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MODELING OF EXPLOSIVE PROCESSES
IN ANISOTROPIC MEDIA WHERE BOUNDARY
OF THE INFLUENCE REGION IS IDENTIFIED

Nowadays, explosive processes are widely used for the optimiza-
tion of extraction minerals processes, in the buildings construction and
industry. This practice allows to significantly increase the speed of the
work and, at the same time, reduce it cost. However, side effects of the
explosion usage can be catastrophic, since its destructive power is ca-
pable of completely demolishing even fairly stable buildings and caus-
ing irreparable damage to the environment, therefore there is a need for
a precise mathematical modeling of the explosive process with a de-
tailed calculation of all its consequences.

One of the models used to investigate the explosion process is
a fluid based on the simulation of an environment in which an ex-
plosion occurs as a filtration fluid. In this case, the velocity field
generated by the explosion is usually considered to be potential.

This article deals with a mathematical model of the explosion
process based on a liquid model. It takes into account the mutual in-
fluence of the deformable anisotropic porous medium parameters
and the explosive process characteristics. The corresponding bounda-
ry value problem is solved using the numerical quasiconformal map-
pings method which ensures the possibility of its solution taking into
account the presence of the reverse effect, the existence of which es-
sentially complicates the process of solving the problem by other,
less «dynamical» methods. Algorithm used in the modelling of simi-
lar processes in hydrodynamics and electrodynamics, in particular for
the study of filtration processes and electromotography is adapted for
solving appropriate boundary value problems. The method of identi-
fying the external boundary of the domain of the explosive process
influence is developed by introducing certain changes to the «classi-
cal» algorithm for solving such a type of boundary problems for the
twice-bounded domain since the last one requires a priori assignment
of the inner and outer domain contours.

Key words: anisotropic medium, complex analysis, explosion
processes, hydrodynamic mesh, identification, mathematical mod-
elling, numerical methods, quasiconformal mapping.

Introduction. Explosive processes are often used in mining, particu-
larly, for grinding the hard rock preventing easily access to the minerals at
the present stage of development of production. Also, explosions are often
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used in buildings construction, for example, to clear the territory or create
large depths. It is extremely important to determine the correct technologi-
cal parameters of the explosion process, since the inaccuracies made may
couth to catastrophic consequences, particularly, the destruction of nearby
buildings, or the other significant damage, the elimination of which re-
quires enormous costs or is impossible. For this purpose, mathematical
modeling of the process is carried out.

Nowadays there are several models of explosion processes, each of
which is used by various researchers. Particularly, V. Kravets, V. Koro-
bichychuk, V. Boyko use linear-elastic, elastic-plastic and visco-elastic
ones [1]. V. Bulavatskii, V. Skopetskii, and 1. Luchko consider the liquid
model based on the representation of the medium in which the explosion
occurs as an ideal liquid, and the field formed by the explosion is consid-
ered to be a potential. In this case the process modelling is based on the
solution of the corresponding boundary value problem using conformal
mappings. However, their functional does not provide sufficient accuracy
of the solution, since the field formed as a result of the explosion is not
ideal (this is due to the presence of squeezed parts of the soil, as well as
areas close to the cavities); in addition, there is a need to take into account
the reciprocal influence of process characteristics and the medium charac-
teristics. The liquid model of explosive processes was improved by
A.Bomba and his scientific school [4-5]. Quasiconformal mappings
methods are used for solving the corresponding boundary value prob-
lem [6—10]. The impact of the explosive process on an isotropic medium is
investigated in [4], the impact on anisotropic one is described in [5] (the
boundaries of crater, pressed and undisturbed sections of the medium are
determined, and, also, the hydrodynamic grid of the formed field is con-
structed). The area of an explosion influence is considered to be given a
priori in these works (the corresponding mathematical domain is modeled
as a twice-bounded domain).

In this article we propose a solution to the problem of determining
the boundaries of the crater, pressed and undisturbed domains of the medi-
um with the simultaneous identification of the area boundary of the explo-
sion impact on the investigated environment, taking into account the inter-
action of the characteristics of the environment and the process with the
automatic construction of the hydrodynamic grid.

Presenting main material. We consider a certain domain G,
(z =x+iy), where the charge of a given form with a constant quasi-
potential on it is placed, in a medium where an explosion was occur-

red (Fig. 1).
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Fig. 1. Physical domain of the medium
The particles motion process is described (analogously to [5]) by the
motion equation o =k gradep and the continuity equation divo =0,

where U = (Ux (x,3),0,(x, y)) is the particle velocity, and ¢ =¢(x,y) is
the quasi-potential of the corresponding field,
k:[kn(x,y,sox,wy) klz(x,y,wx,coy)J

k1 (%, 3,00,0,) k(X ,0,,0,)

is the conductivity coefficient of the medium (which characterizes the abil-
ity of particles to rise). We consider that the explosion influence area is
bounded by two contours — external and internal ones. The inner contour
is the charge boundary. It is known a priori:

Lo={z: fu(x,») =0} ={x+iy: x=x:(1), y=y: (1), = <t <B}.
The outer contour of the domain separates the studied area from the gen-
eral one, and we can’t set it a priori. Physically, it delimits the soil areas
with the same characteristics, because the undisturbed zone of soil from
the studied domain has the same characteristics as the outside one, so the
external contour, which is established solely for the purpose of correct
calculation, should be chosen so that it is situated in the undisturbed zone
(emphasize that the contour that separates the pressed and the undisturbed
soil zone is important to know from a practical point of view). It is inap-
propriate to choose the outer contour so that the undisturbed area within
the studied area is too large, since an increase in the size of the studied
area requires an increase in the number of the partition nodes, which leads
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to higher costs of machine time or to the loss of accuracy; on the other
hand, the choice of the external contour so that it would be outside the
unbroken area will result in distortion of the results. We propose to identi-
fy the outer contour of the investigated area by solving a sequence of simi-
lar tasks, each of which differs from the previous one by outer contour.
After solving each of the following tasks (starting with the second one),
we compare the obtained boundaries of the crater, the pressed and undis-
turbed domains of the soil with those obtained for the previous. If they
coincide with sufficient accuracy, then the contour that we found in the
first of the comparable tasks is the wanted one; otherwise, we go to solv-
ing the next problem, in which we consider a little bit "larger" area. the
process should be repeated until the desired boundaries of the crater,
pressed and undisturbed domains of soil in the two adjacent tasks do not
coincide. So, in each of the subtasks the outer contour is set in such way:

L={z:f () =0} = ={x+iy:x=x](), y=0,(0), & <t<f},
where (0|L=(p*, (/J‘LA:go*, —0 < @y <¢)*<+oo. In each task from the

considered sequence, the functions xj(t), y:(t) have the same structure

and differ only in parameters in such a way that they form a sequence of
so-called «concentric» contours.

As a result of the problem solution it is necessary to construct a hy-
drodynamic grid, to determine the boundaries of the crater, the pressed and
undisturbed sections of the soil (in Fig. 1, these borders are marked by
dashed lines/ =1", I = IO).

We model the explosion process in the same way as [5] — taking in-
to account the interaction of the quasipotential ¢ =¢@(x,y) gradient

k, K
I :,/(pf +go§ and the conductivity tensor k :( ! '2j and the for-

k

21 K2

mation of the sections (Fig. 1), in which the correction of the latter is
made, depending on the values / according to the following formula:

_ 1 * 0 0 _
ki = ko +2 (1-1 )((1—1 J+|r-1 ‘) (rs=12), (1)
where 1°, I" are the critical gradient values, which characterize the delay
and separation of particles (the position of the line of the section), the pa-

:Bll 1812
ﬁZI ﬂ22

ropy change, is selected based on the physical experiment [3].

rameter tensor [ :( J, which characterizes the medium anisot-
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We introduce a flow function y = y/(x,y) , that is complex conju-

gate to @ =¢(x,y) (as described in [7]), fix a certain point A= B € L.

on the inner contour of the domain and make a conditional incision of
the investigated domain along one of the flow lines (unknown yet, it
will be refined in the process of problem solving). The top and bottom
of the section are marked via AA and BB on Fig. 1. We obtain (in the
case of a fixed k) the problem on a quasiconformal mapping

w=o(z)=p(x,y)+iy(x,y) [6] formed by a single-bounded domain
Gg =G, / AA on the corresponding rectangular domain of a complex
quasipotential G, ={w=p+iy: ¢, <p<¢@ , 0<y <O} with an un-
known parameter Q:

op Oy

A a

% __ v
oy Ox

0

Kl](x’ys(oxs@y)a_f""(lz (xaya¢7x’¢y)

o0 ,(ny)eGl. ()

K21(xsy’(px’¢y)a+’(22(xsys(px’(py)

¢|Lk =@, ¢|L&* =0, V/|AA =0, !//|BB :Q:qg—uydx+uxdy.
L

The corresponding inverse boundary value problem on the quasi-
conformal mapping z =z(®)=x(p,y)+iy(p,w) of the domain G, on
G! and the real x=x(p,y) and imaginary y =y(p,y) parts equation
(we also require it's execution in the section to account for their «split»
in the transition from the domainG, to G,) of the characteristic flow
function with the unknown position of the section and the value Q is
obsessed as:

Y X, | O b X, | Ox  Ox
Kll{xaya_wa__l//]_y_’cu (xaya_l//a__l//] =

J°J oy J°J Joy o¢

Yy X%, )0 Yy X, \0x 8
,(21{x,y,_w,__‘ﬂ]_y_,(zz[x,y,_w,__‘ﬂ]_:_y, 3)

J J oy J J Joy O

(pw)eG,  J=x,3,-%,7,,
S (@ 0), ¥(@ey)) =0, p.<p<g,
A (X(co*,t//),y(rp*,l//)) =0, 0<y<Q,

(9,00 =x(0,0), ¥(@,0)=y(0,0), p.<p<g, Q)

(4)
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0 ( 1 6xJ+i(mezz—Km G_X}i(&ﬂ}
op\ Ky, Op ) Oy Ky oy ) op\ Ky Oy
_iEEa_x]:(), 0 [ 1 8y]+ (6)
oy \ Ky, Op o\ Ky, Op

+i(’fn’fzz_’f21’(12 ﬂ] 0 [’(21 aJ’J (’(12 GYJ 0.
oy K2 Oy ) Op\Kky Oy ) Oy\ Ky Op

We construct the algorithm for numerical solution of the problem
analogously to [5]. The difference analogs of equations (6), boundary con-
ditions (4), as well as additional conditions for boundary and near-
boundary nodes in the corresponding uniform grid domain

G£={(rﬂi,wj): @ = +i-Ap,i=0n;y,;,=j-Ay, j=0,m;

szu,szg,y:A_W}
n m Ap

is written, respectively, in the form:
O-( aiyy /+1 i+, j+1 ( i+l,j+1 +al /+l) lj+1 +al 1+1 i— 1,j+l)+
(1- 20)( i1 %~y + )x,-,_,»+a,-,_,»x,-_1,_,-)+
+O_(ai+1,j71xi+l,jfl ( Qi j1 ;- 1) X; o1+ % 1,j—1)+
+7* (o b X; b, +b, +b, +
Y i1, 1%+ T\ Ot T 0 ) X j T i, j X, -1

+(1-20) (bi,jﬂxi,jﬂ - (bi,/+1 +b; )xi,/ +by % o ) +

+O—(bi—l,j+lxi—l,j+l _(bi—l,jﬂ +b ) Xi-1, +b i1, jXi-1, j— 1))+

+7(ci+l,j (xi+l,j+l =X, j-1 )_ci—l,j (xi—l,jJr] X, -1 ) - (7
—d; i ( Xitl, j+1 _xifl,j+l)+d,j 1( Xivl, j-1 ~Xim1, j-1 )/4 =0,

0'(52+1,j+1y1'+1,j+1 _(5i+1,j+1 +a; 14 )yi,j+] +a; 11 Vi, )+
+(1-20) (@i i (e + 1) 2, +5i,,-yi_1,j)+
+0(5i+1,j—1yi+1,j—1 (al+1, 1 1))’1, 114 1Y, - 1)+
+72(O_(5i+1,j+lyi+l,j+l _(bi+1,j+l +b+1j)yl+1j +b+1jyl+1j 1)+
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+ (1 - 20—)(5[,_j+1yi,j+1 - (6;',_;41 + 511 )yi,j + l;i,jyi,j—l ) +

+O'(bz 1,j+1Yic1, j+1 (l;i—l,j+1+b 1])% 1/+b1 1, Vi1, - 1))+

+7(_ci+1,j (yi+1,j+1 _yi+1,j—1)+ci—1,j (yi—l,j+1 —Yia,j 1)+

+d; in (yi+1,j+l —Yi1,j+1 ) - 571',_;’—1 (yi+1,_j—1 — Vi1, )) /4=0,

i=Lm, j=Ln.

Where

1,22 21 12 12

_ 1 n KijKij — K% | Kij

a; . =ac| — |, b ; =bd| ————"—>1, ¢, . =ac| —-
,J 11 5] 11 i,j 1m0

K ; Kij

2112

- K2 o - K” e
dz,j:bd 1]’ 4;j =ac o ’

K ij
D) q _pal
¢G,; =ac 2 > L) =bd T2
Kij Kij
k. . +k ki +k
, 1 i, i,j—1
ac(k,--)= ol ) bd(z“)_ ’ ’
] ] 2
s 2AQ(Y; 1 = Vi jo1) 280X o =X 1)
K‘i . =K
,J rs J ’ J
ij i,j

Jij =(x,-+l’j _xf—l,j)<yt,/+1 Vi j- ) ( L+ "f—l)<y i) T "—U)’

m =1n
— [ (xo,j’yo,j)(yl,] y0])+ (xo,j’yo,j)(xl,j _xO,j) =

- \/ a2 (o 5220 )+ 124 (1230, ) %

X\/(xl,j —Xo, )2 oy =0, )2 J1-cos” Ong ;.

" 8
fv x(xi,nJrl’yi,nJrl)(yi,n_yi,n+l) J(v y( ln+l7yln+1)( ll‘l _xi,nJrl): ( )

_ * 2 2
- f? x (xi,n+19y[,n+l)+ y (x‘nJrl’yi,nJr])

I,

2 2 2 \*
X (xi,n _xi,n+l) +<yi,n _yi,n+1) l-cos” @, .,
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where

cos©® =(’f11fx2 +(K12 +K21)fx Jiy +K22fy2)/(fx2 +

0| =

+fy’2 )% ((anxl + ’(12fyl )2 + (K21fx' + KZny, )2 J

The approximation magnitude y formula is obtained based on the

«quasi-conformal similarity» condition of elementary rectangles [6] of
two domains:
1 Wt

m+1)(n+1)

,j+l

V= ) )
( ij=0 G T iy ;

where

2 2
a,-,,:\/(xiﬂ,j—xi,‘,-) +<yi+l,.i_yi,j) g

2
q; ;= (Kll (yi,j+1_yi,j)_K12 (xi,j+l_xi,j )) +
1
22
+(K21 (y i1 Vi ) —K» (xi,j+l_xi,j )) .
The numerical implementation of the algorithm is carried out as fol-
lows. Firstly, we set the domain G, partition parameters: » and m, critical

potential values 7 : , 1 0, parameters &, , &,, &, which characterize the
accuracy of the difference problem solution, parameter &, , which charac-
terizes the accuracy of the investigated domain boundary identification.

We set the outer contour LT:{z:f*(x,y):O}:{x+iy:x:xl*(t),

y= yl* (0, o <t< ﬂ*} so that it is at a short distance from the inner one
for the first problem. We set the initial approximation of the boundary

nodes coordinates (x(()?])., y(()?]).), (xfl?_)-, yff)) (with monitoring the fulfill-

0) ,(0)

ment of conditions (4)) and inner nodes (x,«, FoYi g ) (for example, evenly

dividing the segments with the ends at the points (X(()(,),)-,J’(()?,)-),

(xf,?},yfl(,)}) ). Then we find the initial approximation 7(0) = }/(x,-(,(}),)’i(,(}))

of the quasiconformal invariant » by formula (9). Next, we perform the

12
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refinement of the internal nodes coordinates (x,-(,”;), yl(oj‘)) with the given

accuracy & (o — the total iteration number) using iterative circuits such

as the «cross» obtained by solving (7) with respect to x; ; and y, ;. In this

case, the necessary values of the pressure gradient and the permeability
tensor k in the grid nodes Gj, are calculated from the values x; ;, »;;
from the previous iteration step. We correct the boundary nodes, solving
approximately the system of equations (8), for example, by Newton's

method. If the value of the nodes displacement on the boundary for the
performed « -th total iteration

2 2
-1 -1
S :rr;g}x\/(xff;) —xf’”; )) +(yi(’”]’<) —y,-(j- ))
((i, ) are indexes of the boundary nodes coordinates) is greater than &,

then we return to refine the internal nodes. Otherwise, we find new ap-
proximations Q(L) and 7/(” quantities Q and y y the formula (9) and the
condition for the connection between them: QO=mA@-y. If

Q(L) - Q(Lfl)‘ > &5, then we return to the refinement of the internal nodes,

otherwise we calculate the resulting grid «quasi-conformality» non-

connection & =+/8f +6; , where &, & are the equations approximations

incompatibilities (3):
n—1,m-1

o = Ilrfi_’l( | V(X —%o) =k ;- i = Vi 1) l

n—1,m-1

0, = m,ai( |7/(yi+l,j _yifl,j)"'ki,j '(xi,jH _xi,j—l) |
l,j:

Then we determine the position of the section lines of the hole,
pressed and undamaged sections of the soil and set the outer contour

L, :{z:f (x,y):O}: {x+iy:x=x§(t), yzyz(t), a <t<f} so
that it is somewhat «bigger» from the previous, and solve the problem for

this contour. We compare the position of the section lines of the pressed
and undisturbed soil plots for the first and second tasks. If the difference

between them does not exceed &, , then the contour LT is sought, other-

wise we go to the next task with the contour L; , the results of which are

compared with the results of the second one.

13
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Fig. 2. Distribution of zones formed by explosion

The process should be repeated until the difference between the sec-
tion lines of the crater, the pressed and undisturbed zones for some s and
s+1 tasks will not satisfy the given accuracy. The contour L: is consid-
ered to be sought.

A computer program was developed and numerical calculations were
performed based on the algorithm. For input data nxm=70x100,
I7=0.008, 1°=0.004. L ={z: fu(x,») =0} = {x+ip: x=10+6cos(t) .
y=5+5sin(¢), 0<r< 27z} is charge contour, @ =0, (o* =1,

14
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B 0.1 0I5) e original out tour L { £, ) o}
= 5 € origmal outer contour =9{Z. X, = =
0.05 0.06 & 0 Y

3
1

responding situational condition (in particular, the hydrodynamic field grid)
resulting from the explosion in such medium is depicted in Fig. 2 a).

We see that 3 depreciated zones were created: A is a crater, B is a
pressed zone, C is an undisturbed zone. The outer contour of the studied

area is also identified: Lj = {z : f*(x, y)= O} = {x+iy :x =160cos(?),

4
={x+iy:x=48cos(t), y=39sin(r), 0<t <27}, koz( 4].The cor-

y=130sin(¢), 0<t< 27[} . For comparison Fig. 2b) shows the result of
calculations for a predetermined external contour L' = {z o f "(x, V)= O} =

={x+iy:x=176cos(r), y=143sin(r), 0<r<2z}. We see that the

boundaries of the crater, pressed and undisturbed domains of the soil coincide.

Fig. 3. Distribution of zones for an isotropic medium
Note that the algorithm works for an isotropic medium. Fig. 3 shows
the results for anisotropy.

30
The input data is the same as for Fig. 2 only &, = [0 3} (since the

medium is isotropic). The outer contour is identified L =
:{z:f*(x,y) :0} = {x+iy:x: 144cos(t), y=117sin(z), 0£t<27r} .

We see that the anisotropy of the medium significantly influences the for-
mation of a crater, the pressed and undisturbd domains of the soil, but the
developed algorithm works for both the case of isotropy and for anisotropy.

15
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Conclusions. The mathematical model of the explosion process that
takes into account the interaction of the process characteristics (quasi-
potential) and a deformable porous anisotropic medium based on the use of
the numerical method of quasi-conformal mappings (as well as the algorithm
for solving the corresponding nonlinear boundary-value problems) and aims to
determine the position of the boundaries of the extruded, and unpolluted soil
zones, is generally summarized in the case of identification and the boundary
of the zone of influence of the explosion process on the medium. The solution
of the corresponding boundary value problem occurs using the special proce-
dure of inverse mapping and the stepwise parametrization of the medium
characteristics and process, as well as the ideas of the block iteration method.
This allows to automatically build a hydrodynamic grid and a speed field.

The results of the numerical experiments developed on the basis of
the algorithm developed showed the feasibility of using it for modelling of
explosive processes in anisotropic deformable porous medium in order to
determine the position of the section lines of the crater, the pressed and
undisturbed zones of the soil with the simultaneous identification of the
boundary of the explosion impact zone. It is shown that the developed
algorithm works for both anisotropic medium and for isotropic.

In the perspective is identification of the explosion process parame-
ters, in particular, finding the location and the shape of the charge, as well
as solving the corresponding spatial problems.
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MOAENMIOBAHHA BUBYXOBUX NMPOLIECIB
B AHI3BOTPONMHOMY CEPEAOBMULLI
3 IIEHTU®IKALIIEIO MEXI 30HU BIJIUBY

V Hami iHi 111 OnTHMI3aLil poLeciB BUI00yBaHHsI KOPUCHUX KOMAIH, Y
OyJiBHULTBI Ta IPOMHCIIOBOCT] JIOCUTH TOMIMPEHOIO € MPAKTHKA 3aCTOCYBaH-
Hsl BUOYXOBHX MpolieciB. BoHa 103BOJIsIE 3HAYHO MiIBUIIUTH IBHAKICTH BU-
KOHAHHs pOOIT i, BOIHOYAC, 3HU3UTH iX BapTicTh. [IpoTe, mobivHi aii 3actocy-
BaHHs BUOYXIBKH MOXYTb OyTH KaTacTpoidHUMHU, OCKIIBKY 1i pyHHIBHA cHla
3[aTHA OBHICTIO 3HOCHUTH HABITh JIOCUTH CTil{Ki CIOPYH Ta 3aBIABaTH HETO-
IPaBHOI IIKOJM HABKOJMIIHHOMY CEpEIOBHIILY, TOMY € HEOOXIJHICTh monepe-
JHBOTO TOYHOTO MaTEMATHYHOrO MOJIETIOBAHHS BUOYXOBOTO IIPOIIECY 3 JeTa-
JIBHAM NIPOpaxyBaHHsM ycix HOro HacIiJKiB.

OnHi€ero 3 MOJENEH, KOTPi 3aCTOCOBYIOTBCS IS OCHI/PKCHHS BHOYXO-
BOTO TPOLIECY, € PiAMHHA, IKa 0a3yeThCs Ha MOJENIOBAHHI CEPEeIOBHUILA, Y
SKOMY BiOyBaeTbcsi BUOYX, SIK HECTHCKYyBaHOI (UIBTPALifHOI pPiIuHH.
[Tpu upoMy moJjie MIBUAKOCTEH, IIOPOIKEHE BUOYXOM, SIK TIPaBUIIO, BBAXKA-
€THCSI MOTEHIIANBHNM.

VY cratTi chopMOBaHO MaTEMaTUYHY MOJEIb IPOLECy BHOYXY, sika 0azy-
€ThCsl HA piJuHHINA. BoHa BpaxoBye B3a€MOBIUIMB HapaMeTpiB JeopMiBHOTO
AHI30TPOIHOTO MOPHCTOTO CEPEJOBHUINA Ta XapaKTEPHCTHUK BHOYXOBOTO MPO-
ecy. BinmosigHa kpaiioBa 3a/1a4qa po3B’sI3y€ThCSI 3 BUKOPHUCTAHHSM YHCIIOBO-
r0 METOMY KBa3iKOH(OPMHHX BiIOOpaXKeHb, 110 3abe3reuye MOMKIHBICTD ii
PO3B’SI3aHHS 3 BpaxyBaHHSAM HAsSBHOCTI 3BOPOTHOTO BILUIMBY, iCHyBaHHS SKOTO
CYTTEBO YCKJIAHIOE TIPOLIEC PO3B’I3yBAHHS 3a/1adi 1HIMMU, MEHIII «IHHAMIY-
HUMU», METOJAMHU. AJIAITOBAHO AJITOPUTM PO3B’I3yBaHHs KpaHoOBHX 3aiad,
[I0 BUKOPHUCTOBYIOTBCS IIPH MOJIETIOBAHHI aHAJIOTTYHUX HPOIECIB y TiAPOIH-
HaMIIli Ta eNeKTPOIMHAMILI, 30KpeMa, TSl JOCHTiHKEHHS (UIbTPalitHIX Tpo-
neciB Ta enekrporoMorpadii. Po3podieno Meromuky ineHTHIKALIT 30BHINI-
HBOT MeXI1 00JIacTi BIUIMBY BHOYXOBOTO MPOLECY HUIIXOM BHECEHHS MEBHHX
3MIH JI0 «KJJACHYHOTO0)» aITOPUTMY IS PO3B’SI3yBaHHS TAKOTO TUITYy KpaHOBUX
3aj1a49 I JBO3B’SI3HOT 00JIACTi, OCKUIBKH OCTaHHIM BUMAara€e ampiopHOro 3a-
JTAHHS BHYTPIIIHBOTO Ta 30BHIIIHBOTO KOHTYPIB 00IaCTi.

Kawuosi caoBa: awnizomponne cepedosuwe, 6ubyxosi npoyecu,

2iopoounamiuna cimka, idenmugixayis, K6a3ikoHpopmHe 8i000paAdtCeHHA,
KOMNJIEKCHULL AHANI3, MAMeMamuiHe MOOeNIOEAHHS, YUCTIOB MEMOOU.

Otpumano: 20.11.2018
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