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PHYSICS AND MATHEMATICS

SOME THEOREMS OF VARIANT OF MATHEMATICAL
THEORY OF PLATES AND SHALLOW SHELLS OF
ARBITRARY THICKNESS

Candidate of Physical and Mathematical Sciences, Zelensky A. G.,

Ukraine, Dnipro, Associate Professor of the Department of Building Mechanics and Materials
Resistance of the State Higher Educational Institution

“Pridneprovsk State Academy of Civil Engineering and Architecture”

Abstract. The use of the developed variant of the mathematical theory (MT) of transtropic plates and
shallow shells of arbitrary thickness under static transverse loading is mathematically substantiated.
The variant tMT akes into account all components of the stress-strain state and boundary conditions
on the lateral surface as a function of three variable coordinates. They are represented as infinite
mathematical series with the help of Legendre polynomials in transverse coordinate. The three-
dimensional problem of the theory of elasticity is reduced to a two-dimensional problem by the
variational Reisner principle. The boundary conditions on the face surfaces are satisfied precisely.
The method of interrelated equations is used: the basic equations depend on all terms of the
approximation in the mathematical series. As the number of approximations increases, the order of the
systems of equations increases and the accuracy of the boundary-value problems is improved. The
operations of integration and differentiation of series are grounded. Theorems are formulated and
proved: on the convergence of series for displacements, for their derivatives, for stresses; Theorem on
the uniqueness of the solution of boundary value problems of this variant is proved.

Keywords: variant of mathematical theory, transtropic plates and shallow shells of arbitrary
thickness, Legendre polynomials, theorems, convergence, continuity, uniqueness of solutions.

Introduction. An urgent problem of the mechanics of plates and shells of arbitrary thickness
is the construction of high-precision theories and the development of mathematical methods that could
be used in solving boundary-value problems to find the stress-strain state (SSS) of these structural
elements. Classical and clarifying theories [1-3, 10, 12, 13, 15, 20, 23, 25, 26] can with sufficient
accuracy describe the SSS of those elements in which a qualitative change in the SSS is characterized
by adequately accepted physical and kinematic hypotheses. In order to determine the scope of classical
and refinement theories, it is necessary to compare the solutions of these theories with the exact
solutions or the approximate high-accuracy solutions obtained from variants of the theories that do not
contain any hypotheses. Such theories are variants of MT. The variants MT are based on various
analytical methods for their construction, in particular: the method of asymptotic integration of three-
dimensional equations of elasticity theory [5, 18], the method of decomposition of components of the
SSS on the thickness of the shells (plate), using mathematical tensor series [11], power [14], Legendre
polynomials [4, 6-8, 19, 21, 27-35]. In some theories, three-dimensional problems were reduced to
two-dimensional by different methods, including variational and projection. Depending on the
completeness of the image of the SSS and boundary conditions on the lateral surface in the form of
mathematical series, the approach to reducing the three-dimensional problems to two-dimensionals,
the method of satisfying the boundary conditions on the faces surfaces, variants of MT also have
different accuracy. Reviews of plate and shell theories are given, in particular, in [3, 6, 7, 9, 16, 17]. In
[28, 31] a variant of MT plates was developed, and in [29, 30, 32-34] a variant of MT of shallow
shells of arbitrary constant thickness was developed. The MT variant is based on the representation of
all the components of the SSS and boundary conditions on the lateral surface as functions of three
variables, in the form of infinite mathematical series with transverse coordinates with the help of
Legendre polynomials. The series for the transverse stresses are constructed so that the boundary
conditions in the stresses on the face surfaces (face planes) are satisfied exactly. Three-dimensional
boundary-value problems are reduced to two-dimensional problems using the Reisner variational
principle [24] and the method of interrelated equations, started in [22]. The order of the systems of
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differential equations and the accuracy of the solution of the boundary-value problems increases as the
number of additives in mathematical series for SSS increases. On the basis of this variant, analytical
and numerical studies of the internal SSS of plates and shallow shells of arbitrary thickness [29-34]
and the boundary effects [28] were carried out. The influence of mechanical-geometrical parameters
(MGP) and transverse loading on the SSS of plates and shallow shells is investigated. Comparisons are
made with the exact solutions and results of other authors. The results obtained show the efficiency of
this variant of MT and high accuracy in the first approximations. Studies have shown that the method
of interconnected equations is more accurate than the energy-asymptotic method [19].

The results of the study.

The above variant of MT of transversal isotropic plates and shallows shell of arbitrary thickness is
considered [28-34]. The transverse load is arbitrary. All SSS components. and boundary conditions on the
lateral surface — functions of three variable coordinates X, Y, z.

Boundary conditions on the front surfaces:
o,(z=xh/2)=(Fq(x,y) - p(x,¥))/2; oy (z=%h/2)=0y,(2=1h/2)=0, Q)

where  p(X, y)=01(%, y)—a2(%,y) . a(xy)=01(x,y) +0a2(x,y) ; q/2 skew load, p/2
symmetrical transverse load relative to the median surface.

The boundary conditions on the lateral surface can be kinematic, static, and mixed.

In the above mentioned works, the results were analyzed on the basis of analytical and
numerical calculations. In the process of analytically obtaining the basic equations of a variant of MT
and in their transformation, infinite mathematical series for the components of the SSS were used. The
operations of integration and differentiation of series were performed. From the theoretical point of
view, questions arise about the convergence of series, the lawfulness of integration and differentiation
of series, the uniqueness of solutions of boundary value problems.

Basic equations and dependencies.

To formulate and prove the theorems, we present the dependences for the displacements and
stresses of the considered variant of the MT of shallow shells [29, 34]. For plates, the main curvatures

of the median surface k; and k, must be taken to be zero.

The components of displacements and stresses are represented in mathematical series by
Legendre polynomials.
Components of displacements:

U(xy,2) = ki A (22/h)u (%, Y), (U, U =V ) s WXy, 2) = kipk_1<2z/h>wk(x, Y, @
=0 =1

where B (2z/h) is Legendre polynomials; u,,v,,w, - sought components in displacement

components.
Components of stresses:

o0 o0 o0
o (% Y,2) = 2Rty O-yz(x’y,z): Zpityi; o, (XY,2)= 2B s,i;
i=0 i=0 i=0
. . ©)
ox(X,Y,2) = 2B sy, (0 = Oy, 35xi _>Syi); GyX(X,y,Z) =R Ly i
i=0 i=0
yi, -+byxi is the functions of u,, V|, W, and MGP [33].
The transverse normal and tangent stresses (3) satisfy exactly the conditions (1).
The expressions for stresses on the basis of (3) are represented in this article in another form:

rr (6, 2) = 3 A (DU (6 Y) + 3 Buyi ()W 5 (%, Y):

where t,; t

i=0 i=1
7y26.2)= Ay W (6)) + Byt (D (6

4 January 2020 http://ws-conference.com/
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67 (%, ¥,2) = 3 Ay (2)(U;x (% Y) + Vi y (X, ) +

i=0
+ 3B, (D)W (%, Y) + C, p (2) P(X, ¥) + o () 4%, V) @
i=1
oy (X, Y,2) = io (A (@)U (% ) + By (Vi y (%, Y)) + ici (@)W (x,y) +
1 =1

+C (Z) p(X, y)+C (2)a(x,y), (ox,Uix,Vi 5y 7 0y:Viy, Ui x);

oyx(X,y,2) = %Gi (2) Ui,y (%, y) + Vi x (X, ¥)).
In formulas (4): )

AxO (Z) = leno I:)n; Axi (Z) = leni an (X - y;i :1’21---);

n=0,2 n=01
Bwi = thni Py, (i=24,.); Bwi = thni Py, (i=13..);
n=1,3 n=0,2
Azi (Z) = ngni an (i 20’21---); Azi (Z) = ngni Pn’ (i :1’31---); le = Z Psn1 I:)n;
n=0,2 n=1,3 n=0,2
B.i = Z Psni Pn: (i=12,..) Czp = ngnp Pns Czq = zgan Pns )
n=0,1 n=0,2 n=L3
Ai(2)= D agiPy, (i=02..); Ai(2)= Y as Py, (i=13..);
n=0,2 n=L3
Bi (Z) = zasnl Pnr(' Agjj _)bsn) Bi (Z) = Zasni Pn'(i =:I-”~)”---;a-sii _)bsii);
n=0,2 n=13
C1 = Zanwl I:)n; Ci = Zanwi an (i :2’3’---); Cp(z): Zanppn; Cq(z): Zanqpn
n=0,2 n=0,1 n=0,2 n=13

Gi(2)=GP; P =R (22/h), (k=01..),
where I,h, g, p,a,b with indices-MGP of the shell.

Here are also the partial sums of the series for the components of displacements and stresses in
the approximation KO-N:
The displacement components according to (2):

UM (x,y,2) = ZPK(Zz/h)uk(x ¥),U = Viu - v WM (x,y,2) = ZPk (221w (x, ),

k=1
where the index (N) at the top indicates the approximation number.
The stress components according to (3):
(N) N+1 (N) (N) N+2
Oxz (X,y,Z)=ZPitxi; (X yl)—ZF’.tyw (XyZ)—ZPSzw
i=0 i=0

(6)

N+2
N . (N . (N
a>(( )(x,y,2) = P ENE a§ )(x,y,2) = ZPi Syis O ( )(x y,2) = ZP.tyx.
i=0 i=0
The expressions for the stress components (6) are also represented in another form:
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awkan=iAmkmuxw+ZWMQMMUy)
oW (x,y,2) = ZAWNmmxw+ZWMQMWUy)

dmm»nzzMWamwuwww¢KM+
i=0

(7
N
+Y B @wi (1) +C @) px, y) +C ) (D) ax. y);
(N) & A(N) (N) N N
ox (% ¥,2)= 2 (A ()i x(X, ¥) + B (2)vi y (X, V) + 2.Ci (2w (X, y) +
i=0 i=1
+CM @) px )+ M@ ax y); M ui vy > oM v ),
oM (x,y,2) = .6 (2) Uy (6 y) + Vix (4 V).
i=0
In (7) functions A(N),... G-(N) depend on the MGP and Legendre polynomials:
AN (z) = z NP Al (2) = z NP (x> y, i=12,.);
n=0,2 n=0,1
N
800 = SR, (=24, BV = > KR, (1=13.);
n=1,3 n=0,2
N+1
AN (z) = z gV P L (=02.)AMN ()= z gMP,,(=13.); BN = 3 pNp:
n=0,2 n=L3 n=0,2
N+2 N+2
B =Y pW Py (=12, € = 3 gl R ) =Y gy
n=0,1 n=0,2 n=13

ANV ()= 3 alN P (1=02,..);AN(z) = z alM P, (i=13,..);
n=0,2 n=13

B{"W (2) = Z al}) Py, (i=0.2,..;a55 — bg;i);
n=0,2

BEN)(Z) = Z aéwl) P (l =1,3,...;asii —> bsii);

n=1,3
N+1 N+2
cM@= 3 allricM@= 3 alll P, (=23,
n=0,2 n=01
cM(z)= Z alVpP,; cV(z) = z a(N)P N =Gp,
n=0,2 n=1,3

where the coefficients |, h, g, p,a,b with indices are -MGP. An analysis of these coefficients shows

that as index n increases, they generally decrease.
Theorems.
We denote the closed region of the three variables X,y,z (-h/2<z<h/2) occupied by the

shell (plate) by C,, , and the corresponding region of variation X,y by Cp .

Let the functions uy (X,Y),Vi (X, ¥), W, (X,y) be defined in Cp together with their
derivatives on both variables. In the following, we consider the following mathematical series:

6 January 2020 http://ws-conference.com/
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1) mathematical series for the constituent components of displacements

o0 o0 o0
2 U (% Y) 5 2 V(X )5 2w (%) (8)
k=0 k=0 k=1

2) mathematical series of partial derivatives for series (8)

3 U (61 3 Uy (50 1) 3 Vw61 3 Vi y (60 S W x (W) 3 Wiy (00 Y)  (9)
k=0 k=0 k=0 k=0 k=1 k=1

3) mathematical series of partial derivatives of X and y for series (2)

épk (2z/h)uy (%, Y); éPk (2z/h)uy y (X, y); éPk (2z/h) vy x (%, y);

2 Rc@zrh)vy y (% y); X Pea zIh)wy (X, y); 22 Ra(2z/h)wy y (X, ).
k=0 k=1 k=1
In the next theorems 1-7, we consider the first mathematical series (2), (8)—(10).

Theorem 1. The series (2) for displacements will coincide evenly and absolutely in area CV

(10)

if the series (8) coincide evenly and absolutely in area Cpy .
Proof. We prove the theorem for the first row (2):

SR (22/h)uy (x,Y). a1
k=0

o0
Consider the remainder r,,(x,y) of the mathematical series » /uy (X, y)/:
k=0

(6 Y) = luc(xy)/. (12)
k=n+1

Since the series " /uy (x, y)/ coincides in C uniformly, this means that with increasing n
k=0
the sum of the series (12) tends to zero also uniformly in Cp.
Consider a series of modules for series (11) and its remainder

(X, y,z2)= > /PB(2z/h)ug(x,y)/ . Since for all values of k the Legendre P, (2z/h)
k=n+1

polynomials are bounded (/ B, (2z/h)/ <C =1), we have:

FI"](X’ y,Z)S Z/Pk //uk(X1 y)/SC Z/uk(xv y)/: Z/uk(xv Y)/:rn(xv y)v
k=n+1 k=n+1 k=n+1

that is, I, (X, Y,z) <r,(x,y). Therefore, with increasing n the remainder of the mathematical series
r,(X,Y,z) tends to zero evenly and absolutely in the Cy . This means that the series (11) in the Cy,
region coincides evenly and absolutely. Theorem is proved.
Theorem 2. The mathematical series » P (2z/h)u, ,(x,y) Will coincide evenly and
k=0

absolutely in area C,, if it will coincide in area Cp evenly and absolutely in iuk L (X y)
k=0
The proof of the theorem is similar to Theorem 1.
Theorem 3. If the functions uy (X, y) are continuous in Cp and the series (11) converges

uniformly to the function U (X, Y, z) in the domain C,,, then the sum of this series U (X, Yy, z) will
also be continuous in C,, .

http://ws-conference.com/ January 2020 7
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Proof. Since functions uy (X, y) are continuous in Cp, and therefore in C,, , and all Legendre
P, (2z/h) (k =0.1,...) polynomials are continuous in z for z € [-h/2;h/2], then all members of the
series (11) are continuous in C,, . This implies the continuity of partial sums of the series (11):

1 n
Uo (XY, 2) = Roug (X, ¥),Us(x,y,2) = kZOPkUk (X, ¥),Un(xy,2) = E{)F’k (2z/h)ug (X, Y), ...

By the hypothesis of the theorem, this sequence of partial sums converges uniformly to the
boundary function U (X, Y, ), which is the sum of the series (11). Dali brought about the theorems €

by my classic &, o .
We formulate the following three theorems without proof, which are derived by the classical method.
Theorem 4. If the functions uy , (X, y) are continuous in Cp and the series

> P« (2z/h)uy 4 (x,y) converges uniformly in C,, to the function U(x, Yy, Z), then the sum of this
k=0

series G(x, Y, z) isalso continuous in Cy, .
Theorem 5. If the functions B, (2z/h)u, (X,y) (k=0J1,...) are integrable in C,, and the

series ipk (2z/h)uy (x,y) converges uniformly in C , then the sum U (X, y, z) of this series will

k=0
h/2 w hi2

also be integrated, moreover, jU(x, y,z)dz= >’ ij (2z/h)uy (x,y)d z
-h/2 k=0-h/2

o0
Theorem 6. Suppose that in the domain Cy, the series > P, (2z/h)uy (x, y) with continuous
k=0

o0

functions uy (X, y) converges to the sum U(X,y,z), and the series > P (2z/h)uy 4 (X,y) with
k=0

continuous derivatives Uy , (X, y) uniformly converges to the function U(X,Y,z) . Then the series

> P (2z/h)uy (x,y) converges to the function U (X, y, z) uniformly and U (X,y,z) = G(x, Y,2).
k=0

Similar theorems hold for other series (2), (8)—(10).

Theorem 7. The mathematical series for stresses (4) will uniformly and absolutely converge

in region Cv if: 1) the mathematical series (8) and (9) uniformly and absolutely converge in region
Cp; 2) the C;(2),C,4(2),C(2),Cqy(2) series for z e [—h/2;h/2] converge uniformly and
absolutely; 3) the A;, Ayi, Asi A By, B, i, Bj ,C; functions defined by (5) are bounded for all i

andall z € [—h/2;h/2]; 4) p(x,Y),q(x,y) functions are restricted in Cp.
Proof. Obviously, the conditions of the theorem for functions and series also apply to the
whole domain CV . We prove the theorem for a series that determines the stresses o (X, Y, 2):

0, = D (A@U, (% 1)+ B2V, (x 1)) + 2 C (W (%, ) +C, (2) p(x, ) +C,(2)a(x,y). (13

By the theorem, the functions A; (2), B;j(z),C;(2), p(X,y),q(X, y) are bounded. Therefore,
there isan H )0 value such that
IA(2) (H, IBj(z)I {H, IC;(z)/ (H, Ip(x,y)/ {H,la(x,y)!/ {H. (14)

8 January 2020 http://ws-conference.com/
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In addition, by the theorem, the mathematical series iui,x(x,y), iVi,y(X’ y), iWi (X, ),
i=0 i=0 i=1

2.8i P (22/h), iaiqpi (2z/h) coincide uniformly and absolutely in the domain C,, . That is, with
i=0,2 i=13
increasing N, the residuals of these series of modules approach zero evenly and absolutely in C,, :

Mux = 2/Uix (% y)/ =0, vy = Z/Vi,y(x’y)/_)()’ fw = /Wi (X, y)/ =0,
i=n+1 i=n+1 i=n+1
o o (15)
o= 218 R (22/M)/ —>0,1r,q= > /a4P(2z/h)/ —0.
i=2n,2n+2 i=2n+1,2n+3

Based on (13)—(15), for the remainder R, of the series for o, (X, Y, z), we obtain:

Ruox = S (AU (%) +Bi(2)Vi y (% 1) + Ci (W (x Y) + P(xY) 3 R (22/h)+

i=n+1 i=2n,2n+2

bqxy)  Yaig REZIN<T S(A@U (X Y) + B2V y (%) +Ci(2)Wi(x Y) +

i=2n+1,2n+3 i=n+1

Fp00Y)  Ya RNy Yag REZINI< X0 A@U (X y)/+

i=2n,2n+2 i=2n+1,2n+3 i=n+1

+1Bi(2) /v y (X, Y) I+ 1Ci(2) [ Twi (X, y) )+ p(x,y)/ i/aipPi(Zz/h)H
i=2n,2n+2

+/q(x,y)/ i/aiqPi(Zz/h)/sH( i(/uilx(x,y)/+/vily(x,y)/+/wi(x,y)/)+

i=2n+1,2n+3 i=n+1

o0 o0
+ Dy 0P (2z/h)/+. Z/aiqPi(Zz/h)/) SH(Mux + vy +Taw +Thp +Tag)-
i=2n,2n+2 i=2n+1,2n+3
Therefore, for N — oo the remainder of the mathematical series satisfies the condition:
Rncrx <H (rnux + rnvy Trhw + Ty p + rnq)-
Taking into account (15), we obtain from the last inequality that for n — co the remainder of
the mathematical series for the stresses o, (X, Y, z) approaches zero evenly and absolutely. This

means that the series for o, (X, Y, z) coincides evenly and absolutely. The theorem is proved. The

uniform and absolute convergence of the series for the remaining stresses is proved similarly.
In the following theorem, we prove the uniqueness of the solution of boundary value
problems. The system of differential equations of equilibrium in the absence of bulk forces is obtained

with respect to the constituent components of the displacements uy (X, YY),V (X, Y), W (X, y) .
Boundary conditions on the front surfaces of the shallow shell — conditions (1). The boundary

conditions on the lateral surface for the first main problem are reduced to satisfy the boundary
conditions in the stress components. For the second main task, components

U (X, ), Vi (X, Y), W, (X, y) must satisfy on the lateral surface the boundary conditions in
displacements. In the case of a mixed problem, on some part of the lateral surface it is necessary to

satisfy the boundary conditions in stresses, and on the other—in displacements. The left-hand side of
the  differential  equation system in the KO-N  approximation depends on

u, (X, y),v . (x,y), (k=0,1...,N); w, (X,y), (n=12,...,N). Denote them
Uij(uo,ul,...,uN;VO,Vl,...,vN;Wl,...,WN), (i,j=12,....3N +2) . The right parts depend on the
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transverse load p(x,y) and q(X,y). Let us denote them U;,,(p,q). We further assume that the

boundary conditions preclude the displacement of the shell points as a rigid whole, that is, the
displacements are caused solely by deformation of the shell. We also accept the hypothesis of the
natural state of the shell.

We prove the uniqueness theorem for the second main problem in an arbitrary approximation
of KO-N.

The system of differential equations of equilibrium:

Ujj(Ug,Ug,e Un 3V Ve Vg s Wy, Wy ) = U5 (P, 1), (1 ] =1.2,..,3N + 2); (16)
boundary conditions on the lateral surface /" :

Ui(%, ¥)r =uUir(X,y), u—>v, (i=01...N);w;(x,¥) r =wjr(x,y),(j =1..,N), (17)

where U; - (X, ¥), Vi - (X, ¥), W; - (X, y) is the known components in the displacements on the lateral

surface 1.
Theorem 8. If the boundary-value problem (16), (17) has a solution, then it is unique.
Proof. Suppose it is not. That is, suppose that there are two different systems of solutions:

UQ,Up e, UN VO, VY e VI WY e, W (18)
Ug,Up'e s UN VG Ve VIS WE e WY (19)

which satisfy the system of equations (16) and the system of boundary conditions (17). That is, we have:
Ujj(Up,Ug,e UN VO Vs VWL W) = U (P, 1), (1 ] =1,2,..,3N + 2); (20)
Ui (%, ¥) r =Uir (6 ), (U V), (1 =01, N);wi (%, y) r =wjr(xy),(j =1...N);  (21)
Ujj(Ug,Ugse UN VO VT VG WL W) = U (P, ), (1 ] =1,2,..,3N + 2); (22)

Ui Y) r =uir (6 y), (U > V), (=01 N Wi (X, Y) r =W (% Y), (] =1...N). (23)
Subtract equation (22) from equation (20) and equation (23) from equation (21). We get:
Ujj(Up —Ug, Uy —UR VD = Vg s VN — VNG W — W, Wy —WY ) =0, (1, j=12,...,.3N +2);

Ui Y)r —uixy) =0, vi(x,¥) r —vi(x,y) - =0, (i=0L..,N);. (24)
Wi (X, y)r —wj(x,y) =0, (j=1..,N).

Functions Ug —Ug,...,UN —UN; Vo = V0 VN — VNG WL —W],..., Wy —W)  express the
solution of the boundary value problem (24) in displacements.

System (24) shows that a system of nontrivial solutions exists in the absence of bulk and
surface forces and in the absence of displacements of the points of the boundary surface, that is, for the
natural state of the shell. But this cannot be. We got a contradiction. Therefore, the initial assumption
of different solution system (18) and (19) is incorrect.

This means that the functions of Uy —Uug,...,Uy —UN; Vo —V0s-- VN — VNG W —W,...,

Wy — Wy must be equal to zero. Hence: Ug =Ug,...,Uy =UN; Vo = V0. VN =VRG W =W,...,
Wy =Wy . That is, both systems of functions (18) and (19) coincide, which indicates the uniqueness

of the solution of this boundary value problem. The theorem is proved.

The unigueness theorems of the solutions in the first and third boundary-value problems also
come from the opposite assumption. Theorems 1-8 also hold for plates of arbitrary thickness.

Conclusions.

1. Mathematical series for stresses in a new form were obtained, which allowed us to
formulate and prove theorems about their convergence.

2. The operations of integration and differentiation of series for displacements are grounded.

3. Theorems are proved: on the convergence of series for displacements and their derivatives; about
the continuity of their sums; about the uniqueness of the solution of the second boundary value problem.
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THE CAVITY OF THE CONVERTER
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Abstract. This paper examines existing approaches to describing and investigating hydrodynamic
processes in multiphase environments of metallurgical aggregates, including processes in converter
during lining repair by the blowing of prepared final slag. The analysis and generalization of these
processes were made. Also, conceptual approaches and methods of mathematical modeling of gas-
liquid environments were reviewed, including the existence of a free boundary of the phases
distribution. The mathematical model of the blowing slag skull process using two-row tuyere was
developed, computer implementation of the mathematical model was performed, and numerical
research of gas jet interaction with the melt was carried out at different blowing parameters.

Keywords: multiphase environment, conservative Eulerian method (CEM), free surface, gas jet, slag skull.

Introduction. At the time when favorable conditions are emerging in the steel market,
converters' work optimization and its outputs can be crucial to increase the resource-saving and
energy-saving efficiency of the metallurgical industry in Ukraine.

Experimental studying of the thermophysical processes that occur in the converter under
industrial conditions is associated with the high material costs and is complicated by high
temperatures, non-stationarity, and many parameters of the processes taking place. Significant
experimental material has been accumulated in the physical modeling of the indicated processes both
using transparent environments and during hot modeling [1]. However, it can give only an
approximate idea of the qualitative characteristics of processes because of difficulties in maintaining
similarity criteria due to the nonlinearity of the laws that describe them [2].

Mathematical modeling is devoid of these shortcomings. Its availability is due to the modern
development of computer technology, which allows us to take into account the defining characteristics
of unfolding thermophysical processes in mathematical models.

Problem statement and research results. The process of the interaction of a gas stream with
liquid slag, as a result of which the slag moves, underlies the application of a slag skull on the
converter lining. A hole is formed on the surface of the slag under the pressure of a gas jet. The
dynamics of the surface of the hole is very complex, the formation of waves and separation of droplets
of slag, which are captured by gas, are observed. They can fall onto the lining (a slag skull forms),
settle on the lance barrel (a flooring forms), or be carried out of the converter through the neck. The
first case of the development of process dynamics is positive, and the last two are negative, so they
must be minimized. In addition, it is useful to be able to predict the location and geometric parameters
of the slag skull depending on the process parameters of the slag blowing process (slag mass, blowing
intensity, blowing time, the angle of the nozzle of the tuyere nozzle relative to its axis, the distance of
the tuyere from the surface of the slag bath, etc.) [3-4].

To solve this problem, the mathematical model of the interaction of a gas jet with a liquid was
proposed. In the process of its creating, the following features of the interaction of a gas jet with liquid
slag were taken into account. Firstly, at the level with the liquid-slag and gas phases the presence of a
transitional gas-slag phase, which is formed by slag droplets that move in gas flows, was taken into
account. Secondly, the separation limit of the liquid-slag and gas-slag phases was clearly monitored.
Thirdly, the transfer of slag inclusions in gas was calculated [5].

The dynamics of a gas-liquid environment is described by a system of equations [6]:

0y = ( o
8—7;+V-(7/Vs)=0, (1)
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%=A(S-V)+@—7F—?p’, 2)
V=0, (3)
d;\tls = A(Ug-V)+G+X T . (4)

The equations (1)—(3) are valid in the entire region of motion of the gas-liquid medium (if

y =1 and assume sz), moreover, in the region where only the liquid ( =1) is located V = Vg,

and in the region where only the gas (y =0) is located V = \7g . The equation (4) is valid only in the
zone of drip fluid motion. In these places, the gas phase velocity can be determined by the formula:

Vg=(V-yV5)/a. (5)

When the system (1)—(4) is being solved, there is the need to monitor the separation boundary
of the liquid, gas-droplet, and gas phase, which freely moves during the process.

The system of equations (1)—(4) is solved by the method of splitting into physical factors. The
splitting scheme has the form:

| \7=\7n+r[—(\7n-§)\7n+A(5-\7T+(j—g(7/);/n Fn}, (6)
noAp™i=v.iir, @)
m v =y - vphtt ®)
where the factor £(y) is determined by the expression
0 mpuy=1
e(y) = { : ©)
1 mpuy<l1
and f is calculated by the formula (10):
~n Celon .
fh= d—s Vgs| Vs - (10)
S
The volume-average velocity field found in this way on the (n +1)" time layer determines the
field of the liquid phase in the liquid zone V0™ ="+ at ¥ =1 and the field of the gas phase in the
gas zone \76”rl =v"lat y=0.

To find the speed of slag droplets in the gas-liquid zone, it is necessary to solve equation (4),
which is valid only in the zone of droplet movement of slag. These speeds are calculated at the fourth
stage of the calculation, which is performed only in the gas-liquid zone according to the explicit
calculation scheme:

- - 1 -
v o=yl 4 r[—(\75n -v)vS” + A(DS -\73)1+ +gd+x fM]. (11)
The known velocities of the liquid phase and the volume-average velocities make it possible to
find the velocity of the gas phase in the gas-liquid zone according to the formula (5):

—-n+1 = = \n+1 n+1
Vg " =(V-yVs) a, (12)
as well as relative interfacial velocities
\7854-1 z(v_vs)n-l—l/an-l—l’ (13)

that are necessary for calculating the forces of interphase interaction f+l
The boundary conditions for pressure are selected as follows. Due to the smallness of the ratio
Xg at the interface S between the liquid and gas phases, the conjugation condition for pressure must

be satisfied:
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Psls = Pglg. (14)
where pg — pressure in the liquid, a Pg — Pressure in the gas. For pressures normalized to true
densities, this leads to the condition:

Psls =Xs Pl (15)

which at Xg — 0 for pressure in a liquid pg is equivalent to condition (7), which is taken into
account when calculating the pressure in CEM [6], and for pressure in gas pg it gives the condition of

a solid surface. The conjugation condition (15) is clearly supported on the free surface of phase
separation during the numerical implementation of the generalized conservative Eulerian method
(GCEM) [8] considered here to calculate the interaction of a gas jet with a liquid.

The equations of the four-stage scheme (6)—(11) in cylindrical coordinates take the form:

.
| -u-:uﬂ[_u@_“_wﬂi(v_5<fu)}ﬁ(uza_“}_e(mff], (16)
or dz or| r oOr oz 0z
i — W _ W 1O r W O 2 OW) g g(y)y £E 17
W=wrluT Waz+rar(u rarj+az(u azj 9=y 17 an
~ 10, OW

I D==—(0)+—, 18
rar( ) oz (18)

! 2 ! S
Eﬁ(ra_pjﬁ_p:g, (19)

ror\ or) g2 ot
11 u:U—rap, (20)

or
weii-r P (21)
0z
ou ous o [vgalrug)| o ;ou

IV Ug = Ug +7[~Ug —> —Wg —> +—| = ——22 |+ — uz—sj+x 1, 22
s =Us el S or S o 6r{r or j 62(582 s @)
Wg =Wg +7[-Ug—=—-Wg—+=-—| g r—= [+ —| bg—= |-0+Xxs T°]. (23
S s HrlUs or . rar(uS or 0z vs 0z grxs 17129

Here, " and fZ are the radial and vertical components of the vector f , and to reduce the record

of formulas, the time layer on which the variables are taken is not indicated. All the variables in the left-hand
sides of equations (16) - (23) relate to the (n +1)" time layer, and in the right-hand ones to the n ™.

When recording the diffusion terms, the coefficient of effective kinematic viscosity is
introduced under the sign of the derivative and its multicomponent is taken into account, which is the
manifestation of the tensor nature of the kinematic viscosity in our case. Proceeding precisely from
this form of writing of this term, we obtain a difference analog of the equations of fluid motion.

The difference analog of equations (16) - (23) is constructed on a uniform grid with a constant
step along the radius (A r) and height (A z). The calculation area is divided by straight lines that are
parallel to the coordinate axes. The index i numbers the cells along the radius, and | along the axis.

To establish the adequacy of the proposed calculation method according to model (1) - (4), a
series of calculations were carried out for conditions that simulate the interaction of a gas jet with
melted slag during slag blowing. To do this, we used the model of a real converter (Figure 1), with the
given parameters of the converter, the density of liquid slag, gas, medium temperature, gas flow rate,
and other physical parameters close to reality.

An assumption of the axial symmetry of the problem was made; therefore, the calculation was
carried out in cylindrical coordinates and the problem was reduced to two-dimensional. Half of the
axial section of the converter model was chosen as the calculation region.
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Fig.1. Converter model diagram: 1 — converter walls, 2 — liquid slag level, 3 — tuyere nozzles through
which gas is supplied; Rq — tuyere radius, R, — converter neck radius, Rk — converter radius,
H,,, —melted slag level height, Hy — converter height.

The mathematical model (6) - (11) is supplemented by the following boundary conditions. On
a solid surface S (on the walls of the converter model), the boundary conditions for the velocity
component perpendicular to the surface are the conditions of non-leakage:
n-vv, |s=0. (24)
Different boundary conditions can be imposed on the velocity tangent to the surface. The
extreme options for them are the conditions of free sliding:
A-Vyls=0 (25)
and the conditions of adhesion:
vi|s =0. (26)
On the axis of symmetry, we choose the conditions of non-leakage (conditions of symmetry)
and the conditions of free slip.

If there is a stream that freely enters (or exits) through surface S, the following condition for
free flow is used:

7] =1. (27)
At the boundaries of the calculation region, we choose the conditions of the first kind:
Pls=ps- (28)

The boundary conditions for the volume fraction of liquid are written similarly to the
boundary conditions for pressure chosen by us:

ﬁﬁy\s =0. (29)

In the calculations, we neglect the compressibility of the gas; the ratio of the true densities of
the gas and liquid-slag phases is quite small. In describing turbulent phenomena, a three-parameter
model was used.

Consider the gas-hydrodynamic picture that takes place in the cavity of a real converter during
the blowing of liquid slag. The calculation results obtained for different points in time are presented in
the following figures.
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In these figures, the calculated region is depicted in the form of a real converter, where the arrows
indicate the directions of the volume-average velocities, and the region with black arrows indicates the
location of the liquid. In the middle, there is a lance, due to which gas is supplied at high speed.

All subsequent figures describe the dynamics of the process of interaction of a gas jet with
liquid slag in the converter when the depth of penetration of the jet into the liquid is greater than the
depth of the melt level.

A picture of the initial moment of blowing is shown in Figure 2.

Figure 3 shows how a gas jet forms a zone of increased pressure near the surface of the liquid,
under the action of which the surface bends and the liquid begins to move down at a low speed. At the
same time, gas slows down and diverges radially at the surface, and near the border of the crater up,
moving towards the wall, reaches it, and near it moves up.

------------------

AAAAAD A AN AR AAAAAAA] RAAANA
MMM AN R ANARR
AP LA PAPAAPEEARARANRK
117010901 RARARY 1217111 RAARAARRY

A A4 .,4 AAAAAN B ANN A ‘A:‘ \AAM AL ‘:,':. 3
AP0 ] EARARARAR AN EAARARRAR
,‘,;s,'fulf\/ﬁ,?\, h A/ \,&\,ﬁ.,wg\‘ AAAA fl./{‘.?«q\‘ wp.‘l\.‘*,‘\.\~ NN
41.¢.52 l ll;..; q i ddid PAALVNVLD
A AR ARRAY 72817711714 PAARTARRARARR
AAAAAAAAAAAN RAANANAANNANRKR AAAAAAA A A\ NS ;
(PR PP AR RATTAAARRAN AP AAAAZAZPRIANRRRARARRARY
AAAANAANAANANN RARANANAANANANA / AAAAA 4 oy RARANAAANA/
\f.'.’f\ ‘Ml 1 lM Lt B! 4‘\4‘.’.’:1."’/ﬂ//"/ld.aM-Y\r\\‘r\\\.u‘.\.'\?
\)U?, AN AAA /l\, h AR %,M 7\ AAARNAANANA/ \ / /‘\,4\,4%,{\,{\, A M A /r'|\ l'i\,?‘\ A
] lﬁ\l »f.' VA lf\l 11 ISy ﬁ‘ﬁ.ﬂ_’.\\\ /,/(JMR.\‘. R
\ / 1\#\ A\"'MX\"'.\I\ ﬂ‘I\ ,/Y 1‘\ /,,1 N !r /}‘\ /‘ﬁ f\r‘f.f\,f/{k /r / \ /f‘?/i\!‘\,f\ A )v, ﬁ .\‘] < [N ‘l\\‘ A ;!\¢\/r/7-, ‘t\ \
R AR 1 R RN AR I,’t_)‘-.\lltl
TAARRNNNR Y § R s TALOR e | S
TUTINNNNARASES" | "ageasr b VYY) MM X b A
lg&‘.\\‘."-{-{.;.q_{.-. E TN VY »‘:fl ;g\\\w ; ( A
'q '..['- P\P\"K'F\Mi i J\"¥_' ) Mﬂ?’/”'ﬂ;ﬂjwllz./ 'Q \"f“\, Fet ’y \:‘_’#ﬂ;{/ \ 1 y
NS s o W E L AW 14 \/ AR RSN A & AN
F,‘;r‘»'\rr\"\*\“\“}. 4.)&(_:\‘# PAaara7 1M E'T.h‘\‘\‘\ i‘ e #
AKRRRRRRRA At RARRR A F s 11
| r‘“\' RS \W\N‘\ ) A bL/’V’ﬁW.A 2277 i ] R, VY YT L 7
—_— .»nhnswé;;jg.azﬂﬂﬂﬂ«. Vi b MARNR R RN N NE -
b EEERRGL L Y ASPTTTIT Mssss«w&«qe&/ ¢

Fig. 2. The initial moment of blowing Fig. 3. The dynamics of the process of interaction
of a gas jet with liquid slag

Then the process develops, the crater depth increases, however, the negative component of the
liquid velocity decreases, which is a sign of stabilization of the crater formation. At the boundary of
the crater, a more pronounced shaft forms, along which the gas forms a vortex. Another vortex is
formed at the wall of the converter model. Further, the direction of motion of the gas that leaves the
crater corresponds to the angle of inclination of the crater surface and is approximately 45. In this
direction, liquid droplets will form, the formation of which is observed at the top of the crater ridge.

At a given depth of liquid slag, a breakdown of a liquid column by gas is observed over time. The
calculation results are shown in Figure 4a, 4b. At the same time, the gas flows that escape from the bottom
of the converter and that exit the crater move to the crater boundaries, in the vertical direction.

Further, the dimensions of the crater continue to increase; on the inner surface of the crater,
one can clearly observe waves that move in the vertical direction to the ridge. The speed of movement
of these waves is difficult to accurately determine due to the non-stationary process and the
randomness of their formation.

The speed of waves on the surface of the crater is decisive for the processes of droplets
separation from the volume of liquid. This velocity is determined by the velocity of gas flows at the
surface of the crater.

In Figure 4c, one can observe the moment when the metal melt began to cover the side surface
of the converter lining, the stabilization of such a picture is the main task of developing this model and
its implementation. The problem is that near the walls of the converter the mass begins to move
downward under the action of gravity, and for applying a slag skull on the converter lining, it is
necessary to fix the melt in this position for a while, to begin crystallization and sticking to the
converter walls.
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Fig. 4. The dynamics of the process of interaction of a gas jet with liquid slag

It is possible to achieve the necessary phenomenon by calculating the course of this process for
various parameters of both the converter and the initial data on the gas velocity, melt height at the bottom
of the converter, etc. Thus, from numerous experiments, it was noted that the angle can be the most
influential inclination to the vertical axis of the direction of the gas inlet through the nozzle of the lance. If it
is more than 60 degrees, it is possible to observe the formation of a sedentary mass of liquid directly under
the lance. This phenomenon is not desirable, because it can also harden, moreover, due to the movement of
gas flows in the vortices, it can rise to the tuyere, clinging to it and obstructing the gas supply. For this
process, under given conditions, the tilt angle of 15 degrees was the most effective.

This problem can be used to simulate the blowing of the converter with the application of a
slag skull on the walls of the converter using a two-row tuyere, supplementing the initial term in
accordance with the number and arrangement conditions of additional nozzles or rows.

Conclusions. During the work execution of the interaction of a gas jet with liquid slag
studying provided basic theoretical information that is directly related to processes in continuous and
multiphase environments. A calculation experiment of the interaction of gas jets with liquid slag in the
model of a real converter is carried out.

The performed numerical experiment allows us to conclude that the model is adequate. The
calculation results reproduce the blowing modes of the converter, which were observed experimentally.
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Moreover, all the characteristic phenomena in the phenomenon were observed: the formation of an
elliptical crater with a shaft above the liquid level near its outer part, the formation of waves moving to its
outer boundary on the surface of the crater, separation of the droplet from the total volume of the liquid and
their movement in the gas stream, the formation of large bursts, etc.

An effective mathematical method for calculating the dynamics of a gas-slag environment with
a distinguished phase separation boundary is considered, which uses a solenoidal field of the volume-
average velocities to describe the motion of the environment.

A mathematical model of the interaction of gas jets with a liquid has been created, and by
comparing numerous studies with experimental data of other authors, it has been proved that it
adequately describes both models of interaction of gas jets with a liquid slag bath, the depth of which
corresponds to the amount of final slag that remains in the converter (the first is when the penetration
depth the jet into the liquid is less than the depth of the bath and the second - in conditions of
breakdown of a liquid column by a jet). So in the calculations, there is an adequate dynamics of the
formation of craters, waves on the surface of craters, shafts near the outer edge of the craters with a
separation of large bursts and splashes.

The mathematical models created during this work, as well as their computer implementations,
can be used in research institutions to study the hydrodynamic processes occurring in the converter
cavity in order to rationalize the technological parameters of metallurgical production. The results of
the work can be the basis for further research of data and similar tasks.
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IMPROVING THE OPERATIONAL RELIABILITY OF
AUTOMATION AND RELAY PROTECTION SYSTEMS IN
IRRIGATION SYSTEMS OF UZBEKISTAN

Associate prof, Dr. Yalkin T. Adilov, Master of Science Mukhriddin Khabibullaev,
Tashkent State Institute of Irrigation and Mechanization of Agriculture, Dpt. “Electric circuits
&Mechatronics”’, Tashkent, Uzbekistan

Abstract. Now, all Power Systems are fitted by highly sensitive control systems will appear the problem of
influence of electromagnetic disturbance to operating processes of control system. The solving of this problem
is very actual now. The experience show, that the nature of this disturbances may be various, but basicly this
disturbance will appearance as a result of transient processes in power network. In content of this article we
showed the results of passed analysis. Finally, we suggested to use the renewable source of electrical energy,
like a sun battery connected to invertor. The main reason for this solution is that renewable source operating
separately from Power Network and by this reason, there are absolutely clear from any types of
electromagnetic disturbances. In according to our reckoning, installation of renewable source of energy, give
the possibility to do operation reliability of water pumps control and protection systems higher.

Keywords: Power System, Electromagnetic disturbance, control system, renewable source, reliability,
transient process, the source of power supply without failures, high voltage breaker.

Introduction. When we talking about the quality of electric energy, we are particularly
interested with the indicator of the non-sinusoidality shape of the voltage and current curves as well as
the presence of higher harmonics. All these deviations fall into the category of electromagnetic
interference. Very often they can become a source of false signals for triggering or disabling control
and protection systems. According to the theory of electromagnetic compatibility [1], which deals with
the problems of “false” responses, the basic concepts in theory are the concept of a transmitter and a
receiver electromagnetic energy (electromagnetic interference) in their expanded sense.

At electric power facilities, transmitters of electromagnetic effects that can affect automatic
and automated process control systems for electrical facilities are:

1. Transient processes in high voltage circuits during switching by power switches;

2. Transient processes in high voltage circuits at short circuits, tripping of arrester or surge arresters;

3. Electric and magnetic fields of industrial frequency, created by power equipment of stations
and substations;

4. Transient processes in circuits of various classes voltage during lightning strikes directly to
or near an object;

5. Electromagnetic disturbances in operational current circuits.

Thus, an electrical device is considered compatible if it, as a transmitter, is a source of
electromagnetic interference no higher than admissible, and as a receiver has an acceptable sensitivity
to extraneous influences, i.e. sufficient noise immunity. Table 1 provides examples of the most
common damage caused by electromagnetic interference

Table 1.

Event Consequences Reasons

1 | Switching at a  Transformer | False operation of relay protection Bad charger. High level of
Substation with a gas-insulated | and automation systems. 110kV line | impulse noise.
(SF6) switchgear disconnected

2 | Switching 10kV circuit breaker on | False operation of relay protection | Impulse noise in a direct current
Transformer Substation with | and automation systems. 110kV | network more than 2 kV

enclosed switchgear line disconnected
3 | Switching at a Transformer Substation | electronic relay damage High level of impulse noise. Low
with a gas-insulated(SF6) switchgear noise immunity of the relay

4 | Switching at a  Transformer | Automatic gas density control | low noise immunity of the
Substation with a gas-insulated | system malfunction. 110kV circuit | equipment.

(SF6) switchgear breaker control system is blocked
5 | Switching at a  Transformer | false shutdown of 220kV switch impulse noise in operating
Substation with open switchgear current circuits
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Fig. 1. Forms of EMI

Figure 1 shows the most common forms of electromagnetic interference. To reduce the
likelihood of unauthorized operation of the protection and control systems of the pump unit, the article
suggests to use as a backup, a completely independent source that minimizes damage from
electromagnetic interference, which according to statistics (Table 1) are the consequences of accidents
and abnormal modes, the so-called Uninterruptible Power Supply (UPS) is used. [6] The main purpose
of the UPS is the generation of electricity, the quality indicators of which, transients in the power system
have practically no effect, that is, the UPS cannot be a transmitter of electromagnetic interference.
According to [6], an uninterruptible power supply consists of:

1. Independent energy source

2. Energy converters,

3. switches;

4. electricity storage devices (e.g. rechargeable batteries

UPS requirements:

1. The UPS must provide power to an electrical load critical to the presence of power with
normal power supply parameters, for example, control circuits of automation control systems.

2. The UPS must be able to adjust its output parameters.

3. The scheme for constructing the UPS should minimize the switching time [5] of the load on
the power from independent sources.

The use of the UPS must guarantee the following standards in the power supply:
voltage 220 V £ 5% (limit values £ 10%); frequency50 Hz & 0.2 Hz (limit values + 0.4 Hz); coefficient of
non-linear distortion of voltage shape less than 8% (continuous) and less than 12% (short-term).

Sources of electrical energy, which fully comply with the above requirements, as well as
guaranteeing the absence of electromagnetic interference, may be renewable sources, like solar
battery, wind generator, etc.

In our case, at the Amu-Zang pumping station, located in the Surkhandarya region of Uzbekistan,
with a capacity of 6X12.5mW, it receives power from a transformer substation with a capacity of 2x40mw,
110/ 10kV voltage. There are 2 sets of ControlLCLC (D) 10s cabinets to control the operation main pumps
and relay protection cabinets type SHELT. Both systems have a high degree of reliability and are equipped
with 2-sided power supply in conjunction with ATSS (Automatic Transfer Switching System).

Based on the foregoing, as well as the amount of solardays a year to power control and
protection devices at the pumping room Amu-Zang station, as a UPS, we propose to install a set of
Solar battery-network Inverter. General view of the UPS (Solar Battery-Inverter) and block diagram
are shown in Figs. 2 and 3.

Fig. 2. General scheme of the UPS Solar battery inverter
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Converting Solar DC batteries DC battery DC to AC 220V
Energy to Electrical charger 2 inverter

Fig. 3. UPS Solar Battery Inverter

The main indicator of the operation of inverters is the shape of the output voltage and current
curves, and most importantly, complete independence from the main electrical networks. Depending on the
shape of the curve, inverters are: with a “pure sine wave” at the output and with a “quasi sinusoid” at the
output. Inverters with a “pure sine wave” are used to power measuring instruments of high accuracy,
because the shape of the current and voltage curves of the inverter is much cleaner than in the general
network and is not affected by electromagnetic interference, which is very much in the network. From this
point of view, they are suitable for powering the protection and control systems of our pumping station.

Conclusions.

1. The problem of electromagnetic interference for powering control and protection systems is
relevant and its relevance increases as systems improve.

2. Today, the use of uninterruptible power supplies (UPS) is the most effective method to
improve the reliability of power systems.

3. Using a renewable, non-traditional source of energy to power control and protection
systems, we certainly win:

3.1. Increasing the level of reliability due to the guaranteed absence of electromagnetic interference.

3.2. Saving electric energy by supplying control systems during daylight hours from a
renewable energy source. Our calculations show a saving of 180 kW / hour of electricity daily.

3.3 To obtain the maximum effect, it is recommended to use a UPS (solar inverter) in the
daytime as the main source, in the dark as a backup source. It should be noted that it is in the daytime
(working) time that a lot of electromagnetic interference appears in the supply network. In this case,
the effect of using the UPS is greatest.
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®OPMAJIIBALIS MOJEJI IOPYITHAKA
IH®OPMALIMHOI'O OEMIHY Y PAJIOKAHAJIAX
MEPEJAYI JAHUX

Km.n. I'opboe O. M., Yananko B. B., Mapmunenxo O. B., Jlozeinenko O. I1.
Yxpaina, Xapxis, Biticoxogutl incmumym mankosux iticek Hayionanbnozo mexuiunozo
yuigepcumemy «Xapkiecokuil Ilonimexuiunuii Incmumymy

Abstract. In this work the processes of forming a model of the violator of information exchange in
radio channels were studied by segmenting of the components of the radio network, the offered method
of estimating the level of security of the segment and formalizing the results of modeling in the
language of predicates. The object of research is information exchange in radio channels for various
purposes (DMR, Wi-Max, Wi-Fi, GSM, CDMA, Bluetooth and others). The aim of this work is to
formalize the model of the violator of information exchange in radio channels.

To achieve the goal of the study, the method of estimating the level of protection of the segment using
information exchange in radio channels was improved. Using the expert method, the order of ranking
of radio channel vulnerabilities and the level of protection of the radio channel is proposed, the output
data is algorithmized in the predicate language.

The results of the simulation are the basis for creating an effective decision support system for the
rational choice of information owners of measures and means that they are aimed at protecting radio
channels from the influence of the intruder.

Keywords: intruder model, radio communication channel, radio network, hardware (software and
hardware) tools of the violator, segmentation.

Beryn. 3 noyatky 21-ro cropiuus 3’ siBUIIOCH O€311i4 TEXHIYHUX 3ac00iB, 332 JOMOMOTOIO SIKUX
3IHCHIOETECS 1H(OpMALiiHUK OOMiH MO PI3HOMaHITHUM KaHajdaM panio3s’si3Ky. Chorogni maibke
KO)KHA JIIOJIMHA Ma€ TaJpKeT, 3a JOIMOMOTOI SIKOTO BeleTbes iHGopMaimidHuii OOMiH, SKUH
BUMIpIOEThCA JecsiTkamu [0 koxHy noOy. [lepkaBHi opraHu, CHIJIOBI CTPYKTYpH, CyO’ekTH Oi3Hec
ramysi BXKe HE MOXYTh ©()EeKTHBHO IPOBOJWTH CBOIO MiSUTBHICTH 0€3 3aCTOCYBaHHS MOOUTHHHX
3ac00iB, sIKi BUKOPHCTOBYIOTh KaHAIIM palio3B’s3Ky. 3 iHIIOrO OOKy, OpraHi3oBaHa 3JI0YHHHICTB, Y
TOMY YHCIi MDKHapOJHA, BHKOPHUCTOBYE BCE HOBI, OLIBII TEXHOJOTiIYHI METOAM BTPYYaHHS y
iHQoOpMAaIiiHY MisUTBHICTh JepKaBHUX OPraHiB, CUJIOBUX CTPYKTYp, OPUAHYHUX Ta (Hi3MUHUX OCIO.
DMR, Wi-Max, Wi-Fi, GSM, CDMA, Bluetooth Ta ixmi kaHamu pamio3s’s3Ky € HalOLIbII Bpa3InBi
JUIs BIUTMBY 3 00Ky mopytiHuka [1,2,3,4].

BypximBuii po3BUTOK Ta BTLUIEHHS Y BCi CepH AisUTEHOCTI CYCITIIBCTBA CYy9aCHUX 1H(QOpMAaIiiHIX
TEXHOJIOT1H, MOOLTPHUX aBTOMAaTH30BaHUX CHUCTEM, IJIO0AJIbHUX TEIEKOMYHIKAIIHHUX MEPEX CTBOPHIN
CYKYTHICTh TIPHHIIMIIOBO HOBUX MpOOJeM y Taly3i 3axXucTy iH(pOpMaliifHOro oOMiHy B paJioKaHalax
PI3HOTO MpH3HAYEHHS (J1aJTi paioKaHaiax) Bijl paaioeieKTpOHHIX 3aco0iB nopyHuka (PE3IT)[4].

Takum 4MHOM, TOCTae MpobeMa y BiANPALIOBaHHI HOBHX Ta YIOCKOHAJICHHI ICHYIOUMX METOAIB
3axucty iHdopmaniiiHoro oOMiHy B pamiokaHanax Bif BBy PE3IL [lns pamioHansHOro 3axucty
iHdopmariiiiHoro oominy B pamiokaHanax Bin BBy PE3IT motpibHO edexTnBHO 00paTH HEOOXimHI
3aX0QM Ta 3acO0M B 3aIEKHOCTI BiJ onepaTHBHOI 00CTaHOBKM. ONTUMAaNIbHUM iHCTPYMEHTOM JUIS
BUPILLIEHHS 1aHO1 3aJa4i € MOJCIIOBAHHS il MOPYIIHMKA IPH HOro BIUIMBI Ha iHpOpMAaLiiHUNA 0OMIH y
pamiokananax [2,3,4,5].

Linb poboTH NoNsrae y HACTYIHOMY':

JocnipkeHHs CTaBUTh 3a MeTy (opMallizyBaTé MOJENb MOPYLUIHUKA iHQOpMaLiiHOTO OOMiHY
B pajliokaHaax.

J1J1st TOCSATHEHHS TOCTABJICHOI METH BUPIIITYBATUCS HACTYIIHI 3a/1a4i:

— YIOOCKOHAJICHHS METOAY OLIHIOBaHHS PIiBHSI 3aXUCTy CETMEHTY 3acTOCYBaHHS
iH(opMariiiHoro ooMiHy y paaiokaHanax CHIOBHX (GopmyBaHsb [6];

~ 34 JIONIOMOTOI0 €KCTIEPTHOTO METO/TY TTPOBENICHO PAHKUPYBaHHS BPA3IMBOCTEH pajjioKaHaIy;

~ 32 IONIOMOT'OI0 €KCTIEPTHOTO METO/TY TPOBEICHO PAHKUPYBAHHS PiBHS 3aXHUCTY PajliOKaHaILy;

— aJropuTMi3alis MOBOIO IIPEANKATIB.
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[opymmauk iHpopMmariiitnoro oominy B KP3 — me yrpymoBanns (ocoba, opraizariis, miapo3iin),
mo 3pobuia cnpoOy BHKOHAHHS 3a00pOHEHHMX omepauiil (Ail) ycBiIOMIIEHO i3 37MM HaMipoM He
MOMHJIKOBO, Ta BUKOPHCTOBYE IUISI IBOTO Pi3HI MOMIIMBOCTI, METOJH 1 3aCO0M. YMOBHO PO3IIOILITHMO
KaTeropii MopyIiHuKa Ha MpHUKIaai Bkazanomy y [1]:

- OpraHi3oBaHi 3JOYMHHI YrpyMOBaHHS, SIKi CTaBJIATh 32 METY AOCSTHEHHS MEBHOI BUTOIU
TIOO0MM [UIAXOM, Ta MarmTh Y CBOEMY pO3MOPS/KEHHI MEBHUHA (iHAHCOBMH MOTeHIian (mepiua
KaTeropist mopyIHuka Ki);

- KBaJTi(hikOBaHi OPYIIHUKH, K1 MOKYTh MaTu (hiHAHCOBY MiATPUMKY BiJ] 3alliKaBJICHUX 0Ci0
(mpyra kateropis nopyurauka Kz);

- HaiiMaHi BHCOKOKBaTidikoBaHi (axisii (a0 ocoOm, sKi MIFOTh 3a iX 3aBmaHHAM), (TpEeTs
KaTeropis mopyHuka Ks).

JaHi BU3HAYEHHs 3arajibHi, Ta HE B 3MO3i JaTH BH3HAYCHHS BCIM MOKJIMBUM HOPYIIHUKAM.
Tak BuCOKOKBali(hikoBaHMH MOPYHIHWK ((axiBelp, SIKM MPONIIOB MiATOTOBKY Y PO3BiIyBalbHHX
OopraHax) MOXXE 3aCTOCOBYBaTH  3acO0M  pajioOeleKTPOHHOTO  BIUIMBY 3  OOMEXEHUMH
XapakTepuCTUKaMH (3aco0u, sIKi € y BIIbHOMY INpOJaKy, amaTopchKi 3aco0u), Tak 1 HaBIaKu
HeKBaNi(DIKOBaHMH IMOPYINIHMK MOXE 3aCTOCOBYBaTH 3aco0OM  pallioeJIeKTPOHHOTO  BIUIMBY,
XapaKTePUCTHUKH IKUX OTM3BKi 10 XapakTepuctuk 3aco0iB PE3II BilickkoBOTO Mpr3HaueHHS.

Mopnens nopymrauka (MII) indopmaniiiHoro oOMiHy B pamiokaHanax — (opmMaizoBaHHMA
OTIMC TOPYIITHKKA SIKHH BU3HAYAE:

- Kareropii (TUIN) MMOPYIIHUKIB, SKi MOKYTh BILTUBATH Ha PaJliOKaHAIH,

- BU3HAUCHHS BPA3JIMBOCTI CETMEHTY 3aCTOCYBaHHS pajiokaHaniB, CerMeHT BU3HAYAETHCS B
3aJIeKHOCT1 BiJ MiclLisi 3acCTOCYBaHHA 3aco0iB iHQopMaliifHoro oOMiHy 3a JOIMOMOrOK KaHaliB
panio3s’s3ky (KP3), ninnocti inpopmarii, ska mupkyitoe y KP3 Ta ixme.

Monens nopyurHuka indopmariitnoro oomiay B KP3, moOymoBana Ha OCHOBI TPOTHO3yBaHHS
piBHS BIUIMBY MOPYIIHHKA Ha cerMeHT 3actocyBaHHsi KP3. CyTHICTE MeTOMy MoJsrae y BU3HAYCHHS
3aJISKHOCT] MK KaTEropito MOPYIIHUKA Ta HOro BIUTMBOM Ha KOXKEH cerMeHT 3acrtocyBanHs KP3 mpu
KOHKpETHHX oOcTaBMHaX. /laHa 3aJeXHICTb MOKe OyTH 3acTOCOBaHA ISl MIATPUMKH HPUHHSATTS
pilleHHs BIAacHUKOM iH(oOpMamii, MIOA0 paliOHAIBHOIO 3acTOCyBaHHS 3aco0iB 3axucty KP3.
CTpyKTypa METO/Iy CKIIaJIa€ThCS 3 HACTYITHUX KPOKIB Ta MOKa3aHa Ha PUCYHKY 1,

- cerMeHrais Bukopuctanas KP3, B 3a51€:KHOCTI Bl MiCIIS 3aCTOCYBaHHS I'aJKETY;

- TIPUCBOEHHS KOe(ili€HTy Bark mokazHukam BpasnuBocti KP3 mist ix pamwkupyBaHHS;

- TPUCBOEHHS PiBHA KPUTUYHOCTI KOXKHOMY CerMeHTy BukopuctanHs KP3;

-  QITOpPHUTMI3allisl TMpolecy BHU3HAYEHHS pIiBHSI BIUIMBY IOPYIIHHMKAa Ha CETMEHT
Bukopuctanus KP3, 3 MeToro aBTomMaTH3anii nmporecy.

Ilpn BupimenHi 3aBaaHp 3axucty KP3, ski moTpeOyrOTh NPUAHATTS pillleHb B yMOBax
HEBU3HAYEHOCTI, YaCcTO 3aCTOCOBYIOTH €KCIIEPTHI METO/M i3 PI3HOMAaHITHUMH IIKaJaMH 1 KPUTEPisIMU 1X
3aCTOCYBaHHSI, PI3HUMH METOANKaMH 0OpPOOKH pe3yJibTaTiB oniHioBaHHs. [Ipy iboMy, 30KpeMa, MOXKIIHBE
BHKOPHCTaHHsI TEOPil HEYITKUX MHOXHH [7-11], SKIIO B HAsSBHOCTI € TEOPETHKO-MHOXWHHHI OIHUC
BUKOPUCTOBYBAHUX TIPH EKCIIEPTHOMY OIIHIOBaHHI IIKaN, YiTKO W OJHO3HAYHO IPOITHCaHi TpaBuIia
BHCTABJICHHS BIMOBIHUX OaliB Ta KpUTepii MpuitHATTs pittens [12-15]. dedasudikaris pe3ynbTyrodoi
¢yskuii HanexxHocti (PH) nae 3Mory oTpumaTy TOYHE YKCeTIbHE 3HAUCHHs IIyKaHOro pesynbraty [1] i
3MEHIINTA PHU3UK TIPUHAHATTS HEBIPHOrO pimeHHS. ToMy 3acTOCyBaHHS KBIIMETPHYHHX, 30KpeMa,
EKCIIEPTHUX METO[IB, KaTeropiii HEYiTKOI MaTeMaTHKH, JIHTBICTUYHUX 3MIHHHUX TOINO, MEpen0ayacThes
JIOIUTEHAM y TipukiiaieHi 1o KP3.

CerMeHT BHMKODHCTAHHS pajiOKaHaJIiB HAJZaHO MOJEIUII0 3 YOTUPHOX YMOBHO Ha3BaHHX
Bpa3JIMBOCTEH:

- epIa — BUTIK iHpopMmarii — by;

- Ipyra — €HepreTHYHMI BIUTUB — Dy;

- TPETs — HECTIHKICTh 00 €KTY 3aXUCTy — D3;

- YeTBepTa — BHUXIJ 3 Ty 00 €KTy 3aXUCTy — Da.

Ha paniokanan BIJIMBalOTh MOPYIIHUKH TPHOX BU3HAYEHUX KaTETOpiil:

- TepIra — 0COOIMBO HEOE3IMeYHi;

- mpyra - HeOe3TeuHi,

- TpeTs — XyJIiraHu.
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Puc. 1. Cmpyxmypa MII ingpopmayitinozo 0ominy padioxananie

ExcrieptHuii MeTox paHKMpyBaHHS Bpa3lIMBOCTEH palioOKaHAITy.

[liaroroBka 1o BupimeHHs 3apraHas 3axucty KP3 BUKoHyeTbCs y 1Ba eTami.

1. I'pyna excrepTiB Al KOKHOI 3 Kareropii MopyuniHWKa METOJIOM TMPHUIHCYBaHHsS OaliB
OLIIHIOE BAXKJIMBICTH BPA3JIMBOCTEH 3a YOTHPHUOAIBHOIO LIKAJIO0, K BIANOBIAb HA 3aIMTAaHHA ‘“3AaTeH
Y Hi NOPYIIHHK repiioi (apyroi abo TpeThoi) Kareropii peanizyBatu BpasiusicTh by (D2, b3, bs)?”
Excnieptu mpunucyroTh Oanu BianoBimHO A0 Biamosinei: 5 — Tak; 4 — ckopime Tak, unm Hi; 3 —
ckopime Hi, ynm Tak; 2 — Hi.

2. Jlns KOXHOI 3 Bpa3JIMBOCTEH pO3PaxoOBYIOTh cepenHe apudmernune b, cepenHe
KBaJ[paTHYHE BIAXWICHHS Gj, KOedillieHT Bapialii V; (BIIHOMEHHS Gj 10 CEpeIHBOr0 apru(pMeTHIHOTrO

Djcep), @ TAKOXK BaTH BPas3IMBOCTEN:
W= bj/Z b;. L)
J

3nadyeHHs koediuieHnta Bapiamii Vj < 0,25 sKx oOmiHKAa HEBM3HAYEHOCTI CBIAYMTH HPO
NPUAHITHICTh OTPUMAaHUX OI[IHOK JJIsl HACTYITHOTO BUKOPHCTAHHSI.

Pesynpratu miAroToBUOro eramy 3BOASATHCSA OO TAOIULb, MPUKIAAN SIKUX JUIS MEPIIOi, Apyroi
Ta TPEThOI KATEropiii MOpPyIIHUKA HABEJCHO BiAMOBIIHO B Tabumuusx 1, 2 Ta 3. 3Ha4eHHs Djeep TA Wi —
(hakTHYHO MOJIeNh Bpa3muBocTell cermMeHTy 3actocyBanHsi KP3 3 60Ky i-1 kaTeropii nopyurHuka.

OTtpumaHi JJaHi BUKOPHCTOBYIOTBCS IIPH peattizallii 3aX0/iB 3aXUCTy iHpopMalliiHOTO 00MiHY
KP3. [opsimox 1i€i peanizanii Takuii.

1. 'pyna excrneptiB i BKa3zaHOl (BU3HAYECHOT) KaTeropii MOPYIIHUKA METOIOM IPUIIMCYBaHHS
OajIiB OILHIOE 332 YOTUPUOAIHLHOIO IIKAIOK PIBEHb 3aXKCTY pajioKaHaly, sK BIIIOBIIb HA 3aIllUTAHHS
“3axuIeHni 9u Hi 00 €KT 3aXHCTY BiJ MepIoi (Apyroi, TpeTboi abo YeTBepTol) Bpa3aIuBoCcTi?”

[lopanemi onepanii aHanoriyHi BHUILE PO3IJSHYTHM, 33 BHHSATKOM pPO3pPaxyHKY Barw.
Pe3ynbTaTy OLIHIOBaHHS 1 PO3PaxXyHKIB 3BOASTHCS B TAOJIHIII.

2. OuiHIOBaHHS 3aXUILEHOCTI iHpOpMaLifHOro 0OMiHy BUKOHYIOTH Y JIBa CIIOCOOH.

Tabnuus 1. Pesynbraty po3paxyHKiB MiAIrOTOBYOIO €Taly s IEPIIOi KaTeropii HOpyIIHUKA
by Excneprtu b s v Wai
j 1 2 3 4 5 6 7 1jcep IN 1j 1j
b1y S S 3 4 4 S 2 471 | 049 | 0,10 | 0,25
b1 4 S S S S S S 486 | 038 | 0,08 | 0,26
b1 S S 5 4 4 4 5 457 | 053 | 0,12 | 0,24
D14 4 S S S ) ) 4 471 | 049 | 0,10 | 0,25

24 January 2020 http://ws-conference.com/



http://ws-conference.com/

International Trends in Science and Technology

Tabmuns 2. PesynpTatl po3paxyHKiB IMiArOTOBYOTO ETAITY ISl APYTOi KaTeropii mopymHuka

b 1 5 3 EKCIZGPTH 5 5 7 Dojcep (73] Vi Wy
b21 4 5 4 4 4 4 5 4,29 0,49 0,11 0,26
b2, 4 4 5 5 5 4 4 4,43 0,53 0,12 0,27
b2s 4 4 4 4 4 4 3 4,00 0,58 0,14 0,24
b24 4 4 3 4 3 4 4 3,71 0,49 0,13 0,23
Tabmus 3. Pe3ynsTaTu po3paxyHKiB IiIr0TOBYOTO €Tamy Ul TPEThOT KaTeropii HopyIIHHKa
bs; 1 5 3 EKCIZepTH 5 5 7 Dsjcep 03) V3 W3
ba1 4 4 3 4 4 4 4 3,86 0,38 0,10 0,32
b3, 3 3 3 4 4 3 3 3,29 0,49 0,15 0,27
bss 2 3 3 2 2 3 2 2,43 0,53 0,22 0,20
b4 3 3 2 3 2 2 2 2,43 0,53 0,22 0,20

3a mepurMM crnoco0oM PO3paxoBYIOTh KOC(MIIIEHT 3aXUIICHOCTI JJIsi BU3HAUYCHOI KaTeropii
MOPYIIHUKA SIK
Ki = byw;. 2
ij

Kpurepiii npuifHATTS pilIeHHS MO0 CTYMNCHIO 3aXWIIEHOCTI 00’€KTa 3aXMCTy BigNOBiJae
HaBeJIeHUM Ha PHCYHKax 3, 4 1 5 QyHKUisAM HaJeKHOCTI sl TEepIIoi, APYroi Ta TPEThOi KaTeropii
MopymHUKIB. binuit Komip BiANOBiae TepMy “HE3aXUINEHUI ', CBITIO-CIpHi — Bpa3NnuBULA™, a TEMHO-
cipuii — ’3axUIIeHIH .

3a gpyruM cnocoOOM BIJMIOBIHO 1O METOJIWKH, PO3MJISAHYTIH B [12], BUKOHYIOTH
OIIEPaTHBHHI NPOTHO3 IUIIXOM PO3paxyHKy KoedillieHTa 3aXUILEHOCTI:

Kinp = Sos/ Ser, 3)

Ie So3 — TIIOII1a YOTUPUKYTHHKA, YTBOPEHOTO PE3YJIbTaTaMH OIIHIOBAHHS 3aXHIIEHOCTI.

Sem — TTOMIA €TaIOHHOTO YoTUpUKyTHHKA (D1 = by = bz = by = 5).

I'padiuna iHTEpHpeTalis MBOTO MiAXOAY Yy BHIIANI IMETIOCTKOBOI JiarpamMy HaBeJeHa Ha
PHUCYHKY 6 1 IOSICHEHb HE TOTPEOYE.

PosrnsHyTe BHIE y CYKYIMHOCTI CKJIaJa€ METOJ OI[IHIOBaHHS PiBHSI CETMEHTY 3aCTOCYBAaHHS
3axucty iHQopmaniiinoro oominy B KP3 pi3HOMaHITHOro mnpu3HA4YeHHs, IO BKJIIOYAE MOJENi
MOPYIIHKKA, 00’ €KTa 3aXHUCTY 1 METOJMKH iX 3aCTOCYBaHHS € Pe3yJbTATOM JAHOT0 TOCTiTKEeHHS.

MK )
1—
O . T
2 3 4 5 K,y
Puc. 2. Qynxyis nanescnocmi 0s nepuioi kame2opii nopyuHuxka
MK =)
1—
0,5— — — — —
O )
2 3 2 5 Kz
Puc. 3. Dynxyis nanesicnocmi ons dpyeoi kame2opii nopyuHuxa
M(Kz)
1—
0.5 — — —
D T T B
2 3 35 4 5 Ka

Puc. 4. Qynxyis nanescnocmi 01 mpemvoi Kamezopii NOpYUHUKA
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Kputepilt npuiHATTS pilIeHHS MO0 CTYTEHIO 3aXWINEHOCTI 00 €KTy 3aXUCTy BiAMOBinae
(hyHKIIIT HAJIE)KHOCTI, HABE/ICHIH HA PUCYHKY 7.

by

b
Puc. 5. I'pagpiuna inmepnpemayis nenrocmrogoi diaepamu
MUK qp)
1
o5 — — — —
o

T
0,66 1 Kinp
Puc. 6. Dynxyis nanexcnocmi xoeghiyicuma npocHosy

AJropuTMi3allis MOBOIO MTPETUKATIB

3 MeTor aBTOMAaTH3alii HpOLeCY BU3HAYEHHS CTYINEHS BIUIMBY IMOPYIIHMKA Ha pPaioKaHal,
3IIHCHEHO MaTeMaTHYHHUI OITMC MOBOIO NIPEIMKATIB, SIKUH JI03BOJIHUTH AITOPUTMI3yBaTH Ta MPOrpaMyBaTh
Tporiec BHOOPyY croco0y pearizariii 3axucTty iHdopmarttiiHoro oominy y KP3. CxopuctyeMoch JIorigHIMHA
criocobamu OICy MPEAMETHOI ramy3i i ToaMo i MOBOIO YMCIICHHS TIPEIUKATIB.

[lo3naunmo uepes M = {m;} 5K MHOXHHY CETMEHTIB BHUKOPUCTAaHHS paJioKaHaTy
BU3HAYEHHX 3aBJIaHb, TIOTYXHICTh 200 KapJWHAIBHE YHCIO SKOTO JA0pPiBHIOE Nn. KoXKHMIA 3 eleMeHTIB
m; 11iei 6e3miyi (i = 1...n) Mae neskuil HaGip BracTUBOCTeH. BU3HAYMMO i MpeAICTaBUMO 1X Y BHTIISIII
Habopy BpaszmmuBocteit KP3 B = {bj}, j = 1... k, , 3a tabn. 1, a came: b1 — Butik iHdopmauii, b, —
pallioeIeKTpOHHE BILIMB (€HEpreTHUHHH BIUINB), b3 — HaB s13yBaHHs XHUOHOI iH(hopMarii (HeCTiHKICTb)
b4 — mecTpykTHBHHI BIUTUB, Ta BU3HAYUMO J[aHi aTPUOYTH ISl KOXKHOI KaTeropii mopyuHuKa.

TeopeTHKo-MHOKMHHII 3armuc: mieM i Mae BpasmusicTs mi| B(m;).

Io cyTi xoxkeH aTpuOyT bj siBiIsIE COO0I0 EAKY JTIHTBICTUYHY 3MiHHY, Ky MOXHA OILIHUTH 32
YOTHUPUOATHHOIO IIKAJIOK0 TOPSIIKY €KCIIEPTHIUM METOJIOM.

Bynemo BBaxkatu, 1110 TPAHUYHUM 3HAYCHHSM OIIIHIOBAaHUX HEYITKUX BEJIHYHH € JESIKE YUCIIO,
Hanpukiaa, o > 4,00, mo y Teopii HEWITKUX MHOKUH HAa3MBA€THCS O- 3pi30M (YHKIIIi HAJIEKHOCTI.
IHakmre xakyuw, OymeMo BBaXKaTH, MO0 TPU OIiHIOBaHHI MieM Toro abo iHmOro arpmuOyTa bj
3HAa4YCHHS BeIMUMHM O > 4,00 XapakTepusye 110 paxiokanai Bpasnusui, a a < 4,00 — He BpazauBHi.

VYBeneMo TOABIHMHY iHAEKCAII0 BEIHMYHHU aij, Jle HWKHIA IHIGKC O3Ha4a€e Bpa3lIUBICTh
pazmiokaHaldy y MepesiKy Bpa3jIMBOCTEH, a — BEpXHii HOMep cerMeHTy. OCOOJIMBICTIO MpOLEAypH
OIIIHIOBAHHSI TAaKUX HEUITKUX aTpUOYTIB € Te, MO BOHU € B3aEMO3IC)KHUMHU OJIMH 3 OJHHM, & TAKOXK
3aJ1eXath BiJl Bpa3IMBOCTI KoxkHOTO cermenty KP3.

IMo3naunmo mnpemukar G(mi(bj)), sxwit o3Hauae, mo meskuii cerMeHT mi € M mae Bci k
BpaznuBocTeil bjeB, siki MOXyTh OyTH BUMIpSHI 32 YOTHPHOAIHLHOIO MIKaNor. Toxi crpaBemTuBi
aKcioMu, SKi BU3HAYalOTh, paliOKaHaN Bpa3IuBHii, a00 He Bpa3lnKMBUH BiINOBIJHO:

Axcioma 1. VmiG(mi(biAbzabsabs) > 4,00) — 1;

Axcioma 2. VmiG(mi(bivbav bsaba) < 4,00) — 0.

HactynHuMm KpoKOM METOHy € pamXHpyBaHHS Bpa3lIMBOCTEH 3a CTyNEeHEM iX BIUIMBY Ha
paniokanan. llepma rpyma cnoco6iB, ToOTO THX, A7 KOro crpaseiiuBa akcioma 1. Jns mporo
HEOOX1THO OILIHUTH KOeIIiEHT BiIMOBITHOCTI — ~’CyMapHi* SKOCTi by TOro abo iHIIOI Bpa3IUBOCTI K
3ropTKy oj, a00 YuceNbHe 3HAYeHHS (YHKII] HaTekKHOCT. Y pasi 30iraHHA TaKUX OIIHOK OKPEMHX
Bpa3NIMBOCTEH Ha eleMeHTax Oe3iui yTBOPUTHCS KBA3IMOPSAOK, HANPUKIAL, Uil TPhOX CETMEHTIB
BHKOPHCTaHHS paioKaHaIy:

ma(bs) = Ma(bs) >( Ma(bs) = Ma(bs))> Ma(bs).
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OcTarouHe pamKuUpyBaHHS 3 ypaxyBaHHS JESKHX JOAATKOBHX YMOB Oyze MojaHe y BHTIIAML
psiny mepesar:

(Ma(by) = (My(bs) = (Ma(bs) > (Ma(by).

[To3HaveHHs « > » MMO3HAYAE BiHOIICHHS TICPEBart.
PamxupyBaHMii CITUCOK Bpa3IMBOCTEN pagioKaHATY:

My, M3; M2; My,

[lepexoasun Bif akcioMaTHKH A0 MPOAYKIIMHUX MpaBHi, SKi MOXYTh OyTH BUKOpDHCTaHI B
0a3i 3HaHb CHCTEMH ITiITPUMKH TPUAHATTS PillleHb, MOYKHA 3aIICATH TaKi MPOTYKIIil:

- AKIIO 3 Habopy BUMIpIOBaHUX BPa3NuBOCTEH mi B(mj) xoua 6 onHa i3 BpaznuBocTel Oyae
Mmatu 3HaueHHS o < 4,00, TO icHye 3HauHMI pU3MK, MO iHGOPMAIIHHUI OOMIH y pamiokaHali Oyze
3ipBaHU;

- SIKIIO 3 HaGopy BUMIPIOBAHAX BIACTHBOCTEH Myl B(mi) BCi BIACTHBOCTI MAIOTh 3HAYCHHS O, >
4,00, TO icHye MiHIMANBHIIA PU3VK IO iHPOPMAIiifHAN 0OMIH B pajiokaHam Oy/e 3ipBaHHH.

Harmmmmemo npeankaTy 3a 3pa3kom:

IMpenukar 1. Im; 3b;G(m;,b1) — 1;

IMpenukar 2. Im; 3b;G(m;,(bAb2) — 1;

Ipeaukar 3. Am; Ab;G(mi,(b1Aboabz) — 1;

Ipenukar 4. Am; Ab;G(mi,(b1Ab2AbzAbs) — 1.

3MicTOBHA iHTEpIpeTAaIlis:

[Ipenukar 1. IcHye meskwii CerMeHT 3aCTOCYBaHHs paJioKaHAIY Mm;, [0 Ma€ BPa3IUBICTH bi.
Lleit npeaukat npuiimae 3HadeHHs 1, TOOTO icTHHA.

[Ipenukar 2. IcHye neskwii CETMEHT 3aCTOCYBaHHS pajliOKaHAITY M, 0 Ma€ BPa3IUBOCTI by i
b,. Ie#t nmpeaukaT npuiiMae 3HadeHHs 1, TOOTO iCTHHA.

Ipenukar 3. IcHye neAKnii cerMEHT 3aCTOCYBAaHHS pajioKaHaIy mi, 0 Mae BPa3IHBOCTI b1, by
1 bs. Ile¥t npenukaT npuiiMae 3Ha4eHHs 1, TOOTO iCTHHA.

[Mpenukar 4. IcHye neskuil CETMEHT 3aCTOCYBAaHHS PajioOKaHAy mj, IO MAa€ BPa3JIMBOCTI
b1,b2,b3 1 ba. eit npeaukar npuitmae 3Hauenns 1, T06TO icTHHA.

[lpn migcTaHOBII KOHKPETHOTO CErMEHTY paJioKaHaly ¥ KOHKPETHOI BPa3lMBOCTI Ta ii
3HAYEHHS KOXKHUH 3 IPETUKATIB BUPOKYETHCS Y BUCTOBH.

Bucnis 1. “3axumenicTs BiJl BUTOKY iHpopMaIlii cerMeHTy m; orjineHa B 4,71 Gcamun™.

Bucnip 2. “3axuineHicte BiJi BUTOKY iHQoOpmarii cermMeHTy mi omiHeHa B 4,71 Gamu 1
3aBaJOCTIMKICTE B 4,86 Oanu”.

Bucnis 3. “3axumienicte Bim BUTOKY iH(oOpmamii cermeHTy mj omineHa B 4,71 Oamm 1
3aBaJ0CTIHKICTh B 4,86 6amu I imiTocTiHKicTh B 4,57 Gann™.

Bucnip 4. “3axuinenicte BiJi BUTOKY iHpoOpmarii cermMeHty mi ouiHeHa B 4,71 Gamu 1
iMiTocTilikicTh B 4,86 6amu I 3aBamocriiikicts B 4,57 6amu I sxuBydicts B 4,71 Gann™. Psg mepesar,
PaHKUPYBaHUI CITUCOK 1 OCTATOYHI BUCIIOBH JJIsi KOXXHOTO CErMEHTY pajlioKaHaly MOoAalTh 0co0i, o
npuiMae pillieHHsl, K BUCHOBOK.

BucnoBku.

1. BusHaueHHs KaTeropii NOpYIIHHKA Ja€ MOXJIHMBICTh pPalioOHAJBHOTO BUKOPHCTAHHS
3ax0JIiB Ta 3ac00iB 3axHcTy iHPOpMaliiiHoro oominy y KP3.

2. Po3risiHyTO METOA OLIHIOBaHHS PiBHS 3aXHMCTY CEIMEHTY IisSUIBHOCTI, SIKUH BUKOPHUCTOBYE
3aJIeKHICTD KaTeropii MOpyIIHUKA BiA Bpa3nuBocTel iHpopmauiiinoro oominy y KP3. Metox moxe
OyTH 3acTOCOBaHMH JUI1  BUPIIMICHHS 3aBIaHb EKCIIEPTHOTO  OI[IHIOBAHHS  3aXUIICHOCTI
iHpopmariiiHoro oominy y KP3 pizHoOMaHITHOrO pu3HAYEHHS.

3. Hocmimxena MII Ha BigMmiHy Big BiIOMHX, BHKOPHUCTOBYE METOJ OLIHIOBAaHHS PpiBHS
3aXHMCTy CETMEHTY 3aCTOCYBaHHS pa/liOKaHaJIB Ta J03BOJISIE BU3HAYMTH 3aJISKHICTh MK KaTEropito
MOPYIIHKKA Ta HOTO BILTMBOM Ha KOXKEH cerMeHT 3acTocyBaHHs KP3.

4. HNana MII no3Bosise QopmanizyBaTH MOKJIMBOCTI HOPYIIHMKA MO0 HOTO BIUIMBY Ha
iHpopmauiiauii 06Min y KP3 Ta nae 3mory 3a0e3mednT panioHaNbHICTh BHOOPY crioco0y pearizarii
3aXUCTy iHhOpMAIiiHOrO OOMIHY B paioKaHalaX B 3aJCKHOCTI BiJl YMOB HOr0 3aCTOCYBaHHS.
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TRANSPORT

HATIIPSIMH 3ABE3NNEYEHHA JOCTYIIHOCTI 1
HIJIICHOCTI IHOOPMALII I'VIOBAJIBHUX
HABITAHIMHUX CYIITYTHUKOBUX CUCTEM

Hleeuw B. A., x.m.H., doyenm kageopu 3acobis 3axucmy iHgopmayii
Menewrxo T. B., cmapwuii suxiaday xaghedpu 3acobis 3axucmy ingpopmayii
Yrpaina, m. Kuis, Hayionanvnuti agiayitinuti yHigepcumem

Abstract. Based on the analysis of reports and literature on the vulnerability of global navigation
satellite systems, the robot presents a developed threat model and an intruder model for navigation
information. Using the developed models, organizational and technical measures to protect
information are determined. Directions for improving consumer equipment to jamming are given.
Organizational measures for protecting against jamming are described.

Keywords: radio navigation field, global navigation satellite systems, critical infrastructure facilities,
information security, jamming, violator model, nulling-antenna.

Beryn. CydacHuWil eram pO3BHUTKY CYCIUIBCTBA XapaKTEPHU3YETHCS BCE OLIBII IMHPOKHM
BUKOPHUCTaHHSIM KOOPAMHATHO-9acoBOro 3abesmedenHs (KU3), mo cTaHOBUTH OCHOBY €(EKTHBHOTO
(yHKIiIOHYBaHHA 0araTboX Tramy3eil EKOHOMIKM 1 € HaWBaXKIHMBIIIO YACTHHOI CYYacHHX
TPAHCIIOPTHUX CHCTEM, ITUPPOBUX CUCTEM TEIICKOMYHIKaIllii, CHePreTUKH, (iHaHCOBOI i OAaHKIBCHKIM
cdepi (puc. 1), cucteM ynpasiiHHS BiiChKaMH 1 BHCOKOTOYHOIO 30pO€T0, SIKi BITHOCATHCS A0 00'€KTiB
KpUTHYHOI iH(ppacTpyKTypH [1].

CnoxuBaui HaBiranimHoi inpopmaii

Eneprerunka Te

Indopmanis

Indopmanigspo
B yac i LTS

®inancu i
0aHKiBCbKa cdepa

Puc. 1. 06 ’exmu kpumuunoi inppacmpykmypu, cnodxcugayi Hasieayitinoi inghopmayii

3ocepenumocs Ha 00’ €KTaX KPUTHUHOT IHPPACTPYKTYPH IIUBIIBHOIO CEKTOpPa, SIKI OTPUMYIOTh
Bijl robanbHuX HaBiramiiaux cymytaukoBux cucreM (THCC) mactymay iHdopmariiro:

e eHepreruka — indopmairis Bigx [HCC mpo yac;

o TenexomyHikauii — inpopmariis Big THCC npo vac Ta no3uiiio;
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e Tpancnopt — indopmauis Big [HCC npo gac ta mo3utiro;

e (inancu i 6ankiBcska cdepa — inpopmanis Big THCC mpo yac.

OcnoBy K43 ckmamatore 'HCC, sixi mpencrasneni B nanuii vac CPHC I'JIOHACC (Pocis) i
GPS (CHIA). €sporeiicbke CmiBTOBapHCTBO cTBOproe s nux 1iei ceoro CPHC GALILEO.
Bukopucranas T17100amsHOTO  KOOPIWHATHO-4acoBOro Toist, crBopioBanoro ['HCC, mo3Bose
BU3HAYUTH TOJIOKEHHS Oy/Ib-SKOTO KOPUCTYBa4a B MPOCTOPi 3 TOYHICTIO IO OJAWHUIIL METPIB 1 4ac 3
TOYHICTIO JIO JICCSITKIB 1 OMUHUIIL HAHOCEKYH]] B OYIb-sKili TOYIl 3eMHOi KyJi 1 HaBKOJO3EMHOI'O
MPOCTOPY B OyIb-sSKUI MOMEHT 4acy i B OyIb-saKy moroay (dazi 6yoymu poszensoamucs mintoku I HCC
GPS i TTIOHACC, momy wo 6oHU o@iyilino 86edeHi 6 eKkcniayamayiio i Maromes HOPMAMUGHI
MIDICHAPOOHI peKOMeHOayii 00 BUKOPUCMAHNS 8 HAGI2ayil).

[licnsa eiidopii mepmmx pOKiB OCBOEHHS CYIyTHUKOBUX HaBiraliiiHO-4acOBMX TEXHOJIOTiH, B
JTaHWH yac OUIbIN perenbHO anamizyeTbes: Bukopuctanas [ HCC B sikocti enmHOTO Mkepena KYI, mounnae
TIOCTYTIATHCS MicCIieM OUIBIN TBepe3oro miaxomay Ao mepenektuB BukopuctanHs ' HCC. Hacammepen, te
obymosnerno BpasnusicTio [HCC mpu BrivBi HEeHaBMHCHHMX 1 HaBMHCHHX 3aBail. [Ipo BpasmmBocTi
muBiIbHMX TpuiiMadiB ['HCC Oyno Bimomo maBHO [2 - 5], ane ii piako OepyTh IO yBaru BHPOOHUKH
npuiiMadiB Ta ix xopuctyBadi. Timeku Tomi, komn MiHictepctBo 00opoHn CIIA akTuBi3yBasio CBOO
JUsUTBHICTB, TIOB'A3aHy i3 3actocyBaHHsM GPS y BoenHnx ymoBax (NAVWAR), crano oyeBUIHHM, IO
HABMUCHI 3aBaJI¥ JIJIsl IIMBUIBHUX MPUAMAYIB CITiJI BpaXOBYBATH SIK BOKJIMBHIA (hakTop.

Byno mpoBemeHo Kinmbka aHami3IiB BPa3NHMBOCTI TPAHCIIOPTHUX CHUCTEM, 3aCHOBAHHMX Ha
BukopuctanHi curHaimiB GPS [6]. OgamM 3 HaWOUTBII BaXXIMBUX 1 CBOE€YACHUX 3BITIB IPO
JOCIIKEeHHs B 1ii oOsacti OyB 3BiT llenTpy Boume [5] npo Bpasnusocti GPS, y BHCHOBKax SIKOTO
3a3Hadaiocs, mo cucrema GPS, sk 1 iHm pafgioHaBiramiifHi CHCTEMH, Bpa3iWBa IPH BIUIUBI
HEHaBMHCHHX 1 HABMHCHHUX 3aBaJ 1 IO TaKi 3aBafiil HECYTh 3arpo3y Oe3melli i MOXKyTh MaTH CepHo3Hi
HACJIIJIKA JIJI1 €KOHOMIKM 1 HaBKOJIMIIHLOTO CEPeOBUINA. Y 3BiTi 3p00JICHO BUCHOBOK MPO TE, IO
3poctaroue BukopuctaHHs GPS B muBinpHil iHQpacTpykTypi pobuts ii yce Oinbll MpuBaOIMBOIO
MIIIEHHIO I BOPOXKHX [Ii OKpeMuX ocobmcrocTed i rpymn. B Toif e wac BHsBIEHa KOMeEpIIiiiHa
JIOCTYIHICTh 00J1aIHAHHS [Tl TOCTAHOBKH 3aBaj [7].

Taxum umnoM, BpasauBicte [[HCC npu BILIMBI HCHABMHUCHUX 1 HABMHUCHHUX 3aBaJ] € B JaHU
yac 3arajisHOBU3HaHUM (hakToM. LIs BpasznuBicTe B piBHIN Mipi BigHocuThes sik 10 GPS, T'JIOHACC i
T AJIUTEO, OCKifbKM TPHHIIMITH iX MOOYIOBH 1 Iiana3oHu 9acToOT A0CHTH OJu3bKi [8 — 11].

OoroBopennsi. B nmanuii yac pajgioHaBiramiiHa CHUIBHOTa aKTHBHO OOTOBOPIOE MPOOJIeMy
BpaznmuBocti 'HCC 1 momyky 3aco0iB 1 MerToiiB 3a0e3nedeHHS JOCTYHNHOCTI 1 IUIICHOCTI
pamionagiramiitaoro moss ['HCC.

3acobu i MeTonu 3a0e3MeUYeHHs1 TOCTYIHOCTI 1 miJlicHOCTi paaionasiraniiHoro monst [HCC
MOXYTh OyTH pO3po0JicHI sk 1m0 Oyle MpeAcTaBlieHa MOJENb 3arpo3 Ta MOJEIb MOPYIIHHKA
inpopmauii 'HCC.

Ha miacraBi MikHapomHuxX 3BITIB cTocoBHO BpaznmuBocTi [HCC Ta BaacHMX IOCIIHKEHb
npoBeJeHux B HamioHampHOMY aBialliiHOMy yHiBepcuTeTi Oyia chopMoBaHa MOJCHb 3arpo3
inpopmauii 'HCC (tabm. 1).

Tabauis 1. Moaens 3arpo3 indopmanii THCC

Jxepeno Tun Omnuc 3arpo3u MO>KITUBICTh Bruus Ha
3arpos3u 3arpo3u ICHYBaHHS KOpHUCTyBaJa
1 2 3 4 5
Consuni Oypi | IIpupoani Enextpomarnithi 3aBagn | Ilommpennii y Brpara curnany abo
BiJI COHSIYHUX CTIAJIaXiB Ta | IIMPOKHX reorpaiyHuX | MOMMIIKH Jiana3oHy,
IHIIIOT COHSTYHOT paiioHax y nepioan 1110 BIUTMBAIOTh Ha
AKTHBHOCTI IHTEHCUBHOI COHSYHOT TOYHICTh iH(popMamii
«3arIy AT AKTUBHOCTI PO MiCILIe3HAX O KECHHS
CYIyTHHKOBi CHTHAJIN B Ta yac.
KOCMOCI.
Cuuarmanis | [Ipupoani CyIly THUKOBUH CUTHAT Edexryn crpnTHILIT BrnuB Ha npuiiMau
3aJIOMITFOETBCST 200 HaWOUIBII SICKPABO MOJK€E BKJIIOUaTH
IudpaKLis B IpocTopi BUPAXEHI B TPOIIYHUX | HETOYHY iH(pOpMAIiio
HETPaBUIIBHOIO MMPOTaX i Ha BEIUKUX | MO
ioHOC(hEepHOIO MIHPOTAX. MiCIIE3HAX O JKEHHSI.
aKTUBHICTIO.
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1 2 3 4 5
3aremapenns | [Ipuponni Mae HerocTaTHs Kijb- 3yCTpiyaeThes B Brpara curnany a6o
KICTb CyITyTHHKIB, 1100 OCHOBHOMY B IIPUMIIIIEH- | MOMMJIKH Jiana3oHy,
MO)KHa OyJIO 3a0€3IeUlTH | Hi, ITiJl 3eMIIeto, Ha 110 BIUIMBAIOTh Ha
TOYHE MOJIOKEHHS - 3a0yIOBaHUX TEPUTOPISX, | TOUHICTB iH(opManii
3aB/ISIKU KOHCTPYKIIiSIM, B JICHCTUX MICIIEBOCTSX, | IPO MiCIe3HAXOKEHHS
110 3aTEMApPIOIOTh aHTEH- | TIPCHKHX spax abo Ta Yac.
HHUH MOIJIsI Ha HeOo. TIHOO0KUX PyOOK.
ITepeurpo- [puponni Curnanu Big ogHOTro 2060 | 3a3BWuaii 3yctpidaerscs | IloMmikw, mo
MIHIOBaHHS JEKITBKOX CYITyTHHKIB B "MiCBhKHX paiioHax", BIUIMBAIOTh HAa TOYHICTB
BiJIOMBAIOTHCS Bij JIe BYJIHII OTOYCHI iHpopmarii po
CYCIZTHIX CTPYKTYP, BUCOKUMH CKIITHUMH MiCII€3HaX O/ PKCHHSI.
(dparMenTyo4s iX IUIAX | OyIiBISIMH.
JIo IIpuiiMava.
Ilorana IITYYHUI AHTEHa NPUCTPOIO e moxe OyTH Heontumansna
yCTaHOBKa BCTaHOBIIOETECS B TAKOMY | TIOB’SI3aHO 3 TIOTaHUM CYITyTHHKOBA F'€OMETpist
TIOJIO>KEHHI, JIe BiH He JIM3aiiHOM TIPOAYKTY, MOJKE PU3BECTH JI0 TOTO,
MOJKE OTPUMATH YiITKUN a00 3 HEpYXOMHUMHU 1110 TIpUiiMay He MOXKe
BUIISLI HeOa a0o 4ucTi aHTEeHaMH, SIKi BHUPIIIATH CBOE IOJIO-
CHTHAJIH 13 CYITyTHHKIB, 3aKpHBAIOTHCS HOBUMHU | JKEHHSI, HETOYHOCTI, 1110
a00 HeTpaBUITLHO BHUCOKHMHU Oy TiBIISIMH, BIUTHBAIOTH HA iH(DOP-
Y3ro/KeHa aHTeHa JI0 K1 Oy IyIOTBCS MAIIO TIPO MICIIE3HAXO0-
npHiiMata, 1o MoXke HETIOJAJTiK. JDKEHHSI Ta yac. Brms
TIPU3BECTH JI0 BUTOKY TIOTaHO{ YCTAaHOBKH MOJKE
PazmioyacToT, 110 BUIJISIAE TPU3BECTH JI0 TIOBHOT
K JDKEeperio 3aBa/l BTpaTH CHTHANY.
Jamming HITY4HUH JloxanbHo chopMoOBaHi TITY LI HHS Brpara curnany (gxiio
PY-3aBaau panionepenadi oo DIYIINTENh OJIOKYE BCi
BHKOPUCTOBYIOTBCS U1l | 3aIO0IrTH BIICTEKCHHIO | CYIyTHHKOBI CHTHAIIH)
«3arirynIeHHs» pyxy. Hesakonne a0o0 MOMMIIKH Jliana3oHy,
CYIIYTHUKOBHX CUTHAJIB. | BUKOPHUCTaHHS 1110 BIUIMBAIOTH Ha
MIPUCTPOIB 3HATHO TOYHICTH iH(pOpMAITT TTPO
301IBIIYEThCS. MICIIETIOJIOKEeHHST 200
CHHXPOHI3AIIIO (SKIIO
npuiiMay 3HaXOUTbCS
Ha MEXI JTiarna3oHy
TiepeiaBayda 3aBajiu).
Spoofing HITYYHU T [Migpobneni cymytaukosi | Spoofing kosmwck OyI1o HenpaBubhe
CHT'HAJIM TIePEAaloThCs 3pOoOHTH Ha3BHYAHO 3YUTYBaHHS Mics Ta
Ha TPUCTPiii, 00 BaXKKO, aJI¢ OCTAHHI yacy, 1110 MOXe MaTh
3MYCHTH HOTO MOBIPUTH, | IEMOHCTpAIIii OKa3aJk, | CHJIbHUI BIUIMB Ha
10 1 J1ech 200 B iHIIUK | IO 3apa3 JIETKO ABTOMATH30BaHi Ta
MOMEHT 4acy. CTBOPUTH T'€HEPaTOp ABTOHOMHI TIPUCTPOT Ta
I'HCC 3 SDR TPUCTPOT, SKI 3aJIekKaTh
nepenasada Ta Big Tounoro GPS-uacy.
HEJIOPOTHX KOMITIOHEHTIB
Hacking HITy4YHUI Masimysmis CpOro/tHi IHPOKO Henpasunbue

MIPOTPaAMHUM piBHEM
TIPUCTPOFO JIJISt 3MiHU
Horo inTepmpeTamii
JAHWUX CYITyTHUKOBOTO
CHUTHAITy.

BHUKOPHCTOBYETHCSI B
MEePCOHAILHUX TIPHUC-
TPOSIX, TAKHX SIK MOOLIBHI
TenedoHy 1 MIaHIIeTH.
OrepariiiHa crcTemMa
TniepepBaHa B JUKEHIOpeK
1 KOpUCTyBa4
BCTAaHOBJIIOE JIOJIATOK,
SIKHH T03BOJISIE 3aMIHUTH
iHdopmariro GPS-
npuiiMayda py4yHOrO
pemaroBaHoro iH(opMa-
II€F0 B OKPEMUIT IOAATOK.
€ JaHi, 1110 Lie TaKOX €
MOLIMPEHUM TIPU MaHIITy-
moBaHHI faHuMU AIS y
MOpPCBKOMY CEIMECHTI.

3UNATYBaHHS MiCIIS Ta
4acy, 10 MOXe MaTH
CUJIbHUH BIUIMB Ha
aBTOMATHU30BaHi Ta
ABTOHOMHI IIPUCTPOI Ta
MIPHUCTPOT, SKi 3aJICIKATh
Bix TouHoro GPS-uacy.
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BU- IITY9IHUI [Tym Bin IepeBaxHo B paitoHax 3 | BrpaTa curnamy (AKmio
iHTepdepeHIIis PpamiodacTOTHUX T ABUIIICHUM nepenasay OJI0Kye BCi
riepeiaBayviB, 1110 paxioyacTOTHUM CYIIyTHHKOBI CUTHAJIH)

3HAXOAATHCS MOOTH3Y
(BcepenuHi ab0 30BHI
MIPUCTPOIO) 3aTbMaPIOE
CYILyTHHKOBI CHTHAJIH.

IIryMOM (HaIpUKIa,
OLiI CTUIBHUKOBHX
Bex) a00 B MicITi
po3TalyBaHHs, e
npuitmad THCC we
3aXUIIEHUN HAJIEKHUM
YHHOM BiJI 1HIINX
KOMITOHEHTIB.

a00 TOMHUIIKH
Jiarmazony, mo
BILIMBAIOTh HA TOYHICTH
3YNTYBaHHS MiCIIs
(sIKmmIo MpHiiMay
3HAXOQUTHCS Ha MEXI
niarma3oHy mepenaBaya).

ITomunka
KOpHUCTyBaya

IITYYHUI

Kopucrysaui HagMipHO
MOKJIaJal0ThC Ha JaHi
I'HCC, sxi tiomy
TIpeCTaBIICHI,
ITHOPYIOYH TOKa3U
IHIIMX CHCTEM abo Te,
10 BOHU MOXYTh
GaumTH.

[Mommpenuii y Oy ap-
SIKOMY CIICHapil, KOJIn
KOPHUCTYBa4 CTAE HAJITO
3aJIE)KHUM BiJ]
iH(popMarii cBo€T
HaBITaLIHOI CUCTEMHU.

Ile moe mpu3BecTH 10
IIOMHJIKOBOTO
MIPUHHATTA PIillICHb y
PI3HHX CIICHapisIX
(HampuKkIaa, BaHTaXHI
aBTOMOO1IT, 1110
PYXarThCs IO 3aHA/TO
BY3bKHX CMYyTax,
KOpabJIi KePyITh
3aHaaATO OJIM3BKO 10
HeOe3MeYHUX 00'EKTIB).

Mopens nopymnuka. B sxocti mopymauka iHpopmamnii [THCC Moxe BucTymatu nepkasa
arpecop abo aepikaBa sKa MPOBOJUTH Ta€MHI ollepamii Ha TEPHUTOpIi IHINOI KpaiHW, OpraHizaiis 3
TEPOPUCTUYHMM HAIMPSIMOM JisUIbHOCTI, (i3MyHa ocoba sKka He3aJ0BOJICHA CBOIM CYCHUIBHUM
CTaHOBHILEM a00 CXUIIBHUM JI0 TICUXIYHUX po3iaiis [4,5,12 - 17].

BpaxoByroun Momens mopymHMKa (Tabn. 1) mpoOiemoro 3abe3medeHHs IOCTYHMHOCTI Ta
mimicHocTi iHpopmarii THCC e 3axumcr Biji HaBMUCHMX 3aBaj. 3axXUCT BiJi HaBMHCHHUX 3aBajl
HOAUISIEThCS Ha 1Ba Hanpsimku [15 -17]:

— aHTi-jJamming — 3aXUCT BiJl CHJIOBOTO MPHIYIIEHHS (MOPYIIEHHS JOCTYIMHOCTI Ta IITICHOCTI
inpopmauii 'HCC) ;

— aHTi-Spoofing — 3axucT BiA IHTEJIEKTYalbHOTO MPHIYNICHHsS (MOPYIICHHS IIUTICHOCTI
inpopmauii 'HCC).

Lli mBa HampsAMKH SIBISIOTH COOO0 He3aJeKHI HAyKOBI MPOOJIEMH, SIKi BHMAararoTh Pi3HUX
HANpPSIMKiB HAYKOBUX JIOCII/PKEHb.

HanpsiMku 110 3aXuCTy BiJl HABMUCHUX 3aBaJ] 1atoThes B AokyMeHTax ICAO [19,20] i gingrbes
Ha OpraHi3alliifHi 3aX0/y Ta TeXHI4Hi 3aX0Ju. SIK 10 B WX BOX JIOKyMEHTaX OpraHi3alliifHi 3aX0u
110 JTO aHTi-jamming mpormucaHti JyKe 4iTKO, TO CTOCOBHO TEXHIYHHX 3aX0/iB B JOKYMEHTaX HaBEICHO
HactymnHe [20]: "[IpuMeHeHne afanTHBHBIX METOOB KOMIIEHCAINH B MPUEMHHUKAX JAaeT BO3MOXXHOCTb
yIy4lIATh TOJABJIEHUE IOMEX B paboyeM JAMana3oHe NPHUEMHUKA, JaHHBIE METOIBI JOJDKHBI
UCCIIEIOBAThCS M pa3padaThIBaThCs B TOM CIIydae, €CIM OHM TMOBBIIAIOT 0€30HaCHOCTh U SIBIISIOTCS
3¢ dEKTUBHBIMH, HAJIS)KHBIMH W MPUEMIIEMBIMH B OTHOIIEHUH cTomMocTh". ToMy B Pi3HHX KpaiHax
Jy’Ke aKTUBHO MTPOBAJISITHCS HAYKOBI IOCII/DKEHHS B HAIIPSIMY aHTi-jJammIng anmapaTypy CIIO)KHBadiB.

B nanwii yac cBiToBa HaBiramiliHa CHUIBHOTA BXXE YIiTKO CQOpPMYJIIOBaNa HAmpsIMU aHTi-
jamming [5,15,17 - 22] (puc. 2).

Jlo TexHIYHUX 3aXOiB 3a0e3MeUeHHs JOCTymHOCTI Ta IiticHocTi iHpopmanii THCC moxna
BiJJTHECTH: MOJIMNILIECHHS anapaTypH CIOXHBAYiB, MOJIMILIEHHS SIKOCTI CHTHATY.

BimnosigHo n0 puc. 2 B [23] HaBeJGHO MOXJIMBHI BUTpAIll B 3aBaJIOCTIMKOCTI, CKOPOUCHHS
JALHOCTI TPUIYIICHHS 1 WMOBIPHOCTI MPOMOHOBAaHMX 3aXOJiB B IUIaHI IOJNIMNIIEHHS anapaTypu
crioxxuBayviB (Tadmn. 3 Ta 4).
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HanpsiMku o kommneHcarii 3aBajt
(auTi-jamming)

|
l

AnanTtusHa nulling
AHTCHHA

AnantuBHa
beamforming
aHTCHHA

Ipuiimaui THCC 3
MOKJIUBICTHO
BUABJICHHA 3aBaJ U

MJICHIICHHA

BuxkopucTanHs By3bKoi
Jiarpamu
CHOPsAMOBAHOCT1 aHTEHU

— 3aBai0OBO1

00CTaHOBKH

Hakormmuenns 6a3u

— JAaHHUX MapaMeTpiB

3aBajg

Bukopuctanus,
TICEBJIOCYTY THIKIB

Busiienns mkepena
3aBan

3aBaJIOCTIMKOCT1

TTigBUIICHAS

CHrHaimy

3MiHa YaCTOTH NpU
nepezadi

CHTHAITy

Posmmpenns cnekrpy

Toninmenns TouinmeHHs 1KoCTi Oprauizauiiini Meroau AnbTepHaTHBHA Ipuaymenns mxepena
anapartypy CIIOKHUBaYiB CHrHaIy KOMIICHCArI 3aBajl HaBiraris 3aBaj
—
AHTEHM, 3 HU3bKUM IIi i
3. i(BUICHHS PiBHSI - OIIOBHCHHS
|| KoedinieHToM = THCC — IInanyBauns micii Honons
CHTHAITY IHepLIHIMU
TIOCHJICHHA Ha MaTHX CHCTEMaMH HaBirarii
KyTax I1THECEHHS ar
Tonepenue MowiTtopuHr i aHani3

Mana ta xommac

Puc. 2 Hanpsimxu komnencayii 3aead ' HCC

Tabmuns 3. 3axoau MOIMIISHHS anapaTypH CIIOKKABava JI0 3aBajl

. MOKJIUBUI TIPUPICT
Mo>XIMBHI BUTPAI 1O :
X BapTOCTI IO
Ne - : BiJIHOIIICHHIO JI0 q ]
3axo/u 3aBaJOCTIHKOCTI BiJTHOIICHHIO 10 Ipumitku
/I CTaHIapTHUX T
npuiimauis THCC, nb < :
P o npuiimauis 'HCC, %
Ioninmenns JJCA .
o PeanbHo, y BCix
1 | npuiiManbHUX aHTEH Ha 10-15 30 .
. CHCTEMaX CIIOKUBAYIB
MaJIMX KyTax IiIHECCHHs
IIpakTuuno
VYupasninns JICA, e(eKTHBHUN IO
3MEHIIYE YYTIUBICTh B OJTHOMY [MOCTAHOBHUK
2 yedy 20 - 25 Jlo 100 JIHOMY TTOCT y
HAMpPSIMKY JDKEpelia 3aBajy 3aBajiu, MOTPiOHO
(beamforming- anrexna) 3HAHHS HAMPABJICHHS
HA [MOCTAHOBHUK 3aBa]|
IIpakTuuHO
VYupasniaas JJCA, edeKTUBHUI TIO Jie
3MEHIIIY€E YYTJIMBICTH B KIJIbKOM MTOCTAaHOBHHUKIB
3 yeay 710 80 Jlo 100 (
HaTPSMKY JDKepelia 3aBajl 3aBajiv, HE MOTPiOHO
(nullingng- antenHa) 3HaHHS HalpaBJICHHS
Ha IOCTAHOBHUK 3aBa/T
AHTCHHA peIIiTKa 3 i€ HE B YCIX yMOBax
4 pe 1015 Tlo 50 A yeix y
MIOJISIPU3ALIEI0 CUTHATY 3aCTOCYBaHHS
TToTpi6Hi gOCITiMKEHHS
3 MOJKJTUBUMHU
5 [oninmeHHs 06poOKH 110 20 5-10 METO/IaMH peajtizaii.
CUTHAJIB y npuiiMayi He moxmmBo
peanizyBaTd B IIFOUNX
npuiiMagax THCC
Bapricts
6 KombinyBanns npuitmaua 10-15 10 = 300 BH3HAYAETHCS PIBHEM
I'HCC 3 IHC THC i mae TenaeHtii
JI0 3HHKEHHSI
Buxopucranns
7 JIBOYACTOTHUX MpUHMAaYiB 5 20— 30
L1, L2
Buxopucranns 6arato
8 P Jarar 8 40 - 50
YaCTOTHUX IpHUiiMadiB
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Tabmuns 4. Oninka edekTrBHOCTI 3axo0/iB 3axucTy npu BukopuctanHi | HCC B nmokanbHii
30Hi [IPH TEPOPUCTUYHOMY NPUAYIIEHHI, 1110 BUKOpUcToBYe 50 Bt ("6a30Bwmii") nepenasau

[Ipupict ; g
No Houii 3aBaJIOCTIKOCTI IO %[aJ'ILHICTI)"HpI/II[yHIeHHH B
i puiimMau N 6asoBoro" nepenasaia, KM
6az0Boro BapianTy, 1B aHTEHa NepeiaBaya Ha BUCOTI 1 M)
1 | Cranmaprauii mpuiimvad  GPS L1 abo _ 570
['JIOHACC L1 ’
2 | Ipwitmaa GPS L1 a6o I'JIOHACC LI 3 15 175
noninimeHow JJCA Ha Maaux KyTaxX MicCIs '
3 | Ilpwmiimau 3 1. 2, komiiekcoBanuii 3 IHC 10 10,0
4 | Ilpuitmau 3 m. 3, BBemeHoi wacToTor0 L2 5 60
(ABOX YaCTOTHUH) '
5 | I[lpwiiMau 3 . 3, 3 BBEJCHUMH 4YacTOTaMHU 8 41
L2, L3 (Tpb0oX 4acTOTHHIA) '
6 | [IpmwitMada 3 1. 4 1 KOMIUICKCYBaHHSIM 5 33
GPS/TJIOHACC '
7 | lpwitMad 3 1. 5 1 KOMIUICKCYBaHHSIM 5 29
GPS/TJIOHACC '

Indopmartiss B Tabn. 3 po3KpuBae HaANpsM IO aHTI-JamMMINg MpH TOJIMIICHHI anapatypu
CIOXHMBAYiB JOCTOTHCTBA 1 HEJIOMIKH MEpepaxoBaHi HUKYE.

Toninwenns sIKOCTI CUTHANY (pUC. 2):

— niosuwennss piBas curHany [HCC, sk Hemomk mporo HampsiMy motpeda B JIOAATKOBOMY
30BHIIIHBOMY O0JIaJJHaHHI ke Oy/ie Hee()eKTUBHO MPY 3HAYHOMY BEJIMKOMY €HEPreTUUHOMY PiBHI 3aBajIH;

— nidgulyenHs 3aBaIOCTIHKOCTI CUTHAIY, 1l 3aX0/1 MIPOBOJSATHCS HA NepelaBalbHiil CTOPOHI i
K HEJOJNIK Ie MoBra i mopora mopepHizamis kocmiuHoro cermenty 'HCC abo BBemeHHS HOBOI
cucremu 'HCC (nanpuknang 'HCC GALIEO).

O1iHIOI0YN MOKIIMBUE BUTpall y criiikocti anapatypu cnoxkusadiB [[HCC (ta6n. 3 n/m 2 ta
3) mo 3aBaj, HAWOLIBII HEPCHEKTHBHHUM MetogoM € ympasiniHaa JIC npuitManbHOT aHTeHH
(3MeHmIeHHs1 yyTauBocTi abo BcranosieHHs "0" JIC B HampsiMKy Jpkepena 3aBan) [9,12,14,21,22].
3MeHIeHHS 4yTiauBOCTI abo BcraHoBieHHs "0" JIC B Hampsmky okepena 3asaa ne [TUOC, ska
peanizyetbes B K3AP. Ilepesara [THOC B HacTynHOMY:

— BHTpAI B 3aBaJIOCTIMKOCTI MOXe OyTH BEIbMH iCTOTHUM;

— He MoTpiOHEe KOPUTYBAHHS CaMOTO MpHiiMayda CYIyTHUKOBOI HaBirari.

KomnieHcaropu 3aBaj OyAyHOThCA Ha OCHOBI aHTEHHUX PEIIITOK 1 aJalTHBHUX METOJaX
YIPaBIiHHS JiarpaMo0 CIIPSIMOBAHOCTI, )K€ YacTO KOMIIGHCATOPH 3aBajJ] Ha AHTEHHOI DEIIiTKH
(K3AP) nasuBaroTh agantuBHUMHU aHTeHHUMH petritkamu (AAP). Cepen beamformer i nulling anren
Haiikpamum € K3AP 3 nulling-antenoro (tabs. 3). ToMy akTyanbHHM Ha JaHU 9ac € AOCIIHKEHHS
po3pobka i BupoBamkenHs K3AP Ha 6a3i nulling-anren [21,22].

Opeanizayivini MeTOIn KoMIieHcarlii 3aBan (puc. 2). [IpoBeneHHs opraHizamiifHux 3axo/iB MO
3a0e3neyeHHi0 1uticHocTi Ta mocrynHocti iHpopMmanii THCC ne Bumorm ICAO Tta IMO, ski
HEoOXiZAHO BUKOHYBaTH. [l IbOro HEOOXiIHO CTBOPIOBATH KOMILJIEKCH MOHITOPHHTY 1 aHaJIi3y CTaHy
EMO B 30HI poboru amapatypu cnoxwuBada indopmauii 'HCC. Hepomiku nmx 3axoliB —
BUMIpIOBaJIbHA amaparypa Mae JIy>Ke BENUKY I[iHy Ta rabapuTu, KoMmIuiekcu MoHitopuHry EMO
MOYKHa BHKOPHCTOBYBATH TIUILKM B paiioHi aeponopty abo Mmopckkoro mopty [54] (He Bci
aaMiHicTpalii MOPTIB NPUIMYTh PILIEHHS NPO CTBOPEHHA KOMIUIEKCIB MOHITOpHHTY). MokHa
npoBoJuTH MOHiTOpUHT EMO B TouUIli po3TanryBaHHs KOMIUIEKCY 3 MaTEMATHUYHUM IMEPEPaxyHKOM B
Jie Ky TOYKY IMPOCTOPY, ajieé HEJOJIK TaKOro METOoay Te IO He Mae cepTH(]IKOBAaHMX METOJIHK
MaTeMaTHYHOTO IepepaxyHKy 3HAUEHHsS HANpPYKEHOCTI ENeKTPUYHOTO MOJsl B JOBUIBHY TOYKY
MPOCTOPY fKa O BpaxoByBasia BCi yMOBH. lJis yCyHEHHS HEAONIKY HEOOXiJIHO CTBOPIOBATH MOOLIBHI
(Hemopori TakTW4HI) KOMIUIeKcH MoHiTopuHry EMO siki MOXKHA 3aCTOCOBYBaTM B 30HI pOOOTH
amaparypu crnoxuBada inpopmainii THCC [25,27], Tomy po3poOka TaKTHYHHX KOMILICKCIB
moHiTopuary EMO I'HCC € akTyassHOI0 HAyKOBOIO 3a/1a4€IO0.

B nanmit wac B HarmionasbHOMY aBiamiifHOMy YHIBEPCHUTETI B pamMKax HayKOBO-IOCIIIHHUX
pOOIT CTBOPEHO €IEMEHTH KOMILIEKCY MOHITOpHHTY pamioHasirariiinoro mojas THCC [24 - 27] Ta
excriepumenTanbauit K3AP [12,21,22].
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BucnoBku. O6'ektn KpUTHYHOI 1HGPACTPYKTYpH SIKI BUKOPUCTOBYIOTH iH(popmamiro [HCC
MiAAI0ThCS 3HAYHOMY BIUIMBY HABMHCHHX 3aBaj] IO MOPYIIYE LTICHICTh 1 JOCTYMHICTH iH(opMarii
I'HCC B anapatypi crioxxuBadiB, ie HaiOLIBII Bpa3IMBUM eIeMEeHTOM € mpuitMad iHpopmarii THCC.

Ha cyyacHHX eJIeKTpOHHMX KOMITOHEHTaX MOJIHMBO cTBOpHTH TreHeparopu 3aBaag ['HCC rta
BUKOPHUCTOBYBaTH X B TepopucTtuuHux atakax Ha [HCC mis mopyieHHs LiTiCHOCTI 1 TOCTYMHOCTI
indopmartii THCC Ha 06'ekTax KpUTHIHOT iHPPACTPYKTYPH.

Bucoxi Bumoru g0 inpopmarii THCC norpebyrots ii 3axucty, 3abe3medeHHs MiIiICHOCTI i
JOCTYITHOCTI B YMOBaX TEPOPUCTHYHUX JamMMing-aTax.

CTBOpeHO MOJeNb 3arpo3 Ta Mozenb nopymHuka inpopmaunii THCC, Buxonsuu 3 mojaeneit
Oymo oOpano 3axoau 3axucty iHpopmamii ['HCC.

Ha o6'exTax kputHdaHOi iH(MpaCcTPYKTYpH sKi BUKOPUCTOBYIOTH iH(hopMmatiito [HCC HeobxigHO
MPOBOJMTH IMOCTIHHUI MOHITOPHHT Ta OLIHKY PiBHS 3aBaIy Ha MOXKIUBICT 3acTocyBanus [ HCC.

Haiibinpm gieBuM MeTomoM 3abe3medeHHs HiticHocTi Ta goctynHocTi iHdopManii THCC B
yYMOBaXx Jiil TEPOPUCTHYHUX [iii jamming-atak e kepyBauus JIC antenu npuitmaua 'HCC.

AKTyalTbHUM € HanpsM JociiukeHHs Ta ctBopenHs K3AP na ocHogi nulling-anres.
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AGRICULTURE

BJIMSIHUE ONPEJEJEHHBIX ATPOTEXHUYECKHUX
MNPUEMOB HA PA3BUTHUE JIbHA MACJIEHUYHOI'O

accucmenm H. M. Ycemonoas,
PhD Paswanosa H. A.
Vsoexucman, Tawxenm, TawkeHmcKkull 20Cy0apCmeeHHbIll A2PAPHbLIL YHUBEPCUMEM

Abstract. This article discusses the impact of crop dates and rates on the growth and development of
Pancake week flax. Sowing dates affected the germination of seeds of Pancake week, delayed dates
increased the degree of germination, but lengthened the growing season. Early sowing time reduces the
germination rate and shortens the growing season. In the variant with a high density of standing, the length
of the growing season lengthens, with a decrease in the seeding rate, the growing season is reduced. An
increase in the seeding rate leads to a change in the development of vegetative and generative organs. In
variants with a high density of standing, the height of the plants increased, the weight of 1000 seeds and the
number of branches decreased, the opposite picture was observed with a decrease, the height of the seed
plants decreased, and the number of branches and the weight of 1000 seeds decreased.

Keywords: macienuunbviii 1én, 6ecemayuonnwiii nepuod, npopacmanue, gaza énouxu, macca 1000 cemsin.

Beenenue. B Y30ekuncrane cenbckoe X03sIHMCTBO B HACTOSIIIEE BPEMsI IIPETEPIICBACT CYIICCTBEHHbBIE
nu3MeHeHus. [1o BceM 0TpaciisiM CeIbCKOTo X035HCTBa TIPOBOSTCS PehOPMBI, COKPAIIICHBI IIOIIA U MOCeBa
XJIOMMYaTHUKA U 3€PHOBBIX KOJOCOBBIX KYJbTYp Ha OpPOLIAEMBIX 3eMIIIX. Bolbllioe BHUMaHHE yAEIAETCA
MAaCJICHUYHBIM KyJbTypaM, a B YaCTHOCTH MAcCJICHUYHOMY JIbHY. BajioBbiii cOOp MAacCIEHHUUYHBIX KYJIBTYP
YBEJIMYMWIICSA, HO KauyeCTBO OCTa€Tcsl HU3KUM. HemalloBa)KHOE 3HAYeHHE WMEET W CHIKEHUE €€
cebecTouMOoCTH. B CBSI3M ¢ ymopokaHHEM 3HEPrOHOCUTENEH U He(TEIIPOIYKTOB ce0ECTOMMOCTh OCTa&TCs
BBICOKHM. VIcronb30BaHme HAy9HO HEe 00OCHOBAHHBIX arpOTEXHUYECKUX MPUEMOB, TAKHUX KaK CPOKH MTOCEBa
1 HOPMBI BBICEBA CIIOCOOCTBYIOT K CHIDKCHHIO YPOXKAMHOCTH M Ka4eCTBa 3ePHa.

B V306ekucrane cpenn MacieHHYHBIX KYJIBTYp, JEH MACICHUYHBIA OJAWH M3 CAMBIX HIHPOKO
BO3JICTBIBAEMBIX U APEBHUX KynbTyp. B Cpenneit A3uu n€H noiayyui LIMPOKOE paclpoCTpaHEHUE U3
—3a ero He NPUXOTIMBOIO BO3JC/IbIBAHMS, HE TPEOYIOIIEH HCIONIb30BaHUS CIEIHATU3UPOBAHHOM
CEJIbCKOXO03SICTBEHHOM TEXHUKH U B OCHOBHOM BO3JICJIBIBAJICSI OH Ha Oorape.

Ha ceromusiiHuii AeHb arpoTEXHUYECKHE NPUEMBI BO3JCIBIBAHUS JIbHA MACICHUYHOIO Ha
OpOIIIAEMBIX 3eMJISIX HayYHO HE OOOCHOBAHBI M TPEOYIOT OOJBIIIOr0 BHUMAaHUs. JTa KyJbTypa UMEET
OospIioe 3HAUEHHE KaK IIEHHAs TEXHWYeCKas KyJIbTypa Ui MHOTOCTOPOHHEIO WCIIONB30BaHUS. B
Y30eknucraHe IUIOMAAM ITOCEBOB COCTABISIIOT 9-22 ThIC/Ta, 2 B MHPOBOM CEILCKOXO3SHCTBEHHOM
MPOU3BOJACTBE IUIOIIAAM  €XKErOJAHO COCTaBISAOT 2,5-3,2 wMuH ra. OCHOBHBIMH — CTpaHaMMU-
TIPOM3BOJUTEISIMA CeMsTH JibHA siBisttoTest Manmst, Kurait, Karamga u CILIA. B Cpenneit Azuu numepoM B
MIPOM3BOJICTBE JIbHA MAaCIICHMYHOTO sBisieTcss Kazaxcran. B ceMeHax COBpEMEHHBIX COPTOB JIbHA
MacIMIHOTO conepxkutcs 10 50 % u Oornee BhIChIXaroIero macia u 1o 33 % Oenka. JIEH MacineHHYHBIH
WCTIONB3YIOT B THIIEBOM, JTAKOKPACOYHOM, KOXKEBEHHO-OOYBHOM, TEKCTMIILHOW, DIIEKTPOTEXHUICCKOM,
MEIUITUTHCKOH, TTap(hIOMEPHOI, B KOPMOITIPOU3BOICTBE 1 MHOTHX JPYTHX OTPACIISX.

PesyabTaTel wucciaegoBanusi. llenpio HalmMX HCCIENOBaHUN SIBISIETCS  OIpeNeTICHUE
ONTUMAJIBHBIX CPOKOB M HOPM BBICEBA JIJIsi (JOPMHUPOBAHUS BHICOKUX YPOXKAEB JIbHA MACICHUYHOTO C
HH3KOH ce0eCTONMMOCTEIO.

B 3amauu uccnenoBaHusi BXOAWIO OINpEeSICHUE BIUSHUS CPOKOB U HOPMBI BHICEBA CEMSH JIbHA
MAaCJICHUYHOTO Ha TYCTOTY CTOSHHS, POCT, pa3BUTHE, ()OPMHUPOBAHHE BEr€TATHBHBIX M T€HEPATHBHBIX
OpraHoB, Ha YpOXKaWHOCTh, & TAK)KE HW3YYUTh BJIHSHHAE DJIEMEHTOB TEXHOJOTMH BO3/CIBIBAHHUS Ha
(hOTOCHHTETHUECKYIO JESITSIIBHOCTD, OLICHUTh 9KOHOMHYECKYIO 3(P(PeKTHBHOCTh BO3/IC/IbIBAHHS.

OOBEKTOM HCCICIOBAHMIA SBJISIOTCS THUIUYHBIE CEpO3éMbI TallIKeHTCKOH 00JacTH, JIEH
MaclIeHU4HbIN «baxopukopy.

IIpenmeToMm wuccienoBanuil sBisieTcsi copT «baxopukop», a Takke ONpeeeHUE BIUSHUSI
Pa3IUYHBIX CPOKOB M HOPM IIOCEBa HA POCT, Pa3BUTHE, IUIOIIAIb JUCTHEB, HA (POTOCHHTETUUCCKUN
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MOTEHIIMANI, BETBJIEHHE, OO0pa3oBaHHE KOpoOodek, (opMHpOBaHWE YpOXKas, YPOXKANHOCTh H
3(HEeKTUBHOCTD.

[IpoBeneHHBlE B JaHHOM HCCICIOBAaHWN (DEHOJOTHYECKHEC HAOMIONEHHS, OHOMETPHICCKUE
W3MEpPEHHUsT TIPOBOMIUCE 10 «Metoauke ['oCyIapCTBEHHOTO COPTOHCIIBITAHUSI CEITbCKOXO03SHCTBEHHBIX
KyJIbTYp», «[lana taxkpubanmapuam yTrazum ycmyomapm» (Y3IIUTH, 2007). CratucTudeckuid aHamu3
MOJIydeHHBIX JaHHBIX MPOBOMWIM To «Metomuka moneBoro ombiTay b.JI. JlocmexoBa meTomom
JICTICPCHOHHOTO ¥ MaTEMAaTHUKO-CTATHCTUYECKOTO aHAIN3A.

CxeMa onbITa:

CpOKll noceea HOprl 8bICCBA MIH/UIM.2A

2.0

2.5

16.03.2019 30

35

2.0

26.03.2019 2:5

3.0

35

[oceB mpoBogmics 20 armpens BecHOW. Bce ombIThl mpoBoaminch B 4-X KpaTHOM MOBTOPHOCTH.
[Tnomans yuéTHOM AEISIHKHM Ha TIEPBOM OMbITe cocTtaBiuia 50 M2, Ha BropoM U TpetheMm 100 m2. Copra
Mallla BEICEBAIMCH Ha ITyOnHe 3-5 cM. BapraHTsI onibITa pa3Mernaiuch CUCTEMaTHYHO Ha IIEPBOM OIIbITE B
JBYX sIpycax, Ha BTOPOM U TPETbEM OIIBITE B OJUH spyc. Ha mepBoM ombITe BCHALIKA ITOYBBI OIBITHOIO
yuyacTKa MPOBOAMIACH OCEHBbIO Ha TiyOuHe 32 cm, myrom [TH-4-35 A. Ha nouBe ONBITHOrO ydactka
OIpeNIesIOCh  COAEpKaHUe Tymyca, oomiero asora, ¢ocdopa, Kamus M HX IOIBIKHBIE (HOPMBI.
Conepxanue o01ero azora onpeaessiiock MerogoM Keenpaans, odmero ¢ocdopa meronom Maunrvsa,
KaJIUs TTTaMEHHOM (POTOMETPHH, TIOJIBIKHOTO (hocopa-Merogom Mauurina, kaust MetoioMm [IpoTacosa,
a30Ta HUTPATHOr0-MeToA0M [ pannBansa-JIsoky.

Jiist mosmydeHust Apy>KHBIX BCXO/I0B TEMIIepaTypa sIBJISETCS OJHUM U3 OCHOBHBIX IIOKa3aTeNeH,
OT KOTOpPOTO 3aBHUCHUT pOCT, pa3BUTHE M YpOKAMHOCTH JIbHA MacieHW4yHoro. HMccienoBanus
B.M. Jlykomena u ap, mokasajid, YTO CyMMa aKTHUBHBIX IMOJIOKUTEIBHBIX TeMIIepaTyp AJs MOJHOTO
pa3BUTHUS PAaCTEHHI OT MPOPACTAHUS CeMEHH 10 co3peBaHus cocTasisieT 1600-1850°C , cemeHa nbHa
MAacCJICHHYHOTO HaKJIEBBIBAIOTCS MPHU Temreparype moussl 3-5 °C, npopacrarot npu 6°C, oIHAKO JUIs
MOJTydeHUS OBICTPHIX M IPY>KHBIX BCXOJOB MOYBa JODKHA mporpeThest Ao 10-12 °C. Bexoasl apHA B
3aBUCUMOCTH OT TEMIIepaTyphl, BIAKHOCTH, IUIOTHOCTH TIIOYBBI M TIIyOWHBI 3aJeNIKH CEeMsH
NOSBIISIFOTCS HA TIOBEPXHOCTH 4epe3 4-15 cyTok. Cpoku mmoceBa NOBIMSIM Ha BCXOXKECTh CEMSH JIbHA
MacieHndHoro. [lpm paHHHX CpoKkax moceBa BCXOXKECTh ObUTa BBICOKOM, HO SHEPTUsl NPOpPACTaHUS
ceMsiH ObUTta HU3KOW. B Bapmante co cpokom moceBa 16.03., cremeHp NpopacTaHusl ceMsH
BapbupoBasa oT 91,2 — 93,0%. 3ano3nanue cpokos, 26.03. MpUBENIO K CHIKEHHIO BCXOKECTH CEMSH
o 89,3 - 91,2%, HO 3Heprus mpopacTaHus OblUla BRICOKOW. PaHHME moceBbl 00ecneuniy BhICOKYIO
COXPAaHHOCTh pacTeHui A0 cbopa ypokasd. KonmnuecTBo pacTeHHil B 3TOM BapuaHTE BapbUpOBaia OT
1,7 no 3,0 mun/ra, uto coctaBmwio 92,9 - 952%. Ilpu 3amo3ganom cpoke IoceBa KOJIWYECTBO
COXPaHMBIIUXCS pacTeHUi cocTaBmiio oT 1,6 10 2,9 mmn/ra, 91,6 — 94,2%. Pa3Huma >Tux nokazareneit
coctaBuna 1,0-1,3%. Cpoku moceBa MOBIMSUTH HA MPOAODKUTEILHOCTh BETETAIIMIOHHOTO IEPHOJA.
IIpn paHHHX CpoKax IMOoceBa MPOJOHKUTEIHHOCTh BETETAIIIOHHOTO MEPHO/a PACTEHUH YATWHSICS.
Oror mokazatens coctaBui 100-120 nueit. B Bapuante co cpokoM moceBa 26.03, HaGmomanock
COKpaIlleHHEe BEereTallnoOHHOT0 nepuoaa Ha 10 — 20 greit.

UccnenoBanns HOpM BBICEBA IOKa3ally BIMSHWE HAa TaKWE TIOKA3aTelNH KaK BCXOXKECTh,
COXpaHHOCTb, (DOpPMHUpPOBaHME TCHEPATHUBHBIX M BETCTATUBHBIX OpraHoB pacTeHHid. CHUKEHUE U
yBEIMUYEHNE HOPM BBICEBA MOBIHMUIM HA NTOKAa3aTeNlb BCXOXKECTH CeMsH. B BapraHTe BBICOKON HOpMOM
BbiceBa (3,5 ThIC/Ta) KOJUYECTBO MPOPOCIIMX CEMSH COCTaBMIIO 3,2 Thic/ra (Cpok moceBa 16.03.) —
3,1916Ic/Ta (cpok moceBa 26.03.). CHWKeHHE HOPMBI BBICEBA CHIDKAIHM 3TH TOKaszaTenu. Tak mpu
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HOpMe BbIceBa 2,5 muH/Ta (Cpok moceBa 16.03.) KOIMYECTBO MPOPOCIIMX CEMSH COCTAaBHIO 2,28
mis/ra — 91,3% u 2,24 mun/ra — 89,8% (cpok mocera 26.03.).

BereranoHHbIl TIepHOA pacTeHUM Tak >K€ 3aBHCENl OT HOPMBI BbiceBa pacTeHuil. Ilpu
BBICOKOH TyCTOTE CTOSIHHS pacTeHHU (a3a MpopacTaHHWs JhbHA MACICHHYHOTO COCTABWIO 7 IHEH
(16.03) u 6 nmuedi (26.03.). Ho B mocnenyromux (azax pa3BUTHS 3TOT MOKA3aTellb U3MEHSUIICS, TaK
MPOJOJDKUTENLHOCTD (Pa3bl E0OYKH MpH HOpMeE BbiceBa 3,5 miH/ra coctaBuio 21 aneit (16.03) u 19
nmueir (26.03.), mpu yMeHBIIEHWH HOpMBI BhIceBa oT 2,5 mo 2,0 mua/ra (16.03) HaGIromamoch
YUTMHEHHE TTPOAOKUTEIBHOCTH (ha3bl €ouku Ha 1-2 aHs, 4To cocTaBmwio 19 -22 nHs. B 3arymieHHbIx
MoceBax yMEHBINACTCS TUIOMIAb MUTAHMS, Y pacTeHHi nAET 60phOa 3a BOMLy, MUTATEIbHBIC BEIECTBA,
YTO TMPHUBOJUT K COKpameHuro (a3 pa3BUTHSA. YBEIWYCHHE WU COKpAIICHHE BEreTallnOHHOTO
TIEPHUO/Ia 3aBUCUT M OT COPTOBBIX OCOOEHHOCTEH.

BbisiBieHo, 4TO BBICOTA PACTEHMH 3aBHCENA OT CIIOCOOOB M CPOKOB TI0ceBa. B BapuanTe co cpokoM
noceBa 16.03. BeicoTa ctebns konedanack ot 51,0 — 63,6 cM. npu mo3nHeM mocese 26.03 BbicoTa cTeOs
cocraBuna 48,5 — 62,3 cMm. Ilpu parHeM moceBe BbICOTA cTeOIst ObLTa BhIIe Ha 1,3 — 2,5 cM. 3amo3asbie
IOCEBbI IMPHUBCIM K CHWKXCHHIO BBICOTHI cre0Is. I/ICCHGILOBaHI/Iﬂ IoKasajyii, B BapuaHTax C BBICOKOM
TYCTOTOM cTosiHMSA (3,5 MJIH/Ta) BRICOTA pacTeHHi BapbipoBaia oT 62,3 — 63,6 cMm. B BapuanTax ¢ HOpMoit
BhIceBa 2,0 MITH/Ta BBICOTA pacTeHni n3MeHsuI1ach ot 48,5 mo 51,0 cm., uto Ha 12,6 — 13,8 cm.

@opMUpoBaHUE BETBEH Yy JIbHA MACICHUYHOrO, OIWH U3 OCHOBHBIX IIOKa3aresei
ypO)KaﬁHOCTH. KonnuectBo BeTBEH OnpeaAcIACT KOJINYUCCTBO IBETKOB U COOTBETCTBCHHO KOJIMYCCTBO
KOpoOOYeK Ha OAHOM pacTeHuu. VccienoBaHus mokaszanu, panHue moceBbl (16.03) moBmusm Ha
¢dopmupoBanue BerBedl. KommuecTBo BeTBe# B 3TOM BapwaHTe BapbupoBajio oT 5,9 — 7.5 mr. Ilpu
MO3IHUX TTOCEBaX KOJIMYECTBO BETBEH CHUKAJIOCH M cOocTaBmiIo 4,2 — 5,5 1mT., pa3Hulia cocraBuia 1,7
— 2 mt. HopMsI BBIceBa Takke TOBIHSIIM HA (OPMUPOBaHHUE BEeTBEH. B BapuaHTax ¢ BBICOKOH HOPMOM
BBICEBA KOJIMYECTBO BETBEW BapbupoBaia oT 4,2 — 5,5 WT., CHIDKEHHE HOPMBI BBICEBA IMOBBICHIIO
KOJIMYEeCTBO BeTBel Ha 1,3 — 2,0 mT., O0JbIe OJHOM PACTEHUH U COCTaBWIO 5,5 — 7,5 1mT.

BuiBoabl. Hamm vccieoBanus moxasaiu: CpOKH 1MOCEBa MOBIHSUIN HAa POCT ¥ pa3BUTHE JIbHA
MacCJICHWYHOTO. PaHHME CpOKM TMOceBa YIUIMHAIOT BETETAIMOHHBIA TEPUOJ], HAOIIOMANCS BBICOKHIA
MOKA3aTeNlb BCXOXKECTH CEMSH W COXPAHHOCTH PAcCTeHHWH, OOJblllee KOJIMYECTBO BETBEH Tarke
Ha0JI0JaNICs IPU PaHHUX CPOKax IMoceBa, To ecTh 16.03.

B BapmaHTax C BBICOKOH TYCTOTOH CTOSHUSI BETETAIIMOHHBIN TEPHOJ JIbHA MAaCICHHYHOTO
COKpamIaJcsi, BEICOTA pacTeHWi Obla BEINIE, HO KOJIWYECTBO BETBEH OBLTO MEHbINIE. YBEITUYECHUE
HOPMBI BBICEBA CO3/Ial0T KOHKYPEHTHBIC YCIIOBHS, pacTeHHs OOpIOTCS 3a BIary, COJHEUYHBIH CBET,
IMUTATCJIIBHBIC BCUICCTBA, YTO IPUBOAUT K COKPANICHUIO BETCTALIMOHHOI'O I€puoaa, YAJIHMHCHHIO
BBICOTHI PACTEHUH M COKpaIIaeT KOJIMYECTBO BETBEH.
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CHEMISTRY

AJICOPBIIMOHHBIN D®DEKT IIPU MOJI3YUYECTU
T'UJIPO®OBHOI'O MTOJUMEPA B )KUJKOHW CPEJIE

accoy. npog., akademuyecxuti doxmop A. /1. llopuxuose
I'pysua, 2. Kymaucu, I'ocyoapcmeennuiii ynusepcumem Axaxus Llepemenu

Abstract. Polymer work are deformed with force. The polymers main deformation feature is creeping.
Stable object’s feature is t0 gain deformation during the constant tension. When polymers creeping
occurs in the aggressive areas, there may happen adsorption, Sorption and destruction processes,
which influence on creeping.

The experiments which are held by us, show that adsorbed water doesn’t influence on hydrophobic
polyethilen creeping.

Keywords: polymer, creeping, Adsorption, Sorption, Destruction, Tension, hydrophobic.

Beenenne. M3BecTHO, 4TO B XKHUIKUX CpeAax MOIMMEpPbI AeopMupyrorcs Ooiblle, 4eM Ha
BO3yX€ IPH OJMHAKOBBIX HAMPSDKCHUSIX. ITOT (PaKT KOHCcTaTupyeTcs B psae pabor [1-3].

Korga monsydectp MoIMMEpOB MPOHMCXOAUT B JKUAKHX Cpelax TO B OOLIEM Cllydyae MOTYT
NPOTEKaTh TPH IpOIecca, OKa3bIBAIONINE B KOHEYHOM WTOTE BIMSHUE HA TOJN3YYECThb: aicopOLms,
COpOIHSI U AECTPYKIIHA.

[lpu ancopOuyu KOMIIOHEHTOB pacTBOpa Ha TOBEPXHOCTH IOJMMepa OyAeT H3MEHSTHCS
MOBEPXHOCTHAS SHEPTUsl Ha TPaHUIIe pa3ziena MoJuMep-cpea.

EcrecTBeHHO mpennonaoXuTh, YTO BEIMYMHA JeQopManuu noaumepa OyneT 3aBUCETh OT
MOBEPXHOCTHOM SHEPTUHU HA TPAHULIE pa3ielia IoNIUMep-cpea.

BoaHbie pacTBOpBI 3JEKTPOIUTOB, KakK TPABWIIO, SIBISFOTCS TMMOBEPXHOCTHO-WHAKTHBHBIMU, W
BEIIMYMHA Yn-)K HE CHIILHO OYZIeT U3MEHSATHCS TIPH YBEIMUCHUH KOHIICHTPAIIMH AJICKTPOJIUTA B PACTBOPE U
MOXKHO O’KHJIaTh, YTO BIMSIHUE aJICOPOIIMOHHOTO d(dekTa Ha Moa3ydecTb OyeT Ype3BbIYaiiHO MajIo.

Pacemorpenue pesyabratoB. [lommstuien sBusercs ruapoGoOHBIM TOTUMEPOM, UMEIOLITUM
JOCTaTOYHOE KOJIMYECTBO Je(EeKTOB, MHUKpoOmop. MOXHO IojaraTb, 4YTO BOJAa, COpOMpOBaHHAs
MOJIMMEPOM, OYJeT JIOKAJIM30BaHA B 3TUX MHUKDPOMOpaX. BTN MpoOBeIEeHBI CEPUH HKCIIEPUMEHTOB Ha
BO3/IyXe U B BOJIe B MHTEpBaje Temreparyp 25-40 °C npu pa3nuuHbIX HAPSHKSHUSX.

CrnenyeT OTMETUTH CIIEAYIOIINE XapaKTepPHbIE OCOOEHHOCTH.

1) Tlpu Bcex yCIOBHSAX OSKCIIEPHMEHTA KpHUBbIE Moji3ydectd I1D Ha BO3AyXe M B BOJC
MPAKTHYECKU COBIAAaroT (puc.l).

£1. %

20 e |

» {1, MHH
3 10 C

>
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Puc. 1. a) Kpuswvie nonzyyecmu naenok 112 B/l 6 6o0e (-) u na 6030yxe (- - -) 01 njieHOK pasHou
monwunsl: 1) — € =60 mxm, o= 20 mlla; p = 304, t =20°C
6) Kpuevie nonzywecmu nienox 119 B pasznoti monwyunvi: @) — =100 mxm, p=20 u;
o) — =200 mxm, 0=8 mlla; p= 40 u; t=20 C
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OTOT JKCHEPUMEHTANBHBIA (aKT MOXKET OBITh OOBSCHEH ciexyromuM obpazom. s
aMOp(HBIX MOJUMEPOB HIKe Tc 708 CBOOOJAHOTO OOBEeMa €CTh YHHMBEpCAJIbHAs BEIMYHMHA, paBHAS
~0,025 [4]. dns aMmoppHO-KPUCTATUIMISCKUX TOTUMEPOB, KakuM sBisietcst [19, fn~0,025 N, rme N —
noiist amopHOM ¢aser momumepa. s 119, f, > €0;120 U BHJIUMO, JUISI BCEX SKCICPUMEHTAIBHBIX G
BBITIOTHSIETCS YCIOBHBIE (p}}zo(l + M0) < Ppop, T.€. COPOUPOBAHHAS BOJA HAXOMMTCS B MHKPOIIOPAxX
Y TIPaKTUYECKH HE OKa3bIBACT BIMSHUC Ha MOy3ydecTsb [10.

2) Tlpu uccnenoBanuu mojisydectu I1D B BOXHBIX pacTBOpax MOACHWICY/Ibdara HATPUS HE
oOHapyxeHo 3HaunTenbHOTO BiusAHUA [IAB Ha mom3ydecTs mommmepa (puc.2). IToT 3PPEeKT MOKET
OBITH CBs3aH MO0 cO cnenudukol B3auMOoAeHCTBUS oBepxHOCTH [1D ¢ momenumiicynbdara HaTpUs,
00 ¢ OOJIBITION TOJITUHON TICHOK.

Ecnu cpaBHMBaTH KpUBBIE TMON3YYECTH MPU OJUHAKOBBIX HaIpsDKeHUsX (puc.l), TO MOXHO
BUJICTh, YTO 3TH KPHBBIC MPAKTHUECKU COBMAAAIOT, T.€. B mHTepBasie Tonmiuebl 100-300 MkMm He
Oo0HapyXWIu ancopOIHMOHHOrO 3dekTa. bonee TOJICThIE MICHKU OKa3ajJUuCh HEOJHOPOIHBIMH IO
TOJIIIIHE U 3KCTIEPUMEHTHI C HUMH HE TIPOBOIHIIHCH.

BeiBoabl. KpuBeie momydectu ruapodoOHOTO MONMATHIIEHA B BOJAE, B BOIHBIX PacTBOpax
KNO; u B BomHBIX pacTBopax [IAB He onmuchIBaIuCh YpaBHEHHEM C OJIHUM BPEMEHEM 3aIla3IbIBaHMsl.
DTO0 BEpOSITHO, MOKHO OOBSCHUTH 110 TAKOMY K€ MEXaHU3MYy, KaK M Ha BO3JIyXe.

A
€1, %
25

1

2

3
20

10 20 30 t1, MHUH

Puc. 2. Kpusvie nonzyyecmu nienok 119 6 600nvix pacmeopax I[1AB:
1) — 1% IIAB; 2) — 0,5% IIAB; 3) — H20.
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MEDICINE

ROLE OF BIO-COMPLEXES IN LIVING ORGANISMS

Hajiyeva Shukufe Isa kizi
Azerbaijan State Pedagogical University, Azerbaijan

Abstract. Metabolism of countless chemical reactions is the basis of life. These reactions are often
found in an enzyme catalyst consisting of complex compounds of the vast majority. Therefore, various
processes are extremely effective which occur in living organisms with enzymes.

It is known that many complex compounds are the most laudable which serve the vast kingdom of the
Earth. One of the complex compounds that provide the respiratory process of living things is
hemoglobin. During the respiration period, free oxygen contained in the air entering the lungs is taken
and distributed through the blood to all body tissues. One of the main complex components for
organisms is copper (Cu2 +), which is involved in biological oxidation processes, including the
composition of the main enzymes.

Coincidence of the complex of Co3 + ions is vitamin B12. Complex compounds of cobalt activate
protein metabolism, accelerate the synthesis of muscle proteins. Of course, the above complex
compounds make up only a small part of many complex compounds, involved in the management of
complex life forms as a single biological system.

Keywords: respiratory process, protein metabolism, hemoglobin, ferment, Co3+ ions.

Introduction. F. Engels describing the living world as a form of a living creature said that "life-
forming proteins are a form of existence." Science has been developing widely, and in this area it has received
an excellent opportunity to learn more about the functions of individual organisms responsible for life in a
living organism in recent years. Complex compounds make up the highest form of molecular perfusion in
vital combinations and play a crucial and a life vital role in the living world. This is primarily connected to the
fact that complex compounds are natural participants and leaders of internal body control systems.

Method of experiment. Complex compounds are the most promising and common form of
microelements, which are necessary for life, with a more perfect form of molecules. Discovery structure of
the enzymes of metals, vitamins, chlorophyllin, hemoglobin and their dependence on their molecular
structure and biological activity led to the occurrence of a dynamic form of complex existence.

Although complex compounds have attracted the attention of scientists for a considerable time
after their discovery, but the excitement in their imagination, their unprecedented role in the vast
sphere of life on our planet and means in the life process haven't yet been discovered.

However, recent advances in science have proved with full clarity that the role of complex
compounds doesn't end in justifying the evolution of molecular perfection, they also control the
material nature of our planet, organize the internal life of the body and the self-control- system of
complex life processes with the most reliable and affordable researchers.

However, the main converging molecules are dominated by bodies of heavy metals (Fe, Co,
Cu, Zn, Mo, etc.), which are largely used as the starting structural material in organism ,and their role
in solving life problems as a whole is directly related to the center, leading to an incredible position in
an unprecedented position in the world. This dissatisfaction is explained by the discovery of three
main historical discoveries of the last several decades of the XX century - the formation of a human,
chlorophyll, vitamin B12 molecule and confirmation of the correct formulation of Fe, Mg, Co in the
center of these vital factors of life continues. Complex compounds constitute indispensable factors in
the living world not only because of its size or complex structure, but also in the center of rooted metal
ions. It should be noted that the process of photosynthesis is associated with chlorophyll, which is a
complex combination of magnesium, which forms the general flow of all living things on our planet.
The single respiratory system of living organisms is administered by complex compounds (chemo) of
iron. Researching of the molecular structure of one essential vitamins necessary for the body B 12, has
shown that it consists of a complex compound of cobalt.

It is fact that the basis of life is the metabolism of countless chemical reactions. VVast majority
of these reactions are catalysts of these or other enzymes that are composed of complex compounds in
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many cases. (enzymes called biocatalysts). Biocatalysts accelerate the chemical processes that occur in
the body more than hundreds of thousands of times. Therefore, they can succeed in organizing,
adjusting and implementing the most important life processes despite the fact that some of the metals
in the body are very small.

As a result, various processes are extremely effectively associated with feminizers in living
organisms (for example, transmission, photosynthesis, bond cleavage, group transfer, nitrogen
administration, synthesis of a number of complex organic compounds, etc.). For example, the electron
passage is accelerated several times, as usual, with the participation of enzymes in redox reactions.
The advantage of biocatalysts isn't limited to them. The most complex reactions within the cell are
carried out under normal conditions on their involvement.

There are many complex compounds that serve the living world on earth. But some of them
are closer to the goal and deserve more. Thanks to the service of these complex compounds - the real
organizers of life, our planet has created a vibrant universe, the foundation of eternal life.

One of the most complex compounds that support the living is hemoglobin. Nature instructed
gemabo with such an important problem as providing respiratory processes on Earth. Pure air
contained in the air enters the lungs and spreads through the blood to all body tissues during breathing.
Oxygen, is involved in bio-oxidation processes, if necessary.

All living things are sensitive to oxygen, since divided energy is the main cause of internal
body control systems. Living things can live only a few minutes without oxygen. Nature allowed him
to coordinate molecular oxygen in high-quality organisms, and then easily distinguish himself from
that place where it is during the evolution of the living world.

Nature investigated various metal ions which made up the center of complex ions, and in this
case, besides iron, brain, vanadium, sinus, etc. and also checked metal. It was found that iron (5.1%)
has a higher oxygen capacity, which is characterized by a large number of natural resources. One of
the most complex forms for organisms is copper (Cu2 +). It is involved in biological oxidation
processes, including the most important enzymes.

In general, complex copper compounds take the second place after iron, as a catalyst for redox
processes in the body. Copper compounds are included in as hemolase and hemosin in some creatures
with a low level of development (crustaceans) in oxygen-transporting enzymes. Only complex of Co +
3 ions in nature is vitamin B12. Complex compounds of cobalt activate protein metabolism, accelerate
the synthesis of muscle proteins. Cobalt enzymes have different functions in the body. Metal enzymes
include ions of zinc, molybdenum, manganese and others, with the exception of copper and cobalt.

Conclusions. From the above information it is clear that using of natural compounds of d-
elements in nature is used in nature management.

However, it was chlorophyll that formed the synthesis of organic matter from inorganic
substances on Earth and, therefore, the appearance of a living alien on our planet, which wasn't d-
element, but complex combination of magnesium s-elements. Since it is directly associated with
organic compounds on Earth without chlorophyll, it cannot exist without the most magnesium
substances. Magnesium (Mg) in chlorophyll is about 2%.

Of course, the above complex compounds make up only a small part of many complex
compounds involved in managing complex life forms as the single biological system.
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Abstract. the paper considers factors that are important in maintaining the reproductive health of
women and affecting its violation. It is shown that the foundation of health, the basis for its
preservation is a healthy lifestyle: an optimal mode of work and rest, a balanced diet, and good sleep.
The importance of biomedical, social, psychological factors in a state of health is considered. It is
shown that the deep interconnection of all factors leads to a certain result - each component alone is
insufficient for the final transition to health or disease, for the development of reproductive disorders.
Preservation and strengthening of reproductive health is possible by optimizing the considered factors
that positively affect health, which is an urgent task for every person.

Keywords: reproductive health, healthy lifestyle, optimal work and rest, nutrition, sleep, biomedical,
social, psychological factors.

Introduction. The current biopsychosocial model of health and disease, developed by George
Angel, states that health and disease are determined by the dynamic interaction of biological,
psychological, and social factors. The interaction determines the cause, manifestation and outcome of the
condition and disease. Historically, popular theories, such as discussions about nature and upbringing, have
suggested that any of these factors was enough to change the course of development [6].

Health indicators reflect the quality of life of society.

The population of Ukraine today lives in conditions of a deep violation of the mechanism of
self-healing, deterioration of not only quantitative, but also qualitative characteristics of health.
According to the World Health Organization (WHO), Ukraine is one of the last places among
European countries in terms of natural population growth.

This situation is due to the unsatisfactory state of reproductive health of the population and, in
part, the lack of reproductive motivation of the person (a system of actions, relationships and mental
state that contribute to the need to have children). These factors largely depend on the economic
situation and the socio-psychological state of the population [4, 5].

According to the biopsychosocial model of health and disease, the deep relationship of all three
factors (biological, psychological, social) leads to a certain result - each component alone is insufficient for
the final transition to health or disease. In addition, the degree of influence of each factor, the degree of
interaction between factors and the differences between people and life cycles are important [6].

Health is the first and most important human need, ensuring the harmonious development of
the individual, reproductive function. Given the foregoing, the aim of the work was to highlight the
factors of reproductive health and their impairment; the importance of biomedical, social,
psychological factors in a state of health.

Main part. The foundation of health, the basis of its preservation is a healthy lifestyle: an
optimal mode of work and rest, a balanced diet, a good sleep [1, 3, 6].

A healthy lifestyle of a person does not add up on its own depending on the circumstances, but
is formed independently throughout life purposefully and constantly. The harmony of the
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psychophysical forces of the body increases the reserves of health, creates the conditions for the
implementation of reproductive plans.

The formation of a healthy lifestyle is the main factor in promoting health through changing
the style and lifestyle, healing it, eradicating bad habits, physical inactivity, and overcoming the
adverse aspects associated with life situations.

A healthy lifestyle should be understood as forms and methods of human daily life, which
strengthen and improve the reserve capabilities of the body, thereby ensuring the successful fulfillment
of social, professional, reproductive functions regardless of political, economic and socio-
psychological situations [1, 3].

A special place in the healthy life mode belongs to the daily routine, a certain rhythm of life
and activity. The regime should provide for a certain time for work, rest, eating, sleeping. The daily
routine may be different depending on the nature of work, living conditions, habits and inclinations,
but there must be a certain daily rhythm. It is necessary to provide sufficient time for sleep, relaxation.
It is important to sleep and eat always at the same time. Thus, conditioned reflexes are produced. The
disorder in the daily regime destroys the formed conditioned reflexes [1].

A rational regime of work and rest is a necessary element of a healthy lifestyle. With the
correct and strictly observed regimen, a clear and necessary rhythm of the functioning of the body,
endocrine organs and body systems, in particular, the hypothalamic-pituitary system, is developed,
which contributes to the proper functioning of the woman's reproductive system.

A prerequisite for maintaining health during work is the alternation of work and rest. Rest
after work does not mean a state of complete rest. Only with very great fatigue can we talk about
passive rest. It is desirable that the nature of the rest be the opposite of the nature of the work (the
"contrasting™ principle of building rest). Women of physical labor need rest that is not associated with
additional physical exertion, and mental workers need some physical work during leisure hours. This
alternation of physical and mental stress is good for health [1, 3].

The preservation of somatic, reproductive health is affected by the quality of food, its composition,
guantity, method of use and combination. Food is an everyday, constant medicine for the soul and body.
The problem of nutrition has been, is and will be one of the fundamental problems affecting health.

There are two basic laws, the violation of which is dangerous to health.

The first law is the equilibrium of the energy received and consumed. If the body receives
more energy than it expends, the person becomes stout. Currently, more than a third of our country,
including children, is overweight. The reason is excessive nutrition, which ultimately leads to obesity,
hypertension, diabetes mellitus, impaired function of endocrine organs and systems, in women, in
particular, the hypothalamic-pituitary system, ovaries, menstrual irregularities, and infertility.

The second law: nutrition should be varied and provide the need for proteins, fats,
carbohydrates, tweets, minerals, essential amino acids.

Rational nutrition ensures the proper growth, formation and functioning of the body, is a factor
in maintaining reproductive health [1].

To maintain the normal activity of the nervous system and the whole organism, full sleep is of
great importance. The great Russian physiologist I.P. Pavlov pointed out that sleep is inhibition, which
protects the nervous system from excessive stress and fatigue. Sleep should be long enough and deep.
It is impossible for everyone to determine the time required for sleep. The need for sleep is different
for different people. On average, this rate is about 8 hours. Systematic lack of sleep is a factor leading
to disruption of nervous activity and all endocrine processes associated with its regulation [6].

However, an individual does not have the right to transfer his health to others. A person with
the wrong way of life, bad habits, physical inactivity, overeating brings himself to a state of impaired
functioning of the body and only then he remembers health, unrealized reproductive function.

Biomedical factors affecting health include the genetic characteristics of a person, the effects
of physical trauma, and infection.

Many disorders have a hereditary genetic cause. Genetics plays an important role in the
development of diseases of a hereditary nature. In order to prevent the birth of a child with a
hereditary pathology, medical genetic counseling is used, which determines the risk of giving birth to
a sick child in a particular couple, and in the event of pregnancy, a fetal biochemical screening is
performed in the first and second trimesters of it to identify genetic pathology.
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The development of abnormalities with a genetic predisposition occurs with a combination of
genetic factors and adverse environmental influences.

There are mental defects that do not have an obvious hereditary nature. During pregnancy,
their causes may be infections, intoxication, during childbirth - trauma.

Social factors affecting human health include the socio-economic status of society and the
individual, culture. The difficult socio-economic and political situation in society determines the
demographic decline of the population and actualizes the problem of abortion. So, in Ukraine more
than 77 abortions are performed in one day, and this is about 160 thousand a year. A woman who has
had an abortion has medical, psychological and hormonal disorders that cause reproductive disorders
and subsequent losses [2, 4, 5, 6].

Low living standards, loss of work can put a person at risk of stress and illness. Life events
can lead to the development of depression. It is noted that people at risk of poverty are more likely to
develop depression.

Depression, in turn, will contribute to the violation of the biomedical component of a woman’s
health. So, violations in the secretion of gonadotropic hormones and peripheral glands of internal secretion
lead to violations of the menstrual cycle, anovulation, which results in infertility of a stressful, depressive
genesis. The infertility of this genesis is a reflection of the psychologically and socially determined
reproductive dysfunctions and, in general, a reflection of a woman’s health problems.

In Ukraine, in 2014, 40,425 cases of female infertility were registered (77, 4% of all cases of
infertility, 22,6% are male infertility). The tubal factor of infertility, as a result of inflammatory
diseases of the appendages, accounts for 11,1% [7].

Mental health, as defined by WHO, is a condition that contributes to the full physical, mental
and emotional development of a person. Mental health is a state of equilibrium between a person and
the world around him, the adequacy of his reactions to the social environment, as well as to physical,
biological and mental influences, the correspondence of nervous reactions to the strength and
frequency of external stimuli, harmony between a person and surrounding people, a critical approach
to any circumstances of life.

The psychological component of health reflects the psychological basis for a particular
symptom or set of symptoms (in particular, irritability, depression). “Psychological health” implies a
person’s interest in life, freedom of opinion and initiative, activity and independence, responsibility,
faith in oneself and respect for another, awareness of one’s personality, creativity in various spheres of
life and activity [1, 2].

The relevance of the problems of health psychology is dictated by the modern increase in the
load on the nervous system and the human psyche.

Disorders of the psychophysiological level of health are manifested in the form of diseases of the
central and peripheral nervous system. Violations of the individual psychological level of health cause the
appearance of disorders of perception, thinking, memory, emotions. Violations of the personal level of
health cause changes in the personality, its normal coexistence with the social environment.

Information pressure, the acceleration of the rhythm of life, the negative dynamics of
interhuman relationships (isolation, lower levels of social support, property disunity) - all this creates
emotional stress, as one of the factors in the development of various diseases. Life in conditions of
uncertainty determines the mental and psychosomatic pathology, in particular, the pathology of the
woman’s reproductive system [1, 2, 3, 4].

People with genetic vulnerability are more likely to show negative thinking, which puts them
at risk of depression.

Psychological factors can exacerbate a biological predisposition, jeopardizing a genetically
vulnerable person for other types of risky behavior. So, depression alone cannot cause liver problems,
but in a person with depression, alcohol abuse is more likely and, consequently, hepatocyte damage
develops, leading to impaired hormone metabolism in women, the development of hormone-
dependent pathology and impaired reproductive function [2 , 4, 5].

According to the WHO, human health is only 10-15% related to the factor of the health care
system, 15-20% due to genetic factors, 25% it is determined by environmental conditions and 50-55%
is determined by the conditions and lifestyle of a person [3].
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Thus, it is obvious that the primary role in shaping health and maintaining reproductive health
still belongs to the woman herself, her lifestyle, her values, attitudes, the degree of harmonization of
the inner world and relations with her environment.

At the same time, a modern woman in most cases transfers responsibility for her health to
doctors. She is practically indifferent to herself, is not responsible for the strength and health of her
body, and at the same time she does not try to explore and understand her soul. In fact, it is not
occupied with caring for one’s own health, but with the treatment of diseases, which leads to the
withering health that is currently observed against the backdrop of significant medical advances [3].

In fact, the promotion and creation of health should be the need and duty of every woman. The
vision of the causes of ill health is not justified only in poor nutrition, environmental pollution, in the
absence of proper medical care [5].

Much more important for global ill health is the progress of civilization, which contributed to the
“liberation” of a person from efforts above himself, which led to the destruction of the body’s defenses [6].

The paramount task for increasing the level of health should be the conscious, focused work of
the woman herself to restore and develop her vital resources, to take responsibility for her own health
when a healthy lifestyle becomes a need. The main task facing a woman in relation to her health
should not be considered the treatment of diseases, but the creation of her own health.

Conclusions. Factors affecting the maintenance of reproductive health and having a negative
value must be taken into account.

None of the factors affecting the violation of health, in isolation, is sufficient to finally lead to
the disease - it is the deep interconnection of all negative components that leads to a certain result.

Therefore, maintaining and strengthening reproductive health by optimizing all the factors
that positively affect health is an urgent task for both the state and each person.

REFERENCES

1.  Kocan LJa., Lozhkin Gh.V., & Mushkevych M.I. (2011). Psykhologhija zdorov'ja ljudyny [Psychology of
human health]. Lucjk: Vezha. — Lutsk: Tower, 430 s. [in Ukrainian].

2. Pidbucjka N.V., Kurjavsjka O.M. (2011). Psykhologhichne zdorov'ja jak chynnyk gharmonijnogho
rozvytku suchasnoji ukrajinsjkoji molodi [Psychological health as a factor in the harmonious development
of modern Ukrainian youth]. Teorija i praktyka upravlinnja socialjnymy systemamy: filosofija,
psykhologhija, pedaghoghika, sociologhija. — Theory and practice of social systems management:
philosophy, psychology, pedagogy, sociology, 3, 44 — 48 [in Ukrainian].

3. Ponomarjova Gh.F. (2014). Formuvannja zdorovogho sposobu zhyttja suchasnoji osobystosti: realiji ta
perspektyvy [Shaping a healthy lifestyle for the modern individual: realities and perspectives]. Visnyk
KhDADM. — Khadmad Bulletin, 2, 110-113 [in Ukrainian].

4.  Fylyppova Gh.Gh. (2011). Materynstvo y osnovnbie aspektsr egho yssledovanyja v psykhologhyy
[Maternity and basic aspects of egho yssledovanyja v psykhologhyy]. Voprosst psykhologhyy. —
Psychology issues, 2, 22 — 37 [in Russian].

5.  Juzjko O.M. (2016). Reproduktyvne zdorov'ja zhinky: medyko-socialjni aspekty [Reproductive health of
women: medical and social aspects]. Slovo zdorovj'e. - Word health, 6. — Interv'ju 07.12.2016. - Interview
07.12.2016 [in Ukrainian].

6. Plsek P. (2011). Pereosmyslenye zdravookhranenyja s tochky zrenyja nauky o slozhnykh adaptyvnykh
systemakh [Redesigning health care with insights from the science of complex adaptive systems]. Crossing
the Quality Chasm: A New Health Care System for the 21 st Century. Washington: National Academies
Press, 322 — 335 [in English].

http://ws-conference.com/ January 2020 47



International Trends in Science and Technology

EMERGING CONCEPTS OF THE OCULAR MOLECULAR-
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Abstract. High blood pressure can silently damage the body for years before symptoms develop.
Hypertension has profound effects on various parts of the eye and can lead to a serious of visual
disabilities. That is why the potential for using retinal microvasculature with it’s pathobiochemical
changes as a marker of the state of hypertension offers clear advantages, owing to the ease of prognosis,
treatment and appearance of complications. The use of biomarker analysis is becoming increasingly
common in studying of a broad variety of ocular diseases, and offers new possibilities to analyze different
aspects of retinal vascular modification. Classically, elevated blood pressure results in a series of retinal
microvascular changes called hypertensive retinopathy. In this review, we tried to describe in brief the
already known biomarkers of HR and to determine a homology between them. We review the evidence of
what retinal microvascular changes occur in hypertension and review current known indices that may
allow us to use their different aspects as potential markers for the state of the HR and hypertension.
Keywords: arterial hypertension, hypertensive retinopathy, vascular changes, retina, biomarker.

Introduction. Although today’s specialists raises public awareness on the uncontrolled high blood
pressure, that can quietly damage the body for years before symptoms develop, hypertension rates are still
extremely high worldwide. High blood pressure (HTA) is a major public health problem, being the most
common cardiovascular disease. The latest data and trends on statistics reveals the prevalence of HTA that
varies between 5-10% in underdeveloped countries and 20-30% in industrialized countries.

Nowadays, HTA is surnamed the "silent killer", because of the lack or even absence of
specific symptoms, only sudden increases in blood pressure, that are so-called hypertensive jumps.
Taking under consideration that the eye is the most sensible organ to the blood pressure fluctuation,
there is a large variety of ocular problems arising from it. During years, the researchers concluded that
high blood pressure is a risk factor for a number of eye conditions that affect vision like hypertensive
retinopathy, retinal vascular occlusions, cranial nerve palsies and optic neuropathy, but hypertensive
retinopathy (RH) still is the most common. The danger consist in the fact that the person can be
unaware of the disease since physical signs may not always be apparent, and due to the lack of
predictive signs, the symptoms usually will develop in the late stages. Moreover, HTA may exacerbate
the negative effects on vision of some other eye diseases as we can mention diabetic retinopathy and
age-related macular degeneration, that are spread and have a high frequency, too.

Long-term HTA results in micro/macroangiopathy, which affects the retinal, heart and brain
vessels. In the latest articles, researchers consider HR as a marker for a number of vascular disorders,
as well as a warning sign of risk of stroke, cardiovascular disease, microalbuminuria, chronic kidney
disease and even death. [10]

The aim of current study was to enhance the understanding on how hypertension affects the eye,
and especially to try elucidating the molecular, metabolic and pathobiochemical changes in hypertensive
retinopathy, which is a severe detrimental condition that affects vision and its relationship to elevated blood
pressure, since hypertension affects a big part of the population worldwide.

Research results and their discussion. In the scientific international literature was tried to be
determined, the possible reliable markers with a potential prognostic and diagnostic power for HR, that in
future could be able to ensure a correct diagnosis and prognosis in an optimal time. The PubMed database
has been used to identify specific parameters for HR using the “hypertensive retinopathy” and “biomarker”
keywords and at the same time was searched for an explanation of pathobiochemical changes in the retinal
vasculature. Were analyzed articles published in the last twenty years.

It is already known that retina is the innermost, light-sensitive layer of tissue of the eye, which
has a delicate blood vessels lining on top of it and below. The retina is highly metabolically active
tissue with large demands on metabolic substrates via specialized vascular networks. HR is damage to
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the retina due to a systemic blood pressure higher than the eye can tolerate. When patients with
elevated blood pressure are diagnosed with HR, the result is a series of retinal microvascular changes
that will be discussed below.

We must be aware that the uniqueness of the retinal vessels is due to the easy accessibility for
a physical examination. It is a well-known fact in the ophthalmological clinic that an asymptomatic
hypertensive patient is first diagnosed with HR of a certain stage and with specific changes seen at
fundoscopy and only after that referred to the primary unit to a therapist. However, the physical
consultation also depends on the dexterity of the ophthalmologist, and | think biochemical
indices/markers will come as an additional help in understanding HR mechanism and at the same time
will help in accurate prescription and correct treatment tactic.

It is already known that HR possesses a complex vascular phenotype, thus including three
separate pathophysiological stages, creating a broad spectrum of retinal vascular changes, reflecting
the severity and duration of elevated blood pressure.

Acute effects of systemic hypertension are visualized in the early constricting stage and are a result
of generalized vasospasm, in order to self-regulate the tissue perfusion. The intermediate stage is
characterized by focal and generalized arteriolar narrowing, due to thickening of the intima and hyperplasia
of the median, resulting in arteriovenous crossover and altered arterial reflexes. The chronic effects of
hypertension are caused by arteriosclerosis and predispose patients to vision loss due to vascular
occlusions, like 1 mentioned before or retinal macro-aneurysms, which reflect disorders throughout the
body. This is the third stage - exudative, characterized by isolated or multiple changes, such as
microaneurysms, flame bleeding, strong exudates, vascular exudates and papillary edema. These advanced
microvascular lesions reflect severe changes in local circulation, such as increased vascular permeability,
necrosis of the capillary and precapillary arteriolar wall, and retinal ischemia [4, 5, 17, 18].

Analyzing a number of pathobiochemical explanations, the researchers associated HR signs
with a series of biochemical and clinical markers, including those of inflammation (C-reactive protein,
fibrinogen), endothelial cell activation (von Willebrand factor), angiogenesis (VEGF), adiponectin,
leptin, iron levels in serum, low birth weight, smoker status, body mass index, alcohol consumption
and others. [2, 3, 16]

Over time, a number of mechanisms have been proposed to explain the pathways of
development of ocular microvascular complications. One of these mechanisms is considered to be the
deterioration of the vascular regulation of the retina, conditioned by the systemic elevation in blood
pressure. A cardinal element of the pathogenic mechanisms of HTA is the renin-angiotensin system
(RAS). Previous studies have identified the existence of RAS independently in the eye, including
angiotensin | and Il receptors and the locally produced angiotensin converting enzyme (ACE), which
may exert a negative effect on ocular blood flow and supply of ocular structures with O, and nutrients.
It was presumed an involvement of the renin-angiotensin-aldosterone system (RAS) in the
pathophysiology of HR and hypertensive choroidopathy, angiotensin Il being a powerful
vasoconstrictor. It is known that ACE plays a major role in cardiovascular physiology. Being a central
component of the RAS, ACE controls blood pressure by regulating the volume of fluids in the body. It
converts the hormone angiotensin | to the active vasoconstrictor angiotensin Il. Therefore, ACE
indirectly increases blood pressure by causing blood vessels to constrict. It has been shown that the
ACE gene polymorphism is related to the plasma concentrations of the ACE. Studies have
investigated the relationship between ACE and HR gene polymorphism, being found a significant
relationship between | / D of ACE gene polymorphism and HR. Identifying the ACE genotype in
hypertensive patients may be useful to identify patients who are more susceptible to HR [1].

At the same time, HR is characterized by increased neovascularization and vascular
permeability, which may be conditioned by the potent angiogenic factor VEGF (vascular endothelial
growth factor) [10].

VEGF has been shown to be elevated in hypertensive patients and decreased after blood
pressure control. VEGF increases were observed in hypertensive patients only when vascular lesions
occurred in the retina. Therefore, VEGF could be a marker for early microvascular damage in high
blood pressure, as a reliable and easy way to detect endothelial lesions. [15]

It’s important to mention that the endothelium, at the border between blood and tissues, is much
more than a simple layer of cell lining that completely covers the inside of the heart, blood vessels (arterial
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and venous) and lymphatics and the cavernous body. It is considered the largest "virtual organ" of our body
and, as such, controls functions as important as regulating vascular tone and maintaining blood circulation,
guaranteeing the contribution of O, and nutrients to different tissues.

Endothelium is essential for the synthesis and release of substances that affect vascular tone
(such as nitric oxide-NO, endothelin), cell adhesion (chemokines, adhesion molecules), platelet
aggregation (prostacyclin), and coagulation and fibrinolysis homeostasis. (plasminogen activator
inhibitor, von Willebrand factor), having an anti-inflammatory, antithrombotic and antiproliferative
role in physiological conditions. [6, 7, 17]

In pathological situations of "aggression” of the endothelium of hemodynamic cause as in
increased arterial hypertension, there is a decrease of NO at the endothelium level and at the same time
an increase of ROS production. NO acts as a "garbage disposal" of free radicals, increasing ROS
consequently decreasing NO levels, a process known as decreasing NO bioavailability. This process
modifies the previously described normal physiological scenario (anti-inflammatory, antithrombotic
and anti-proliferative), into a pathological one dominated by an inflammatory process, thrombosis and
vascular proliferation, known as endothelial dysfunction (ED). The association of inflammation, ED
and coagulation disorders create an inseparable vascular triad in a high risk environment. [6, 7, 17]

As | mentioned before, vascular endothelium plays a role in the synthesis and storage of
several triger substances involved in cardiovascular pathophysiology, including the von Willebrand
factor (VWI). It has been previously shown that elevated vWTf levels reflect ED, and is a marker of
these disorders, concluding that it might be involved in the pathophysiological mechanism of HR. [7]

Recent studies have shown the involvement of plasma adiponectin, which is an independent
predictor for HR. The predictive value of adiponectin for HR was in the range of 17 mg / ml. This
level has served to largely separate patients with HR from patients without retinopathy. [9]

Therefore, in the HR appears a relatively wide spectrum of morpho-functional signs, both focal
and generalized, due to the self-regulatory physiological response of the retinal vessels, which react to the
elevation in blood pressure (in the acute phase). As HR progresses, the mechanisms of self-regulation are
disrupted, which is explained by the constant elevation of blood pressure, that continuously will cause
functional and structural changes in the retinal arterioles (in the chronic phase).

In the acute phase, the temporary vasoconstriction occurs in the terminal retinal
vascularization, which causes narrowing of the retinal arterioles, as a result of physiological self-
regulation. In chronic systemic HTA, vascular endothelium damage and cell necrosis cause visible and
irreversible arteriosclerotic changes. Subsequently, both localized HR signs appear, including the
thinning of the vascular wall, arteriovenous "nicking", micro-aneurysms, retinal hemorrhages and
white cotton exudates - "cotton wool spots”, as well as diffuse signs, which include generalized
arteriolar narrowing and opacification of the arteriolar wall. [13, 14]

Conclusions.

In the latest articles, researchers consider HR as a marker for a number of vascular disorders,
as well as a warning sign of risk of stroke, cardiovascular disease, microalbuminuria, chronic kidney
disease and even death. To conclude, this finding indicates that signs of hypertensive retinopathy may
be an indicator of blood pressure control. [8] Another observation indicates that the patterns of specific
vascular changes of the retina vary depending on the values of current blood pressure. Generalized
retinal arteriolar restriction usually occurs in patients with long-term hypertension and is
independently associated with past blood pressure levels measured up to 10 years before retinal
evaluation. [8] In contrast, focal artery lesions and narrowing of retinopathy lesions (retinal
hemorrhages, microaneurysms, and "soft" exudates) may indicate several transient changes in blood
pressure and are related only to blood pressure measured simultaneously. [8, 19]

The patients must be aware of the fact that controlling high blood pressure prevents changes in
the blood vessels of the eye, as well as in other organs like the heart, kidneys and brain. It is
imperative that the primary care physician and optometrist emphasize to the patient that blood pressure
must be kept under control in order to prevent the onset of HR. However, for now, the evaluation of
hypertensive signs of retinopathy appears only in clinical guidelines for the management of patients
with high blood pressure.

50 January 2020 http://ws-conference.com/


http://ws-conference.com/

International Trends in Science and Technology

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

REFERENCES

Baris N, Akdeniz B, Ozerkan F, et al. The Relationship Between Hypertensive Retinopathy and
Angiotensin Converting Enzyme Gene Polymorphism Cardiovascular & Haematological Disorders - Drug
Targets, Volume 6, Number 1, March 2006, pp. 57-61(5).

Coban E, Alkan E, Altuntas S, Akar Y. Serum ferritin levels correlate with hypertensive retinopathy. Med
Sci Monit. 2010 Feb;16(2):CR92-5.

Coban E, Nizam |, Topal C, Akar Y. The Association of Low-Grade Systemic Inflammation with
Hypertensive Retinopathy. Clin Exp Hypertens. 2011 Dec 23, 32(8):528-31. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/21091359

Fraser S., Hypertensive eye disease: a review, Clinical and Experimental Ophthalmology, nr.45, 2017, p. 45-53.
Harjasouliha A., Raiji V., Gonzalez J., Review of hypertensive retinopathy, Elsevier/Disease-a-Month,
nr.63, 2017, p. 63-69.

Heckle M.V., Dekker J.V., Nijpels G. Inflammation and endothelial dysfunction are associated with
retinopathy: the Hoorn StudyDiabetologia, 2005, nr.48, p. 1300-1306.

Karaca M, Coban E, Ozdem S, Unal M, Salim O, Yucel O. The association between endothelial
dysfunction and hypertensive retinopathy in essential hypertension. Medical Science Monitor: International
Medical Journal of Experimental and Clinical Research. 2014;20:78-82.

Leung H, Wang JJ, Rochtchina E, et al. Relationships between age, blood pressure and retinal vessel
diameters in an older population. Invest Ophthalmol Vis Sci. 2003, nr.44, p.2900-2904.

Mahmut I, Alper S, Selim K, et al. The association of plasma adiponectin levels with hypertensive
retinopathy. European Journal of Endocrinology (2005): 152: 233-240.

Mancia G, Fagard R, Narkiewicz K, et al. 2013 ESH/ESC Guidelines for the Management of Arterial
Hypertension: the Task Force for the management of arterial hypertension of the European Society of
Hypertension (ESH) and of the European Society of Cardiology (ESC). J Hypertens. 2013, nr.31, p.1281-1357
Ong Y-T, Wong TY, Klein R, et al. Hypertensive Retinopathy and Risk of Stroke. Hypertension 2013, nr.
62, p.706-711

Opatrilova R., Kubatka P., Caprnda M. et all., Nitric oxide in the pathophysiology of retinopathy: evidences
from preclinical and clinical researches, Acta Ophthalmologica, 2017, p.1-10.

Smith W, Wang JJ, Wong TY, et al. Retinal arteriolar narrowing is associated with 5-year incident severe
hypertension: the Blue Mountains Eye Study. Hypertension. 2004, nr.44, p.442-447.

Tanabe Y, Kawasaki R, Wang JJ, et al. Retinal arteriolar narrowing predicts 5-year risk of hypertension in
Japanese people: the Funagata study. Microcirculation. 2010, nr.17, p.94-102.

Tsai W.C, Li Y.H., Huang Y.Y., et all. Plasma vascular endothelial growth factor as a marker for early
vascular damage in hypertension, Clinical Science, 2005, nr.109, p.39-43.

Uckaya G, Ozata M, Sonmez A, Kinalp C, Eyileten T, Bingol N, et al. Is Leptin Associated with
Hypertensive Retinopathy? J Clin Endocrinol Metab [Internet]. 2000 Feb 1;85(2):683-7. Available from:
http://dx.doi.org/10.1210/jcem.85.2.6361

Veiga de la Jara, Carlos Sales Sanz, Marco Torres Suarez, Complicaciones vasculares retinianas: Control global
del riesgo cardiometabolico, 2009, p. 687-699, Ediciones Diaz de Santos, Madrid ISBN 978-84-9969-303-3
Wong T.Y., Improving the Prediction of Hypertensive Target Organ Damage Using Novel Markers,
Hypertension, 2014, nr.64, p.233-234.

Wong T.Y., Mitchell P., The eye in hypertension, Lancet 2007, nr.369, p. 425-35

http://ws-conference.com/ January 2020 51



International Trends in Science and Technology

KJIHIKO-MOP®OJIOI'TYHI NEPEJYMOBHU XIPYPI'TUHOI
MEHOIIAY3H ¥ KIHOK 3 JIEKOMIOMOIO MATKH ¥
HEPIOA IPEMEHOIIAY3HU

0.meo.n. Bymina JI. 1.
Yxpaina, Jluman, Jloneybkuii HayioHanbHUl MeOUYHUL YHigepcumem

Abstract. The frequncy of surgical treatment of uterine leomyoma in premenopause is 23,5%.
Objective. To evaluate the peculiarities of clinical and morphological conditions for the development
of surgical menopause in women with uterine leomyoma (UL) in premenopause.

Materials and methods. The investigation was conducted in 21 women aged 40 to 53 with surgical
treatment of uterine leomyoma. The histological investigations of the scraping of the uterine mucosa
and uterine were conducted in women with UL in premenopause for the investigation of
morphological characteristics of reproductive system. On the basis of prognosis using a mathematical
model the heavy degree of the course of postcastrationl syndrome (PS) in women with UL was
conducted before and after the operation. The frequency of heavy degree of the PS on the basis of
prognosis before and after the operation compared with the facts of frequency of heavy degree of the
PS after the operation. The intensity of the symptoms of the PS after surgical menopause was evaluated
in @ month after the operation by Kuperman modified index Parametric indicators under normal
distribution were compared by t Student criterion. These meanings are given as arithmetic average.
Results of the study. We observered the signs of chronic inflammatory process such as adenomatous
fibrotic polyp of endometrium, hyalinosis in myometrium, sclerosis and salpingitis in fallopian tubes
in 68,4% in women with uterine leomyoma in premenopause. In women with surgical menopause the
facts of frequency of heavy degree of the PS after the operation was 89,5%, it is 1,7 times up
compared with prognosis before the operation.

Conclusions. Availability of the signs of chronic inflammatory process in reproductive system in
women with UL in premenopause increases the frequency of heavy degree of PS after surgical
menopause to 1,7 times up compared with prognosis before the operation. It demands to appoint the
preparations with antiinflammatory and immunocorrection effect after the operation.

Keywords: surgical menopause, postcastrationl syndrome, uterine leomyoma, clinical and
morphological peculiarities of reproductive system, premenopause.

Beryn. Xipypriyee BUMHKaHHS (QYHKINI S€YHUKIB Yy JKIHOK TPEMEHOIAay3albHOTO BIKY
3aITUIIAETHCS OJHIEIO 3 aKTYAIBHUX MTPOOJIEM CYy4acHOI T1HEKOJIOTii

Haifuactime moka3aHHsSM JO XipyprivHOrO BHUJAAIEHHS S€YHUKIB € TYXJHHU >KIHOYUX
CTaTEeBUX OPTaHiB i 30KpeMa JieiioMioMa MaTKH.

3a panumu MO3 VYkpainn mioMa MaTku 3aiiMae OJHE 3 TNEPIIMX MICHb Yy CTPYKTYpi
TIHEKOJIOTIYHUX 3aXBOPIOBaHb, a caMe HaiOubm momupeHux (10-27%) nyxiIuH  KiHOYOT
PEnpoayKTUBHOI cucTeMH.. LIfo myxiuHy BUSBISIIOTH ¥ 15-20% xkiHok micist 30 pokis 1 maibke y 40%
micis 40 pokiB. 80% mokazaHb 0 XipypriuHUX TiHEKOJOTIYHHMX BTPY4YaHb 3 SBIAIOTHCS BHACHIJIOK
HAsSBHOCTI JICHOMIOMH MATKH 1 ii yCKIIaqHEeHb [6].

3a pesynpTaTaMy HaIIOro JOCIHIPKEHHS YaCTOTa ONEPATUBHOTO JIIKYBaHHS JEHOMiOMH MaTKU
B Tiepio mpeMeHomnay3u cranoBuia 23,5% [3].

Omxe y oaHiel 4eTBEpTOi YAaCTHHH JKIHOK, SIKI CTPaKIal0Th Ha JIEHOMIOMY MaTKH y IIpe-
MEHONay3l ICHY€ PH3MK PO3BUTKY CHMITOMIB XipypriuHoi MeHOmNay3W, a caMe TaK 3BaHOTO
noctkactpamiiinoro cunapomy (IIC), skuii XxapakTepu3yeTbCs HAsSBHICTIO HEWPOBEreTaTHBHUX Ta
MICUXOEMOIIIHHUX PO3TIaIiB.

Hamu BcTaHOBJIEHO, IO NIPH NMATOTICTOJIOTTYHOMY JOCTIIKEHI BULIIKPEOY CIU30BOi 0O0TIOHKH
3 TIOPO)KHWHM MATKHA y JKIHOK 3 JIeHOMIOMOIO MaTku y TpemeHomay3i y 33,3% Bumajikis
CIIOCTEPIraeThCsl 3aI03UCTO-(i0po3Hult momin enpomerpis [3]. Lle cBimuuTh Mpo HASIBHICTH OCEPEIIKIB
XPOHIYHOTO 3alalbHOrO MPOLECY Y CEHAOMETpil y XKIHOK 3 JeHOMIOMOI0 MaTKH y Hepiof
MIPEMEHOTIIAY3H, 110 CITIBIIAa€ 3 JTITepaTypHUMH TaHUMU [7].
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JloBeneHo, 110 HasBHICTh OCEPEIKIB XPOHIYHOTO 3alajieHHs y PEeNpONYyKTHBHUX OpraHax Ta
orepariiii Ha penpoyKTUBHUX OpraHax y >KiHOK 3 JIGHOMiOMOIO MAaTKH BipOTiTHO 301IBIIYIOTh PU3UK
PO3BUTKY TSDKKOT'O CTYIEHS Mepediry KIiMaKTepUYHOI'O CHUHAPOMY 3a PE3yJIbTaTaMH IPOTrHO3YyBaHHS.
[2]. ToMy MU BHPIMIFIN TOCTIANTH, SIKUM YUHOM BIUTMBAIOTH IIi KIIIHIKO-MOPQOJIOTIiYHI 0COOINBOCTI
nepediry mpeMeHonay3u y KiHOK 3 JieiioMmiomoro matku (JIM) micns i onepaTUBHOTO JIiIKyBaHHS Ha
PO3BUTOK XipypridyHO1 MEHOIAY3H

Merta pocaimskenns. OmiHATH O0COOIUBOCTI KIIHIKO-MOP(OIOTIYHUX TEPETyMOB PO3BHUTKY
XipypriyHoi MEHOMay3H y KIHOK 3 JIEHOMIOMOIO MaTKH y MEPioJl IPEMEHOMay3H.

Marepiaan Ta meroau. [ocmimkenus npoBoauian y 21 xiHnku BikoM Bix 40 mo 53 pokis,
AKUM OyJI0 3ampoONOHOBAHO OINEpaTHBHE JIKyBaHHS JiellomioMu watku. [l mocmimkeHHsS
MOP(DOIOTIYHUX XapaKTEPUCTUK PEMPOAYKTUBHOI CUCTEMHU Y KIHOK 3 JEHOMIOMOIO MaTKH y TMEepiof
npeMeHonay3u npoBouian maroricronoriune gocmimpkeHus ([1I'/]) sumkpedy cnnu3oBoi 000IOHKH 3
MOPOXKHUHU MAaTKH Ta BUIIydeHOI MaTku 3 mpupatkamu [5]. [IpoBoawmy mporHo3yBaHHS Ba)KKOCTI
nepebir 1IC y xinok JIM 3a momomMoror MaTeMaTWYHO! MOJENI NMPOTHO3YBaHHA [2] MO Ta Ticis
orepallii i MOPiBHIOBAJIM 4acTOTy Baxkkoro crynens [1C 3a pe3yibpraTaMu MPOrHO3YBaHHS O Ta MiCIs
omepauii 3 aktuaHoro yactoror [IC yepe3 micsup micns omeparnii. BaxkkicTs nmepebiry cuMnTomis
noctkactpamiitaoro cuaapomy (IIC) mpu Xipypriuiii MeHOIay3i OIIHIOBATH Yepe3 MICSIb Micis
orepariii 3 BUKOpUCTaHHAM Moau(ikoBaHoro iHaekcy Kynepmana [4]. [lapameTprdHi MOKa3HUKA TIPH
HOPMAJIBHOMY PO3MOICHHI TOPIBHIOBAIM 3a JOMOMOrorw kputepito t Cr’romeHta. Y poOoTi iX
KUTbKiCHI 3HaYeHHS HABECHI y BUTIISIII CEPEIHBOTO apu()METHIHOTO Ta HOT0 TOMMIKH [§].

Pe3syabTaTu gocaimkenns. CepeqHiil Bik y Tpymi TOCITiIKEHUX XKIHOK ITICIS ONEPaTUBHOTO
nikyBauHs JIM B npemenonaysi 0ys (49,3+1,6) poku.

[TokazaHHs aj1s1 onepaiii y JOCiKEHUX )KIHOK OYJIM HACTYITHI:

1) BenuKi po3MipH JieiioMioMu MaTKH y 9 xkiHOK (42,9%);

2) neiioMioMa MaTKH 3 KPOBOTEUAMH, 110 YCKJIQJIHUIIACS BTOPHHHOIO aHEMI€I0 Y 2 %kiHOK (9,5%);

3) neilioMioMa MaTKH y TIO€HAHHI 3 KiCTOO sieuHuKa Yy 7 xiHOK (33,3%);

4) neiiomioMa MaTK y TIO€THAHHI 3 PELMANBYIOUOIO TiepIuIasi€ro ennomeTpis y 3 xiHok (14,3%).

Otxe, HailuacTille MPOBIAHUMH MTOKa3aHHAMH ISl OIEPaTUBHOTO JiKyBaHHSA JIM y KiHOK B
npeMeHonay3i € BeluKi po3mipu Matku 42,9% i noeiHaHHS MiOMH MaTKH 3 KicTOrO sieqHrka 33,3%.

[IpoonepoBano Oyno mumre 19 xiHOK , 2 XIHKK 3 JIEHOMIOMOIO MaTKH BEJIHKHX PO3MipiB
BiIMOBIJIUChH BiJI OIEPATUBHOTO JIIKyBaHHS, TOMY MH OIHIOBaIX Tinmkku 19 pesymbratis [11'J]
BUIAJIEHOI MaTKH.

Mu pO3IIISIHYIM CTPYKTYpY 00’ €MIB ONEpaTHBHOTO BTPYYaHHS, OOCST SKUX BU3HAYAIN Y 3B’ 3Ky 3
HAsIBHICTIO CYITyTHBOI J0 JIEHOMIOMH MAaTKH TATOJIOTii i OTpUMaiM Taki pe3yiprartd. llpu HasBHOCTI
TIATOJIOTi IIMHAKU MaTKH Y 5 xiHOK (26,3%) BUKOHAIN IPOCTY €KCTHPIIALIIIO MATKH, IPUAATKA BATYYHIIN Y
4 13 nux xiHoK (21,1%), ToMy, 10 criocTepiranucs KUCTO3Hi 3MiHH SIEYHUKIB UM 3alalbHi 3MIHM MaTKOBUX
TpyO, 3ammmmny npugatku y 1 xinku (5,3%). ¥ 14 xinok (73,7%) BUKOHANIM HAIMIXBOBY aMITyTallilO
MaTKH, y 5 3 IHUX XiHOK (26,3%) 3 oboma npunatkamu, y 9 xiHok (47,4%) 3 OXHUMH NPUAATKAMH, TOMY
0 OJWH HE3MIHEHHH SIEYHUK 3aMIIMIA 3 METO MNpO(MIIAKTUKH BaXKKOTO CTYIeHs mepediry
noctkactpamiitnoro cuanpomy (I1C) mpu xipypriuniii MeHomnay3i. OTKe MMOBHE BHUKIIOYEHHS (YHKIIT
SIEYHVIKIB CIIOCTEpiranock y 9 xinok (47,3%) 3 JIM y npemeHonay3i.

HeoOximHo 3ayBakuty, 110 3a ganumMu [1I']] BuIikpeOy MOPOXXHMHM MaTK{ JI0 orepaiiii y 16
NpoOTIepOBaHNX KiHOK (84,2%) neliomioMa MaTKd CYNPOBOKYBAIACH TimeprpoidepaTHBHIMU
npoLecaMu B eHIOMeTpii: y 13 xxiHok (68,4%) BU3HAUMIM 3a7103UCTO-(hiOpO3HMIT MONin eHAOMETpis, Y 4-x
13 ux kiHOK (21,1%) 3amo3ucTo-idpo3Huii moin OyB 3 emigepMizatiero, y 3 xkinok (15,8%) 3ano3ucro-
(biOpO3HMIA TOMIIT TIOEAHYBABCS 13 3aJI03UCTO-KUCTO3HOKO Tireprniazieto enpomerpis. Y 3 xinok (15,8%)
Oyna JuIIe 3aJI03UCTO-KMCTO3HA Tilepruiasist enpomerpis, ouie y 3 sxiHok (15,8%) OyB eHnomertpiii B
¢azi cekpenii. Omxe y xiHok 3 JIM y mpemeHomaysi, SKMM IIOKa3aHO OIEpaTHUBHE JIKyBaHHS 3
BUJIYYCHHSIM MAaTK{ Ta MPHUAATKIB 3 HACTYITHUM PO3BUTKOM XipypridyHoi MeHomay3y y 68,4% BHUIaIKiB
CTIOCTEPIraroThCsl MOPQOIJIOTTYHI 03HAKH XPOHIYHOTO 3aMATLHOTO MPOIECY Y BUTIISI TIOJIIa EHJJOMETPIsL.

Mo crocyerscst pesynbTatiB I/l micnsonepauiiiHoro marepiainy B MioMeTpil HaWvacTime
Br3Havanmcs (iopomioma 3 riamiHozoM y 13 xinok (68,4%), y 3 xiHok (15,7%) mioma moeHyBajIach
3 eHgomeTpiozoM, y 3 xiHok (15,7%) BusHauanace ¢idpomioma. ['iamiHO3 CTPOMHU CBITYHTH TPO
XPOHIYHI 3aMaJIbHi MPOLECH Y AUISHII MIOMaTO3HUX BY3JiB [5].
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[Ipu I’ engometpist y BupaneHii matmi B eHmomerpii y 9 xinok (47,4%) croctepiraBes
nepexiguuid engomertpiit, y 1 xinku (5,3%), kpim Toro, OyB XpoHiuHuil eHmomeTput, y 3 (15,7%)
JKIHOK eHIoMeTpii OyB y dasi cekpeii, y 3 xinok (15,7%) Bu3HauaBcs aTpodivHmil eHIOMeTpiil, y 1
KiHKA (5,3%) arpodignmii eHaoMeTpiil, MaB KUCTO3HI 3MiHH, y 4 xiHOK (21,1%) Oyma 3amo3ucro-
KHCTO3HA Trinepruiasisi.

Omxe wnHaivactime y 47,4% xinok 3 JIM B mpemeHomaysi CHOCTepiraBcsi mepeximHuit
EHIOMETpPIH, SKUH  XapaKTepU3yeTbCs THUM, IO OAHOYAaCHO  CIOCTEPIrarOTbCcs  O3HAKU
HEQYHKIIOHYIOUOTO E€HIOMETpis 3 O3HAKaMH TMOMIPHO PO3BHHYTOI 3al03uCTOl rimepmiasii, Tiei il
¢dopmu, sika BUHHKA€E MpPU TpUBAIIN Aii cIaOKWX KOHIEHTpAIil TiIbKH €CTPOreHHUX rOpMOHiB. Jlis
MEPEXITHOTO CHAOMETPIS XapaKTEePHWA HEPIBHOMIPHHMHA PO3MOIiA 3aJI03 Ta cTpoMH. Jleski 3amo3u
KHCTO3HO PO3IIUPEHi, Y PI3HUX AUISTHKAX €HIOMETPisl IIUIbHICTh CTPOMHU HEOHaKoBa [5].

XpoHiuHi 3anaipHi MPOLECH CHOCTEpIranucs i y MaTKOBUX TPyOax y BUIJIAII XPOHIYHOTO
CaAJIbIIIHTUTY, MMOBHOKPOBIS, CKIepo3y. Y S€UHUKAaX crocTepiranucs (ONiKyIsSpHi KICTH 4YH KiCTH
JKOBTOTO Tilla, IUCTaICHOMA, afieHo(iopoma

OTrxe, ofep)kaHi HAMH PE3YJIBTATH MPO HASBHICTh Yy OLNbIIE HiX MOJOBHHU XIHOK 3 JIM B
npemenonaysi (68,4%), CTpyKTYpHUX MOP(OJOTIYHMX O3HAK CYMYTHHOIO XPOHIYHOTO 3amajbHOro
Ipolecy B €HAOMETPii, MIOMETpii Ta mpuaaTKax, U0 CyNPOBOIKYIOTHCS CKIEPOTHYHUMH IIPOLIECaMHU
CIIBIIAAAOTh 3 JiTepaTypHUMHU JaHUMHU [7].

BceranoriieHi MoOpQoOJIOTiuHI  O3HAKM y BUINIAAL  3aJ03WCTOI  Timepruiasii  eHaoMeTpis
MiATBEPDKYIOTh OJEpKaHi HAMH pPe3yJbTaTd, IO Mepedir MpeMeHOMay3d y JKIHOK 3 JIeHOMiOMOFO
MaTKH XapaKTepU3YeThCSI PO3BUTKOM AMCTOPMOHAJIBHUX PO3JIAAiB IOB'SI3aHUX 3 MOPYLICHHAM
nporiecy QomikynoreHesy [3], a HasBHICTb MOP(OJOTIYHIX O3HAK XPOHIYHOTO 3aaAJIbHOTO MPOLIECY Y
PETPOAYKTUBHIN CHCTEMI MOSACHIOE YOMY Y KiHOK 3 JIM y mpeMeHormnay3i HiABUIIYIOThCS TTOKA3HUKU
TYMOpPaNbHOI JIAHKK IMYHHOI CHCTEMH Ta TIOKa3HUKH IMYHITETy, fKi CBi4aTh NpPO AaKTHBAIIIO
ajanTamiiHoOi CHCTEMHM TNPOTUIYXJIMHHOTO 3aXUCTy, (OPMYIOTBCS TEPEAYMOBH UL PO3BUTKY
MOPYIIEHb B MEHOIIAY31 Y BUIIISAI 3MiH iIMyHOPEaKTUBHOCTI 1 MPOIIECiB iMyHOperysii opranizmy [1].
IcayroTes myOmikamii, sKi MOBOJSATH, IO 3MiHM IMYHOPEAaKTHBHOCTI y JKIHOK B IpeMeHomnay3i
30UTBIIYIOTH BAXKICT MEpediry KIIMakTepUIHOTO CHHIApOMY [9].

Le miaTBepmKyIOTh 1 JaHHI, SIKi MU ojepkain. YacToTa BaKKOIrO CTYICHS KIIMaKTEPUYHOIO
CHHIpOMY y XiHOK 3 JIM Ta OpHUPOAHOIO MEHONAy30l0 CTAHOBUTH 3a Ppe3yJbTaTaMH HAaLIUX
nornepeanix gocuimpkens 33,3% [3]. YV rpyni mpociimkeHux kiHok 3 JIM 3 XipypriyHo0 MEHOIay3010
yacToTa Baxkkoro crynento I[1C depe3 wicsip micist omepaiiii cranoswia 89,5%, mo B 2,7 pasu
Oinblie, HIX Y *KIHOK 3 MPUPOJHOI MeHomay3ot. Yactora cepeanboro crymnens [1C micns onepartii
Oymna 5,3%, 1 nerkoro crymeHs Takox 5,3%. OTke onepaTHBHE JIiKyBaHHS y XiHOK 3 JIM 3HauHO
30imblIye 4YacToTy Bakkoro crymeHsi [IC, mo cmiBmajae 3 pes3ysibraTaMd HallMX MOIMEPEaHiX
JociipkeHs [2]. 3a pe3ysbraTaMu MPOrHO3yBaHHs BaxkkocTi nepeodiry I1C g0 omepariii, Koo MU He
BpaxOBYBAaJIM JIaHi PO HASBHICTh MOP(OJIOTIYHUX O3HAK XPOHIYHOTO 3aMajdbHOTO MPOIECY Y MATIIi 3a
pesyabratamu I1I'J[, wactora Baxkkoro crynentoo IIC cranoBmna 52,6%. Ilicis omepauii, koau Mu
BpaxyBaJM JUIsl TPOTHO3YyBaHHs BaxkkoctTi mepebiry IIC oxpepkanHi Hamu JaHi Npo HasBHICTH
MOPQOJIOTIYHIX O3HAK XPOHIYHOTO 3aMajbHOr0 TPOIECY Y PENpoJyKTHBHIH CHUCTEMi, YacToTa
Baxxkoro cryneHto [1C cranoBuna 89,5%, mo Ha 100% croiBnano 3 (pakTHYHOIO YaCTOTOK BaXKKOTO
crynento [IC yepe3 micsip micis omnepaiii, sika Oyia y 1,7 pasu Ouiblie HDK 3a MPOTHO30M JI0
omnepariii. TakuM 4MHOM, 11€ TOBOJUTh, 110 HASIBHICTH MOP(OJIOTIYHUX 03HAK XPOHIYHOTO 3aIajIbHOTO
npolecy y penpodyKTHUBHIM cucteMi y kiHOK 3 JIM y mpemeHomay3i 3011bIIy€e YacTOTYy Ba)KKOTO
crynesto [1C micns xipypriyHoi MeHomays3H.

OueBWIHOIO € HEOOXiJHICTH 00OB’S3KOBOTO NpHU3HAYCHHS Y kiHOK 3 JIM micist omeparii
BUJAJICHHS MaTKW y CKJali KOMIUIEKCHOi mnpodinaktuku Ta JikyBanHsa [IC mpu Xipypriuniit
MeHOmay3i MpenapaTiB 3 NPOTHU3ANaIBFHOI Ta IMYHOMOIYJIIOIOUOKO Ji€l0, TOMY, L0 cama 1o codi
Oyzab-sika orepallisi oTpeOy€e BiJIHOBICHHSI IMYHHOI CUCTEMH Y MICISONEPaTHUBHOMY TepioJli, HaBiTh
KOJI Horo nepedir 0e3 yCcKIaiHeHb, a y xkiHok 3 JIM y nmpeMeHonay3i icHytoTh MOPQOJIOTiIYHI 03HAKH
MONIEPEHBOr0 XPOHIYHOTO 3amalibHOTO MPOLECY y PENpOAYKTUBHIM CHCTEMi, SIKUH BHUCHAXYE
KOMITCHCATOPHI MOXJIMBOCTI IMyHHOI CHCTEMH 1 YCKIIAIHIOE TMPUCTOCYBAHHS QMaNTAIHIX CHUCTEM
Oprasi3my iHKH JI0 iCHyBaHHs B yMOBax Ie(ilUTy TOPMOHIB IIPU XipypriuHiii MEHOIay31.

54 January 2020 http://ws-conference.com/


http://ws-conference.com/

International Trends in Science and Technology

BucnoBku. HasBricte y (68,4%) xinok 3 JIM y mpemeHomay3i MOp(hOJIOTIYHHX O3HAK
XPOHIYHOTO 3alaJIbHOTO MPOIECY Y PENpPOAYKTUBHIN cucTeMi 301IbIy€e YacTOTy Ba)KKOTO CTYIEHIO
IIC micns xipypriunoi meHomay3u y 1,7 pa3u y TOpIiBHSHHI 3 Pe3y/ibTaTaMH IMPOTHO3YBaHHS JI0
omeparii 1 moTpeOye TpHU3HAYEHHS IICIS oOmepamii mpemapaTiB 3 MPOTHU3AMAIBHOIO Ta
IMYHOKOPETYIOUOIO JIi€lO0.
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LIFE SAFETY

LABOUR PROTECTION AS A COMPONENT THE SYSTEM
OF PROFESSIONAL TRAINING TECHNOLOGY TEACHERS

Shevchenko Volodymyr, NPU of the name of M.P. Dragomanova, Head of Department
General Engineering and Occupational Safety, Candidate of pedagogical sciences, Ukraine.
Andreiev Dmytro, NPU of the name of M.P. Dragomanova, teacher, Ukraine.

Keywords: Occupational safety, occupational health and safety management system, civil protection,
professional training, Informatization, integration, competences.

Relevance of the study. The expansion of the scope of the objective need for qualified
specialists in labor protection determines the process of improving the education system in this
direction. Today in Ukraine, when the number of accidents and emergency situations with a large
number of human victims and huge economic losses is not decreasing, the need for changes in the
system of professional training of occupational safety specialists is growing.

Problem statement. The analysis of dynamics of development of accidents and catastrophes
of natural, techno genic and social origin shows that in the next decade the urgency of fight against the
reasons and consequences of emergency situations will grow. Systematic training of the population
and specialists is needed to implement these tasks. It is especially important to carry out such work in
educational institutions and institutions.

Analysis of recent research and publications. S.I. Arkhangelsky, V.P. Belozertsev,
V. Il. Bondar, L.P.Vovk, O.V.Gluzman, V. I. Evdokimov, M. B. evtukh, O. G. Moroz, S. O. Sisoeva,
V. P. Tymenko, D. O. Thorzhevsky paid considerable attention to the problem of professional training of
the future teacher in particular.

Problem statement. The analysis of normative documents, practice of education allowed us
to reveal also the basic contradiction between requirements to teachers on ensuring safe conditions of
carrying out various types of educational occupations and insufficient level of their professional
(special) preparation in the field of labor protection in educational institutions and the organizations.

Presentation of the main material. The success of the education system as a whole depends
largely on the improvement of the quality of teacher training, which is one of the conditions for
overcoming the spiritual, intellectual and economic crisis of the country.

At present, the task is to significantly change the professional activities of teachers, improve
the quality of education and educate future teachers, and thus to rebuild the entire system of training,
using modern achievements of pedagogical science.

Summary. In modern conditions of the state of society and education, the problem of
preserving the health and life of students in educational institutions is becoming increasingly urgent. A
big role in solving this problem belongs to the teacher of technology.

Relevance of the research topic. The socio-economic reforms taking place in the country
have led to fundamental transformations in all spheres of society, including in the education system,
the rapid development of which in comparison with other social institutions is designed to bring
Ukraine out of the crisis, to ensure the future of the nation, a decent life for every family, every citizen
of Ukraine. In this regard, the requirements to the quality of professional activity of teachers, including
teachers of technology, are increasing. The urgency of the problem of improving the training of future
teachers of technology on occupational safety is due to the need to resolve the contradiction between
the needs of society in preserving the health and life of children and the real state of injuries in
educational institutions and institutions.

Problem statement. Pedagogical practice confirms that the level of safe and non-harmful
conditions of the educational process in educational institutions and institutions is clearly insufficient.
This condition has a negative impact on the reduction of injuries of schoolchildren. Is it legitimate to
say that one of the reasons is the insufficient level of training in the higher educational institution of
future teachers of technology, on labor protection in educational institutions?

56 January 2020 http://ws-conference.com/


http://ws-conference.com/

International Trends in Science and Technology

Analysis of recent research and publications. Theoretical provisions of the problem of
training of future specialists are studied by: K. A. Abulkhanova-Slavskaya, S. Ya. Batishev,
G. M. Bilyk, 1. S. Voitovich, G.S. Kostyuk, N. V. Levkovsky, G. . Levchenko, V.M. Madzigon,
N. M. Skatkin, V.P.Tymenko, D.A. Thorzhevsky; the scientific works of V. Yu.Bykov,
S. V. Goncharenko, I. A. Zyazyun, L. A. Kartashova, N. S. Korts, A.I. Lokshina, A.V. Ovcharuk,
L. I. Parashchenko, N. I. podyachy, A. I. Pometun, S. M. Yashanov, A. M. Spirin, N. I. Sherman and
other researchers are devoted to the consideration of the competence approach.

Disclosure of various aspects of professional training of future teachers of technology in higher
educational institutions, devoted to the study of many scientists in particular: the study of Andriyashin V. I.,
Bykovskaya O. V., GedvilloO.l., GurevichR.S., GusevV.l., DmitrenkoP.V., Kaspersky A.V.,
Kobernik O. M., Korts M. S., Kuzmenko V.V., KurokV.P., LevchenkoG.E., OrshanskyL.V.,
Putka A. M., Prokopovich B. A., Rudik D. F., Tereshchuk G. V., Sidorenko V. K., SimenachaB.V.,
Steshenka V. V., Thorzhevsky D. O., Chepka V. 1., Shevchenko V. V., Yashanov S. M., and others.

Problem statement. Major accidents of recent times have attracted universal attention to
safety in the man-made sphere. The state spends a lot of money to eliminate their consequences, but
does not find the means to prevent them. In the media, there are the same assumptions about the
causes of disasters, mainly related to the difficult economic situation in the industry. In this case, in-
depth analysis of accidents and industrial injuries, as a rule, are not carried out, and specific goals in
this area are not set and are not discussed.

Presentation of the main material. Regulation of work safety and protection of workers' health
always occupies an important place in all sectors, especially in education. These tasks are an integral part of
the overall management system of the institution, organization or educational institution, as well as they
provide risk control in the field of health protection and employment of all employees. [3]

In terms of socio-economic transformation of society, modernist of secondary and higher
pedagogical schools special importance of a critical rethinking of the whole of experience, in-depth
analysis of practice training of teachers of technologies, define what that experience should be preserved
and what is changed or updated under the influence of new tendencies and processes occurring in society.
Updating the content of education is one of the problems of the modern educational industry.

The content of education should embody the realization of the social order, that is, the need of
society to transfer social experience to the younger generation, which is one of the factors of economic
and social progress of society. The younger generation should be focused on ensuring the self-
determination of the individual, creating conditions for its self-realization; on the development of civil
society; on strengthening and improving the rule of law. The content of education in a particular
educational institution is determined by the educational program, which is developed, adopted and
implemented by this educational institution independently. Providing the educational process with
normative intra-University documents becomes an effective tool for personnel training management
and, consequently, continuous improvement of this process in the event that it is systemic and covers
all aspects of the learning and education processes. [1]

The process of occupational safety management in an educational institution provides for the
implementation of a number of provisions regulated by certain normative documents. First of all, these
issues are discussed in the collective agreement, which contains information about the rights to certain
benefits of employees.

The order on the statement of Regulations on the organization of labor protection of
participants of educational process in establishments and educational institutions lost force. Now there
is a "Regulation on the organization of work on labor protection and life safety of participants in the
educational process in institutions and educational institutions"”, approved by the order of the Ministry
of education of 26.12.2017 No. 16609.

Organization of labor protection service in educational institutions is an extremely important
task. After all, the main task of the OP management system is to create favorable conditions for the
effective work of the entire educational institution. The duties of the security service of work in school
include: planning of work on safety and labor protection; creating levers of management control of
occupational safety in the educational institution; assessment of the functioning of the management
OU; to require compliance by all employees of the requirements of OP. Planned inspections of
educational institutions by the Commission on OP includes a number of the following measures: audit
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of OP; study of working conditions; assessment of the technical condition of the equipment;
certification for compliance with working conditions that are specified in regulations; control of
personnel and their work with the equipment. [3]

The government approved the Concept of reforming the labor protection management system
in Ukraine. The decision was made to create a national system of prevention of industrial risks to
ensure the effective implementation of the right of workers to healthy and safe working conditions.

Implementation of the Concept will provide a mechanism for the formation and functioning of
the national system for preventing risks and encouraging safe and healthy working conditions, as well
as bringing it into line with international norms of the European Union on health and safety.

This in turn will contribute to:

o to increase the level of protection of life and health of employees;

o to reduce the level and frequency of industrial injuries, accidents and occupational diseases;

e improving the efficiency of the labor Inspectorate;

o increase the responsibility of employers to create appropriate working conditions and a safe
working environment;

o simplification of legislation on occupational safety and health and reduction of
administrative and regulatory burden on the employer;

e Improving the investment climate in Ukraine. [5]

Training material on labor protection is a system of knowledge, methods and experience of
activity, emotional and value relations. Knowledge as a component of educational material perform
ontological, normative, motivational functions that allow you to structure knowledge about occupational
safety and to establish relationships and relationships between them; to form a conscious perception of
technology teachers and memorization of knowledge, expressed in their direct reproduction; to master a
number of professional competencies. Methods of activity (subject and organizational), experience
(problem solving, development of educational and production projects on labor protection, design work,
etc.), the Formation of emotional and value attitude to labor protection (ethical assessment of production
facilities and situations) contribute to the formation of readiness to ensure labor protection in the far East
and the development of professional competencies in the field of labor protection.

A big misconception is the idea, which, unfortunately, is still very often heard that the work on
labor protection is the prerogative of only the labor protection service. The establishment of the
functioning of the IMS should begin first of all with the analysis of the functional responsibilities of
all officials of the enterprise and, if necessary, their respective adjustments to eliminate gaps and
unnecessary duplication. Improper performance of their duties, such as the supply service in the
purchase of equipment, can result in injury to any employee.

In the third Millennium, the problems of labor protection, safety in the workplace (especially
in educational institutions) continues to be very relevant. The analysis of the situation shows that, in
addition to the General morbidity, a serious cause of deterioration of the health of participants in the
educational process is injuries. Therefore, one of the determining factors of the successful functioning
of the educational institution is the organization of work on labor protection, aimed at ensuring the
safety of future teachers and as a consequence - the minimum rate of injuries among them. [2]

Thus, at present there is a problem situation. On the one hand, the conscious public need to
reduce injuries and protect the health of the younger generation has led to qualitative changes in
pedagogical views on this problem. On the other hand, the absence of a scientifically grounded
program and didactic provision of professional and pedagogical training of future teachers for the
implementation of continuous training in a safe environment in the process of educational and
extracurricular activities, etc., which creates serious difficulties in the formation of readiness of
teachers of technology to solve these problems.

The occupational safety professional must have the ability to synthesize and implement
innovations in contextual understanding, supplement his knowledge throughout his working life and
adapt to rapid technological changes in the educational space.

The activity of the occupational safety specialist as a certain system is not reduced to the sum
of its forming elements, it has a special, integration quality, which is not on a par with all the
components of this system.
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The professional activity of a specialist in labor protection by its nature is a kind of methodical
activity in the sense that it is an activity for the organization of "other activities", namely, the activities
of other specialists of the production process, organizing and directing their activities on labor safety.
The work of the technology teacher on occupational safety, in whatever form it may take place, is
always a complex process, which is based not on direct impact, but on interaction.

Conclusions. The main goal of occupational safety and technology is to create appropriate and
safe working conditions at each workplace, safe operation of equipment, reducing or completely
neutralizing the impact of harmful and dangerous industrial factors on the body and, as a consequence,
reducing occupational injuries and occupational diseases among students.

The creation of safe and healthy working conditions improves productivity. The increase in
productivity is due to the reduction of fatigue during working hours, its rational use.

The high level of occupational is being at great importance in ensuring safety of educational
institutions and institutions is the promotion of knowledge, best practices, the latest achievements of
science and technology in this area.
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