-based calibrations for DACs // Computing, Telecommunications and Control. 2022.
T. 15, Ne 2. C. 32—42. DOI: 10.18721/JCSTCS.15203

Introduction

A digital-to-analog converter (DAC) is a significant interface device, which is implemented in mod-
ern electronic communication systems for converting an input digital code into a corresponding output
analog signal, that can be represented as current or voltage. The conversion process is realized due to
DAC’s weighting elements (or shortly “elements”) forming an analog signal proportionally to their val-
ues, or weights. In this paper, as for the elements, current sources are considered.

According to the ratio of elements weights, three common DACs architectures are highlighted:
unary, binary and segmented. In a unary architecture, all elements are identical in their weights (also
called “unary-weighted elements”) and their ratio equals 1. In a binary architecture, elements are bina-
ry-weighted, which means that their weights have a ratio as power of 2. As for the segmented architec-
ture, it is constructed from both unary and binary architecture parts called “segments”. In Fig. 1, there
are all three common architectures of DACs with a representation of elements in each architecture.

For a correct conversion result, such characteristics of DAC transfer curve as linearity and mono-
tonicity are substantial and require the elements weights ratio to be precise regarding the nominal ratio.

© KeawwuHa H.B., 2022. U3paTtenb: CaHKT-MNeTepbyprckuii NONUTEXHUYECKUI YHUBEpPCUTET MNeTpa Benukoro
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However, with the fabrication of integrated circuits, the elements mismatches unavoidably appear and
deteriorate the accuracy of elements ratio, resulting in nonlinearity, or even nonmonotonicity, of trans-
fer curve. Moreover, such unpleasant effects as aging, parasitic components and temperature deviations
can also have an impact on further degradation of linearity. The mentioned issues are critical and make
design of high-resolution (over 12 bits) DACs with a linear transfer curve quite challenging. In order to
reduce the deteriorative impact of errors on DAC linearity and weaken the requirements for elements
accuracy, a great number of electronic calibration methods was presented in [1—5] and classified in [6].

Among all calibration methods described in the classification, one particular method, i.e. switch-
ing-based calibration method, stands out due to minimization of the analog part. There is a great di-
versity of implementations of this calibration method (or just “algorithms”). These algorithms are also
discussed thoroughly and classified in [7]. One of the introduced criteria for the classification is presence
or absence of redundant elements, and the algorithms with the latter one are an object of this research.
Some works did a comparison of such algorithms in terms of efficiency in nonlinearity reduction [8, 9],
but provided poor coverage of intermediate implementations for the calibration method. Moreover, they
do not study a static performance for the discussed algorithms in presence of systematic errors, as it was
done for a dynamic performance in [8].

The goal of this research is to provide a comparative analysis of nonlinearity reduction by different
implementations of switching-based calibration method in presence of both random and systematic
errors. Additionally, this paper proposes a generalization of the known implementations providing in-
termediate options called “algorithm cases”.

The present paper is organized as follows. In Section 1, the basic operations of switching-based
calibration method are introduced. Then, a description of a general algorithm for switching-based cali-
bration method is presented in Section 2. In Section 3, the simulation results for algorithm cases in
presence of random and systematic errors are discussed. Based on the results, the comparison of consid-
ered algorithm cases by their efficiency in nonlinearity reduction is provided. Finally, in Section 4, the
conclusions of the present work are drawn.

1. Basic operations

The principle of switching-based calibration method without redundant elements lies in changing
the switching pattern for elements in an initial non-calibrated array. The initial array consists of 2V
unary-weighted elements (N is a DAC resolution) and further is called the primary array. The switching
pattern is changed by means of elements indices reordering. The reordering procedure is based on two
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basic operations, folding and decoupling, which are applied to the primary array of elements as illustrat-
ed in Fig. 2. Here, rectangles heights correspond to the elements values.

To perform the folding operations, the 3 following steps must be done. At Step 1, the elements of
primary array are compared with each one by their values and sorted in an ascending order. Then, the
sorted elements change their places as it is shown in Step 2, so the couples of elements are created. Each
couple contains the smallest elements preceding the greatest. At the final Step 3, the elements in couples
are united. There is also a shaded dummy element in the array, which may be not involved in unification
and can be absent. The result of folding operation is a segmented array with a decreased resolution of
unary segment by one bit and with an increased resolution of binary segment by one bit.

The decoupling operation is performed with the application of only one step — the decomposition of
previously united elements. It should be noted that after the decoupling all elements are placed in their
order before unification. As the result, this operation increases the resolution of the unary array by one
bit, which corresponds to the decrease in the resolution of the binary array. The number of decoupling
operations cannot exceed the number of folding operations.

2. Description of general algorithm

Based on the previously known implementations [5, 9, 10], one general parametric algorithm is
proposed. The algorithm depends on the following parameters: N is a primary array resolution, F" and
D are numbers of folding and decoupling operations respectively. A certain combination of N, F'and D
gives an individual algorithm case. In Fig. 3, a table of all algorithm cases is presented. The resolution
of primary array N defines the maximum numbers of ' and D. Colored areas in the table correspond to
existent algorithm cases, while grayed out areas represent impossible cases of algorithm due to unreal-
izable combination of ¥ and D.

It can be seen that with the increment of N the maximum numbers of folding and decoupling op-
erations F and D also increase. Thus, the number of possible or existent algorithm cases grows with an
arithmetic progression. The sum of arithmetic progression Sn is obtained by

Sn=(a1+a”jxn,
2

where a, and a, are the first and last numbers in numerical sequence, 7z is a number of elements in the
sequence. The a, is the number of algorithm cases for a row with F =1in Fig. 3, a, is the number of
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algorithm cases for a row with F'= N — 1 and n is the number of rows. So, the final result for the number
of existent algorithm cases is:
(N-1)(N+2)

M, = .
2

According to the combinations of /' and D, there are three types of algorithm cases which allow to
obtain either binary, or unary or segmented architecture of calibrated array. As it was mentioned before,
the folding and decoupling operations change the resolutions of unary and binary segments of calibrated
array, thus the resolutions can be obtained by the following expressions, where N pand N , are resolutions
of unary and binary segments respectively:

N,=F-D,
N,=N-N,=N—-F+D.

In order to construct the desired architecture of calibrated array, corresponding requirements for the
numbers of folding and decoupling operations must be satisfied. So, a unary architecture is obtained
when F'= D, a segmented architecture requires D < F'< N — 1 and a binary architecture is constructed
when FF'= N — 1 and D = 0. The previously mentioned implementations are particular cases of the pro-
posed general algorithm, that is:

 Switching sequence post adjustment — SSPA (further 4 y — unary calibrated array) [5];

+ Total 3-dimensional sort-and-combine — T3D-SC (further 4 ¢ — segmented calibrated array) [10];

« Complete-Folding (further A , — binary calibrated array) [9].

In this work, they are called “boundary algorithm cases”. For A U algorithm case F =D =2, for 4 s
algorithm case /' =1, D = 0 and for 4, algorithm case F=F__ =N —1, D = 0. In Fig. 4, the calibrated
array for every boundary algorithm case is presented.
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In order to study the efficiency of DAC static nonlinearity reduction by algorithm cases, a parametric
algorithm was observed, and maximum averaged values of differential and integral nonlinearities (DNL
and INL) were obtained in the research [11]. In the present work, the influence of algorithm parameters
on DNL and INL exact values will be studied more thoroughly.

3. Simulation and comparison

In this section, the simulation and comparison of the results for random and systematic errors are
presented. Since it is reasonable to calibrate high-resolution DACs (12 bits and more), here N resolution
is 12. To perform a calibration of the primary array influenced by random errors, it is necessary to form
an array of m = 2" unary elements. For each element of the primary array, a random deviation with a
normal distribution is introduced. Such a normal distribution has the following parameters: mathemat-
ical expectation  is 0 and the value of standard deviation ¢ is chosen to be 0.13 %. The value of ¢ is an
example of deviation, which was derived while performing the Monte-Carlo simulation of an element
(current source) for UMC 180 nm technology [12]. The number of generated primary arrays is 200. All
mentioned parameters are highlighted in Table 1.

Table 1
Parameters of primary array with random errors
. Number of Numlr.)er of Mathematical Standard Number
Resolution, N algorithm . ..
elements, m expectation, Ll deviation, ¢ of arrays
cases, Mex
12 4096 77 0 0.13% 200

All possible algorithm cases were applied to a set of primary arrays with random deviations. As the
result, transfer curves before and after calibration for each algorithm case were obtained and further
used for DNL and INL calculations. In Fig. 5, the DNL and INL dependences on input code D and
elements order are presented for boundary algorithm cases AU, A s and A » There is also a maximum
normalized value defined for each nonlinearity dependence. As it was mentioned before, the elements
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Fig. 5. Simulation results for DNL, INL and elements orders
of boundary cases in presence of random errors

after application of 4 v A gand A  algorithm cases form unary, segmented and binary arrays respectively.
The number of deviation cases illustrated in the graphs is 200.

The results show that the increment of binary segment resolution even only by one bit allows to
greatly improve the DNL, which can be seen in the transition between 4, and 4  and between 4 and 4,
algorithm cases. Such an improvement is possible due to presence of united elements after the folding
operation. The unification reduces elements deviation and, consequently, DNL. For instance, tran-
sition from AU to A ¢ reduces elements deviation and corresponding DNL by one order. However, the
elements order obtained after unification deteriorated INL since element value decreases with its index.
In contrast, splashes break the dependence of element value on its index in case of 4 - As a result, it
leads to better INL reduction.

When comparing the obtained DNL dependences, a systematic drift of DNL can be noticed after the
calibration for the AU and 4 s boundary cases, which is absent in the A4 , case. To establish the reason for
the systematic drift appearance, it is necessary to consider the results for DNL with fixed F' from a pure
unary, or unarized, array to a pure binary, or binarized, one. This will allow us to understand whether an
increase in the resolution of a unary segment, or unarization, affects the appearance of a systematic drift.

In Fig. 6, the simulation results of DNL, INL and elements orders are presented. Here, algorithm
cases from a bottom line of the table in Fig. 3 are considered, where F' = Fmax = 11. The unarization
power increases from left to right, so the leftmost case is a binarized array and the rightmost case is a
unarized one. The number of deviation cases illustrated in the graphs is 200.

According to the obtained results, there is no systematic drift of DNL with an increase of unarization
power. So, the unarization has no impact on the appearance of the systematic drift. Previously, the sys-
tematic drift in DNL dependences occurred for AU and A ¢ algorithm cases when F’ was lesser than the
maximum possible value F i Meanwhile for 4 p case, where FF'=F - it was absent. Therefore, while
studying algorithm cases with a fixed F > N0 systematic drift was observed in the dependences.
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Fig. 6. Simulation results for DNL, INL and elements orders (F=F = 11)

In order to establish the reason of systematic drift appearance, results of DNL, INL and elements
orders for algorithm cases with different numbers of F are presented in Fig. 7. Here, algorithm cases that
allow obtaining fully unarized arrays (i.e. cases on the diagonal in Fig. 3) are considered.

According to the results, the systematic drift can be seen. Moreover, with the decrement of F' from
the maximum possible value /' = 11 to the minimum possible value /= 1 the influence of systematic
drift becomes worse. Hence, the systematic drift appears when F'is lesser than the maximum possible
value. Therefore, the more folding operations are done, the less is the systematic drift for DNL results
in presence of random errors.

The forming of primary array influenced by systematic errors is similar to the one in presence of ran-
dom errors except for the deviations introduction. A primary array of 2" elements is formed (N = 12) for
a further calibration. Then, according to the methodology for systematic errors forming with different
profiles [13], a generation of profile parameters combinations and set of profiles systematic errors is held.
Among the whole set of profiles, a joint approximation with anisotropic case is chosen to be applied to the
primary array. The number of cases considered for various angles and shifts is 200.

Similarly to the case of random errors, boundary algorithm cases were applied to a primary array
influenced by systematic errors. The DNL and INL were calculated using the obtained transfer curves
before and after calibration. In Fig. 8, the DNL and INL dependences and elements orders are present-
ed for boundary algorithm cases 4, A and 4.

According to the obtained results, the systematic drift, which was observed earlier for the DNL de-
pendence in presence of random errors, provides an impact on DNL for the AU and A ¢ algorithm cases
in presence of systematic errors as well. However, the 4 , algorithm case demonstrates the lack of sys-
tematic drift, which is also similar to the result for random errors. Therefore, the cause of such a behav-
ior is the same for both types of errors, and one common statement can be concluded: the fewer folding
operations are done, the worse is the systematic drift impact on the DNL results.
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Fig. 7. Simulation results for DNL, INL and elements orders (diagonal cases)
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4. Conclusion

Digital-to-analog converters (DACs) are widespread devices for converting digital data into analog
signals. The linearity of conversion depends on the elements ratio, which can deviate from the nominal
value during integrated circuit fabrication. To overcome this issue, a calibration is one of the possible
solutions. In this work, a non-redundant switching-based calibration method is considered and the gen-
eral algorithm for such a method is proposed. The intermediate implementations of the algorithm are
compared by efficiency of DNL and INL reduction.

The folding and decoupling operations are introduced. One folding operation (' = 1) decreases the
resolution of a unary segment by one bit and increases the resolution of a binary segment by one bit. One
decoupling operation (D = 1) decreases the resolution of a binary segment by one bit and increases the
resolution of a unary segment by one bit. In terms of DNL, the folding operation improves nonlinearity
due to reduction of elements deviations during the elements unification. The opposite result is demon-
strated by the decoupling operation, which deteriorates nonlinearity during the elements splitting. In
terms of INL, the impact of folding operation depends on the elements order after calibration, which
also contributes to the nonlinearity. If the elements order represents a dependence of element value on
its index, then the unification has a deteriorative impact on nonlinearity in contrast to the decoupling
operation, which improves it. Research [11] concluded that a simultaneous variation of both F and D
does not allow definite estimation of a more efficient algorithm case in nonlinearity reduction.

All fully unarized arrays (F' = D) provide the INL reduction, however the DNL cannot be de-
creased. The similar results were demonstrated in [14, 15] for the switching schemes of unary DAC:s.
The DNL reduction can be obtained by the increment of binary segment resolution — binarization.
Binarization provides an error averaging for elements, which reduces elements deviations, as they will
consist of two and more parts. Such an effect is demonstrated for switching schemes with element
division in [13, 14, 16]. As a result, the greater is the resolution of the binary segment, the better is the
nonlinearity reduction.

The number of applied folding operations F' affects the presence of systematic drift in DNL depend-
ences for both random and systematic errors. After the sorting step of the folding operation an explicit
dependence of element value on its index occurs, which has an influence on the DNL dependence in
the form of the systematic drift. With the increment of F, the reordering of elements is more thorough.
Thus, the greater is F, the better elements are reordered and the lesser is an explicit dependence of
element value on its index. At the maximum possible number of folding operations /', the array of
elements is completely reordered, which results in the absence of the explicit dependence. Hence, the
systematic drift in case of I ax 1S @bsent.
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cpene PolyAnalyst. B kauecTBe Mojeeil MHOTOKJIaCCOBBIX KJIacCU(PUKATOPOB U3 OUOIMOTE-
ku Scikit-Learn BeIOpaHbl HauBHBIN OaiieCOBCKUil Kinaccugukatop, SVM-knaccudukaTop u
KJaccu@uKaTop Ha OCHOBE CyJyaiiHOro Jjeca. B KauecTBe BeKTOpU3aTOPOB BHIOpaHa MOJIEb
TFIDF u word-haching. B kauecTBe yeTBepTOTO KjaccugukaTopa BblOpaHa HeilpoceTeBast MO-
nenb ruBert-base. [IpoBeneHo oOyyeHMe KaaccupUKATOPOB M OLIEHEHO KaueCTBO UX PaOOTHI.
ITo pe3ynpratamM BaMaauy U TECTUPOBAHUS JTYYIIMMHU OKa3aJMCh 1Be Moaeau: ruBert-base u
MOJieJIb HAaMBHOIO 0ailecoBCKOTO Kiaccudukaropa ¢ Bekropuzatropom word-hashing. Ha oc-
HOBE pe3yJIbTaTOB MPOM3BeAeHA TeCTOBas KjaacCuduUKaIMs 3asIBOK.

KmoueBrbie cioBa: peKOMEHIATeIBHbBIE CHCTEMbI, MHOTOKJIaccoBasl Kiaccudukanus, SVM, naive
Bayes, ruBert-base, BeKTopuzaTopbl

Jng uutupoBanus: CenusepctoB A.A., KomuccapoB A.A., JlecoBoackas A.A. u a1p. Pazpaborka u
HCClIeTOBaHNE MOJEIe MHOTOKIACCOBBIX KJIIACCHU(MUKATOPOB IS PEKOMEHIATEIBHON CUCTEMBI
MOATOTOBKHU 3asiBOK Ha IOpTaje eAMHOW MHMOpMaLMOHHON CUCTeMbl B cdepe 3aKyrnok //
Computing, Telecommunications and Control. 2022. T. 15, Ne 2. C. 43—62. DOI: 10.18721/JC-
STCS.15204

© CenusepcTos f1.A., Komuccapos A.A., JlecoBoackas A.A. u ap., 2022. U3gaTens: CaHKT-MeTepbyprckuii NONMTEXHUYECKUI YHUBEPCUTET MNeTpa
Benukoro



MoaenvnpoBaHue BblUNCIINTENbHbBIX, TENEKOMMYHUKALMOHHbIX, YNPaBSoLWmMX
n coumnanbHO-3KOHOMNYECKUX CUCTEM

>
|
Research article @ 018
DOI: https://doi.org/10.18721/]JCSTCS.15204 o

UDC 004.912, 004.85, 004.41

DEVELOPMENT AND RESEARCH OF MODELS
OF MULTI-CLASS CLASSIFIERS FOR A RECOMMENDED SYSTEM
FOR PREPARING APPLICATIONS ON THE E-PROCUREMENT

Y.A. Seliverstov' & , A.A. Komissarov?, A.A. Lesovodskay?,
P.G. Bovykin®, A.V. Podtikhov?, S.S. Torsionov®,
D.A. Tsyrkov’, S.A. Orlov?®

LIPT RAS, St. Petersburg, Russian Federation;

1234587 University National Technology Initiative 2035,
Moscow, Russian Federation;

8 National Research Tomsk State University,

Tomsk, Russian Federation

B Y.,Seliverstov@2035.university

Abstract. As a result of the analysis, the relevance of developing services that contribute to the
preparation of tender documentation, in terms of determining the OKPD 2 code for the generated
application, is indicated. To solve the problem of automatic classification of applications in
accordance with OKPD 2, an algorithm for the system of comparative analysis of classifier models
was developed. Further, preprocessing was carried out, and the collected information was written
to the database in json format. Labeling and preparation of data for training classifier models was
carried out in the PolyAnalyst environment. As a result of the analysis, a naive Bayes classifier,
an SVM classifier, and a random forest classifier were selected as models of multiclass classifiers
from the Scikit-Learn library. The TFIDF and word-haching models were chosen as vectorizers.
The ruBert-base neural network model was chosen as the fourth classifier. Classifiers were trained
and the quality of their work was assessed. According to the results of validation and testing, two
models turned out to be the best: ruBert-base and a model of a naive Bayes classifier with a word-
hashing vectorizer. Based on the results, a test classification of applications was made.

Keywords: recommendation systems, multiclass classification, SVM, naive Bayes, ruBert-base,
vectorizer

Citation: Seliverstov Y.A., Komissarov A.A., Lesovodskay A.A., et al. Development and research
of models of multi-class classifiers for a recommended system for preparing applications on the
e-procurement. Computing, Telecommunications and Control, 2022, Vol. 15, No. 2, Pp. 43—-62.
DOI: 10.18721/JCSTCS.15204

Beenenue

PasButue coBpeMeHHBIX MH(GOPMALIMOHHBIX CUCTEM U TEXHOJOTHI CITIOCOOCTBYIOT OBICTPOMY POCTY
LU POBU3ALIMY BO BeeX cpepax rocyIapCTBEHHOTO yIIpaBIeHHs, B TOM YHCJIe U TOCYIapCTBEHHBIX 3aKy-
nmok. OCHOBHYIO POJIb B 3TOM Mpoliecce UrparoT L poBbie MIaTGOPMBbI, TTOCKOJIbKY UMEHHO OHU (hop-
MUPYIOT Cpely 3JeKTPOHHOTO B3aMMOJCHCTBUS MOTEHILIMAIbHBIX 3aKa3UMKOB U TTOCTaBILIUKOB, SBJISISICH
IpoBaiiaepoM chepbl 3TeKTPOHHBIX 3aKYITOK.

C 2016 roga B Poccuu BBeneHa B akcryatanuio Equnas nndopmamnmonHas cuctema (EMC) B chepe
3akynok [1]. EMC co3gaHa B 1eax nHGOPMaLMOHHOro 00ecrneyeHnsl KOHTPaKTHOM CUCTEMBI B cdepe
3aKYITOK TOBapoOB, paboT, YCIIyT IJis 00eCIieueHUsI TOCYIapCTBEHHBIX 1 MYHULIMITAJIBHBIX HYXK]I, 3aKYITOK
TOBapOB, pabOT, YCJIYT OTACIbHBIMU BUIAMU IOPUANYECKUX JUILI.

B Hacrosiiee Bpemsi mpoleaypbl MPOBEAEHUS TEHAEPOB 3aHUMAIOT KJII0YEBOE MECTO B pabOTeE OTea
3aKyMNOK KOMITAaHWH. BOIBIIMHCTBO COBPEMEHHBIX PEKOMEHIATEIbHBIX CEPBUCOB U cUCTeM [2—4]| DyHK-

© Seliverstov Y.A., Komissarov A.A., Lesovodskay A.A., et al., 2022. Published by Peter the Great St. Petersburg Polytechnic University
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LIMOHUPYIOT Ha BeO-Tutomaakax. K ux unciay oTHoCSITCS peKOMeH1aTeIbHbIe CEPBUCHI TPOBEACHMS TEH-
nepoB [5], BeIOOpa TEHIAEPOB C BEPOSITHOCTHIO OLIEHKM BBIMTPBIIIA YYACTHUKOB TeHIaepa [6], mpoBepKu
KOPPEKTHOCTHU TeHAEPHOI JOKyMeHTaluu 7] u ap.

OaHUM U3 BaXKHBIX 3TarioB ()OPMUPOBAHMSI 3JEKTPOHHOM TEHACPHOM TOKYMEHTALIMU SIBJISIETCS ITPO-
neaypa (hopMHUpOBaHUS 3asiBKM 1 BEIOOpaA COOTBETCTBYIOIIEro kogudukaropa u3 nepeunss OKIII 2 —
OO01epoccuiicKoro KiaccudukaTopa IpoayKILIMK 10 BUJAM 9KOHOMUYECKOU AesSITeIbHOCTH.

CTpeMUTEbHBII POCT pa3IMUHBIX CEKTOPOB IMPOU3BOJCTBA U paclliMpeHre MHOroo0pasusl co3iaBa-
€MBbIX TOBAPOB, IIPOAYKTOB U YCIIYT, a TAK3Ke MepenpoInpoBaHue MpeIpUHIMATEIbCKOM NeSITeTbHO-
CTU CaMOCTOSITEJIbBHOTO CYObeKTa YCIOXKHSIIOT 3a/auyy TOUHON MAESHTU(UKAIIMU MTPOAYKTOBBIX IPAHMUIL
OTpacjieBOro pbiHKa B pamkax O0111epoccuiickux KiaccuGuKaTopoB BUIOB MPeATPUHUMATEIbCKOM Jie-
sreapHoct (OKII 2) [8].

ITo gannbiM [9], OKII/, 2 conepxut okoso 38 Teicsad rmo3uunii. CToyb 00JbIasi BeJIMYMHA 3aTPY/I-
HSIeT TTIOMCK U YBEJIMYMBAET BpeMEHHbBIE 3aTPaThl HA €r0 TOUHOE ONpeaeIcHUE.

Vxazanue HenpaBmwibHOTO Koga OKII/I 2, ero He3HaHME MJIX HECOOTBETCTBUE PealbHOI 9KOHOMU-
yeckoi aesiteabHocTy Koay OKIIJ 2, ykazaHHOMY CyOBbEKTOM MPU perucTpalivu, BJie4eT MHOXECTBO
HeXeJIaTeJbHBIX MOCASACTBUI, TAKUX KaK OMpele/eHIue CTABKU B3HOCOB MTPU BOBHUKHOBEHUN HECUACT-
HBIX cTydaeB; o(popMIEHNE MTATEHTOB; ITOTEPsI HAJIOTOBBIX JIBIOT, MPEIOCTABISEMbIX TOCYIAPCTBOM 10
HEKOTOPbIM BUAaM 3KOHOMUYECKOW JesTeIbHOCTH; OJOKMpPOBaHWE TUIaTeXeil Mpyu BHYTpeHHe OaH-
KOBCKOIl MpOBEpKe; HaJ0XeHHWE BBICOKMX IITpa(HbIX CAHKUMN MPU BHECEHUU OIIMOOYHOro Kojaa
OKII/ 2 B Ennnyio nHgopMalmoHHyI0 cucTeMy B cdepe 3akynok [10, 11].

IMocnenHee moguepkMBaeT akTyaJbHOCTh pa3padOTKU M BHEAPEHUS] PEKOMEHIaTebHbIX CEPBUCOB
MPOBepKU KoppeKTHOCTHU 3as1BKU [12] B uacTu Beioopa OKII/I 2 B cucTeMbl 2JIEKTPOHHOI'O COITPOBOXKIIE-
HUSI KOPIIOPAaTUBHOIO TEHAEPHOTO TOKyMeHTooOopoTa [13].

AHanm3 npeaMeTHo# obnacTu. B HacTosiiee BpeMsi peKoOMeH1aTeJIbHbIM CUCTeMaM TTOCBSIILEHO MHO-
JKECTBO PadOT POCCUICKUX U 3apyOeKHBIX YUCHBIX.

TeopeTUKO-MeTOIOIOTUUECKIE OCOOEHHOCTU PEKOMEHIATEIbHBIX CUCTEM, a TAKXKe Pa3IMIHbIC Xa-
PaKTEPUCTUKU U BO3MOXHOCTU METOAO0B MPOrHO3UPOBAHUSI B COBPEMEHHbBIX PeKOMEHAATEIbHBIX CHU-
cTeMax paccMoTpeHbl B [14, 15].

ITonoxon coBMecTHOI (pUIbTpallii, OCHOBAaHHBIM Ha HAMBHOM 0aiieCOBCKOM KjlaccupuKaTrope, u3y-
yeH B [16]. [IpemnoxeHHas B [ 16] GaiilecoBcKast MOZEIb HE TOJIBKO TIPEAOCTABISIET PEKOMEHIALINI, HO U
JaeT OObSICHEHUSI 3TUM MPOTHO3aM.

B [17] onmucana cucTeMa, MCIOAb3YIONIasl KJIAaCTePU3aLMIO U CIIyYaliHbIN JIEC B KA4eCTBE MHOTOYPOB-
HEBbIX CTpATeTU 151 TPOrHO3UPOBAaHUSI PpEKOMEHIallMii Ha OCHOBE OLIEHOK IM0JIb30BaTesieii, OpUeHTH -
PysICh IPU 3TOM Ha MBIIUIEHNUE MOJIb30BaTe/Ieii U TEKYIIe TeHASHIIUN.

Pemasg npenckaszaTebHy0 3a1a4y MOACIMPOBAHUS TMHAMWYCCKUX MPEAITOYTECHUI TTOIb30BaTeIeit
Ha OCHOBE MX MCTOPUYECKOrO IoBeAcHMs, B [18] nmpencrapieHa riry0oKas AByHarpaBIeHHasI ITOCIEeN0-
BaTesIbHas MoeJib ox Ha3BaHueM BERT4Rec nj1sg nociaenoBaresibHOM pekomeHpaunu. [1pu o6ydyeHun
MoJeu IpuMeHsieTcs 3agada Cloze, KoTopas IpecKa3bIBacT 3JIEMEHThI, UCIIOJIB3YsI KaK JICBHIM, TaK U
TTPaBBIA KOHTEKCT.

BinsiHue cucteM moKMcKa M peKOMeHJalMii Ha TIpOoJakKy B 2JIEKTPOHHOI Toprosjie u3ydyeHo B [3]. B
CTaThe MOKAa3aHO, KAaK pa3Hble KJIACChl MHCTPYMEHTOB IMOMCKA U peKOMEHAALINI BIMSIOT HA pacrpene-
JIEHWE TPOoAaX IO MPOAYKTaM, 001N 00BEM MPoJak U UBJIMIIEK MOTpeOUTeei.

B [19] aBTOpBI paccMaTpUBalOT TeMAaTUUECKYIO IUBEepPCU(DUKALIMIO, HOBBI METO, pa3paboTaHHbBII
I O6anmaHca U JuBepcU(UKALUM TTepCOHATM3UPOBAHHBIX CITMCKOB PEKOMEHIALIMIA, YTOOBI OTPa3UTh
MOJIHBII CIIEKTP MHTepecoB moib3oBarelis. CormacHo [19] anropurmbl nuBepcuUKaIIUM UCITOIb3YeT
Amazon 1jis yJaydlieHusl CBOMX PEKOMEHIALINIA.

B [20] pemraeTcs 3amaya MHOTIOKJIACCOBO# KilacCU(UKALIMU CIA00TOKCUYHOIO 00pa30BaTeIbHOTO
KOHTEHTA OHJIAH IIIKOJI C MCTIOIb30BaHNeM HelipoceTeBoil Mmoaenan RoBERT.
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B [21], onupasich Ha MHGOPMALIMOHHO-METOAUYECKOe obecrieueHue [22] Ha OCHOBe HEMPOHHOI ce-
T TpaHchopMepa, pa3padaTbIBaeTCsl METOJ MHOTOKJIACCOBO KilacCU(PUKALIMU YTPO3.

B [23] u [24] paccMOTpeHBbI CMCTeMbl Ha OCHOBE MoJiefieit KiacCuUuKaliy TPAaHCITOPTHBIX TaHHbBIX B
YacTH OIpeJeeHUST COCTOSIHUSI KauecTBa 1opor. B kauecTBe Moneneii B3siThl Kiaccudukatopbl SVM u
HaMBHOTO Oalieca.

B [25] u3yuyeHbl METOJbI MAllIMHBI OMOPHBIX BEKTOPOB U JIATEHTHO-CEMaHTUYECKWI aHaIu3 ¢ pas-
JIMYHBIMU BEKTOPU3aTOPaAMMU JIJIsI IOCTPOSHUSI MOJIEJI MHOTOKJIACCOBOM KilacCU(UKALUU ClI1ab0CTPyK-
TYPUPOBAHHBIX TEKCTOBBIX JOKYMEHTOB.

B [26] BBIMONTHEH TIOAPOOHBINM 0030 MOAXOA0B MHTEIUIEKTYaAIbHOTO aHAJIM3a TEKCTOB Ha PYCCKOM
SI3BIKE.

ITpoBeneHHbBI aHATN3 CBUIETEILCTBYET O TOM, UTO MOJEIN KJIacCU(HUKATOPOB HaA OCHOBE HAUBHOTO
0alieCOBCKOTO aJlTOPUTMa, MAIIMHEI OITOPHBIX BEKTOPOB, CIIyYaifHOTO Jieca M HelpoceTeBbIe aJlTOPUT-
Mbl, Takue Kak BERT, mmpoko ncnonab3ytoTcst B pa3IMUHbIX MH(GOPMALMOHHBIX CUCTEMaX, CBSI3aHHBIX
¢ (punbrpanueit u Ki1accudukalyeil Be0-KOHTEHTA.

ITocTanoBka 3agaun. Llesrb HacTosIIIEl pabOTHI — B MCCIICIOBAHINI COBPEMEHHBIX ITPOTPAMMHEBIX Me-
TOAOB KJlaccuduUKaLMu AJIs onpeneeHus Harbosiee TOYHOM MO KilacCU(pUKaIMY MPUMEHUTETbHO
K 3ajaye KiacCU(MUKALIMU 3asIBKU TEHAEPHOI TOKYMEHTALIMKM K COOTBETCTBYIOIIEMY KiIacCU(pUKATOPY
n3 OKII/ 2. JlanHy10 Mozelib KJIaCCU(UKAILIMY B TTOCICAYIOLIEM TIpeAroaraeTcs UCIoJIb30BaTh B pa3-
paboTKe peKOMEHIaTeIbHOIO CEpBHUCA, MOMOTAIOIIEro CIELMAIUCTY B chepe 3aKYIOK 110 MH(popMaluu,
cojepKalleiicss B MMOATOTABIMBAEMON K TEHAEPY 3asiBKe, ObICTPO U TOYHO OMPEIETUTh COOTBETCTBYIO-
muit eit kon nepsoro yposHst OKII/I 2.

CepBuUC TJIaHUPYETCSI UCIIOJIb30BaTh COBMECTHO ¢ EnuHo MHMOpMaLMOHHONI cucTeMoil B cdepe
3aKynok (moprai https://zakupki.gov.ru/).

B pamkax uccienoBaHus IJIaHUPYeTCsl pa3paboTaTh KpayJiep /sl cOopa JaHHbIX, OCYIECTBUTH COOP
JaHHbIX ¢ noptaja EMC, mpou3BecTy MOATOTOBKY M pa3MeTKy JAHHBIX C MUCIIOJIb30BaHUEM MPOrpaMM-
HBIX METOJIOB, ITIOCTPOUTh U OCYILECTBUTh CPABHUTENIbHBIN aHAIN3 YEThIPEX MOJAENIeil MYJIBTUKIACCO-
BOI1 KjaccuguKalMi: HaMBHOTO OaliecoBckoro kiaccudukaropa (Naive Bayes), kinaccudukaropa Ha
OCHOBe ajiropuTMma ciydaiiHoro Jjieca (Random Forest), kinaccugpukaropa Ha OCHOBE MalllMHBI OMOP-
HbIX BeKTOopoB (SVM) u HeiipocereBoii Momenu ruBERT (Bidirectional Encoder Representations from
Transformers) [27]. O61uee KonmyecTBO KilaccoB — 88. B kauecTBe BEKTOPU3aTOPOB IJIAHUPYETCST pac-
cmotpeTh aBa Metoga — TFIDF u word hashing [28].

OcHOBHAs YacTh

[TocTpoeHue maaHa UccleA0BaHMs 11eJeco00pa3HO HauaTh ¢ pa3paboTKu 0000I11EHHOTO aIropuTMa
CHCTEMBbI CPaBHUTEJbHOIO aHaIM3a Mojelell KiiacCu(PUKATOPOB. AJITOPUTM B OOIIIEM BUIE COCTOUT U3
Mpolieayp, MpeacTaBleHHbIX Ha puc. 1.

Ha nepBoM aTtamne ocyiecTisieTcsi coopa JaHHBIX 3as1BoK. JlIsd 9TUX 1eseil pazpadoTtaH Kpayaep Ha
s3bike Python3 ¢ ucnonb3oBanueM 6ubanoTeku Requests. C momolibio pa3padoTaHHOTO KpayJiepa ocy-
LIECTBJIEH cOOp 3asiBOK 3aKyMOK ¢ roptaia https://zakupki.gov.ru (puc. 2).

MHudopmalius o 3akynkax JOCTYITHA MO rocteBomy goctyny (puc. 3) u xpanutcst Ha FTP-cepBepe
(ftp://ftp.zakupki.gov.ru) B Buae nammnoB B (popmate xml B qupekTopuu fcs_regions (puc. 4).

COop naHHBIX OCYILIECTBJISIETCS MO ClIeaylolleMy aaropuTMy: 1) Kpaysiep 3axoauT Ha ftp-cepsep non
TOCTEBBIM JIOCTYIIOM B IMPEKTOpHUIO fcs_regions; 2) mpoxoauT 1o pernoHam u 3arpyxxaetr RETR-3amnpo-
COM M0 oYepeau Kaxablii xml-daiisl 3aKyMnoK B MaMsITh; 3) «Ha JIETy» U3 IMaMSITU OCYIIECTBIISIET ITaPCUHT
MeTaJaHHbIX, cofepxKalluxcs B xml-aiisie, mpeodpasyst X B jSON B COOTBETCTBUU C 3aJaHHON CTPYKTY-
poii; 4) 3amchIBaeT json B 6a3y JaHHBIX; 5) yaansgeT xml-daiii n3 naMsTi; 6) IepexoauT K CIeIyIoIeMy
1o ouepeau xml-gaitay 3aKymnox.
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baza maHHBIX

(json)

Hapcmxr METa/laHHbIX
3as4BKHU jSOl’l B CsSV

l

3arpy3Ka csv B cUCTeMy

Kpaynep (Python)

| 1
| i
| 1
! = TocreBoii mocTym k ftp-cepepy; |
! = COop J1aMIIOB 3aKyIIOK B |
| ¢opmare xml; 1
I = [lapcunr xml B json; 1
| 1
| 1
| 1
| 1
| 1

PolyAnalyst
= Coxpanenre json B BJ[ l
IIpenoOpabotka u
FTP Server Jlupexropust pa3MeTKa JIaHHBIX B
(ftp.zakupki.gov.ru) fes regions PolyAnalyst
MOH(EHL HOPHHER Mopens SVM Mopens RF Mopens BERT
OaifecoBCKOTO
KJIaccugukaropa KJIaccugukaropa Ki1accudukaropa

BIA0CT PMKATOpa (SGDClassifier) (StreamingRFC) (ruBert-base)
(MultinominalNB) g

| | | |
|

ACCURACY, PRECISION, RECALL,F1

Puc. 1. Cxema 0060011IeHHOI'O aJITOPUTMa CUCTEMbI CPAaBHUTEILHOIO aHAIM3a MOJeJIeil KJIacCU(UKATOPOB
Fig. 1. Scheme of the algorithm of the system for comparing classifier models

e o0
. ENC @ TexHuyeckan NoAaepHKa @ YacTo safjaBaeMble BOMpOChI
3AKYTMKU

18 Bce pasgenbi Bakynku KOHTpaKTbl 1 JOroBopbI MnaxupoBarne  Katanor  [lokyMeHTbI Hosoctu

0.
ﬁ MocTaBlKam > E 3akasumkam > Sﬁ'j OpraHam KoHTponst >

Puc. 2. ITopran zakupki.gov.ru
Fig. 2. Portal zakupki.gov.ru

Llukn moBTOpsieTcst A0 TeX Mopa, MoKa Bce MeTaJaHHbIe 3asIBOK 3aKYITOK He OyIyT 3arpy>kKeHbl B 6a3zy
JAHHBIX.

CrpyKrypa json-caiiia 3aKyrnok B 6a3e TaHHbIX MpeJcTaB/eHa Ha pUC. 5.

Ha BTOpOM 3Tamne ocy1ecTBsIeTCs IApCUHT JIOTOB 3a8BOK B 0a3e JaHHBIX U TTIepeBO]I json B csv-dop-
MaT ¢ MCHOJb30BaHMEM CKpHUIITa, HanmucaHHoro Ha Python3, u 3arpyska csv B cuctemy PolyAnalyst.
B pesysabrare mapcuHra json popmupyeTcsi cieayolias CTpyKTypa csv (hbaitia MeTagaHHbIX 3aKYIOK:
id — Homep 3asBKU Ha ftp-cepBepe moprtana zakupki.gov.ru; number — peecTpoOBbIii HOMEp M3Bellle-
HUS;, reg — MECTO MonaBeAcHuUs uToros; publish data — mara myOnmkamum 3asBku Ha moprtaie ENC;
purchaseResponsible — HanMeHOBaHME OpraHU3aINM 3aKa3unKa; maxPrise — MakcuMabHas lieHa KOH-
TpakTa 3akynku; purchaseObjectinfo — nndopmanms o 3akyrnkax; name_purchaseObject — HauMeHO-
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m Beeoute uMa 1 naponb ans cepeepa «ftp.zakupki.gov.ru».

MopgknioveHne: ° Kak roctb
(—y Kak 3apervcTprpoBaHHbIi Mosib3oBaTenb

OTMeHUTD " Mopkniouutbes |

Puc. 3. OxHo rocTeBOrO NOCTyMa K cepBepy ftp://ftp.zakupki.gov.ru
Fig. 3. Guest access window to the ftp://ftp.zakupki.gov.ru server

B free@ftp.zakupkigov.ru

_readme.txt 94fz Tect.ixt customer_verification fes_banks fes_banks_hidden fes_discussion fes_fas

fes_rules fes_se fes SFM offline_rw prevMaonth mp fes_nsi fes_regions

Puc. 4. Iupexropun EWNC Ha cepBepe ftp://ftp.zakupki.gov.ru
Fig. 4. Data directories on the ftp server ftp://ftp.zakupki.gov.ru

BaHUe o0beKTa 3akynok; OKPD2 codes — kog OKITA2; OKPD2 names — HaumeHoBanue OKIT/I2;
OKPD codes — xon OKII[; OKPD_ names — nanmenoBanue OKII/I; KRTU codes — xom KPTY;
KRTU_names — HaumeHoBaHue KPTY.

Crpykrypa csv aiina 3akynok zakupki_all.csv mist 3arpy3ku B cuctemy PolyAnalys pist mocnenyro-
et 06paboTKM U pa3MeTKu (puc. 6).

Ha tpetbem aTarne B cpene Polyanalyst [29] BeimosiHsieTcs 00paboTKa 1 pa3MeTKka faHHbIX. [paduye-
CKO€ TMPeCTaBIeHNE BEIUMCIUTEILHOIO CKPUITA MPEICTAaBIeHO Ha puC. 7.

BbruucinutenbHbI CKPUIIT CONEPKUT CIEIYIOLINE Y3IIbl:

1) y3en npou3BOJHbIC KOJOHKU SUm text — B JaHHOM y3Jie (popMUpPYETCsI HOBOE TT0Jie sum text myrem
00bearHeHUsI TH(GOPMALIMKU U3 CMEXKHBIX MSITU MOJICH:

sum text = [purchaseObjectInfo] + "\n" + [name_purchaseObject] + "\n" + [OKPD2_names] + "\n
"+ [OKPD_names] + "\n" + [KTRU_names];

2) y3en mMonudUKaALMKU KOJOHOK — B JJAHHOM y3/ie UAET MeperuMEHOBAHME T10JIs sum text B mosie
description;

3) y3en CRC — B gaHHOM y3J1e KaxXI0i YHUKAJIBLHOI CTPOKE IIPUCBaNBaeTCsl YHUKAIbHbBII HOMED;

4) y3en o0pabOTKM YHUKAJIBHBIX OMMUCAHUI — B JaHHOM Yy3Jie 1o HomMepaMm CRC ycTpaHsitoTes ay-
OJIMKAaThI 3aITMCel, C TIOMOIIBIO (DUJIBTPA PYCCKOTO SI3bIKA JaHHbIE OT(PUIBTPOBBIBAIOTCS OT JIIOOBIX APY-
I'MX MHOCTPaHHbIX CJIOB, YCTPaHSOTCS opdorpacdruuyeckue OlMOKU U «€» 3aMEHSIETCS] Ha «€»;

5) y3esl o0beAMHEHUSI — B JAHHOM Y3Jjie (DOPMUPYETCSI UCIPABJICHHBINA TEKCT C IPUCBOCHUEM €MY
CRC;

6) y3en puIBTpalliM CTPOK — B TAHHOM Y3JIe YOAISIOTCS IycThie Tolig description, T. €. Te MOJis, B
KOTOPBIX HET ONMCAHUSI 3asIBKU;

7) y3en zakupki_clean.csv — ucrnpaBieHHBIN 1 pa3medeHHbI Kitaccudukaropamu OKITI u OKITI2
TEKCT COXpaHSIETCs B CSV.

Ha yetrBepTOM 3Tare ocyliecTBAsIETCS pa3padoTKa M CpaBHEHUE MOJEJei KjlacCU(PUKATOPOB Ha
sa3bike Python 3. KonnuectBo kinaccoB OKII 2 — 88, T. K. KitaccuguKauus oCylleCTBISIETCS TOJIbKO
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1 123,
s

“currency”
"eode! "RUB™
"name" s Pnttuu{ Kl pybas"

¥,
YmaxPrice: 245@99.1,
"restrictInfo": “we ycrawosnewa",
“financeSource": "cpepgcrea T® OMC KypraWwckoW oBnactu”,
“purchaseObjects”: {

"totalSum": 245099.1,

“purchaseObject™: {

"sum™: 245099.1,

YOKEI": {
“code": 236,
y “nationalCode": "KANM"
'
"OKPD": {
“code": "40.30.10.111",
“name”: "TennoBas IHEPrHA, OTNYWEHHAA TENAOBLMK 3ACKTPOC TAMLHAMA"

h
“name" : "TennocHabxenne" ,
“price': 1287.15,
"quantity™: {
"value": 198.42
}
}

1
“guantityUndefined": false,
“eustomerRequirements”: {
"eustomerRequirement”: {
“customer": {
"reghum®: 2431000024

1
“maxPrice": 245@99.1,
“deliveryTerm": "¢ 01.81.2014r. no 31.12.2814r.",
"deliveryPlace": "Poccwickas ®enepauns, 64080818, Kyprawckaa ofmacte, Kypraw r, Coserckas, 81, = "
}
}

"F\ref": “nttp://zakupki.gov.ruf/epz/forder/notice/epdd/view/common-infe.html?noticeld=123",
T

"url™: :'http:!!zakupki.gou.ru.r‘fepzfarder}nnticefprintforrn..’viw.html?noticela=123"

)
p'Lac mg'uay" : {

"attachments": {
“attachment”: {
"url": "htt f/zakupki.gov. ruHaMfz,-’f:.lestnr&.-’pub'l.lcfl 8/download/priz/file.html?uid=EF3FB4CFE41EOBABER4IACTIIOT25D56E",
"fileName" ol’aocuosanne odt"
"docDescr Lpt ion": "obocHo naHue

}
"docPublishDate": "2014-01-89T09:48:28.348+04: 00",
“purchaseNumber™: 243100002414000428,
"purchaseObjectInfo”: "TennocHabmenwe 3nanuA T® OMC Kyprawcekol ofnacte cosetckas, 81",
"purchaseResponsible®: {
“responsible0rg”: {
"reghum': 2431000024,

"fullName" : PPMTOPHanbHEA $oHn 06A3aTeNbHOro MEMLUMHCKOrD CTPaxXoBaHWA Kyprawckol oénacm
"factAddress “PoccwAckas Gepepauws, 648818, Kyprawckas ofn, Kypraw r, Coserckas, n.81, - ,
"postAddress": "PoccwAckan ®enepauwA, 640018, Kyprawceas oﬁn. Kypraw r, Coserckas, n.81,
.
"responsxblelnfo s
"contactFax": "7-3522-463142",
"contactEMai "ur@ktfoms.orbitel.ru"
'contactPhone '7-3522-413637",
"contactPerson'

"lastName”: "B
"firstName'

“middleName": "lpuropbesmy”

"6rgFactAddress": "PoccwAckan ®enepauws, 640018, Kyprawckaa ofn, Kypraw r, Cosevckas, n.81, -
"orgPostAddress”: "Poccwickan ®enepauws, 640018, Kyprawckaa ofn, Kypraw r, Coservckas, n.81, -

},
“responsibleRole”: “CUY

Puc. 5. CtpykTypa MeTagaHHbIX 3asiBKM B 0a3e JaHHBIX
Fig. 5. Json file of purchases in the database

10 epBoMy ypoBHI0. [IpenodpaboTka TabJMYHBIX pa3MEeUEeHHBIX JaHHBIX zakupki clean.csv ocyiiecTt-
BJISIETCS C MCITOJIb30BaHUEM OubaMoTeku Pandas, 1ieMMmaTr3aiys TeKCTa — ¢ MCTIOJIb30BaHUEM OUOIM -
OTeKHW pymystem3, cepranunzanus 1 necepranusaius oObeKToB (3aMuch, YTEHUE 1 3arpy3Ka J1aMIIOB)
— C MCIIOJIb30BaHUEM MOMYJIs picle, ¢huabTpaius CTON-CA0B ¢ ITIOMOIIbI0 Oubanoreku nltk, ouncrka
TeKCTa OT JIMIITHUX MPOOESOB M 3HAKOB MPEMUHAHUS OCYIIECTBIISIETCS C MTOMOIbIO PETYJISIPHBIX Bbl-
paxeHuit. Moaean MHOTOKJIAcCOBBIX KiaccudukaropoB MultinominalNB (HauBHbBIN OaiiecOBCKMIA
knaccudukarop), SGDClassifier (MammHa onopHbIX BeKTopoB), StreamingRFC (cayuaiiHblii iec), a
takxke TFIDF BektopuzaTtop uMnoptupytorcs u3 ouodauoreku sklearn. Bekropuszarop word hashing
CO3[1aeTCsl Ha OCHOBE TPUTPAMM C MCITOJIb30BaHUEM (DYHKIIMU permutations U3 OUOJIUOTEKH itertools.
Monenb HelipoceTeBoro kiaccudukaTopa Ha ocHoBe ruBert-base ot CoepbdbaHka [29] ¢ TokMHe3aTo-
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B wm x AT H LD RN

Opnosckas onacrs

* 2] d 2] number eg [ publish date  [Ti] purchaseResponsible  [1i] maxPrice = [Ti] purchaseObjectinfo  [Ti] name_purchaseObject [Ti] OKkPD2. Ti] OKkPD2_names [Tt OKPD_cod.
4481, 25,912,884 00,000,000,000  Pecnynuka Kapel 3/30/2021  YIIPABNIEHUE OELEPATIGHOI 10455220 | MocTasia kapTpwmkeii s KapTpupk Q26124 ana o

4481 25,912,902 00,000,000,000 | PecnyGrmka Kapel 3/12/2021  [OCYOAPCTBEHHOE BIOXE  941,078.00 | MOCTaEKa A3 MHTPAOKYS_/IM43a WiTpROKYNAPHER ANA 3

4481 25,912,903 00,000,000,000  Pecnybnuka Kapel 3/12/2021  MYHULMMATIGHOE KASEHHO  1,335,081.60 6naroycrpox 68.10.11.000
4481 25,912,957 00,000,000,000  Pecnytinika Kapel 3/12/2021  AIMMHWCTPALIMA ONOHELIK  837,000.00 MproSpeTenme GnaroyCTpoe YCnyrit o NOKYNKE 1 Mpofax| 68.10.11.000
4481 25,913,087 00,000,000,000 | PecnyGnuka Kapel 3/12/2021 | FOCYIAPCTBEHHOE KA3EHH 34,077.00 | Mocraska xoasiicTenix T Ysmeepcansisie canderkn s | 1392.20.190
4481 25,913,095 00,000,000,000 | Pecnytinka Kapel 3/12/2021  TOCYIAPCTBEHHOE KASEHH  612,040.00  noCTaBKa aTOMOGHIISHOMO  BeH3itH aBTOMOGNEHsIH AV-9

4481 25,913,166 00,000,000,000 | PecnyGnka Kapel 3/12/2021  MYHAUMMATIGHOE KASEHHG  1,339,502.40 naroycrpol 68.10.11.000
4481 25,913,213 00,000,000,000 | Pecnynuka Kapel 3/12/2021  [OCY[APCTBEHHOE KAJEHH  1,880,000.00 | NOCTaEKa CBTORGIO W 38y MeTausii MAKDOGOH Cry/ul 26.40.41.000 26.40.
4481 25,913,244 00,000,000,000 | PecnyGnmka Kapel 3/12/2021  [OCYOAPCTBEHHOE BIOXE  1,511,973.60 | MoCTaska Kcpecc-Tecros| HaGop pearenTos AnA miMyHC 2120.23.11
4481 25,913,252 00,000,000,000 | Pecnynka Kapel 3/12/2021  MYHULMMATIGHOE KASEHHO  1,719,691.20 6naroycrpox 68.10.11.000
4481 25,913,350 00,000,000,000 | Pecnyinuka Kapel 3/12/2021 MYHWUMIATIBHOE KASEHHG  1,976,097.60 | MprobipeTenme 6naroycTpos. AsyxxomHaTas Gnaroycrpoer 68.10.11.000
4481 25,913,425 00,000,000,000 | Pecny6ruka Kapel 3/12/2021  MYHULMMATIGHOE KASEHHO  1,989,360.00 6naroycrpox 68.10.11.000
4481 25,913,491 00,000,000,000 | Pecny6ruka Kapes 3/12/2021 MYHWUMTATIBHOE KAGEHHO  2,528,697.60 | MpAoGipeTenie 6naroycTpos TpexkomaTHas 6/aroycTpoen 68.10.11.000
4481 1,407,288 00,000,000,000 | Opnosckas o6nac 7/1/2014 | ApwnucTpaums Opnoscxoro 1,133,543.48 Y00 oM wnoe nom 70.12.11.000 | Yenyru no nokyne u n

Sanves N 4 4481472 b M m35668,414

Dasmuie | Cratucruca | Viukaneisio aanicn

[T okPD_nam...
28.23.25.000 28.23. Yact u npusaAnexs:

T KTRU_cod

32.50.13.120-00327 /w3 wHTpacKynsg
Yeayr no nokynke 1
Yanyr no nokynke 1
Viagenan TexcTubHy
19.20.21.125-00001 BeHuH asTomoGMnE
Yeayr no nokynke 1
MukpOGOHS! M NoACT
Npenaparsi Avartoc
Yeayr no nokynke 1
Yenyr no nokynke 1
Yeayr no nokynke 1
Yenyr no nokynke 1

Puc. 6. Ctpykrypa csv (aiina 3akymnok (zakupki all.csv) B PolyAnalyst

Fig. 6. csv-file (zakupki all.csv) in PolyAnalyst

2a

h 4

zakupki_clean.csv

Ob6paboTka
YHAKANbHbIX
/ onucaHmi \
) ,E:’la ¥
zakupki_all.csv MpoussoaHbIe Moaudukauma CRC ObbeguHeHne DUNLTPaLUMA CTPOK
KONOHKM KONOHOK not
sum_text isnull([description])

50

Puc. 7. BeramcimTenbHbBIN CKpUNT 00paboTKM JaHHBIX B PolyAnalyst

Fig. 7. Data processing script in PolyAnalyst

classiﬁer nb tfidf

Train [ ] Accuracy = 54.99%, Precision = 46.71%, Recall = 41.61%,

100%|—| 459/459 [00:30<00:00, 15.00it/s]

Val [1 / 5] Accuracy = 42.21%, Precision = 40.54%, Recall =

100% | [ 51/51 [00:01<00:00, 38.40it/s]

Train [2 / 5] Accuracy = 54.34%, Precision = 47.06%, Recall = 48.03%,

100%|—| 459/459 [00:30<00:00, 15.22it/s]

Val [2 / 5] Accuracy = 40.58%, Precision = 40.53%, Recall = 35.63%,

100%| GGG 51/51 [00:01<00:00, 39.04it/s]

Train [3 / 5] Accuracy = 53.68%, Precision = 46.12%, Recall = 49.75%,

100% |G 259/459 [00:30<00:00, 15.26it/s]

Val [3 / 5] Accuracy = 39.94%, Precision = 40.07%, Recall = 35.77%,

100%| G 51/51 [00:01<00:00, 39.16it/s]

35.26%,

Val [4 / 5] Accuracy = 39.63%, Precision = 40.11%, Recall = 35.95%,

100%| G 51/51 [00:01<00:00, 38.87it/s]

Train [5 / 5] Accuracy = 53.03%, Precision = 45.45%, Recall = 50.88%,

100%|—| 459/459 [00:29<00:00, 15.34it/s]

Val [5 / 5] Accuracy = 39.53%, Precision = 39.80%, Recall = 35.99%,

100% 51/51 [00:01<00:00, 38.83it/s]

Train [4 / 5] Accuracy = 53.28%, Precision = 45.68%, Recall = 50.49%, F1 = 41.75%:
100%| | 459/459 [00:30<00:00, 15.28it/s]

Fl1 = 39.64%:
F1 = 33.24%:
Fl1 = 42.33%:
F1 = 32.76%:
F1 = 42.08%:

F1 = 32.42%:

F1 = 32.25%:

Fl1 = 41.55%:

F1 = 32.00%:

Puc. 8. Xapakrepuctuku moaenu MultinominalNB ¢ TFIDF
Fig. 8. Characteristics of the MultinomialNB model with TFIDF

T KTRU_names

26.40.31.190-00000 Liucbposoii mukuwept
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classifier nb hashing

Train

in [1 /5] Accuracy = 55. ision = 45.
100%o| | 459/459 [00:59<00:00, 7.78it/s]

Val [1 /5] Accuracy = 46.62%, Precision = 41.17%, Recall = 40.32%, F1 = 38.17%:

100% |G 51/51 [00:02<00:00, 20.86it/s]

Train [2 / 5] Accuracy = 54.65%, Precision = 43.96%, Recall = 51.24%, F1 = 44.29%:
100%|—\ 459/459 [00:59<00:00, 7.74it/s]

Val [2 / 5] Accuracy = 45. 76% Precision = 40.29%, Recall = 41.37%, F1 = 37.84%:
100% GG 51/51 [00:02<00:00, 20.99it/s]

Train [3 / 5] Accuracy = 54. 14%, Precision = 42.88%, Recall = 52.18%, F1 = 43.55%:
100%|—\ 459/459 [00:59<00:00, 7.77it/s]

Val [3 / 5] Accuracy = 45. 36% Precision = 39.75%, Recall = 41.69%, F1 = 37.44%:
100% |GGG 51/51 [00:02<00:00, 21.01it/s]

Train [4 / 5] Accuracy = 53. 87%, Precision = 42.34%, Recall = 52.58%, F1 = 43.07%:
100%|—\ 459/459 [00:59<00:00, 7.74it/s]

Val [4 / 5] Accuracy = 45. 15% Precision = 39.51%, Recall = 41.84%, F1 = 37.23%:
100%|—\ 51/51 [00:02<00:00, 20.96it/s]

Train [5 / 5] Accuracy = 53. 71%, Precision = 42.03%, Recall = 52.59%, F1 = 42.72%:

100% G 259/459 [00:59<00:00, 7.72it/s]

Val [5 / 5] Accuracy = 45. 04% Precision = 39.58%, Recall = 42.08%, F1 = 37.21%:

100% | G 51/51 [00:02<00:00, 20.95it/s]

= 55.88%0, Precision = 45.33%, Recall = 45.08%, F1 = 42.44%:

Puc. 9. Xapakrepuctuku mogenmu MultinominalNB ¢ word hashing
Fig. 9. Characteristics of the MultinomialNB model with word hashing

classifier svm tfidf

Train [l / 5] Accuracy = 12.04%, Precision = 15.04%, Recall = 4.35%, F1 = 4.62%:

100% |G 259/459 [00:58<00:00, 7.85it/s]

Val [1 / 5] Accuracy = 8.40%, Precision = 10.94%, Recall = 3.44%, F1 = 3.20%:

100% G 51/51 [00:01<00:00, 40.53it/s]

Val [2 / 5] Accurac
100%]|

Train [3 / 5]

100%|—| 459/459 [00:44<00:00, 10.26it/s]

| $1/51 [00:01<00:00, 40.88it/s]

Val [3 / 5] Accuracy = 941% Precision = 12.26%, Recall = 3.84%, F1 = 3.64%:

100% G 51/51 [00:01<00:00, 41.76it/s]

Train [4 / 5]

100%|—| 459/459 [00:45<00:00, 10.10it/s]

Val [4 / 5] Accuracy = 824% Precision = 11.10%, Recall = 3.20%, F1 = 2.90%:

100% NG 51/51 [00:01<00:00, 41.74it/s]

Train [5 / 5]

100%|_| 459/459 [00:44<00:00, 10.37it/s]

Val [5 / 5] Accuracy = 969%_ Precision = 13.07%, Recall = 3.72%, F1 = 4.04%:

100% | GG 51/51 [00:01<00:00, 41.85it/s]

Train |2 / 5] Accuracy = 12.07%, Precision = 15.88%, Recall = 4.35%, F1 = 4.64%:
100%| | 459/459 [00:45<00:00, 10.12it/s]

= 10.16%, Precision = 12.78%, Recall = 4.06%, F1 = 4.33%:

] Accuracy = 11.95%, Precision = 14.97%, Recall = 4.31%, F1 = 4.59%:
Accuracy = ll 99%, Precision = 15.00%, Recall = 4.30%, F1 = 4.58%:

Accuracy = 12 13%, Precision = 15.13%, Recall = 4.40%, F1 = 4.69%:

Puc. 10. Xapakrepuctuku moaenu SGDClassifier c TFIDF
Fig. 10. Characteristics of the SGDClassifier model with TFIDF
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classifier svm hashing

Train [1 / 5] Accuracy = 34.95%, Precision = 23.10%, Recall = 14.24%, F1 = 13.95%:

100%\—| 459/459 [01:55<00:00, 3.97it/s]

Val [1 / 5] Accuracy = 31. 21%_ Precision = 22.82%, Recall = 12.13%, F1 = 12.02%:

100% [ NG 51/51 [00:03<00:00, 15.82it/s]

Train [2 / 5] Accuracy = 40.38%, Precision = 26.75%, Recall = 14.49%, F1 = 14.98%:
100%| | 459/459 [01:46<00:00, 4.30it/s]

Val [2 / 5] Accuracy = 31.37%, Precision = 22.19%, Recall = 11.33%, F1 = 10.92%:

100%| GG 5151 [00:02<00:00, 20.84it/s]

Train [3 / 5] Accuracy = 39. 87%, Precision = 27.21%, Recall = 13.46%, F1 = 14.08%:

100%\_| 459/459 [01:49<00:00, 4.21it/s]

Val [3 /5] Accuracy = 34. 79%, Precision = 22.79%, Recall = 11.75%, F1 = 11.36%:
100%| | 51/51 [00:02<00:00, 20.95it/s]

Train [4 / 5] Accuracy = 39.02%, Precision = 27.41%, Recall = 12.74%, F1 = 13.44%:

100%\—| 459/459 [01:51<00:00, 4.13it/s]

Val [4 ] Accuracy = 30. 07% Precision = 23.37%, Recall = 10.48%, F1 = 10.55%:

100%\—| 51/51 [00:02<00:00, 20.85it/s]

Train [5 /5] Accuracy = 38. 12%, Precision = 27.31%, Recall = 12.17%, F1 = 12.91%:

100%\—| 459/459 [01:50<00:00, 4.15it/s]

Val [5/ 5] Accuracy = 30.44%, Precnswn 22.98%, Recall = 10.32%, F1 = 10.31%:

100% | NG 51/51 [00:02<00:00, 21.12it/s]

Puc. 11. Xapakrepuctuku monenu SGDClassifier ¢ word hashing
Fig. 11. Characteristics of the SGDClassifier model with word hashing

classifier rf thidf

Train [1 / 5] Accuracy = 1.09%, Precision = 0.15%, Recall = 1.49%, F1 = 0.19%:

100%\_\ 459/459 [2:56:29<00:00, 23.07s/it]

Val [1 / 5] Accuracy = 122%, Precision = 0.23%, Recall = 1.48%, F1 = 0.24%:

100%\—\ 51/51 [38:14<00:00, 44.99s/it]

Train [2 / 5] Accuracy = 1.08%, Precision = 0.15%, Recall = 1.49%, F1 = 0.19%:

100%\—\ 459/459 [8:34:57<00:00, 67.31s/it]

Val [2 / 5] Accuracy = 1.10%, Precision = 0.21%, Recall = 1.45%, F1 = 0.22%:

100% |G 51/51 [1:17:48<00:00, 91.54s/it]

Train [3 / 5] Accuracy = 1.10%, Precision = 0.18%, Recall = 1.50%, F1 = 0.21%:

100% G 459459 [10:34:42<00:00, 43.07s/it]

Val [3 / 5] Accuracy = 1.23%, Precision = (0.25%, Recall = 1.50%, F1 = 0.26%:

100% |G 5151 [2:58:33<00:00, 34.995/it]

Train 4 / 5] Accuracy = 1.09%, Precision = 0.15%, Recall

100%\—\ 459/459 [14:21:37<00:00, 27.31s/it]

Val [4 / 5] Accuracy = 111%, Precision = (.24%, Recall

100% G 51/51 [4:32:11<00:00, 61.54s/it]

Train 5 / 5] Accuracy = 1.11%, Precision = 0.21%, Recall
100% |GGG 459/459 [18:55:12<00:00, 47.31s/it]

Val [S / 5] Accuracy = 1.13%, Precision = 0.28%, Recall = 1.51%, F1 = 0.27%:
IOO%H

51/51 [6:32:11<00:00, 44.32s/it]

1.49%, F1 = 0.19%:

1.48%, F1 = 0.24%:

1.54%, F1 = 0.23%:

Puc. 12. Xapakrepuctuxku monenu StreamingRFC ¢ TFIDF
Fig. 12. Characteristics of the StreamingRFC model with TFIDF
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classifier rf hashing
Train [1 / 5] Accuracy = 1.11%, Precision = 0.12%, Recall = 1.47%, Fl

100%|—| 459/459 [4:01:31<00:00, 31.57s/it]

Val [1 / 5] Accuracy = 1.15%, Precision = 0.19%, Recall = 1.53%, F1 = 0.23%:

100%| G 5151 [53:37<00:00, 63.09s/it]

Train [2 /5] Accuracy = 1.12%, Precision = 0.12%, Recall = 1.48%, F1 = 0.18%:

100%|_| 459/459 [12:02:32<00:00, 94.455/it]
Val [2 / 5] Accuracy = 1.12%, Precision = 0.18%, Recall = 1.50%, F1 = 0.22%:

100%| G 51/51 [1:48:05<00:00, 127.18s/it]

Train [3 / 5] Accuracy = 1.12%, Precision = 0.14%, Recall = 1.50%, Fl

100% |G 259/459 [23:32:26<00:00, 27.44s/it]
Val [3 / 5] Accuracy = 1.17%, Precision = 0.22%, Recall = 1.64%, F1 = 0.33%:

100% |GG 5151 [2:35:13<00:00, 73.22s/it]

Train [4 / 5] Accuracy = 1.12%, Precision = 0.12%, Recall = 1.48%, F1 = 0.18%:

100% |G 259/459 [1:16:29:32<00:00, 65.48s/it]
Val [4 / 5] Accuracy = 1.16%, Precision = 0.24%, Recall = 1.58%, F1 = 0.24%:

100% G 5151 [1:48:05<00:00, 127.18s/it]

Train [S / 5] Accuracy = 1.14%, Precision = 0.18%, Recall = 1.61%, F1 = 0.31%:
100% |GGG 259/459 [2:11:55:18<00:00, 72.48s/it]

Val [S /5] Accuracy = 1.18%, Precision = 0.32%, Recall = 1.88%, F1 = 0.30%:
100%]| | 51/51 [3:21:43<00:00, 87.28s/it]

Puc. 13. Xapakrepuctuku monenn StreamingRFC ¢ word hashing
Fig. 13. Characteristics of the StreamingRFC model with word hashing

0.17%:

0.21%:

poM BertTokenizer umnopTtupyercst u3 6ubamoreku transformers. B kauecTBe MeTpUK KayecTBa Kjac-
cudukaTopoB ucIoab3yoTcs Accuracy, Recall, Precision u mepa F1. KonnuecTBo a3mox o0ydeHus ajist
Kaxnoro kjaccugukaropa — 10.

PesynbraThl 00yueHust Mmoaeneii kiiaccugukaropos MultinominalNB, SGDClassifier, StreamingRFC,
¢ BekropusaTtopamu TFIDF u word hashing Ha misgTi 3moxax ¢ yKa3aHHBIMM METPUKaMM Ka4ecTBa IIpe/-
craBiyieHbl Ha puc. 8—13. MapkepoM u IpuTOM BbIIeJIEHBI JIydlliMe 3HaUeHUs Ha TpeliHe 1 Bauaalnu.

Jlyuiime MeTpuku oOydyeHUsT HelipoceTeBoi Mojenn KiaccudrkaTopa Ha ocHOBe ruBert-base cooTt-
BETCTBYIOT CEIbMOI 3T10X€, OHU MpPeACTaBIeHbl Ha puc. 14—17.

Jlyuieit cpeau 4yeThIpéX MpeAcTaBIEHHBIX Bbillle Mojeieil Kiaccu(uKaTopoB okaszajgach MOJENIb
Knaccudukaropa ruBert-base. B cpaBHeHUM ¢ MoAesbio KjlaccuguKaTopa Ha OCHOBE HaMBHOTO Oalieca
¢ BekTopu3aropoM word hashing Ha BanuaalimoHHON BeIOOpPKe (CM. Tabj. 1), oHa mokas3aja pe3yJIbTaThl
B cpeaHeM Ha 15 % BrIIIIe.

Tabnuna 1
CpaBuenne MultinominalNB + word hashing c ruBert-base
Table 1
Comparison of MultinominalNB + word hashing with ruBert-base
Accuracy Precision Recall F1
) ) ) Train 0.5588 0.4553 0.4508 0.4244
MultinominalNB ¢ word hashing
Val 0.4662 0.4117 0.4032 0.3817
Train 1 1 1 1
ruBert-base
Val 0.7141 0.5802 0.5815 0.5760
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T
Accuracy
09
08
07 | |
06
0 5k 10k 15k 20k 25k 30k 35k 40k 45k 50k
Name Smoothed Value Step Time Relative
train 0.9629 1 45.66k SunDec 12,13:37:.01 3h 33m 56s
O val 0.7169 0.7141 4471k SunDec 12,13:32:44 2h 55m 18s

Puc. 14. MeTtpuka Accuracy Mmonenn Kjiaccudukaropa ruBert-base
Fig. 14. Accuracy metric of ruBert-base classifier model

Precision

0.9

0.85

0.8

0.75

0.7

0.65

06

0.55

0.5

0.45

0.4 l

Name Smoothed Value Step Time Relative

train 0.936 1 4566k SunDec 12,13:37:01 3h 33m 56s
O val 0.5836 0.5802 44.71k SunDec 12,13:32:44 2h 55m 18s

Puc. 15. Metpuka Precision monenu kiraccudukaropa ruBert-base
Fig. 15. The Precision metric of the ruBert-base classifier model
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Recall
0.9
0.85
0.8
0.75

0.7

0.65

0.6

0.55

0.5+

0.45

0.4

Name Smoothed Value Step Time Relative

train 0.9447 1 45.66k Sun Dec 12,13:37:01 3h 33m 56s
O val 0.5854 0.5815 44.71k Sun Dec 12,13:32:44 2h 55m 18s

Puc. 16. Merpuka Recall monenu kinaccugukaropa ruBert-base
Fig. 16. Recall metric of ruBert-base classifier model

F1
0.9

0.85
0.8
0.75
0.7
0.65

0.6

0.5

0.45

0.4

Smoothed Value Step Time Relative

0.9384 1 45.66k Sun Dec 12,13:37:01 3h 33m 56s
0.5802 0.5766 44.71k SunDec 12,13:32:44 2h 55m 18s

Puc. 17. Metpuka F1 monenu kimaccudukaropa ruBert-base
Fig. 17. F1 metric of ruBert-base classifier model
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Xyaiye pe3yabraThl KiaacCupUKalUU TToKa3aad ajJrOpUTM CIIyd4ailHOro Jieca, OCHOBHbBIE METPUKU
KavecTBa He MpeBbIcIn 1 %. DTO MOXKHO OOBSICHUTDL TEM, UTO TIPU PEIICHUM 3aJa4 MHOTOKJIACCOBOM
KjaccuUKaluu ¢ O0JbIIMM KOJIMYECTBOM KJIACCOB 1 00yuaroleil BbIOOPKON ClydyaitHbIN JieC UCITOb-
3yeT MHOXKECTBO JEPEeBbEB: KaXXIOMY JACPEBY B JieCcy MepelaroTcsl OAHU U Te XK€ BXOAHBIC TaHHbIe, HA
OCHOBaHUU KOTOPBIX OHO TOJKHO BEPHYTh CBOE Npelcka3aHue. [locie yero Takxke nporMcxXoauT rojio-
COBaHME Ha MOJyYeHHbIX TPOrHo3ax. Bech aTOT mpoliecc 3aHUMaeT MHOTO BpeMeHHU. [Ipouecc paznene-
HUSI KJIACCOB MOBTOPSIETCSI ¢ MCMOJIb30BAHUEM «KaTHOM», PEKYPCUBHOI TMPOLIEAYPHI, TTOKA IePEBO HE
JIOCTUTHET MaKCUMaJIbHOU ITyOUHBI, WJIU B KaXIOM y3Ji€ HE OCTAaHYTCS TOJbKO 00pa31ibl OHOTO KJjacca.
BripanyBaHue nepeBbeB TaKOW pa3MepHOCTH 3aTpaTHas Mpolieaypa Kak 1o BpeMeHHU, TaK U MO BbIYKC-
JIMTEJIbHOM MOIITHOCTHU. YTO MOATBEPAUIIOCH B X0/I¢ 00YYeHMSI: YK€ Ha BTOPOI 3ITOXE aJITOPUTM ClIydaii-
HOTO Jieca ¢ BeKTropuzaTopoM word hashing 3aTpatui Ha o0yyeHue Oosiee 12 yacos.

TectupoBaHue K1accuUKaTOPOB B peXXUMeE MTpeicKa3blBaHUS Kilacca 3asiBKUM B COOTBETCTBUU C Tep-
BbIM ypoBHeM Kjaccudukaropa OKII/I2 (cM. Tabu. 2) mokasano, 4yTo Jydllinue pe3yabTaThl MPOJEMOH-
CTpMpPOBAJIM HAUBHBIN OaliecoBcKMii KiaccugukaTop u ruBert-base.

Tab6nauua 2
Pe3yasTarsl TecTHpOBaHusA KiaccuHUKaTOPOB B peKuMe NMpeAcKasbiBaHus Koaa 3assku u3 OKITI2
Table 2
Results of testing classifiers in the order code prediction mode from OKPD2

SVM MultinominalNB | StreamingRFC | "Bert- | OKIIA

TexeT base 2
TFIDF | W-hash | TFIDF | W-hash | TFIDF | W-hash
Texymmii peMOHT MOMEIIeHU 27 45 41 43 49 49 43 43
IlocTaBka necka 28 14 3 8 49 62 3 3
U TpaBUs TPUPOTHOTO
3aKyIka rnepCcoHaabHbIX 7 14 % % 49 49 2% 2%
KOMITbIOTEPOB
32,21,
3aKyrnka MeIULIMHCKHIX MacOK 32 13 14 32 49 80 14

a4

Ha okazanue yciayr
aBTOMOWKM JIJIST aBTOMOOMIIEHA
®DenepabHOro GIOIKETHOTO
YUpeKAeHMUSI 3IpaBOOXpaHe- 74 71 20 45 62 80 45 45
Hus «LleHTp rurueHsl
U STUJIEMUOJIOTUY
B KamuaTckom kpae»

Takum 00pa3oM, Ha OCHOBE CPaBHUTEJbHOTO aHaaM3a OMpeAesieHO, UTO IJIsI PeKOMEHIaTebHOMI
CHCTEMBI I0 IpeacKazaHuio KoaoB KiaccudukaTopa OKII 2 ro TekcTy 3asiBKU liejiecoodpa3Hee 1cC-
TOJTh30BaTh MOJIET MHOTOKJIACCOBOM KiTacCM(PUKAIINM Ha OCHOBE HAMBHOTO 0aiieCOBCKOTO aJropuTMa
¢ BekTopuzaTopoM word hashing u HeiipoceTeByo Mozaenb ruBert-base.

BriBoapl

OcyiuecTBieHa pa3padboTka U MPOBEACHO CPABHEHUE MOJIENIei MHOTOKJIACCOBBIX KlacCU(PUKaTOPOB
JUTSI TIOCTPOCHUSI pEKOMEHAATEIbHOM CHUCTEMBbI, MCIIOIb3yeMO MPU MOArOTOBKE 3asBOK Ha IMopTasie
EWC B cepe 3akymnoxk https://zakupki.gov.ru/. Moaenn Kiiaccu@puKaTtopoB 00yJallCh Ha JAHHBIX, CO-
opaHHbIX ¢ mopTtana EMC.

B xome cpaBHMUTEIBLHOIO aHaJIM3a XOPOIIUE PE3YJbTaThl MPOAEMOHCTPUPOBATIU MOJEIb HAUBHOIO
baiiecoBcKoro Kiaccupukaropa ¢ Bekropuszaropom word hashing n monens ruBert-base. MeTpuku Ka-
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YyecTBa Ha MOZIEJIM HAMBHOTO 0alieCOBCKOTO Kilaccu(puKaTopa Ha BaIuIallMOHHON BEIOOPKE COCTAaBUIIN:
accuracy = 0.4662, precision = 0.4117, recall = 0.4032, F1 = 0.3817. MeTtpuku Ha Mozxenu ruBert-base
coctaBwim: accuracy = 0.7141, precision = 0.5802, recall = 0.5817, F1 = 0.5760. B pe3ynbrate TecTH-
poBaHUs KjaccudUKaTOPOB B peXXMMe Ipencka3biBaHus Kona 3asiBku M3 OKII/ 2 Ha Habope U3 nsatu
MIPUMEPOB KiIaccu(pUKATOp Ha OCHOBE HAMBHOTIO Oalieca ¢ BeKTopuzaTopoM word hashing orpabdoran 6e3
omnoboK, Kiaccugukarop ruBert-base Ha yeTBepTOM IIprUMepe oNpeaesinI Kiacc HeTouHo. Mcxonst us
pe3y/IbTaTOB CPAaBHUTEJBHOTO aHAJIN3a, JaHHbIE ABE MOAEIM KJIacCU(PUKATOPOB TMpeasiaraeTcst UCIob-
30BaTh [JIs1 IOCTPOCHUS peKOMEHAATEIbHOI CUCTEMBI.

B nanbHeiilem ruiaHUpyeTcsl pacCMOTPETh LIIMPOKUIA KJlacC HEMpoceTeBbIX MoJiesieii TpaHchopMep-
HOI apXUTeKTYyphl, Takue Kak gpt [30], gpt-2 [31], gpt-3 [32], roBert [33], megatronBert [34] u np. Takke
IUTAaHUPYETCS peaan30BaTh Bce ypoBHU KinaccudukaTopa OKITI2.

[TomoGHbBIE TTOAXObI MO3BOJISIT PACIIMPUTh (DYHKIIUHN CYIIECTBYIOIINX 3JI€KTPOHHBIX TOPTOBBIX MJIO-
LIAZ0K B YaCTH Pa3BUTHS IIMPOKOTO Kilacca peKOMEHIATeIbHBIX CEPBUCOB |35, 36] 11 MHTEUIEKTYyallb-
HOTO aHaJIM3a TEHACPHOM JOKYMEHTAIIUM B chepe 3aKyIOK.
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Annoramus. I[TpencrasieH 0630p pe3yabTaTOB IIEPBOTO dTAlla UCCAEAOBAHMSI, 1IeJIb KOTOPOTO
— OCBOEHHME HOBBIX BO3MOXHOCTEN MPU U3yYEHUN TAKOU CIOKHOI MO CTPYKTYPE CUCTEMBI, KaK
cpenctBa MaccoBoit uHGopmanmu (CMUW). Yenexu B pa3Butuu GyHIaMEHTaIbHOM MaTeMaTUKU
U, KaK HeU30exKHOe CJIeICTBUE, MPOPHIB B 0071aCTU HU(MPOBBIX TEXHOJOT U, TO3BOJISIIOT aKTUBHO
y4acTBOBATh B COBEPIIIEHCTBOBAHUM METOIOB MOJTyYeHUs, 00paOOTKM, XpAaHEHUS U PaCIIpoCTpa-
HeHust ”HGOPMaALMKU — TO, YeM TpaAuInoHHO 3aHuMatoTcst CMU. [ToaToMy TOTHYHOI KaXeTcst
uaest UCT0JIb30BaTh MaTeMaTUYECKUU anmnapart Uis MOJETMPOBAHUSI HEKOTOPBIX 3BEHbEB KOM-
MyHUKaluu ¢ aynuropueii. C npuMeHeHeM METO/I0OB TEOPUM TMHAMUYECKUX CUCTEM OTMCcaHa
cranusi pacnpoctpaHeHus: yepe3 CMU uHdopmalimm, HanpaBleHHOI Ha MPOABUXEHUE B 00-
LIECTBO HOBOI CUCTEMBbI B3IJISIIOB, U COMPOBOXIAIOIIEE ITOT MpoliecC MH(POPMaIlMOHHOE TIPO-
TBOOOPCTBO. C 3TOM LEbIO BBIAECIECH PSII TAapaMETPOB, C TTOMOIIBI0O KOTOPBIX MOXKHO OLIEHUTh
peakinio ayTuTOpMU Ha TIOSIBJICHUE HOBOCTEH. B 3aBUCMMOCTH OT COOTHOIIIEHUS 3TUX TTapaMe-
TPOB MPEACTABICHBI CLIEHAPUU JAJIbHEHIIIETO PACIPOCTPAHEHUsI TIOSIBUBILIEHCS MH(pOpMaUU U
clleJIaHbl 3aKJIIOUEHHUSI O TOTOBHOCTH OOIIECTBA K CMEHE UMEIOIIUXCS KOHIIETTLIUA.

KimogeBbie clioBa: MaTeMaTidecKast MOmIeib, TuddepeHIINaIbHbIC YPaBHEHMS, IPOABIKCHIE MH-
dopmanmu, THOOPMAIIMOHHOE IIPOTUBOOOPCTBO, AIBTePHATUBHBIC TOUKU 3PCHUS
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Abstract. The article provides an overview of the first stage study results, the purpose of which
is to master new opportunities in the study of such a complex structure of a system as the mass
media (mass media). Success in the fundamental mathematics development and, as an inevitable
consequence, a breakthrough in the field of digital technologies, make it possible to participate
actively in the methods’ improving of obtaining, processing, storing and distributing information
to its consumers — something that the media traditionally do. Therefore, the idea of mathematical
apparatus using for modeling some communication links with the audience seems logical. Using
the methods of the dynamic systems theory, the stage of dissemination through the information
media aimed at promoting a new system of views into society, and the informational confrontation
accompanying this process, are described. For this purpose, a number of parameters have been
identified, that makes possible to assess the audience reaction to the news appearance. Depending
on these parameters’ ratio, scenarios for the further information dissemination that has appeared
are presented and conclusions about the society’s readiness to existing concepts change are drawn.

Keywords: mathematical model, differential equations, dissemination of new information,
information confrontation, alternative view

Citation: Timofeev S.V., Baenkhaeva A.V. Modeling of information confrontation: Research
directions and mathematical tools. Computing, Telecommunications and Control, 2022, Vol. 15,
No. 2, Pp. 63—75. DOI: 10.18721/JCSTCS.15205

Beenenue

B coBpeMeHHOM MUpe CTPEMUTENbHbIN POCT LUGPOBLIX TEXHOJIOTHI MPUBEJ K MOIIIHOM TpaHchop-
Maluu cucTeMbl Maccmenua [1]. Pa3uTeabHble M3MEHEHUSI TaKMX XapaKTEPUCTUK, KaK JOCTYITHOCTD,
CKOPOCTb, CUJIa BAUSIHUS TTpUBeJia K Tomy, uTo CMU cTanu MOIIHEeHIITMM UHCTPYMEHTOM BO3/1€CTBUS
Ha ayauTopuio. [ToMrMo 3TOro, CyliecTBeHHO pacIliMPUIMCh BOBMOXKHOCTH U MHCTPYMEHTHI TTpOBe/e-
HUsI PAa3HOCTOPOHHETO aHaIM3a MPOUCXOASIIUX U3MEHEH U B hyHKIIMOHUpoBaHur camux CMMU. B pa-
oote [2], HarpuMep, U3J0XKeHa MBICIb O TOM, YTO «...CPEACTBAa MacCOBO MH(MOPMAIIUU €CTh HE TTPOCTO
CJIOXKHAs CTPYKTYpUpOBaHHas cucteMa. [1o cBoeMy UCTOPUUYECKU MPONMACHHOMY ITyTH U COBPEMEHHOMY
COCTOSTHMIO OHAa €CTh OJHA M3 CaMbIX TMHAMUYHO Pa3BUBAIOIINXCS CUCTEM...». KaKk BaXKHBIN BBIBOA —
chopmyarpoBaHHasI Ues O Ha3peBIIIel 3amaue «pa3padoTaTh MoAeab pa3Butusa cuctremMbl CMU B ucro-
pUUECKOM TUIaHe U B IIJIaHEe MPOTHO3a ee Oyayiiero». 3agavya onucarh pazputue CMMUM kak nuHamu-
YECKOM CHCTEeMBI TTOKa3ajaach JIIOOOIBITHOM, TTOCKOJIBKY 3TO TIPEAIojaraeT MoCTPOSHNE COOTBETCTBY-
Iollleli MaTeMaTUUeCKOi MoJieiu. A 3TO, B CBOIO ouepe/ib, IpeaBellaeT BO3MOXHOE MOSIBJIEHNE HOBBIX
BbIBOIOB U TOUYEK 3PEHUSI.

B xavecTBe mpoOHOI MOMBITKM aBTOpaMM OBLIO MpemiokeHo paccMoTpeTb CMMU Kak CTpyKTypy,
pa3BUBAIOIIYIOCS 3BOMIOLIMOHHO. C KCITOIb30BaHUEM arlnapara 1uddepeHInalbHbIX YpaBHEHUH yaa-
JIOCh OTHMCAaTh SBOJIOLMIO Pa3BUTHSI OCHOBHBIX MeauakaHanoB [3]. [Tog MmennakaHaiamu, onupasch Ha
omnpeneneHus: n xapakrepuctuku CMMU, nannsie JI.M. 3emissHoBoli [4], TOHMMAalach COBOKYITHOCTh
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B3aMMOJIOMNOJIHSIONINX OTHOPOJHBIX MCTOYHUKOB nHpopMaruu'. Takoro nonxoaa K onucanuio CMU
TIpY aHaJIM3e JIMTepaTypPHBIX MCTOYHUKOB HaiimeHo He Obuto. IlomydeHHast MaTemMaTHIecKass MOMIEb
oKazaJjlach BeCbMa cojiepxKaresibHol. B xone e€ aHanm3a 1 HabI0AeHUS 32 COBPEMEHHBIMU TEHIEH LM S -
Mu B CMMU 0ObL10 3aMeUeHO, YTO ompeae/eHHast 10/ TeXHOJIOTUYECKOIro U peKJIaMHOro pecypca craja
HCIIOJIb30BaThCA B chepe, 0 KOTOPOI 10 HeJaBHETO BpEMEHM MOXHO ObLIO pacCy>KIaTh JIMIIb B (hopmate
science fiction. Peub 11112 0 OypHO pa3BUBaIOIIMXCS B HACTOSIIIIEE BPeMsl TEXHOJIOTUSIX BUPTYaIbHOM pe-
aJTbHOCTU. DTO HaBEJIO Ha MBIC/Ib, YTO, OBITh MOXKET, YK€ CO3[Aal0TCS MPEANOCHUIKM MOSIBICHUS Kaue-
cTBeHHO HoBoro Buga CMU. U neiicTBUTENbHO, B MEXIUCUMIUIMHAPHOM KJIIOYE YAaJ10Ch 000CHOBATh
[5], yTO Takue TEXHOJIOTUM MPeaOCTaBISIOT 3 (HEKTUBHYIO BO3MOXKHOCTD MOJydyaTh MH(GOpMAalIMIO Ha
COBepILIeHHO HOBOM ypoBHe. TeM caMbIM Ha OCHOBE MPOBEJAEHHOI0 aHaIu3a ObL CieJaH BbIBOM, YTO
MBI HaXOIMMCsI Ha HavaJlbHOMW cTamuu GOpMUPOBAHUSI HOBOM MH(OOPMAIITMOHHO-KOMMYHUKAIIMOH-
HOW Cpenbl.

[Ipu ganbHelIEM UCCIeI0OBAHUY MIPUIILIO MTOHMMAaHKE TOTO, YTO [J151 TOBbIIIeHUS 9 (GEKTUBHOCTH
cJIeayeT neJlaTh aKIeHT Ha U3yYeHUHU KaKOro-TO OIlpeaeeHHOTo 3BeHa B cTpykType CMMU. U ocobeHHO
MPUBJIEKATEILHOM JJISI HAC MTPEICTaBIISIACh BO3MOXHOCTb U3YUYUTh, KaK CPeACTBa MacCOBOM MHGOpMa-
LMY B3aMMOJIEUCTBYIOT C ayIMTOPUEIA.

B xauecTBe mepBOTO 3Tama MCCAeTOBaHUS TPUHUMAETCS PEIIeHe CMOICIMPOBATD ITPOIIECC MTPOIBH -
>XeHUsI HoBoM nH(opmaluu yepe3 CMU B kakoM-J11M00 cerMeHTe 00IIeCTBa UK OOIIECTBE B LIEJIOM.

HMHTepec K 2TOMY Omnpeaessiics TeM, YTO UH(pOopMaLMs ¢ paBHBIM YCIIEXOM MOXKET MPUMEHSThCS
Kak Jj1s1 oOObeAMHEeHUSI U CTa0UJIM3alMK O0l1lleCTBa, TaK U U1 pa3beIMHEHMS U 1eCTa0UIM3alluu ero.
ITockoabKy Bce 3aBUCUT OT LI€JIEBbIX YCTAHOBOK MHUIIMATOPa MHMOPMAILIMOHHOTO BO3IEUCTBUS U OT
MoTeHIrana 00beKTa BO3AEHCTBUS, KOTOPBIN MO0 KenaeT MPUHSATh 3TU YCTAHOBKM, JIMOO HaMepeH
3AIIUTUTH Cce0sT OT BHEITHETO MH(POPMALIMOHHOTO «AaBIeHus» [6]. Ycrex B IpOABUKEHUN TTPUHLIKA-
MUajJibHO HOBBIX Ujeii B 0OIIECTBO BO MHOTOM 3aBUCUT OT MO3ULIMI OCHOBHBIX AeicTBYIOIIUX cui. C
OJHOI CTOPOHBI, — BiMaTeIbHbIX CMU, obJiamaloninx cnocooHoCThb0 GOpMUPOBaTh 00IIECTBEHHOE
MHEHHE, a, C IPpyroil, — TaKuX CyObeKTOB O0IIeCTBa, KaK dKCIEPTHHIE COOOIIECTBA, OpTraHbl UCIIOJI-
HUTEJbHOU BJIACTH, MOJUTUYECKHE MapTUM, 0011IeCTBEHHbIE OpTaHU3allM1, KOTOPbIE UMEIOT BO3MOX-
HOCTb 3ajielicTBOBaTh Apyryto yactb CMMU st ocBellleHMsT albTepHATUBHOM TOYKHU 3PEHUS U «pac-
KpYy4YMBaHMSI» CBOMX KOHLEMIMK B comyMe [7]. 3aech Mbl UMeeM JeJI0 C HEKUM MH(OpMalMOHHBIM
IPOTUBOOOPCTBOM?.

MonenupoBaHMIO 3TOIO Ipoliecca IMOCBSIIEH Psijl 3aCIy>KMBalOIIMX BHUMaHMsI padoT. Hamu B ctathe
[8] mpoBeneH meTanbHBIA 0030p HEKOTOPBIX U3 HUX. Tak, HanmpuMep, B [9] ¢ UCITOIb30BAHUEM METOIU-
KU TIOCTAaHOBKM HeJIMHelHbIX 3a1a4 [10, 11] npeaioxeHa MatemaTuieckast Mojiesib MHGOPMallMOHHO-
ro oOMeHa cpely rpakaaH B pa3IMYHbIX OOIIECTBEHHBIX CTPYKTYpax. [1pu MoaydeHHbIX CBA3SIX MEXITY
TepeMEeHHBIMI MOJICJIM TTOCTaBJIeHa 3aJa4a MaKCMMAaJIbHOTO YBEJIMUCHUST YUCIEHHOCTH TPYIIITHI 3aH-
TepeCcOBaHHBIX B oNpe/eeHHOH nHhopMaluu arojaeit. B moHorpaduu [12] moapodbHO paccMOTpPEHbI Te-
OPETUKO-UTPOBbIE MOMEIN UH(POPMAIIMOHHOTO YIIpaBieHUs: U MH(MOPMAIIMOHHOTO TPOTUBOOOPCTBA B
COIMANTbHBIX ceTaX. CUCTeMHOE MCCIeqoBaHre Moesieii THOOPMAIIMOHHOTO TTPOTHBOOOPCTBA B COLIM-
yMe TIpoBeieHo B paboTax [13—16]. Onmpasichk Ha 6a30Byr0 Mozenb [ 13], MccinenoBaHus pa3BUBAIICH ITO
HECKOJIbKMM HanpapieHussM. Hanpumep, B padorax [14, 15] nanHas Moneib MHMOpMalMOHHOM 00pb-
OBI paccCMOTpeHa B ClIydyae, KOT/Ia OHa M3 MPOTUBOOOPCTBYIOIINX CTOPOH TTEPUOINYECKN YBETNINBAET
MHTEHCUBHOCTb TTpoTaraHbl Ha HEKOTOpOe BpeMsl, TTIOHWXasl e€ 3aTeM J10 TpexkHero ypoBHs. Mccie-
Iysl B IpYTOM HarpaBieHUM, aBTOPbI MOCTENEHHO BBOJAWIN JOTMOJHUTEIbHbIE (DAKTOPbI, AeTATU3UPYS
onucaHue nHpopMaMoOHHOK 00pHOLI. PacinpeHHass Moaeab IpeACcTaBIIsieT CO00i CUCTEMY U3 BOCbMU
HEJTMHEIHBIX OOBIKHOBEHHBIX An(depeHIIManbHbIX YpaBHeHU [16]. B Kaxmoit U3 mpeacTaBIeHHBIX B

! B 3T0OM CMBICIIE BCE TI€YaTHbIC HCTOYHNKN — Ta3eThl, )KYPHAIIbI 1 IPOYHE IIeYaTHbIC H3IaHHUsI — MOTYT CIIY’KUTh IPEMEPOM MEIHaKaHaa.
% Tlox nrpOpPMALIMOHHBIM IIPOTHBOOOPCTBOM B JaHHOW paboTe Mopa3yMeBaeTCsl B3aMMOICHCTBHE HECKOIBKHUX CyObEKTOB, 00JIa Jaf0IIX HECO-
BIIAJAIONIMMH HHTEPECAMHU U OCYIIECTBILIIOINX NH(OPMALIMOHHOE BO3ACIHCTBIE HA OJMH U TOT )K€ YIPaBISIEMbIH CyObEeKT.
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KpaTKoOM 0030pe padoT MoydyeHbl MHTEPECHbIE pe3yabTaThl. [Ipu 3TOM ObLIO 3aMeUeHO, YTO UX O0bea-
HSIET OOIIMI MOAXO IIPU MOAEINPOBAHUM IIpoliecca MH(OPMALIMOHHOTO IpOoTUBOOOpCcTBa. Bee Momenu
OIMMCHIBAIOTCS Yepe3 XapaKTePUCTUKU YUCIEHHOCTU pa3IMYHbIX TPYMIT PELUITMEHTOB B KauecTBe (ha30-
BBIX MMEPEMEHHBIX JIJIs1 AMHAMUUECKUX CUCTEM JTUOO — B TEOPETUKO-UTPOBBIX MOJCIISIX — Yepe3 KOanJe-
CTBEHHbIE [TOKA3aTeIM UTPOKOB U ar€HTOB, KOTOPbIE, TAK MJIM MHAYE, OTHOCSITCS K OTHOM U3 KOH(IUK-
TYIOUIMX B MHOOPMALIMOHHOM MPOCTPAHCTBE CTOPOH. B nanbHeiiieM, BEpoOSITHO, ISl JOCTOBEPHOCTU
KaXXI0i U3 TIOJIyYeHHBIX TEOPETUYECKUX MOJIeJIei MoTpedyeTcsl MOATBEpXKAeHUE e€ aleKBAaTHOCTU BM-
MUPUIECKUMU JAHHBIMU, JJISI YeT0 HEOOXOAMMO MPUMEHEHNE CTAaHAAPTHBIX COLIMOJIOTUYECKUX UHCTPY-
MEHTOB B BU/JIE OMPOca BLIOOPOUHOI COBOKYITHOCTH C MOCIEIYIOIIMM UCITOJIb30BaHUEM TPAAUILIMOHHBIX
CTaTUCTUYECKUX METOMOB ISl MACHTU(UKALIMY TTApaMeTPOB U aHaIu3a JaHHBIX.

OnHako B apceHajie YYEHBIX MOSIBUIMCH HOBBIE MHCTPYMEHTHI IJISI UCCJIEHOBATEIbCKON PabOTHI,
Takue, Harpumep, kak Data Science — Hayka o gaHHbIX, Text Mining — MHTe/UIEKTyaJIbHbIN aHAIU3
TekcTa. OTKPbUIMCh U HOBbIE BO3MOXHOCTU. Hamu mnipeayiokeH MpUHUMUIUAIBHO APYroil MOAXO I
aHaJiM3a pacIlpocTpaHeHus1 HoBoi nHpopmanuu yepe3 CMMU, KoTopblil He onupaeTcsl Ha TEOPUIO BbI-
0OpPKMU [IJ1s1 U3y4eHUsl OOILIECTBEHHOTO MHEHMSI, a Mpe/roJaraeT paboTy ¢ 00abuMu JaHHBIMU. Colu-
0JIOTH, U3ydaroliue o0IeCTBEHHOE MHEHME, 3asIBIISIIOT, uTo npucyinue Big Data xapakTepucTUKU JaroT
oonee 3¢ppeKTUBHBIE BO3MOXHOCTH IIJIsl TIOCTPOSHUS IIPOTHO30B, YeM TpaauLIMOHHbIE MeToabl [17, 18].
OrtcyrcTBue BeIOOpPOK (n = All) 1 HemmocpeaCTBEHHAsI paboTa ¢ TeHepaIbHBIMUA COBOKYITHOCTSIMUA WU
OYEeHb KPYIMHBIMU MX YACTSIMU, MACILITAOUPYEMOCTh JAHHBIX, TOCTOSITHHBIN aBTOMAaTU3UPOBAHHBII COOP
JAHHBIX B apXUBBI U BO3MOXHOCTh X OBICTPOI 0OpabOTKM MPUBOIAIT B KOHEYHOM MTOTE K BBICOKOI
JIOCTOBEPHOCTH M BOCTPeOOBAHHOCTH TTPOTHO3MPOBAHMS «B pealbHOM BpeMeHW». [1loaTomy, Ha Haml
B3IJIsiAL, O0Jiee aKTyalbHO B COBPEMEHHBIX YCIOBUSIX MPOBOIUTH UCCIEAOBAHNE HE U3BMEPEHUEM KOTNYE-
CTBa JIIOJIEH, MPUHUMAIOLINUX TTO3ULINIO «3a» WIN «IIPOTUB» OIPEAEICHHON TOUKM 3pEHUs, a aHAJIU30M
00bEéMa U MHTeHCUBHOCTHU noctynatoiieit B CMUW nHdopmanuu, HanmpaBieHHON Ha JOCTUXKEHUE HECO-
BHAJAIOLIMX 0 MHTepecaM 3a1au. B JaHHOIM cTaThe OonmMcaHbl Pe3yJIbTaThl MEPBOTO 3Tara CUCTEMHbBIX
HCCIIEJOBAHUI B 9TOM HaIIpaBJIeHUMN.

B pamkax HOBOTO 1Mojixoa Mpy MOAEJIMPOBAHUY Mpoliecca IBUKEeHUSI MH(DOPMAallMOHHBIX TTOTOKOB 1
COIPOBOXAAIOIIETo €ro MH(GOPMALMOHHOTIO TPOTUBOOOPCTBA OBbLIO PELLICHO BbIACIUTh B KAUECTBE KITHO-
YeBbIX (PAaKTOPOB CIIEAYIOIINE BEIMYMHBI, U3MEHSIOIINECS B TEUSHUE BPEMEHU £,

N(?) (oT aHIII. Nnews) — KOJMYECTBEHHAS XapaKTEPUCTHKA 00bEMa HOBOCTHOW MH(MOPMAIMK, COOT-
BETCTBYIOILIAS TIPOABMKEHUIO HOBBIX B3IJISIIOB B MH(MOPMallMOHHOM npocTpaHcTBe. Ecinu paccMoTpeTh
CMM kak arperupoBaHHbII KaHasl, o0ecreunBanlInil nepeaadyy MHGopMauuu oOLIECTBY KaK MOTpe-
OuTEsI0, TO OUEBUAHBIM CTAHOBUTCSI MHTEPEC JIOOBIX 3KOHOMUYECKU WJIM MOJIUTUYECKN aKTUBHBIX CUJT
HMMETh BO3MOXHOCTb LieJIeHAITpaBJeHHO BO3/IeiICTBOBATh HA 3TOT KaHaJl, KOHTPOJUPYS MH(OPMAIIUOH-
HOE BO3/ICiICTBME HA COLUANIBHYIO CUCTEMY.

C(?) (ot anrz. censorship) — 4MCJIO OPraHOB B CTPYKTYpe OOLIECTBA, 0OIaNAIONINX BJIACTHIO U UH-
(bopMalIMOHHBIMU pecypcaMu, 11eJIb KOTOPbIX — COXpaHEHUE paHee MPUHSTHIX B OOIIECTBE KOHLICTILUI
(HarpuMep, UIEeOJIOTUYECKUX MU TEXHOJIOTUYECKUX). YUUTHIBAsI BCEOOBEMITIOLIYIO M HEOTPAaHUYEHHYIO
nH(opmaTH3almio Bcex cep o01lecTBa, CTAaHOBUTCSI OYEBUIHBIM, UTO KOHTPOJIb Haj cuctemoit CMHU
B HEKOTOPOI OIMEepaTUBHOM MepCHeKTUBE CIIOCOOEH 0Ka3biBaTh pellialollee BAUsSHUE Ha HACTPOSHUS B
OTIEJbHBIX COLIMATbHBIX TPYIIIAX, a JIMTEIbHBIN KOHTPOJIb Ha OCHOBE ITPOIyMAaHHOM CTpaTeTruy yIpaB-
JIGHUSI CTTIOCOOEH MEHSITh CUCTeMY LIEHHOCTel 00111ecTBa B 1ieJI0M. B MUPOBOIi MpakTHKe opraHbl, KOTO-
PBIM TTOPYYEHO OCYILIECTBIISITH HAA30P 3a MIPOLIECCOM PEryJIMPOBaHUsI, MOTYT ObITh CAMBIMU Pa3HBIMU: B
OIHUX CTpaHaX 3TO MPaBUTEIbCTBEHHBIC IeapTAMEHThI, B IPYTUX — PErYISITUBHbIC OPTaHbI, B TPEThUX
— He3aBUCHMBbIe opranu3aunu [19].

A(?) (ot anri. alternative view) — KoJM4eCTBEHHAs XapaKTepUCTUKA 00bEMa MHGOPMALIMOHHOTO 110-
TOKa (BO3MOXHO, FeHepupyeMasi 1o UHULMATUBE OPTraHOB LIEH3YPHI), IPOTUBOIIOCTABIEHHOIO PACIIpO-
CTPaHEHUIO HOBOM KOHUEMIIUU B MUH(OPMAIIMOHHOM MPOCTPAHCTRBE.
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i(?) (ot aHru. index) — mokKasaTellb IOJU HaCEJICHUS, JIOSUTbHO OTHOCSIIECS K HOBBIM UIEsIM, T10-
apisiiomiumcs B CMW Ha mMoMeHT BpeMeHU f. JlaHHBIN TMokaszaTeiab XapakTepusyeTcsi (hopMyJioin

*

i=1——. 3necn I (%) cOOTBETCTBYET MOJIU aydUTOPUU, KOTOPAsI IIOJHOCThIO IPUHUMAET CJOXKHUBIIE-
1

s B OOLIECTBE MOJIOXEHUs 10 Hauajla HabmoneHuit; I (%) — CoOTBETCTBYIOIIAs XapaKTEPUCTUKA ITPU-
HSITUSI OTUX MOJIOXKEHUI TTpU pacnpocTpaHeHu B CM U HOBBIX uieii.

OcHOBOI1 (hopMaTM3aIK MTOCTYKWJIA MIes MOIETMPOBAaHUS MMMYHHOT'O OTBETa OpraHU3Ma Ha Ipo-
siBJieHue BupycHoit ataku [20]. Onupasich Ha 3Ty ujaeto, B padote [21] npeajoxeHa st UBydeHUs] Ma-
TeMaTU4yecKasi MOJIeJb PaclpoCTpaHEHUsT HOBOW MHMOPMALIMK B OOIIECTBE, MPEAcTaBsionias codom
cucTteMy OOBIKHOBEHHBIX AU depeHIIMaTbHBIX YPaBHEHUI:

dN
= =BN—vAN,
= BN —v
4€ N —p(c-c.).
dt
i (1)
== =pC—nyAN — A,
5 Pey
ﬁ=c5N—(oi.
dt

3nech mapametp 3 > 0 mokasbiBaeT, ¢ KaKOil MHTEHCHBHOCTBIO PAaCIpOCTpaHseTcss HoBast MHMOP-
mauust yepes CMMU; napamerp Y > 0 xapakTepusyeT BO3MOXHOCTb HeliTpanuzauuu 3ddekra ot mo-
SABUBLIEICS MHGOPMALIMK T0C/IE U3T0XKEHUST ajabrepHaTuBHOro MHeHus1. Koadduunenr o > 0 onu-
CBIBaeT MHTEHCHUBHOCTDH PEaKIIMM Ha MPOTHMBOOOPCTBO MPOTMBOIOJOXKHBIX TOUEK 3pPEHUS; TapameTp
i > 0 obpaTHO MPOMOPLMOHAICH BPEeMEHM PabOThI JOMOJIHUTENBHO CO3MaHHBIX OPraHoOB (Oymem
MIPETIOarath, 9YTo B OOIIECTBE BCEra eCTh CIIeMaIbHEIA pecypc B KoanuecTBe C, U 3alUThI TIPEX-
Helt KoHuenuun). CpemHsist CKOPOCTh MOSIBJIEHUS HOBOCTE 13 OQHOTO opraHa nHpopmaiuu C Oyaer
xapakTepu3oBaThb napamerp p > 0, an >0 — konuyectBo uHbopMaluu A, HarpaBIeHHOE Ha HEMTpaI-
3aLMI0 BIMAHUSA coo0meHuit N; koadduunent A > 0 o6paTHO IIPOMOPIMOHATIEH BpEMEHN 3a0LIBAHMS
nadopmauyu A. IMapamerpsl 6 > 0, ® > 0 xapakTepr3yIOT COOTBETCTBEHHO TEMIT ITPUSTUS HOBOI MIEN
1 BO3BPAT B CYITY MHEPIIUW MBIIIUICHUS K IIPesKHE KOHIIETTITNH.

besycnoBHO, MpeiokeHHas MaTeMaTU4yecKasi MOJie/Ib He YYUThIBaeT aOCOMIOTHO BCe TOHKOCTU U
JeTaIM TIPY OIMCAaHMU TIpOolIecca pacIpoCTpaHEeHUsT HOBOM MHMOpPMAIMK B OOIECTBE MOCPEACTBOM
CMMU. OgHako 3TOT 000OIIEHHBII BUI MOIEIN MO3BOJISIET CBSI3aTh B CUCTEMY OCHOBHBIE (DAKTOPHI 1
IMOMOTaeT TyoXe MOHATh Mpoliecc MHPOPMALMOHHOTO MPOTUBOOOPCTRA.

Pesynsrarsl uccienoBanus cucremoi (1)

[lenb naHHO# paboOThI — U30eras, 1Mo BO3MOXHOCTU, CTPOTMX MaTeMaTUYeCKUX (DOPMYJIUPOBOK, CO-
eIMHUTb BOCANHO U CUCTEeMAaTU3UPOBATh BCE HOBBIE PE3yJIbTAaThl MCCAeNOBaHUS cUcTeMbI (1), a TakKe
JIATh YETKYIO MHTEPIIPETAIINIO BIMAIOIMNX Ha TIOBEICHNE CUCTEMBI COOTHOIIICHU ITapaMeTpOB.

[1py M3ydyeHUU MPEATOXKEHHONH MOMEIU MpPeroaraioch, YTo B 0011ecTBe (MU ero CerMeHTe) 10
HEKOTOPOro MOMEHTA MPeodiafacT orpenejeHHast KOHUeNUuMs (HalmpuMep, UIEC0JI0rudecKast uimn Tex-
Honornueckas). st cuctemsr (1) aTa cutyalus onpeaeiacHa Kak TOUYKa IMOKOST:

X

1st

= ( Lst> Clst’ Alst’ ilst) = 07 C*s qua 0
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[Ipu TpakTOoBKe B [21] 3TOro cralMoHapHOIrO pelleHUs] MOoApPa3yMeBalIOCh, YTO ISl MOAIEPXKKU
cOopMUPOBAHHON CUCTEMbI LIECHHOCTE aAMUHUCTPATUBHBII pecypc B KoauuectBe C = C, 3aieiicTByeT

C
B CMU 10cTaToyHoE € €ro TOYKM 3peHMs KOJMYeCcTBO nHbopMaunu A = %

HeoxunaHHoe TOSBIEHUE B CPEACTBAX MACCOBOM MH(MOPMALIMK HOBOCTEH N, paCXOASIIUXCS C CU-
CTEMOH YCTOSIBIIIMXCST B3TJISIIOB, CITOCOOHO BBI3BATh B OOIIECTBE Pa3HYIO peaKIIUio B 3aBUCMMOCTH OT
€ro roTOBHOCTH BOCIIPMHUMATh WM HE BOCIIPUHUMATh HOBYIO MH(popMaLuio. JIJis MoAeau 3Tu caydyau
OIPEeNIEJISIIOTCS pa3HbIMM 3HAaYE€HUSIMU TTapaMeTpoB cucteMbl (1). Mcrionb3ys meton ¢hyHKiuu JIsimyHo-
Ba U Ipyrue KaueCTBEHHbIE METO/Ibl MccienoBaHus AuddepeHmaibHbIX YypaBHEHU, TOKAa3aHO U MaTe-
MaTUYeCKU 000CHOBaHO [21—23], UTO pelleHUs] CUCTEMbI B 3aBUCHMOCTH OT COOTHOIIIEHUS TapaMeTpPOB
HMMEIOT CYIIeCTBeHHbIE pa3INuMs B MoBeaeHUU. [1pu aTOM, MpUHUMas BO BHUMaHKME COAepKaTeIbHBIMN
CMBbICJI pelieHui cucteMbl (1), BblieeH psil OCHOBHBIX CLIEeHApUEB MOBeAeHUS 00111eCTBa.

IToBenenne pemenuii cuctembl (1) B cIyyae HAMMYMS ABYX CTAMOHAPHBIX PelIeHUI

B Hauvane wWccrmemoBaHUsI M3 BCEro IPOCTPAHCTBA ITapaMETPOB MAHHON CHCTEMBI OIIpenesv-
JINCh HECKOJIbKO BaXXHBIX COOTHOIIEHUI [21], KOoTopble ObLIM CTpYyNIMpOBaHbI B JBE O0JacCTU —

vpC, > AB O vpC, <A
u .
uny > op iy <op

elé OJHO CTallMOHAPHOE pellleHWe WM Toyka mokos X, =( sis Cogo Aoy im), oxapaKTepu3o-

. Ilpu aTuX 3HaYEHUSIX IMapaMeTPoOB Y cUCTeMbl (1) mosiBisieTcst

BaHHOE B [21] KaK TojiepaHTHOE COCTOSTHME OOIIECTBa, TAe VKMBAIOTCS pa3IMdHbIe CUCTEMBbI B3IJISIIOB,
MoJIep>KUBaeMble CBOEH YacTblO ayIuTopuun. Takum oOpa3oM, omnpeaescHa MOTeHLMaabHasl BO3MOXK-
HOCTh KOMIIPOMUCCA MEXIY Pa3TMUYHBIMUA MHEHUSIMU U uAesiMU. ByeT oH HaliieH WA HET, 3aBUCUT OT
peakunu obirecTBa Ha mmyosmkyembie B CM U HOBOCTH, M, COOTBETCTBEHHO, OT COOTHOIIICHMIA TTapame-
TPOB, KOTOPLIMM OIMCHIBAeTCs 3Ta peakuys. B [24] naHa coiep:KartesibHasi MHTEpIpeTaLns peleHit
CHUCTEMBI JIJISI TapaMeTPOB U3 KaxX a0l 00J1acTh Ql u 92 B 3aBUCHMOCTH OT KOJIMYECTBA ITOSIBUBIIIEICS B
CMMU undopmaunu N u undopmaumu A, MpoTUBOITOJIOXHOM MO CMBICITY. [eoMeTpudecKas MHTEPIIpe-
Tauus IJIsT KaXKJI0To ciydas nmpeacTaBieHa Ha puc. 1 u 2.

N
| D2
I
I
I
I
I
I
I
I
I
: e
| /
I,/ﬁ A=B/y Ajst
255 / A
R %
e SN N -
P Xst

b
-
4

Puc. 1. TToBenenue pereHus cuctemsl (1) B 06macTn napameTpos 2,
Fig. 1. Behavior of the solution of the system (1) in the parameter domain 91
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Puc. 2. [ToBeneHue penreHust cucteMsl (1) B 061acTi mapaMeTpoB Qz
Fig. 2. Behavior of the solution of the system (1) in the parameter domain 92

Cuenapuii 1. Puc. 1 vimtocTpupyeT CUTYyaluIo, KOTraa peakiys 00IIeCTBa Ha «BOPOC» HOBBIX MOJIOXE-
HUii ONIMCHIBAETCA MapamMeTpamMu 13 obaactu £ .

Ha ¢asoBom moprpere s nmepemeHHBIX C, A, N, IMEOIINX CMBICII OCHOBHBIX (haKTOPOB IIPH MO-
JNIeMPOBaHUM, U300paxeHa o6aacTb D, T1e TOYHO U3BECTHO MOBEIEHNE CUCTEMBI. Eciin B HEKOTOPBI
MOMEHT BPEMEHU TPAEKTOPUU peleHUs OyIeT HAXOMUThCsA B 001acTn D, TO OHa CO BPEMEHEM CTpe-
MUTCSI K TOUKE MOKOos1 X . CMBICIT 3aKJTI0YAETCS B TOM, UTO, EC/IM MOKa3aren (pakTopos C,Awn N guc-
JIEHHO HaxozaTcs B obnactu D, To HoBas uziesl, BHenpsiemas B oOuiecTso uepes CMU, He umeer noj-
nepxku. [TocTeneHHO KonuuecTBO nHMopMaiuu N, CriocoOCTBYIOIICH pacpoCTpaHEHUIO HOBOM UIeH,
yObIBaeT, U TPAAULIMOHHASI CUCTEMA B3IJISIIOB BHOBb CTAHOBUTCSI TOMUHUPYIOLLIEHA.

[To hakTMyeCcKOil TMHAMUKE MPOTHBOOOPCTBA MOXHO OLEHUTD, B KaKoii o6nactu — D, nian D, — na-
xomarcs sHavenus A, N u C. Kaxmas corepHUYarionast CTOpOHa MOXET OIPEIEINTh HEOOXOIUMOCTh U
pa3Mep u3MeHeHus KonmdecTtBa nHGopmauyu B CMU 11 nomydeHus Hy>KHOTo eii 3 eKTa, IIOBLICUB
BEPOSITHOCTD IOCTHKEHUS MOCTaBJACHHOM 1ieiu. [ToydeHHBII pe3yJbTaT MoKa3bIiBaeT, YTO MPY I'PaMoT-
HOM YIIpaBJIeHUU YUCIIA K aKTUBHOCTU OPTaHOB MHMPOPMALIMOHHOM 3auThl C TEOPETUUECKU BO3MOXK-
HO OTpa3uTh JIO0YI0 HeXeJaTeIbHYIO ISl couuyMa MH(GOpMallMoHHY0 aTaky. [Tpu aToM co BpemeHeM
TpaAULIMOHHBIC UIEU U MOJOKEHMsI BO3BPAIIAIOTCSI HA CBOU TTO3ULIMH.

Cuenapuii 2. Ha puc. 2 npoJUIIOCTpYpOBaHa CUTYyallusl, KOTra 00IIEeCTBO TOTOBO K KOMIIPOMMCCY.

[TycTh nH(bOpPMaIIMOHHOE TPOTUBOOOPCTBO, MoaearpyeMoe cuctemoit (1), xapakTepusyeTcs mapa-
MeTpamu u3 {2, ¢ 6oJIee CUITbHBIM YCIIOBUEM:

uny +pny < po. (2)

IpencraBieHHbIE COOTHOLIEHUS OMUCHIBAIOT ITOJIHYIO TOTOBHOCTH OOILIECTBA BOCIIPUHUMATh HOBBIE
uneu u nosnoxenus. Jexnapupyemble yepes CMU HoBIIECTBA YCIIENIHO BHEAPAIOTCS B YCTOSBIIEECS
MUPOBO33pEHUE U HAXOIAT OTKIUK. CO BpeMEHEM CTapble M HOBLIE MPEICTABIEHUS TIPUXOAAT K CO-
BMECTHOMY COCYIIIECTBOBAHMIO CO CBOMMM IOJISAMU IIPUATHA B obuiecTse. Teomerpudyecku (pa3oBbli
[TOPTPET O3HAYAET, YTO BCE TPAEKTOPUU cucTeMBI (1), CO BpeMeHEM YMeHbIIAasd KoJaeOaHus, CTPEMATCS
K TOYKE TOKOst X .
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ITpu sTom B [22] moka3aHo, 4To 6e3 ycioBus (2) JOCTUUYb TOJIEPAHTHOCTU K 00eUM CUCTeMaM B3LJIsI-
JIOB MOXKET M He ymactcs. Ta yacTh ayaIuTOpUM, KOTOpasi MPUHMUMAET HOBBIE B3IJISIIBI, CO BPEMEHEM
yOeaUT APYTYIO YaCTh B HEU30EKHOCTU CMEHBI TPAJULIMOHHBIX YCTOEB, W J0JIsI KOHCEPBATUBHOM YaCcTU
HaceJIeHWSI CTaHEeT MaJia.

ITosenenue pemenuii cuctembl (1) B ci1yyae TOJIbKO OJHOTO CTAMOHAPHOIO PEIIEHUS
l_lpOZLOJDKaf{ n3yyaTtb MNOCTPOCHHYIO MOJCJIb, YAaJ1OCh BbBIACINUTD CH_[é JIBEC obJlactu nmapamMeTpoB —
vpC, <AB b A vpC, > AP
uny > op iy <ap

Xy =( s> Cosr Aoy im) OTCYTCTBYET. DTU 00/1aCTH XapaKTePU3YIOT COCTOSTHUE OOIIECTBA, B KOTO-
POM HEBO3MOXHBI Kakue-1100 KomrpoMucchl. B cratbe [23] MaTemMaTuyecky 0OOCHOBAHO, UTO B 3TUX
cyvasix peaau3yloTcs I1Ba MPOTUBOIIOJOXKHBIX CLIEHAPUS.

Cuenapuii 3. Eciu nosiBnienue B CMHW HoBo#i HeopauMHapHOW MHGOPMAIIMKU BbI3bIBAET PEAKIIUIO,
OINMCaHHYIO TTapaMeTpaMu B BUJE HEPaBEHCTB U3 Al, TO MOXHO cJieaTh BbIBOJ 00 aOCOJIOTHOI ro-
TOBHOCTH 0OIlIeCTBa K MOJHOM CMeHe TpaAuLIMOHHON cucTeMbl B3MIsiAoB. JItoboe nosieieHne B CMU
HOBBIX UJIei 1 MHEHWIA, HE COBITAMAIONINX C OOIIETTPUHITBIMU, HAWIET MOAIEPKKY B 00IIIeCTBe. B aTOM
cJlydyae OCyllIecTBIsIeTCs MoJIHAsi CMEeHa ajipecaTaMy paHee JOMUHUpYolleit KoHuenuuu. [pu aTom pe-
aJv3alus JaHHOTO CLIEHApUSI MOXKET OBbITh OCYILIECTBIIEHA pa3HbIMU CITIOCOOAMU, TO3TOMY U3-3a UX pa3-
HOOOpa3us reoMeTpruiecKast MHTEPIIPETALIS A1 3TOTO CcyJas He JaHa.

Cuenapuii 4. T1ycTb Teriepb peakusi Ha HE3HAKOMYIO MH(OPMALIMIO OMUCHIBAETCSI COOTHOIIEHUSIMU,
0003HaYE€HHBIMU B A2 U YCUJIEHHBIM ycjioBUeM (2). B aTom ciyyae npaBUIbHBIM OYIET 3aKJIIOUEHUE O
TOM, 4TO B OOIIIECTBE TPAAWIIMOHHAS KOHIEIIIUS 3aHUMAeT MPoYHoe mojioxkeHue. [IpuuanHoit aTomy
MOTYT OBbITh JTM0OO TOJTHOE OOOPEHME TTPOUCXOSIIMX B OOIIECTBE MPOLIECCOB, JUOO HETOTOBHOCTh K
CMEHE YCTOSIBIIMXCSI B3MVISLAOB. Takke 3TO MOXET MPOUCXOAUTh M3-3a BBICOKOUM 3(P(PEKTUBHOCTU OpP-
raHOB ILIEH3YPHI, KOTOPhIE HE TaI0T BO3MOKHOCTH HOBOI MH(pOPMAIMY 3aITOJTHUTh MHGOPMAIIOHHOE
MpOCTpaHCTBO. [eoMeTpuuecKasi MHTepIpeTalusl 3TOMY CIydalo IpeacTaBieHa Ha puc. 3.

3nech J11060€ pernenune cucteMbl (1) BCerna 10cTaTouHO ObICTPO MPUOIMKAETCS K TOYKE MOKOsT X | .

le/l JaHHBIX COOTHOIICHMAX BTOpasd TOUYKA IMOKOA CHUCTEMbI

Puc. 3. [losenenue penrenus cucreMsl (1) B 061acTH MapaMeTpoB /A, NPU BBIMOJHEHUH yCIOBUA (2)
Fig. 3. Behavior of the solution of the system (1) in the parameter domain A2 when the condition (2) is met
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Murepnperanusi COOTHOIEHHIi IAPAMETPOB

KayecTBeHHO pasiMyHOe MoBeIeHHe PElIeHUit cUcTeMbl B 061acTsix napameTpoB Q , Q. A u A,
TpebyeT ITyOOKOTro MOHMMAHUSI CMbIC/IA COOTBETCTBYIOIIMX COOTHOLIEHUI. [paBuibHast TPAKTOBKA He-
PABEHCTB aeT BO3MOXHOCTD MOHSITH MPUYMHBI TOTO MJIM MHOTO CLEHAPHUS PACTIPOCTPAHEHUST HOBOCT-
HOIi nH(GOpMaLIMU B OOILIECTBE.

Paccmotpum Hepasenctso YpC, < AP, Bxoasiee B €2 u A,. [Tocne nenenus 06enx yacTeit TaHHO-

p
T'O COOTHOLICHMA Ha ITPOU3BCACHNEC 7\¢Y 6Y,Z[GM NMETb T* <—. JleBas 4aCTb, KaK OITMCAaHO BbIIIC ITPpU
Y

XapaKTepUCTUKE X| , MMEET CMbICT MH(OPMALMOHHON TMOMIEPXKKM PACTIPOCTPAHEHHON B OOIIECTBE
cucTeMbl B3TIs110B. [IpaBast yacTh — OTHOIIIEHUE MHTEHCUBHOCTH pacipoCcTpaHeHUsI HOBOI MOCTyMaro-
1ieit nHbopmaiu yepes CMU (mapametp ) K XxapakTepucTrke HeiTpaausannu eé addekra ot uzio-
JKEHHS MTPOTUBOIOJIOXKHON TOUKM 3peHnd (rmapametp Y). IlpaBasg yacTb TeM OoJblle, yeM OOJIbIlIe UH-
TEHCUBHOCTb PACIpOCTPaHEHHUS UM MEHbIIIE BEPOSITHOCTh HeliTpaniuzauuu adekra. CienobaresbHO,
HEPaBEeHCTBO MOXHO TPaKTOBaTh AByMs criocobamMu. [lepBblii — crnabast uHGopMalMoHHast moaaepxK-
Ka TPamWIIMOHHBIX B3TJISIIOB B BUIY HealeKBAaTHOM OIIEHKU peaTbHOI OIMACHOCTH WM OTpaHUICHHBIX
BO3MOXXHOCTe# (Harmpumep, (PUHAHCOBBIX, TOJIUTUYECKUX) OopraHoB LeH3ypsl 1 CMU. Bropoit — no-
CTaTOYHO arpeccuBHas U yoenuTeabHas pekjamMa HOBBIX IMO3ULIMI C MaJoil BEPOSITHOCThIO d(hDEeKTUB-
HBIX npoTHBOaeiicTBrii. COOTBETCTBEHHO, 06paTHOe HepaBeHcTBO YPC, > AP roBOpUT O cepbe3HOi
WHGOPMALIMOHHON TIOJIepKKe OOIIECTBEHHBIX TPAaAWIIM WJIM TPAaMOTHOM MPOTUBOAECUCTBUU uepe3
CMMU nosiBMBIIEHCS ONTACHOCTY MH(MPOPMAIIMOHHOM aTakKu.

Camu ke BO3MOXXHOCTH OPraHOB, KOTOPbIE 3aMHTEPECOBAHBI B 3allIUTE TPAIMIIMOHHBIX B3IJISIOB,
XapaKTepU3yIoTCsl HepaBeHCTBaMU Uy < op (KUY > 0p) uiam 6ojee CUIBHBIM HepaBeHCTBOM (2). Kak
BUIHO U3 YpaBHEHUI cucTeMbl (1), cocTaBisione TUX HEPaBeHCTB (pUC. 4) BAUSIOT HA TUHAMUKY
nepeMeHHbIX C' 1 A.

PaccMoTprM HepaBeHCTBO UMY > o, Bxomsiiee B (2 L H Al. 1 BEepHOI TpaKTOBKM €T0 JIydllle pa3-
OUTb B COOTBETCTBUM C YPABHEHUSIMU CUCTEMbI Ha CMBICJIOBBIE IPYIIIHI [L > oL & 1Y > P.

Jlaa C. OpraHbl LIEH3YpbI, CTOSIIIIME HA CTpaXKe MHTEPECOB CTapoii KOHLEMNIUU, MEJIEHHO pearupytot
Ha HajJBUraroluecs u3MeHeHus (o0 Majo). Ho mpruurHa MOXeT 3aKjIo4aThCs U B TOM, YTO JOMOJHU-
TeJbHO CO3MaHHbIN pecypc Wit MUH(MOPMAIIMOHHOM 3alIUThl PACCUMTAH HA HEMPOAOKUTEIbHOE BpeMs
(KL 0OpaTHO MPOMOPLMOHATBLHO BpeMeHU PadoThI). [103TOMY OH HE MCITOJIB3YeT BECh CBOM MOTEHLMAI
JUTS HeTpasn3auy MH(MOPMaMOHHOTO BO3AEHCTBUS: L > (.

Jlasa A. inbopmauuu, HarpaBJeHHON Ha MPOTUBOACHCTBUE MHGMOPMALIMOHHON aTaKu, MOSIBISIETCS
MEHBIIE, YeM €€ TeHEPUPYIOT ONIMO3ULIMOHHBIE U3aHusA: MY > p. Bo3aMoxHO, aTa nHOpMaLus He OT-
JInJaeTcsl pazHooOpasueM WUin yoenuTeabHocThlo. CKopee BCero, MOo3ulMY LEeH3YPUPYIOIIMX OPraHOB
TaK cJ1abbl, YTO OHU HE MOTYT JaTh JTOCTOMHBIN OTBET arpeCCUBHOMY MOTOKY HOBOI MHGbOpMaLUU. ATl-
rmapaT ynpasjJeH!s] opraHaMy He 00JlazaeT KOMIIETCHIIMEH YIaBInBaTh HAIBUTAIOIINECS YIPO3bI, UTO

LT"WNIP

Puc. 4. CooTBeTCTBYE MEXIY IIEPEMEHHBIMU 1 TTapaMeTpaMu
Fig. 4. Correspondence between variables and parameters
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MPUBOIUT K TOMY, UTO T€ HE YCIEBAIOT yBEJIMYMBATh MOITHOCTb OTBETA WJIU JIJI1 3TOTO MPOCTO HET BO3-
MOXHOCTeH ((prHAHCOBBIX, MOJIUTUYECKUX I aAMUHUCTPATUBHBIX).

Takum o6pazom, cuctema (1) ¢ COOTHOLIEHUSIMU TTapaMeTpPOB, HapuMep, U3 A1 OIUCHIBAaET CUTYa-
1IMI0, KOTOPYIO MOXHO KPaTKO OMUCATh KaK CUCTEMHbBII KpU3KUC: HEXBAaTKa (PMHAHCUPOBAHUS, CJIa0bIi
MEHEIXMEHT, cjiabast 3(ppeKTUBHOCTh. Takxke MOXKHO IPENNOJ0XNTh, YTO 3aBEPIIMJICS KM3HEHHBIN
LIMKJI CTapoOii CHMCTeMbl B3IJISIIOB, M amrapar yrpaBjeHUss HaMepeHHO TOAJaeTcsl 9KCIaHCUM HOBOM
KOHLIEMIIMH.

PaccMoTpuM Tereph BaXHOE HEPABEHCTBO (2), KOTOpOe MOXHO 3arucaTh Kak op > (1L + B)ny. Bomree
CUJIbHOE, YEM MPOCTO HEPABEHCTBO 0P > 1Y, OHO 00ecreynBaeT 6e3aIbTepHATUBHOCTD MTOBEACHUS CU-
crembl (1) Kak B 001acTH MapaMeTpoOB Qz, Tak 1 B Az. M3yuyum ero nogpoOHeil, Takke pa30UB Ha CMbIC-
soBbIe Tpymel oL > (L + B) & p > M.

Jlaa C. HepaBeHCTBO O > [L MOTJIO OB 3HaYUTh, YTO MPH MOSIBIEHUN PealbHO MHMOPMallMOHHOMN
OIaCHOCTHU KOJMYECTBO OTBETCTBEHHBIX 32 UH(MOPMALIMOHHYIO 3aLIUTY OPTaHOB YBEJUUYEHO Ha TTUTE b-
HbI MepuoJ BpEMEHU WIM J1aXe Ha MOCTOSSHHOU OCHOBE. DTO MOXET IMOApa3yMeBaTh 9KCTEHCUBHOE
BO3J/ICICTBYE HA TIPOHMKHOBEHME HeyropHoi nHdopmarmu. Ho HepaBencTBo o > (U + ) mpemrmora-
raeT MHTEHCUBHOCTb BO3AeiCTBUS. BHOBD MosiBUBILIMECS] OpraHbl 3 GEKTUBHO HEUTPaTU3yIOT MyTeM
CepbE3HOM apryMeHTaluu JIIoOYI0 MOSBUBIIYIOCS MH(OPMALIMIO Ha HEXeJIaTeIbHYIO TEMY.

Jlaa A. HepaBeHCTBO p > Ty TakXkKe TOBOPUT O MOBBIIIEHHON 3(PhEeKTUBHOCTH MH(GOPMAITMOHHBIX
COOOIIEHUI OpraHoB 3aluThl. Kaxkgoe M3 HUX yBEJMUYMBACT BKJIAJ B HEWTpaaM3alMIo yrpoxalrollei
TPaAULIMOHHBIM OCHOBaM MH(MOpMALIUH.

1pC, > AB

Hanpumep, st mapametpoB u3 A, : , C YUETOM COOTHOILLeHUs (2),

uny <ap

cucrema (1) xapakTepu3syeT 00ILIECTBO C YeTKO OTJIAXKEHHBIM MEXaHM3MOM LIEH3YpPhI: Xopolee (puHaH-
cupoBaHMe, 3((HEKTUBHBIN MEHEIXKMEHT, BbicoKast a(pdekTuBHOCTL. B 3TOM ciaydae momnbiTka MHGOP-
MallMOHHOI aTaku oOpedeHa Ha TPoBaJl, U MO3ULIMS TPAIUIIMOHHON KOHLEIIIMY B 00111€CTBE OCTAHETCS
MPOYHON.

3akouenue

00630p MpUBENEHHBIX B JAHHOM CTaThe pe3yJIETaTOB MOXHO pacCMaTpMBaTh KaK UTOT TEPBOTo dTamna
CUCTEMHOTO UCCJIe[IoBaHusI, B OCHOBE KOTOPOTO JIEXKUT HOBBIM TOAXOJ K MOAECJIUPOBAHUIO Mpoliecca
MHGOPMALIMOHHOTO ITPOTUBOOOPCTBA B 001IecTBe. J1JIst Momeu, IIpeacTaBlIeHHOM B 0030pe, ITPOBEACHBI
MOJIHAsl cUcTeMaTu3alys U MoApoOHasi MHTepIpeTalys pe3yabraToB, MOJYYEHHbIX MaTeMaTUYECKUMU
MeTojaMu B paboTax [21—24].

N310XeHHbBII BO BTOPOi1 YaCcTH BBeAEHUsI MaTepuall OnpeiesisieT HOBU3HY 1 ITPerMYIecTBa Mpeaio-
JKEHHOTO MOJX0a K MOIEIMPOBAHUIO IO CPABHEHUIO C IMOAXOJAMU APYTUX UCCIea0BaTe .

ITpoBeneHa rpynnupoBKa Mo pa3JIvuUyHbIM COOTHOILIEHUSIM TapaMeTpOB MaTeMaTUYeCKOW MOJENu,
KOJIMYECTBEHHbIE XapaKTePUCTUKU KOTOPHIX MO3BOJISIIOT OLIEHUTh peakirio o0llecTBa Ha MOSIBICHUE
B CMM HoBoi1, npereHino3HO nHbopMauu. C yueToM MOSIBJIEHUS TEXHOJIOTUIN OOJBIINX JaHHbBIX
Y MHTEJUIEKTYaJIbHOTO aHaM3a TeKCTa TaKylo OLIEHKY MOXHO OCYIIECTBUTh 0€3 TeOpUr BHIOOPKU IS
HU3y4eHUsl O0IIECTBEHHOTO MHEHMUSI.

151 KaXkImoro U3 MOJYYeHHBIX COOTHOIIIEHU TTOAPOOHO OoNKrcaHa AMHaMuKa (akTopoB, NCTIOIb30-
BaHHBIX TP MOJEIMPOBAHUU. DTO JAET BO3MOXHOCTb OCYILIECTBUTh MPOTHO3 BEPOSTHOIO CLIEHAPUS
WH(OPMALIMOHHOTO MPOTUBOOOPCTBA, a TakKe IMO3BOJISET YIMpPaBJsSITh CUCTEMON B 3aBUCUMOCTU OT
peakiuy ayIuTOPUU.

ConepxkaTenbHasi TpaKTOBKa IMapaMeTPUYECKUX COOTHOILIEHUU TMOMOTaeT TMOHSTh MPUYUMHBI TOTO
WJIM MTHOTO BapUaHTa PaclpoCTpaHeHUsI HOBOCTE B OOIIECTBE.
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Crenyroluii aTan uccaenoBaHus MpearnoaraeT peleHrue ouepeaHblX BaKHbIX 3anad. [Ipeactout
nHGOpPMaILIMOHHAS CTausl, Ha KOTOPO HEOOXOAMMO OIPENEINTh, Kakasi CTaTucTUIecKast MuHhopMalus
OyZeT COOTBETCTBOBATh MO CMbICIY MePEMEHHBIM pacCMOTPEHHOI MoJen, a TakxKe eé cOop U cucre-
Matu3auus. DTo Haubosee CA0KHas YacTh MCCAeNOBaHUS, TOCKOIbKY HEOOXOAMMO YIUTH OT aOCTpaKT-
HbIX IOHSITUH «TPAAULIMOHHAS», <HOBas» UH(MOPMALIMS U PACCMOTPETD AETAIM HA KOHKPETHBIX MUHGMOP-
MallMOHHBIX 00beKTaX. B COBpeMEHHBIX YCIIOBUSX, KOTAA YXKe CYIIECTBYIOT CUCTEMbl MOHUTOPUHTA U
aHan3a COLlMAJIbHBIX CETEN U OHJIAH-Meara, TaKas 3a/aya BIIOJIHE BbINOJHUMA. Jlajiee mpencTouT He
MeHee OTBEeTCTBeHHas (aza ucciaenoBaHusl — uneHTuduKanoHHas. OHa noapasymMeBaeT cTaTUCTAYE-
CKMI aHaIM3 MOJIEJIM U KOJUUYECTBEHHYIO OLIEHKY €€ mapaMeTpoB. 3aBepIlUThb 3TOT TPYAOEMKHUM ATan
npeamnosaraeTcs BepuduKaluneil u3ydaeMoil MOIEIu.

OueHuBas IPEACTOSIINI 00BEM PaOOT, MBI TOTOBBI K COTPYAHUYECTBY CO BCEMU 3aMHTEPECOBAHHBI-
MU JIMLIAaMU U OpTraHU3alusIMU.
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