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STRESS-STRAIN MODELLING
OF A POROUS SPHERICAL BODY UNDER COMPRESSION

Truong Thi Dung, Ha Nguyen Thuy Linh,
Ho Chi Minh City University of Transport,
Ho Chi Minh City

Annotation: This paper develops a mathematical model for the
stress-strain state of a porous spherical body under uniform compressive
loading, taking into account the elastic-viscoplastic behavior of the
compressed skeleton. The deformation process is divided into elastic
deformation of the porous medium and inelastic deformation of the
skeleton. Analytical solutions are obtained within an axisymmetric
formulation, and the evolution of the elastic—plastic interface is determined.
Numerical results illustrate the influence of material parameters on the
stress—strain distribution.

Keywords: porous material, spherical body, stress-strain state,
elastic-viscoplasticity, compression

MOJAEJIMPOBAHUE HAIIPSKEHUA-JE@OPMAIIMN
IHOPUCTOI'O COEPUYECKOI'O TEJIA IIPU CKATUA

Tpyonr Txu Aynr, Xa Hryen Txyn JIuns,
YHUBEpPCUTET TpaHCIOpTa XOIMIMMHUHA,
r. XOLIUMUH

AnHoTtamusi: B nmanHOW pabore pa3paboTaHa MaTeMaTHdecKas
MOJIEITh HANPSHKEHHO-TIEPOPMAITHOHHOTO COCTOSIHUSI ~ TIOPHCTOTO
cepuueckoro Tela TPU  PAaBHOMEPHOW  CXKUMAIONIEW  Harpyske,
YVYUTBIBAKOINAS YIIPYTO-BA3KOILIACTHUSCKOE MOBEACHUE C)KATOTO KapKaca.
IIpomecc medopmaruu pasmeneH Ha YIOPYTYIO aedopmariiio MOpHUCTOi

ISSN 2713-0010 SCIENTIFIC NETWORK PUBLICATION

~d~



MHHOBALIMOHHBIE HAVYHIE UCCIEIOBAHNA BbINYCK N23-1(71) Mapr 2026

Cpensl W HEynpyryio naehopMaliio Kapkaca. AHATUTHYSCKUE PEIICHUS
MOJIY4EeHBI B paMKaX OCECUMMETPUYHON MOCTAHOBKU 33J]a4H, U OIpeieicHa
SBONIIONMASA  YIPYTO-TUIACTHYECKON  TpaHWIBl  pasfena. YucieHHbIe
pe3ynpTaThl  WLTIOCTPUPYIOT —BIMSHUE TapaMeTpoB MaTepuana Ha
pacnpesieliecHue HAMPsDKSHUS U Jie(hOpMaIii.

KaroueBbie cjioBa: TOPUCTHI Marepual, c@epudeckoe Telo,
HaNpsKEHHO-1e(POPMALIMOHHOE COCTOSIHHE, YIPYTO-BA3KOIJIACTHYHOCTS,
cKaTUe

Introduction

The analysis of stress—strain states in porous materials is an
important problem in continuum mechanics due to its wide applications in
geomechanics, material science, and engineering structures. Porous media
exhibit complex mechanical behaviour because their deformation involves
both the response of the pore space and the solid skeleton. In particular,
under compressive loading, the collapse of pores and the subsequent
deformation of the compressed skeleton significantly affect the overall
mechanical response of the material.

Mathematical modelling of such processes has been extensively
studied. In [1], general approaches to modelling granular and porous media
were developed, providing a theoretical basis for describing their
deformation behaviour. The application of perturbation methods to stability
problems in deformable media was considered in [2], while the stability of
elastic—viscoplastic deformation processes was investigated in [3]. A
related study on porous cylindrical and spherical bodies under compression,
taking into account the inelastic behaviour of the skeleton, was presented in
[4-8].

Despite these contributions, the coupled analysis of elastic
deformation of the porous medium and viscoplastic deformation of the
compressed skeleton in spherical geometry remains insufficiently studied.
Therefore, this paper aims to develop a mathematical model describing the
stress—strain state of a porous spherical body under uniform compression,
considering the hardening elastic—viscoplastic properties of the compressed
skeleton. Analytical solutions are obtained, and the evolution of the elastic—
plastic interface is analysed.

Main Results
ISSN 2713-0010 HAVYHOE CETEBOE M3JLAHME
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A mathematical model is constructed to describe the stress—strain
state of a spherical body for materials with a porous structure, whose
compressed skeleton possesses hardening elastic—plastic properties. The
deformation of the porous medium under uniformly distributed
compressive loads is divided into two interrelated stages: -elastic
deformation of the porous medium and inelastic deformation of the
compressed matrix.

The construction of the mathematical model describing the stress—
strain state of the spherical body is carried out within an axisymmetric
formulation. Analytical solutions are obtained. As compatibility conditions,
the continuity of stress and displacement components at the elastic—plastic
interface is imposed, as well as the condition of zero plastic strains at this
boundary.

The deformation of a porous material with an initial porosity &, is
divided into two interrelated stages [1]. The first stage corresponds to
elastic deformation of the compressible porous medium, and the second
stage corresponds to inelastic deformation of the compressed skeleton with
hardening viscous elastic—plastic properties. The relationship between
stresses and strains at the first stage is taken in the form of Hooke’s law for
a compressible body, while at the second stage, the elastic deformations of
the compressed skeleton obey Hooke’s law for an incompressible body [2].
In the plastic deformation zone of the compressed skeleton, a model of an
incompressible hardening elastic-viscoplastic body is used [3].

The total strain in the plastic zone is represented as the sum of

elastic and plastic components:
p_¢p Pp
g =¢g t¢g, D
while the volumetric components of plastic and elastic strains
satisfy the incompressibility conditions:
p e
Enn = 0, & = —&o. (2)

Let b and a denote the outer and inner radii of the spherical body,
respectively. Uniformly distributed compressive loads of intensity g act on
the outer surface, and g, on the inner surface.

The rheological relations, plasticity condition, expressions (1), (2),
together with the equilibrium equations, Cauchy relations, boundary
conditions, and interface conditions, form a closed mathematical model
describing the stress—strain state of the spherical body during both stages:
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elastic deformation of the porous medium and inelastic deformation of the
compressed skeleton.

The attainment of zero initial porosity during elastic deformation
occurs simultaneously throughout the body under loading conditions
described in [4].

The stress—strain state at the first stage of deformation (i.e., in the
presence of uncollapsed pores), as well as at the moment of pore collapse
(when the initial porosity reaches zero), is determined by relations given in
[4-8].

If the porosity condition is not satisfied, a plastic zone arises near
the inner surface and expands. In this case, the compressed skeleton
deforms as a hardening viscous incompressible elastic—plastic medium with
parameters

u=1+uyk,cn.

All relations are further written in dimensionless form. Quantities
with dimensions of stress are normalized by p4, and those with dimensions
of length by the radius b. The radial component of displacement is denoted
by u.

The stress-strain state of the compressed skeleton of the spherical
body is determined as follows:

In the elastic region (y <r < 1)

o; =
s(1-

1738 y7#i3 c+ 243 )2 ye—c+2 pyt—1—c+ 2 up3+3 gaf0— 03 .41+-2 40 a3
3—g24,

0g =

(2+

1734 i3+ 243 2 ye—c+ 2 pyt—1—c+2 uyp3+3 gaf0— 03414240 23
6—g0 (3)

In the plastic region (a <1 <)

p_2 ak (V)15
e = Z 2 ( 1)(1 e ), (4)
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_ 2xk =AY _ 3%y
o= -t 22 (1= (5 1) - 222)

64n ar—(c+24)y3143—-173,

g =
_ Xk et v s @\ _3p25 (L
qa + V3(c+2p) <<1 e )(6H (r3 + 3a3 3 +2in r) 3ny<y (r3 +
2a3—(c+2u)p3173+245. %)
Displacements and total strains
_ D & 2D g _ _ 2D g
U= G E = T TS = =T T
Auxiliary expressions
x = sign(qa — qp)
D(t) =

Xxnk 2. s _ ) _ct2p 3) (3qaf(e9)—0(3A1+21))oa®
2v3u(c+2p) (3)/ 4 (e ! 1 n vo)t 12up, )
(6)

The radius y separating elastic and plastic regions is determined
from:

Qb —qa +

2xkV3 _ct2p, V3 a 5 . _ckzp,
Berzm [,u(l —e )(2 (5_ 1) + 6ln ;) +y <3my(e no—

1) - (c+ 2#))/) (=+ 55 )+ (3q“f(s°)_8;’(3’11+2))”° (;—z -a*)|=o.
(7)

Numerical results are presented in Figure 1. Curve 1 corresponds to
k = 0.00002, curve 2 to k = 0.00005, and curve 3 to k = 0.00006. Other
dimensionless parameters are taken as follows: a = 0.25,b =1,q, =
107%,q, =5-10"%,¢c=10"%1;, = 2,u; = 1,7 = 0.00032,k = 4 -
1074, g, = 0.0016,p = 2.
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Figure 1 — Numerical results

Conclusion

A mathematical model describing the stress—strain state of a porous
spherical body under uniform compressive loading has been developed.
The deformation process is represented as a combination of elastic
deformation of the porous medium and viscoplastic deformation of the
compressed skeleton. Analytical solutions for both elastic and plastic
regions have been obtained within an axisymmetric formulation. The
conditions of continuity at the elastic—plastic interface and the evolution of
this boundary have been established. The results demonstrate the
significant influence of material parameters on the stress distribution and
the development of the plastic zone. The proposed model can be used for
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further analysis of porous materials under compression and may serve as a
basis for more complex numerical and applied studies.
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OF NONLINEAR VISCOUS FLUID MOTION
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Ho Chi Minh City

Annotation: This paper investigates an optimal boundary control
problem for the stationary flow of an incompressible nonlinear viscous
fluid in a bounded domain of R™ (n = 2,3). The control parameter is the
surface force field acting on a part of the boundary. A weak formulation of
the controlled system is introduced, and admissible solutions are defined.
Under suitable assumptions on the viscosity function, the admissible
control set, and the objective functional, the existence of an optimal
solution minimising the cost functional is proved using the Galerkin
method and monotonicity techniques.

Keywords: optimal boundary control, nonlinear viscous fluid,
incompressible flow, weak solution, Galerkin method

TPAHAYHOE YIIPABJIEHUE B MOJIEJY HEJIUHEMHOI' O
ABUKEHMUS BA3KOU KNJIKOCTH

Hryen Jle Txnu,

(hakynbpTET NPUKIIAAHBIX HAYK,

TexHOIOrnYecKuil 1 MHKEHEPHBINH YHUBEPCUTET XOLIMMUHA,
r. XOUIUMUH

AHHoOTanusi: B naHHO# cTaThe nccnenyercs 3aada ONTHMAIBHOTO
IPAaHUYHOIO YIPABJICHUS JUIsl CTAallMOHAPHOTO TEYEHHsI HEC)KUMaeMOM
HEJNMHEHHOW BSA3KOH XHIKOCTH B OrpaHMUeHHON oOmactu R™n (n=2,3).
[TapamerpoM ympaBieHus SBIsSeTCd TOJE  TOBEPXHOCTHBIX  CHJI,
JEHCTBYIOIIMX Ha 4YacTh IpaHulbl. Beoautcs cnabas (opMmyiaupoBKa
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YOpPaBISIEMOM CHCTEMBl U OMpPEACNSIOTCS AOMyCTHMble perieHus. [lpu
COOTBETCTBYIOIIUX MPEIANOI0KECHHIX OTHOCHUTCIBHO (PYHKIIUU BSI3KOCTH,
MHOXXECTBA JOIYCTHUMBIX VYIPABISIONMHUX BO3MCHCTBHA W  IICJIIEBOTO
(hyHKIIMOHATA CyIIIeCTBOBAaHUE OIITMMAJIBHOTO pereHus,
MUHUMU3UPYIOIIETO  (DYHKIIMOHAT  CTOMMOCTH,  JOKa3bIBaeTCsi  C
HCIIOJIb30BaHMEM MeToAa I'anepkuHa 1 METOA0B MOHOTOHHOCTH.

KiaiwouyeBble cj0Ba: ONTUMAIbHOEC TpPaHUYHOE VIIPABJICHHE,
HEJIMHEHHAs BS3Kas XKHUJIKOCTh, HECKUMAEMOE TEUCHHUE, C1aboe pelleHuE,
Meron ["anepkuna

Introduction

Problems of control and optimisation in models of continuum
mechanics have long attracted significant attention from specialists in
control theory and its applications. In recent years, increasing interest has
been devoted to boundary control problems for fluid flows (see, for
example, [1-5] and the references therein). Such problems are of both
theoretical and practical importance, since boundary control can be
relatively easily implemented in real applications.

In this paper, we study an optimal boundary control problem for a
system of equations describing the stationary motion of an incompressible
nonlinear viscous fluid in a bounded domain of R™ (n = 2,3) with a locally
Lipschitz boundary. A distinctive feature of the considered problem is that
the control parameter is the field of surface forces acting on a specified part
of the boundary of the flow domain, rather than the boundary velocity field,
which is usually assumed in boundary control models of fluid flow. This
formulation makes it possible to study flow control in domains with
impermeable solid boundaries without introducing external body forces as
control parameters.

In this note, conditions are formulated under which generalised
(weak) solutions of the controlled system exist that minimise a given
objective functional.

It should be noted that numerous works have been devoted to the
study of various mathematical problems related to models of nonlinear
viscous fluid motion (see the monograph [6] and papers [7-10]). Despite
this, the questions concerning the existence and properties of optimal
solutions to the equations describing the motion of nonlinear viscous fluids
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remain insufficiently studied. Some results are available only for the two-
dimensional case. In particular, the stationary optimisation problem with
control by external body forces was considered in the work of T. Slawig
[11], while the corresponding nonstationary problem was studied by D.
Wachsmuth and T. Rubicek [12-14].

Problem Statement and Main Result

Let Qc R*(n=2,3) be a bounded domain with a locally
Lipschitz boundary T

Consider the optimisation problem for the stationary flow of an
incompressible nonlinear viscous fluid in the domain ():

v-Vv—=Div§+Vp = finQ, @)
S=9U(v))D() inQ, 2
V.-v=0inQ, 3
v-n=0onT, %)
v=0onT\T &)
(Sn)r=uonl (6)
uedu, @)

J(v,S,u) = inf. (®)

Here v denotes the velocity field of the fluid, S is the deviator of
the stress tensor, p is the pressure, and f is a given field of external forces.
The tensor D (v) is the strain-rate tensor defined by

T
D(U) _ Vv+(2Vv) .
Furthermore, I,(v) is the second invariant of the strain-rate tensor

L, (v) = XTj=1 Df(v).

The function : [0, +00) — [0, +00) is given, n is the unit outward
normal vector to the boundary I, u is the control parameter, [, is the part of
the boundary where the control is applied, U is the set of admissible
controls, and J is the prescribed objective functional.

We introduce the functional spaces used in the analysis of problems
(1)-(8). Let M**™ denote the space of symmetric n X n matrices with the

Euclidean norm

_ 2 1/2
[ Al pgpxn = (Zhizs A7),

for a matrix A = (4;;) € MM
By LP(Q, F) and W;"(Q, F) We denote the Lebesgue and Sobolev
spaces, respectively, of functions v: () = F, where F is a finite-dimensional
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space. The scalar product in L2(Q, F) is denoted by (:,-). We also introduce
the space

X(Q,RY) = {veW;(QR"):V-v=0,v|p-n=0,7vnr, =0} ()

with the norm [|[v||x(q,rmy = 1D (W) 12 (qmpxn)-

In formula (9), the trace of a function v: Q - R" from the space
W} (Q,R™) on T is defined by v|r=7y,v, where y,: W3 (Q,R") >
L?(T', R™) is the trace operator.

In studying problem (1)-(8), we assume that the following
conditions hold:

(1) the function 1 is continuous, and there exist positive constants
a4 and a, such that

a; < Y(s) < ay,s € [0,+x);
(ii) for any A, B € M}*™, the inequality

(w (14l3gn) A = (Bl n) B.A—B) 2 0
holds;
(ii1) the set U is bounded and sequentially weakly closed in the
space
{w € L>(T,,R™):w - n = 0};
(iv) for any bounded set Q © X(2, R™) x L?(2, MM™) x L*(I,,R™),

(vlslrl‘ll"gEQ](v’ S’ u) > %

(v) the functional
J: X(Q,R™) x L2(Q, MM™™) x L2(T,,R™) -> R

is weakly lower semicontinuous.

Let f € L2(Q, R™).

Definition 1.

A triple (v, S,u) € X(Q, R™) x L2(Q, M) x L2(T,, R™) is called
an admissible triple of the controlled system (1)-(7) if relation (2) holds,
inclusion (7) is satisfied, and the identity

7]
~ 3 (viv.g2) + WLENDE), D) = (f, @) + f;, u- ¢dl, (10)
holds for every ¢ € X(Q, R™).
Remark.
The appearance of identity (10) in the definition of an admissible
triple corresponds to the well-known approach used in the study of

generalised (weak) solutions of hydrodynamic models with slip conditions
on the boundary.
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Let M denote the set of admissible triples of problem (1)-(7).
Definition 2.
A triple (v*,S*,u*) € M is called a solution of the optimisation
problem (1)-(8) if
Jw*, S*u*) = (vlg,rd)fEM](v,S,u).

We now formulate the main result of the paper.

Theorem.

Suppose that conditions (i)—(v) are satisfied. Then the optimisation
problem (1)-(8) admits at least one solution.

To prove this theorem, methods of topological degree theory, the
Galerkin method, and the monotonicity property of the constitutive relation
(2) are used.

Conclusions

In this paper, an optimal boundary control problem for the
stationary motion of an incompressible nonlinear viscous fluid in a
bounded domain has been studied. The control parameter was taken as the
field of surface forces acting on a specified part of the boundary, which
makes it possible to consider flow control in domains with impermeable
rigid boundaries. A weak formulation of the controlled system was
introduced, and the concept of admissible triples was defined.

Under appropriate assumptions on the viscosity function, the
admissible control set, and the objective functional, the existence of an
optimal solution minimising the given cost functional was proved. The
proof was based on the Galerkin method, properties of monotone operators,
and compactness arguments.

The obtained results contribute to the theoretical study of optimal
boundary control problems for nonlinear hydrodynamic models and can
serve as a basis for further investigations of more general models and
numerical approaches.
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ON THE SPECTRAL PROPERTIES OF A DIFFERENCE
OPERATOR WITH A GROWING EVEN POTENTIAL
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Annotation: This paper studies the spectral properties of a class of
difference operators with a growing even potential. The operator is
considered in the Hilbert space [2(Z) of two-sided square summable
sequences. Such operators arise from the discretisation of Sturm—Liouville
operators with increasing potentials. The method of similar operators is
applied to analyse the spectral structure of the considered operator. An
admissible triple of operators is constructed, which allows the perturbation
to be studied in a special Banach algebra of operators. It is shown that the
spectrum consists of a finite set of eigenvalues and an infinite family of
two—point spectral sets. Asymptotic formulas for eigenvalues are obtained
for large indices.

Keywords: difference operator, spectral properties, method of
similar operators, Sturm-Liouville discretization, Hilbert space [2(Z),
eigenvalue asymptotics

O CIIEKTPAJIBHBIX CBOMCTBAX PASHOCTHOI'O
OIIEPATOPA C BO3PACTAIOIIUM YETHBIM
NOTEHIHUAJIOM

Jdunb Kyanr [Abik, Iunb Then Jdynr,
YHUBEpCUTET TpaHCTIOpTa XOIIMMUHA,
r. XOITUMUH

AnHoTanmusi: B mgamHOW paboTe W3y4alOTCsS CIIEKTpabHBIC
CBOMCTBa KJjlacca Pa3HOCTHBIX ONEPAaTOPOB C BO3PACTAIONINM YETHBIM
noteHianoM. Oneparop paccMaTpuBaeTcs B THIILOEPTOBOM IPOCTPAHCTBE
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1(Z) nBYCTOPOHHHX KBaJpaTHYHO CYMMHPYEMBIX IOCIEI0BATECILHOCTEH.
Takue ormepaTtopbl BOZHHKAIOT W3 JUCKpeTH3almu onepatopoB llTypma—
JInyBunis ¢ Bo3pacTalolMMU NOTeHIManaMu. JJid aHanu3a CrieKTpaibHON
CTPYKTYPBI PacCMaTpHUBAaEMOTO OTepaTopa MPUMEHSETCS METOJ TIOAOOHBIX
omepaTtopoB. [locTpoeHa momycTumasi TpoHKa ONMEpaToOpOB, TO3BOJISIOIIAL
U3y4aTh BO3MYIICHHWE B CIICIIUANBHON OaHaXOBOW anredpe ornepaTropos.
ITokazaHo, 9TO CHEKTP COCTOMT M3 KOHEYHOIO MHOXKECTBA COOCTBEHHBIX
3HAYEHUH U OCCKOHEYHOIO CEMEHCTBA JIBYXTOUCYHBIX CIIEKTPAILHBIX
MHOecTB. [lomydeHsl acuMnTOTHYECKHE (HOPMYIBI s COOCTBEHHBIX
3HAYEHUH TSI OOJBIINX HHIEKCOB.

KuroueBble cjioBa: onepaTtop pa3HOCTH, CIEKTPaIbHBIE CBOHCTBA,
METOJT TOJO0OHBIX OIepaTopoB, auckpermzarws Iltypma-JlnyBumis,
THIHOEPTOBO MPOCTPAHCTBO 1%(Z), acCHMIITOTHKA COOCTBEHHBIX 3HAYCHUN

Introduction

Difference operators play an important role in the study of discrete
models of differential equations and often arise from the discretisation of
Sturm-Liouville problems. The spectral properties of such operators have
been widely investigated because they preserve many essential features of
the corresponding continuous operators and appear in various applications
of mathematical physics and numerical analysis [1, 5].

The theoretical foundations for the study of spectral properties of
operators in Hilbert spaces were developed in functional analysis and
operator theory [2]. In particular, perturbation methods provide effective
tools for analysing operators represented as the sum of a simpler operator
and a perturbation. One of the approaches used for this purpose is the
method of similar operators, which has been successfully applied to the
study of differential and difference operators [3, 7].

Difference operators with growing potentials arise naturally in the
discretisation of Sturm—Liouville operators with symmetric potentials [4].
Their spectral properties have also been investigated in the theory of
Jacobi-type operators and band matrices [5, 6, §].

In this paper, we study a difference operator with a growing even
potential acting in the Hilbert space. [2(Z). Using the method of similar
operators, we construct an admissible triple of operators and investigate the
spectral structure of the considered operator. It is shown that the spectrum
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consists of a finite set of eigenvalues and an infinite sequence of two-point
spectral sets, and asymptotic formulas for the eigenvalues are obtained.

Main Results

Let us consider the Hilbert space of two-sided complex sequences
H = [2(Z) with the inner product (x,y) = ¥+2_, n(n)@ and the norm

llxll = CaZ o X212,

In the space H, we consider the linear closed operator E: D(E) ©

H — H defined by
(Ex)(n) =am)rn(n) +2r(n) —mt(n—1) —n(n + 1),

where the sequence a: Z — C satisfies the following conditions

1) a(n) = a(-n);

2) a(i) # a@) if |i] # |jl;

3) Jim la(m)] = oo

4) d; = gglﬂa(i) —a(j)| > 0.

Operators of this type arise naturally when discretising Sturm-
Liouville operators with growing even potentials [1].
The domain of the operator has the form.
D(E) ={m € *(Z): ¥5=—o la(m)|?|m(n)|? < oo},
The operator E can be represented as E = A — B, where

(Ax)(n) = a(n)x(n) + 2n(n), nH

Bx)(n) =x(n+1) +x(n—1). 2)

The adjoint operator A* is defined by (A*x)(n) = a(n)x(n), and

its domain coincides with D(A). Since ||Ax|| = ||A*x]||, the operator A is

normal [2].

From the properties of the sequence a(n), it follows that the
spectrum of A consists of the eigenvalues a(n) + 2,n € N, each having
multiplicity two (except a(0) + 2 ). The eigenvectors coincide with the
vectors of the standard basis of 12 (Z).

The eigenvectors of A are the vectors of the standard basis
{ex}, k € Z of the space 12(Z), where e,, (k) = &,,.

The corresponding spectral projectors are

B, (m) = (m,e,)e, + (m,e_p)e_, = B+ By m, and Pyx = (x, eg)ep. (3)

These projectors form a disjoint system of projectors satisfying

P;P; = 0,i # j,and },,, P, = I, where I is the identity operator.
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Let H be a separable Hilbert space and let EndH denote the Banach
algebra of bounded linear operators in H with norm || - ||. The operator
matrix of an operator X € EndH with respect to a disjoint system of
projectors {Q;} is defined by

Xij = PLXP]

An operator X belongs to the space End;H if the diagonals

Xp = Xi—j=p X;j are summable in norm:

Zp [%ll,, <o

The norm in this space is
IlX”l = Zp ”Xp”
The perturbation operator B defined by (2) belongs to End,H.
Admissible Triples: Let EndH < EndH be a linear space of
operators and let
J:End,H - End H,:End;H = End;H
be linear operators (transformers).
The triple (EndH, J,T) is called admissible for the operator A if:
1. J and T are continuous operators and 2 = J;
2. (rX)(D(A)) c D(A)
and ATX —TXA =X —JX,X € End; H; 4
3. XTY € End;H, (TX)Y € End; H there exists y > 0 such that
Tl <vy and
max{IXTY l|zna, . 1Y llgna, i} < VX sna, 1Y llgna -
Construction of the Admissible Triple:

Let
Qn = Xizo P:.
The transformer J is defined by
JX = QuXQn + Xisn PXP;. (%)

This transformer preserves the main and secondary diagonals of the
operator matrix.

For the operator Y = I'X, the matrix elements satisfy.

a(Y; —Yija() = X;;.
Hence,
Yy = = (6)
Yo a@-a()

Since a(i) # a(j), the denominator does not vanish, and the

formula is well defined.
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Theorem 1:
The triple (E,qH,J,T) defined by formulas (5) and (6) is an
admissible triple for the operator A.
Theorem 2:
There exists a natural number k > 1 such that the spectrum of the
operator
E:D(EyYcH—-H
can be represented as
a(E) = ¥ U (Uisk 6),
where
— o™ contains at most 2k + 1 eigenvalues;
— each set 6; consists of two points:
&; = {Ai, A_i}:
The eigenvalues satisfy the asymptotic formulas.
Ay =a(@+2+0(d),
and a refined asymptotic expansion

~ . 1 1
Avi=a@)+2- a(i+D-a())  a(i-1-a()
Conclusion

In this paper, the spectral properties of a difference operator with a
growing even potential acting in the Hilbert space [2(Z) have been
investigated. The operator was represented as the difference of a diagonal
operator and a bounded perturbation, which made it possible to apply the
method of similar operators.

An admissible triple of operators was constructed in the
corresponding operator algebra. Using this approach, a representation of
the spectrum of the considered operator was obtained. In particular, it was
shown that the spectrum consists of a finite set of eigenvalues and an
infinite sequence of two-point spectral sets. Furthermore, asymptotic
formulas describing the behaviour of eigenvalues for large indices were
derived.

The obtained results contribute to the spectral analysis of discrete
operators arising from the discretisation of Sturm—Liouville problems with
growing potentials and demonstrate the effectiveness of the method of
similar operators for studying such operators.

+0(d;?).
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STUDY OF THE CONDITIONS FOR PRODUCING
BITUMEN BASED ON ALTERNATIVE FEEDSTOCKS
AND OXIDIZING AGENTS
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Annotation: This study presents a technological assessment of
producing road petroleum bitumen from alternative hydrocarbon feedstock
derived from waste tire pyrolysis. The heavy fraction of tire pyrolysis oil
(boiling above 290 °C) was evaluated as a potential substitute for
conventional petroleum vacuum residue in air oxidation processes. The
influence of pyrolysis reactor type and operating temperature on product
distribution was analyzed, and the advantages of a rotary kiln reactor for
industrial-scale processing were substantiated. Fractionation characteristics,
elemental composition, H/C ratio, density, and aromaticity of the heavy
fraction were examined to determine its suitability for structured oxidation.
Based on industrial analogues of serpentine tube oxidation units, optimal
process parameters, including temperature range, air pressure, recirculation
ratio, and residence time, were proposed for controlled oxidation of the
heavy pyrolysis fraction. The suggested technological regime enables the
production of road petroleum bitumen grade NYB 60-90 (equivalent to
BND 60/90 according to GOST 22245-90) with penetration values within
the standard range. The results demonstrate that tire-derived heavy
pyrolysis fractions represent a technologically feasible and resource-
efficient alternative feedstock for bitumen production.
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UCCJIEJOBAHUE YCJIOBU ITPOU3BOICTBA
BUTYMA HA OCHOBE AJIbBTEPHATHUBHOI'O CbIPbA
N OKUCJIAIOINUX ATEHTOB

ATaeB Mataa6 llInubana,
Jo11., Kadeapa HePTeXUMHUUCCKON TEXHOJIOIUH U MPOMBIIIIJICHHON

9KOJIOTHH,

Mup3anu asBuH Capaap,

MarucTpaHr,

AzepbaiiKaHCKUH rocy1apCTBEHHBIH He(TEra3oBblii YHUBEPCUTET
(AHONY),

AHHOTamusi: B ngaHHOM  HccienoBaHMM — TIpECTaBlIEHA

TEXHOJIOTHYECKast OLEHKa MPOU3BOJCTBA IOPOXKHOro HedTsHOro OMTyMa
W3 aJbTEPHATUBHOIO YTJIEBOJOPOMHOTO CHIPBS, IOIYYaeMOTO IIyTEM
MUpPONIH3a OTPAOOTAHHBIX MKH. Tspkenas ¢ppakmus MUPOIU3HOTO Macia U3
mmH (kunsmas Temreparypa Beime 290 °C) Obuia OllgHEHa Kak
MOTEHIIHAIbHAS 3aMEeHa TPAAWIMOHHOMY BaKyyMHOMY OCTaTKy He(TH B
mporeccax OKHUCIeHHA BO3AyXoM. [IpoaHanmn3upoBaHO BIUSHHE THIIA
OUPOJU3HOIO peakTopa M paboyell TemImepaTypsl Ha paclpelesieHHe
NPOIYKTOB, a TAKXKe 0OOCHOBAaHbI MPEUMYILECTBA BPALIAIOIIETOCS [IEYHOTO
peakTopa IS TPOMBINIUICHHOW mepepabotku. [l ompemencHUs
MPUTOJTHOCTH TSDKEIOW (pakiuu K CTPYKTYPUPOBAHHOMY OKHCIICHHIO
W3YYCHBl XapaKTePUCTUKH (PAKIMOHUPOBAHUS, JJIEMEHTHBIA COCTaB,
cootHomenne H/C, TmmIOTHOCT, ¥  apoMaTHYHOCTh. Ha  ocHOBe
MIPOMBIIIUICHHBIX aHAJIOTOB 3MEEBUAHBIX TPYOUAThIX YCTAHOBOK OKHCIICHIS
MNpEeJIOKEHBl  ONTUMAalbHBIE  MapaMeTpsl  Ipolecca, BKJIIOYASI
TEMIIEPAaTypHBIA  JHWANa30H,  JaBJICHWE  BO3AyXa,  KOIPQUIMEHT
PEIHMPKYIANNN M BpeMs MPeObIBaHUS, UIA KOHTPOIUPYEMOT'O OKHCIICHUS
TSOKETIOW muponn3Hold  pakuuu. [IpennokeHHBIH —TEeXHOJOTHYECKHNA
PEKHUM TIO3BOJISIET TIPOM3BOUTH JOPOXKHBIN HedTsHOM OuTyM mMapku NYB
60-90 (oxBuBanenTHBIE BND 60/90 mo I'OCT 22245-90) co 3HaueHUsIMH
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MEHETpalMl B TpeJeNiax CTaHJapTHOTO JHana3oHa. Pe3yibTartsl
MOKA3bIBAIOT, YTO TSDKENBIC MUPOJIM3HEIE (PAKIIMH, MTOTyYESHHBIC U3 IIUH,
NPEICTABIISIOT coboit TEXHOJIOTHUECKH OCYIIECTBUMYIO u
pecypcoddhEeKTHBHYIO aJIbTEPHATUBY CHIPBIO JJIS IPOU3BOICTBA OUTyMa.
KaroueBbie  cjioBa:  aJbTEPHATUBHOE  CHIphE,  IHPOJIU3
OTpabOTaHHBIX IIIWH, BPAIAIONIMICS PEaKTOp, TsDKeNas IHUPOIH3HASL
(hpakmmsi, OKHCIICHUE BO3IYXOM, OKHCICHHBIN OUTYM, TOPOKHBIA OUTYM

Introduction. The development of road transport and construction
infrastructure in our country has led to an increased demand for bitumen
and bitumen-based materials. Currently, this demand is mainly satisfied by
heavy residues obtained in the petroleum refining industry. However, the
limitation of the raw material base, variability in the quality of heavy
residues, and high energy consumption necessitate the improvement of
bitumen production processes. In this regard, the involvement of alternative
raw material sources and the adaptation of existing technologies to new
types of feedstock are of significant scientific and technological
importance. The study of the potential use of heavy fractions of pyrolysis
oils obtained from the pyrolysis of waste automobile tires in bitumen
production is one of the relevant issues [1-4]. Due to their high aromaticity
and low hydrogen-to-carbon ratio, these fractions exhibit behavior similar
to conventional petroleum-derived vacuum residue and semi-residue during
the oxidation process, significantly influencing the process conditions,
intensity, and the quality of the final product. In oxidation processes
applied in bitumen production, the chemical composition of the feedstock,
temperature, and reaction time play a key role [2-6]. When using alternative
raw materials, optimization of these parameters becomes necessary.
Therefore, the study of the conditions for producing bitumen based on
alternative feedstock and oxidizing agents, as well as the assessment of the
industrial applicability of these processes, represents a relevant scientific
and technical task.

Problem Statement. The gradual depletion of conventional
petroleum-derived heavy feedstock resources used in the production of
road and construction bitumen, as well as the instability of their quality
indicators, necessitates the involvement of alternative raw material sources.
Approximately 2.5 billion tires are produced annually worldwide, and a
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comparable volume of waste tires is generated each year (Market Reports
World, 2026). In this context, the use of heavy hydrocarbon fractions
obtained from the pyrolysis of waste automobile tires in bitumen
production is of both current relevance and practical importance. A
systematic evaluation of the behavior of alternative feedstock in the
production process of oxidized bitumen, the determination of optimal
process conditions, and the assurance of compliance of the resulting
bitumen with standard specifications constitute important technological and
scientific challenges. The study of the influence of parameters such as
reactor temperature, type and concentration of the oxidizing medium, and
process duration on the physical and mechanical properties of bitumen is
crucial from the standpoint of industrial design and application.The main
objectives of this research are as follows: to analyze the potential of heavy
fractions obtained from tire pyrolysis as alternative feedstock for bitumen
production; to comparatively evaluate the effect of oxidation conditions on
bitumen quality; and, based on the obtained results, to determine the
prospects for industrial application of the proposed process.

Methods of Solution. Tires are mainly composed of high-
molecular-weight hydrocarbons, polymeric materials containing aromatic
and naphthenic structures, carbon black, and sulfur-containing compounds.
As a result of the thermal pyrolysis process, these components decompose,
leading to the formation of liquid fractions characterized by high carbon
content, high aromaticity, and a relatively low H/C ratio. These
characteristics are close to the chemical nature of conventional heavy
petroleum residues (vacuum residue and semi-residue) used for the
production of oxidized bitumen. For this reason, heavy fractions obtained
from tire pyrolysis are considered promising alternative feedstocks in
oxidation processes in terms of structural development and viscosity
increase.

Table 1 — Typical composition of passenger car and truck tires (Evans et

al., 2006)
Component Passenger Car Tire (%) Truck Tire (%)
Rubber 47 45
Carbon black 21.5 22
Metal 16.5 21.5
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Component Passenger Car Tire (%) Truck Tire (%)
Textile 5.5 -
Zinc oxide 1 2
Sulfur 1 1
Additives 7.5 5

The rubber fraction consists of Natural Rubber (NR — cis-1,4-
polyisoprene), Styrene-Butadiene Rubber (SBR), and Butadiene Rubber
(BR). In bitumen production, the initial stage of tire processing involves
subjecting the tire material to pyrolysis with the aim of maximizing the
yield of pyrolysis oil.

Pyrolysis Process. In a study conducted by Aydin and Ilkilig
(2012), the pyrolysis of waste automobile tires was investigated in a fixed-
bed, batch-type reactor. The process was carried out within a temperature
range of 400-700 °C, and the optimal product distribution was achieved at
approximately 500 °C. Under these conditions, the mass distribution of
pyrolysis products was as follows: liquid fraction (pyrolysis oil) — 40.26
wt.%, solid residue (carbonized material) — 47.88 wt.%, and gaseous
products — 11.86 wt.%. The obtained results indicate that although
increasing the temperature in fixed-bed reactors promotes the formation of
liquid products, heat transfer is limited due to the immobility of the
feedstock within the reactor, resulting in a relatively high yield of solid
residue. This characteristic demonstrates that fixed-bed reactors are more
suitable for laboratory and industrial-scale studies, whereas reactor types
that provide continuous and more homogeneous processing are preferable
under industrial conditions.

The following parameters represent the optimal operating
conditions proposed for an industrial-scale rotary kiln reactor designed for
the processing of 30 tons of waste tires per day.

Table 2 — Proposed Optimal Operating Parameters for a contemporary

Rotary Kiln Reactor
Parameter Value
Temperature 430480 °C
Rotational speed 0.45 rpm
Residence time 55 min
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Parameter Value
Heating rate 10 °C/min
Oxygen concentration 0.5%
Tire particle size 34 cm
Moisture content 1%
Reactor filling degree 15 %

Table 3 — Expected Product Distribution at 450 °C

Product Yield (%)
Pyrolysis oil 47 %
Carbon black (char) 33 %
Gas fraction 11 %
Steel 9%

Products yields (% gram)
5]

_.
s
b\
!

i} T T T T T T T
350 400 450 500 =] &0 &80 T00 =0

Reactor temperature (°C)
Figure 1 — Effect of reaction temperature on the yield of pyrolysis products

Yazdani et al. (2019) conducted the pyrolysis of waste tires in a
laboratory-scale rotary furnace reactor made of quartz, electrically heated
and rotating at a speed of 1 rpm. The process was carried out at seven
different temperatures within the range of 400-1050 °C under a nitrogen
inert atmosphere with a flow rate of 70 cm®min. The heating regime
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consisted of two stages: temperature ramping (20-30 min) and isothermal
holding (total duration 120 min). The study determined that the optimal
pyrolysis temperature for the rotary furnace was 550 °C, at which
maximum yields of 44 wt.% pyrolysis oil, 21.7% gas, and 34.5% char were
obtained. Increasing the temperature above 550 °C accelerated secondary
cracking reactions, leading to the conversion of liquid products into gas and
a decrease in oil yield.

: @ 3 41.[_@+ 6

[T N |

..........

1%2]

Figure 1 — Schematic of the Rotary Kiln reactor
(1 — Nitrogen cylinder; 2 — Flow controller; 3 — Rotary Kiln reactor; 4 —
Furnace; 5 — Heat exchanger; 6 — Separator; 7 — Pyrolysis oil tank; I —
Nitrogen; II — Pyrolysis products (excluding coke and metals); III- Gases;
IV — Pyrolysis oil)

The composition of the obtained pyrolysis oil was analyzed by FT-
IR and distillation analyses. The oil was found to consist mainly of alkanes
and aromatic compounds and to contain 46% of a heavy fraction
corresponding to VGO (Vacuum Gas Oil, >350 °C). Although laboratory
studies often determine the optimal pyrolysis temperature as 500-550°C,
industrial rotary kiln reactors operate more efficiently within the 430-
480°C range. In large-scale systems, heat transfer limitations, larger
particle beds, and non-uniform temperature distribution increase the risk of
secondary cracking at higher temperatures. Operation above 500°C
promotes excessive gas formation, reduces liquid yield, and increases
energy consumption and thermal stress on reactor materials. Therefore, the
430-480°C range ensures stable heat transfer, minimizes secondary
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reactions, improves energy efficiency, and provides optimal heavy fraction
quality under continuous industrial conditions.

46

a4 |k

IR -

36 |- |

final oil mass fraction (%)

increase decrease

400 SO0 SO0 TOO 200 b L] 1000 1100
temperature { “C)

Figure 2 — Dependence of pyrolysis oil yield on temperature

Table 4 — Elemental analysis of the obtained products

Element Test Method Liquid (wt %.) | Solid (wt %.) | Gas (wt %.)
Carbon ASTM D5291 87.00 77.80 87.35

Hydrogen | ASTM D5291 11.10 0.65 11.14

Nitrogen | ASTM D5291 <0.5 <0.1 -
Sulfur ASTM D4294 0.85 2.08 0.31

It was determined that with increasing temperature, the yield of
solid residue (char) decreases, while the amount of gaseous products
increases, and the maximum yield of the liquid fraction (pyrolysis oil) is
obtained within the intermediate temperature range. Due to the movement
of tire particles inside the rotary kiln reactor, the pyrolysis process acquired
a more homogeneous character, preventing local overheating of the
feedstock and increasing the proportion of aromatic and unsaturated
hydrocarbons in the liquid product composition.

The selection of reactor type for the pyrolysis of waste automobile
tires directly affects process efficiency and the quality of the obtained
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products. Among various reactor types, rotary kiln reactors are considered
more suitable for processing heterogeneous and mechanically complex
feedstock. In such reactors, the rubber, metal cord, and textile components
of tires continuously advance under the influence of gravity and rotational
motion, thereby preventing hydrodynamic complications. In rotary kiln
reactors, heat transfer occurs mainly through wall contact and radiation,
ensuring uniform heating of large particles, while continuous mixing
reduces the risk of local coking. Structural simplicity, low probability of
clogging, and suitability for continuous industrial operation justify the
technological and economic advantages of this reactor type for waste tire
pyrolysis.

Table 5 — Chemical composition of the gas released during the pyrolysis
process (average, vol.%)

Component % (Vol.)
Methane 32.92
Hydrogen 21.11
Ethane 13.05
Carbon dioxide 12.06
Carbon monoxide 6.41
Propane 5.15
Propene 3.76
Ethylene 1.94
1-Butene 1.25
2-Fumaric acid 1.27
Butane 0.91
Nitrogen 0.86
Isobutane 0.30
Cis-2-butene 0.08
Pentane 0.06
Hydrogen chloride <0.01
Hydrogen sulfide <3 (mg/m?)
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Fractionation of Pyrolysis Oil

The fractionation of tire pyrolysis oil (TPO) was carried out at a
maximum boiling temperature of 290 °C without applying reflux. The feed
was introduced into the column at room temperature without preheating,
and the feed flow rate was maintained constant at 20 kg/h. The selection of
a reflux ratio of 0 caused the separation process to proceed mainly
according to a simple evaporation—condensation mechanism. The
temperature distribution along the column exhibited a weak gradient. While
the temperature in the reboiler was 290 °C, the temperature at the top of the
column was 160 °C. Within the T4-T10 intervals, the temperature varied
between 160-214 °C. The relatively small temperature difference between
the top and bottom sections (particularly only a few degrees in the
rectification zone) indicates reduced separation selectivity due to the
absence of reflux. Under these conditions, a broader range of hydrocarbons
can pass into the light fraction.

In terms of fraction yields, under high boiling temperature
conditions, the light fraction (LF) yield was approximately 36.7%, while
the heavy fraction (HF) accounted for 63.3%. Increasing the temperature
intensified evaporation, leading to near-maximal separation of light
components. The light fraction was dominated by aromatic compounds.
Toluene (11.8%), (ptm)-xylene (9.8%), benzene (4.5%), ethylbenzene
(3.5%), and limonene (4.9%) were identified as the main components. The
total BTEX content was 34.3%, indicating a high concentration of aromatic
hydrocarbons. The heavy fraction was characterized by more aromatized
and condensed structures. According to elemental analysis, it contained
87.9% carbon, 9.1% hydrogen, 0.8% nitrogen, and 1.3% sulfur. An H/C
ratio of 1.2 indicates a high degree of aromaticity. The lower heating value
of the heavy fraction was 41.8 MJ/kg, and its density at 20 °C was 1.04
g/mL. The water content was 191 ppm, flash point 72 °C, pH 5.7, and total
acidity 9.48 mgKOH/g. The BTEX content in this fraction was only 0.5%,
while limonene accounted for 0.9%, indicating that light aromatics were
almost completely transferred to the light fraction.

Thus, fractionation at 290 °C without reflux ensured effective
separation of light aromatics, while the heavy fraction exhibited an
increased concentration of higher molecular weight and more aromatized
components. These characteristics demonstrate the suitability of the heavy
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fraction as a potential feedstock for subsequent oxidation processes or the
production of bitumen-like materials.
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Figure 2 — Distillation process of TPO
(1 — TPO storage tank; 2 — Secondary TPO storage tank; 3 — Pump; 4 —
Distillation column; 5 — Reboiler; 6 — Heavy fraction tank; 7 —
Condensation column; 8 — Light fraction tank; 9 — Light fraction tank; I —
Tire pyrolysis oil; IT — Light fraction; III — Heavy fraction; IV — Cooled LF;
V — Water; VI - Cooled LF; VIII — Gases; IX — C1 — C4 gases)

Table 6 — Products of the distillation process

Parameter 290 °C, No Reflux 290 °C, No Reflux
HF LF
Carbon (wt.%) 87.9 87.9
Hydrogen (wt.%) 9.1 11.1
Nitrogen (wt.%) 0.8 0.3
Sulfur (wt.%) 1.3 0.7
H/C ratio 1.2 1.5
Higher Heating Value (HHV, 41.8 41.0
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Parameter 290 °C, No Reflux 290 °C, No Reflux
HF LF
MJ/kg)
Density (at 20 °C, g/mL) 1.04 0.88
Water Content (ppm) 191 127
Flash Point (°C) 72 <25
pH 5.7 6.5
Total Acid Number (TAN, 3 3
mgKOH/g)

Limonene (wt.%) 0.9 4.9
Benzene (wt.%) 0.0 4.5
Toluene (wt.%) 0.1 11.8

Ethylbenzene (wt.%) 0.1 3.5

(p + m)-Xylene (wt.%) 0.1 9.8
0-Xylene + Styrene (wt.%) 0.2 4.7
Total BTEX (wt.%) 0.5 343

Oxidation of the Heavy Fraction

In bitumen production units equipped with serpentine tube reactors,
petroleum bitumen is obtained as a result of the oxidation process. As
feedstock, gudron, semi-gudron, and residues of heavy oils boiling above
350 °C are used. The main products of the unit are road, construction,
roofing, and special viscous bitumens. The yield of viscous road bitumen is
approximately 98 wt.%, while the yield of construction bitumen is 94-96
wt.%. According to the technological regime, the feedstock is heated to
260-270 °C in the serpentine tubes of the furnace and then introduced into
the reactor. In the reactor, the temperature is maintained within the range of
270-275 °C as a result of oxidation. The reaction products are at a
temperature of 170-200 °C in the evaporator. Commercial bitumen is
obtained at the outlet of the cooler within the temperature range of 180-220
°C. The recirculation ratio (by mass) is 3:1-8:1. The compressed air
pressure is 0.7-0.8 MPa, the pressure at the reactor inlet is 0.6-0.7 MPa, and
in the evaporator it is 0.15-0.20 MPa. The suitability of this unit for the
heavy fraction of tire pyrolysis is determined by its operating principle. The
tire-derived heavy fraction is rich in aromaticity and resinous components,
which create properties close to those of gudron. During oxidation,
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molecular weight increases and structural densification occurs; therefore,
under appropriate temperature and recirculation conditions, this fraction
can be oxidized and considered a technologically promising feedstock for
obtaining a bitumen-type product.

Table 7 — Proposed parameters of the oxidation process

. Proposed Range for Heavy Pyrolysis
Indicator Fraction (290 °C)
Temperature of fee(c)i leaving the 235-045
furnace, °C
Temperature of prodzlct leaving the 245955
reactor, °C
Bitumen temperazlge after the cooler, 160—190
Commercial bitumen temperature
(cooler outlet), °C 170-200
Recirculation ratio (by mass) (1.5-3):1
Compressed air pressure, MPa 0.6-0.7
Pressure at reactor inlet, MPa 0.12-0.18
Pressure in the evaporator, MPa 0.10-0.15
Reaction time (residence time), min 10-15
Linear velocity in reactor tubes, m/s 4-6
Vapor velocity (in evaporator), m/s <0.10
Vapor velocity (in separator), m/s <0.25
Specific volume of reaction zone,
m/(t-h) 0.2-0.6
Residual oxygen coontent in bitumen, 05-2.0
wt.%
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15
d  om

Figure 3 — Technological scheme of bitumen production in a serpentine
tube reactor (oxidation of feedstock in foamed state)

(1,4,9, 12, 15 — Pumps; 2 — Receiving tank; 3 — Furnace; 5 — Mixer; 6 —
Air receiver-Reactor; 8 — Compressor; 10 — Evaporator; 11, 14 — Air
coolers; 13 — Separator; 16 — Furnace; I — Heavy pyrolysis fraction; II —
Air; [l — Heavy fuel oil; IV — Bitumen; V — Gases; VI — Fuel)

The proposed technological regime ensures structural hardening
through controlled oxidation of the heavy pyrolysis fraction, resulting in the
production of road bitumen grade NYB 60-90 (equivalent to BND 60/90
according to GOST 22245-90). In the process, the feedstock outlet temperature
from the furnace is maintained at 235-245 °C, while the reactor outlet
temperature is kept within 245-255 °C. This prevents excessive coking of the
fraction and ensures stable progression of oxidation reactions. The selection of
a recirculation ratio within the range of 1.5-3:1 ensures the return of partially
oxidized, more viscous product to the reaction zone, thereby promoting
gradual hardening of the molecular structure. A residence time of 10-15
minutes and a linear velocity of 4-6 m/s in the reactor tubes ensure
homogeneous distribution of oxygen in the liquid phase. Supplying
compressed air at a pressure of 0.6-0.7 MPa accelerates the reaction kinetics,
while maintaining the reactor inlet pressure at 0.12-0.18 MPa prevents
excessive thermal cracking. Low vapor velocities in the evaporator and
separator zones (<0.25 m/s) ensure the removal of light components and
increase the softening temperature of the residual product. The specific
reaction zone volume is selected within 0.2-0.6 m?/(t-h), providing an optimal
balance between oxidation depth and productivity. As a result, 0.5-2.0 wt.%
residual oxygen is incorporated into the bitumen, leading to an increase in
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asphaltene content and strengthening of the colloidal system. Thus, the
combination of the indicated temperature, pressure, recirculation, and
hydrodynamic parameters ensures structured oxidation of the heavy pyrolysis
fraction and technologically substantiates the production of heat-resistant road
bitumen grade NYB 60-90 with penetration in the range of 60-90.

Penetration vs Oxidation Time (Industrial Hyperbolic Model)

100
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T T
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Figure 3 — Graph of penetration versus reaction time

Effect of Temperature on Penetration (Reaction time = 10 min)

95
90 A
85
80+
75
70 A
65 4
60 +
55 A

T T T T T T T T T
235.0 237.5 240.0 2425 2450 247.5 2500 252.5 255.0
Temperature (*C)

Penetration (0.1 mm)

Figure 4 — Dependence of penetration on temperature (constant time)
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Table 8 — Oxidation process products

Product Yield, % (wt.)
Bitumen (NYB 60-90) 85-89
Heavy fuel oil 5-7
Gases and water vapor 4-6
Mechanical losses <1
Total 100

Conclusion. The conducted technological assessment demonstrates
that the heavy fraction of tire pyrolysis oil (boiling above 290 °C) possesses
physicochemical characteristics comparable to conventional petroleum
vacuum residue and can therefore be considered a promising alternative
feedstock for oxidized bitumen production. Its high carbon content,
relatively low H/C ratio, elevated density, and pronounced aromaticity
favor structural condensation reactions during air oxidation and promote
the formation of a stable colloidal system. The analysis of pyrolysis
conditions confirmed that rotary kiln reactors operating within the
temperature range of 430-480 °C provide optimal product distribution and
improved heavy fraction quality under industrial-scale processing.
Fractionation without reflux at 290 °C enables effective separation of light
aromatic components and concentration of high-molecular-weight
structures in the heavy fraction, enhancing its suitability for subsequent
oxidation. The suggested technological conditions ensure gradual structural
hardening while preventing excessive thermal cracking and coking. Under
these parameters, road petroleum bitumen grade NYB 60-90 (equivalent to
BND 60/90 according to GOST 22245-90) can be obtained with
penetration values within the required standard range. Overall, the results
confirm the technological feasibility and resource efficiency of utilizing
tire-derived heavy pyrolysis fractions in bitumen production, contributing
to both waste valorization and diversification of the raw material base in
the petroleum refining industry.
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AJIT'OPUTM ITPOTHO3UPOBAHMUS JIABOBBIX IOTOKOB
MO IN®POBBIM MOJIEJIAM PEJIBE®A HA OCHOBE U-NET

A.O. MacJioB,

CTyZAeHT 1-ro Kypca kadeapsl cucreM 00paboTku HHQOpMALUU U
ynpasnenus (Y -5),

M.M. Kosocos,

npern. kadenpsl cucteM o0padoTky nHbopMarmu yrpasieaus (MY-5),
MITY um. H.O. baymaHa,

r. Mocksa

AnHoTamusi: B paGoTe npencTaBieH alropuTM MpOTHO3HPOBAHUS
30H PACIPOCTPAHCHUS JIABOBHIX IIOTOKOB Ha OCHOBE CBEPTOYHOMH
HEUpOHHON ceTn apXuTekTypbl U-Net. BXOJIHBIMU NaHHBIMH MOEIHU
CIyXHT IU(poBas MOJIENb pesbeda U KOOPAUHATH UCTOYHHKA W3JIUSHUS,
Ha OCHOBE KOTOPBIX (hOpMHpYyeTCs MHOTOKaHAIbHOE MpeJCcTaBicHue. B
IeasIX oO0ydeHus HeHpoceTeBOi Momenu chOPMUPOBAH CHHTETHUCCKHMA
nmaracet, comepkamuidi 1000 mpuMepoB MCKYCCTBEHHO CTCHEPHUPOBAHHBIX
muppoBeIX  Mojeneld  penbedpa M COOTBETCTBYIOIIMX  MAacOK
pacmpocTpaHEeHHs JIABOBOTO TIOTOKA. J[Js1 TIOBBIMIEHHS YCTOWYHBOCTH
mporecca 00ydeHHUsT WCIOIb30BaHa KOMOWHHpPOBAaHHAS (PYHKITHS MOTEPbH,
MPEICTaBIsIIomas co00il B3BEIICHHYI0 KOMOWHAIIMIO OWHApHOW Kpocc-
sHTponmu " GyHKIUM Dice. DKCIEpUMEHTalbHAs OIICHKA KadecTBa
MOJCIIH TTPOBOIMIACH C UCIONIb3oBaHueM MeTpuk loU u FI. TlonydeHHbIC
pe3yNbTaThl JACMOHCTPUPYIOT BBICOKYK) TOYHOCTh CETMCHTAIUH 30H
pacnpocTpaHeHHs JiaBbl. Pa3pa0oTaHHBIM aNTOPUTM XapaKTePU3yeTCs
BBICOKOH BBIYHCIUTEIHLHON 3((DEKTUBHOCTHIO 1 MOXKET OBITH MCIIOJB30BaH
JUTST OTIEPAaTHBHOM OIICHKM MOTEHIIMANBHBIX 30H OINACHOCTH B paiioHax
BYJIKAHHYECKOW aKTUBHOCTH.

KuarwueBbie ciaoBa: U-Netf, cBepTOuHble HEHUpOHHBIE CETH,
MPOTHO3WPOBAaHNE JIABOBBIX IIOTOKOB, I(poBas Moaenb penbeda,
CErMEHTAIVsI H300paXCHHI, CHHTETUICCKHE JaHHbIC
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DEVELOPMENT OF A NEURAL NETWORK
FOR PREDICTING LAVA FLOW PROPAGATION
USING DIGITAL ELEVATION MODELS

A.O. Maslov,

Ist year student of the Department of Information Processing and
Management Systems (IU-5),

M.I. Kolosov,

Lecturer at the Department of Management Information Processing
Systems (IU-5),

BMSTU,

Moscow

Annotation: The paper presents an algorithm for predicting lava
flow propagation zones based on a convolutional neural network of the U-
Net architecture. The model's input data consists of a digital elevation
model and the coordinates of the eruption source, which are used to form a
multi-channel representation. To train the neural network model, a
synthetic dataset was created, containing 1000 examples of artificially
generated digital elevation models and corresponding lava flow
propagation masks. To improve the stability of the training process, a
combined loss function was used, representing a weighted combination of
binary cross-entropy and the Dice function. Experimental evaluation of the
model's quality was carried out using loU and F1 metrics. The obtained
results demonstrate high accuracy in segmenting lava flow zones. The
developed algorithm is characterized by high computational efficiency and
can be used for rapid assessment of potential hazard zones in volcanic
activity areas.

Keywords: U-Net, convolutional neural networks, lava flow
prediction, digital elevation model, image segmentation, synthetic data

CyIecTByOIIUe MOAX0AbI K MPOTHO3UPOBAHUIO PACTIPOCTPAHCHUS
JABOBBIX TOTOKOB  MOJPa3feNsloTcss Ha  JBa  Kiacca:  (DU3HKO-
MaTeMaTHYECKUE MOJICIH U aNTOPUTMHUYECKHE METOIbI, OCHOBAHHBIC Ha
aHanmze nupoBEIX MoJenel penbeda B cpene [UC.
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B mocnenmHue TOABI NMPEANPUHUMAIOTCS TONBITKA MPUMECHECHUS
METOJIOB MaIMHHOTO 00y4eHus [2, 3]. OHaKO UCTIONB3YEMBIC alITOPUTMBI
HE YYWTHIBAIOT TPOCTPAHCTBEHHBIH KOHTEKCT B SIBHOM BHIIE U TPeOyIOT
py4uHOro (POPMUPOBAHUS MPHU3IHAKOB, YTO OTPAHUYHMBAET MX CIIOCOOHOCTH
BEISBJIATH CJIOKHBIC HEIMHEHHBIC 3aBUCUMOCTH MEXKIY peiabeoM U
XapaKTepPOM PACIIPOCTPAHCHUS JIABHI.

CBepTouHbIe HEHPOHHBIC CETH, B YacTHOCTH apxurekrypa U-Net,
JIUIICHBI YKA3aHHBIX HEJIOCTATKOB, MMOCKOJBKY MO3BOJISIFOT aBTOMATHYECKU
W3BJIEKATh TPOCTPAHCTBEHHBIC MPU3HAKU U3 MATPUIIBI BEICOT U BBITIOIHSITH
CEMaHTHYECKYyI0 CETMCHTAIIMIO 30H pPaCHpOCTPaHCHHS TMOTOKa [4].
[IpumeneHne MOAOOHBIX apXUTEKTYP K 3aJade MPOrHO3UPOBAHMS JIABOBBIX
MOTOKOB OCTAa€TCS HEIOCTATOYHO HCCIEAOBAHHBIM, YTO OOYCIOBIMBACT
aKTyaJlbHOCTh ~ pa3pabOTKH  COOTBETCTBYIOIIMX  AJITOPUTMHYECKHAX
pellIeHU.

Henbo paboThl SBISCTCS TOBBIIICHHE YPOBHS O€30MaCHOCTH
HACeJICHUsT M OOBEKTOB HMH(MPACTPYKTYpbl B palioOHaX BYJIKaHHMUYECKOM
aKTUBHOCTH 32 CYET TIOBBINICHWS TOYHOCTH U  OMIEPATHBHOCTH
MIPOTHO3UPOBAHUS 30H PACIPOCTPAHECHUS JTABOBBIX TIOTOKOB

JUis  MOCTHXKEHUS TIOCTaBJICHHOW IIeNM HEOOXOIUMO PElINTh
CJIeIyroIye 3a1a4u:

1. IIpoBecTn CpaBHUTENBHBIA aHAIN3 CYIIECTBYIOIINX METOJOB
MIPOTHO3UPOBAHUS JIABOBBIX TIOTOKOB,

2. Pa3paboTaTh anropuTM IPOTHO3UPOBAHHS PACIPOCTPAHCHUS
JIABOBBIX ITOTOKOB Ha OCHOBE CBEPTOUHOM HelpoHHOM ceTn U-Net.

3. CdopmupoBath U NOATOTOBUTH HAOOP JaHHEIX.

4. TlpoBecTn ASKCHNEPUMCHTAILHYK OIEHKY pPa3paboTaHHOTO
aNropuTMa.

5. IlpoBectn o1eHKY 3(QQPEKTUBHOCTH B IKCHEPUMEHTAIHLHOU
OIICHKE.

CpaBHUTEJbHBIII aHAJIM3 METOA0B TMPOTHO3MPOBAHUS H
000CcHOBaHHE BHIOOPA AaPXUTEKTYPbI

CylIlecTByOIUE METOABl MPOTHO3UPOBAHMS PACIIPOCTPAHCHUS
JABOBBIX TOTOKOB MOXHO pa3[eliuTh Ha TpH Kiacca: (U3HKO-
Marematudeckue moaenn (MAGFLOW, LavaSIM), anropuTMBl Ha OCHOBE
aHanmm3a UudpoBbIXx Mogeneil penbeda (DS, D-infinity) n moaxonst c
UCTIOJb30BAaHUEM  MAIMHHOTO  O0yuyeHms. Du3HKO-MaTeMaTHYEeCKUE
MOJIETTH O0ECIIeYUBAIOT BHICOKYIO TOYHOCTb, HO TPEOYIOT 3HAYMTEIHHBIX
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BBIYUCIUTEIBHBIX PECYpPCOB, YTO OrpaHUYMBAEeT HUX MPUMEHCHHUE B
onepatuBHOM  pexume. [HMC-Merompl  XapakTepuU3YyIOTCS  BBICOKOU
CKOPOCTBIO, OJTHAKO HE YUUTHIBAIOT BSI3KOCTH JIABBI M CIOXKHYIO JUHAMUKY
MOTOKA.

B kauectBe 0a30BOW apXWTEKTyphl BBIOpaHa CBEPTOYHAS
HeliponHas cetb U-Net. JlaHHasg apXUTEKTypa MO3BOJSET aBTOMATHUECKHU
W3BJIEKaTh MPOCTPAHCTBEHHBIE MPU3HAKKA U3 HMU(POBOI Moaenu penbeda,
3¢ exTuBHO pematk 3amady OWHAPHOW CErMEHTaluu U o0ecrednBacT
OallaHC MEXIy TOYHOCTHIO TPOTHO3UPOBAHUS W  BBIYUCIUTEIBHOM
3 PEKTUBHOCTEHIO.

TeopeTHyeckue 0CHOBHI M METOAUKA peaju3aliMy ajJropurMa.
aJIropuT™M padoThl CHCTEMBbI IPOTHO3UPOBAHUS

[IpencraBieHHBIN aNTOPUTM PEATU3yeT MPOLEAYPY OMEPATHBHOTO
MIPOTHO3WPOBAHUS 30HBI PACHpPOCTPAHEHHS JABOBOTO IOTOKA HAa OCHOBE
cBepTouHOl HelipoHHOH cetn U-Net. AnroputMm mpeoOpasyeT HCXOAHBIC
MIPOCTPAHCTBECHHBIC JaHHBIE B KapTy BEPOATHOCTH W OWHAPHYIO 30HY
omacHOCTH. Hmke mpuBeneHo OnMcaHUe ATAaoB B COOTBETCTBHU C OJIOK-
cxeMmoii (puc. 1).
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Hauano

1 |
BxonHble naHHble: HU(pPOBas MOeNb penbeda,
UCTOYHHK M3ITHAHUSA, JOTIOIHHTENbHBIE CIIOH

- |

I[pemobpaboTka U pacyeT MPOH3BOHBIX MPH3HAKOR

3
dopMHpOBaHHE BXOJIHOTO Tpe/icTaBieHus X 0
HOpMaJIH3aIus
-4
Heiipocereroit moxyne U-Net
Y = f(X)
-5

TMocToGpaboTka 1 GopMHpOBaHHE 30HBI OIACHOCTH

6
Brixomnble JaHHBIE: KapTa BEPOATHOCTH H

6HHapHaﬂ 30Ha 3aTOIlICHHA

Konern

P HNCYHOK 1 — biok-cxema aAJIroOpruTMa MpPpOTHO3UPOBAHUA

IIpencraBieHHbI alTOPUTM peANM3YET MPOLEAYpPY OIEPATHBHOTO
TIPOTHO3MPOBAHMS 30HBI PACIPOCTPAaHEHHS JIABOBOTO IIOTOKA HAa OCHOBE
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CBEPTOYHON HEHPOHHOHM ceTn apXuTeKTypbl U-Net. Anroput™ (opmanusyer
MOCTIEZIOBATEIbHOCTE  NIPe0Opa3oBaHUsl  MCXOAHBIX  MPOCTPAHCTBEHHBIX
JAHHBIX B KapTy BEPOSTHOCTH 3aTOIUIEHUS M OWHAPHYIO 30HY OIACHOCTH.
Hwxe mprBenieHO omrcaHue 3TarnoB, COOTBETCTBYIOIINX OJIOK-CXEMe.

Brox 1 (BBOm naHHBIX): 3arpy3ka IU(pPOBOW MoOJEIH penbeda,
KOOpPJMHAT WUCTOYHHMKA W3JIUSHUSA U JIOTIOJHUTEIBHBIX TEMAaTUUECKHUX CIIOCB
(ipy HATYHR ).

Brok 2 (mpenoOpaboTka): MpUBEAECHNE UCXOAHBIX JTaHHBIX K €IUHOM
KOOPIMHATHOM CHCTEME H Pa3pEILEeHHIO, PACUeT MPOU3BOHBIX XapaKTEPHUCTHK
penbeda (YKI0H, SKCITIO3UITHS).

brok 3 (popmupoBaHme BXOIHOTO TPEACTABICHHSA): OOBCIMHEHHE
MOATOTOBJICHHBIX CIIOGB B MHOTOKAHAJBHBIA TEH30p W HOPMAaJM3aIus
MPU3HAKOB.

brok 4 (HelipoceTeBoe IMPOrHO3UPOBAHUE): 00pabOTKa BXOIHOTO
Tpe/ICTaBIeHUs 00ydeHHOM Mozenbio U-Net:

Y= £, ®)
rae X — BXOIHOE IMpe/ICTaBIeHNE IPOCTPAHCTBEHHBIX MPU3HAKOB;
f — o0y4yeHHast HEeHpOHHAS CETh;
Y — kapTa BepOATHOCTH PacIpOCTPaHEH)s TABOBOTO TIOTOKA.

Brok 5 (mocroOpabotka): moporoBas OuHapu3alysi KapThl
BEPOSTHOCTH 17151 (HOPMHUPOBAHMS HTOrOBOM 30HBI OMTACHOCTH.

brok 6 (BeIBOA pe3yibTaToB): (hOpMHUpPOBAHHUE KAPTHI BEPOSTHOCTH H
OMHApPHOM MacKH [T HHTETPalii B TeOMH()OPMAIIMOHHBIE CHCTEMBI.

Takum 00pa3zoM, pa3paOOTaHHBIH aNTOPUTM MOXKET OBITH (HOPMATBEHO
TIPE/ICTaBJIeH B BUJIE MTApaMETPHUECKOT0 OTOOPayKEHHUS

fo:X -7, (6)
roe fy — oOydyeHHas HelpoceTeBas MoJeNb apxXuTekTypel U-Net ¢
napameTpamu 8, ocTaJbHBIE 0003HAYEHHS COOTBETCTBYIOT (hopmyie (5).

ApXHTEKTypa U CTPYKTYpHas OpraHu3anus HeiipoceteBor moaenu U-
Net

B xadecTBe 0a30BOM HEHPOCETEBOW AapXHUTCKTYPHl UL PCIICHHS
3a/la4yl TIPOCTPAHCTBEHHOM CErMEHTaluu ucroib3yercs woxaens U-Net,
3apeKoMeHoBaBmas ce0s Kak 3(QQPEKTUBHBII HHCTPYMEHT 00paOOTKH
JIBYMEPHBIX AaHHBIX [7]. Apxutektypa U-Net BKIIOYAET B €0l HUCXOMSIIYIO
BETBb, BOCXOJMIIYyI0 BETBb M CHCTEMY TMPOMYCKHBIX COEIUHEHH,
o0ecrieunBalONMX —Tepenady IPOCTPAHCTBCHHOM WHQPOPMAITUN  MEXKITY
YPOBHSIMM HepapxuH [8].
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Ha pucynke 2 mpexncraBieHa oOmas CTPYKTypa apXHTEKTYpEbI
HelipocereBoil Mmogenn U-Net.

SHKoAep HenTpanbubiid 610K Jekoa
(HHCXOALIAA BETBb) (Bocxopan:

Conv 3x3 + RelLU UpConv 2x2
Max Pooling 2x2 + Conv 3x3 + RelU|

Conv 3x3 + Relll
Max Pooling 2x2

UpConv 2x2
+ Conv 3x3 + Rell,

Bxo/iHBIe TaHHBIE
512x512x4

Conv 3x3 + RelL UpConv 2x2
Max Paoline 2x2 + Conv 3x3 + Rel Il
Pucynok 2 — CrpykTypHas cxema apXUTeKTypsl HelpoceTeBor Moaenu U-Net

BxomHple manHBIE — TEH30p pazMepoM 512%512x4 (BbICOTa, YKIIOH,
SKCIIO3MIIMS, PACCTOSHUE JI0 WCTOYHMKA). DHKOJIEP COCTOUT W3 YEThIpEX
YPOBHEH: Ha Ka)KJIOM BBIMOJHAIOTCS JBE CBEepTKH 3%X3 ¢ RelLU, 3atem Max
Pooling 2x2, yMeHbIIAIONMNA pa3pelicHHe BABOE; KOJIMYECTBO KAHAIOB
yBennumBaercs ¢ 64 10 512, kapTel MPU3HAKOB KaXI0TO YPOBHS COXPAHAIOTCA
JUTSL TIPOITYCKHBIX COeMUHEHHN. [[eHTpaibHbIN OJOK BBITIOHSCT JIBE CBEPTKU
3x3 ¢ yBemumueHmeM umciaa kKaHamoB 1o 1024. Jlekomep CHMMETpHUYCH
SHKOZEPY: KaXIbIii YPOBEHh HAUMHACTCS C TIOBBIIIAIOIIEH CBEPTKH 2X2, 3aTeM
KOHKATCHAIWSI C COOTBETCTBYIOIIUM ITPOITYCKHBIM COCTUHEHHUEM, TIOCIIC Yero
nmBe cBepTkH 3X3 ¢ ReLU. IlpomycKHBIE COCTUHEHHWS TEPEmaroT KapThl
MPU3HAKOB BBICOKOTO pa3pelieHrs] W3 DHKOoIepa B JIEKOAEp, MO3BOJISL
COYETaTh IMI00ATBHBINA KOHTEKCT C JIOKAJTBbHBIMUA OCOOSHHOCTSIMU perbeda [7-
10]. Beixomnoit cmoit — cBeptka 1xX1 © curmMougHas —aKTHBAIIMA,
(hopMUpYIOIIHE BEPOSATHOCTHYIO KapTy paszmepoM 512x512x1, roe Kakmbrit
TIHKCENb — BEPOSTHOCTD HAJIMYHS JIABBI.

JKCrepUMEHTAIBLHbIE PE3YJIbTATHI H METPHKH OIEHKH

BeraucmTeTbHBIN SKCIIEPUMEHT TTPOBOIMIICS HA TECTOBOW BBIOOpPKE
CHHTETHYECKOT0 jJatacera, comepxamniero 1000 mpumepos. Kaxkmeiii mpumep —
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MHOTOKaHAJIBHBINA TeH30p pasMepoM 128x128x4 (BbICOTa, YKIIOH, SKCIIO3UIINS,
paccTosHHEe 10 HWCTOYHMKA). Jlatacer pasmeneH Ha oOydaromyio (800),
BaympanonHyro (100) u tecroByto (100) Beibopkn. OOyUeHHE BHITIONHSIIOCH
C HUCTIONIb30BaHMEM omnruMmm3aropa Adam, pazmep Oarda — 16, KOIHUIECTBO
anox — 30.

Jlyis oIeHKM Ka4yecTBa CErMEHTAIlMK HCIONB30BaIuCh MeTpuku loU
(xoaddurmeHT repeceueHus 00beruHeHN) U F1-Mepa.

Ha pucynke 3 npencrasieHa TUHaMUKa H3MEHEHUS (PYHKIIMH TTOTEPh
Ha oOydaroled M BaJIMTAIIMOHHOW BBIOOpKaX. HaOmiomaeTcss ycTOWYHBOE
YMEHbIIICHHe 3HaYeHUH, OJM30CTh KPUBBIX CBUAETEIBCTBYET 00 OTCYTCTBHHU
nepeoOyIeHNS.

AuHaMuKa PyHKUWK MOTepb

—— Obyvawowas Beibopka
- BanupauwoHHas Belbopka

0.4 4

0.3

QyHKUMA NoTepb

0.1 1

0 5 10 15 20 25 30
Jnoxa

Pucynok 3 — Jlunamuka n3MeHeHus (QYHKIMU MTOTEph Ha 00yJaroien u
BaIMIAIIMOHHONW BBIOOPKAX

PC3YJ'H>T3.TBI KOJIMYCCTBCHHOM OOCHKM Kade€CTBa CCIrMCHTAIlUK
OpCACTaBJICHLI B Ta6J'JI/II_[e 1.

Tabmmia 1 — Pe3ynpTaThl OlIEHKH KauecTBa MOJICTH Ha TECTOBOH BBIOOPKE

Metpuka 3HaueHue
IoU 0,9147
F1-mepa 0,9554
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[NonmydeHHbIe 3HAYEHUS METPUK CBHUJICTEILCTBYIOT O BBICOKOU
TOYHOCTH CEIMEHTAIIUH 30H PACTIPOCTPAHEHUSI JIABOBOTO TIOTOKA.

JUts HarmsimHOW WILTIOCTpard  paboThl MOACTM Ha pHCYHKE 4
MPE/ICTABICHB TIPHUMEPHI CETMEHTALMM JIABOBOTO TOTOKA HA TECTOBOM
BBIOOpKE.

WcTrHHan Macka MNpeackasaHHas Macka

Bxo4HOW KaHan: BbICOTa

Pucynok 4 — Ilpumepsl cerMeHTalnuU 30H paclpoCTPAHEHUS JIABOBOTO
MOTOKa Ha TECTOBOW BBIOOPKE
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Ha pucynke 4 mpeacTtaBlieHbl IPUMEPBI CErMEHTALIMH: HCXOIHBIC
JaHHbIe, OTaJOHHBIE MAacKd U MpPEICKa3aHHbIE MOJENbI0 00JacTu.
BusyanbsHO MOens KOPPEKTHO BOCHPOU3BOIHUT (OPMY U MPOTSHKEHHOCTh
MOTOKA.

Ha pucynke 5 mnoka3aHo HajoXeHHE NPEICKA3aHHBIX TI'PaHMIL
(KpacHBIi) U 3TANOHHBIX (OCIBIA) Ha KapTy penbeda.

PI/ICYHOK 5-— CpaBHCHI/Ie HUCTHUHHBIX U MPCACKAa3aHHbIX I'PAaHUI] JIABOBOT'O
IIOTOKa

Bricokas  cTemeHb  COBMAJCHUS  KOHTYPOB  IOJTBEPKAACT
MPOCTPAHCTBEHHYKD  TOYHOCTb  MOJIEIH; JIOKAJIbHBIE  PACXOXKJICHHS
COCPEJIOTOYCHBI B MPUTPAHUYHBIX OONIACTSAX W SBISIFOTCS THITMIHBIMH JIS
3aJ1a4 CETMEHTAIUH.
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3akil0ueHue

B pabGore pa3paboraH anropuT™M TPOTHO3UPOBAHUS  30H
pacrpoCTpaHEHHUsI JIaBOBBIX MOTOKOB Ha OCHOBE CBEPTOYHOM HEUPOHHOM
cetu apxutekTypsl U-Net. [IpemiokeHHbIi MOaX0 1 HCTIOIB3YeT MU POBYIO
MOJIeh penbeda U KOOPIUHATH UCTOYHHUKA U3ITUSHUS 1 (POPMHUPOBAHHUS
MHOTOKaHAJILHOTO BXOJHOTO MPECTABICHUS (BBICOTA, YKIIOH, IKCIIO3UIIHS,
pacCTOsTHHE JT0 ICTOYHUKA).

Jus oOyueHuss mopenu cOpMHPOBaH CHUHTETUYCCKHI JaTacerT,
cogepxkammii 1000 mpumepoB. DKCIepUMEHTalbHas OIICHKAa IIOoKaszaja
BBICOKYIO TOUHOCTh cermenTaruu: loU = 0,9147, F1 = 0,9554.

[Tomyuennsle  pe3ydabTaThl  HOATBEPXKAAOT  3(pGHEKTUBHOCTH
MPUMEHEHUSI CBEPTOYHBIX HEUPOHHBIX CETEH I peUIeHUs 3aJadyu
MIPOTHO3WPOBAHHUS JIABOBBIX TOTOKOB IO HH(POBBIM MOAENsAM penbeda.
PazpaboTaHHBIl aNTOPUTM MOKET HCIOIL30BAThCA IS OIEPaTUBHOM
OIICHKA 30H MOTCHIMAJIBHONM OMACHOCTH B pallOHaX BYJIKAHUYECKOM
aKTHUBHOCTH.
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MAPHH 3JI B 1IOXY NEPEMEH: 1990-1991 I'T.

A.B. Cynbums,

CHC,

HucturyT BoctokoBenenus PAH,
r. Mocksa

AHHoTauMsi: B cTathe roBOpUTCA O TMOJUTHUYECKON CHUTyallMd B
Mapwuii On B Havane 1990-x romoB. ABTOp paccMaTpHWBAacT Ba)KHEUITHE
MOJINTUYECKHE COOBITUS B JKU3HU PECHYOJIMKH, TaKWe Kak MPHHATHC
Jlexmaparuu 0 CyBEpEHHTETE, MPOBEJCHHE IEPBBIX BBHIOOPOB B OpraHbI
BJIACTH Ha aJbTEPHATHBHON OCHOBE, 3apOKICHHE HAIMOHAIBEHOTO
JBIKCHHS. B 3TOT mepuon Hayalics JEMOHTaX MPEKHEW MOIUTUYCCKON
CUCTEMBI, U CTaja 3apOoKIaThCsl HOBas CUCTEMa BIIACTH Kak B Mapuii O,
TaK ¥ B MaciTadax Bceil CTpaHbI.

KuarueBble cjaoBa: Mapuit O, monutudeckne pedopMbl Hadaga
1990-x rogoB

MARI EL IN THE ERA OF CHANGE: 1990-1991

A.V. Sudyin,

Senior Researcher,

Institute of Oriental Studies, Russian Academy of Sciences,
Moscow

Annotation: The article talks about the political situation in Mari
El in the early 1990s. The author considers the most important political
events in the life of the republic, such as the adoption of the Declaration of
Sovereignty, the holding of the first elections to the authorities on an
alternative basis, the emergence of a national movement. During this
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period, the dismantling of the previous political system began, and a new
system of power began to emerge both in Mari El and nationwide.
Keywords: Mari El, political reforms of the early 1990s

B 1990 rony Ilepssiii cbe3n Haponubix aemytatoB PCOCP npunsin
Jexnapanuio 0 TOCYIlapCTBEHHOM CyBEpeHUTeTe. B 3TOM JIOKyMeHTe
rosopuiock: «Poccuiickas Coerckas denepatuBHas Corupanuctuyeckast
PecrryOnuka ecTh CyBepeHHOE TOCYAAapCTBO, CO3JAaHHOE HUCTOPHUYSCKU
obopemuHUBIIUMUCT B HeM Hapomamu. Cysepenuter PCOCP -
€CTEeCTBEHHOE u HE0O0X0oaNMOe yCIIOBUE CYIIECTBOBAaHUS
rocygapctBeHHoctu Poccum, UMEIOLMIEH MHOTOBEKOBYHD  HCTOPHIO,
KYJIBTYPY H CIOKHBIIIHECS Tpaaumum» [1].

B crathe 9 maHHOU meKiIapaIuy CoAepKaioch 3asMBICHUE O TIpaBax
ABTOHOMHBIX PECIYOJIMK W JIPYTHX TEPPUTOPUATBHBIX CIUHUI] B COCTAaBE
Poccun: «Cwe3n Hapomubix gemytratroB PCOCP  moaTBepxkaacT
HEOOXOIMMOCTh  CYIIIECTBEHHOTO  pAaCcHIMpPEHHs TpaB  aBTOHOMHBIX
pecnyOJIMK, aBTOHOMHBIX O00JIaCTeW, aBTOHOMHBIX OKPYTOB, PaBHO Kak
kpaeB u obnacteit PCOCPy» [1].

ITocne oatoro, mo mnpumepy Biacteit PCDCP, oprans
IIPEACTABUTEIIPHOM BJIACTM aBTOHOMHUN B cocTaBe Poccum Taxke cranu
OJIMH 3a ApyruM o0BABIATH cyBepeHuteT. C 20 utons mo 18 oxtsaops 1990
roja JAeKJIapallid O TOCYAapCTBEHHOM CYBEPEHHTETE NPUHSIIA JEBATH
aBTOHOMHBIX pecrryosnk: Ceepras Ocetwst; Kapenws; Komu; Tarapcran;
VYamyprus; Caxa-Axytus; bypsrus; bamkoprocran; KanMbikus.

22 okta0psa 1990 roga Ha III (BHeouepemHoii) ceccun BepxoBHOro
CoBera Mapwuiickoii ACCP nBenammaToro cosblBa OblIa TIPHHSITA
Jexnapanus o rocygapcTBeHHOM cyBepeHureTe Mapuiickoit CoBeTckoit
Commanuctuaeckoir  PecryOnmku. Ha 3toli ke ceccum oduIMaibHOE
Ha3BaHHUE PECIyOIUMKHA OBLJI0O M3MEHEHO — W3 HEro OBLI0 yOpaHO CIIOBO
«aBTOHOMHas». Mapwuii D1 IpHHsUIa JSKIapauio IpeArociIeHell n3 Bcex
pecnybnmuk B cocraBe PCOCP, npunsiBmux takod gokyment. [locne Hee,
24 oktsa0ps 1990 roma, ObLT MpoBO3TNAlIeH cyBepeHuTeT YyBammu. A Ha
CIICMYIONUH JCHh CYBEPCHHUTET MPOBO3TIACKII [OpHBINH AnTail, MMEBIIHIA
CTaTyC aBTOHOMHOH 00JIacTH B COCTaBe ANTalCKOro Kpasl.

B J[lexnapamun o rocyqapCcTBEHHOM CyBepeHHTeTe Mapuiickon
CCP mpoBO3TIamanoch:
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«BepxoBueiii CoBer Mapuiickoli ABToHOMHOM CoBeTCKON
CounanucTu4eckoi PecryOmuku: CO3HaBast HCTOPUYECKYIO
OTBETCTBEHHOCTh 32 Cy/Ib0Yy MHOTOHAIIMOHAIBHOTO HapoAa pPeciyOiHKH;
YAOCTOBEpsii yBaXKEHWE K CYBEpPEHHBIM TIpaBaM BCEX HApOJOB,
Hacemsitouux PCOCP u Coroz CCP; orMeuass HECOOTBETCTBHUE CTaTyca
ABTOHOMHOW pecnyOJIMKM WHTepecaM JalbHEHINEro IMOJUTHYECKOTO,
SKOHOMHYECKOr0,  COIMaJbHOTO M  JTyXOBHOTO  pa3BUTUS €€
MHOTOHALIMOHAIBHOT'0 HAPO/Ia; peain3ys HEOTHEMIIEMOE MPaBO MapUCKOM
HAIlMM, BCETO HapoJa pECHyOJMKH Ha CaMOONpEACICHUE, CTPEMsICh
CO37aTh JEMOKPATHYECKOE IIPaBOBOE TOCYAAapCTBO, IPOBO3TJIAMIAET
TOCY/IapCTBEHHBIII CyBepEeHHTET pechnyONuKH W TpeodpasyeT ee B
Mapwiickyto CoBetckyro Corpanuctudeckyio Pecryonuky.

1. Mapuiickas Coserckas Commamuctudeckas PecmyOmmka —
CyBEpEHHOE COBETCKOE COIHAJIMCTUYECKOE TOCYIapCTBO, CO3IaHHOE Ha
OCHOBE OCYIIECTBJICHUS MapUICKOI HalMel CBOEro HEOTHEMIIEMOTO MpaBa
Ha camoonpeneiacHue. Mapuiickas CCP sBnsercsa cyonekroMm Deneparyiu
PCOCP, Corws3a CCP wu Bxomur B cocraB PC®CP mna ocHOBe
®denepaTUBHOTO JIOTOBOPA. ..

3.  HocutenmeM  cyBepeHHUTETa W TJIABHBIM  CYOBEKTOM
TOCYIApCTBEHHOW BIIACTH PECIyOJMKH SIBISICTCS Hapoa Mapuiickoit
CCP...

4, locynapctBeHHbIN CYBEPECHUTET Mapuiickoit CCP
MPOBO3TJIAIIAETCS BO HMS BBICIIMX Ielleil — 00ecledeHrus KaKIOMY
YEeJIOBEKY HEOThEMJIEMOTO IIpaBa Ha JOCTOWHYIO KH3HB, CBOOOIHOE
pa3BUTHE W TIOJIH30BAaHHE POJHBIM SI3BIKOM, KaXKJOMy Hapoay — Ha
camoomnpeieliecHue B N30paHHBIX UM HAIIMOHAILHO-KYJIETYPHBIX OpMax...

7. B Mapwmiickoit CCP ycraHaBmmBaeTcs BEpPXOBEHCTBO
Koncturymuu n 3akoHoB Mapuiickoii CCP nag 3akonamu PCOCP u
CCCP, 3a HCKIIOYEHHEM TE€X, KOTOpBIC MPHUHITHI B COOTBETCTBHM C
MOJTHOMOYHSAMH, AOOPOBOJIBHO TEPEIAaHHBIMU PECIyONMKOW B BeICHHE
PCOCP u Coroza CCP...

10. 3emns, ee Heapa, BOAbL, BO3AYIIHOE MPOCTPAHCTBO,
paCTHTEIBHBIH W KUBOTHBIH MHUP W JApPYrUe MPHPOIHBIC PECYPCHl Ha
tepputopun Maputiickoit CCP sBisiroTcss 1OoCTOSTHHEM Hapoaa Mapuiickoit
CCP u 00BsBRsIIOTCS cCOOCTBeHHOCTRIO Maputickoit CCP...

11. Mapuiickass CCP BHe npeaenoB MOITHOMOYHH, MEPEIaHHbBIX €10

JIOOPOBOJIEHO PCOCP u CCCP, CaMOCTOSTEITHLHO BEIET
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BHCIIHEOKOHOMUYECKYI0  JICATCIIBHOCTh,  YCTAHABIUBACT  MPSMEIC
SKOHOMUYECKUE, KyJIbTypHbIE ¥ WHBIE CBS3M C  3apyOeKHBIMU
rocymapcTBamMu u popMupyeT cOOCTBEHHBIN BaTIOTHBIN (DOHST. ..

16. Hacrosmas [lexmapamnust sSIBISETCS OCHOBOW I pa3pabOTKH
Koncturynuu u pa3sutus 3akoHogatenscTBa Mapwuiickoit CCP, yuactus
Mapuiickoit CCP B moaroroBke u 3akmodeHHMH COIO3HOTO J0TOBOpA,
noroBopoB ¢ PCOCP u apyrumu pecrybnukamu. ..» [2].

[IpoBo3rnamienne rocyJapCTBEHHOIO CYBEpPEHUTETa U M3MECHEHHE
HA3BaHUS PECHYOJIIMKA PACCMATPUBAIMCh KaK HEOOXOIMMEBIC YCIOBHS
MOBBIMICHUS cTaryca Mapmii 3a. IIpakTHdecku Bce aBTOHOMHBIC
pecriyomukn, BxomuBmme B PCOCP, ortkazamiuce OT  TepMHHA
«aBTOHOMHAas» W TaKUM O00pa3oM TMPHUPABHIM Ce0S K COM3HBIM
pecrryomukaMm. Ho mipu 5ToM GONBITHMHCTBO OBIBITUX aBTOHOMHMA PEaIbHO
HE paccMaTpuBajo BBIXOA M3 cocTaBa Poccun. He cTtanma uckimrodeHuem u
Mapuiickass CCP. Opnako B Jlekmapanuu HOAYEpPKUBANIOCH, 4YTO
BXOXKJIeHHe pecnyOonukd B coctaB PCOCP nmomkHO OBITH OCHOBAHO Ha
CTIEIAIFHOM JToTOBOpe. M mpu 3TOM TOMIKHBI OBITH YETKO OIPE/IEIICHBI ee
npaBa Kak B cocraBe Poccum, Tak W Ha OOLIECOI03HOM YypoBHE (IpH
YCIIOBHM, 4YTO pechyOnuka T0OpOBOJNIBHO TmepenacT QeacpaibHbIM U
0011eCOI03HBIM BJIACTSIM YaCTh ITOJTHOMOYHH ).

Ha III (BHeouepennoii) ceccun BepxoBHoro CoBera 22 OKTSOpS
1990 roma ObuT Tarkke TPUHAT 3akoH «OO0 opraHax ToOCyIapCTBEHHOM
BacTH ® ynpaeieHus Mapwuiickoii CoBeTckoit ConHMamuCTHICCKON
PecnyOnukm», B COOTBETCTBUM C KOTOPBIM BBICIIHH peCITyOIUKaHCKUI
OpraH HMCIOJHUTEIHLHOU BIacTH ObLI pehOpMUPOBAH MO 00pa3Iy BBICIIAX
UCTIOJTHUTEIILHBIX OPTaHOB CONO3HBIX pecnyOnuk, BxoauBmux B CCCP.
brimm Taroke mpuHATH Qutar, repd u rumH Maputickoir CCP.

CocraB  BepxoBHoro CoBera  pechmyONWKd, TPHHSABLIETO
Jexnapaiuro o rocy1apCTBEHHOM CYBEPEHUTETE, ObLT TaKkke chopMupoBan
B 1990 romy — 3a mectp MecsneB no III ceccun. Ilpu sTomM BepxoBHBIHM
CoBer pecryONUKH BIIEpBBIC OBLI M30paH Ha albTEPHATUBHON OCHOBE.
Br10opsl AETyTaTOB BBICHIETO MPEACTABUTEIILHOTO OpraHa Mapwuiickoi
ACCP cocTosuich OJHOBPEMEHHO C BBIOOpAMH HApOJHBIX JICITyTATOB
PCOCP u BeIOOpamMu B MECTHBIE COBETHI. B pe3ynbpTaTe aabTepHATHBHBIX
BeIOOpoB B Bepxosubiii CoBer MACCP ero cocraB pagukalbHO
m3menmica. 87,3% nenyraroB (131 m3 150) Obutm m30paHbl BepBhle. B
BbIOOpax mpuHsn yyactue 81,3% 3apeructprupoBaHHBIX n3buparenei. [1o
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CPaBHEHHUIO C TIPEIbIAyIIeM cocTaBoM BepxoBHoro CoBera pecmyOiuKu B
HEM BBIpOCIIa J0JIs TIeIaroroB, yU4eHbIX, MEIUIIMHCKIX paboTHUKOB. U mpu
STOM YMEHBIITWIACh A0Js pabounmx u kpecThsH. Ceime 90% pemyraTtoB
VMMENH BBICIIIEE W HE3aKOHYEHHOE BBICIIee oOpazoBaHue. HarmoHambHBII
COCTaB JICITyTaTOB OBLI cienyromuM: pycckue — 81 uyemoek (54%),
Mapuiinitel — 44 dgemoseka (29,3%), Tataper — 10 uwenmoBek (6,7%) wu
MIPEJICTAaBUTENN MPOYUX HaIloHANbHOCTEH — 15 yemosek (10%) [3].

[Mpencenarenem Bepxosroro Cosera MACCP Obut  u3bpan
nepBblil  cekperapb oOkoma maptum [.A. ITlocubOeeB. DTO TOIHOCTHIO
cootBercTBOBaIO0 HOBOM JTHNH KIICC, nmpoBo3miacuBmiert Ha XX mapTHITHOM
koH(pepeHIwH B 1988 romy, 4T0 pyKOBOASIIHIE TAPTHHHBIC pAOOTHUKHN TOTKHBI
n30UpaTbcs B pPECIyONMKAHCKHE, PETHOHANBHBIE M MECTHBIE COBETHI U
MOJy4yaTh TOANEPKKY CO CTOPOHBI WX JemyTaToB. Ho mocnme mpuHsTHA
Coe3gom Hapomubsix nemyratoB PCOCP  3ampera Ha COBMEIICHHE
napTuiiHoro U coBeTckoro moctoB [.A. IlocubeeB B aBrycte 1990 ronma
MoJall B OTCTAaBKY ¢ mocta npeacenarens Bepxosuoro Cosera Mapuiickoit
ACCP, n Ha 3TOT TIOCT OBLT M30paH €ro MepBhIii 3aMmecTuTeNs B.M. 30THH,
B TpouuioM cekperapb Mapuiickoro obkoma BJIKCM wu BBIMTYCKHHUK
Bricueit mapruitnoit mkounsl npu K KIICC. On pykoBogun BepxoBHBIM
CoBeToM BIUIOTH 10 CBOETO M30paHms mpe3uneHToM Pecrybnmukm Mapwit
On B nexabpe 1991 rona.

Hapsny ¢ meMokparn3anyeii TOJTUTHYECKON KU3HU B PECITyOITUKE
Ha pyoexe 1980-x — 1990-x romoB HAYamOCh BO3POKICHUE W PA3BUTHE
MapuiCKOTO HaIlMOHAIBHOTO nIBWkeHUsA. Tak, B 1989 Tromy Ha
O0venuHenHoM TuleHyMe Mapuiickoro otaenenus Bcepoccuiickoro
oOmecTBa OXpaHbl MaMATHUKOB ucTopuu u  KyabTypsl (BOOIIKMK),
Maputickoro otaenenmss Bcecoro3noro (oHma KyabTypel W 0OIIECTBa
«Memopuan» OblIa BOCCO3[aHa MapHiiCKas HAIlMOHAJIbHAS PErHOHATbHAS
oOmiecTBeHHas opranm3anms «Mapuii ymem» («Mapwuiickuii coro3»). OHa
SIBIJIACH HACJICTHUKOM OJHOMMEHHOM OpraHW3alid, OCHOBaHHOW B 1917
roly W TPEKpaTHBIICH CBoe cymiecTBoBaHMe B 1918 romy. OCHOBHBIMH
IEISIMA BOCCTAHOBJICHHOTO «MapHIiCKOTO CO03a» CTall COXpPaHCHUE U
pa3BUTHUE SI3bIKA, KYJIBTYPhl M TPATUIMA MapHIiCKOrO Hapoja, a TakkKe
CONIEHCTBUE HAI[MOHAIBHOMY CaMOCO3HAHHIO M CIUIOYEHHOCTH MapHHIIEB,
MIPOXKUBAIOIINUX B PECITYOJIUKE U 3a €€ MPEIICITaMHU.

B ampere 1990 roma B Momkap-One mpomen ydpeanTebHBI
cwe3n «Mapuii ymem». A 3a 1Ba Mecsra 1o 3toro, B deBpaie 1990 roxa,
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BBIIIEN MEpBBIA HOMep razeTbl «Mapuil yan» («MapHiCKUH KOJIOKOJ»),
KOTOPBIW CTAJl TICYaTHBIM OPraHOM OpraHu3anuu «Mapuid yrmem.

26 ampers B peciyOJIMKe BIIEPBhIC OTMETHIH J{eHb HAIlMOHAIBHOTO
repos (Mapwuii Tayenke kede). ITOT JCHb OBUI YCTAHOBJICH B IaMATh O
JereHaapHoM MapuiickoM kHsze bonrtyme (IlonTerie), KOTOpBIH BO BpeMs
ITeproti uepemucckoii BoiHBI B cepenuHe XVI Beka morub B 60pbOe C
Boiickamu MBana I['pozHoro. B 3TOT AcHR B pecmyOimKke OTMEJaeTCs
namsTh KakK KHA3s BONThIa, Tak W BCEX BBHINAIONIMXCSA W 3HAMEHHUTHIX
npeAcTaBUTeNeH MapruiiCKOT0 Hapoa.

B nione 1990 roma B Momkap-Omne cocrostiack IlepBasi BeTpeda
MOJIOASKH  (UHHO-YTOPCKUX  HapomoB. Ha »dstom  oOmiecTBeHHO-
nojauTuieckoM Qopyme Obiia cozgana MomoaexxHas accoquanusi GUHHO-
yropckux HapogoB (MA®VYH). B nmekabpe 1990 roma ycraB 3Toit
opraHu3anuu 06U OPHUITHAIEHO 3apeTUCTPUPOBaAH pacnopsbkeHueM CopeTa
Munuctpos  MCCP. Hapsny ¢ MonoaexHOM BceTpeuedl B cTosIMLE
peCIyONIMKH TaKKe NpOoIIeN MepBbld MeXIyHapoIHbIA  (OIBKIOPHBIN
(hectuBasb PUHHO-YTOPCKUX HapoaoB. Takum oOpazom Mapuii D11 3asBuIa
0 cebe Kak 00 0THOM U3 MUPOBBIX (PUHHO-YTOPCKUX KyJIbTYPHBIX LIEHTPOB.

B okrs6pe 1990 roga B Momkap-Orne cocTosiiack ydpeauTenbHas
koH(pepeHuuss PoHma pa3BUTHS KyJIbTYp (HUHHO-yTOPCKHX HapoaoB. B
caemyromeM, 1991-m, rtomy oTor (oHI coBMecTHO ¢ Mapuiickum
tenesunenueM (I'TPK  «Mapuii  Dm») BBICTYIMA €  HWHUIUATHBON
npoBenerns | MexmynapoaHoro (ecTHBassd TeNEBU3NOHHBIX (DMIBMOB H
nporpamm «OUHHO-YTOPCKUI MHP». ITOT (DeCTUBAID C YCIIEXOM IPOIIET B
Womkap-One B okrsadpe 1991 roma mnox naesmsom «KymbTypa,
HPaBCTBEHHOCTh, JAYXOBHOCTh W HAIlMOHAJIBHOE BO3pOXKACHUE». B
JANbHEUIIeM MaHHBINA (eCTHBAIIb PETYISAPHO MPOXOAMI B APYTUX (PUHHO-
YTOPCKUX KYJNBTYPHBIX IeHTpaxX, B ToMm uucie ChIKThIBKape, VKeBcke,
Capancke u XaHTbI-MaHcHIICKe.

1991 rom cTam BaXXHBIM JTallOM B COBPEMEHHOW HWCTOPUU
MapHuiCKOTro Hapoja, Kak M BCEX OCTAJIbHBIX HapomoB Poccum. 17 mapta
1991 roma coctosuics Bcecorosuelii pedepenaym 1mo Bompocy O
coxpaneanu CCCP kak oOOHOBIEHHOW (efepaliid  CyBEPEHHBIX
rocymapctB. B Mapmiickoit CCP B pedepenayme npursumm ydactae 419,0
TeIC. U3 525,7 THIC. 3apeTHCTPUPOBAHHBIX H30upareneil. 79,6% wu3 HUX
nporosocoBanu  «3a», 18,5%  mporomnocoBamu  «IpotuBy». 1,9%
OroyuieTeHe OBUIM TIPU3HAHBI HeNeHCTBUTEIRHBIME [4]. B memom o
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PCOCP 3a coxpanenue Coerckoro Coro3a BeIckazanuck 71,3% rpaxnaH,
MIPUHSBIIUX ydacThe B pedepermyme, a B 1iesiom mo CCCP — 76,4% [4]. To
ecte moamepkka Coroza B Mapmiickoii CCP  okazanmach  BEIIIE
BCEPOCCHUIICKOTO M O0IIIECOI03HOTO YPOBHSI.

OpnnoBpemeHHO ¢ pedeperaymom o coxpanenuu CCCP cocrosuicst
BCEPOCCHICKUI pedepeHayM o BBeleHHUH mocta mpesuaeHTra PCOCP. B
nenom 1o Poccum B Hem mpuHAno ydactue 75,09% 3aperucTpupoBaHHBIX
nu3zbupareneit. M3 aux 71,38% Beickazanuchk «3a», 28,62% — «lIpotuBy, a
2,14% OromnereHed ObLIM NpH3BaHbl HEICHCTBUTEIBHBIMH [5]. B
Mapwiickoit CCP siBka coctaBmia 79,62%. 3a BBeeHHE TTOCTa MIPE3UICHTA
PCOCP Brickazamuce 55,21%, mpotuB — 42,65% oT obmero ducia
rpakaaH, MPUHABIIUX y4yacTtue B pedeperayme. Eme 2,14% Oromnereneit
OBUTH TIpU3HAHBI HEACHCTBUTENBLHBIMU [6]. Takum o0pa3oMm moOIIepKKa
unen BBeAcHHS mpesuaeHTckoro mocta B PCOCP B Mapuiickoit CCP
OKa3ajach HIKE OOIIEPOCCUICKOTO YPOBHS H JIaXKe HIKE, YeM B COCCTHUX
pecnyonukax [loBomkbs, 3a UCKIIOYeHHEM TaTtapcraHa, TAE OTOT
pedeperayM BooOIIE HE TIPOBOIHIICS.

B cootBercTBHM C uTOramm Bcepoccuiickoro pedepermyma I
Coesn Haponsbix nemytatoB PCOCP, cocrospmumiics B anpene 1991 roxa,
MPUHST pEIICHHE O TPOBEACHUM 12 WIOHA TOTO XK€ ToJa BHIOOPOB
npesuneaTta PCOCP. Ha stux BeIOOpax MmodTH BO BCeX pernoHax Poccum
nobequn b.H. Enbrun. WckiarodueHne cocTaBwiv JUINb |'OpHBIA AnTtai,
Ceepras Ocetus, TyBa u AruHckuii bypsrckuit okpyr, riae mobdemmt H. 1.
PerkkoB, a Takxke KemepoBckas obOmacte, Tae mobemy oxaepxkan A.l.
Tynees.

B Mapuiickoit CCP 3a b.H. Enbumna mporonocoanu 51,44%
n3bupaTenei, NPUHABIINX ydacThue B BbIOOpax. OcCTalbHBIE ToJjIoCca
pacnpenenunuck caenytommm odpazom: H.M. PeokkoB momyuwn 17,05%,
A.T. TyneeB — 11,18%, B.B. XKupunosckuit — 6,58%, A.M. MakamioB —
4,59%, B.B. bakatun - 4,30%. 2,47% wuzbupareneii IporoiaocoBaIu
MPOTHB BcexX KaHaunmatoB [7]. JIms cpaBHEHHS MOXHO OTMETHUTH, YTO B
nenom mo Poccum B.H. Ensnuna mommepkamu 57,30% wusOupatenei,
NpPUHABLINX y4acThe B rojocoBanud. 3a H.M. PwripkkoBa mporomocoBaiu
16,85%, 3a B.B. XXupunosckoro — 7,81%, 3a A.I'. Tyneera — 6,81%, 3a
A.M. Makamosa — 3,74%, 3a B.B. bakatuna — 3,42% u mpoTuB Bcex
kauauaaToB — 1,92% [7].
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Haunbonpmnii mpouent mporonocosaBmmnx 3a b.H. Empiuna B
Mapuiickoit CCP ormeuancst B ropozax. Tak, B cronuue, ropoze HMourkap-
Orma, 3a Hero mporojocoBanu 66,7% u3dupaTeneil, MPUHIBIINX YIaCTHE B
BBIOOpax, a BO BTOPOM II0 BEJIWYHMHE TOopoje pecmyOnnku, Bomxcke, —
58,6% [8, C. 100]. B To xe BpemMs B psAle CENbCKUX PallOHOB ypPOBEHb
moanepskkd b.H. Enpnmua ObLT 3aMeTHO HmKe. A B JBYX padoHaxX —
T'opuomapwmiickom u KwmiemapckoM — OH BOOOIIE IMOIYYHJI MEHBIIE
ronocoB, yeM H.W. PeixkoB. B nepBom u3 atux paiionos 3a b.H. Enpunna
nporojocoBanu 26,2% u3bupareneil, MPUHSBIINX Y4acTHE B BEIOOpax, a 3a
H.W. PepkxoBa — 38,3%. Bo BTOpoM u3 BBIIIIEHa3BaHHBIX PailOHOB rojoca
n3bupaTenel pacrnpeaenmwincy ciexyomuMm obpazoMm: b.H. Enpnma
nonyumnin 23,0%, a H.M. PexkoB — 25,7%.

Hapsiny ¢ pedepennymamu o coxpanennun CCCP wu BBeaeHHH
npesuneHTckoro nocra B PCOCP B Mapuiickoit CCP 17 mapra 1991 roga
npomes pecnyOnuKaHCKUE pedepeHayM IO CIeAyIoIeMy BOIPOCY:
«Cuanraete 1 BBl BO3MOXHBIM Tepeady 3eMJIM B YacTHYIO
cOOCTBEHHOCTh TpaXKJaHaM C MPAaBOM €€ KyIUTU-Tpofaxu 4depe3 COBETHI
HApOIHBIX JEMyTaToB, HO He paHee 10 eT ¢ MOMEHTa MOJNyYeHHs
3eMeNpHOro yyacTka?» Ha 3ToT Bompoc MoJI0KUTENBHO OTBETHIIO NMPEXKIE
BCETO TOPOJCKOe HaceneHue pecnyOnuku. Hampumep, B  Bomkcke
yAENbHBIA  BeC  MporojocoBaBmmx  «3a»  coctaBun  60,1%, B
Kosemonembsacke — 57%, B ﬁomKap—One — 51,6%. OngHako B CeIbCKOM
MECTHOCTH TIOJIO)KHTEIHPHO OTBETHJIA Ha BOINPOC pedepeHmyma 3aMeTHO
MeHbINIasg YacTh TpaKIaH, MPUHABIINX ydacThe B rojiocoBaHuM. Tak, B
HoBotoppsanckom paiione «3a» nporosocoBanu 24,7%, B OpiiaHckoMm
paiione — 21,6%, a B Mapu-Typekckom paitone — b 18,5% ot o0mero
YHUCIa JXKATEICeH, MPUHABIIKX ydacTre B pedepenayme [8, C. 100].

Pe3ynbraTtel rOmocoBaHMs MO BONPOCY O 3€MIEe €Ie pa3s
NOJTBEPAWIN, YTO CEJIbCKOE HaceleHHe B OCHOBHOW Macce cBoeil Ooiee
KOHCEPBAaTUBHO, YeM TOPOXKaHEe, M MTO3TOMY OHO C HEIOBEPHEM OTHECIIOCH
K paJuKaIbHBIM TIepeMeHaM B c(epe MOIUTUKH U IKOHOMHUKU. B TO xe
BpEMsI TOPOJICKOE HaCeJICHHE IOKa3ao OONBIIYI0 TOTOBHOCTH K pe)opMaM.

PoBHO uepe3 Mecsn nocie pedepermymoB, 17 anpens 1991 rona,
Ha 1TO# ceccun BepxosHoro Cosera Mapwmiickoit CCP ObUT IPHHAT 3aKOH
«O6 m3menenusx u pomonHeHusX Konctutymum (OcHoBHOro 3akoHa)
Mapuiickoit CCP», KOTOpHIi BHEC U3MEHEHHS B KOHCTUTYLHIO,
JICCTBOBABIIIYIO €II€ C COBETCKOro Iepuoja. B COOTBETCTBUM C 3THUM
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3aKOHOM O(MIMAJIBHBEIM Ha3BaHHWEM pecryOnuku ctano «Mapwuiickas CCP
— PecnyOiiuka Mapwuii O» [9].

B xonme aBrycra 1991 roma B moauTHYECKOH >XM3HHM Poccum
MIPOU3OIILIH JIpaMaTU9IeCKHe COOBITHS: HeylayHas TMOTIBITKA
TOCY/JapCTBEHHOTO IIEPEBOPOTa M, KAaK pPE3ydbTaT 3TOro0, paauKaIbHOE
MEepeyCTPOMCTBO MOJUTUYECKOM cucTeMbl cTpanbl. [locime Toro kak 18
aBrycra Opur 06pazoBaH ['ocymapCTBEHHBIH KOMHUTET IO YPE3BBIYAHOMY
nojoxenuto B CCCP (I'KYII) u Havanoch NpOTUBOCTOSHUE MEXKIY HUM U
pyxoBoactBoM PCOCP, Bnactu Mapuiickoit CCP 3aHsmu BEDKUIATEIBHYIO
MO3UIMI0, YTO OBUIO XapaKTepHO IS PYKOBOJUTENEH OOIBITNHCTBA
pernoHoB Poccun. [IpaBuTenbcTBO pecmyOMUKe BRICTYITHIIO C OOpaIieHreM
K TpaxaaHaM u npusBano xutened Mapuiickoit CCP  coxpaHAaTh
CTIOKOWCTBUE, TMONJCPKUBATh TIPABONOPSAOK M HE YYacTBOBaTh B
HECAaHKIIMOHWPOBAHHBIX TOJMUTHYECKUX Meponpuatusax. [Ilpm  stom
Ype3BbIUaiiHOE TOJIOKEHHE B PECHyOJMKE HE BBOAWIOCH, U B IEIOM
CUTYyalisl OCTaBaJIaCh CPAaBHUTENBHO CIIOKOWHOM.

[Tocne mpoBaia MOMBITKH TocyaapcTBeHHOTO TiepeBopoTa B CCCP
Bracth Mapuiickoi CCP BplcTynmuiam ¢ 3asBI€HHEM, B KOTOPOM
ocyxnanmuch aeictBust 'KUII u roBopunoch 0 mogaepxkKe pyKOBOJICTBA
PCOCP, B TomM umcne Bb.H. Enpnmua. Beuio Taxke 3asgBICHO O
HEeoOXoaMMOCTH cKkopeiimiero moanucanus Coro3Horo JloroBopa u 0 CBOEH
MPUBEPKEHHOCTH ObITh CcyObekToM PCOCP B cocraBe 0OHOBICHHOTO
Coro3za [10].

23 aprycra 1991 roma moO pacmoOpsOKEHHUIO TIPABUTEIIBCTBA
Mapuiickoit CCP Obl1a mpHOCTaHOBIEHA JAESITEIBHOCTh PECITyOIMKaHCKON
opranmzaumu  KIICC. 25 asrycra ykaszom Ilpesmamyma BepxoBHoro
CoBera pecryOnuKkn OBUT MPUOCTAHOBIIEH BBITYCK Ta3eThl «Mapuiickas
npaBaa» ¢ QopMmynupoBkod «3a mpomaranay akuguii [KUII CCCP,
HaIpaBJICHHBIX HA HACWJILCTBEHHOE CBEPKEHUE KOHCTUTYLUOHHOTO CTPOSI»
[11]. IIpoxypop pecnyOnmKH BO30YIWI YTOJOBHOE IO IO MaTepuajam
MIPOBEPKH NesATeabHOCTH peckoma naptuu 1 CMU pecnyommku. Ho yxe 4
ceHtsa0ps 1991 roga «Mapuiickast IpaBaa» BHOBb CTajla BEIXOJUTh, IpaBaa
B Ka4eCTBE «HE3aBHUCHMOH Ta3eThl». A B HOs0pe 1991 roma crapuimii
MMOMOIIHUK TIpokypopa Mapwmiickoit CCP mo Ham3opy 3a HCIIOJTHCHHEM
3aKOHOB O TOCYJapCTBEHHOW O0€30MacHOCTH, COBETHUK rocTuimu B.U.
IIIBerioB BBIHEC TOCTaHOBIEHHE O TMPEKPALIEHUHM YTOJIOBHOTO J€lla B
OTHOIIIEHUH Ta3eThl «3a OTCYTCTBUEM COCTaBa mpecTyruieHus» [11].
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OnHoli M3 OCHOBHBIX NMPHYMH cOOBITHH aBrycta 1991 roma Obiio
CTPEMJICHHE  KOHCEpPBATUBHOM  4YacTHU  COBETCKOIO  PYKOBOJCTBA
MPEeIOTBPATUTh TOJNUCAHWE HOBOTO COIO3HOTO JOTOBOpa, IO CYTH
npespamaromero CCCP u3 dhemepatuBHOT0 rocynapcTea B KoH(peaepaImio
CyBEepeHHBIX pecryOnuk. [IpoekT maHHOrO JOroBOpa TOTOBWIICS B paMKax
T. H. HoBoorapeBckoro mpoiiecca, ”HUIIMUpoBaHHOTO Npe3ugeaTom CCCP
M.C. I'opbaueBbiM ¢ 11enbI0 coxpaHuTh CoBeTckuii Coro3, B MOMIEPIKKY
KOTOPOTO BBICKA3aJI0Ch OOJBIIMHCTBO HACEICHHS CTPaHbl Ha pedepeHmyme
B Mmapte 1991 roma. 20 aBrycra mpeamnonarajioch HadyaTb MOANHCAHHE
JOKYMEHTa COIO3HBIMH PECIyOJIMKaMH, BBIPA3MBIIUMH TOTOBHOCTh
BCTYNHUTH B OOHOBJICHHBIA COr03. ABTOHOMHBIE PECITyOJIUKH, B TOM YHUCIIC
u Mapuiickas CCP, takxe cBsi3biBaiu ¢ HoBoorapeBCKUMU COTTalICHUSIMU
oTIpeieTICHHbBIE 360 (S 9113 Ha MTOBBIIIICHHE YpOBHS cBoeit
camocTosTensHoCcTH. OnHako HeymaBmascs monbiTka ['KUII 3axBaTuTh
BJIACTh TIpuBelda K (akTuueckoMy CcBepThIBaHUIO HoOBOOTapeBCKOTO
mporiecca. W OKOHUYATENLHO 3TOT TMPOSKT OBUT TIOXOPOHEH TOCHe
Benoexckoro cornamenus, mpuseaiero K pacmarxy CCCP.

B ToT e neHn, korma B benmoBexckoi mymie OBUIO MOAMUCAHO
cormamenue o pocmycke CCCP wu oOpasoBanmu  CojpykecTBa
Hezasucumerx ['ocymapets (8 mexabpst 1991 roma), B8 Mapuiickoii CCP
MIPOIILTH TIEPBBIC BCEHAPOIHBIC BEIOOPHI MPE3UICHTA PECITyOIHKH. BRIOOPHI
MPOILTN Ha albTePHATUBHOW OCHOBE. B OFOJIICTCHb OBLIM BKIIOYEHBI TPH
KaHauIaTa: JeHCTBYIOMMN nmpeacenaarens Bepxosaoro Cosera Mapuiickoit
CCP B.M. 3otun, crapmuii HaydHBIH CcOTpymaHMK Mapuiickoro HWN
s3bIKa, uTepaTypsl n ucropun A.C. KasumoB m ampektop Momrkap-
Omunckoii 00yBHOM (hadpuku A.I'. TTomos. IlepBoro u3 HUX MOAIEPKUBATIA
OOnbIass  4acTh pecIyONMKAaHCKOW HOMEHKIATyphl. BTopoit  ObLI
KaHIUIaTOM OT JnBwxkeHus «J/leMokparndeckas Poccusi». A TpeTbero
noJiiepKaia MapuiicKkas HaI[MOHAJbHAs OOIECTBCHHAs OpraHH3aIlus
«Mapuii yuiem».

Bce Tpu kaHammara Ha MPE3UASHTCKAN TTOCT OBIIM MAapUHIIAMU TIO
HAI[MOHATBHOCTH. B TO >ke BpemMs Bce MPETCHACHTHI Ha TIOCT BHIIE-
npe3upeHTa Obun pycckumu. B mape ¢ B.M. 3oTuHbIM u30Hpancs
mpejacenarenh BpICIero 3KOHOMHYECKOTO COBeTa peciyonmukn BL.A.
l'anaBrees, ¢ A.C. Ka3umoBbIM — nupekTop coBxo3a «Temmuunslii» M.M.
Kyko  (Oymymmit  mpencematens [ocymapctBenHoro — CoOpanus
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PecniyOnukxu Mapuii Om), a ¢ A.I'. [lonoBbIM — 3aMecTUTeNb MpeAceaaTeNs
rOpcoBETa Momkap-Omnst B.B. Aprcrosa.

B mepBom Type BBIOOpOB B.M. 30THH MONYyYMJI 9UyTh MEHBIIC
MOJIOBUHEI TonocoB  (48,1%) wu3bupareneld, NPUHABIINX y4YacTHE B
ronocoBanuu. 3a A.I'. [lonosa nporonocosanu 11,2%, 3a A.C. Kazumona —
11,1%. Ilpuyem B ropomax B.M. 3oTuHa momnepxaiv JUIIb 9yTh OoJee
1/3 m3bupareneii. A B CEIBCKOW MECTHOCTH MPOICHT IPOT0JI0COBABIIINX 3a
Hero ObLI 3aMEeTHO BhIIe (Hanpumep, B ['opHOMapuiickom paiione — 75,5%,
B [lapanerunckom paiione — 74,6%, B MopkuHCckoM paiione — 72,1%) [8, c.
104].

[Ipesunentckue Be1OOPH 1991 roma mpoxoaunu mo cucreme «50%
+ 1 roiocy», TO eCTh JIs 00eabl HeOOX0AUMO OBLIO, YTOOBI 32 OJHOIO M3
KaHIUJAaTOB TPOTOJIOCOBAIO OOIbIIE ITOJIOBUHBI OT OOIIEro dmcia
n30upareneil, MPUHSABIIMX ydYacTHE B TroJIocOBaHWHU. lIpudem sBKa Ha
BBIOOpax IOJDKHA OblIa COCTAaBUTh HE MEHEE MOJOBHHBI OT OOIIEro 4ucia
3apEruCTPUPOBAHHBIX TPaKJaH, UMEBIIUX NpaBo rojoca. B cBs3u c TeMm,
YTO HU OJWH W3 KaHAWJATOB HE HaOpan CBBIIIE MOJOBHHBI TOJIOCOB, 14
nexabpst 1991 roma mporen BTOpod Typ BBIOOpPOB, B KOTOPBIX NPHHSIIH
yuactue B.M. 3otun u A.I'. TlonoB. B utore mepBplif U3 HUX MOTYYUI
HanOOJIBINIEE KOJMYECTBO TOJIOCOB (B TOM YHCIE M B Tropojax) U IO
pe3ynbTaTaM BBIOOPOB cTanm mpesupentoM Mapuiickoit CCP. Takum
o0pa3oM TepBbIE B PECHyOJUKE NPE3UACHTCKHE BBHIOOPHI OKOHYHIIMCH
nmobemoit mpencenarenst BepxoBHoro CoBeTa, KOTOPBIA 3aMETHO 0O0OIIET
KaK CTOPOHHHKA IEMOKPAaTHYECKHUX CHII, TAK ¥ KaHIUAATa, IO AeP>KaHHOTO
MapHUUCKUM HAIUOHATBHBIM JIBHKCHUEM.
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PA3JIEJI. OBIHIECTBEHHBIE HAYKHN
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KOMMYHUKATUBHBIE KOMIIETEHIIMUU B CUCTEME
HNPO®ECCUOHAJIBHBIX KAYECTB MEJUIIMHCKHUX
CIENUAJMCTOB: ICUXOJIOTMYECKA AHAJIN3
PA3JIMYMIA IO TPODUIISIM JEATEJIBHOCTHA

E.A. CepkoBa,
MarucTpanr 2 Kypca, Hanp. «KimuHrueckas cuxoiorus,
Co TAOY BO MI'T1Y,

r. Camapa

AnHoTamusi: B cTatbe paccmarpuBaeTcs pojib KOMMYHHKATHBHBIX
KOMIIETCHIIMH  Kak KJIIOYEBOTO  DJJIeMEeHTa MpodeccHOHaIn3Ma B
MequiHCcKon cepe. [IpoananusupoBana mpsiMasi CBSI3b MEXKIY YPOBHEM
KOMMYHHKATHBHBIX HAaBBHIKOB M KadeCTBOM OKa3aHUS MEIAUIIMHCKON
TIOMOIITH. CpaBHUTETBHOE HCCIIeIOBaHUE KOMMYHHKATHBHBIX
KOMITETCHIIUH Pa3HBIX MEIUIMHCKUX CHEMUALHOCTEH MOKAa3ajio, YTO OHH
00pa3ylT eIWHYK CHCTEMY — C NPOGWIBHON CcHenu(UKOd W eAUHBIM
Ha0OpOM YHHBEpCanbHBIX TpeOoBanuii. OOOCHOBaHa HEOOXOIUMOCTD
pasBUTHS KOMMYHHKATHBHBIX HABBIKOB HA MPOTSDKEHUH BCEH JKWU3HHU.
Pesynpratel  WccnemoBaHHMS ~ TIOMOTYT — ONTHMH3HPOBATh  OOydYeHHUE
METUIIMHCKIX CIIEITUATUCTOB c y4eToM TICUXOJIOTMYECKUX
3aKOHOMEpHOCTeH  (OpPMHUpPOBAaHMS HABBIKOB (IIOXTAITHOE OCBOCHHE,
WMUTAIIMOHHOE MOJICTUpOBaHUe, 0OpaTHAas CBS3b) M IMOBBICUTh KadeCTBO
MEUIIMHCKOW TTOMOIIH 33 CUET YKPEIUICHHUSI CUCTEMBI «Bpay—TIaIleHT» Ha
OCHOBE JIOBEpUSs1, TOHUMAHUS 1 3(HEKTHBHOTO B3aUMOJICHCTBHSL.

KiroueBbie cioBa: KOMMYHHKATHBHbBIE KOMIIETCHIINHY,
npodeccHoHambHBIE KaveCcTBA MEIUIIMHCKUX pPaOOTHUKOB, CTPYKTypa
KOMMYHHKATHBHBIX KOMIIETCHIINH, IICUXOJIOTHECKHIA aHAIIN3

COMMUNICATION COMPETENCES IN THE SYSTEM OF
PROFESSIONAL QUALITIES OF MEDICAL SPECIALISTS:
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PSYCHOLOGICAL ANALYSIS OF DIFFERENCES BY ACTIVITY

PROFILES
E.A. Serkova,
2nd year master's student, direction "Clinical Psychology",
SF GAOU VO MGPU,
Samara

Annotation: This article examines the role of communication skills
as a key element of professionalism in the medical field. The direct link
between the level of communication skills and the quality of medical care
is analyzed. A comparative study of communication competencies across
various medical specialties revealed that they form a unified system, with
specialized features and a common set of universal requirements. The need
for lifelong communication skills development is substantiated. The study's
findings will help optimize the training of medical specialists, taking into
account the psychological principles of skill development (stage-by-stage
acquisition, simulation, and feedback), and improve the quality of medical
care by strengthening the doctor-patient relationship based on trust,
understanding, and effective interaction.

Keywords: communicative competencies, professional qualities of
medical workers, structure of communicative competencies, psychological
analysis

[IpodeccrnonanbHas aesTETBHOCTD CIENUANCTA JII000H 00acTy, B
YaCTHOCTH, MEIWIMHCKOH cdepbl, MoApa3yMeBaeT BIAJCHHE UM
HEOOXOOUMOM CHCTEMbl HAaBBIKOB M  KauecTB, O00ECHEYMBAIOLINX
JOCTIDKEHHE ONTHMANBHBIX KIMHAYECKHX PE3YJIbTaTOB, MOBBIIIAOIINX
YpOBEHb Ka4eCTBa OKa3aHM MEIUIIMHCKOMN TTOMOIITH.

Cucrema mpodeccuoHaTBHBIX KadecTB METUITTHCKOTO
CHELUANNCTa SIBIISIETCS KOMIUIGKCHOW W BKJIIOYae€T KOTHUTHBHBIC
(npodeccroHanbHbIE HABBIKM, aHATUTHYECKOE MBIIIJICHUE), IPAKTHYECKHE
(MeOUITMHCKAE  MAHWITYJISAIUH), KOMMYHHKATHBHBIE  (CITOCOOHOCTH
BBICTPauBaTh  B3aMMOOTHOILIEHHS), JUYHOCTHbIE  (OTBETCTBEHHOCTb,
CTPECCOYCTOHYNBOCTE, SMOLIMOHANIbHAS PETYJISIIUS U Ap.) HaBBIKH [1].
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CornacHo aHaIm3y psana HAYYHBIX WICCIICTOBAHMIA,
KOMMYHUKATUBHBIC KOMIICTCHIIUM TPEJCTABISIOT COOOM  KIIFOUEBOWM
3JIEMEHT PO eCCHOHAIN3MA CTICTIHAIICTOB B 00JIaCTH METUTINHEI [2-4].

KoMMyHHKAaTHBHAsE KOMIIETEHTHOCTh MEIUIIMHCKOTO CIEIUAINACTA
MPEJICTABISCT COOOM HMHTErpaTHBHOE KaveCTBO, OOBECAMHSIONICE 3HAHUS,
YMCHHS, JIMYHOCTHBIC XaPaKTEPUCTHKHU, He0OX0quMbIe Il 3((HEKTUBHOTO
B3aUMOJICUCTBYS B IpodhecCHOHAIBHOM cperne [2].

CtpykTypa  KOMMYHUKATHBHBIX  KOMIICTCHIIMH  BKJIIOYACT:
BepOanbHBIE HABBIKA (YETKOCTh W JIOCTYHNHOCTh PEYH, TpamMOTHas
(hopMyITUPOBKa BOIIPOCOB U TIPEIOKECHUA | JIp.), HeBepOaTbHBIC HABBIKH
(MUMUKa,  JKECTBI), OMONMOHANBHBIA  WHTEIUICKT  (AMIIATHYECKOE
pearupoBaHue), MIPOLIECCYaTbHBIE HaBBIKU (cTpykTYypHpOBaHHE
nHOpMaIH), KOMaHIHBIC HABHIKA (KOOPAWHAIWS B3aUMOJICHUCTBHS C
KOJUIETaMH), STHIECKHUE HABBIKK (YBaKCHHE K JIMYHOCTH TaruenTa) [3].

HccnenoBanus MoATBEPKIAIOT, YTO PAa3BUTHIE KOMMYHUKATUBHBIC
KOMIICTCHIIUY HAPSMYIO KOPPEITUPYIOT C:

— TIOBBIIIICHUEM TPHUBEPKEHHOCTH JiedueHnto (1o gaHHeiM BO3,
3 PeKTUBHOE B3aUMOJICHCTBHE YBEIUIMBACT COOIIOICHUE PEKOMEHIAITHII
Ha 30-40%);

— CHIKCHHEM KOJIMYECTBA KaJI00 U KOH(IIUKTOB (JIOBEPUTEIHLHBIC
OTHOIIIGHUS C BpavYoOM COKpAIIAlOT PUCK OOpalleHus MaIUeHTOB B
BBITIICCTOSAIINEC OPTaHbI);

— yMEHBIIIEHHEM YHCIIa JUATHOCTHYECKUX ONIHOOK (Ka4eCTBEHHO
CcOOpaHHBIN aHAMHE3 CHIDKAET PUCK HEBEPHOTO THArHO3a);

— NpoUIAKTHKON TPOPECCHOHATLHOTO BBITOpaHUs (HABBIKA
CaMOPETYJISALUU TIOMOTAI0T COXPaHATh AMOITMOHAIBHYIO CTA0MIIEHOCTB);

— yIOydYlIcHHEM KIWHUYECKUX HCXOA0B (JIOBepHE MAIFICHTOB
Bpady CIIOCOOCTBYET JIyUIIEMy BOCCTaHOBJICHHIO) [4].

KoMMyHHKAaTHBHBIE KOMIIETCHIIMM MEIUIIMHCKUX CIICIHATICTOB
UMEIOT  BBIPQXCHHYIO  CleluduKy,  OmpeneisieMyro  npoduiaem
JIESATSIILHOCTH, 3a/1a4aMy ITPO(EeCCUOHATBHOTO OOIICHUS.
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Tabanna 1 — CpaBHUTENBHBIN aHATTN3 KOMMYHUKATHBHBIX KOMIETEHIIUN
MEIMITUHCKUX CTIEIUaIUCTOB [5-8]

MeauuuHckas KnwuyeBbie IlpnopureTHsbie OcodeHHoOCTH
CIEeNHATBHOCT | KOMMYHMKATHBH | KOMMYHHUKATHBHBI | B3auUMOJelcTBM
b ble 3a/1a4H1 € KOMIeTeHIMH s ¢ MaMeHTaMu
I'myGokoe
JlimrensHbIe
MTOHUMAaHHe
ceccnn, (pokyc Ha
SMOIMOHAIBEHOTO BBICOKAs SMITATHS,;
SMOLMOHAIEHOM
COCTOSTHHS KOMMYHHUKaTHBHAS
[cuxotepamneBT COCTOSIHUM,
MAIMCHTA, TOJICPAHTHOCTB;
bl HEO0XOIUMOCTh
MMOCTPOCHHE HABBIKH aKTUBHOT'O
co3/1aHus
JTOJITOBPEMEHHBIX CITyIIAHUS N
Oe3omacHoi
TEPaNeBTHYCCKUX
. aTMocdepsl
OTHOIICHHUH
Heobxonumocth
YcTaHoBicHUE JI0OPOKETATEITBHOCT YYUTHIBATH
KOHTAaKTa C b} BO3pacT pebeHka
ITenuatper
peOEHKOM U eTo THOKOCTH B ¥ yPOBEHBb
poauTeIsIMu oOmeHnn TTOHUMAaHH
poaurtenen
YeTtkoe
HHPOPMHUPOBaHUE JIAKOHUYIHOCTH 1
repe]] oneparuen TOYHOCTh PCYH;
PE/L OTICpaLlCH, DEHIL; KpaTtkoBpemeHnHo
CJTaXXCHHOE KOMaHTHAast
Xupypru N €
B3aMMOJICHCTBHE B KOMMYHUKAITVS; N
N . B3aUMO/ICHCTBUE
OTIEePAIIMOHHOM, CTpPECCOyCTOHYNBOC
KOOpAMHAIIHS Th
KOMaHIbI
CO6op aHamHe3a,
uH(DOpPMHUpPOBaAHUE
0 IMarHo3e U
YHHUBEpCaIbHBIE
JICYCHNH, JmmrensHere
HABBIKH aKTHUBHOTO
TepamneBTol MOTHBAIUS K OTHOILEHHS C
CITyIIAHUS U
po¢UIaKTHKE, TAIeHTaMHI
nHHOPMHUPOBAHS
pabora ¢
XPOHUYCCKIMH
3a00JICBAaHUSIMU
CrienamucTel JuarHocTtuka u TaKTUYHOCTh U JnutenbHbie
Y3KOTO BBISIBIICHHE JICIIMKATHOCTH; B3aMMOOTHOIICH
npodus (JIOP, HapyUIeHUI BEXKIJIMBOCTD U W C NallUEHTOM
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MeaunuHckas KnwueBbie IlpnopureTHsbie OcodeHHOCTH
CHEeNHAJIBHOCT | KOMMYHHKATHBH | KOMMYHHKATHBHBI | B3aHMOJeHCTBH
b ble 331241 € KOMIIETeHIIUH s C MAaNlHEeHTAMHA
THHEKOJIOT, MalUEHTOB, KOPPEKTHOCTb;
o TaTEMOJIOT U KaueCTBEHHBIH TOYHOCTb
Ip.) cOop aHamHe3a, (hopMyITHPOBOK
HH(POPMHUPOBAHUE
0 JICYCHUHU
[Icuxonoruueckast
Cpenamii TTOIICPIKKa, BHUMATEIBHOCTh U
MEIULIMHCKUI pa3bsiCHEHUE TaKTUYHOCTb; YacTblil KOHTAKT
TIEPCOHA poreyp, SMOUMOHATbHAS ¢ ManMeHTaMu
(MencecTpsl) BBITIOJTHEHUE YCTOHYNBOCTH
Ha3HA4YCHUH Bpaya
Yerkue
WHCTPYKIIMU IO
MOATOTOBKE K BEXJIMBOCTh U
CrienuaaucTbl
N cllaue aHAIN30B, KOPPEKTHOCTb; KpatkoBpemenu
nabopaTopHOM
HAFHOCTHKI KOPPEKTHOE co6mo;1e1m€ rpaHuI] bIC KOHTAKTBI
HH(POPMHUPOBAHUE B3aUMO/JICHCTBUS
MalKUEeHTOB O
pe3yapTaTax

AHamM3  KOMMYHHKATHBHBIX  KOMIICTCHIIUH  MEIUIIMHCKUX
CTICIMATUCTOB Pa3HBIX MPOQUICH TEMOHCTPUPYET, YTO KOMMYHHKAITHS —
HE YHHBEPCAIBHEIN HaBBIK, a AU hEpeHIIUpOBaHHAS CUCTeMa, TPeOOBaHM
K KOTOpPOWM HaNpsAMYyI0 3aBHCAT OT chenupukd mpodeccrHoHaIbHON
JesrenapHocTu [S].

Hecmotps Ha pasnuunss KOMMYHUKATUBHBIX KOMIICTEHIIMA CpEIH
CHENUAINCTOB Pa3IMIHOTO MPOGUIISL, MOKHO OTMETHTh HEKOTOphIEC O0IITHe
KOMMYHHKATUBHBIC TPeOOBaHMUS: TITyOOKOE TTOHUMAHUE TICUXOJIOTUIECKUX
OCOOCHHOCTEW IMAaIMEHTOB; CIIOCOOHOCTh aJalTUPOBaTh MEIUITUHCKYIO
WHGOPMAITUIO; HABBIKA SMOIMOHAILHOTO PETYJIMPOBAHUS, TAKTHYHOCTh H
JIETTUKATHOCTh; KOMaHIHOE B3auMo/IelicTBHE [6].

dopmupoBaHHE KOMMYHHUKATUBHBIX  KOMIICTCHIIUH  JTOJIKHO
HAYMHATHCS Ha JTale BY30BCKOW TMOATOTOBKH, TOCKOJIBKY HMCHHO B
JAHHBIA TIEPUOJT: 3aKIaJIbIBAIOTCS (hyHIaMEHTABHBIC 3HAHUS O IPUHITHIIAX
3 dexkTnBHOTO  OOIMEHWS ¢  KOJUIeTaMH, TMalUeHTaMd ©W = HUX
POJICTBEHHUKAMH; TPOUCXOJIUT MPAKTHYSCKOE OCBOCHHME W OTpaboTKa
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KOMMYHUKATUBHBIX HaBBIKOB (MOJICIIMPOBAHUE CHUTYyallUd, MpaKTHYCCKast
JISATEIILHOCTh OyAyIIero Bpada); popMHUpYyeTCcsl IICHHOCTHOE OTHOIICHUE K
npodeccuonamsHOMY 00MIEeHHIO [7].

Heo0XomuMoCTh  HENPEephIBHOIO OCBOCHUS KOMMYHHKATHUBHBIX
KOMIICTCHIIMH  MEIUIIMHCKOTO  CIICIUaNUCTa  OOYCIIOBJICHA  Tpems
KITFOYEBBIMU (haKTOpAMU: TUHAMHYHBIM Pa3BUTHEM MEIUIIMHCKON CQepsbl
(TosiBIIEHWE HOBBIX TEXHOJIOTMH W TIPOTOKOJOB  B3aWMOJICHCTBUS),
MO3TaNHBIM HAKOIICHHEM NPO(GECCHOHAIBHOTO ONbITa M YIIyOJICHUEM
crieranu3anuy  (BOBHUKHOBCHHE HOBBIX KOMMYHHKATHBHBIX —33ja4),
TpeOOBAHMSIMHU CUCTEMBI HEITPEPHIBHOTO TIPO(HECCHOHATHPHOTO 00pa3oBaHMs
[8].

Takum o00pa3oM, aHamM3 TOKa3bIBaCT, YTO KOMMYHHUKATHBHBIC
KOMITETCHIINA B MEIMIIMHE COYETArOT MpodmibHyI0 muddepeHmanmo ¢
VHUBEpCAIbHBIMUA TpeOoBaHMsAMH. MX TIleneHanpaBIeHHOE pPa3BUTHE U
(hopMUpOBaHUE JOJDKHO HAYMHATHCS HA 3Tale BY30BCKOH TOJTOTOBKH H
MIPOOJKATHCS Ha MIPOTSHKCHUH BCEeH MPO(eCCHOHATBHOM Kapbephl.
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