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PHYSICS AND MATHEMATICS

INVERSE FREE BOUNDARY PROBLEM FOR DEGENERATE
PARABOLIC EQUATION

PhD (Candidate of Physics and Mathematics) Huzyk Nadiia,

PhD (Candidate of Technical Sciences) Petruchenko Oksana,

PhD (Candidate of Physics and Mathematics) Brodyak Oksana,
Hetman Petro Sahaidachnyi National Army Academy, Lviv, Ukraine

Abstract. In a free boundary domain it is investigated an inverse problem of identification of the time-
dependent minor coefficient in the one-dimensional degenerate parabolic equation. The degeneration
of the equation is caused by the power function at the time derivative. To find the function that denotes
unknown part of boundary of the domain and unknown coefficient of the equation the integral and
Stefan conditions are given as overdetermination conditions. The conditions of existence of the
classical local in time solution to this problem are established applying the Green functions
methodology and Schauder fixed point theorem. The proof of the uniqueness of the solution is based
on the properties of the solutions of the integral Voltera equations of second kind with integrable
kernels. The case of weak degeneration is investigated.

Keywords: inverse problem, free boundary domain, minor coefficient, parabolic equation, weak power
degeneration.

Introduction. The problem considered in the paper combines two types of problem: free
boundary problem and coefficient inverse problem for the degenerate parabolic equation. We solve an
inverse problem when under given consequences we have to find the reasons causing them. These
problems have the applications in geophysics, medicine, engineering, finance and other sciences. We
use the degenerate parabolic equations in the mathematical model of the flow in a porous media,
propagation of the thermal waves in plasma and others. The free boundary problems arise at
investigations of melting of solids and crystallization of liquids. We can consider these problems as
inverse due to the appearing in the problem statement the unknown function that denotes the unknown
part of the boundary. Making the substitution this function goes to the coefficients of the equations
and it is obtained the coefficient inverse problem in the domain with fixed boundary.

For today the problems of determination of the minor coefficient in the parabolic equation
without degeneration are studied sufficiently full (see [1] — [4] and a bibliography of them).

In the papers [5]-[9] the conditions of the correct solvability of the inverse problems of
identification of the time-dependent coefficient a = a(t), a(t) > 0,t €[0,T] in the parabolic equation

u, = a(t)t’u,, +b(x,t)u, +c(x,t)u+ f(x,t)
are established for the domains with both fixed and free boundaries. Both cases of weak (0 < 4 <1)

and strong (£ >1) are investigated.

The inverse problems of identification of the minor coefficients in the degenerate parabolic
equation in a domain with fixed boundary are studied in [10]-[13] and in a free boundary domain — in
[14], [15].

The purpose of this paper is to establish the conditions of existence and uniqueness of the
classical solution to the inverse free boundary problem for determination of the time-dependent minor
coefficient in a degenerate parabolic equation. It is known that the degeneration of the equation is
caused by the power function at the time derivative. The integral and Stefan conditions are used as the
overdetermination conditions. Making the substitution this problem is reduced to the coefficient
inverse problem for the degenerate parabolic equation. Using the Green function of the first boundary-
value problem and applying the Schauder fixed point theorem it is established the conditions of
existence of the solution to the named problem. We prove the uniqueness of the solution taking into
account the properties of the solutions of the homogeneous integral Voltera equations of second kind
with integrable kernels. The case of weak degeneration is investigated.
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1. Statement of the problem. In a domain  Qr ={(x,t):0< x<h(t),0 <t <T}, where
h=h(t),h(t) >0,t [0, T] is an unknown function, we consider an inverse problem for
determination of the time-dependent coefficient b = b(t) in the one-dimensional parabolic equation

tAu, = U,y +b(t)uy +c(x, tu + f(x,1) 1)
with initial condition

u(x,0)=e(x), xe[0,h(0)], (2)
boundary Dirichlet conditions

u(0,t) = g4 (t), u(h(t),t) =, (t), te[0,T] (3)
and overdetermination conditions

h(t)
[ u(x,t)dx=u5(t), te[0,T], 4)
0

h'(t) = —u, (h(t),t) + u, (t), te[0,T], (5)
where hy =h(0) > 0 is a known number.
Definition. A triplet of functions (b, h,u) e C[0,T]xC[0,T]1xC*'(Q;) nCO(Qy) is
called a solution to the problem (1)-(5) if it verifies the equation (1) and conditions (2)-(5).

Making the substitution
X

y=—<,t=t, (6)
h(t)
we reduce the problem (1)-(5) to the coefficient inverse problem for the unknowns
(b, h,v), v(y,t) =u(xh(t),t) in the rectangle with known boundaries
Qr ={(y,1):0<y<10<t<T}:
v b(t) + yt#h'(t)
thy, = hzy(}i[) + b vy +c(yh(t), v + f (yh(t), 1), (1)
v(y.0) = (yho), y<[01], (8)
v0,t) =4 (t), v = (), te[0T], 9)
NOIV(.0dy = 450, t<[0T] (10)
h'(t) = vy t), te[0,T 11
(t)=- h® + (), te[0T]. (11)

We will investigate the inverse problem (7)-(11) in the case of weak degeneration, when 0 < 5 <1.

2. Existence of solution to the problem (7)-(11).
Theorem 1. Suppose that the following conditions hold:

Al) ¢, f eCLO([0,0) x[0,T]), @ e C([0,)), 1 €CL([0,T]), i=123;

A2) 0O< fi<f(xt)<fg, —cg <c(xt)<—cg <0, (x,t)e[0,0)x[0,T], fg, f1,cq,cq4 are
some positive constants, ;(t)>0, te[0,T], 1=123, ¢(x)=¢@g >0, Xe[0,);

A3) ¢eC?[0,hg], 1£4€C[O0,TI;

Ad) (1) —m(t)#0, te[0T];

hO
AS) 11(0) =(0), 12 (0) = (hy), (J)(D(X)dx = 13(0).

Then the problem (7)-(11) has the solution (b,h,v) for (y,t) €[01]x[0,Ty], where the
number Ty, 0<T, <T is defined by the problem data.
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Proof. First, we reduce the problem (7)-(9) to the equivalent system of equations. For this
aim, we make the substitution

V(Y1) =V (y,t) + p(yhy) — 0(0) + 1y (£) + V(1o (t) — 11 (8) — 11(0) + 14 (0)).  (12)
As a result we obtain the equation

\ ai
97, =~ PO O G oyhe) 07 + £ (yh(0),1) 7 ") — vt (' () - 1 () +
h2 (1) h(t)
ﬁ 1
+hg(ﬂ"(yho)+W(ho¢'(yho)+ﬂz(t)—u1(t)—uz(0)+u1(0))+ 13)

+c(yh(t), ))(@(yho) = (0) + £y (1) + Y(sz2 (t) = 11 (1) = 22 (0) + £4(0) )
with homogeneous initial and boundary conditions.
Taking into account the conditions (Al), (A2) of the Theorem 1 and (7)-(10), we conclude that

. f —
v(y,t)> mm{ min @(Yng), min 24 (), min w5 (t), —1}5 Mg >0, (y,t)eQy,
ye[0,1] te[0,T] t€[0,T] ]
max u3(t)
)<L —H,, te[0,T]
Mo

and respectively

f _
V(y,t)ﬁmaX{ max @(yhg), max n(t), max u;(t), _O}EML (y,t)eQr,
ye[0,1] te[0,T] te[0,T] Co
min _u3(t)
hty> 2T ) te[o,T].
M

Let us denote by G;(y,t,<&,7) the Green function of the first boundary-value problem for the
heat equation

uXX
tfu, = 20
Put w(y,t) =V, (y,t). Using (12), (13), we reduce the direct problem (7)-(9) to the system of
integral equations with respect to unknown functions v =V(y,t), w=w(y,t):
V(Y1) = o(Yhg) = 9(0) + s (V) + Y(11o () = pa(t) = 112 0) + 14 (0))+

t1 b(r) | &2’ (us()h(z) -w(lL, 7))
o] [p0 R

+ (), 7)oy (1)~ £y’ () - ' () + W (o) P,
W(Y, t) = hog' (Vo) + (25 (1) — 1y (t) = 112 (0) + 141 (0)) +

t1 b(r) . &r” (ua(2)(z) - w(l, 7))
+ééGl(ylt1§1T)([h(T)+ hZ(T)

1 1 1 2 1
4 1), 1) = P (1) — 7 Euay' () - 1y (2) + W () i,
Note that we obtain the equation (15) differentiating (14) with respect to space variable y. To
find an equation for the functions b(t), h(t) we use the conditions (10), (11), (2)-(4):

]W(f,f) +c(éh(z), 7)v(8,7) + (14)

JW(QZ,T) +c(éh(z), 7)v(8,7) + (15)

h(t) :l”ﬂ, te[0,T], (16)
(J) v(y,t)dy
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WL -wO.t) P O)((ua () - W)
h(t) h(t)

1
—h(t)(I)(C(yh(t),t)V(y,tH f(yh(t),t))dyJ(ﬂz ©-m@®)" tel0T]. (17)

Thus, the inverse problem (7)-(11) we reduce to the equivalent system of equations (14)-(17).
It means that if a triplet of functions (b, h,v) is a solution to the problem (7)-(11), then (v,w, h,b) is

a continuous solution to the system of equations (14)-(17). For the other hand, if

— 2
(v,w,h,b) e (C(QT )) X (C[O,T])2 is a solution to the system of equations (14)-(17) then (b, h,v) is
a solution to the problem (7)-(11).
Now we prove the existence of the solution to the system of equation (14)-(17). First, we
establish the behavior of the integrals in the right-hand sides of the formulas (14), (15). Taking into
account the known estimate [16, p. 469]

b(t) =[t%'(t)

_1+2r+s (y_ )2
| D{DJG(y.t,n.7) [<Cy(6(t) - 6(r)) 2 exp[—czw‘;m} (18)
where r e {01}, se{012},2r+s=1o0r2r+s=2,z<t and 6(t) = — 1 do, we obtain
05”h?(c)
B _
n=liie g X, S Wa@OND WD) e 1) 4 onie), epvee,r) +
00 h(z) h(z)
1))~ () = 07 Elutp' (7) — ' (2)) + D (eho) Jacele <
t1 _1 ( A YA
_ 2 exol ., Y=8)"
sc3(y)é(e(t) o(z)) exp[ C, g(t)_e(r)}dgdfgc4t,
t1 B _
32 =[Gy (1.LE7) Hﬁ“) § £7 (a(ON() ~ Wl T”]w(g:r) +o(E(), o (E,7) +
00 () h(z)

<

+ FEN(), )= o (7) = Eluay' (7) =y (2)) + W " (eho) |

e o o) Fexal -0, U= hrarecyl 87 ozt @
00 o(t) - 6(z) 0,/6(t) - 6(z) 01— 18

It means that integrals in the right-hand sides of the formulas (14), (15) tend to zero when t — 0.

Denote W (t) = max |w(y,7)|, te[0,T]. The equalities (15), (17) imply
(y,)e[0,100,t]
|b(t) [<Cg +CgW (t), te[0,T], (19)
t 2
W(t)SC]_O +C11]Md7, tE[O,T] (20)

0 ,/tl—ﬂ _ Tl—ﬂ

Denote Wy (t) =W (t) +1. It allows us to rewrite (20) in the form

W. (t)<C +C } le(t) 7 tE[O ]
-7 _d , ,| ,
1 12 130 /—tlﬂ 3

and taking into account the definition of weak degeneration we obtain
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Wl(t)SC]_Z +Cl4}\/\ﬂdf tE[O T] (21)
ot-z ’
Solving (21) analogously to [16, p. 125] we find
[w(y,t) <My, (y,)€[01]x[0,1], (22)
where the number t;,0<t; <T is determined by the problem data. It implies that
|b(t)[<Cg +CogM, =M3,t€[0,1]. (23)

Thus, a priori estimates of the solutions to the system of equations (14)-(17) are established.
We represent the system of equations (14)-(17) as an operator equation
o=Pow

where @ = (v,w, h,b) and the operator P is determined by the right-hand sides of the equations (14)-
(17) respectively.

Based on established a priori estimates (22), (23) we construct the set

N ={(v,w,h,b): Mg <v(y,t) <My, |[w(y,t) [sM>, Hg <h(t) <Hg,[b(t) < M3, (y,t) €[01] x[0,To I}

in the Banach space B = (C(Q_TO))2 X (C[O,TO])Z, where Tp, 0<Ty <T is determined by the problem

data. It is obvious that the set N is convex and the operator P maps it into itself. The compactness of
the operator P can be proved as in [16]. Thus, all conditions of the Schauder fixed-point theorem are
fulfilled. It means that there exists the solution to the system of equations (14)-(17) when
(y,t) €e[0,1]x[0,Ty] and correspondingly to the problem (1)-(4). The Theorem 1 is proved.

3. Uniqueness of solution to the problem (7)-(11).
Theorem 2. If the conditions

B1) c, f eCL0([0,00) x[0, T1);
B2) 41,(t)— 14,(t) 0, t [0,T]
hold then the solution (b, h,v) to the problem (7)-(11) is unique.
Proof. Suppose that the problem (7)-(11) has two solutions (b;, h;,v;), i =1,2. The differences
of these solutions we denote by b(t) =Dy (t) — b, (t), h(t) = hy (t) — hy (t),u(x,t) =us (X, t) —u5 (X, t).
They satisfy the equation
1By, = Vzw L ba®+ yt/hy (1)
hy (t) ha (t)
1 1 1 1 bt) . g, 1 1 ytAh'(t)
+|————— Vi + b(t)( - J+ +yt”h (t)[ - J+ viy + (24)
[hlz(t) h%(t)] nd (1 M) h®) h® T O h®) h |

+(c(yh ), —c(yha (t), )1, (v, eQr
with conditions

vy +c(yhz (1), v + f(yhy (1),1) — f (yha (1), 1) +

V(y.0)=0, ye[od], (25)

v(0.1) =v(L1) =0, te[0,T], (26)

h, (t)iv(y,t)der h(t)(})vl(y,t)dyzo, te[0,T], (27)
1t

h(t) = — ng((t ) vy (y,t)(ﬁ _ ﬁj te[0.T]. (28)

With the aid of the Green function Gf(y,t,f,r) of the first boundary-value problem for the
equation

By _ Yy b+ ytPhiy (1)
t7v = h22(t) + hy (D vy +c(yha (t),t)v (29)

we represent the solution to the problem (24)-(26) in the form

http://ws-conference.com/ February 2020 7
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v(y, t)—HGl(yt S T)(f(é‘hl(f) )= f(¢h2 (o), T)+[ : Jvlgg +
h () hz (2)

1) b() 1 ) &P
{bl( )(hl(r) hz(f)J AR 1(7)(h1(r) h2<r)J+ h (7) JV

+(c(& (2),7) — c(éhy (2), 7) vy Jdéd 7. (30)
Differentiating (30) with respect to y we obtain

vy (Y, t)—HGly(ytff)(f(éﬁl(T) ) — f(&hy (o), f)+[ L }V1§§+
hl(T) h% (z)

1 b(z) 5 1 Phi(r)
[bl( )(m(r) hz(r)J+hz()+§’ hl(f)[hl(r) h2<r)J+ hy (7) ]“5 '

+(c(ehy (2), 7) —c(éha (7). 7) vy Jd&d . (31)

Taking into account (17) we find the equation with respect to the function b =b(t):
1 vy(@L,1)-vy (0,1)

hy (1) hz(t)J_ O

11 } (s N () —vy(l,t>)]_

hy(t)  ha (1) ha (t)

1
- hl(t)(f)(c(yhl (£, V(1) + (c(yhy (8), 1) — c(yha (£), D)v2 (¥, 1) + F(yhy (1)) = f (yha (), ))dy -

b(t) = (2 (1) — (1)) [ (V1y (L) =vay (O, t))[

~tP uy (0((#4 (thy(t) —vyy @, t)(
(32)

1
- h(t)é(c(yhz (1), t)vo (y. 1) + f(yh2<t>,t))dy}te[o,ﬂ.

Note that
1 1 h(t) 1 1 __h(t)(hl(t)+h2(t))

@) ha® OO K20 hie) 2O

1
f(yh (1),1) - F(yha (1), 1) = yh(t)(I) fy (y(h2(t) + o (hy (t) - h2 (). Ydo,

1
c(yhy (t),1) —c(yhy (1).1) = yh(t)(I)Cy (y(ha (t) + o(hy (t) — h2 (1)), t)do.

Substituting these equalities and (28), (30), (31) into (27), (32) we obtain the system of
homogeneous integral Voltera equations of second kind with respect to h =h(t),b =b(t). The kernels
of this system are integrable since we investigate the case of weak degeneration. It implies that it has
only trivial solution

h(t)=0, b(t)=0, te[0,T].
Using these equalities in the problem (24)-(26) we find
v(y,) =0, (y,t) e[01] [0, T].
Theorem 2 is proved.

Conclusions. It is established the sufficient conditions of existence and uniqueness of the
classical solution to the inverse problem of identification of the time-dependent minor coefficient in
the weakly degenerate parabolic equation in a free boundary domain.
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SOME ASPECTS OF CREATING INDIVIDUAL SPLINT
SYSTEMS

PhD *Nosova Ya. V., 'Ibrahim Younouss Abdelhamid,

Chygrinova E. A., *Khudaieva S. A., *Perepelitsa A.

Ukraine, Kharkiv,

Kharkiv National University of Radioelectronics; ? Private Medical Center

Abstract. The article deals with the problem of the use of universal splint systems, which are used
during recovery after surgery on the upper respiratory tract. The main disadvantage of universal
splint systems is that they do not take into account the individual anatomical structure of the patient's
nasal cavities, which can cause additional pressure on the lateral wall of the nasal cavity. Thus, the
presented study describes some aspects of the creation of individual splint systems based on the use of
the results of the patient's tomographic scan. Most doctors use the results of a CT scan when planning
surgery. Special software was developed to work with DICOM files, which performs pre-processing of
tomographic sections and their segmentation.

Keywords: wall nasal splint system, nasal breathing, three-dimensional model, prototyping.

Introduction. Intranasal silicone splint is intended for use after septoplasty. It fixes the
reconstructed nasal septum in the middle position.

Problems splint systems — use universal shapes and sizes. Splints do not take into account the
individual structure of the nasal cavity and its architectonics, so it is not possible to adversely affect
the lateral wall of the nasal cavity due to additional pressure [1-6].

The results of the study. Before the construction of the unit system the patient is examined
by a medical institution, which scans the upper airways using spiral computed tomography. The
sections of the upper respiratory tract are stored in a DICOM file. With the help of special software, an
operation is performed to locate local bowel movements.

In the window of the work program, the user needs to select the most informative section from
the topogram (the most informative is the section where the pathological process of the nasal septum is
visible most), on this section the user should select a rectangular plane (Fig. 1), which should be
trapped by the nasal line. After highlighting the required plane, there is an automatic pre-processing
and segmentation of the image, which outlines the contour of the nasal septum, then calculates the
geometric parameters of the nasal septum and localizes the curvature. This data is stored in the
program for later prototyping [7-12].

Figure 1 a show that the left nasal passage is blocked and does not have the ability to move air,
so the segmented model will be created exactly to the area and is defined as the localization point of
the curvature.

If the partition is segmented completely, then the algorithm for finding the localization of the
curvature is reduced to finding the global extrema in two contours, as shown in Fig. 1 b. The first
contour starts from the top of the segmented model and ends with the end point of the nasal septum.
The second contour starts from the extreme point of the nasal septum and ends with the other tip of the
model. The lowest extremum is taken into account, since it is important to choose the length correctly
when constructing an individual splint, so the extremum above the topogram is not informative.

Together with the localization of the curvature, the point of the end of the nasal septum is
sought by global extremes, and the global minimum between the two global maxima (the points of the
nasal septum start) is searched for.

Based on these data, the program determines L2 (the length of the nasal septum to distortion)
and L1 (the total length of the nasal septum) and stores the data for further prototyping.

The pre-processing program is the starting point in the individualization of septal tires. It has
significant drawbacks, such as the need to use a qualified user to determine the information slice;
segmentation inaccuracy when creating a rectangular plane.
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Open DICOM folder r Open DICOM folder

Evaluation

a) b)
Fig. 1. Appearance of the developed software (a — Selection of nasal septum; b — result of
segmentation of nasal septum)

For the correct construction of the 3D model, previously in the program for 3D visualization of
Autodesk 3Ds Mach 2019 Student Version, a unified split system was created and modeled for all types of
nasal septum distortions. The basis for the three-dimensional model is the «ABBI'JIEX» hexagon (Fig. 2).

#B=125°
2T=:163"°
<« J1=169 °

2 E= 113"
£XK=90°

Fig. 2. Model of the septal tire base

The edges and vertices of the hexagon are rounded to eliminate traumatization of the nasal
mucosa, for this purpose in the program for 3D visualization of Autodesk 3Ds Max used Bezier
quadratic curves to smooth the acute angles of the hexagon.

A hollow cylindrical thickening extending along the entire length of the intra-nasal tire at the
level of the lower nasal conduit and oriented to the lateral wall of the nasal cavity is performed on the
tire surface, which further facilitates nasal breathing in the patient (Fig. 3).

The corners when constructing the base are as follows: £ A=165°,2b5=75° 2B=125° ¢+
I'=163°,20=169° 2£E=113° 2X=90"°.

The result of building the base of the split is presented in Fig. 3.

Conclusions. 3D printing splint systems that are based on models (for individual DICOM
images) has the following advantages:

- individual approach to each patient and creation of anatomically relevant splints, thus
significant reduction of pain sensations;

- the ability to create splints separately for the front of the nasal septum;

- printing polymers that will not be removed in the body during the period required for treatment.

Thus, various modifications of intranasal tires will significantly facilitate the rehabilitation
period for the patient, reduce the number of primary and distant complications, as well as, by reducing
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the pressure on the reflex areas of the nasal cavity, will ease the overall somatic condition of the
patient, reduce the risk of psyche disorders activities, as well as the fear of surgery. Individual split-
system will help the patient to return to normal and natural physiological breathing.

10.

11.

12.

13.

14.

a 4]
Fig. 3. Modeled (a) split base (b) split base with roller thickener for air passage
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Abstract. The use of physical modification of the structure of epoxy composites by ultrasonic treatment of
compositions at the stage of mixing of components is substantiated. The results of investigations of the
properties of epoxy composites with different degree of filling of the system under the influence of high-
frequency ultrasonic vibrations are presented. The influence of the degree of filling of the system and the
duration of the ultrasonic treatment of the compositions on the adhesive strength, compressive strength and
impact energy of epoxy composites were analyzed. The optimal duration of exposure of compositions under
the influence of ultrasonic vibrations is determined. The positive effect of ultrasonic treatment on the
structure and properties of epoxy composites filled with fine powder of titanium oxide is proved. The
content of titanium oxide powder in the epoxypolymer matrix is optimized, that provides the mechanical
characteristics of epoxy composites. Developed epoxy composites should be used as a protective coating of
equipment that is exposed to corrosive environments.

Keywords: epoxy composite, adhesion strength, compressive strength, impact energy, ultrasonic treatment.

Introduction. Nowadays improvement of polymeric materials consists not only in the
development of the chemical composition of new polymers, but in most cases in the modification of
the structure of "classical" polymers. The modification is to change the structure and, accordingly, the
properties of the polymer at different levels of the technological process. The purpose of the
modification is to improve the technological, mechanical and operational properties of polymers:
increasing the viability, reducing the viscosity, increasing the strength, thermal, bio- and chemical
resistance, increasing the dielectric properties, reducing the flammability. Depending on the nature of
the external influence, the modification methods are divided into chemical, physico-chemical and
physical. The most technological are the physical modification methods: heat treatment, modification
by ray-methods, periodic deformation, polymer processing in electric and magnetic fields. Physical
modification can be carried out at various stages of production, processing and application of
polymers: during synthesis, at the stage of processing the polymer into a product, during processing of
the finished material or during its operation. Combining physical modification with chemical or
physico-chemical methods modification of polymers is quite effective [1-4].

Among the methods of modifying the structure and improving the properties of polymers based on
reactoplasts, the formation of polymer composite materials under the influence of external energy fields is
relevant. However, the regularities of the influence of external factors on the mechanisms of structure
formation in composites with highly dispersed fillers have not been sufficiently studied. The use of external
fields lead to an increase the temperature of the binder, which significantly reduces its viscosity.
Accordingly, the polymeric binder better fills in the irregularities and defects on the surface of the particles,
which is a prerequisite for the formation of stronger bonds between the polymer and the solid phase. The
treatment of the compositions by physical fields at the mixing stage promotes an even distribution of the
components in the volume of the composition by increasing their mobility. Physical fields operate at the
substructure level; they change the conformational set of molecules, which allows forming optimal
parameters of the spatial grid of the polymer matrix. As a result, there is an increase in the physical and
mechanical and operational characteristics of polymer composite materials and protective coatings [5].

Among the wide range of existing polymers, epoxy resins, which due to their high adhesion and
processability, are widely used in the technique for forming the epoxy composite products or coating [4],
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occupy a significant place. These epoxy resins are convenient for the introduction of additives and physical
modification of the structure at the stage of molding products. In particular, a significant impact on the
structure and properties of epoxy materials is their modification by ultrasonic treatment [1, 6]. Under the
influence of ultrasound, the conditions of homogenization of the mixture, its viscosity, relaxation time and
kinetics of structuring of epoxy composites change. Ultrasonic treatment allows increasing the
deformation-strength and adhesion characteristics of epoxy composites, to reduce the residual stresses, to
increase the durability and to significantly reduce the structuring time of the system.

In [7] it is shown that additional complex treatment of epoxy compositions at the stage of
obtaining contributes to their structuring due to a more even distribution of structural components,
activation of interface interaction and reduction defects of system. This allowed to increase the degree
of structuring (G = 95.7 %) of the epoxy composite due to the formation of additional crosslinking
sites between the active groups on the filler surface and the functional groups of the epoxy matrix.

In [8] the basic physical and chemical principles of formation of composite materials on the
basis of epoxy resins are considered. The authors propose a new approach and substantiate the positive
effect of complex ultrasonic treatment at the stage of formation of composite due to activation of the
epoxy composition separately by ultrasonic. It is established that the use of this treatment with the
subsequent introduction of the hardener in the epoxy oligomer increases the adhesion strength and
cohesion strength, as well as the modulus of elasticity of the epoxy composite materials. However, the
effect of ultrasound on the formation of epoxy composites in the case of treatment of a composition
containing fillers has not been investigated.

In [9], the optimal mode of ultrasonic treatment was determined, in which the physical and
mechanical and thermophysical properties of the anticorrosive epoxy composites, containing
nanodispersed fillers, were increased. It is established that the optimal total duration of ultrasonic
treatment of a composition with nanodispersed particles (q = 0.05 wt. %) is 7t = (1.0 — 1.5) £ 0.1 min,
and the pulse duration is tp = 10 s. The total treatment time and the duration of the ultrasonic treatment
of composition are the main factors that provide an increase in the adhesive and cohesive strength of
the anticorrosive epoxy composites. However, the work did not investigate the structuring processes of
epoxy composites, the compositions of which are processed ultrasound without a hardener.

In [10] investigated the effect of a low-frequency alternating magnetic field on the impact energy,
heat resistance, modulus of elasticity, and flexural strength of the epoxy composite samples containing
ferromagnetic filler. It has been found that the treatment with a low frequency alternating magnetic field of
epoxy polymer compositions allows increasing by 4 — 5 % heat resistance of epoxy composites. The
mechanical characteristics of epoxypolymers and epoxy composites are increased by 40-60 %. It is
established that at the optimum processing time (60 min), the maximum effect is achieved at an alternating
magnetic field frequency of 20 — 300 kHz. The paper determines that magnetic induction has the greatest
influence on enhancing the cohesive characteristics of epoxy composites, the compositions of which were
treated in a magnetic field. However, the influence of the magnetic field on the structuring of epoxy
composites containing paramagnetic or diamagnetic fillers has not been investigated.

In [11, 12] it was found that the introduction of metal oxides powders contributes to the
growth of the dynamic modulus of elasticity. The action of constant physical fields contributes to the
reduction of the dynamic modulus of elasticity due to the ordering of the structure and the compaction
of macromolecules of the matrix and filler particles in the epoxy composites. The use of external
physical fields allows to change the plastic deformation capacity of epoxy composite materials from
5 % to 15 % and to reduce the degradation temperature by 50 K.

In [13], the positive effect of the treatment of compositions in physical fields on the increase in the
resistance to cracking of epoxy composite coatings under the influence of the alternating temperature from
-40 °C to +60 °C was confirmed. This treatment provides a uniform distribution of the filler in the
composite material, improving the wetting of fine particles by surface activation. This improves the
interphase interaction, reduces the residual stresses in the system, which greatly expands the temperature
range of the use of the protective polymer composite coatings. However, the influence of physical fields on
the structuring processes of epoxy composites filled with particles of different granulometric composition.

The purpose of this work is to optimize the composition of epoxy composites filled with fine
powder of titanium oxide, the compositions of which are processed in physical fields at the stage of
mixing components.
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Research methods. Used epoxy resin ED-20 (GOST 10587-84), which is a high viscosity
transparent liquid. The mass fraction of epoxy groups is 20.0 — 22.5 %. The mass fraction of volatile
substances is 0.2...0.8 %. For curing epoxy polymer coatings polyethylenepolyamine — PEPA (TU 6-
02-594-70) was used.

As a filler used fine powder of titanium oxide (TiO,). Titanium oxide powder is prone to the
formation of agglomerates in the air, which complicates the use of this filler. Agglomeration consists in the
formation of new particles due to the aggregation of a certain number of primary particles. Agglomeration
may result in partial or complete coalescence [14]. Aggregation increases the effective particle size, which
is not a desirable phenomenon when forming a homogeneous structure of the composite.

Adhesive strength of epoxy composites was determined according to GOST 14759-69. The
test material was applied to the end face of the tapered projection bars at the site of self-centering
grips. The studies were performed on a breaking machine UMM-5 with a traverse speed of 2 mm/min.

The compressive strength was determined according to GOST 4651-82. Samples in the form
of cylinders with a diameter of 10 + 0.5 mm and a height of 15 mm were compressed with a traverse
speed of 2 mm/min.

Impact energy was determined according to GOST 4647-80. Samples of rectangular shape
with a square cross section of 10x10 mm and a length of 60 mm were subjected to dynamic loading on
a pendulum impact machine with a charging angle of 160°.

The formation of the samples was to obtain a homogeneous composition, which included the
necessary components. Depending on the samples volume, the quantitative content of the components
in weight fraction is calculated at 100 wt. % of ED-20 epoxy resin. The formation of the epoxy
composite material began with the dosing of the components, their stepwise introduction and
mechanical mixing. To ensure a homogeneous structure of epoxy composites, their compositions were
treatment by ultrasonic or magnetic field. The processing time was 5 min or 10 min. The formed
composition was poured into special forms.

Research Results. It has been experimentally established that ultrasonic treatment of compositions
with duration of 5 min increases the adhesive strength of epoxy composite materials (Fig. 1) filled with
titanium oxide powder. The highest adhesive strength of 14.8 MPa was obtained for epoxy composite
material containing 8 wt. % titanium oxide powder. The increase in the adhesion strength is due to the
formation of a homogeneous system due to the intensive mixing of the components [12], which contributes
to their even distribution in the volume of the composite. This results in better wetting of the filler particles
due to the destruction of the agglomerates and the penetration of macromolecules of the epoxy polymer
matrix into depressions, pores or cracks on the particles surface [7]. Ultrasonic treatment intensifies the
degassing processes in the epoxy matrix, which contributes to the formation of defect-free products,
especially when receiving high-filled systems with a high content of gas inclusions and high viscosity of
the composition [13]. Removal of gas inclusions leads to an increase in the temperature of the system due
to its heating by the absorbed energy of the physical field.

Ultrasonic radiation has little effect on the epoxy polymer system without fillers, which is
confirmed by the low adhesive strength (11.3 MPa) for the epoxypolymer. This is due to the fact that
the destruction of the adhesive layer occurs in the volume of the epoxypolymer. The cohesive strength
of the epoxypolymer is lower than that of the filled system, the composition of which was processed
with ultrasonic, which provided a better interaction between the components of the system. As the
content of the filler increases, the adhesive strength increases, as the number inclusions of solid phase
growing, which provides the formation of additional chemical bonds in the volume matrix.

It’s investigated that increasing the duration of treatment to 10 min reduces the adhesive
strength of epoxy composites by 11 — 15 %. This is because the prolonged ultrasonic influences
intensify the structuring processes of the epoxy composite system, and, therefore, increase the residual
stresses due to the uneven distribution of chemical bonds in the volume of the polymer matrix.

The fracture surfaces of adhesive layer of a low-filler epoxy composite (4 wt. %), the
compositions of which were treated with ultrasonic for 5 min, contain coating fragments that are
uniformly located on both parts of the face surface of the steel specimens (Fig. 2a). This indicates that
the epoxy composites have a high adhesive strength, since this content ensures the formation of a
homogeneous system. The level of residual stresses is low due to the uniform distribution of filler
particles and the absence of stress concentrators at the phase interface.
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Fig. 1. The dependence of the adhesive strength of epoxy composites filled with titanium oxide powder
from the mode of ultrasonic treatment of the composition

The surface of destruction of the adhesive layer of epoxy composites, the compositions of
which were treated with ultrasonic for 10 min, occupies a much larger area of the epoxy composite
coating on one face surface than on the other (Fig. 2b). This is due to the fact that the adhesive
strength of epoxy composites is lower due to the excess processing time. Long-term ultrasonic
treatment cause intensive structuring of epoxy composites, since the composition includes a hardener
that begins to form chemical bonds with epoxy macromolecules. High-frequency ultrasonic vibrations
cause the composition to heat up and increase the mobility of the macromolecule segments, resulting
in the formation of chemical bonds at the concentration points of the macromolecule segments with
the active groups. This type of structuring has a local and non-uniform nature, which leads to an
increase in the level of residual stresses.

In the case of treatment of a composition, containing 8 wt. % of aluminum oxide powder, for
5 min the fracture surface of the adhesive layyr has a more pronounced adhesive nature, since on one
face surface of the sample there is a larger part of the coating than on the other (Fig. 2, ¢). This means
that the treatment time of 5 min is not sufficient to obtain a high degree of homogeneity of the system,
since this composition has a higher content of fine filler, which is capable of forming agglomerates.
These clusters of particles cannot be completely wetted by epoxy polymer binder, as a result, covalent
bonds between each powder particle and the polymer matrix are not formed. The voids between the
particles are defects in the polymer composite material and act as a source of microcrack formation.

The duration of ultrasonic treatment for 10 min of the composition containing 8 wt. %
provides a more even distribution of the epoxy composite coating on the two face surface of the steel
samples (Fig. 2, d). This is due to the fact that longer ultrasonic treatment of the composition causes
the destruction of agglomerates and provides a more uniform distribution of disperse particles in the
polymer matrix, increases the wettability of the particles by epoxy polymer binders, improves the
interaction on the phase separation surface and promotes the formation of hydrogen bonds between the
hydroxyl groups of the composition components.

In the case of low filler content (2 — 4 wt. %), no significant increase in strength of epoxy
composites treated with ultrasonic (Fig. 3). This is due to the insufficient content of the particles that
perform the reinforcing function. It should be noted that the ultrasonic treatment of the compositions
for 10 min leads to a slight increase in this characteristic. Obviously, a longer ultrasonic treatment
ensures the destruction of agglomerates and improves the interaction between the components. The
compressive strength of epoxy composites, the compositions of which were treated with ultrasonic for
5 min, increases by 14-17 % in the case of the introduction 6-8 wt. % of titanium oxide powder
compared to unfilled epoxy polymer and is 66.3 MPa and 68.5 MPa, respectively.
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d

Fig. 2. View of the destroyed surface of glue connection of epoxy composites, filled with titanium oxide
powder with ultrasonic treatment of composition:
a—5min, 4 wt. %; b — 10 min, 4 wt. %; ¢ — 5 min, 8 wt. %; d — 10 min, 8 wt. %
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Increasing the duration of ultrasonic treatment up to 10 min improve by 7 — 8 % compressive
strength of epoxy composites containing 4 — 6 wt. % of powder. The low filler content is easier to
distribute in the epoxy polymer matrix and to obtain a more uniform structure due to the influence of
ultrasonic vibrations. However, low content does not provide a significant increase in strength, since
the number of particles is insufficient to form a structure that can resist compressive loading.

Compared to studies on adhesive strength, a longer treatment of the compositions over 10 min
reduces the strength of the epoxy composites in the case action of tensile loads. This is due to the fact
that epoxy systems are more sensitive to fracture during stretching. Prolonged ultrasonic treatment
results in residual stresses that cause cracks with smaller tensile loads. In the action of compressive
loads, the presence of stress is not critical for the occurrence of cracks in the epoxy composite, since in
this case, compensation for alternating stresses is provided, which increases the compressive strength
in the case of treatment of the composition for 10 min.

Epoxy composites, the compositions of which were treated ultrasonic for 10 min, have the
highest compressive strength (72.4 MPa). The introduction 8 wt. % of titanium oxide powder in the
epoxy matrix provides increase in the compressive strength by 20 %. Increasing the time of ultrasonic
treatment allows you to get more disperse particles, since high frequency oscillations during the
optimum processing time are able to separate the particles from the formed agglomerates and provide
a higher homogeneity of the epoxy system. Also in the process of ultrasonic treatment is the removal
of the air inclusions from the composition and a less defective structure is formed that is capable of
resisting higher compressive loading.

§
o
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Fig. 3. The dependence of the compressive strength of epoxy composites filled with titanium oxide
powder from the mode of ultrasonic treatment of the composition

For epoxy composites, compositions of which were treated ultrasonic, higher impact energy
values were obtained compared to untreated epoxy composite materials [15]. The impact energy of
unfilled epoxy composites, compositions of which were treated ultrasonic for 5 min, remained
virtually unchanged (6.7 kJ/m?) compared to the untreated materials (6.5 kJ/m?). By increasing the
duration of treatment of the compositions to 10 min there is a decrease of this characteristic by 20 %.

The impact energy of epoxy composites, the compositions of which are treated by ultrasonic
for 5 min, increases by 22 — 25 % when the introduction 4 wt. % of titanium oxide powder compared
to unfilled epoxypolymers (Fig. 4). The maximum value of impact energy is 8.6 kJ/m?. This indicates
the optimum content of the filler in the epoxy polymer matrix. Accordingly, after ultrasonic treatment,
the particle aggregates of the filler are broken down, followed by their even distribution in the epoxy
polymer matrix and formation of the structure of epoxy composite with the low stressed. The impact
energy of epoxy composite materials containing 6 wt. % of titanium oxide powder decreases sharply 2
times compared to epoxy composites containing 4 wt. % of filler.

The lowest values of impact energy were obtained for epoxy composites with a filler content
of 8 wt. %, that indicating the excess content of the filler in the epoxy polymer matrix. In this case,
ultrasonic treatment for 5 min does not provide efficient separation of aggregates of filler particles,
which increases the defective of structure of the epoxy composite. The results of the study of the
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impact energy of the low-filled epoxy composites (2 — 4 wt. %) correlate with the previous results of
studies of adhesive strength and compressive strength, which confirms the positive impact of
ultrasonic treatment at the optimal duration of 5 min.

The highest values of impact energy (5.3 kJ/m?) have unfilled epoxypolymers compared to
filled epoxy composites, the compositions of which were treatment ultrasonic for 10 min. Impact
energy of epoxy composites containing 4 — 8 wt. % titanium oxide powder reduces, as there is local
structuring, which leads to an increase in stress state of the system.

The content of titanium oxide powder in the amount of 6 wt. % provides a slight increase in impact
energy by optimizing the structure, when there is dominance of the content of discrete particles, the number
of which has increased due to ultrasound treatment, over the degree of the stress state of the epoxy system.
The increased duration of ultrasonic treatment gives a positive result for epoxy composites that perceive
compressive loads, leading to the destruction of particle agglomerates. However, for epoxy composites
exposed to dynamic loads, the increased duration of ultrasonic treatment leads to rapid destruction of the
material due to the growing in the residual stresses in the system.
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Fig. 4. The dependence of the impact strength of epoxy composites filled with titanium oxide powder
from the mode of ultrasonic treatment of the composition

Conclusions. It is advisable to use ultrasonic treatment for epoxy compositions containing
fine dispersed fillers, since high-frequency oscillations contribute to the destruction of particles
agglomerates with high surface energy. In unfilled epoxypolymers, the macromolecule segments of
the epoxy resin and hardener begin to oscillate under the influence of ultrasonic, which intensifies the
formation of chemical bond. In the case of prolonged processing for more than 10 min, there is an
increase in the residual stresses, which reduces the mechanical characteristics of epoxypolymers.

Increasing the duration of exposure to ultrasonic radiation up to 10 min is effective in the case
of treatment of the composition containing of 6 — 8 wt. % of filler, which ensures the stability of the
epoxy composite to plastic deformation and destruction under the influence of compressive loads.
There is increase in the compressive strength of epoxy composites by 20 % due to the formation of
additional bonds between the components of the system and the presence of a stronger phase
compared to the epoxy polymer matrix. In this case, a long treatment (10 min) is necessary to convey
sufficient energy for the composition. This ensures destruction of the agglomerates and the uniform
distribution of the filler particles in the volume of the polymer matrix. Ultrasonic treatment reduces the
degree of defective of structure of epoxy composites by removing the air inclusions that are trapped
during mechanical mixing of the composition components.

The optimum content of titanium oxide powder is 4 wt. %, since the impact energy of epoxy
composites, which are treated with ultrasound for 5 min, increase by 20 — 25 % compared to unfilled
epoxy polymers. There is a uniform distribution of disperse particles in the epoxy polymer matrix and
the formation of the structure of the epoxy composite with low stress state.
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THE LABORATORY METHOD FOR DETERMINING THE
BURSTING PRESSURE OF COAL AND COAL BLEND AT
THE DURING COKING

K.t.s. Sytnik A. V.
Ukrainian State Coal-Chemistry Institute, Kharkov, Ukraine

Abstract. In the process of operating coke ovens various loads influence a blust-furnace masonry.
They lead to the gradual destruction of the masonry. It is generally accepted that the most destructive
effect on the cladding of furnace chambers is the excessive pressure of bursting of coked coal charges.
Dynamic loads from the falling stream of the charge during loading of furnaces are also quite
dangerous. Due to such unbalanced, transverse pressure on the walls of the chambers coking, which
starts when the batch is loaded and continues during the development of the burst pressure when
coking, the deflection of the heating wall occurs, and it leads to its destruction. In the article, the
method has been given for determining the bursting pressure of a coked coal load, which makes it
possible to control this value, in order to ensure the safety of the masonry of oven walls of coke ovens.
Keywords: coal, coal charge, the process of coking, plastic mass, bursting pressure.

Introduction. The modern technological process of blast-furnace production puts forward
high requirements to the quality of coke, as it is the main costly component of the blast furnace charge.
It is known that the quality of domain coke is influenced by two groups of factors. The first of them is
related to the properties of the processed raw materials (coals and charge), and the second one is
related to the coking mode and the post-furnace coke treatment (quenching, sorting, etc.). This fully
applies to the mechanical "cold" strength of coke. Taking into account the fact that all over the world
there are requirements for the "hot™ strength of coke, determined by the indicators of CRI and CSR
(18894 Coke - Determination of coke reactivity index (CRI) and coke strengenght after reaction
(CSR)) by the method of Nippon Steel Corporation (Japan), and the quality of coke is determined
mainly by the quality of the coal charge used in the coking feedstock. Coals are increasingly used to
produce high-quality coke with CRI <30 % and CSR > 70 % [1]. Studies have shown that these coals
are characterized by high bursting pressure, which has a destructive effect on the masonry of the oven
walls of coke oven batteries. In this regard, it is necessary to monitor the exponential pressure of the
coal blends used for the coking process continuously. The extendinsion the working service of coke
ovens is the main task, and in this respect, the selection of coal concentrates with normal, i.e. a safe
bursting pressure for the preparation of charge is urgently needed to ensure the integrity of the
masonry walls of the furnaces. Since reliable methods for determining the magnitude of bursting
pressure, at least in Ukraine, do not exist, we have set the goal of solving this problem ourselves.

Taking into account the availability of several technologies for the coke production in the
production process — charge loading in the furnace in bulk and using the technology of ramming the charge,
the method for determining the pressure of the batch is to be unified, i.e. allow to determine in one
apparatus the pressure of the expansion of both bulk and tamped charge (coals). In the work [2], the authors
give an overview of the known methods for determining the bursting pressure in experimental semi-
industrial and laboratory furnaces. They make it possible to determine the bursting pressure of both bulk
and tamped charges. However, charge loading in semi-industrial furnaces is 200300 kg, and it results in a
long duration of the determination, the unwieldiness of the instrumentation, the high cost of maintaining
such an installation, and, consequently, the cost of one determination of the bursting pressure.

Experimental. To study the coal pressure and charge extrusion in Ukrainian State Coal-
Chemistry Institute, we have developed a universal laboratory setup, depicted in Fig. 1. It makes it
possible to determine the value of the bursting pressure for the bulk and tamped method of loading
coal (charge) [3-4]. Its design is protected by the patent of Ukraine [5], the results obtained allowed to
develop, agree, approve in accordance with the established procedure and put into operation from
01.01.2018 DSTU 8724:2017 Coal and charge based on it. It is the method for determination of
bursting pressure that occurs while coking.
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Fig.1. Unified furnace for determining the bursting pressure of tamped and bulk coal loading:
1 - electric furnace; 1.1 - an adiabatic cover with a gas bleeding branch pipe; 1.2 - electric heaters;
1.3 - thermal insulation; 1.4 - thermocouple; 2 - metal retort; 3 - stee plate |; 3.1 - steel perforated
plate; 4 - quartz rod; 5 - pressure sensor; 6 - coal loading

The method consists in two-sided heating of the retort with coal loading at a given
temperature, the sample parameters are given in Table 1, and the measurement of the bursting pressure
by means of a piezoelectric pressure sensor in the range from 1 kPa to 70 kPa. The total time for
determining the bursting pressure together with the preheating of the electric furnace to the set
temperature is 4 hours.

Table 1. The parameters of the coal sample loaded into the retort

. . Mass fraction of Humidity of a .
Loading Loading weight, particles by size <3 coal satr¥1ple Load /den35|ty,
g mm, % (charge), % grem
In bulk 600 + 2 80+ 3 10+0,2 0,80+ 0,01
Stamped 740 + 2 90 + 2 11+02 1,13+ 0,01

With two-sided heating of the coal loading, the peak of the bursting pressure (maximum)
occurs at the moment of the merging of the plastic layers moving towards the heating walls from the
axial plane. Such peaks are especially characteristic of coals or batch materials with high values of
bursting pressure. With one-sided heating of the charge, there is no such peak, the pressure increases
monotonically to the maximum value, and then begins to decrease.

Results and discussion. The conducted researches made it possible to simulate the process of
coke formation, in such a manner that in the furnace chamber the coal charge is in different phases of
thermal transformations, when the layer of initial coal coexists simultaneously (along the axial plane
of the furnace), then in the direction of the heating wall, the plastic layer (the temperature range 330—
510 °C) and a layer of semi-coke that passes into coke (Fig. 2).

. coke chamber axis
i > | _‘
‘“7>>~7>AAv">.-V ./, ‘

D 0e06 %0 % % %a% %
s

Fig. 2. shows a scheme of matter layers distribution in the load along the width of the coking
chamber: 1 - moist coal (20 °C), 2 - dry coal (200 °C);, 3 - coal in the softening state - swelling (330
°C), 4 - hardening of the softened mass (510 °C), 5 - semi-coke (600°C), 6 - coke (900 °C);

7 - shrinkage seam along the axis of the chamber.
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The pressure of the pyrolysis gases formed in the plastic layer is transferred from one side to
the initial coal charge, and on the other to the formed layer of coke, which adjoins the heating wall.
The pressure exerted on the charge loaded with the bulk results in an insignificant densification of the
layer adjacent directly to the "cold" side of the plastic layer. In the case of a tamped charge compacted
to high densities, this phenomenon does not occur, and all pressure of the vapor-gas products of the
plastic layer is transferred through the coke layer to the heating wall.

The mechanism of development of the bursting pressure is the following: coal loading 2 at the
boundary with the plastic layer 3 is initially a layer of slightly expanded grains and it smoothly passes
(toward the heating wall) into a layer of maximally expanded grains. Swelling of coal grains occurs as
a result of destruction of macromolecules of coal matter with the release of gaseous products.
Acquisition of fluidity by the coal matter as a result of destruction of rigid bonds between
macromolecules and their fragments and accumulation of gaseous products in the coal grain leads to
its swelling. As the temperature rises, the swelling of the grains increases, the porosity between them
decreases, the grains crumble into each other. Sealing a layer of softened expanded grains from the
"cold" side of the plastic layer creates a barrier that hinders the vapor-gaseous products from leaving
the plastic layer. The plastic layer includes a layer of maximally expanded merged grains, this layer is
formed as a result of rupture of the surface of the carbon grains and the release of the substance of coal
that has passed into the liquid-mobile state. Later this layer passes into the foamed layer as a result of
accumulation in it of a large quantity of vapor-gaseous products. As a result of the mass transfer of the
coal substance from this layer towards the heating wall, a compacted layer of plastic mass is formed
which, with a further increase in temperature, is converted into semi-coke 5, and then to coke 6, which
is a solid porous substance. The barrier for the release of continuously generated gases from the plastic
layer on the "hot" side is a compacted semi-hardened layer of plastic mass, characterized by low
porosity. Semi-coke and coke as a result of further temperature transformations acquire a sufficiently
high porosity (4045 %), notably about 80 % of these pores being communicating, and therefore
sufficiently gas permeable. The strength of semi-coke and coke is high enough for them to transfer
pressure from the plastic layer to the heating wall. Thus, on the one hand a layer of softened swollen
fused carbon grain prevents the free release of vapor-gaseous products from the plastic layer and on
the other hand it is a layer of the primary semi-coke. The stronger and less gas-permeable these layers,
the higher the gas pressure develop in the plastic layer, which is transferred through the semi-coke and
coke to the heating wall. It should be noted that the rate of gases formation in the plastic layer is not a
determining factor for the development of a large bursting pressure. This is confirmed, for example, by
the fact that coals with the release of volatile substances 40 % develop a bursting pressure of the order
of 2.5-4.0 kPa, while coals with V% = 25 % — up to 20 kPa. The main condition is the gas tightness of
the barriers on the "cold" and "hot" side of the plastic layer. Thus, the development of a particular
magnitude of the bursting pressure is associated with the structure of the plastic layer, the properties of
the plastic mass and the character of the coke formation.

After the test has been completed, the heating of the furnace is turned off, and the retort is left
for another three hours for thermal aging of the coke. After that, the retort, already cooled to ~ 300 °C,
is removed from the furnace and left in the air for final cooling. Thus, "dry" quenching of coke is
provided. If necessary, the resulting coke is tested for mechanical strength in a special drum and
examined by other methods.

In industrial coking chambers, the maximum burst pressure as a result of the combined effect of
processes occurring in different loading layers is reached at the end of the second hour after charging the
batch at the oven sole. In calculating the strength of heating sections, the maximum allowable bursting
pressure is assumed to be 7 kPa [6]. The obtained results on a unified laboratory installation indicate that
the coals develop a much higher pressure — up to 15-20 kPa, and therefore coking of the charge with their
participation leads to a bursting pressure exceeding the permissible level. For example, Fig. 3 shows the
dynamics of the bursting pressure in the process of coking coal during bulk loading, i.e. at an apparent
density of 800 kg/m3. The characteristics of coal concentrates are given in Table. 2.
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Fig. 3. The development dynamics of pressure of coal extrusion in the coking process: 1 - Mine
"Raspadskaya” (Russia); 2 - "Carter Rogue” (USA); 3 - LOV VOLATILE CC (USA), 4 - "Pocahontas" (USA)

Table 2. Characteristics of bituminous coals (B)

Technical . . Plastic layer
) Petrographic composition, o
analysis, characteristic,
Sampe . %
Supplier % mm
(grade) 5
d d daf
A S% |V Ro | Vi|Sy| I |L FK X y
Mine
B-1 «Raspadskaya» 86 (047 | 3730838 | 1|8 |3]| 9 40 16
(Russia)
«Karter Roag»
B-2 . . 1. 1.02 2 7|1 7 2 17
(USA) 85069 | 318 0219 0 9
«LOV VOLATILE
B-3 931082190 (1,40 |74| 0 |26|0| 26 27 14
CC» (USA) ’ ' ' '
«Pocahontasy
B-4 4 |1 1,54 2|2 1 1 1
(USA) 89109 8,0 | 1,54 | 69 9101 3 0 0

Conclusions. The obtained practical results of the pressure of the coal extrusion allowed to
conclude that the weakly baking coal of grade B1 is characterized by small values of the expansion
pressure (0.9+4.0 kPa), coal of grade B2 develop the average burst pressure (4.0+8.0 kPa), and grades
B3, B4 are the most open (6.0+-24.0 kPa). Moreover, due to the fact that many differently directed
factors affect the expansion pressure, this quantity is not additive. Therefore, the only reliable way to
estimate the bursting pressure is to determine it experimentally, to select, on the basis of the results
obtained, the charge compositions that provide safe pressure values, and to use the results of the
studies in the strength calculations of the heating sections.

Symbols.
A ash content of coal in the dry state, %);
\af volatile matter in the dry ash-free state, %;
S¢ sulphur of coal in the dry state, %;
Ro mean vitrinite reflection coefficient, %;
Vi vitrinite, %;
Sy semivitrinite, %;
I inertinite, %;
L liptinite, %;
2FC sum of fusinized components, %;
X plastometric shrinkage, mm;
y thickness of the plastic layer, mm;
DSTU Ukrainian State Standard
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SOLUTION OF ECOLOGICAL PROBLEMS USING
BIOLOGICALLY ACTIVE ADDITIVES

Student Turakhodjaeva Fazilatkhon
Uzbekistan, Tashkent, Tashkent State Technical University

Abstract. Anthropogenic activities such as pollution of the environment and the environment,
increased acidity of the rain, global warming, are the most common problems in the world. In order to
solve the aforementioned problem, a cement with a biological base has been developed. This article
presents the results of studies conducted in laboratory conditions at the Department of
"Biotechnology" of Tashkent State Technical University. The results on the development of the
composition of biologically active substances and biomass for the manufacture of environmentally
friendly biological concrete are presented.

Keywords: ecology, biomass, concrete, earthquake resistance, seeding, strain.

Introduction. Scientific and technological progress posed a series of new, very complex
problems for humanity. Among them, a special place is occupied by the relationship between man and
the environment. Environmental issues such as the destruction of the ozone layer, climate change, the
release of a huge amount of waste into the atmosphere are the most pressing problems around the
world. In this regard, the provision of resource conservation, in particular in the manufacture of raw
materials, which are associated with large emissions of dust and gases into the atmosphere, is one of
the important tasks. In this direction, in many developed countries of the world, including Japan, the
USA, England, Germany, Sweden and Russia, special attention is paid to reducing the harmful effects
of production, construction and mechanical engineering on the environment.

In the field of construction, using concrete, one of the biggest problems is the formation of
cracks during and after drying. All land allocated for the construction of high-rise buildings requires
soil strengthening to minimize the risk of damage to buildings. To do this, use a special concrete
pillow or fill in a deep foundation. However, these methods are often impractical and damaging to the
environment. Therefore, the development of restoration solutions that allow concrete to recover on its
own and having seismic resistance is currently a very promising activity. The technology of using
biocement can open up new opportunities for infrastructure, and it can also be used for a wide variety
of building structures, including the foundation of skyscrapers [1].

Concrete structures can exist almost forever, but if cracks form in them, then moisture
gradually causes corrosion of steel reinforcement and degradation of the entire structure. A group of
scientists from Cardiff and Cambridge, researchers at the University of Bath have developed
technology to strengthen the soil using living microorganisms.

In the course of research, a concrete mixture was developed, which will contain microcapsules
with bacteria. These types of microorganisms will wait until a crack forms in the concrete and
moisture and oxygen become accessible to them [2].

Humidity gives bacteria the ability to reproduce. The product of their vital activity calcite will
gradually tighten cracks and block access to moisture and oxygen, thereby preventing corrosion of the
reinforcement. Self-healing concrete can significantly increase the service life of structures, as well as
reduce maintenance and repair costs by almost half.

It is believed that cement production accounts for 7% of all CO2 emissions in the world.
Therefore, the extension of the service life of concrete buildings and structures will lead not only to
economic benefits, but also reduce the negative impact of industrial activities on the environment [3].

In various areas of research on biological substances, various research methods have been
conducted. For example, scientists from South Korea conducted research with bacteria in quartz sand.
During the experiments, the researchers populated bacteria with 200-liter boxes filled with sterile
quartz sand with some water and nutrients. At the same time, scientists carefully monitored various
parameters by which one can judge the vital activity of microorganisms: oxygen and carbon dioxide
content, amount of nutrients, chemical composition of the soil, etc. Ultimately, this made it possible to
accurately describe the process that leads to an increase in soil strength.

Bacillus pasteurii have the ability to increase the alkalinity of water, as a result of which it begins
to actively dissolve calcium and carbonates, salts of carbonic acid. In solution, they react with each other,
forming crystals of calcium carbonate: this substance is the cement that binds the particles of natural
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sandstone and building concrete - crystals of calcium carbonate fill the gaps between the grains of sand and
cause them to stick together. Professor Carlos Santamarina of the Georgia Institute of Technology
determined that about 1,000 trillion living microorganisms are contained in each cubic meter of soil.

Sporosarcina (Bacillus) pasteurii and Bacillus thuringiensis were the bacteria used in this
study. It is known that S. pasteurii, the urease producing organism, survives in highly alkaline concrete
media and decomposes urea (CH4N20) into NH4 + and HCO3- to precipitate CaCO3 in the presence
of Ca2 +. B. thuringiensis, a urease-free organism, is a gram-positive bacterium that has a negative
charge on the outer cell wall and can absorb Ca2. However, this bacterial species alone cannot
precipitate CaCO3, since it does not decompose urea. For pre-cultivation of bacteria, S. pasteurii
(obtained from the Korean Type Culture Collection, Jeongeup, South Korea) was added to 30 g / L
tryptic soy broth (casein soy digestion medium) (TSB, Becton Dickinson, Franklin Lakes, New Jersey,
USA ) with the addition of 2% urea (333 mM) and culturing at 30 ° C by shaking at 200 rpm in 650 ml
cell culture flasks (SPL Life Science, Pocheon, South Korea), sealed with filter caps for sterile gas
exchange. TSB was autoclaved at 121 ° C and 1.5 psi for 20 minutes for sterilization, and urea was
filtered through a 0.22 pm filter to prevent decomposition of urea at high temperatures. B.
thuringiensis (obtained from the Korea Type Culture Collection, Jeongeup, South Korea) was cultured
with shaking in 650 ml cell culture flasks (SPL Life Science, Pocheon, South Korea), sealed with
sterile gas exchange filter caps at 30 ° C. and 200 rpm in a sterilized 25 g /1 Miller Luria-Bertani broth
(LB broth, Becton Dickinson, Franklin Lakes, NJ, USA) [4].

Research results. The development of a new mortar composition that allows concrete to self-
regenerate is a promising area of modern construction. The binder composition for concrete production,
developed by the research group of the Tashkent State Technical University, can be used both when using
industrial wastes in construction, and for the manufacture of concrete structures in other industries. The
results of scientific research carried out in laboratory conditions of the Tashkent State Technical University
on the introduction of bacteria on the ground, showed that it binds sand and gravel, forming a protective
hard layer. It serves as a connecting element between the biological environment, a soluble non-toxic
molecule, and calcium, which are applied to the surface [5]. This concrete is made on the basis of Portland
cement with filler and additives. In some research papers, bacteria and calcium lactate capsules were added
to the mixture as an ingredient. The mixture was activated with water: when cracks appeared, bacteria
absorbed water to produce calcite, which in turn fills the gaps.

Since the bacterium destroys the molecules of the biological environment, releasing a salt of
carbonic acid, which binds to calcium and forms calcite crystals, they attach to the soil. The enzyme
that bacteria secrete accelerates the solidification process by several thousand times [6].
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Fig.1.

Urease is a common enzyme expressed by microorganisms, where 1 mol of urea (NH4CO3) is
hydrated with urease to form 2 mol NH4 +, 1 mol HCO3- and 2 mol OH-. As a result, the pH of the
nutrient medium increases, while HCO3- turns into CO32-, which then binds Ca2 + in the
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environment, and as a result, CaCO3 is formed. The decomposition characteristics of urea ureolytic
bacteria S. pasteurii can be determined by measuring the concentration of NH4 + produced in the
culture medium. The NH4 + concentration for the ratios of co-cultivation of A, B, and C reached
698.2, 711.1, and 696.3 mM after 30-36 hours, respectively. However, the rate at which NH4 + was
produced at 11 h was the highest for B at 371.4 mm, while the rates for A and C were 300.0 mm and
311.2 mm, respectively. Given that 1 mol of urea is decomposed into 2 mol of NH4 +, it is expected
that 666 mM NH4 + will be obtained from 333 mM of urea. However, the amount of NH4 + produced
was actually larger than predicted by 104.83%, 106.77% and 104.59% for A, B and C, respectively,
relative to the amount of nitrogen originally supplied by urea [7].

Since urea decomposes under the action of urease, CO32- combines with Ca2 + in the culture
solution to form CaCO3. Therefore, it is possible to determine the amount of Ca2 + used in the production
of CaCO3 by measuring the concentration of the remaining Ca2 +. After 33 hours, Ca2 + consumption was
the highest for B - 19.12 mM, then A and C - 16.44 and 14.25 mM, respectively [8]. Ca2 + concentrations
did not show further change after 22 hours and were not completely exhausted in all samples.

The precipitate that formed in the urea-calcium lactate medium after culturing for 30-36 hours
was recovered and its weight was measured. The mass of extracted CaCO3 from the ratio of cultures
A and C was 2.20 + 0.03 and 2.18 = 0.05, respectively. A mass of CaCO3 isolated from the ratio of
cultures of B to S. pasteurii: B. It was found that the ratio of thuringiensis 8: 2 has the largest weight.
This is in close agreement with the Ca2 + intake shown in Figure 2 after 30-36 hours, showing that the
Ca2 + intake was highest for B at 19.03 mM, then A and C at 15.65 and 14.25 mM respectively.

10

6 A A A A A
0 10 20 30 40 50 60
Time (h)
Fig.2.

The evolution of pH in samples A, B, and C is shown in the figure. The pH in A tended to
increase from 7.5 to 9.31 to 24 hours. On the other hand, for samples B, the pH increased to 8.49 to 8
hours, and then decreased to 7.56 after 35 hours. Finally, C showed almost no pH change and was
maintained at about 7.6. The absolute value of the zeta potential of A increased, but B and C, as a rule,
remained. The pH value increased from 8.63 to 9.31, and the zeta potentials were in the range from -
23.9 t0 -37.9 mV between 11 and 33 hours. The zeta potential of B is -20.4 mV, -17.1 mV and -21.4
mV, respectively, at pH 8.25 (11 h), 7.72 pH (22 h) and 7.65 pH (36 h), and the value of C shows a
continuous value of about -19 mV from 11 to 30-36 [9].

Since self-healing of concrete using bacteria depends on the formation of CaCO3 when
bacteria decompose urea, it is important to include urea-degrading bacteria. In addition, NH4 + and
OH- resulting from the decomposition of bacteria urea caused an increase in pH by the production of
CO2 and created an environment favorable for CaCO3 precipitation. Therefore, most studies on self-
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healing concrete using bacteria use urea-degrading bacteria. In contrast, little attention is paid to the
potential for self-healing of non-ureolytic bacteria and its use.

Obst et al. (2006) investigated that the decrease in the total negative electric potential of the
bacterial cell surface is associated with the adsorption of Ca2 + in the culture solution on the cell
surface, suggesting that the bacterial cell surface provides a nucleation site for CaCO3 precipitation. In
this study, the amount of Ca2 + dissolved in culture medium was the smallest in B, while A and C
showed a similar value. This result is consistent with B showing the highest amount of CaCO3
production, as indicated by weight measurements of precipitated CaCO3. Both results show that co-
cultivation of S. pasteurii and B. thuringiensis has a synergistic effect on CaCO3 precipitation, which
is associated with the presence of a larger number of nucleation sites [10]. High cell density during
urea hydrolysis was effective in increasing the diversity and size of CaCO3 crystals.

SEM results showed various crystalline phases that formed around the origin of the bacteria.
In addition, hexagonal crystalline crystalline phases and other spherical phases were found. It should
be noted that the size and crystallinity of the crystalline phase are affected by the concentration of urea
and CaCOa3 in the culture medium; with an increase in the concentration of urea and calcium, the size
of the crystals and their crystallinity decrease. This led to the formation of calcite, as well as a number
of other phases that were amorphous in nature.

To develop the composition of biomass, tests were conducted on a vibration unit. Table 1
shows the test results with different temperature conditions.

Table 1.

Ne Temperature of the working Concrete The nature of the The nature of
chamber of the installation, hardening time, formation of cracks 3 hours
oC minutes cracks, mm after removal of
vibration, mm
1 20-23 90 0,15-0,20 0,20-0,25
2 50-60 40 0,10-0,08 0,15-0,17
3 100-120 25-27 0,04-0,06 0,10-0,12

To determine the effect of humidity on the nature of cracking, studies were carried out on a
vibration unit with the application of moisture through blasting [11].
Table 2 shows the results of studies to determine the effect of biomass moisture on the nature
of solidification.

Table 2.
Ne Humidity of the installation Concrete The nature of the The nature of
chamber,% hardening time, formation of cracks 3 hours
minutes cracks, mm after removal of

vibration, mm
1 15-17 40-50 0,14-0,16 0,10-0,08
2 40-50 70-80 0,08-0,10 0,04-0,06
3 80-90 120-140 0,04-0,06 0,01-0,012

During research in the manufacture of biocement by means of microbiological effects,
bacterial strains were grown in 145 x 20 mm ventilated Petri dishes and in dry air thermostats TV-80-
1. The hydrogen index (Ph medium) was increased by the microorganisms themselves due to the
production of the urease enzyme, which enables gram-positive bacteria to rapidly split urea and
multiply rapidly. To ensure moisture, bacteria of the genus Azotobacter were used, which will ensure
bacterial storage in an air-dry state.

Conclusions. This technological study examined the effect of co-cultured ureolitic and non-
ureolitic bacteria on self-healing and self-filling of cement mortar. The effect of biomass used on
ecology and the environment was studied. For this purpose, a urea-calcium medium was prepared
containing S. pasteurii and B. thuringiensis, with an inoculation coefficient of 10: 0, 8: 2, or 5: 5, to
which the samples of the solution with predetermined cracks were subjected. The results indicate that
CaCOa3 precipitation is enhanced by co-cultivation of ureolytic and non-ureolytic bacteria and clarifies
the principles involved in such phenomena.
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The higher growth rate of the B. thuringiensis neureolitic organism compared with ureolytic
bacteria led to faster respiration producing CO2, which lowers pH and provides a nucleation site that
effectively enhances CaCQO3 precipitation.

The rapid growth of B. thuringiensis was also effective for the decomposition of NB, as
evidenced by the higher concentration of NH4 + in the culture medium, resulting in a significant
increase in the production of CO32- and CaCOs3.

The effectiveness of bacteria for filling cracks in sample samples was largely determined by the
width of the cracks. Although a larger amount of CaCO3 precipitation was achieved in the co-culture
medium, the crack filling rate was more dependent on the crack width than the co-culture ratios.

The tendency of this biological cement to crack formation, to increase strength and seismic
resistance was determined, and analyzes were also carried out from an economic point of view.

In the process of developing this technology, the following were identified:

- due to the use of biocement, the tendency to cracking is reduced to 30-40%;

- increases the strength of concrete by 40-50%;

- capital costs for the manufacture of concrete is reduced by 8-10%.
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BJIMSHUE BOJTOKHUCTOI'O COCTABA CMEITAHHBIX
TKAHEHN HA UX JE®OPMAIINIO PACTAKEHUA

k.m.H. Munacan 3. A., couc. Ozannucan A. P., x.m.n. Manacan H. K.
Apwmenus, e. ['ompu, Hayuonanvuwiii nonumexnuueckuil ynugepcumem Apmenuu

Abstract. The influence of the fibrous composition of mixed tissues on their tensile deformation is investigated.
As samples of mixed fabrics, we chose cotton (c) + viscose (v) with an average thickness of 0,155 - 102 m,
cotton (c) + polyester (p) with an average thickness of 0,183 - 10° m and 0,33 - 10°* m and "flax (f) + lavsan
(W) + threeacetate (t)" with an average thickness of 1,51 - 10°m of various fibrous composition. To determine
the tensile strain of mixed fabrics, samples were prepared with a width of 50 mm and a length of 200 mm. The
tensile strain of the samples was determined on a tensile testing machine RT - 250.

Keywords: mixed fabric, tensile strain, absolute and relative elongation, load.

Beenenne. Jio0as omexna AOMKHA XOPOIIO COXPAaHATh NPUAAHHYIO ed ¢opMmy, OBITh
JIOCTaTOYHO  MPOYHOH, M3HOCOCTOMKOW, o0O0NagaTh  TEIUIO3AUIUTHBIMH  CBOHCTBaMH, OBITh
TUTPOCKOMUYHOM 1 T. 1. OHa TaKkke JOJDKHA OBITh MPOCTOH, yIOOHOM, N3AIHONW, MOTHOW, KPACHBON U
B TO )€ BPEMsI UMETh HEBBICOKYIO CTOMMOCTb. YIIyUIlleHHe KauecTBa MIBEHHBIX U3enuil, 0OHOBICHNE
UX acCOpPTUMEHTa O0ecleunBacTCs, OCBOCHHEM B MPOHM3BOACTBE HOBBIX MOJEJCH, COBEpPLICH-
CTBOBAaHMEM KOHCTPYKLUH, UCIIOJIb30BaHUEM COBPEMEHHOM TEXHUKU U TEXHOJOTMH M3TOTOBJICHHUS, U,
YTO HE MCHEE Ba)KHO, IPUMCHEHHEM HOBBIX TKaHe# [1].

3HaHUe MOPOKOB PA3IMYHBIX BHIOB CHIPbS, H3 KOTOPOTO MU3TOTOBIISIOTCS TKAHU HEOOXOIUMO
JUISL paliMOHAJIBHOTO MCIIONB30BAaHUS MAaTEpHUaJioB M M TOJYYEHHsS TOTOBBIX H3JIEIMHA BBICOKOTO
Ka4yecTBa, T. €. COOTBETCTBYIOIIMX BCEM MPEIBSBISIEMBbIM K HUM TPEOOBaHMSAM, HOCKU, yHOOHBIX U
3CTETHYECKH KPACHBBIX.

MexaHn4yeckie CBOWCTBAa TEKCTHWJIBHBIX MAaTeprajloB XapaKTepU3ylOT HX CIOCOOHOCTH
COIIPOTHUBIATHCS ACHCTBHIO MPUIOKEHHBIX K HUIM MEXaHMUYECKUX YCHIIUH, BBI3BIBAIOIINX AehopMaun
pacTsbkeHusi, n3ruda, cxarus, KpyueHus. [IpouHoCTh Ha pa3phIB MPU PACTSDKEHUHU SIBISIETCS] OAHUM U3
OCHOBHBIX MEXaHHMUYECKHUX CBOMCTB TEKCTHJIbHBIX MAaTEPHAJIOB U JJIsl TKAHEH OIpeNeNsieTcss OTAeNbHO
B HaNpaBJICHUU OCHOBBI U YTKa.

Ha nedopmanmio pactsbkeHust OoJiblioe  BIMSHME OKa3blBa€T BOJIOKHUCTBIM COCTaB
CMEIIaHHBIX TKaHeW, 4TO HEoOXOJMMO YYHMTHIBaTH IpPH OIICHKE KauecTBa TKaHEH M W3/CIHH,
W3TOTOBJICHHBIX U3 HUX.

Leabto padoThl SBISETCS SKCIECPUMEHTAIBHOE HCCIIEAOBAaHHE JeGOpMalldl PACTSDKEHHS
CMEIIaHHBIX TKaHEeHW pa3NMYHOro BOJIOKHHUCTOTO COCTaBa.

MeTtonuka 3xcnepuMenTa: B kauectBe 00beKTa UCCIIEIOBaHMUSI BEIOpaHbI 00pa3iibl CMEIaHHBIX
Tkanel pasmepom (50 - 200) - 10°m, "xsomok+ BHCKO3a" MOJNOTHSHOTO IIEPEIUIETEHHs TOIIIMHOM
0,155 - 10°wm, conepsxammue 100% xsonka, 70% xsonka u 30% Bucko3bl, 50% xy1onka 1 50% BUCKO3bI 1
100% BUCKO3bI; 00pa3pbl "XJIOMNOK + HoMACTep” MOJTOTHAHOrO nepernieTenus Tonmmuaamu 0,183 - 103m
u 0,33 + 10°m, comepxamme 100% xnonka, 30% xmonka u 70% nommdcrepa, 50% xmonka u 50%
nosmacrepa, 100% monmacrepa M oOpasubl "neH + jaBcaH + TpHALETaT" MOJOTHSHOIO IMEpPErUIeTeHHS
tonmumHo# 1,51 - 103Mm, conepxamue 100% mpHa; 100% naBcana; 100% tpuanerara; 33% nbHa, 33%
naBcana u 33% tpuanerara; 33% mpHa, 17% maBcana u 50 Tpuamerara; 17% meHa, 33% maBcana u 50
tpuanerara; 33% npHa, 50% maBcana u 17% Ttpuanerara. Jledopmarms pacTshkeHHS 00pasIoB
omnpenensiack Ha paspsiBHOM Mamuae PT — 250. TommuHa nenbiTyeMbeIx 00pa3LoB CMELIaHHBIX TKaHEH
OTIpEIeIISIIACh C TIOMOIIELIO ToNmIHOMepa Mapku YT [2, 3].

Pe3yabTaThl Hccae10BaHUA U MX aHAJW3. Pe3ynbTaThl SKCIEPUMEHTAIFHOTO ONPEAETICHIS
neopManiy pacTsbKeHUs 00pa3loB CMELIaHHBIX TKaHeH ""XJIOTOK + BUcKo3a", ""XJIONoK + nonuscrep”
u "nen + naBcaH + TpuaneTar" mpeAcTaBIeHbl Ha pUcyHKax 1, 2, 3 u 4.

OKCTIEPUMEHTHI 0 MCCIIEZIOBAHUIO TIPOYHOCTH Ha PACTSIKEHHE CMEIIaHHOW TKaHH "XJIOMOK +
BUCKO3a" OBLTH NMPOBEACHBI IPY M3MEHEHUH Harpyskatomeil cuiisl maroM B 1 H. Ha puc. 1 npusenenst
3aBHCUMOCTH Harpy3kd OT OTHOCHUTENIFHOTO YAJMHEHUs 00pas3loB CMEIIAHHON TKaHH "XJIOHOK +
BUCKO3a" C IIAroM M3MEHEHMs Harpy3ku B 5 H 10 cocTosHHMS pas3pbiBa, a TakkKe 3HAaYCHUS
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OTHOCHTENBHOTO YUTMHEHHUS ISl CHIBI MPEBAPUTENFHOTO HATKEHHS, KOTOPask COCTABISET OKOJIO 1
H 17151 06pa3ioB cMermaHHoOiH TKAaH| cO CpejIHeil MOBEpXHOCTHOM mIoTHOCTHI0 103 r/M2[5].
[Tnomaas nonepevHoro ceyenus obpasuos F = 0,050,155+ 1073 = 0,00775 - 10~ 3m?
HanpskeHnue TIpH MpeBapUTeIbHOM HATSKEHHH COCTABIISET:

o= = 129032 IIa = 0,129 MIla
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Puc. 1. Pe3ynomamul uccredoganus deopmayuu pacmsicenus (€, %) 00pazyos cmeuwannvix mranet
"x0nox + euckosa" momyunoii 0.155 - 10° m paznuunozo eonoxnucmozo cocmasa

OKCHEepUMEHTHI TI0 WCCIEOBAHMIO MPOYHOCTH HAa PACTSDKEHHE CMEIIAHHOW TKaHW "XJIOMOK +
nommactep” TonumHoii 0.183 +103m Obuti npoBeIeHB! PY M3MEHEHNH HArPY’KAIOLIEH CUJIBI C IIaroM B 1
H. Ha puc. 2 npuBeneHsl 3aBUCUMOCTH Harpy3KH OT OTHOCHTEIBHOTO YIJIMHEHHUsI 00Pa3loB CMEIIAHHON
TKaH! "XJIOMOK + TOoJrdCTep" ¢ mraroM m3MeHeHus Harpy3kd B 20 H 10 cocTosHusI pa3pbiBa, a Takxke
3HaYEeHHs] OTHOCHTENILHOTO YIUTMHEHHUS JUISl CHJIBI MPEIBAPUTENILHOTO HATSHKEHUS, KOTOpasi COCTaBIIsIeT
okono 2,5 H 15 06pasiioB cMeIaHHOH TKaHH cO cpeiHe MOBepXHOCTHOI mioTHOCThIO 1191 /M2[5].

ITnomazae momepeynoro cedenns odpasnos F = 0,050,183 1073 = 0,00915- 10™3m?

HanpsiokeHnue mpu npeiBapuTEIbHOM HATSHKEHUH COCTaBIISIET:
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Puc. 2. Pezynomamul uccinedosanus oeghopmayuu pacmsoicenusi (€, %) 0o6pasyos cMeuanHbix mramenl
"xnonox + nonuscmep” monuunoii 0.183 10 m pazmuunozo eonoxnucmozo cocmasa
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OKCHEePUMEHTHI TI0 WCCIIEOBAHUIO MPOYHOCTH Ha PACTSDKEHHE CMENIAHHOW TKaHW "XJIOMOK +
nommactep” Tomumunoi 0.33 -10°3m GbUIH MPOBEIEHBI PU H3MEHEHWH HArPY’KaloLIeH CHIIbI C IaroM B 1
H. Ha puc. 3 npuBeneHbl 3aBUCHMOCTH HArpy3KH OT OTHOCUTEIBHOTO y/UTHHEHHSI 00pa3IoB CMELIaHHOM
TKaHH "XJIOTOK + moimdcTep” ¢ maroM m3MeHeHust Harpy3ku B 20 H mo coctosHuSA pasppiBa, a Takxe
3HAYEHHUS 3TOTO MOKA3aTeNsl JUIsl CHIIbI MPEBAPUTEILHOTO HATSHKEHUSI, KOTOpasi CoCcTaBisieT okoio 2,5 H
JUIs 06pas3LoB CMEIAHHOM TKaHH CO CpeIHEl TOBEPXHOCTHOM MIOTHOCTBIO 157 /M2 [5].

ITnomaas nonepevHoro ceuenus cocrasnsger: F = 0,05- 0,33+ 1073 = 0,0165 - 1073m?

Hamnpspkenue npu npeaBapuTeIbHOM HATSDKCHUH PABHO!
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Puc. 3. Pe3ynomamul uccredoganus degpopmayuu pacmsicenus (€, %) 00pazyos cmeuwanivix mranet
"xaonox + noauscmep” monwunoii 0.33 -10° y paznuunozo sonoxnucmozo cocmasa

OKCHEepUMEHTHI 110 MCCIIEIOBAHUIO TIPOYHOCTH Ha pacTshKEHHE CMEUIaHHON TKaHU "JIeH + JIaBcaH
+ tpuanerar” TomumHoi 1,51 -10°3M GbIM NpoBeIEHB! PU U3MEHEHUHU HArPY>KAIOIIEl CHIIBI C I1aroM B 1
H. Ha puc. 4 npuBeneHsl 3aBUCUMOCTH HArpy3Kd OT OTHOCHTEIBHOTO YIJIMHEHHUsI 00Pa3loB CMEIIAHHON
TKaHU "JIeH + JaBcaH + TpHareTar” ¢ marom n3MeHeHus Harpy3ku B 20 H 1o cocTosiHus pa3phiBa, a TaKkxkKe
3HAYCHUSI 3TOTO MMOKAa3aTells JUIsl CHIIBI MPEIBAPUTENHLHOTO HATSDKEHHS, KOTOpasi cocTapisieT okoio 2,5 H
JUTs 06pasLoB CMEIIAHHOM TKaHH CO CpeiHel MOBEPXHOCTHOM MmIoTHOCTHIO 2321 /M2 [5].

ITnomans MTOTIEPEYHOTO ceueHus cocrasmser: F =0,05-1,51-1073 = 0,0755 -

10~3m2. HanpsiskeHne Npy NpeBapUTENTbHOM HATSKEHHH PABHO:
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Puc. 4. Pe3ynomamol ucciedosanus oeghopmayuu pacmsicenus (€, %) 00pasyos cmeuanbix mraneu
"nen + nascan + mpuayemam' monuunoti 1,51 -10° m paznuunozo eonoxnucmozo cocmasa
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BbiBoabl. AHamu3upys TONyYeHHBIE SKCIIEPHMEHTANbHBIE JaHHBIC, IPEICTaBICHHBIE Ha
rpagukax | - 4 MOXKHO CENaTh CIACTYIONINE BEIBOADI.

e (Cuia npeABapUTENbHOTO HATSDKEHHS 00pa3moB HeoOXoAauMash Majisl  BBIIPSIMIICHUS
BOJIOKOH CMEIIaHHON TKaHW "XJIOMOK + BHCKO3a", cocraBisier mpuMmepHo 1 H, a mis oOpasior
CMENIaHHBIX TKaHEeH OCTAFHBIX BUIOB IMpUMEpHO 2,5 H, 94To mpeaycMOTpeHO CTaHAapTOM H CBSI3aHO
C MIOBEPXHOCTHO! TIOTHOCTBIO 00Pa3I0B CMEIIaHHBIX TKAaHEH.

e B cMemanHOI TKaHM "XJIOMOK + BHCK03a" co cpemHeii TommuHoi o6pasmos 0,155 - 107 3m ¢
YBEJIMUYEHUEM MPOLIEHTHOTO coepkanus xionka ot 0% mo0 100% pa3peiBHast Harpy3Ka Bo3pactaeT oT 68
H 10 75 H 1.e. mpumepno B 1,1 pa3a, 8 oTHOCUTENBHOE YAIUHEHUE yMeHbIaeTcs ot 18,1 % mo 8,2 %. [dns
BCEeX 00pa3IoB ¢ yBelm4deHneM Harpy3ku ot 1 H 1o pa3pbIBHOW — OTHOCHTENBHBIE YUTMHEHHS 00pa3IioB
BO3pacTaroT. [IpoYHOCTh Ha pa3phiB 0OPA3LOB CMEIIAHHOW TKaHH "XJIOMOK + BHCKO03a" TIOUTH OJMHAKOBA
npy JTFOOOM €€ BOJIOKHHUCTOM cocTaBe. HanOosbieit mpoYHOCThEO Ha pa3pbiB oOnagaeT 100% xJomok, a
HaumeHblIel — 100% Buckosza. Tkanu ¢ ApyruM comepskaHHeM KOMIIOHEHTOB IO MPOYHOCTH 3aHUMAIOT
MPOMEKYTOYHBIE TIOJIOKEHHUST MEKIY XIJIOITKOM F BUCKO30H.

e B cmMmemanHo# TkaHW "XJIOMOK + moisuacTep” co cpeiHed TonmuHONW obpasmos 0,183 -
1073M c yBenuueHHeM MpPOLEHTHOTO cojepkaHus Xjomnka oT 0% g0 100% paspbiBHas Harpyska
Bo3pactaeT oT 126 H 1o 317 H 1.e. npumepHo B 2,5 pa3a, 8 OTHOCUTENIbHOE YAJINHEHHE YMEHBIIAETCS
ot 26,2 % no 9,3 %. [ns Bcex o0pas3noB ¢ yBenuueHHEM Harpys3ku or 2,5 H nmo paspbiBHOH —
OTHOCHUTENFHBIE yIJIMHEHHsT 00pa3IoB Bo3pacTatoT. HanbompIeid mpoyHOCTRIO HA Pa3phbIB 00IamaeT
100% nomuactep, a Haumenbleil — 100% xmonok. Tkanu ¢ ApyruM conaepskaHueM KOMITIOHEHTOB IO
MIPOYHOCTH 3aHUMAIOT ITPOMEKYTOUYHBIE MONOKEHUS MEXTY XJIOIKOM U TIOJIHICTEPOM.

e B cmemanHOW TKaHM "XJIONOK + TOJMACTEP" €O CpEIAHEH TOJIIUHONW 00pasioB
0,33 - 1073M ¢ yBenMueHneM NPOLEHTHOTO cojlepkanus xj1onka ot 0% 1o 100% pa3pbiBHas Harpys3ka
Bo3pactaeT oT 234 H no 489 H t.e. mpumepHo B 2,1 pasza, 8 OTHOCUTEIBHOE YIUIMHEHHE YMEHbBIIACTCS
ot 30,1 % mo 11,2 %. Ins Bcex oOpas3loB ¢ yBelnWdeHHWEM Harpys3ku oT 2,5 H no paspwiBHON —
OTHOCHUTENIFHOE YJIMHEHHsS 00pa3IoB BO3pacTaroT. HambombIei mpoYHOCTEI0 HAa pa3phiB 00IaaeT
100% mnonuscrep, a Haumenbuieil — 100% xmonok. TkaHu ¢ ApyruM coAep’KaHUEM KOMIIOHEHTOB IO
MPOYHOCTH 3aHUMAIOT MIPOMEKYTOUHBIE TTOJIOKEHUS MEXTy XJIOIIKOM U TIOJIHICTEPOM.

e B cmemanHoi TkaHu "neH + JaBcaH + Tpuanerar' co cpemHed TOJIMWHOW 00pasIoB
1,51 - 1073M ¢ yMeHbIIEHHEM HPOIEHTHOTO coAepkanus abHa oT 100% 10 33% paspbiBHAs HArpy3ka
BO3pacTaeT y CMEIIAHHBIX TKaHel conepxkamux 33% sbHa, 33%, maBcaHa u 33% TpuaneraTa; a TakxKe
33% nbHa, 50% naBcana u 17% tpuanerara, coorserctBeHHO OT 395 H no 429 Hu 395 H no 514 H .
e, mpumepHo B 1,1 u 1,3 pa3a, a oTHOCHTENbHOE YATUHEHNE YBEINUUBAETCS COOTBETCTBEHHO 0T 10,2%
o 19,1% u 10,2% no 25,2%, a ¢ yMeHbIIEHUEM MpoUeHTHOro cogepxanus ot 100% mo 17 %
pa3pbIBHAs Harpy3ka y CMEIIaHHOW TKaHH, coaepxkanuii 17% nbpHa, 33% naBcana n 50% Tpuanerara
MOYTH HE U3MeHseTcs U coctaisier nmpumepHo 400 H, a oTHOCUTENbHOE y/UIMHEHUE YBEIHMYHUBAETCS
ot 10,2% no 18,5%.

C yMeHBIIEHHEM MPOLEHTHOTO conepxanus jaBcaHa or 100% no 33% paspeiBHas Harpyska
YMEHBIIIAeTCS Y CMEIIaHHbIX TKaHeH, copepkamux 33% mbHa, 33% naBcana u 33% Tpuarnerara, a TaKke
17% neHa, 33% maBcana u 50% Tpuarierata, coorBeTcTBeHHO OT 696 H 10 429 H 1 696 H 1o 401 H T. e,
npuMepHo B 1,6 u 1,7 pasa, & OTHOCUTENBHOE y/UIMHEHHE yMEHBIIAETCA COOTBETCTBEHHO OT 41,2 % no
19,1 u 41,2% no 18,5%, a ¢ ymeHsbiieHreM nporueHTHOro conepxanus ot 100% mo 50 % u ot 100% mo 17
% pa3peIBHAS Harpy3Ka y CMEIIAaHHBIX TKaHeH, coaepkammx 33% npHa, 50% maBcana u 17% Tpuarnerara,
a taoke 33% sbHa, 17% naBcana n 50% TpuaneraTa, yMeHbIIAeTCsl COOTBETCTBEHHO 0T 696 H 1o 514 H n
or 696 H no 353 H 1. e, nmpumepHo B 1,4 u 2 pa3a, & OTHOCHUTEIBHOE YAJIVHEHHE YMEHBILAECTCS
cootBeTcTBeHHO OT 41,2% 1o 25,2 % n ot 41,2% mo 13,5 %.

C yMeHbBIIEHHEM TMPOICHTHOTO cojaepkanus Tpuarerata or 100% mo 50% paspwiBHas
Harpyska yBEJIMYMBAETCS y CMEIIAHHBIX TKaHel, coxepxkammx 33% usbHa, 17% naBcana u 50%
TpHauerata, a Takxke 17% npHa 33% naBcana 50% Tpuanerara, coorBercTBeHHO oT 208 H no 353 Hu
208 H mo 401 H T1. e, mpumepro B 1,7 u 1,9 pa3a, a OTHOCHTENHHOE Y/IMHCHHE YBEIMIUBACTCS
cootBeTrcTBeHHO OT 6,1 % mo 13,5% u 6,1% mo 18,5%, a ¢ yMeHbIlIEeHHEM MPOLIEHTHOTO COJECPKAHUS
ot 100% 10 33 % u ot 100% no 17 % pa3peiBHas Harpy3Ka y CMEIIAHHBIX TKaHeH, coaepxkamux 33%
neHa, 33% mnaBcana u 33% Tpmarerara, a Takke 33% mpHaA, 50% naBcana um 17% Tpmarnerara,
yBenumumBaeTcs: coorBeTcTBeHHO OT 208 H mo 429 H n ot 208 H no 514 H . e, mpumepno B 2,1 u 2,5
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pas3a, & OTHOCHTENbHOE y/UTMHEHNE YBEIMINBAETCS COOTBETCTBEHHO OT 6,1% mo 19,1 % u ot 6,1% mo
25,2 %. Haumbonpieii mpounocTeio Ha pa3pbiB obmamaer 100% naBcan, nanee uaer 100% neH, a
HauMeHbIIeH MpoyHocThio 00mamaer 100% tpuanerar. Tkanu ¢ ApyruM comep’kaHueM KOMIIOHEHTOB
0 MTPOYHOCTH 3aHUMAIOT MTPOMEKYTOUHBIE TIOJTOKESHHUS MEXK/TY TABCAHOM U TPHUAIIETATOM.

e [lpucyrcTBHe B HCCIENOBaHHBIX O0paslax CMEMIAHHBIX TKAaHEH WCKYyCCTBEHHBIX
KOMITOHEHTOB (BHCKO03a, TPHALIETAaT) MPUBOIUT K CHI)KEHHUIO WX TPOYHOCTH 110 Pa3phIBHOM HArpyske,
a MPUCYTCTBUE CHHTETHUECKUX KOMITIOHEHTOB (ITOJIMACTEP, JaBcaH) — HA000POT, K €€ TOBBIIICHHUIO.

e I3 mpeacTaBieHHBIX PHUCYHKOB BHIHO, 4YTO 3aBHCHMOCTb MEXKIY Harpy3koil wu
OTHOCHUTENFHBIM yIJTMHEHHEM 00pa3IlOB HMEET IPUMEPHO CTETIEHHOW XapaKTep, 4TO MOATBEPKIACTCS
TaK)Ke pe3ynbTaTaMi UMEIOLINXCS JaHHBIX [2, 3].

e  VY4YerT BOJIOKHHCTOTO COCTaBa CMEIIAHHBIX TKaHEW MaeT BO3MOXXHOCTh BBISBHUTH HX
ONTUMAJILHBII COCTaB JUIsl MPOM3BOACTBA OJEKABI TOTO WIM WHOTO Ha3HAYEHHs] COOTBETCTBEHHO
MEPUOAY ee dKCIUTyaTanwu [4].
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TRANSPORT

METOJIMKA OIIIHKHY PIBHS EJIEKTPHYHOI'O IIOJIS
HEBE3INEYHUX CUTHAJIB B 3AXOJAX 3AXUCTY
TH®OPMALII I''TOBAJIBHUX HABITAIITMHUX
CYIIYTHUKOBHUX CUCTEM

Hlgeuw B. A., x.m.H., doyenm kageopu 3acobis 3axucmy iHgopmayii
Menewxo T. B., cmapuutl suxiaoayu kagedpu 3acobis 3axucmy ingopmayii
Yrpaina, m. Kuis, Hayionanvnuii asiayitinuti ynieepcumem

Abstract. The paper provides an analysis of sources that substantiate the need to protect information
in GNSS. One of the areas of information protection is organizational measures in the form of
monitoring the electromagnetic environment at the location of GNSS consumers equipment. The
method of estimation of the level of dangerous signals is given. The practical results of the application
of the proposed methodology are presented.

Keywords: dangerous signal, electromagnetic environment, global navigation satellite systems,
information protection, power flux density, interference.

Beryn. CyuacHuil eram pO3BUTKY CYCIUIBCTBA XapaKTEPH3YEThCS BCE OUIBII IIMPOKHM
BUKOPHUCTaHHSAM KOOpPJIMHATHO-4acoBOro 3abe3nedyenHs (KU3), mo cTaHOBUTH OCHOBY €()EKTHBHOTO
¢yHKIIOHYBaHHS 0ararboxX Taly3ell eKOHOMIKM 1 € HaWBOKIMBIIIOK YaCTHHOIO CYyYacHUX
TPAHCIIOPTHUX CHCTEM, ITUPPOBUX CHCTEM TEIICKOMYHIKaIllii, CHepreTuku, (PiHaHCOBOI i OaHKIBCHKIH
cdepi, cuCTEM YIpaBJIiHHSA BiiCbKAMH 1 BHCOKOTOYHOIO 30pO€I0, SIKI BIHOCATBCA 1O O00'€KTiB
KpuTH4aHOi iH(ppacTpykTypH [1].

[lin wac excruryaramii rioOanpHMX HaBiramiiHux cymyTtHukoBuX cuctemM (ITHCC)  Oyno
BUSIBJICHO iX Bpa3nuBocTi [2]. OnMHUM 3 HaHOUIBbII BAXKJIMBHUX 1 CBOEYACHUX 3BITIB MPO JOCHIHKCHHS B
it obmacti OyB 3BiT Llentpy Bonme [3] mpo BpasnuBocti GPS, y BHCHOBKax SKOro 3a3Hayajocs, II0
cucrema GPS, sk 1 iHIII pagioHaBiramidHi cMcTeMu, BpasiyMBa MY BIUIMBI HEHABMHUCHHX 1 HABMHCHHX
3aBajl 1 10 TaKi 3aBaJy HECYTh 3arpo3y Oe3relll i MOXKyTh MaTH CEPHO3HI HACTIIKU Ui EKOHOMIKH 1
HABKOJIMIITHLOTO CEPEIOBUIIA. Y 3BiTi 3p00JIeHO BUCHOBOK MPO Te, IO 3pocTatoue BukopucTants GPS B
IUBLITBHIN 1HPpacTpyKTypi poOUTh i yce OUThII MPUBAOIMBOIO MIMIEHHIO IS BOPOXKHX il OKpEMHX
0COOHMCTOCTEH 1 TPYII, TOMY HEOOXiTHO MPOBOAUTH 3aX0IH 111010 3axucTy iHdopmarii THCC [4-6].

Ooroeopennsi. HeoOxinuicte 3axucty iHdopmanii 'HCC HeomHOpa3oBO HaBowiIacs B
HopMaTHBHEX JTokyMeHTax IKAO [7, 8], 3BiTax Ta HayKOBHX JuKepenax (CM. mepelik Jiiteparypu [2-6,9]).

Hns 3axucty indopmauii 'HCC nponoHyroTbcs oOpraHizaliiHO-TEXHIUHI 3aX0lu, SKi
0a3yroThCs Ha MOJICITI 3arpo3 Ta Moei nopyinuka indopmariii THCC [9].

B skocti oprasizamiiHUX 3axOZiB IPONOHYETbCS NPOBOJUTH MOHITOPHHI JIOCTYIHOCTI
panionasiraniiHoro noist 'HCC B Toumi po3TamlyBaHHS amapaTypd CIIOKHBadiB HaBirauiiHol
iHpopmallii. MeTa MOHITOPHHTY — BUMiptoBaHHS piBHS HeOe3meunoro curnany juist [HCC ta HaganHs
BHUCHOBKIB III0JI0 MOJIMBOCTI BHKOHAHHs IIbOBOI (yHkiii anmaparypu cnoxkupauis THCC. s
JOCSATHEHHSI METH MOHITOPMHIY NOBHHHA OyTH po3poOiieHa METOAMKA OLIHKM PiBHS HEOE3MeuHOro
curnany ans [HCC.

B pesynprari HJAP sixi npoBomwiucs B HamioHamsHOMy aBiaiiiHOMy yHiBepcuTeTi Oysia
po3pobieHa MeToMKa OLHKH piBHS Hebe3neuHoro curHany st HCC sika Ga3yeThbest Ha iMOBIpHICHOMY
METOAY 1 METOY 3aXHCHOTO BiJHOIICHHS «CHI'HAJI/3aBa/1a» OLIHKH SIKOCTI €JIEKTPOMAarHiTHOI 00CTaHOBKU
B TOUIII PO3TAIIlyBaHHs anapatypH CIIOKMBadiB HaBirariiHoi inpopmariii [10-12].

Mertoivka noysrae B HACTYITHOMY:

1. JIns oTprMaHHs 3HAYCHHS TIOPOTOBOTO BifHOMmIeHHs "curHan/3aBaga" Trh (Bupas 12) [10]
HEOOXiTHO o0paTh YMOBHY HMOBIpHICTH peanizamii miboBoi (yukmii npuiimada 'THCC. Ile moxe
Oytm 3HadeHHs nuticHocTi nannx 'HCC.

2. 3a momomororo Gopmyinu 12 [10] po3paxyBaTé 3Ha4€HHS MOPOTY 3aXHCHOTO BiTHOILICHHS
"curnain/zasazna" Trh.
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3. Pospaxysaru HeoOxinne BigHomenns J/S, ne J/S=1/Trh qns npuitmaua THCC B ymoBax il
3aBan (puc. 2) [10].

4. PozpaxyBaTul TPaHUYHY OIUTBHICTH MOTOKY HOTYXKHOCTI €IEKTPHYHOTO TOJS HA TUIOIIHMHI
anreni npuitMmada 'HCC npu HeoOXigHOMY BigHOmCHH] J/S, sike 0TpuMaHo B I1.3.

5. Po3paxyBatu Mexy 00macTi MpUIyCTUMHUX 1 HEMPHUIyCTUMHX 3aBaj IMpPH HEOOXiAHOMY
BifHOIIECHHI J/S BiA BiACTaHI I TPAHUYHOT IIITBHOCTI MOTOKY MOTYXHOCTI €JIEKTPHYHOTO OIS 3a
noromororo Bupasy 2 [11] (puc. 2).

6.3a momomoror Bupasy 3 [13] pospaxyBaTH 3aJICKHICTh IIUIBHOCTI IOTYXHOCTI
EJIEKTPUYHOTO IOJIS BiJ BiACTaHi mpi BipOriAHOI MOCTiHHIA MOTYXHOCTI JKepena 3aBajid, Ha SIKHX
MOJKJIMBO BUKOHAHHS 1iboBO1 ¢yHKil npuiimagem ['HCC (puc. 3).

7.3a J0MOMOTOI0 BHIMIPIOBAJIBHOTO TIpHMada IIPOBECTH BHUMIPIOBAHHS IMIJIBHOCTI
HOTY)KHOCTI €JIEKTPUYHOTO IMOJsi Ta 3pOOUTH BHCHOBKH JIO MOJIIMBOCTI PO3TAaIlyBaHHs MpUiiMaya
I'HCC B maniii Toutli [uist pillieHHs HaBiraniiHoi 3amayi [13,14].

s npukiady 3acTOCYEMO HABEJCHY BHIIEC METOAUKY JJISl MPUHHATTS PIlICHHS MOXJIHBOCTI
3MiACHEHHsI 3aX0ly Ha mocazky 3a Il kaTeropieto B paiioHi aeporiopry.

Busnaunmo reobxiane BigHomenus J/S Ha Bxoai npuiiMaya ['HCC. Pospaxyemo mopir Trh, 1e B
sikocti P(L]A|Hi) [10] BizbMemo 3nauenns mimicHocTi manux [THCC, st rimoresu H7 (tabm. 1 [10]) ms el
kareropii (1-1,5%10%)= 0.9999999984= P(I]|Hi). 3 Bupasy (12) [10] orpumaemo Trh B ab:

P(11|H,)
1- P17 ,|H,)
PospaxoBane HeoOxiane BigHomenus J/S Oyme ckmamaru J/S=1/Trh, tobro -88,239 nb, Ha

Bxoxi mpuitmaua ['HCC.

Po3paxyeMo MIUIBHICTS MOTOKY MOTYKHOCTI S 3aBamu Ha anteni mpuitmaua THCC TOKO
DAK1575MS50T 3 mapamerpamu (puc. 11):

Trh=10Ig ~ 88,239dB

— Jiama3oH 4acToT 1575,42+1,023 MI'ng
— PE30HAHCHA YacToTa 1580 MI'1
— CMyra IpoIyCKaHHS 9 MI'n
— KoeiIieHT MiICHIeHHS 5 nb (abo 3,16)
— po3Mmip 2,5%2.5 cMm.
‘ L ]
P
H] A1 B | I
= ]
mr na 1.g -
. | o]
. 1 E
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Puc. 1. Aumena npuitmaua FTHCC TOKO DAK1575MS50T
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88,24
as — wW _ 10 10 Bm
S, 0,0099 | %]
ne W — motyxHicts (BT);
Sa — edexTHBHA IUIOIIA AHTEHHU: S, = G, A% 1 __C Ga — xoediumieHT migcumeHHs

4 ' feps
aHTEHM, ¢ — IBHIKICTH CBiTIAa, fops = 1575420000 I' [36].
3a pospaxynkom dS = 1.5148331671741x107 Br/m? (1.5148331671741x10® mBr/cm?).
Po3zpaxyemo Mexy 0651acTi IPUITYCTUMIUX 1 HETIPUITYCTIMIX 3aBaJT IS ITHHOCTI TOTOKY TIOTY>KHOCTI
dS~1,5148x108 MBt/cm? B 3amexHOCTI Bix BiacTani ¢ 3actocyBannam antern TOKO DAK1575MS50T
Ha Bxogi npuitMaua T'HCC, BuxopuctoByroun Bupas (2) [11, 13] i mobymyemo rpadik (puc. 2).

paHW4HaA NNOTHOCTL NOTOKA MoWwHoCcTH E-nona= 1.5152e-08 mBT/cm?

W3mepeHHan NNoTHOCTB NoToka MolHocTH E-nons= 3.5e-11 mBt/cm?
UenocTHocTb gaHHeIx THCC= 1-1.5e-09

He ,DOI'IEICTMMEFI OGJ"ECTI: MOMHdCTM nomexu

| | | T | T
—Fpanuﬂoe 3Ha4YeHWe MOLUHOCTHM nNomexu E
OLIBHKa 3Ha4YeHWA MOLLHOCTHA NOMEXKH —

1w/ [HDonycTuman obnacTe MOLLHOCTH NOMEXM

X |- 1 1 | 1 1 1 | 1 |

10 20 30 40 50 60 70 80 90 100
PaccTosHue (km)

Puc. 2. Mesca obracmi nomysicHocmi npunyCmumux i He RPURYCmMUMUX 3a8ao 05 He0OXiOH020
gioHOWeHHs J/S (MiHIs CUHBLO2O KOALOPY)

Pozpaxyemo i modymyemo rpadik 3a1e:KHOCTI MIUTPHOCTI MOTY>KHOCTI €IeKTPUYHOTO TIOJIS Bij
BIJICTaHIi Ipi MOCTIHHIN MOTYXHOCTI JuKepesia 3aBaau ta niticHocti ganux THCC GPS 0.9999999984
3a Bupaszom (2) [11,13], ne W — moTyxHicts 3aBaau 1, 10 Ta 100 Bt, Ga — xoedillieHT miacHIIeHHS
anteran TOKO DAK1575MS50T nputimaua THCC = 5ab, mns Bincrani D Bin O go 100 kM. Pesynbrar
PO3paxyHKy HaBeAECHO Ha pHcC. 3.

Ha rpadiky moOymyemo JiHIO pO3paxOBaHOI TPaHUYHOI IIUJIBHOCTI MOTOKY ITOTY>KHOCTI
esTeKTpHuHOro nos 3aBaau dS Ha anrteni npuiimaua THCC sxa nopismioe 1,5148x108 mBr/cm?.

VY rtoukax meperuHy JiHii OS 3 KPHBMMH WIUIBHOCTI IOTOKY IOTYXXHOCTI OITyCTUMO
NEepIeHTUKYIISPU Ha BiCh BiJICTaHi (puc. 3).

O6nacTs paBOPYY BiJ| MEPIEHANKYIISIPA HA BiCh BiJICTaHI 1 HUKYE KPUBOI MOTYKHOCTI 3aBajH
— obnacte B skiil npuiiMad 'HCC Oyzne BUKOHYBaTH HaBiraumiiiHy 3ajady 3 HMOBIPHICTIO HE TipIue
3ananoi. Takox 3 rpadika MOKHA BU3HAYUTH MOXKIIMBY BIJICTaHb JIO JpKepena 3aBaau (puc. 3).

Kopuctyrouncs BUMIpIOBATEHUM TpHiiMadeM (puc. 4), BUMIPSATH MOTYKHICTh €JIEKTPUIHOTO
noJist B ToUMLi po3ramryBanHs npuiimada [HCC.

Ha rpadiky (puc. 3) moOyayBaTH JiHif0 BUMipIOBaHOI LIUTBHOCTI MOTY>KHOCTI €JIEKTPHYHOTO
moJtst. SIK 110 BUMIipIOBajIbHA MIIIBHICTE TOTY)KHOCTI €IIEKTPUYHOTO TTOJISI HIKYE TO MPUCYTHI 3aBagu
He OyIyTh 3aBaaBaTH MmKoau podoti mpuitmaga THCC.
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LLiinbHicTs noTyxHocTi E-nons (MBT!CMZJ

10710

paHM4Ha WinbHICTL NoToKy NnoTyxHocTi E-nons= 1.5152e-08 mBricm?
BumipsiHa wineHicTe NoToky noTyxHocTi E-nona= 3.5e-11 mBTicm?
UinicHicTe gannx THCC= 1-1.5e-09
T T T T T

2
[AEHIETE MOTORY NOTYRHGCT E-NonA = 1.5 1526-08 MBTEW

100 BT noTyskHicTL 3asasu

10 BT noTysHICTE 3aBagn

1 BT NoTy#HICTE 3aBaaK

”Milﬁ!’lwmmﬂ@% o= 3.56- 11 WETEW>

10
1012 3
o8 | | | | | | | | | ]
a 10 20 30 40 50 60 70 80 90 100
Bigctame km

Puc. 3. 3anexcricmv winobHocmi nNOMyNCHOCMI eeKMPUYHO20 NOJSL 810 8IOCMAHI NPI NOCMIUHIU

nomyaicnocmi ddicepena 3asaou ma yinicnocmi danux FTHCC GPS (1-1,5x107)

[4] detector b AR b =] X
UacTorta ckanuposanma (MIMy) —— Monoca duneTpa (kMu)—; —KoadduumenT yeuneqna (aB) 7 —Koadh. ycunenua aHTenH ! (aB) 7 —ConpoTueneHne aHteHHs! (OmM) 7
crapr| 1570 | cron 1580 50 & _ 7 50
30 - 43 2
= [Owanason ot 25 go 1750 MMy
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I e e B e e B
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Puc. 4. I[Ipuknao sumipro8aniss NROMylcHOCMI e1eKmpuyHo2o noJis
6 mouyi posmawtyeanns npuimaua ' HCC

Ha migcraei rpadikiB HaBeJaeHHMX Ha puc. 2 1 3 pOOMTHCS BHUCHOBOK, IO amaparypa

cnoxuBadiB ['HCC 3Hax0quThCs B MPUITYCTUMOI 30HI TIOTYXKHOCTI 3aBajiv i Oy/ie BAKOHYBATH IIJILOBY
¢ynkuito. Takox 3 rpadikis (puc. 2,3) BumMBae, mo B Touli posramryBanHs npuiimada [HCC e

3ariac 3

aBazio3axuineHocti npuonuszao 30 J16.
BucnoBku. Ha mincrasi 3BiTiB Ta HaykoBux jpkepen indopmamis [HCC mounHa OyTH

3axumeHol. s 3aXMCTy MpONOHYEThCS OpraHi3aliiiHi 3aXxoad, TOOTO MOHITOPHHI JOCTYIHOCTI
pajioHaBiramiiHOro TMOJIi B TOYLI pPO3TAlllyBaHHS amnapaTypu croxkuBadiB. Ilapamerpom s
NPUAHSTTS PIlIEHHS OOpaHO IUIBHICTh MOTYXHOCTI ENEeKTPHYHOro moiisi. JIjiss OIiHKU piBHS
HIUTFHOCTI MOTY>KHOCTI €NIEKTPUIHOTO TOJIs po3po0IieHa METOIMKA OIIHKH sika 0a3yeThesl Ha METOAax

OLIIHKHA

SKOCTI €JIEKTPOMArHiTHOI OOCTaHOBKM B TOYIl PO3TALIyBaHHS anapaTypH CIIOKHBadiB.

Haeneno pe3ynbTaTy 3aCTOCYBaHHS METOJIUKH OITIHKH piBHA HeOe3nmeunux curHaii aiss [HCC.
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ARCHITECTURE AND CONSTRUCTION

MPEJANOCTABKHU 3A YCTOMYUBO UHTETPUPAHE HA
HEUW3IOJI3BAEM HHAYCTPUAJIEH CI'PAJIEH ®OH/ 3A
HYKIUTE HA TYPU3MA

PhD student, arch. Polina Savcheva
Bulgaria, Sofia, University of Architecture, Civil Engineering and Geodesy;

Abstract. This article looks at various examples of the use of industrial buildings, facilities and
installations for the needs of the tourism sector. Different types of converted industrial buildings are
distinguished according to basic features such as location, natural features of the region, historical
value of the building or facility, scale, formal function, etc. The possibility of applying these types to
unusable industrial building stock on the territory of Bulgaria is also explored.

The article is a part of the research work on the project “Potential for the revitalization of industrial
buildings in small settlements in Bulgaria” at the Research, Consultancy and Design Centre, UACEG.
Keywords: industrial heritage, industrial building, factory, conversion, revitalization, tourism, hotels

BoBenenue. [Topanu Obp3uTe TEMIIOBE Ha HAYYHO-TEXHOJOTHUHHS MPOTPEC C BCEKH M3MHHAI
JIeH HaMaJIsBaT Hy KJUTE HA IIPOMHILICHOCTTA OT TOJISIM OpOoi CIIy>KUTEIH U MalllaOHU IPOU3BOACTBEHU
ChOpBKeHus.. 103U mpolec, B ChbUETAaHWE C BCE MO-OTSBJCHATAa NEUHAYCTpUanM3aLus (M3HACSHE Ha
MPOU3BOJICTBATA B PA3BUBAIIM CE CTPAaHH) BOAM JO MOSIBaTa HA 3HAYMTEJICH 110 roJIeMUHA HEU3IOI3BaEM
WUHIYCTpHAICH CrpajcH (OHI, B HIKOHM CIy4ad Pa3loJOKEH Ha ONaronmpusITHO MSCTO B PaMKHTE Ha
rpazja WiM cpell KpacuBa MPUPOAHA MeCTHOCT. [IpobnemMbT ¢ ObaemeTo Ha Te3H Crpaju U KOMILIEKCH
YeCTO € MHOTOIUIACTOB M IMPEAToara 3a//pJ004YeH aHaInu3 3a JOCTUTaHe JI0 Hall-yCTOHYMBOTO pelIeHHe
3a Obnemo paszsutue. To3w mpoOsieM ChHIIECTBYBAa HE CaMO B MPOMUIIUIEHH TPajJoOBE C TOJIEMH
NPUCTAHMINA U [UIABATEIHU PEKH, HO ChILO U B MAIKUTE MOHOWH/IYCTPHAIHU TPAZ0Be, Bb3HUKHAIH 110
BIIMSHUETO Ha MHIYCTPHATA WIM PA3OIoKEHH B OJIM30CT A0 NpupoaeH pecypc. Ilopaau rmaBosoMHOTO
pa3BUTHE Ha TEXHOJOTMUTE BCE TI0-4ECTO C€ Cpemar M OpaKyBaHM W HW30CTABEHH WH)KEHEPHU
CHOPBKEHUS, HAPAMEP TaKKBa, TpeTHA3HAUCHN 3a W3BJIMYaHe WM TPAHCIIOPTHUPAHE Ha JaJIeH pecypc.
Benuko ToBa € wacT OT chlIECTBYBalllaTa Ipajcka Cpeia W CIIEA0BaTeNTHO TpsOBa Ja ce H3ciiesBa
HETOBOTO OTpPaKEHHE BBPXY 3IPaBeTO W OJIArormoiy4uMeTo Ha Xopara, KakTo M BBbpPXY OKOJHATa
HPHUPOJIHA CPEia U MPUIIeKAIHTe eKkocuctemu [1].

IIpeanocTaBku 3a M3M0JI3BaHE HA HHAYCTPHAJIEH crpajeH (POH/ 3a HYKIMTe HA Typu3Ma.

[Ipu npennpoekTH NpoOy4YBaHMs, U3CIEABALIN TOTEHIMANA 32 U3MOI3BAHE HA WHIYyCTPHUAIHUTE
CTpajii B TYPUCTHUYECKHS CEKTOp, CIIEBa Jia ce OT4eTaT peauia (aKkTopu KaTo MECTOIOJOKEHHE B
PErHOHa M HACEJIEHOTO MSCTO, ITapaMeTpy Ha MIMOTa, KOHCTPYKLHS, HCTOPUYECKA U KYJITYpHA LIEHHOCT U
ap. [2]. TlonxoapT KbM pEBUTANM3ALMATA HA WHAYCTPHAIHWATE crpagu [3], pa3nojokeHH B rojeMu
rpajioBe M Te3M, HAMHUpAIM Ce€ B MKW HACEJICHW MECTa WM W3BbH ypOaHW3WpaHaTa TEPUTOPHS €
pas3nyeH — JIOKaTO B IIBPBHUTE CE I[EHW MECTOIMOJOKEHHETO MM CIIPSIMO BaXKHH TPaji0yCTPOHCTBEHU
TOYKH (TrapH, aBTOrapy, HEHTPAIHU M OOILECTBEHN YacTH U T.H.), BbB BTOPHUS CIIydail ce OlLeHsBa Haii-
BeUe OKOJIHATA MPUPOJIHA CPEla U TSAXHATA JOCTHITHOCT. BBB BCEKH €IIMH OT TE3H CIIydau Clie/iBa Ja ce
pasriiesia orpezielieH Habop OT mpoOieMH, MpeAH Ja ce HalpaBh TpeIoKeHHe 32 HOBa (DYHKITHSL.
Hanpumep cropbkenusra 3a 100MB Ha pecypc, OOMKHOBEHO Pa3NOJIOKEHH OJIM30 1O M3TOYHHKA HA
CYpOBHMHATa M U3BbH HACEJICHO MSICTO, YECTO CE HAMHUPAT B Cpefia ¢ HapyIeHN €KOJIOTHYHU U €CTETHYHI
kavectBa. Jlo Apyru crpajii ¥ KOMIUIEKCH, Pa3oNoKEeHH Ha KHUBOIMCHO MSICTO, (4ecTo B OIM30CT 10
BOJICH U3TOYHHK) JIOCTBIIBT € CHJIHO 3aTpyIHEH. BBIIpekn de perraBaHeTo Ha TaKWBa, HEMPEOI0IUMH B
KpaTbK CPOK MM M3UCKBALIH MPUBUIHO Hee(heKTUBHH MKOHOMHYECKH BIIOKEHUS, MPOOIEMH, U3IIIEKIA
Ha TPBB TOTJIe]] HEpalMoOHANHO, OW TpsOBAl0O Ja ce OOMHUCIAT OTpPaKCHWSTa Ha EIHO TaKoBa
IPEYCTPOICTBO B IO-IBIANOCPOYCH IUIAH U Ja C€ M3I0JI3Ba MAKCUMAJIHO HAJIMYUETO Ha
HeyHKIMOHMpal] crpageH (QoHI, Thil KaTo CTPOMTEICTBOTO M MHOANPHKKATa HAa HOBHU 3JaHUS €
M3KITIOYMTENTHO 3aMbpCABAIO U eHeproemMko HaunHaHue. Crpaante xoHcymupaT 40 % oT cBeToBHaTa
eHeprusi U Matepuany, 25 % ot gppBecunara U 17 % oT Bogara, a CrpaJHHUAT CEKTOpP € OTTOBOPEH 3a
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noBede ot 40 % oT BpeHUTE TAPHUKOBH EMHCHH B CBeTOBEH Mamab [4]. B To3u cMuchi, npu ycioBue,
4e HAMa BB3MOXKHOCT TE€3U CTpajiv a Bb3BbPHAT CBOSTA MPOM3BOACTBEHA (DYHKLMS, HAll-yCTOHYUBOTO
pelienue O OHIIo J1a ce TIOMIECIH 32 CMsTHA Ha TSXHOTO MpeHa3HAYeHIe, KATO TYPUCTHICCKUSIT CEKTOP
€ eJlHa OT Haif-pasnpocTpaHeHuTe nepcrnekTuBu. OCBEH HKOHOMHYECKATa M €KOJIOTUYHA TPEIIIOCTaBKa
3a 3aMa3BaHeTO MM, CBIIECTBYBA M COLMAJIHO-KYATypHa TakaBa. B moBedeTo ciydau Te3W CTpagd U
KOMIUIEKCH, 3a€IHO C TSXHOTO MPOHM3BOACTBO Ca YacT OT UCTOPHsATA, OWTa M KyITypaTa Ha JaJeHOTO
Mmsicto. Upe3 TpHIIO3HABAHETO WM KATO IEHHOCT, EKCIIOHMPAaHETO WM KaTo 3a0eJeUTEIHOCT W
BB3PAKIAHETO HA HIKOW TPAJWIMOHHH TPOM3BOACTBA C N00aBEHa CTOMHOCT HA BHUJ TYPUCTHYECKA
aTpakuusi, ce ToAroMara 3ama3BaHeTo Ha KyJITypHaTa WACHTUYHOCT M CIUIOTEHOCT Ha CHOTBETHOTO
obmectBo. B mHamero ceBpemme upe3 meronu kato OrneHkara Ha sxu3Henust mukbia (Life Cycle
Assessment, LCA) [5] 6rxa MOTJIH C OTHOCHTEITHO TOJISIMAa TOYHOCT JIa Ce TIPECMETHAT TOCIICACTBUATA B
JIBIATOCPOYCH TJIaH U B Pa3UuHH BApHAHTH Ha TIOJ00OHH TPOSKTHU PELICHUS.

Bb3mokHOCTH 32 U3M0J3BaHe HA HHAYCTPUAJIeH crpajeH ¢ona B Buarapust 3a Hy:kaure Ha
Typu3mMa. B Bbarapus npoOneMbT ¢ HEW3MON3BACMHUTE HWHAYCTPUATHH Crpajd € CepHO3CH U
pazHonocoueH. Ho nokaro B ronemuTe rpajoBe, YAETO CHOTHONICHHE Ha MPOMHIIUICHH KBbM YKHIUIHA
TepuTopun goctura 1:1, ce ThpcAT e)eKTUBHM MEPKH 32 PelllaBaHeTO MY, TO B MAJIKUTE IPaJioBE U cena
TON YecTo OMBa TpEeHEOpEerBaH, KOSTO € HEMpHUsITHA TCHICHIWS, TPESBH] BH3MOMXKHOCTTA 33 UCTHHCKO
nofoOpeHne B OJIAaroChCTOSHUETO Ha Tpaja M KHUTEIUTE My, KOeTO OM Ce IMOCTHTHAJIO Ype3 pPeliaBaHeTo
My. TIpuumHMTE 3a CHIIECTBYBAHETO HA IMO-TOJIAM OpOi HEW3MOJI3BaCMU TMPOMHIIICHH OOCKTH HM3BBH
TOJIEMUTE TPAJIOBE CE JTBIDKH Ha JiBa Mpolleca, 3alOYHAM MpPETH JEeCETHICTHS, HO C JIhITOCPOYHU
niocnecTBHs. [TBPBUST € CTPEMEN BT KbM HO-MPOIIOPIIMOHATHO CHTYUPAHE Ha MPOMUIIUICHUTE MOIITHOCTH
B I'OJICMH 1 MAJIKU I'paOBE€ B Kpas Ha 80-1e TOAWHHU U ITIOCJIICABAJIOTO ITOABSABAHE HA MHOXKECTBO (bwma.]m
Ha TOJIEMH TIPEATPHUSATHS B MAJIKU IPaJIOBE U CEla, YeCTO HeoOe3NeueHH OT KbM padOTHA PhKa U PECYpPCHO.
Heycnienu na moHecaT cMsiHaTa Ha WKOHOMHYCCKHUSI PEXKHM, TE3W TPEANPUSITHS ca Cpel Hal-yecThTe
epTBH Ha npexona. [1] Ot mapyra ctpaHa Te OOMKHOBEHO ca MO-MaJIKi KaTo Maiiad U pa3noioKeHH CPejl
KpacWBa MpUpOAa, Aaned OT 3aMbPCEHH TEPUTOPHH, KOETO T'M TPaBW MOJXOMSINIM 33 H3IOJI3BaHE B
TYPUCTHUYECKHS ceKTop. JIpyr THI 00EKTH ca Te3H, CBhP3aHU C JIOOMBHATA MPOMMIILICHOCT, MPEThPIIsIa
cuiieH cpuB B kpas Ha XX B. [Topamu Bce mo-paspactamius ce MHTEpEC KbM WHIYCTPUATHUS U Hali-Beyue
MHHEH TYpU3bM, Te3H OOEKTH CBIIO OMXa MOIIM YCHENIHO Ja Ce HHTerpupar 3a HYXKIUTEe Ha
TYPUCTHUYECKUS CeKTOp. MHaycTpHaTHUTe OOCKTH C MCTOPUYECKA CTOMHOCT, 0€3 3HAUCHUE OT TSAXHOTO
PasMoNIOKEHNE, ChIIO HE Ca MAJIKO HAa TEPUTOPUSITA HA Bhiarapus, HO MPaKTUKATA 33 IPEBPBINAHETO UM B
TYPUCTHUYECKH O0CKTH He e momnyisipHa. [1oaxonbT KbM Te31 00EKTH B MEXKTyHapOIHATA TIPAKTHKA CJIe/IBa
JABC pPa3jiIMdYH HACOKM — OINa3BaHCTO MMa KaTo THIl ,,My3€U Ha I/IH,Z[YCTpI/IHTa“ WM TIpOMsIHA Ha TAXHaTa
GyHKIWMS ¢ 1e omasBaHeTo MM OT paspyxa [6] [7]. I B nBata Bapuanta Te3u OOEKTH Morar ja ce
W3II0JI3BAT 32 HYXKJIUTE Ha TYPUCTUUECKHUS CEKTOP.

TunoBe MHAYCTPUAIHHN 00€KTH, U3MOJI3BAHU B TYPUCTHYECKHS CEKTOP.

Upe3 eMIUpUYHO M3CIIC/IBAHE HA YYXKJICCTPAHHU MPUMEpH OMXa MOTIH Jia C€ M3BENaT CIICIAHHUTE
THITOBE WHYCTPUAIHU O0CKTH, YCIICIIIHO MHTETPUPAHH 32 HYXTUTE HA TYPUCTUUECKUS CEKTOP.

- C'bOp’b)KeHI/ISI (BCSIKaKBI/I BUIAOBEC HMHXCHCPHU CHOPBKCHHA, BKIHOUWUTCIHO MHWHHU, IIAXTH,
KOMMHH, BBXKCHH JICHTH, BJIAKOBY KOMITO3UIIUN U MapuIpyTHU, MalllMHU U le)

- C ucropuuecka CTOHHOCT

- be3 ucropuuecka cTOMHOCT

- Crpamu 1 KOMIUTEKCH (MIPOMUIIIEHN CTPagyl Che WiIH 0e3 3ama3eHo 000opyaBaHe)

- Pasmonoxenu B ronemMu rpaaose

- Pasmonoxenu B kpacuBa NpUpoHa MECTHOCT 0e3 3ama3eHa (QyHKIus

- Pasnonosxenn B MaJIK¥ rpa/ioBe WM PUPOJIHA CPeJia, C YACTUYHO 3ara3eHa (QyHKIUs

B creaBamara yact Ha W3CIEIBAHETO Ca TMPEACTABEHU OTIUYUTEIHUA XAPAKTEPUCTUKH H
YyXIECTPaHHU MPUMEPHU 3a BCEKH €IWH OT M30pPOCHUTE THUIIOBE, KaTO AOMBIHUTEIHO Ca MTOCOYECHHU
CHOTBETCTBAIIIM TIPUMEPH OT OBJTapcKaTa MPaKTHKA MM TaKMBa C MMOTEHIIMAI 33 IPEYCTPONCTRO.

o CbopbikeHns (BCIKAKBH BHI0BE MHKEHEPHH ChOPBKEHHS, BKJIIOYHTEIHO MHHH,
AXTH, KOMUHH, BbKE€HU JIEHTH, BJIAKOBH PeJICH U MAIIIMHHU)

e Cucropuuecka CTOHHOCT

Kato mpumep 3a ycrelrHo WHTETpUpaHH 3a HYKJIHUTE Ha Typu3Ma UHIYCTPHAITHH ChOPHKCHHUS C
HCTOpUYECKAa CTOMHOCT MOTaT J1a ce mocodar connume munu Bemuwuxa (Wieliczka Saltmine), naxomsimu ce
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Ha 17 xm ot rpax Kpakos, Ilomma (¢ue.l). ChopmkeHusaTa 3a 0oOWBaHE HA KaMEHHA COJI BKJIFOUBAT
ranepud Ha 9 HuBa, Ha nabaOoumHa Hajy 300 M, a MJACTOTO € W3BECTHO C Oorarata CU HCTOPHSL
Pa3paboTBaHeTo Ha 3aeKUTe 10 TPaIUIUMOHEH croco0 3amousa oie mpe3 Xl B. u npoxbmkara 1o 90-Te
TOAWHY Ha MHUHAIMS BEK, KaTO KbM MOMEHTA C€ W3BBPIIBA 110 MHOBATHBHA TEXHOJIOTHSA, OJIAarOnpHsTHA 32
Ola3BaHETO Ha OKojHata cpena. OO0ekThT e npuchenauaeH kbM sucrata Ha FOHECKO npe3 1978r. u kbM
MOMEHTa € €/IH OT Hali-TIoceaBaHuTe HCTOpHYecKr 00ekTH B [lomma ¢ Haj 1.2 MITH. TypuUCTH rouIIHO. [8]

YcnexsT Ha TO3W MPOEKT e ABDKK HE caMo Ha 0e3CropHaTa My MCTOpHYECKa W MH)KEHEpHa
CTOMHOCT, HO ¥ Ha MHOroo0Opa3nero Ha (YHKIHMHA M CHOTBETHO Pa3sHOOOpPA3METO Ha MpeajaraHuTe
BUJIOBE TypUCTUYECKH aTPaKLWH, CBBP3aHH C TAX. Ha mbpBO MsICTO € MpOU3BOJACTBEHATa (PYHKIHUS —
IoOMBBT u 00paboTKaTa Ha KaMEHHAa COJ B MCTOPHUYECKH W ChbBPEMEHEH acheKkT. KbM HacTosmIus
MOMEHT € TIpeKpaTeH J100uBa Ha ,,0s10TO 37110 [8] MO TpagMIMOHEH HAYWH, HO MPOIB/DKABAT 1A Ce
M3BJIMYAT HSAKOJIKO JIECETKH TOHA COJI TOJUIIHO Ype3 U3CMYKBaHE M M3MapsiBaHe Ha BOJAUTE OT MUHATA
— TIpoLIeC TO TPUHIMI HEOOXOAWM 3a TMOANbpIKAaHE Ha TyHENUTe B HM3NpaBHOCT. OCBEH ¢ TO3U
WHOBATHBEH BUJ MPOU3BOJICTBO, TOCETUTEINTE MOT'aT Ja CE 3all03HASAT U C TPATUIIMOHHUTE METOIU Ha
JOOMB, KakTO M C JKMBOTa, OMTa M padoTaTa Ha MHUHBOPUTE Ype3 Pa3IMYHH BUIOBE TEMAaTUYHU
MapUIpyTH U3 HeApaTa Ha MUHATA, BKIIOYHTEIHO YPE3 yuacThe B Ipech3/laBaHe Ha paOOTHHUS MPOIIeC.
Bropo mscro 3aemar tpamuimonHaute 3a Msactoto CIIA mporenypu u nedebeH Typu3bM, CBBP3aH C
OJIarONIPHUATHOTO BH3ACUCTBUE HA CONTA BHPXY 3/paBeTo. Upe3 peKOHCTPYKIHMS U MPEYCTPOHCTBO Ha
CTapy KbIaJHU € OpraHM3HpaH XOTeN C HCTOpUYEcKa aTMmocdepa, mpemiarai] MHOTOOPOWHU U
pa3HOOOpa3HU PEKPEalMOHHU M JIeYeOHU MPOILEAYPH, a 32 HAUCTHHA HEMOBTOPUMO W3KMBSBAaHE €
BB3MOKHO U HACTAHSBAHE C MPECIUBAaHE B €HA OT TaJIepUUTE HA MHHATA, pa3NojioxKeHa Ha 135 .
IBI00YMHA, YMWTO BB3AYX CE€ CYHMTA 3a H3KIIOYMTEIHO 3APaBOCIOBEH, MOPaaAd OTCHCTBHETO Ha
OakTepun W anepreHu. He Ha mociemHO MSCTO, KOMIUIEKCHT, W3BECTEH ChC CBOUTE PEIMTHO3HU
TpaaWIuy, TPHUBIAYA BIPBAIlM C IOJ3EMHATa CH IIBPKBAa U CIIEIHATHO 000COOEH ,,MapuipyT Ha
[MunmurpumMa‘, 3a Te3u, ThPCEIH yeMHEHNE U TyXOBHO U3KKUBABaHe. KbM BCHUYKO TOBA IOMBIHUTEIHO
ce Tpejaiarar MoJ HaeM IOJI3EMHH 3l 32 OpraHW3MpaHe Ha Pa3IUuHU CHOWTHUS, a MHOTO OT
raJepuuTe ca MoJIe 3a U3sABa Ha PA3IMYHU CKYJIITYpPH U IpyrH apTHCTH.[8]

[To To3m HauWH, Ype3 WHTETPUPAHE HA PA3IIUYHHU 110 CBOSTA CHITHOCT (PYHKIIMU U ONa3BaHE U
MOJTbp KaHe Ha XapaKTepHHUTE 32 MECTHOCTTA TPAJAULIMH, € TOCTUTHATO YCIEITHOTO HHTETPUPaHe Ha
CHOPBKEHUSATA U CTPaINTe Ha MUHATa ,,Benmuka™ 3a 1ienuTe Ha Typu3Ma.

KbeMm momenTa B bbirapus HAMa 00€KT Ha MHHHHS Typu3bM C MOJ00EH 00XBaT, HO
CBHIIECTBYBAT TaKMBa C IIEHHU UCTOPHUYECKH KadecTBa U JOCTaThUYeH MMOTEHIIMAI, 32 J]a C€ IPEBbpPHAT B
npuTeraTeseH eHThp 3a noceTuteny. Karto nmpumep OMxa MOTJIH J1a e IOCoYaT MUHUME 3d OL0BHO-
yunkosu pyou 6 Poldonckus pecuon u c8vbp3aHume ¢ mAX CbOpwviceHus u cepader (oo (pue.l).
Criopen1 HIKOM HCTOPHIIN, TOOUBBT HA [ICHHU METAIH TaM € 3all04HAIl OIlle TPeIn 7 XWISA0NeTHus, HO
CBhC CHUTYPHOCT € YCTAaHOBEHO, Y€ € ChIEeCTBYyBal Mo BpeMme Ha Pumckara mmmepus (I-V B. ci. Xp.),
KaTO OCTAaHKH OT TE3W paHHU IEPUOU Ha PYAOA00MB ca JIOKAIH3UpaHu okojo Benunrpax u CmorsH.
Jpyr uHTEpeceH MCTOPUYECKH TUIACT € OYypHOTO pa3BUTHE Ha MHUHHOTO nejo mpe3 20-Th Bek — B
HAYaJOTO C TOMOINTa HAa aBCTPUMCKM M HEMCKH, a TO-KbCHO M Ha PyCKH ydeHH. Ta3m Oorata
pyJoa00uBHA Tpaauiusi ¢ (QU3NYECKOTO CH TPHCHCTBHE, HM3Pa3eHO B MHOTOOpOWHU Crpajd U
CHOPBHKEHUSI - MUHHM, [IaXTH, BbKEHH JIMHUU U T.H. — ChUETaHa C KpacoTara M 3ama3eHaTa YiucToTa Ha
npupojiata Ha PONOTICKHS PEernoH, ca JOCTaThbUHU MPEANOCTaBKH 32 YCIEITHOTO W YCTOMYMBO
WHTETpUpaHe Ha KOMIUIEKca 3a HyxauTe Ha Typusma. [Ipe3 2019 r. obmmnra Manan o0sBu
CTapTHPAHETO Ha MPOEKT ,,Y CTOMYMBA €KOJOTMYHO-KYJITYpHA BaJOpPHU3allUsi HA MHUHHU U KapuepHHU
00EKTH B TpaHCTpaHUYHUS perroH” cydcuaupan mo IIporpama 3a TpaHCTPaHUYHO CHTPYIHHUYECTBO
UHTEPPET V-A I'bpuust — bwirapust. [IpoekThT BKITFOUBa paboTa MO HAKOJIKO KITFOUOBH 00EKTA:

- PemoHT u pexabunutanus Ha ,,KpucranHa 3ama” — MajaH: B 3aj1aTa ce IOMeIIaBa YHUKAITHA
10 POJIa CH KOJIEKIHSI OT KpUCTAU, OTKpHUTa npe3 1984 r.;

- PexoHcTpykuus n pexabunutanug Ha ,,My3eil o pyaonoOWB W MuHHO neno” Manas:
MIPEJIBMK/IAa CE M3MOJI3BAHETO Ha BB3POXKIEHCKA OOIIECTBEHA Crpajia 3a HyKIUTE Ha My3es;

- ObnaropojsBaHe Ha MpUJIeXkKalaTa TEPUTOPHUS B paiioHa Ha My3€HHUTE ChbOPHKEHHUS;

- PemonT u obesomacsiBane Ha ,Ilemepa Illapenka®: memepata € pa3moyiokeHa B MPHPOTHA
MeCTHOCT OJin30 710 Majian 1 B Hesl ca OTKPHUTH CJIE/IM OT PYJ0JI00KB 10 BpeMe Ha OpoH30BaTa ernoxa. B
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T'omsmara 3ama € pa3nonoykeHa eKCIO3UIS OT BOCKUHH (PUTYPH, MITFOCTPUPAIITN MUHHUS OUT U TPAIHIIAHL.
LenTta Ha poekTa e 00e30MacsIBaHeTO U NPEBPBILAHETO Ha Melepara B TYPUCTHUECKH 00CKT;

- [IpeBpriiane Ha 3akpruTa MUHHA n3paboTka B [lomg3emen MuHeH my3eit ,,Crionyka®: MUHHaTa
n3paboTKa € u34epliaHa U ce MPEeIBIKIa 00e30MacsIBaHeTO M U IMPEKapBaHETO HA HOB PEIICOB ITHT 3a
aKyMyJaTOpeH JTOKOMOTHUB, KOMTO Ja CIy>KU MpU Pa3BekIaHe HA TYPUCTUTE, KAKTO U MOCTABIHETO U
HOAXOASAIIOTO OCBETSIBAaHE HA Pa3HOOOPa3HH SKCIIOHATH, CBbP3aHHU C pynoa00uBa; [9]

l'opemocoueHmsT prMep TOKa3Ba, 4€ B bbarapus He MPOCTO CHIIECTBYBAT HCTOPHUYCCKH
WHIYCTPUATHH OOEKTH C MOTEHIMAJI 33 W3IMOJ3BAHETO UM B TYPUCTHYCCKUS CEKTOP, HO W TIXHATA
IIEHHOCT KaTO TaKWBa BEYE € pa3lio3HaBacMa OT MHCTUTYIIMHUTE U IIUPOKAaTa MyOJIKa.

Que. 1. Cepaou u cvopwoicenus om muna ,, Benuuxa “, Kpakos, Ilonwua, (nvpsu ped — uzened kom
npeycmpoenu buguiy npou3eo0CmeeHy c2paou Ha KOMIeKca, mopu peo — uzened KoM 00CMbIHU 34
nocewenus noozemuu canepuu u excnosuyuu [8); Cepaou u cvopvorcenus Ha MuHHamMa UHOYCmMpus 6

Poooncku pezuon, bvieapus; (mpemu peo, 1160 — AOMUHUCMPAMUBHA C2Padad KbM PYOOOOOUSHA

KomMnaus 8 2p. Pydozem; dsacuo - neusnonzeaemu cvopwvoicenus 6auzo oo c. Pabpuxa, oow.
3namoepad — cuumxkume ca asmopcku)

e be3 ucropuyecka cToHOCT

OOeKTHTE B Ta3M KAaTEropus ca pe3yJTaT OT MMO-HeOOMYaiiHM pelleHusl, HO BhIPEKHU TOBA HE
Omxa MO Ja ce CMeTHaT 3a W3KIIo4YeHWe. TyK MomajaT BCSKaKBH BHUAOBE WHIYCTPHAIHH
CHOPBKEHHUS M 000pyJIBaHE, KOUTO HE MPUTEKABAT MCTOPUYECKA CTOMHOCT, HUTO caMU IO cede cw,
HUTO KaTO TUIMYHH IPEJICTABUTEIN HA €Tall OT WHKEHEPHO-TEXHOJIOTMYHOTO PAa3BUTHE Ha JAJICHO
MPOM3BOACTBO. ToBa MoraT Ja ObJaT ChOPBKCHHS, OpaKkyBaHM IOpPAJM BBHBSKIAHETO HAa HOBH
TEXHOJIOTHYHU JIMHWH WM JIOPU TOPaIu TOTATHO MpeMaxBaHe (OT JaJIEHOTO MECTOIIOJIOKEHHE) Ha
MIPOU3BOICTBOTO, KbM KOETO MPHHAJICHKAT.

KpanoBere W Jpyrn BUCOKM TPUCTAHUIIHH CHOPBKEHHUS, HAXOISAIIM C€ B KpaiiOpexHa
MPOM3BOJICTBEHA 30HA, ChBCEM €CTECTBEHO CTaBaT OOEKT Ha MOJO0HH MPEyCcTPOHCTBA, TIOPAJIH CBOETO
MECTOITOJIO)KEHUE W TIIeJKaTa, KOSATO Ce pa3kpuBa OT TsX. [lpuumnHara 3a Ta3u TEHIEHIMS €, Y€ B
JaJIecH MOMEHT OT Pa3BUTHUETO Ha CHOTBETHHUS T'pajl, MPUCTAHUIIHUTE MY 30HH 3all04BaT Ja TyOsT
CBOWTE MPOU3BOJICTBCHN (QYHKIIMH — 3aII04Ba MMPOIEC HAa M3MECTBAHE HA TOBAPO-PA3TOBAPHUTE 30HU U
MPOW3BOJICTBAaTa W3BHH TPAHHUIIUTE HA HACCIICHOTO MSICTO WM 1O HeroaTa mnepudepus. B To3u
MOMEHT MPHUCTaHUIIHATA 30HA BCE OIle HOCH MHIYCTPHAIICH XapaKTep, HO TOW 3aMHpa U MPEACTOST
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MPOCKTH 32 ISUIOCTHO MPEYCTPOUCTBOTO HA 30HATa, KOATO OOMKHOBEHO € C OJIAarONpHATHO MOJIOXKECHUE
05M30 A0 rpajackus OOLIECTBEH LEHTHP. B Ta3u cuTyauus Bb3HUKBAT CMENH HJIEH 3a MPEHU3II0I3BaHe
Ha CBHOTBETHUTE CHOPHKCHUS 3a HYXJUTE HA Typu3Ma, Karo BWJ TMO-€KCTPABaraHTHO W JIOPH
eKCTPEeMHO TpexuBsiBaHe. Hanmnunero u GpyHkimonnpanero Ha obektu karo The Krane B Konenxaren
(kpan 3a BerMIia oT 1944 r. mpeycTpoeH B jJykco3eH xoten), (¢ue.2) u The Faralda Crane Hotel
(xoTen mpemyaran] eKCTPEMHH pa3BICUYCHHs] KaTo JIIOJKAa Ha BHCOKO M CKadaHe ¢ OBHIKH) B
Awmcrepaam (¢ue.2), nokasBa, 4e ChIIECTBYBa ThpCeHE Ha 1M0100eH Bu aTpakims [10].

Cunosute u OyHKepuUTe OT CBOS CTpaHa, B IOBEYETO CIy4yad ca JocTa YAOOHH 3a
MPEYCTPOMCTBO B XOTEIICKA CIWHUIM — TEXHUAT LWIMHIPUYCH O0EM I103BOJISIBA TOCTUTAHETO Ha
HUHTEPECHHU €HONPOCTPAHCTBEHH Kuuia. MIHTepeceH npumep B ToBa otHoieHue e SiloStay — xoren,
W3TpaZicH OT PEIHUKIMPAHU 3bpHEHU cHi103u B Tp. JIuTes Puswp, HoBa 3emannus (¢ue.2), npemnararg
BBH3MOXKHOCTH 3a ,,3¢JIeH" Typr3bM B pupoaHa cpena [10].

Paszbupa ce, mpeycTpoiicTBOTO Ha WHAYCTPHAIHU CHOPBHKEHHS Jlaied HE Ce OrpaHuvaBa C
M30pOEHUTE THUIIOBE — TOBA € cepa, B KOSATO JIOpU Hal-eKCTpaBaraHTHUTE W HeOOWUaitHu uaen Ouxa
MOTIJIM Ja UMaT CBOCTO MPUIOKCHHC. B BT,nrapm{ KbM MOMCHTAa HO}IO6HI/I peUICHUA HE Ca IIPUITOKCHU.

Que. 2. UHOycmpuantu cbopviiceHusi npeyCcmpoeHuy 3a Hyscoume Ha mypusma, nuvpeu peo — useneou
om The Krane — nykcosen xomen ¢ Konenxazen, smopu peo — uzeneou om The Faralda Crane Hotel —
XOmeJ pa3nolodcen Ha npucmanuuiemo na Amcmepoam,; mpemu ped — uzeneou om SiloStay — xomenrn,

uzepader om 3vpHeru cunosu 6 2p. Jumwva Pusvp, Hoea 3enanous; [10]

o Crpaau ¥ KoMILUIeKCH (MMPOMMILICHH CIPAJH ¢ MK 0e3 3ama3eHo o0opy/ABaHe)

e  Pa3snosioxkeHu B rojieMu rpajsoBe

XapakTepHO 3a TOJIEMUTE TpaJOBE € HAIUYMETO Ha HSIKOJIKO WHIYCTPHAIHU 30HH,
Pa3NoONIOKEHN B pa3siMuHa OJIM30CT 10 LEHTpanHaTta oOmiecTBeHa dacT. Ilopaam mcropmyeckoTo
paspacTBaHe Ha IOBEYETO IPaJ0Be, MO-CTAPUTE MPOMHILUICHH 30HH, CHOTBETHO C IO-CTapd M IIO-
MQJIKH KaTo Mamald NpennpusTHs, IOHACTOSIIEM C€ HamMupaT B IEHTPaIHUTE 4YacTH, T.e. B
HEePCIIeKTUBHY 30HH, NMPEHA3HAYCHN 3a OBJEI0 OOMEeCTBEHO MoI3BaHe. ToBa ce OTHACS Hal-CHIIHO
3a TpajioBeTe, Mpe3 KOMTO MUHABA PeKa MM TE3H, Pas3MoNIoKeHH Ha Opera Ha MopeTto. EcTecTBeHO B
TE3W 30HH Ca Pa3MoOJOKEHH CTapH MHIYCTPUAHHU CTPaiy, M3KIIOYUTEIHO MOAXOSIIN 332 XOTEJICKa
(GYHKIHSA, TOpagd HEHTPATHOTO CH MECTOINOJOKEHHE, KpachBaTa IJIEAKa M YeCTO — HEMOBTOPUM
aBTeHTHYeH 4Yap. [IpakTukara mokassa, 4e Haii-4eCTO TE3M Crpajay MpHeMaT XOTeICKa, )KIINIIHA HITH
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oOmecTBeHa (pyHKIUS, JOKATO WHIYCTPHATHUTE CTPaJIH, PA3IOI0KEHH B MO-TIepH(EpHUTE YacTH Ha
rpajioBeTe, ce MpeyCTPOiBaT B alTEepHATUBEH BHJ] MPOCTpPAaHCTBA Kato Creative hub, art space wmu B
oducH, BbB GuIHaNA Ha 00pa30BaTeIHU HHCTUTYIIMHA U B CLIOPTHA CHOPHKEHUSA. X OTEIICKUTE O0EKTH
OT TO3W THII MOYTH HUKOTA HE 3ara3BaT CBOMTE TEXHOJOTWYHH CHOPBKEHHS W (QYHKIHMATA CH, ThI
KaTo ce pa3uuTa MO-CKOPO Ha MECTOIOJIOKEHUETO KaTo TAXHO HAH-CUITHO MIPUTETATEITHO KaueCTBO.

Te3u oOexkTn OUBAT HAKOJIKO MOJBUIA!

- Ioslemu, MamadHu, KJIIOYOBH NMPOEKTH — TOBA Ca MHIYCTPHAIHU NPEANIPUSATHS, KOUTO
JOMUHHpAT Mpuiexamara UM 30Ha, OMJIO TO 4pe3 cBOsl Mmamald, ecTeTHKa, HCTOPHYECKa LIEHHOCT,
YHHUKaJTHOCT WJIM POJISITa UM KaTo CUMBOJ Ha JajJeHHs rpaa. YecTo peBUTanM3auusiTa Ha TaKbB THI
NpeANpusITHEe € CTapTOB MPOEKT M €€ H3MOJI3BAa KAaTO KaTalnu3aTop 3a IpeoOpas3sBaHe HA IsIaTa
OKOJIHA 30HA M XOTEJICKUTe (DyHKIMH OWMBAT ChYETAaHM C OOLIECTBEHM TaKHMBa, 32 IIOCTUTAHE Ha
YCTOMYMBO coLMaNM3upaHe Ha MsACTOTo. KaTo mpumep 3a mofoOeH MPOeKT OM MOT'BI Jia ce MMOCOYr
The Silo, Keiin Tayn, FOxna Adpuka — pas3mnojokeH B HPUCTAHUIIHATA YacT CUIIO3 33 3bPHO,
MPEYCTPOCH B JIYKCO3E€H XOTEN W My3el Ha ChbBPEMEHHOTO apHUKaHCKO M3KYCTBO (¢hue.3). Koraro e
u3auraara npe3 1924 r., tasu crpajgara e Haii-Bucokata B CyOcaxapcka Adpuka u moede oT 80
TOJMHU WTpae BayKHA POJIsS B KJIIOYOBATa 32 MKOHOMHKATa Ha CTpaHaTa ThProBusl cbc 3bpHO. Cien
MamabeH MPOEKT 3a MPEyCTPONUCTBO, JTHEC TOBA € eIHA OT PA3MIO3HABAEMHUTE CTPAJN B IPUCTAHUIITHHS
cunyet Ha Keiinr TayH, a My3esT e Haii-ocemaBanusT TakbB 00ekT B FOxHa Adpuka. [10];

- JIpyr mMpOKOpa3MpoCTpaHeH BUJ HMHAYCTPHATHH CTPaiH, MPEYCTPOCHHU 3a HYXKIWTE Ha
Typu3Ma ca MAaJKHTe HMCTOPHYECKH O00eKTH, TpPH KOHTO OTHOBO KIFOUOBAa pOJS HIrpaec
MECTOMOJIOKEHNETO. TeCHNTe HUCKOCTAKHU 00EMH Ha Te3W Crpajd ca MOJXOISIIN 3a MPHI0ONBaHEe
Ha XOTEJICKH (YHKIUH, [TOPaaX JECHOTO MM IMPEYCTPOHCTBO B XOTEJICKH KUJIMIIHA €AUHUIM. Te3n
O00EKTH CBIIO YecTO OWBAT CEMEeH THUI XOTENH, 3ama3wid (aMWIHOTO MME W HCTOpHsITAa Ha
NPEANPUSATHETO, KOSTO M3KIIOUUTEIHO JONpHUHACS 3a aBTEeHTHYHaTa MM aTMoc(epa. Karo Tunmyen
npumep Moke ma ce mocoun The Henry Jones Art Hotel, Xo6apm, Tacmanus (¢ue.3) — apr-xoTen
MMOMECTEH B pecTaBpUpaHara crpajia Ha (habpuka 3a Mapmaiaj, mocTpoeHa B Hagaiaoto Ha XIX B [11].
OcBeH ¢ JIBeCTaroIIHaTa CH UCTOPHS, XOTEIbT MPUBINYA Hali-Be4e ChC CBOETO MECTOINOJIOKEHHUE,
PAa3IoJIOKEH Ha caMMsl OpSr Ha CTApOTO MPUCTAHMIIE, C HEBEPOSATHA MOPCKA IJIE/IKa, TO3H XOTeN € Ha
MENIEXOTHO Pa3CTOsIHUE OT K.II. TapaTa, KaKToO ¥ OT IPaJCKUsl IEHTHP C HETOBUTE 3a0€ICKUTEITHOCTH.
JlombHUTEHO, MSCTOTO mpuemMa M (yHKIUsTa Ha HM3IokOeHa 3ama ¢ Hax 300 ekcroHata Ha
CHhBPEMEHHOTO aBCTPAJIMICKO U3KycTBO. Jpyr momoben mpumep e The Turbine Boutique Hotel and
Spa, HaticHa, FOxHa Adpuka (¢ue.3). [lomecten B He(hyHKIIMOHMpAIIAa TOIUIOIEHTpaIa Ha Opera Ha
HaiicHa — cenuie, HAKOTa M3BECTHO ChC 3JIATHHUTE CH 3aJIe)KH M pa3BUTaTa JIbpBO0OOpabOTBaTEIHATA
UHIYCTPHS, @ B MOMEHTA TIOIYJISIPEH TyPHUCTHYECKU IIEHTHP, TO3M XOTEN € CBOeOOpa3eH CMMBOJ Ha
pa3BuTHETO Ha rpazaa [12].

[Mogo6en THI MPOEKTH ca J0cTa pa3npocTpaHeny B [loina HanpuMep, T KaTo T4 € IbpKaBa
¢ 0orato MHIYCTPHAIIHO MHUHAIO. Brieyatnenue npaBar mMankure OyTHKOBH XoTend Ha JIomk, rpan
U3BECTEH C UCTOPHS B TEKCTHJIHOTO MPOM3BOACTBO. M3cnenBaHeTo Ha monoOeH THI TpUMepu Ou
TIOMOTHAJIO JIa C€ HAMEPAT €BEHTYAITHN HAIIPABJICHUS 32 Pa3BUTHE HA HIKOW OT HAIIUTE UCTOPUYECKU
TEeKCTHIIHH cenuiia. B Brirapust karo 00eKTH OT TakbB THUI KOHBEPCHS OMXa MOTIIM Jia Ce€ 10covaT
xomen ,, Benmypa*, 6 k6. Acnapyxoeo, Bapna, ToMecTeH B OCTpoeHa mpe3 1952 1o TUIOB CHBETCKH
npoekT napHa ToruionenTpana [13]. XoTenbT e pa3nonokeH B OJU30CT JO MOPCKHUS OpAT M IUTaKHATA
WBUIIA U OT CTAWTE MYy C€ OTKPHBa KpPacuBa IIIe/IKa;

- Ilo-psiaxo cpemaH BHJ WHAYCTPHAIHHU OOEKTH, MPEYyCTPOCHH 3a HYKAMTE HA TypuU3Ma ca
Crpaam ot cpeaara u kpas Ha XX B. 0e3 3HAYNTeJIHA B HCTOPHYECKO OTHOIIeHHe (GyHKIMA U 0e3
OTJIMYMTEIHN eCTeTHYeCKH KadecTBa. UecTo TOBa ca CKIAIOBH WJIM MOJO00EH THIT CTpajiv, YUETO
OCHOBHO TNPEIUMCTBO € TSIXHOTO MECTOIIOJIOKEHHE M CTaOWiiHa Hocela KOHCTpykuus. llpumep 3a
To3u BUJI 0oOekTH OmM Morwea ma Opne Stamba Hotel, Towmmcu, I'pysust (@ue. 3) — neyatHuna ot
BTOpara TOJOBMHA Ha XX B., U3IUIO NpeoOpa3eHa, KaTo €AMHCTBEHUTE 3alla3eHH €JIeMEHTH ca
HeHaTa KOHCTPYKIMSI U MalllaDHUTE CTENKU C KHUTH OT MECHU aBTOPH, CHMBOJIU3UpAIIX OWBIIATA
¢ynkims Ha crpagata [14]. ITomoGen mpumep e m Hotel Cycle, Onomuun, fAnonus (gue. 3),
pasIoNoKeH B OWBII BOCHEH CKJIa Ha MOPCKHs OpsAr Ha WHmycTpuanHoto cenuire [15]. Xoremst e
TEeMaTHYHO OPHEHTHPAH KbM BEJIOJIIOONTEINTE, a CTapaTa My (QYHKIHNS € U3ISI0 3aIMdIeHa.
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B bwarapus xato mpumep 3a MoA0O€H THIT MPEyCTPOHCTBA MOTAT Jla C€ NaAaT XOTEIUTe
MMOMECTEHU B aJIMUHUCTPATHBHUTE CTpaayd Ha HEQYHKIMOHUPAIIU MPEATNPHUSLTHS, PA3MOJOKCHU B
WHAYCTPUATHUTE 30HM Ha TrpagoBeTe. 1T03M THUI MECTa 3a HaCTaHSIBaHE ca M3KIIIOYUTEITHO MOMYJISPHA
cpel MeXIyHapomHuUTe IMOPBOPH, THHA KaTO ca pasloIOKEHH B ONHM30CT A0 paboTemure
MPEIPUITHS, KATO ChIIEBPEMEHHO 00aue Ta3u OJIN30CT I'M MPABU HEXKEJIAHU 3a JPYT THIT TOCETUTEITH.

@ue. 3. Undycmpuannu cepaou, pasnoionceHu 8 20jemu epaoose, npeyCmpoeHi 3a Hyjicoume
Ha mypusma, nopaou 61a2onpusmno Mecmonoiodxcenue; nvpsu peo — useneou om Silo Hotel, Keuin
Tayn, FOxcna Agppuxa [10]; emopu peo: nsigso — The Turbine Boutique Hotel and Spa, Haiicna,
FOocna Agppuxa [12], 0sicno — The Henry Jones Art Hotel, Xobapm, Tacmanusa [16]; mpemu peo:
as60 — Stamba, hotel, Tounucu, ['pyszus [14], osicno - Hotel Cycle, Onomuuu, Anonus [15];

e PasnosokeHH B KpacMBa NPHPOTHA MECTHOCT

Pa3nonokeHuTe W3BBH HACEJICHO MSCTO WM B MAJKHU CEJHIIA WHIYCTPHAIHH CrPaju,
NpPEYCTPOCHU B XOTENH, ca B OOIIMs Ciiydail Majgku OOCKTH THIl ceMeeH xoTeid. Yecto ToBa ca
(baMUITHU TIPEATIPUSATHS OT arpapHUs CEKTOp — PepMH, JECTHIICPHU, MAaHPHU U T.H. XapaKTepHH 32 TAX
ca HHCKaTa €TaXHOCT W MAJIKUs Mamiad, KakTo M JIMICaTa Ha OTSBJICHU apXUTEKTypHH KayecTBa —
JOMHHHpAIAa poJisi B Ciiydas ©Ma mpupojaata. To3u Tl 00eKTH ca 0cOOCHO MOMYJISIpHU U3 3araHa
EBpona u TsixHaTta mbpBOHaYaiHa (YHKIHS MOXKE Ja ObJe 3ama3eHa KaTo JOIBIHHUTENCH JOXO0J 32
COOCTBCHHUIIMTE WIM U3ILUIO TpeMaxHata, HO psIKo OWBa OpraHM3UpaHa KaTo aTpakuus 3a
moceTuTenuTe. XoTean Karto npeycrpoennte dpepmu Alex Factory, Autres Caps, La Ferme Du Vert u
Ip. B paiiona Ha Buap — Edpoa, @pannms [17], karo koHBepTHpaHaTa JkuH nectuieprs B&B Amuse-
Couche 6mu3o no Xacent, benrus [18] (¢ue.4), xaro Springhurst Butter Factory, Crnpunrxspcr,
Bukrtopusi, ABcrpanus [19] (¢hue.4) n ap. Morar Ja ce pa3riexaaT KaTo MpUMepH 3a MOJ00CH THII
obextu. Hukoe oT n30poeHnTEe MeCTa 3a HACTAHSIBAHE HE € 3aMa3uio OpUTHHAIHATA CH (DYHKIUS, HO
KaTO TJIaBHO TSAXHO NPEHMYIIECTBO C€ M3THKBA IPHPOIHATA Cpela M Pa3IMYHHUTE aTPaKIUH KaTo
KOJIOE€3/IeHe, €3/1a, PUOOJIOB M INITAHWHAPCTBO, CBBP3aHU C TOBA MECTOIOJIOKEHHE.

B rbero HaceneHuTe AbpkaBu kato Kurait Hanpumep, TO3U TUIT 00SKTH Mpeiarar yenHeHUe
B IIPUPOJIHA Cpella U BPhIIAaHEe KbM YOBCIIKUS Maniad M He € TsIXHATa MbpBOHAYaiIHA (DYHKIHS TOBA,
KOETO T TPaBU NPHUBJICKATEIHU, a YCAMOTEHHETO M CIIOKOMCTBUETO, KOeTo mpeaiarar. [Ipumepn 3a
takbB TUI TpoekTr ca: Alila Yangshuo, Surmryo — mpeycrpoena B xoten (abpuka 3a 3axap ot 60-te
rogunu (Pue.4); Huchen Barn Resort, Jkba3sH — peHoBUpaHd XaMOapH 3a 36pHO (¢ue.4); XY Yunlu
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Hotel, I'yancu — 6yTukoB x0Ten, momMecteH B crapa dhepma (¢ue.4) u ap. [20]. Becuuku Te3u mpoekTu
ca pasmoIOKEHU CPel M3BBHPEAHO KPachBa MPHUpPO/IA.
B brarapus mogoben THI peycTpoiicTBa HE ca MIMPOKO MOMYIISIPHH.

Que. 4. Undycmpuannu cepadu 6 npupoora cpeda, npeyCcmpoeHu 3d HysHcoume Ha mypusma nopeu
peo: ns6o — B&B Amuse-Couche, Xaceam, Beneus [18] , osicno — Springhurst Butter Factory,
Cnpunexvpcem, Bukmopusi, Ascmpanus [19]; émopu ped — Huchen Barn Resort, /[icv0ozan, Kumaii;
mpemu peo: aseo — XY Yunlu Hotel, I'vancu, Kumai, oscno — Alila Yangshuo, Anewyo, Kumait [20]

e Pa3nosoxeHu B MAJIKM I'PA/IoBe WIM MPUPOJHA CPela, C YACTHYHO 3ana3eHa pyHKuus

[lpunaBaHeTo Ha JONBJIHUTEIHA CTOWHOCT HA OpUTrMHANHATa (QYHKIHMS Ha JaJICHO
MPEANPUATHE, YPE3 MPEBPHITAHETO M B TYPUCTUYECKA aTPAKIMSI € €IUH JI0KAa3aHO yCIENIeH METO. 3a
MOCTUTAHE Ha yCIEeX MPH W3IOJI3BAaHETO Ha WHIYCTPHAIHUTE MPEANpUATHS B chepara Ha Typu3Ma.
TenaeHmusaTa TPOU3BOJCTBATA Ja CTaBaT OTKPUTH W JOCTBIIHA 3a TOCETUTENH C€ 3acHiiBa TIpe3
MOCNIEIHUTE TOAMHHU, JIOKATO HJAeATa 3a y4acTHEe Ha IOCETHTEIUTE B Tpolleca Ha Ch3JaBaHETO Ha
MPOAYKTa ChIIO0 HaOWpa MOIyISIpHOCT. Te3n TeUeHHs 3acsAraT KaKTO HOBOM3TPAJEHH TPEIIpPHUSATHS,
TaKa U UICTOPUUECKHU TaKUBA.

Heritance Tea Factory, Hysapa Emma, Illpu Jlanka (pue.5) € TunmueH mpumep 3a XOTeI,
pasIoNIoKeH B cTapa MHycTpHuanHa crpaja. M3rpagena B kpas Ha XX B., ¢pabpukara e pasmnonoxeHa
Ha Hajy 2000 M HagMOpCKa BHCOYHMHA, CPEA PEOUIM YacHW HACAKICHHA W IpPHUTEX)aBa OoraTa
KOJIOHHAJTHA HCTOpHsl. OTIMYUTEITHOTO B HEsl €, U MO-TOJIsIMa JacT OT TEXHUYECKUTE ChOPHKECHHS ca
3aMa3eHd W pEeCTaBpUpPaHM M KbM MOMEHTa (YHKIIMOHHpPA MaJIko OyTHKOBO IPOU3BOICTRO.
ITocerurenure Ovxa MOrIM HE caMO Ja C€ HACIAJIT Ha ClHpallarta JbXa IJeka U aBTEHTHYHA
atMocdepa, HO W Ja CTaHAaT 4YacT OT Ipolleca Ha NPOM3BOJACTBO Ha 4Yail — mpe3 OpaHero,
00paboTBaHETO M CYNIEHETO, /10 JeTycTHpaHeTo. Hemo moBeye — KOMIUIEKCHT OCUTYpPSIBa HA MECTHHUTE
XOpa BB3MOXKHOCT 3a 3a€TOCT B MPOMU3BOACTBOTO Ha 4Yal W oma3Ba TPATUIMOHHUTE METOJH,
XapakTepHH 3a 00JIACTTa, KATO MO TO3W HAYMH OCUTYPSIBA YCTOHUMBO pa3BuTHe Ha paiioHa. [10]

B bBwirapus mnoTeHmuMana 3a [MOJ00OCH THI MPEYCTPOMCTBO HMMAT MHOIOOPOHHHUTE
He(YHKIIMOHUpAITN Crpad Ha T.H. ,,MOHOMON — 3amajHajaTra mpe3 IOCICAHUTE JICCETHIICTHS
TIOTIOHEBa HHAycTpusi. OOCKTUTE, CBBP3aHU C IMPOM3BOJCTBO HA PO30BO MAacjio — EIHO OT
HaI[MOHATHUTE OoTaTcTBa Ha bharapus — chIo 6Mxa UMaiH yCreX B TYPUCTUIECKHUS CEKTOP.
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The Singular Patagonia Hotel, ITyepro Bopuec, Ynnu (ghue.5) e npyr MHTEpeceH Mpumep 3a
MOJI3BAHETO HA HWCTOpUYEcKaTa (YHKIMS KAaTro BWA aTpakiws. To3W YHHKAJIEH MO poaa CH XOTell,
PasIoNIOKEH B HEMOCPENCTBEHA OJIM30CT JI0 €MH OT Hal-KpacHWBHTE HAIlMOHAJIHW MapkoBe Ha Uwim u
CBIIIEBPEMEHHO OT/AJIeYeH Ha CTOTUIIN KHJIIOMETPH OT JJMHAMUKATA Ha TOJIEMHUS TPajl, pe/iara Ha CBOUTe
MOCETUTEN HEMOBTOPUMO HKUBsBaHe. OCBEH ¢ MHOTOOPOMHHTE BB3MOXKHOCTH 33 aKTHBHOCTH CPE
NpHPOJIaTa, KOMIUIEKCHT BIICUATIIABA M C WHTEpECHAaTa CH HCTOpHs. [IpeanpusaTHETo, MOCTPOSCHO B
Havyanoto Ha XX B. KaTO KJIaHWIA U XJIAJWICH CKIIAJl, € C YaCTUYHO 3ara3eHo 00OpyBaHe, H3I0KEHO B
e/lHa OT 3anuTe Ha XoTena. MHTepeceH (GakT e, Ye MPHIISKAIIUIT TPpaj ¢ Bh3HUKHAI IO/ BIUSIHHUETO HA
TPENPHUATAETO ¥ KbM MOMEHTA OTHOBO TaM € OCHOBHUSAT M3TOYHUK Ha paboTHH MecTa. [10]

Burel Factory, Manraiirac, ITopryramus [21] (¢ue.5) e mo-HectaHgapTeH, HO BCE MaKk
OTJIMYHTENICH MPUMEP 32 TOTCHIMAIA Ha PEBUTATM3UPAHA HHYCTPUATHH OOCKTH Jia MOCIYXKAaT KaTo
KaTaJM3aToOp 3a Pa3BHTHETO Ha JIaJCHO MAJIKO HacejeHOo Msicto. Dabpukara, MPOM3BEKAAIA PSIABK
TPaJMIMOHEH 3a 00JacTTa BBJIHCH IUIaT, € JeJ0 Ha JBaMa mnpeanpuemayn. [Ipe3 mociaeqHoTo
JICCETUIICTHE TC CHKUBSIBAT HEIHOTO MPOM3BOCTBO KATO PEMOHTHPAT cTapa MPOUM3BOACTBEHA CTpaja,
HACTaHSBAT TaM OPUTMHAIHOTO oOopynBaHe oT XIX B., Bb3CTaHOBSBAT MPOU3BOACTBOTO HA HSIKOH
CTapu JeCEHM W HaeMaT MECTHHM XOpa, 3ala3iid IO3HAHWE 3a TPAJAUIHOHHUTE METOAUW Ha
npou3BojcTBo. Cles ycrexa Ha TOBa HAYMHAHHE, OIIC JBE OKOJNHHU CTpaay OWBAT PeCTaBpUpPaHH U
MPEYCTPOCHH B XOTENH, a KbM MOMEHTa OOMKOJKara Ha (padpukara W MpeAcTaBSHETO Ha HEHHOTO
MPOM3BOJICTBO Ca OCHOBHA AaTPaKIMs 3a TMOCETUTENUTE. TO3M MPOEKT IOMBIHWTEIHO OCHTYpsBa
32€TOCT Ha BCUUKW MECTHH JKUTEIH, padOTeI BbB (habpHuKaTa v 1o MOAIPHKKATA Ha XOTEIIHTE.

Que. 5. Unoycmpuannu cepadu, npeycmpoenu 3a Hyslcoume Ha mypusma, ¢ 4acmuyHo 3anasend
@yuryus; nepsu peo — The Singular Patagonia Hotel, Ilyepmo bopuec, Yunu [10]; émopu peo —
Heritance Tea Factory, Hysapa Enua, Illpu Jlanxa [10]; mpemu peo — Burel Factory, Manmaiizac,
Hopmyzanus (1a60 [22], 0sicno [21])

3akaouenue. [IpencraBennte mnpUMepH TOKa3BaT pa3lIWYHU YCHEIIHH TIOAXOAW 3a
OCBIIECTBSIBAHE HAa MHTETPHPAHETO HAa HEW3IOJI3BaeM MHAYCTpPHaJieH crpaieH (OH[ 3a HYKAWTE Ha
Typusma. B Bbearapus ceijecTByBar roisiM Opoil He()yHKIMOHUPAIIM WHAYCTPHATHU CTPald, KOUTO
O1Xa MOTJIH YCTIEUTHO J]a C€ WHTETPHUPAT 32 HYKAUTE Ha TYPUCTUIECKHS CEKTOP - KpacuBarta IpHupo/ia,
ONaroNpUSITHUAT KIUMAaT U OOTAaTOTO HCTOPUYECKO HACIEACTBO MPABAT CTpaHATa H3KIIOUUTEITHO
MOJXOAIIA 32 Pa3BUTHUE HA TYPUCTUUECKHUS CEKTOP M M3IOJI3BAHETO HA TaKbB THI CTPAIH B HEro OU
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YBEIMYWIIO KOHKYPEHTOCHOCOOHOCTTa W OM pa3mIMpWiio BB3MOXKHOCTUTE 3a NpodeCHOHATHO
pasButue. 1o Ta3u mpuumHa MpH B3UMaHe Ha PEIICHUsS OTHOCHO Cha0aTa Ha JaJICH HEU3MOI3BacM
WHJIyCTpHAIeH 00CKT, cie/Ba Ja ce B3eMaT I0J] BHUMaHUE YyXJIUsl OIUT B TOBA OTHOIIICHHE U Jia Ce
THPCAT Bb3MOXKHOCTH J1a ObJIe IPUIIOKEH KbM MECTHHTE YCIIOBHSI.
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BOITPOCHI COBEPIIEHCTBOBAHUA
TEPPUTOPUAJIBHOU CTPYKTYPbI S KOHOMUKHA
Y3BEKUCTAHA

Aboanosa 3. T., k.2.1., doyenm

Anuyk C. JI., Ooyenm

Kamunosa H. K., npogheccop

Kypoonos I1l. b., ooyenm

Hazapoe M. H., ooyenm

kagheopa « IxoHomuueckas u coyuanrvhasn ceozpausy Y3bexkckoeo Hayuonanvnozo ynusepcumema
umenu Mup3za Ynyeoeka, Y36exucman

Abstract. The authors of the article, based on a comparison of per capita indicators of gross regional
product, industrial, agricultural production and investment, as well as the sectoral structure of the
economy of the regions of the Republic of Uzbekistan, analyzed the territorial differentiation of the
level of economic development of the country. The main directions of smoothing regional imbalances
using economic policy instruments were considered.

The article provides an analysis of the territorial structure of the national economy of the Republic of
Uzbekistan by important indicators of socio-economic development, an assessment of the socio-
economic structure and differentiation of the regions according to the population’s living standards.
The role and importance of industry as the most important material industry ensuring a balanced and
sustainable development of the regions of Uzbekistan, was also discussed in the article.

The change in the sectoral and territorial structure of industry in the context of modernization and
diversification of the economy was explored. The influence of factors and conditions on the
concentration and specialization of industries of the republic was studied in details in the article. A
grouping of regions was carried out according to some economic indicators. The main conclusions
and results of the study were also given.

Keywords: territorial structure, territorial differentiation, modernization, investment, regional
economic policy, diversification, free economic zones, business climate, SWOT analysis, clusters,
growth poles, innovations.

Beenenue. B Hactosiniee Bpemss B PecrnyOiinke Y30€KHCTaH HaOJFOAAeTCs 3HAYMTEIIbHBIN
pa3pblB B YpPOBHE 3KOHOMMYECKOTO W COLMAIBHOIO PAa3BUTHUsS PErHOHOB. Tak, pasHuULA MEXIy
nymebiM BBII mo pernonaM ¢ MakCUManbHbIMM U MUHUMAJIbHBIMU 3HAYEHUSIMU STOTO MOKAa3aTels
npesbimaet 7 paza. Takas cutyanusi, B CBOIO 04epe/ib, CIOCOOCTBYET BOZHUKHOBEHHIO JUCTIPONOPIIUI
B YPOBHE XHU3HHU HacelieHus. CIOXUBIIAsICS COIMATbHO-OKOHOMHUYECKas MU depeHIHaIisi PErHOHOB
BO MHOTOM OOYCIIOBJIGHA Pa3iIUYMsIMU KaK B OOECIIEYEHHOCTH pPecypcamMH, TaK U B HCTOPUYECKH
CJIOKMBILEHCS OTPAciIEBOM CTPYKTYpE XO3iHCTBA, OJHAKO MMEIOT 3HAYEHUE TAK)KE HEOJUHAKOBBHIE
YPOBEHb pEAarvpoBaHUsI Ha PBHIHOYHYIO KOHKYPEHIIMIO, MPEeANPUHUMATENbCKAss W HWHBECTHUIIMOHHAS
MIPUBJICKATENBHOCTD TEPPUTOPUH.

[Ipu »TOM creayeT MOAYEpKHYTh, YTO XapaKTep PAacCelIeHUs U MPOCTPAHCTBEHHAsI CTPYKTypa
XO3AUCTBEHHOW cHCTeMbl PecrmyOnuky Y30€KHCTaH BO MHOTOM JETEPMHHHPOBAHBI MPUPOIHBIMU
pecypcamu, B YacTHOCTH, BOJHBIMH. BIusHHE BOJHO-PECYpCHOTO (haKTOpa IOITBEPKIACTCS
YCTOWYMBBIM, Ha MPOTSHDKEHUU COTEH M THICSY JIET CYIIECTBOBAHHUS 3eMIICACIPYECKON LIMBUIN3ALU B
Cpenneli A3wud, COXpaHCHHEM TEPPUTOPHAIBLHOW KOHIIEHTPAIIMM IIPOM3BOACTBA W HACCICHHUS B
MIPEATOPHBIX M PEYHBIX TOJMHAX. MOXKHO CKa3aTh, YTO 0OIIast cxemMa MpOCTPaHCTBEHHOW OpraHM3aIllH
o0I11ecTBa M0J] BO3IEHCTBHEM 3TOTO (haKTOpa OCTaeTCs HOYTH HEN3MEHHOH JUTUTEIBHOE BPEMSI.

Coxkpamenue nuddepeHranuy peruoHOB 10 YPOBHIO COMATBHO-3KOHOMHYECKOTO Pa3BUTHUS
Y COBEPIIICHCTBOBAHHE TEPPUTOPHAIBLHON CTPYKTYPHI XO35ICTBA BBICTYIIAET HEOOXOIUMBIM YCIOBHEM
YCTOWYHMBOTO Pa3BUTHS U MOJICPHU3AINN HAIIMOHAILHOW YKOHOMUKHU PecryOnnkn Y30eKucTaH.

PesyabTarel ucciaenoBanusi. OJHUM U3 OCHOBHBIX CTPATETMUECKUX HAaNpaBlICHUUN
pedopmupoBanus Y30eKucTaHa SBISETCS CTPYKTYpHAs TIepecTpoiika IKOHOMHUKH. B mipursTol B 2017
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romy Crpareruui AEWCTBUH 1O TIIATH TNPHOPUTETHBIM HAMpaBICHUSM pa3BuTus PecryOmukn
V36ekucran B 2017-2021 Tomax ocobas poib NPUHAIIEKUAT BOMpocaM  OOeCTIeYEeHUs
cOaaHCUPOBAHHOCTH U yCTOMYUBOCTH HAIIMOHAIBHOW SKOHOMUKH, YBEITMICHHUIO B €€ CTPYKTYPE JOIH
MPOMBIIIUIEHHOCTH, Cephl yCIyT, MajJoro MpeanpHHAMATENbCTBA, a TaKKe MPOBEACHUIO aKTHBHOM
WHBECTULIMOHHOM IMOJIMTHKHU, HAlpaBICHHON Ha MOJEPHU3ALMIO, TEXHUYECKOE U TEXHOJIOTMUYECKOe
OOHOBJICHHE  TPOM3BOACTBA,  pPEIM3ALHMI0  TPOEKTOB  MPOU3BOJACTBEHHOW,  TPaHCIOPTHO-
KOMMYHHKAIIMOHHOHN ¥ COIMaIbHONH MHPPACTPYKTYpPHL [1].

B PecriyOnuke Y30ekucTaH pa3nuyuusi PerHOHOB M0 BRKHEHIINM COLMATIbHO-3KOHOMHUECKUM
MHAMKATOpaM OYe€Hb cyllecTBeHHble. (OTHOCUTEIBHO BBICOKMM YyAenbHBIM Becom BBII B
TEPPUTOPHAIIEHON CTPYKTYpe HAIMOHATHHONH SKOHOMHKH CTpPaHBI BBIIEISIOTCA TOpoi TamKkeHT u
TamkenTckas obnacts, Camapkannckas, Kamkanapeuackas, AHamwkadckas u depranckas 001acTy.
B nacrosimee Bpemst 14% teppuropuu Y30ekucrana npousBoaut moutu 60% BBII cTpanb.

B 00BpEMe MpOMBIIITICHHOTO MTPOU3BOICTBA CTPAaHBl 3HAUNTEIBHBIN YACTbHBIN BeC XapaKTepeH
JUTS T€X YK€ PETHOHOB, UTO U BBICOKHIA ynenbHbI Bec BBII B ienom. (tabm. 1. puc. 1).

Kak u3BecTHO, MPOMBINIUICHHOCTH SIBIISIETCS OJHOW W3 KJIIOYEBBIX OTpacieil HAIlMOHAIBHOM
9KOHOMHKH M UTPaeT BEAYIIYIO POJb B MOBBIIICHUN YPOBHS SKOHOMHUYECKOTO Pa3BUTHUS 00IIEeCTBa, B
(hopMUPOBaHUHN MaTEPHUAITEHON OCHOBBI HHYCTPHAIU3AINN IKOHOMUKHU U CTAOMIBHOTO COITHAIEHOTO
pasButus. llpm 3TOM, B oOOEcmedYeHWH TEepPUTOPUATBHON COaJaHCHPOBAHHOCTH HAIMOHAIBHON
9KOHOMHKH Y30EKHUCTaHa POJIb POMBIIIUIEHHOCTH, 0e3yCIOBHO, 3HAUMTeNbHA. B mporecce nepexona
OT TUIAHOBOW DOSKOHOMHKH K PBIHOYHOH pa3BUBAIOTCA pa3idMdHbie (QOPMBI COOCTBEHHOCTH,
KOHKYPEHITUS 1 HOBbIe (POPMBI XO3IHCTBOBAHUSA, YTO OTPAKAETCS HA CTPYKTYpe, TEMITaxX, XapaKTepe u
YPOBHE pa3BUTHS MPOMBIIUIEHHOTO TIPOM3BOJCTBA, a TaKXKe HAa H3MEHEHUH OTpaciieBoil u
TEPPUTOPHAIIEHON CTPYKTYPBI IPOMBILIUIEHHOCTH Y30€KHCTaHa.

W3ydyeHne mQuHAMHKH pPOCTa TPOMBIIUIEHHOCTH PecnyOmmkm VY30eKHCTaH MOKa3bIBaeT
nocTeneHHoe ysenuueHue e€ yaenpbHoro Beca B BBII crtpanel. Ecniu B 2000 romy nons
MPOMBITIUICHHOCTH cocTaBimsuia 14,2 %, B 2013 rogy — 24,2, To B 2017 rony — 27,2 % BBIIL. B
HACTOsIIIEe BPEMSI B MPOMBIIUICHHOCTH 3aHITO 1826,8 ThicAau uenoBek, wik 13,6% Bcex 3aHATHIX B
SKOHOMHKE CTPaHbL, M PYHKIHOHHUPYET OKOIO 57,0 THICSY MPOMBINUICHHBIX MPEATPUSITHA.

Tabnuna 1. YnaensHbIN Bec pervoHoB PecnyOnmuku Y30ekucran B oOliepecyOIMKaHCKUX
OCHOBHBIX 9KOHOMHUECKUX Mokazatensax B 1998 u 2018 roxst (B %).

a ) T =y
: 22 5 | EB B
Peruonsl = £ 2 $s g S EE Z 52 N
=, S 3 = B9 a8 S o I E
o 5 % m = ‘é* a E & E 8 E 8 §
& e S =)=} = o % =
1998 | 2018 | 1998 | 2018 | 1998 | 2018 | 1998 | 2018 | 1998 | 2018
Pecri. Y30ekucran 100 100 100 | 100 | 100 100 100 | 100 | 100 | 100 | 100
Pecr, 37,1 61 | 56 | 33 | 35 | 24 | 41 | 37 | 35 | 65 | 54

Kapakannakcran
O6nactu:

AHmKaHCKas 0,9 8,9 9,2 7,1 6,7 10,5 | 10,5 9,9 10,5 7,0 3,8
Byxapckast 9,0 58 57 55 52 5,9 4,6 7,2 9,1 53 7,7
Jxn3akckas 47 3,9 41 2,4 2,9 1,2 15 4.5 6,1 1,9 29

KamkagapsuHckast 6,4 8,8 9,7 6,9 7,0 7,6 6,1 9,2 7,8 8,8 13,3

Hagsouiickast 24,7 3,2 2,9 3,5 53 100 | 133 | 39 4,4 3,9 8,5

Hamanranckas 1,6 7,8 8,3 4.3 4.5 3,1 2,5 6,6 6,7 5,6 6,6

CamapkaHckast 3,7 109 | 114 | 74 7,7 4.3 49 116 | 13,7 | 7,3 5,7

CypxaHaapbHHCKas 45 7,0 7,7 4,6 4,2 2,5 1,2 9,5 8,0 3,2 5,8

ColpaapbUHCKast 1,0 2,7 2,5 2,2 2,0 1,2 2,2 3,5 3,0 2,3 2,2
TamkeHTCKast 3,5 9,7 8,7 9,0 9,4 12,2 | 16,7 | 13,0 9,8 8,6 9,0
®depranckas 1,5 109 | 111 | 94 6,2 121 | 6,1 9,4 9,3 9,0 45
Xope3Mmckas 1,4 5,4 55 47 3,7 3,8 2,6 8,0 6,6 45 2,4
r.TamkenT - 8,9 7,5 14,1 | 13,1 | 15,2 | 16,6 - - 26,1 | 21,3

Tabmmma cocraBieHa C WCIOJB30BaHUEM JaHHBIX [ OCymapCcTBEHHOTO KoMHTeTa PecmyOmumku
V30eKkucTad 1o CTaTUCTHKE.

52 February 2020 http://ws-conference.com/



http://ws-conference.com/

International Trends in Science and Technology

B 2018 romy 69,2% BBII mpoMbIIUIEHHOCTH CTpaHbl MPUXOMWIOCH HA 6 PETMOHOB: TOPOJ
Tamkent, Tamkenrckyro, HaBoutickyro, Anmnkanckyto, KamkamappuHckyro u DepraHckyro 00IacTH.
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Puc. 1. Yoenvnuiii 6ec npomvluiienno2o npou3eo0cmea pecuonos @ npomvluiiennocmu Pecnyonuxu
Vsoexucman ¢ 2019 200y, %
Hcemounuk: 'ocyoapemeennviil komumem Pecnybnuxu Y36exucmarn no cmamucmuxe.

Wzyuenus TeppUTOpHANbHOW KOHLEHTPALMHM NPOMBIIUICHHOCTH PECIyOIMKH IOKa3bIBACT,
yTO0 B Hacrosmiee Bpems 69,2% NpOMBINIICHHOCTH CTPaHBI MPUXOAUTCS Ha 6 PETHOHOB: TOPOT
Tamxkent, Tamkenrckyro, HaBowuiickyro, AnmwkaHckyro, Kamkagappunckyro u  Deprasckyro
oOmacti. BBICOKHMI YpOBEHb TEPPUTOPHAIBHOM KOHLEHTPALUH IPOMBIIIJICHHOCTH OTMEYaeTcs B
ropose Tamkenre — 16,7%, Tamkenrckoir — 16,6% u Hapowutickoit — 13,3% oOnactsax, a cambie
Hu3kue nokaszarenu B CeipaapeuHckoi 2,2, Jxuzakckoit 1,5 u CypxaHaapbUHCKON 00J1aCTsIX BCEro —
1,2 %. HecmoTps Ha COKpallleHHE€ YPOBHS KOHLEHTPAalMM MPOMBIIUIEHHOCTH PETHOHOB II0
U3y4yaeMoMy IEPHOAY, N3MEHEHUE TEPPUTOPHATILHOM cOaaHCUPOBAaHHOCTH HE3HAUMTENIbHA

Hamu Opumn paccuntanbl KOP(QOUIMEHTHI CIEIHATU3AUN TPOMBIILIIEHHOCTH, CEIBCKOT0
XO34HCTBa W, B YaCTHOCTH, PACTCHUEBOJCTBA U KMBOTHOBOACTBA IO aJAMUHHCTPATUBHBIM PETHOHAM
V36ekuctana 1o popmyie Cir=Ai/Ar, rae Cir — K03)GHIHEHT criennanu3alyy i-if 0Tpacin B peruoHe
r; Air — 10N peruoHa r B 0ObeMe BBINYCKa i-i oTpaciu; Ar — 0Nl perHoHa r B 00beMe BaJoBOTO
BBIITYCKa B CTpaHe.

U3 Tabmuuer 2 cruepyer, 4yTo KOS(GQGHUUMEHT CHEUMATM3AlUHM HPOMBIIUIEHHOCTH OOJIbIIe
enuHuIlel B HaBowmiickoit, cronmmunoit TamkeHTckol, AHmrkancko, ChIpIapbHHCKONW 001acTsX,
ropoze Tamkente u B Pecrrybnuke Kapakanmakcran. OgHako KodQ@HIMEHT clrielrain3aiiy emie He
NPEOCTABISAET MOJIHOM KapTUHBI 00 YPOBHE Pa3BUTHS MPOMBILIUICHHOCTH B TOM HJIM HHOM PETHUOHE.
Ecnu B3aTh U1 CpaBHEHHs, HAmpuMep, NPOM3BOACTBO NPOMBIIUICHHOH NPONYKIMH Ha JyHIy
HaceneHusi, To B 2018 romy mokasartenb BbIme oOmmepecmyOmukaHckoro umenn HaBowmiickas,
TamkeHTckas, AHnmKaHCcKass 00yacTi U ropof, TalKeHT — 3TH K€ aAMUHUCTPATUBHBIE PETMOHBI B
TOM K€ TOAY JIMAMPOBAIA M MO KOA(PQHUIMEHTY ClEeNUaIH3aldy MPOMBIIUIEHHOTO MPOU3BOACTBA.
Opnako emé JBa pervoHa, HMEBIIME MOAOOHBIH KOI(POHUIMEHT YyTh BBIIIC CIUHHIIBI
CeipnappuHcKass obmacth W PecryOnmka Kapakammakcran (tabm. 2), OIHAKO OTJIMYAOIIAECS
CpaBHUTEIbHO HM3KMM AyiieBbiM BBII (Tabin. 2), mo mpou3BOACTBY NPOMBIIIJICHHOW MPOAYKIHMH Ha
JTyIITy HAaCEJIEHUS! OKAa3aJIMCh HIDKE O0IIepeCITyOIMKaHCKOTO MTOKa3aTelsl.
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Tabmmma 2. KoaddunueHTsl crenuaan3aniyl MPOMBIIIICHHOTO W CEIhCKOXO3SIHMCTBEHHOTO
MIPOM3BOJICTBA B pernonax Pecrybnukm Y30eKkucTaH.

Pervonsl [IpOMBIIIICHHOCTD CenbcKoe X03SHCTBO
1998 2018 1998 2018
Pecn. Y36ekucran 1,0 1,0 1,0 1,0
Pecn. Kapakanmakcran 0,73 1,17 1,12 1,01
obmactu:
Anpmxanckas 1,48 1,57 1,39 1,57
Byxapckast 1,07 0,88 1,31 1,75
Jxuzakckas 0,5 0,52 1,88 2,11
KamkamapprHcKast 1,10 0,87 1,93 1,11
Hasowuiickast 2,86 2,51 1,11 0,83
Hamanranckas 0,72 0,56 1,53 1,51
CamapkaHckas 0,58 0,64 1,57 1,79
CypxaHgapbUHCKas 0,54 0,29 2,07 1,92
ChIpaapbHHCKast 0,55 1,10 1,59 1,50
Tamkenrckas 1,36 1,78 1,44 1,04
depraHckas 1,29 0,98 1,0 1,51
Xope3Mmckas 0,81 0,70 1,70 1,78
r.Tamkent 1,08 1,27 - -

Tabnmuua cocTaBieHa C UCIOJIB30BaHMEM JaHHBIX |OocymapcTBEHHOTo KomureTa PecmyOnuku
Y30eKucTaH 1o CTaTUCTHKE.

C apyro# CTOpPOHBI, KaK CBUJIETENHCTBYIOT AaHHBIE Ta0auI] 1 ¥ 2, pernoHa bHbIE TUCIPOIOPIIMI
B Ppa3BUTHU CEJIbCKOTO XO3MHCTBA B Y30CKHUCTaHE BBIPAXKECHBI 3HAYMTENIBHO ciabee, 4yeM B
NPOMBINUICHHOCTH. CpaBHUTEIBHO HU3KKE TOKa3aTeN Ko QuIMeHTa cuenuani3ayy Mo 3TOH OTpaciu
XapaKTepHBI Ul MHAYCTPHAIBHBIX PETHOHOB ¢ Ooyiee BhIcOKMM aymeBbiM BBII (HaBowiickas, otdactu
TamkeHTckas obnacts), a Takke A1t PecryOnmku Kapakanmakcrad — peruona, B HaMOOJNbIIECH CTETICHA
NOCTPAJIaBIIero OT Apanbckoro kpusuca. llo mymieBoMy >ke HPOM3BOICTBY MPOLYKIHMH CEIILCKOIO
xo3siictBa HaBowmiickast oOmacte B 2018 romy 3aHnmarna BTOpoe MecTo mocie byxapckoii, Ha TpeTbem
Mmecte — Jlu3aKkckas o0nacTs, ayTcaiiepamu 1o 3ToMy nokaszareito 0buth PecrryOnvika Kapakanmakcran
n TamkeHTckast 0071acTh, 3aHUMABILIKME 10 NPOU3BOJACTBY CENBCKOXO3SIMCTBEHHON NMPOAYKLUUM Ha JyIIy
HaceJIeHHUs B TOM K€ TOJy, COOTBETCTBEHHO, IPEATIOCIIeJHee 1 OCTIEAHEE MECTa.

O6nanaromasi 3HaYUTEILHBIM TEPPUTOPHATBHBIM U MUHEPATLHO-PECYPCHBIM TTOTEHIIAIOM
Peciy6nuka KapakanmakcraH, ClI€IOBaTENbHO, HYXKIAETCS B  aKTHBH3AIMM HE  TOJIBKO
MHIyCTPUAJIBHOTO Pa3BUTUS, HO M B MOAEPHHU3ALUN U YCKOPEHUH Pa3BUTHS CEJIBCKOTO XO3SHCTBA B
YCIIOBHSX SKOJIOTHUYECKOTO KPU3HCa U OCTPOTo Ae(hUIINTa BOJHBIX PECYPCOB.

B  OombmmHcTBE  OOsacTeit  Y30ekucraHa ~— NpeoOJiafiardT  OTpacid  JA00BIBAIOIICH
npomblieHHocTH. Tak, Hanpumep, Ha nomo KamkanapeuHckoi obnactu npuxoaurcs 6onee 75,6%
NPOM3BOJCTBA MPOAYKUMH HEPTSAHOW M Ta30BOH NMPOMBIIIICHHOCTH CTpaHbl, Ha Aomo Hasowuiickoit
obnactu — Gonee 90 % NPOAYKIMHU LBETHOW METaUTypru. B 00JacTsX ¢ OTHOCHTEIBHO BBICOKHM
YPOBHEM MPOMBIIIICHHOTO pa3BuUTHsA B ropope Tamkenrte, TamkeHTCKOW, B AHIMKaHCKOH U
@DepraHckoii — OTMeuaeTcsi BBICOKAs JOJII OTpaciiedl MalIMHOCTPOCHUS M MeETaiooOpadoTku,
MPOMBIIIIIEHHOCTH CTPOUTENHHBIX MaTePHAIIOB, JIETKOW U MUIIEBOH MPOMBIIUICHHOCTH.

AHamM3 OTPaciieBO CTPYKTYPHI IPOMBIIIIEHHOCTH Y30€KHUCTaHa TTOKA3bIBACT, C OJIHON CTOPOHBI,
COXpaHsoLIeecs: MpeodiIagaHue JOOBIBAIOIMX OTpacied B CTOMMOCTH NPOMBIIUICHHON MPOAYKIMH, U C
JIPYTO CTOPOHBI, MOCTEIIEHHOE BO3PACTAHUE JIOJH MAITMHOCTPOCHHS CPENlN OTpaciieil oopadarsiBaromeit
NPOMBINUICHHOCTH, Pa3BUTHE HOBBIX TMPOW3BOJCTB C BBICOKOW JIOOABICHHOW CTOMMOCTBIO —
HEe()TEXUMHYECKOH, XUMUYIECKON M TeKCTHIIBHOM OTpaciiei — 3a CYET MOJEPHU3ALNN U AUBEPCUPHUKAILINT
NpOU3BOCTBA. B HacTosIiee BpeMs B CTpyKType 00padaThIBaIOIIeH TPOMBILUICHHOCTH PECITyOJIMKH A0S
BBICOKOTEXHOJIOTHUECKIX OTpaciel cocraBisieT Bcero 1,6%, cpemne TexHONMOTHIHBIX — 49.5%, HHU3KO
TexHOJOrnyHbIX — 38,9% [2].

dopMupoBaHHE TPOMBIIUICHHOCTH PECIYOJUKH MPOUCXOIWIO B €AMHOW IUIAHUPYEMOW M
YIOpPaBIsEMOH XO3SMCTBEHHOM CHCTEMe, Ije 0co0as poiib yuaeisiach J0o0bide U 00paboTKe
MHUHEPaJIbHO-ChIPEEBBIX PECYPCOB, IPOMU3BOACTBY TEXHHUKHU JUISI arpoIpOMBIIIIEHHOIO KOMILIEKCa,
XUMUAYECKUX YIOOpEHHH M CTPOUTENBHBIX MarepuayioB. Takas crenuaiu3anysi MPOMBIIUICHHOCTH
yHacjaeq0Bala Pl CTPYKTYPHBIX IUCIPOIIOPIMH KaK IO OTPAacisiM, TaK ¥ I10 TEPPUTOPUU CTPAHBI.
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OxoHOMHYECKast d(PPEKTUBHOCTL CHEIHANIM3AIMA B COBPEMEHHBIM TEPHOI 00CCTICUNBACTCS
COYETaHHUEM MPHUPOAHBIX, DJHEPreTUYECKUX, TPYNOBBIX PECYPCOB PETHOHOB, BHEAPEHHEM
COBPEMEHHBIX TE€XHOJOIMH, HAIPABICHHOCTHIO HE TOJIBKO HA BHYTPEHHUM, HO TaKK€ M Ha BHEIIHUI
PBIHOK, IIPU 3TOM ILEJIECO00pa3HO pa3BUBATh MOACTAIBHYIO CIEHMANM3ALMI0 Ha 0asze Koomepanuu
BHYTpPH U 3a NIpeJeNiaMHi PETHOHOB ISl MAIIMHOCTPOUTENBHBIX OTPACiIeH.

«B  ycnoBusX pblHKAa JKOHOMHYECKass S(PQPEKTHBHOCTh CHENUANM3AIUA B PErHOHAX
ompeneynseTcs caMooOecedeHueM, KOTOpOe CIIOCOOCTBYET HKOHOMUYECKOW HE3aBUCHMOCTH.
KommuiekcHass 3KOHOMMKa JOJKHA 3a CUY€T HUMEIOIIMXCS B pErHoHe YCIOBUH M PEecypcoB
obecrieynBaTh COOCTBEHHOM NpOMyKIMEH HaWOOJBIIYI0 YacTh CBOMX TNoTpeOHocTeit» [3]. Tak,
U3yUYCHHE TEPPUTOPHATIBHOIN CTPYKTYPBI IIPOMBIIIIIEHHOCTH CTPAHBI MOKa3bIBAET, YTO B OOJIBIIMHCTBE
obmacreit mpeodIIamaroT JOOBIBAIONITHAE OTPACITH.

[Ipu pa3paboTke M peanv3allié PErHOHAIBHBIX MPOrPaMM B YCIOBHSIX AWBEpCUUKAINN
9KOHOMHMKH HEOOXOJMMBIM YyCJIOBUEM JOJDKHO OBITh HM3y4Y€HHE SKOHOMHYECKOTO IOTEHIIMAa,
BBISIBJICHHE «(AKTOPOB POCTa» KaXKIOI0 PErHOHA.

HemarnoBaykHoe 3Ha4eHHE BO BHEITHEAKOHOMHUYECKOM Pa3BUTHU M SIKOHOMUUECKON MHTETPAIMH C
JpYyTMMH CTpaHaMH HMMEET TeOINOIUTHYECKUN MoTeHIMan perroHoB. Ecmu mist LlentpansHolt Azum B
LIEJIOM XapaKTEPHO «CPEIUHHOE MOJIOKEHNe» B mpeaenax Eppazun, To Y30eKucTaH 3aHUMaeT CPEANHHOE
NOJIOKEHHE YK€ BHYTpH LleHTpalbHOAa3MaTCKOro perroHa, 4YTO ONaronpHsATCTBYET Pa3BUTHUIO
MHOTO00Pa3HBIX SKOHOMHYECKHX CBSI3EH MPEXK/E BCETO C COCETHUMH CTpaHaMmu. Tem He MeHee, OJJHA U3
HEOJIaroNpUATHBIX CTOPOH SKOHOMMKO-TEOrpa(uiIecKOro MOJOKEHUSI CTPaHbI SIBISIETCSI OTCYTCTBHE K
BBIXOJY OTKPBITOMY OKeaHy. B CBOr0 ouepenp, perroHel Y30eKHCTaHa OO0JafalOT HEOIMHAKOBBIM
9KOHOMUKO- U TIOJINTHKO-TeorpadMuecKiM HoJiokeHneM. [10YTH Bee 9TH perroHbl UMEIOT TPUTPAHIMYHBIC
BBIXO/IbI, OJHAKO OTCYTCTBHE WJIM HEIOCTaTOYHOE pa3BUTHE COBPEMEHHOW TpPaHCHOPTHOM
MH(PACTPYKTYpPhl, a TaKkkKe HEOIarompusTHas MOJUTHYECKas CUTyalus B OTIEIBbHBIX CONPEAETBHBIX
rocyJapcTBax CO3[AlOT TPYJHOCTH MEXTOCYAAapCTBEHHOro oOMmeHa. B memsax — ymydmreHus
T€09KOHOMHYECKOTO M T€0CTPATErnIeCcKOro MOJOKEHNS CTPaHbl, Pa3BUTHS MEXPErHOHAJIBHBIX CBsI3eH 3a
ro/ibl HE3aBUCUMOCTH OBIIIM CO3/aHbI COBPEMEHHbIE aBTOMOOWIIBHBIE M YKEJIE3HOAOPOXKHBIE MarkCTpaln
yepe3 mycTbHIO Kbi3butkyM — HaBon-Yukynyk-Cynranymsnar-Hykyc n Tamrysap-baiicyn- Kymkypras,
CTPOSITCS HOBBIC aBTOMOOWJIBHBIC JOPOTH B HampaBlicHMH Kuras, a Takke 3aBEpIIEHO CTPOUTEIHCTBO
asporiopta «HaBom» W MEXIyHApOAHOrO ILIEHTpa JIOTUCTUKM B AHrpeHe. CTpOMTENBCTBO 3THX
MarucTpalbHbIX IyTeH CII0COOCTBYET COBEPILEHCTBOBAHUIO TPAHCIIOPTHOM CETH, HCIOJIB30BAHUIO
BO3MOYKHOCTEH TIPHIJICTAIONINX TEPPUTOPHIA, CIYKUT (POPMHPOBAHHIO OTMIOPHOTO KapKaca pacceieHus u
Pa3BUTHIO MEKPErMOHABHBIX CBA3eH [5].

Ilo CTEIICHH HaJIN4HsS MHUHEPaJbHO-CHIPHEBBIX, TOIIMBHO-9HEPT€THUECKHUX,
THIPOIHEPTETUYECKUX U JPYTUX BHAOB DPECYpPCOB PErHOHBI Y30eKHcTaHa MOXHO CHAeNaTh
CJIETYIOILYIO TPYIIITUPOBKY:

- PETHOHBI C JIOCTaTOYHO KPYNHBIMH 3alacaMd MHHEPaJbHO- CHIPHEBBIX M TOIUIMBHO-
SHEpreTuyecKux pecypco -TamkenTckuit, Kamkanapsunckoil, HaBouiickuii;

- PETHOHBI C CpeAHel O0eCTeYeHHOCTHIO IMPHPOTHO-PECYPCHBIM MOTEHIHAIoM — byxapa,
Cypxanaapss, Peciyonuka Kapakanmakcran, [[xu3zak, @eprana;

- c1abo obecrieueHHbIe TPUPOAHBIMU pecypcaMu peruoHsl — Hamanrad, Ceipaapbs u XopesM.

daxrtop Tpyna OTHOCHTCS K W30BITOYHBIM (akTopaM B Y30EKHCTaHe, 4YTO CIIOCOOCTBYET
CHEIaTM3aIi CTPAHBI Ha TIPOU3BOCTBE M AKCIIOPTE TPy MoEMKOH mpoaykiid. [1o cocrosturo Ha 1.01.2020
rojla YHCJICHHOCTh HaceJeHus Y30ekucTaHa cocTapiser Oonee 33,8 muH yemoek. s Y3z0Oekucrana
XapaKTepHbl CPAaBHHUTEIBHO BBICOKMH, XOTS W HMMEIOIIMH JIOJTOCPOYHYIO TEHACHIMIO K TOHMKEHHIO
€CTECTBEHHBIH MMPHUPOCT HACENICHHS, HU3KUH YPOBEHb CMEPTHOCTH, CTAOMITbHBIE OpavyHbIe OTHOIICHHSL.

B V30ekncrane pasBuTHE TPOLECCOB YpOaHM3aMM M €€ MaTepHaIbHOM, SKOHOMHKO-
reorpaduuecKoil OCHOBBI, T.€. TOPOIOB, (POPMUPOBAHNE UX TEPPUTOPUATIEHO-HEPAPXUUECKUX CHCTEM HMEIOT
CBOU CBOEOOpa3HbIe perHOHAIbHBIC 0COOCHHOCTH. ITH 0COOSHHOCTH BBI3BAHBI IPUPOJTHO-TEOT PAPUUECKHMA
YCIIOBHSIMH, HAJTMYMEM Pa3HOOOpasHbIX GopMaM penbeda (paBHHHHBIX, TOPHBIX TEPPUTOPHH, IyCTHIHb H
0a31COB, MCTOIB30BaHAEM UX IPUPOAHO-PECYPCHOTO U AEMOTPaMIECKOro MOTEHIHANA).

BriBonsl. [IpoBeneHHOE Hcciie0BaHNE TI03BOJIMIIO aBTOPaM CAEIATh CIACIYIOIIUE BEIBOADL:

1. B PecniyOnuke Y30ekuCTaH B HACTOSIIEE BpeMs HAOMIOMAETCS 3HAYUTEIBHBIA pa3phbiB B
YPOBHE IKOHOMUYECKOTO W COLHMAJIHHOTO Pa3BUTHS PErHMOHOB, CIOKHMBLIMKCS TOJ BO3ACHCTBHEM
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IPUPOAHBIX, MCTOPHYECKHUX, HSKOHOMHYECKMX M HOJIMTUKO-reorpaduyeckux Qaxropos. B memsax
CMSTYCHHUS] PETHOHATIBHBIX TUCTIPOMIOPIHK B pa3BUTHH SKOHOMHUKH, YMEHBLICHHUS TPOCTPAHCTBEHHBIX
pasnnuuii B SKOHOMHMYECKOM M COLMAJbHOM pa3BUTHM KPYIHBIX, MajbIX T'OPOJOB U CEJIbCKOM
MECTHOCTH HeoOXoanMa pa3paboTKa U peann3anus HayYHO 0OOCHOBAaHHOW PETMOHAIBHOW MOIUTHKH.
[lpu QopMupoBaHMH © peanu3alUl TEPPUTOPHANBHOM cTparermn PecnyOnukun Y30exkucrtan
HEOOXOJIUMO YUHUTBIBATh CIEAYIOLINE BOIPOCHL:

- obecrieuerne peOpMHUPOBAHUS W MOJEPHH3ANHMHA DKOHOMHUKH C YUYETOM CIEIU(UIECKIX
pPETHOHAIBHBIX ~ OCOOEHHOCTEH, MPUPOAHO-TEOrpadUIEcKUX,  COLHATbHO-SKOHOMHUYECKHX U
nemorpaduyeckux (akTopos;

- KJ1accu(UKALYSL U TUIIOJIOT UL PETHOHOB 110 YPOBHIO COLMAIEHO-3KOHOMUYECKOTO PAa3BUTHS;

- MOHUTOPHHT COLUAIBHO-?KOHOMUYECKOH CUTyalllud B PETHOHAX.

2. AHanu3 TeppUTOPHAIILHON KOHIIEHTPAIMU PECIyONMKH MOKA3bIBAET, YTO B HACTOSILEE BpeMs
noyrd Oojee 2/3 MpPOM3BOJACTBA MPOMBIIUICHHONH MPOAYKIMUA TPHUXOAUTCS Ha 6 PETMOHOB: TOPOJ
Tamxkent, TamkenTckyro, HaBowmiickyto, Armmkanckyto, KamkamapeuHckyto u Depranckyro obmacTu.
HepaBHoMepHOe pa3melieHue MPOMBIIUIEHHOTO MPOU3BOACTBA OTPa3WiIach Ha HEIOCTATOYHOM YpPOBHE
WHIyCTpUaTbHOTO  pa3BuTusi  PecmyOmmkm — Kapakanmakcran,  [[xuzakckod,  Hamanrasckoi,
CypxaHmapsrHCKOH W XOpe3McKoW obmacteir. Hiskuii ypoBeHb TuBEpCH(HUKAIN TIPOU3BOACTBA
ormeuaercs B KamkamapeuHckoil, AnmwkaHckol, Haowmiickolt, CeipmappuHCcKolM, HamaHraHckoi
obmactax. Jns nmanpHeWIIero CTUMYyIMPOBaHME HHAYCTPHAIBHOTO pa3BUTHSA B JAaHHBIX O0O0JIAcTIX
HEOOXOIMMO CO3/1aBaTh MPEINPUATHI 00padaTHIBAIOIIEH IPOMBIILIEHHOCTH.

3. Peruionsr PecniyOnmukm Y30eKUCTaH pa3NU4aloTCs MPUPOIHO-PECYPCHBIM TOTEHIHAIIOM,
HCTOPUYECKUMH YCIOBUSIMUA (DOPMHUPOBAHUS XO3SHCTBA M PACCENCHHS, KOTOPHIE HEMOCPEACTBEHHO
BJIMAIOT HA OTPACJIECBYIO U TEPPUTOPHATIBLHYIO CTPYKTYpPY SKOHOMUKH. [IpH pazpaboTke u peanuzanuu
PETHOHAIBHBIX HPOTPaMM B YCJIOBHSIX IUBEPCH(PHUKALUN IKOHOMUKUA HEOOXOIUMBIM YCIOBHEM
JOJDKHBI CTATh W3yYeHHE SKOHOMHUYECKOTO TOTEHIMAa TEPPUTOPHA, BBISIBICHHE «()aKTOPOB poCTay,
NPEICTABIISIONINX cO0O0M pe3epBbI U CPEJCTBA TEPPUTOPUATBEHOIO PA3BUTHS, & TAKIKE MEXaHU3MBbl HX
BOBJICUEHHSI B XO3HCTBEHHBIN 000POT AJIS TOCTIXKEHHS KOHKPETHBIX IIEeTIEeH.

4. OnHUM U3 OCHOBHBIX NPUOPHUTETHBIX HAIIPABICHUH PErHOHAIBHOM CTPAaTETHH BBICTYIAET
pasBUTHE TpPEIIPUHUMATENBCTBA, CIMOCOOCTBYIOMIeE (OPMUPOBAHMIO KOHKYPEHTHOW —CpEJbI,
HACBILIEHUIO DPBIHKA TOBAapaMH M YCIyraMu, OOECHEUeHHMIO 3aHSATOCTH HaceneHus. llpu stom,
¢dopMHupoBaHHE OJAronpHUATHOrO JEJIOBOrO KIMMara sBISETCS IJIaBHBIM (DaKTOpPOM paCIIUPEHUs
NpeANPUHUMATEBCTBA KaK CTPATETNYECKOT0 Pecypca pa3BUTHUS TEPPUTOPHUH.
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Abstract. The results of studies on the effect of fertilizers based on sewage sludge on the ecological status
of sod-podzolic soil are presented. It is determined that the intensity of inhibition of growth processes of
phytoindicators (cabbage and cress salad) indicates soil toxicity at the level of "average™ for introducing
sewage sludge and composts made on their basis. It is proved that the content of heavy metals in turf-
podzolic soil for the introduction of sewage sludge at the rate of 20-40 t/ha and composts on their basis at
the rate of 20-30 t/ha for miscanthus does not exceed the maximum permissible concentration.
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Introduction. Sediments formed at wastewater treatment plants contain a large amount of
phosphates, nitrates, and heavy metal compounds

For most Ukrainian enterprises, there is an acute problem with the placement or disposal of such
municipal waste. Today, technologies of urban sewage sludge processing into organic-mineral fertilizers,
biofuels, and their use as raw materials in the production of construction materials are being actively
implemented worldwide, but the optimal solution to the problem of waste management for many Ukrainian
enterprises is their sludge storage. The waste is dehydrated and water enters the soil horizons. There is a
risk of soil contamination with microorganisms and chemicals contained in sewage sludge [1, 3].

The accumulation of sewage sludge at a rapid rate and the overflow of sludge maps of
municipal wastewater treatment plants cause contamination of the upper fertile soil layer. This waste
is characterized by the content of heavy metals and pollutants that inhibit plant growth and
development. By getting from the soil to plant organisms in excessive quantities, heavy metals disrupt
their metabolism, which negatively affects the growth and development of plants, especially in the
initial stages of ontogeny [7]. Exactly such features of influence of heavy metals on plant organisms
are taken into account during biotesting of ecological condition of soil. Owing to inhibition of vital
activity and decrease in biodiversity of physiological groups and the number of soil organisms, the
speed of transformation processes of organic matter and the circulation of biogenic elements decreases
[4, 6]. Plants are the primary links of trophic chains, play an important role in the absorption of
pollutants and are constantly exposed to them due to their attachment to the substrate. This is why
plants are considered the most suitable sites for biomonitoring and soil biotesting [8].

Biotesting methods that help relatively quickly obtain information on the presence of toxic
substances in the environment are promising. Despite many studies conducted phytotoxicity of soil
cover [10], the search for specific test systems sensitive to various toxic substances of a particular
urban environment, which would allow to evaluate the combined effect of environmental pollution on
biota, remains over time. Bioindicators are usually selected by plants because they are a convenient
object for biomonitoring of the state of the environment, because they characterize the state of the
environment in which they grow, reproduce rapidly, respond differently to the effects of harmful
factors, and thus allow to choose the most appropriate response. research. The criterion for adverse
effects is suppression of root growth. Testing of soil samples under thermostat conditions at +25 ° C
was chosen for the study. In petri dishes, 1 g of ground soil was placed on filter paper and 5-7 ml of
distilled water was poured. Then 5 seeds of test culture were laid out. Petri dishes were placed in a
thermostat. After 96 years. measured the length of the root system and stems. The phytotoxic effect
was determined as a percentage of the weight of the plants, the length of the root or stem system, the
number of damaged plants or the number of shoots [11,12]. Based on the amount of plant mass
formed, the phytotoxic effect (PE) was calculated by the formula
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Mo—Mx
PE= ——

o
where My is the mass or growth rate of the plants in the Petri dish with the soil of the control variant; Mx is
the mass or growth rate of plants in a Petri dish with the soil under study. Soil toxicity was determined by
the method of D. Grodzinski [1; 3]. In the search for sensitive test objects to assess the level of soil toxicity
in different variants of the experiment, the seeds of two different species of plants, namely cabbage
(Brassica oleracea var. Capitata), were germinated. and cress salad (Lepidium saivum L.).

Results of the research. The purpose of our study was to determine the level of soil toxicity
for the deposition of sewage on the sod-podzolic soils of the Precarpathian

Field experiments with miscanthus were performed on sod-podzolic soils of the Precarpathian
region on the territory of the village Maidan (Tsenzhiv station) of Tysmenytsia district of Ivano-
Frankivsk region.

Scheme of planting miscanthus — 0,50x0,70 m. Planting with rice was carried out manually and
wrapping them in the soil to a depth of 1015 cm. Repeatability — three times, placement of sites — systematic.

Experiments for miscanthus: 1. Control - without fertilizers; 2. NeoPsoKeo; 3. NooPgoKgo; 4. SS
— 20 t/ha + NsoPs2K74; 5. SS — 30 t/ha + N3oP23Kss; 6. ERU — 40 t/ha + N10P14Kss; 7. Compost (SS +
straw (3: 1)) — 20 t/ha + NsoP16Ke7; 8. Compost (SS + straw (3: 1)) — 30 t/ha + N3oKss.

Plants are the primary links of trophic chains, play an important role in the absorption of
various pollutants and are constantly affected by their attachment to the substrate. That is why plants
are considered as the most suitable objects for soil biomonitoring [7]. On the basis of the conducted
researches the ambiguity of different types of plants on the test reaction was revealed. The sensitivity
of plants to the effect of sewage sludge as a soil pollutant (option 4) was found to be 2.22-2.35 cm and
2.09-2.17 cm, respectively, but the root length and the height shoot of the cabbage were in the same
version for watercress was 2.67-2.78 cm and 0.85-0.91 cm. For introduction of sewage sludge at the
rate of 30 t/ha + N3oP33Kes (Option 5) root length and the height shoot of the cabbage was 2.15-2.26 cm
and 2.21-2.35 cm respectively, but the root length and the height of the shoot in the same version for
the salad were 2.53-2.64 cm and 0.79-0, 86 p m. For sewage sludge application of 40 t/ha + N1gP14Kss;
(option 6) the root length and the height shoot of the cabbage was 2.08-2.18 cm and 1.99-2.06 cm
respectively, but the root length and height of the shoot in the same version for the salad was 2.41-
2.55 cm and 0.62-0.75 cm.

As a result of studies of composting on the basis of sewage sludge at a rate of 20 t/ha in the ratio of
3: 1 + NsoP16Ks7 (option 7) showed that the length of the root and the height shoot of the cabbage was 2.31-
2.36 cm and 2.23 -2.31 cm respectively, however, the root length and shoot height in the same version for
cress were 2.69-2.85 cm and 0.82-0.90; cm. For the introduction of composts based on sewage sludge at
the rate of 30 t/ha in the ratio 3: 1 + N3Kss (option 8) showed that the length of the root and the height of
the shoot of cabbage was 2.17-2.29 cm and 2, 10-2.15 cm, respectively, root length and shoot height in the
same version for the salad was 2.52-2.63 cm and 0.80-0.86 cm.

Table 1. Sensitivity of test cultures to sewage sludge in sod-podzolic soil for miscanthus
cultivation

Cabbage cress -salad (Lepidium sativum L.)
g (Brassica oleracea var. capitata).
B root length height of the shoot root length ’ height of the shoot
° min-max, cm min-max, cm
1. 2,82-2,91 2,80-2,84 2,99-3,21 1,28-1,37
2. 2,49-2,60 2,60-2,76 2,81-2,90 1,12-1,21
3. 2,41-4,46 2,34-2,47 2,69-2,80 0,94-1,02
4. 2,22-2,35 2,21-2,35 2,67-2,78 0,85-0,91
5. 2,15-2,26 2,09-2,17 2,53-2,64 0,79-0,86
6. 2,08-2,18 1,99-2,06 2,41-2,55 0,62-0,75
7. 2,31-2,36 2,23-2,31 2,69-2,85 0,82-0,90
8. 2,17-2,29 2,10-2,15 2,52-2,63 0,80-0,86
HIP 0,5 0,12-0,13 0,01-0,04 0,06-0,08 0,08-0,10
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The soil analysis shows that the levels of inhibition of the growth processes of phytoindicators
in test versions for sewage sludge (options 3-6) and composts (options 7-8), although varying from 21
to 39% for white cabbage and cress -salat, but determine the toxicity of soil samples at the level of
"average" (table. 2).

Table 2. Levels of toxicity of sod-podzolic soil for sewage sludge, Percentage

Phytotoxic effect
Cabbage cress -salad L
(Brassica oleracea var. |(Lepidium sativum L.) The level of toxicity
options capitata).
root height of root height of root height of
length the shoot length the length the shoot
shoot
1. Control — without
fertilizers weak weak
2. NeoPsoKeo; 11,7 7,1 6,0 12,5 weak weak
3. NgoPgoKago 14,5 16,4 10,0 26,6 weak weak
4, SS - 20 tha +
NioPsoKos 21,3 21,1 21,7 33,6 average average
5SS - 30 tha +
NsoPasKes 23,7 25,4 20,7 38,3 average average
6. SS - 40 tha +
N1oP1aKss: 26,2 29,1 20,4 39,6 average average
7. Compost (SS + straw
(3:1) - 20 tha + 18,1 20,4 10,0 36,0 average average
NsoP16Ke7,
8. Compost (SS + straw
(3:1)) — 30 t/ha + NaoKss, 23,1 25,1 15,7 37,5 average average
HIP 0,5 3,2 4,3 1,0 15

In experimental soils under miscanthus plantation there is minimal contamination of all forms of
heavy metals after fertilization in the standard NeoPsoKeo (Fig. 1).
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Fig. 1. Content of heavy metals in sod-podzolic soil under miscanthus plantation after sewage sludge,
average for 2016 — 2019
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Content of heavy metals in sod-podzolic soil under miscanthus plantationafter application of
sewage sludge, average for 2016 - 2019

With the introduction of SS (option 4-6) for planting miscanthus, the content of the plumbum
in the soil fluctuated within 3.79-4.30 mg/kg of soil, the content of cadmium and Nickel was 0.39-0.47
mg/kg of soil and 1, 42-1,63 mg/kg soil respectively. The highest content of heavy metals is set in the
soil after application of SS at the rate of 40 t/ha + N1oP14Kss (option 6). During the application of
composts based on sewage sludge and straw (3: 1) (option 7-8), the content of heavy metals varied
within — 3.48-3.90 mg/kg for the plumbum, 0.33 — 0.40 mg/kg for cadmium, 1.49 — 1.54 mg/kg for
nickel and 2.4-24-2.61 mg/kg for cobalt. According to the results of the research, the content of heavy
metals in sod-podzolic soil for the deposition of sludge and compost on their basis does not exceed the
MPC (maximum permissible concentration).

Conclusions. As a result of research it is established that the intensity of inhibition of the
growth processes of plants-phytoindicators (cabbage and cress) indicates soil toxicity at the level of
"average" for introducing sewage sludge and composts made on the basis of sewage sludge and straw
(3:1) and ranges from 20 to 40% of the phytotoxic effect.

Also, during the researches it was established that the content of heavy metals in the sod-
podzolic soil for introduction of sewage sludge at the rate of 20-40 t/ha and compost on their basis at
the rate of 20-30 t/ha for miscanthus does not exceed the maximum permissible concentration.
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