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Abstract. Over the recent decades, gas and oil fields have been intensively explored in the seas and oceans of the
world. As part of the expedition of the Ukrainian research ship "Professor Vodyanitsky", gas flows from the bottom
of the Black sea of the continental shoal located on the territory of Georgia were studied. In this article, we conducted
an environmental study of the results obtained during the expedition. The analysis revealed the dangers that gas
emissions found in this region may pose. The article presents map of the coastal shelf of Adjara with gas release
points; Similar places of gas emissions on the black sea coast of Crimea are discussed; The results of gas extraction in
the Caspian sea are presented; The nature of environmental changes caused by the removal of a layer of hydrogen

sulfide from the sea depths to the upper layers of the sea during a gas eruption is analyzed.
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Abstract. We consider the statics case of the theory
of linear thermoelasticity with microtemperatures and
microstrech materials. The representation formula of
differential equations obtained in the paper is expressed
by the means of four harmonic and four metaharmonic
functions. These formulas are very convenient and useful
in many particular problems for domains with concrete
geometry. Here we demonstrate an application of these
formulas to the III type boundary value problem for a
half-space. Uniqueness theorems are proved. Solutions are
obtained in quadratures.
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Introduction. One of the basic methods solving
three-dimensional problems of rigid deformable bodies
is the Fourier method, which is based on the solution of
differential equations of a given model by the method of
separation of variables in a certain system of curvilinear
coordinates. In case the construction of system of
differential equations turns out complicated, its solution
can be represented by a simple solution of Laplace and
Helmholtz equations. Representations proposed by
W Kelvin, J.Hadamard, J].Boussinesq, M.papkovich,
G.Neuber, E.Trefftz, G.Kolosow, N.Muskhelishvili and

other authors are well known in the literature.

Mathematical models describing the chiral properties
of the linear thermoelasticity with microtemperatures
materials have been proposed by lesan and recently it
has been extended to a more general case, when the
material points admit micropolar structure. In the
representation and Fourier transforms we study the
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boundary value problems of statics of the thermoelasti-  K.Skhvitaridze, M.Kharashvili [14], M.Svanadze [15]
city with microtemperatures for a half-space x; > 0. For  and the references therein.

a wider overview of the subject concerning different

areas of applications we refer to the references J.Barber Main part

[1], M.Basheleishvili, L.Bitsadze [2], [3], D.Burchuladze,
M.Kharashvili, K.Skhvitaridze [4], P.Cass, R.Quintanila
[5], L.Giorgashvili, K.Skhvitaridze, M.Kharashvili [6],
L.Giorgashvili, Sh.Zazashvili, R.Meladze [7], L. Gior-
gashvili, D.Metreveli [8], R.Kumar, T.Chadha [10],
H.Sherief, H.Saleh [12], B.Singh, R.Kumar [13],

2. Basic equations and auxiliary theorems
The system of equations of statics in the linear theory
of thermoelasticity of the microstretch materials with

microtemperatures is written in the form

pdu(x) + (A + pw)graddivu(x) + ngradv(x) + ygradd(x) = 0, (2.1)
neAw(x) + (34 + 15)graddivw (x) — x3gradf(x) + »,w(x) =0, (2.2)
1A0(x) + »;divw(x) = 0, (2.3)

N1 4v(x) — ndivu(x) — x,divw(x) + 7,6 (x) — n,v(x) = 0, (2.4)

where 4 is three-dimensional Laplace operator, u = (uy, Uy, u3) " is the displacement vector, w = (wy, w,, w3)T
is the microtemperature vector, 6 is the temperature measured from the constant absolute temperature Ty, (T >
0), v is the microstretch, T is the transposition symbol, A, i, ¥, y1 1, 11, *, #j, j=1.2,..,7 are constitutive coef-

ficients, satisfying the conditions

u>0, 344+2u>0, 3uy+u5+15>0, xu5+x#5>0, x5—3u5>0,
Gty + Ton3)? < ATouny, ¥ >0, 1,(31+2u)—3n2>0, 1, >0

Assume that U = (u,w, 6, v)". The stress vector, which we denote by the symbol P(d,n)U, has the form
P(,n)U = (PW@Q,n)U’, P@@,n)W, PP ,n)U", P®(a,n)U")T
where U' = (1,0,v)",U" = (W,0)T,U" = (w,v)", n = (ny,n,,n3)" is the unit vector,
P®Q,n)U' =TD@,n)U" + (v — yd)n,
P@(8,n)w = (x5 + 1) Z—V; + nyndivw + x5[n X rotw],

P®(Q,n)U" = xa—9+x (n-w)
’ T Ton Tt ’
ov
PMO,M)U" =1y —+1#,(n-w),
on
Jdu .
T®O,n)u = Z/x% + Andivu + u[n - rotu],

:—n is the derivative along the vector n. The symbol () and [X] denote the scalar and vector products of two

vectors in R3.
Definition. The vector U = (u,w, §)" is assumed to be regular in a domain 2 ¢ R® if U € C2(2) n C* ().
Theorem 1. A vectorU = (u,w,8,v)" is a solution of system (2.1)-(2.4) in a domain ~ ) C R3, ifand only ifit

Is represented in the form
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ulx) = =ac + grad®, (x) + a,x;grad®,(x) — e3P, (x) +
rot(e3(;b3 (x)) — a3x3grad®,(x) + asgrad®s(x) — ngraddg(x),

w(x) =grad [2a4| ta 46§4(x) a5<l>5(x)] +
+rotrot(e;®(x)) + rot(es P, (x)), @5)
0r) =25+ "‘;’4(") A+ 20 205 (),
0, (x) 024 |

v(x) —2a1||+ 5 oy

+ay s + a; @5 (x) + (A + 2p) 1505(x),

where ¢ is arbitrary constant AD; (x)=0,

(4 —22)Ds(x) =0, (A—212)P;(x)=0, j=67,

j=1234
(4 = 23)Pg(x) =0,
22 =m2}{—l:{1%3>0, lo = #4 + #s + #g, A§=Z—Z>O,
2 Mm@+ -0 4 = Y12=1n _ =G+,
: n A+ 2u) T (42w -0’ TP 2 — (A +3wn,’
n®— Unz Hy YA
0 = A+2y -y A+ 21) (h (A+21) —yn L /12)
ma+2ak - -\ v .
_ n _ unas 2un
a; =y-— a, =a +

B+ ™ -Gtz T G+ —n?

Proof. Assume that the vector U = (u,w, 0, v)" is a solution of system (2.1)-(2.4). From (2.2)-(2.3), we obtain
AA=2D)0(x) =0, A2 = (mry, — ny13)/uly > 0,

from these equations we get

6¢'4(x)

0(x) =2 % + A+ 22 d5(x), (2.6)

where c is arbitrary constant, A®,(x) = 0, (4 — A% )(DS (x)=0.

Substituting the value of 6(x) from (2.6) and divw(x) = — M—Ae(x) into equation (2.2), we obtain
1

(A—27 )w(x) =fgmd [2ﬁ+ aq;;(x)]+i(/1+2ﬂ)-/1(/1; ~2%) grad®,(x)

where 13 = x, /3¢ > 0.

The solution of this equation has the form

oo
2w(x) = grad[2a,= ta, 64(") ass(x)] + 27
+rotrot(e; @4 (x)) + rot(e; P, (x)) + grad¥ (x),
where (4 — 13 2)Pi(x) =0, j=67,(4— ABYP(x) =0, a, = —u3 /1y, as = —n(A + 2u) A% /n;.
Substituting the values of w(x) and 0(x), from (2.10) and (2.8) into (2.3), we obtain ¥ (x) = 0, thus
64’4(76)
w(x) = grad [2a4 ™ ta— a5<l>5(x)] + 2.8)
+r0trot(e3cb6 (x)) + rot(e3cb7 (x)).
If we apply the operator div to both part of equality (2.1), then we obtain
A[(A + 2p)divu(x) + nv(x) —yB(x)] = 0.
-0l 3G™3gdo — Work of GTU — Tpyam I'TY ISSN 1512-0996
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From these equation, we get
(A + 2w)divu(x) = y0(x) — qv(x) + 1, (A + 30 (A + 2p) A2 ""1’9("), (2.9)

where

n2(A + 2p) — n?
n(A+ 2w

Substituting the value of divu(x), from (2.9) into equation (2.6) and (2.8), we obtain
-(1+2 0?
U= 23w =1 ( /«l)h(zi 4(X))
A+ 2p)

|x| ax3
) x
+ (’7” AH 2001 5o _ 27 5 2,1),1‘{) ®5(x) + (A + 3u)23
M H1M

Ady(x) =0, 22 =

0Py (x)
0x

From these, we get

6¢4(x) 3‘1’9 (x)

2v(x) =a, (le + ) +a,®<(x) —n(A+3u) +

+(1+ Zu)lé%(x),

(2.10)

where (4 — 13)®g(x) = 0,

. = A+ 2wy, —vn a B A+ 21) <V1 (A+2p)—yn L /12)
TR YT @ -\ drm o x
Substitute the expressions of 6(x) and v(x), given by (2.6) and (2.10) into (2.1), to obtain

3udu(x) +( + wgraddivu(x) = grad[(y — nay) (2 <y "%(3"))

+ 2+ 21) — na)Ps(x) + n2 (A + 3u) =22 "’“’9(’” (2.11)
(A + 2w A505(x)],

which implies

u(x) = ug(x) + (x), (2.12)
(where uy(x) is a general solution of the Lame homogeneous equation

plduy(x) + (A + p)graddivuy(x) = 0,
and #(x) is a particular solution of the nonhomogeneous system (2.11)
The solution u,(x) has the form [8]
Up(x) = grad®, (x) + ax;grad®,(x) — e3P, (x) + rot(e;P3(x)),

where a = (A + p)/(A +3w), 4P;(x) =0, =1,2,3.
The particular solution of the system (2.11) will be written as

c x
2a() =@ =n 1)(/1+2y|x| A+3p
+azgrad®s(x) — n?x;grad®y(x) — ngraddg(x),

——x + x3grad®, (x))

where
",
BA+2u)°

Substituting the values of the vectors uy(x) and #@(x) into (2.15), we get

as =Yy —
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u(x) = grad®;(x) + ax; grad(;b2 (x) — e3P, (x) + rot(esP3(x)) +
+(r = na) (35 I; + s Xsgradd, () + (2.13)
+asgrad®s(x) + nx, grad(;b9 (x) — ngrad®g(x).
Substitute the expressions of u(x), 6(x) and v(x), given by (2.13), (2.6) and (2.10) respectively, we obtain
0Py (x) _ 2u 0P,(x) ! 0P, (x) _
0x3 A+3u 0xg A+3u 0x;
This equality well be satisfied, if the function @4(x) is defined in the following form

3 u
Po(x) = A+3wW(M? — A+ 3uwny)

(% = (A +3)ny)

(2D, (x) + a1 P4(x)),

where

Y12 — MY
M4 +21) —n*
Substituting the value of @4(x) into (2.10) and (2.13), we get

a]_:

20, S 2020 L 00D b )+ (O 20030
v(x) = 2a4 x| as x5 ay x5 a; Ps(x) + ( A5 Pg (),
X
u(x) = alcm + grad®, (x) + a,x3grad®,(x) — e3P, (x) +

+rot(xP3(x)) — azxzgrad®,(x) + azgrad®s(x) — ngrad®g(x),
where

4 =a + Hnas o = Zun S 1 14
e’ T (3 -0 7 2 — (A4 30

Thereby we have proved the first part of the theorem. As to the second part, it is proved by a straightforward

verification that the vector U = (u,w,0,v)" represented in form (2.5) is a solution of system (2.1) —
(2.4). O

Denote by 27 a half-space x; > 0, and by 012 its boundary plane x3 = 0, (23 :=0"NB(O0,R), where B(O,R) is

the ball with center at the origin and radius R. Denote by Y,z that part of the boundary of the ball B(0, R) which

lies in the domain x5 > 0, by S(O, R) the circle with center at the origin and radius R which lies on the plane x; = 0.

Definition. Assume that in the domain 27, the regular vector U = (u,w, 6) " has the property Z(£27) if it satisfies

the following conditions

u(x) =0(1), 0(x)=0(x|™), v(x)=0(x|""), w(x)=0(x|"?), (2.14)
% mZnsz n(x) - u(x)dZ; =0, (2.15)

where n(x) is the external normal unit vector passing at a point x € X with respect to 2, R = |x|
Theorem 2. A solution of system (2.1) —(2.4) which has the property Z (™)
u(x) = grad®;(x) + a,x3grad®,(x) — e;®,(x) + rot(e3cb3 (x)) -
—a3x3grad®, (x) + asgrad®s(x) — ngraddg(x),

w(x) = grad( 6<D4(x) + as P (x)> + rotrot(e;®¢ (x)) + rot(e; P, (x)),

(2.16)
o) =224 1+ zu)Aqus x),
v(x) =a "’4’2(") + 4, 20 4 4y 05(x) + (A + 20)2305(0),
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Proof. The proof of this theorem follows from Theorem 2.1 the vectors u(x) and w(x) and the functions 6 (x)
and v(x) represented by formulas (2.5) satisfy conditions (2.14). If the value of u(x) is substituted from (2.5) into
(2.15), then we have ¢ = 0. If the value ¢ = 0 is used in (2.5), then we obtain equalities (2.16), which completes the
proof of the theorem. O

Remark 2.3. The solution of differential equations (2.1) —(2.4), with have Z(27) property, a point at infinity

satisfies the following conditions under in vanishes

u(@) =0 [x|™), 06)=0( IxI), v() =0( [xl™), wx)=0( IxI”), 01
dulx)=0( |x|™), k=123,
where 0, = 0/0x;,, k=123.
3. Statement of the problem. The uniqueness theorem
Problem (III)” . Find, in the domain 27, a vector U = (u,w, §,v)" with property Z(2~) that in this domain
satisfies system (2.1) —(2.4) and on the boundary 0(2, the following boundary conditions:

n@) - u} =300, PPOMU'Y) —nn- PO,V G} =),
@) - wm») =f"0) PPOMU'Y) - PPOnU" 0N} = D), 3.1)
{POOmU" MY =f10), {PPOMU (M} = "),
where f' = (f'y, f'2, 007, f" = (f"1, f"2,0).f";, f";, Jj =1,2,3,4 are the functions given on the boundary 0.2,
n(y) is the external normal unit vector passing at a point y € 302, i.e. n(y) = (0,0,1)"
Theorem 4. If Problem (III)~ have solution, these solution is unigue.
Proof. The theorem will be proved if we show that the homogeneous (f’; =0, f"; =0, j= 1,2,3,4) Problem
(III)y have only trivial solution .
Assume that the vector U = (u,w,0,v)" is a solution of Problem (IIl)g.If we multiply both sides of equality
(2.1)-(2.4). by the u,w, 0 and v, respectively and integrate over the domain 2, then, using Stoke’s formula and

boundary conditions

u@) - PYOMU' M} =0, W) PPOMU"(G} =0,
{0POO.MU" M} =0, {v(x) PP@,MU" (M} =0,

we get
fZRu (x) - PD@,n)U' (x)d 2, — fﬂR [ED (u,u) — y8(x)divu(x) + nv(x)divu(x)]dx =0,  (32)
f w (x) - P@0,n)U" (x)dZg —
ZR
- fnR [E@w,w) + 13w (x) - gradd (x) + »#,w?(x)]dx = 0, (33)
sz 6 (x) - PP @, n)U"(x)dZx — fnR [ 2grad?6(x) + »;w(x) - gradd(x)]dx = 0, (34)
f v (x) - P®(0,n)U" (x)dZg — f [n1grad®v(x) + nu(x)divu(x) +
2R Or
+1,0% (%) — y1v(%)0(x) — 3#;w(x) - gradv(x)]dx, (3.5)
where
ISSN 1512-0996 B 9-0bs 3GmBgdo — Work of GTU — Tpyas: ITY
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3 2 3 2
314+ 2u u du, Ou; u du,  Ou;
o <2yt 3 (B2 23 (0
(ww) 3 (divi)” + 2 L 0x; + 0xy, * 3 4 dx; 0xy
k+j=1 J k,j=1 J
3u,+ 5+ Mg — X
E@w,w) = %(divw)2 + =22 (rotw)? +
3 2 3 2
s + ¥ ow,  dw; s + Mg ow,  dw;
* 4 z dx; 0x * 6 z ox, ox;)
kej=1 N k Kj=1 1 "k J

Passing to the limit on both sides of equalities (3.2) -(3.5) as R — +oo0 and taking into consideration the asymptotic

representations (2.17), we obtain

f [ED (w,u) +yO(x)divu(x) + nv(x)divu(x)]dx =0,  (3.6)

o-

f [ED (w,w) + 53w (x) - gradf(x) + #,w2(x)]dx =0,  (3.7)

pa
f [%gradze(x) + x,w(x) - gradd(x)]dx = 0, (3.8)
pa
f [ngrad®v(x) + nu(x)divu(x) + n,v%(x) —
pa

—y1v(x)0(x) — #;w(x) - gradv(x)]dx = 0. (3.9

From the equalities (3.7)- (3.8), we get

f {TOE(Z)(W, w) +

o-

4T0%%0 - (Hl + To}‘fg)z 1
4 + i [Gey + Torz)w(x) +

+2xgradf(x)]*}dx = 0. (3.10)
Since E@ (w,w) = 0, 4T, > (3, + Ton3)?, % > 0, Ty > 0, form (3.10) we obtained that w(x) = 0, 8(x) =
¢ = const, x € {1~. By asymptotic (2.17) we have c = 0,1i.e. 8(x) = 0,x € 2™.

Substituting the value of the functions w(x) =0, 6(x) =0, x € 27, into (3.6) and (3.9), we obtain

Jo- [ED (u,w) + 2nv(x)divu(x) + n,grad®v(x) + 1,v*(x)]dx = 0 (3.11)
E(U,0) = E®(u,u) + 2nv(x)divu(x) + nygrad’v(x) + nv?(x) =
) ouj 2 9 ou; 2
= 2o (G4 22) 250 e (3 - 20) 4 migrad®oo) + (312)

(BA+2Wn2-31% 5 1 . ,
+ sarzn C () + 3GA+21) (Bnv(x) + (34 + 2p)divr(x))*,

where U = (u,v)".
Tacking into account that 31421 >0, 1, >0, p>0, 31+ 2u)n, —3n% >0, from (3.12) it follows that
E(U,U) = 0, By virtue of this fact, (3.11) implies
E(UU)=0 x€n.
A solution of this equations has the form

ux)=[bxx]+d, vx)=0 x€en,
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where b u d are any three-dimensional constant vectors. By asymptotic (2.17) we have b = d = 0, i.e. u(x) =
0, xen .O
4.Solution of the boundary value problems
If in the boundary conditions (3.1) we assume that n(y) = (0,0,1)7, then these boundary conditions can be

rewritten as follows:

WY =f50),  fow®; =F'0), j=12,

Ws0))" = 50, frow )} = F'0), j =12 @)
fZD 1w} =40 (152 +0w0)) = L0

where

! 1 ! ! a a !
Fj()’) = ;(52jf1 o) - 51jf2 (3’)) + 2(81j6_312_ 62j6_311>f 3(¥),

" 1 " " #s + X6 d d "
F j()’) = Z(‘Szjﬂ o) - 51jf2 (Y)) + %—6<61j6—yz_ 62j6_311)f 3(¥)-
In formulas (4.1) assume the following

{6<p(y)}

0x;

B de(y)
= m .
N73x-y€EIN ax3

A solution of this problem (III)q is sought in form (2.16). Functions @;(x), j = 1,2,...,8 are represented as

follows

D;(x) = [T e @D g (£)dE dE,, j=1,234,

21

o —i(X&)-x 2422
O5@) =5 (117 e TN gy yagds,

. [ (4.2)
(pj(x) — %ffj:: e—L(x-f)—X3 |€|2+A% gj(f)dgldfz; ] — 6,7,
o —i(%-§)—xs [|€12+25
Do(x) = [0 e O g6 de,

where g;(§), j=1,2,..,8 are the sought functions, § = (§1,&,)", ¥ = (x1,%2)7, x = (X1, %2, %3), |§| =

Vé &2

If the functions PD; (x), j=1,2,..,8defined by (4.2) is substituted into (2.16), we obtain
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u(x) = %ff::{[—ﬁ%(f) — (@yxzes + €3) 92 () + €,95(8)
+azxse; gs(§)]e ™l — a3e495(5)e‘x31/|€|2+l§ +
+773698(f)9_X3‘/m} e {®DdE dE,,

wlk) = iﬂ:: {a4|f|9194(f)6_x3|€| — 0.'56495(5)3_"3\]'5'2”% +

[ (esIET + 78 — 2Bes) go(8) + €29, (%)) e"‘”'f'z”ﬁ} e, dé, *3)

0(x) =—J"7 [—If 194 (©)e 311 4 (4 + 2004295 (E)e '2%] e D gs de,,

2T

vl = %ff::o [_lfl(asgz(f) +a494(5))e ™k + azgs(f)e’_x3VlngJﬁ1§ +
+ G+ 20BN ekt a,

where e; = (i§1,183,1§1)7, e, = (—i82,i§1,0)T, €3 = (0,0,1)7, 4 = (i§1, 82,V [§1? + D)7, €5 =
(i61, 16,V I§12 + 29)7, €6 = (181, i85,V I§12 + A3)T.

From (4.3) we obtain

o)}, == [[77[(ar + D61, — i616,)92(6) + i€1€195(6) —
—a3(i§;64 — if152j92(f))gzt(f)]e_i(f{)_%lgldﬁdfz' j=12,
frow()}; == [ (431281 — 1162/ 96() +

- —i(%-§)=x3 [1§17+23 ,
+i;\ 1§17 + g, (§)| e W ag g, j=12,

T taws () = o [ sl ga e +
4.4
+x1|f|296(f)e"‘3m] e" D ds dg,, -
M2 —sws () = - 11 masléPga () + arlEPga(E))e eI -
—agy[§I? + lfe_xg‘/mgs(f) - %7If|2€_x3‘/mge(§) -
—m@A+2)3J51 + lie_x3‘/mgs (5)] e\ FDd¢ ds,,
where
Ao = Quity + 2, Q; =110y — K70, Qg = AyN) — AsHy.
From (4.3)-(4.4) with boundary conditions (4.1) taken into account we obtain
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10
e f [—|§|91(5) —92(8) —a; /lflz +1594(8) +
+n f|f|2 + /1598(5)] e~ 0DdE dE, = f3'(),

1 |
| [“‘*'5'29‘*(5) s 161+ 206) + lzgﬁ(f)] 0D dg dE, = £, (),

— 7106181294 (8) + 111126 ()] 70D d,dE, = £/ (),
77 sl 2g:(8) + a71€1294() — asy/1E7 + Zgs(§) -
—371€1296(§) — A + 23 [E17 + Bga()| e 0D dE1dE, = £, (),
120 (g + 1)(i8261) = 16162 92(8) + il£1€; () — (*45)
—a3(i§,0,; — if152j)94(f)]e_i(y{)dfldfz =F'(), j=12
= I77 [ 438261; — i616:)96(6) + 1P + gy ()] e 0D d1dg, =
=F'(), j=12
From equalities (4.5) we have

i§3(az +1)g2(8) +16118193(8) — iS2a394(8) = 1’3\1’(5):
— & (ap +1)g,(8) +18,[€193(8) +i&1a394(8) = F,'(&),
i£,2396(5) + iEIE + 22 g,(§) = F," (D),
— & 4396(8) + i&/IE2 + 23 g,(8) = " (),
— €191 = g2(8) — as/I€17 + 2 g5 (&) + 0/ IE17 + 23 g5(&) = f3(8), (4.6)
@4|E1294(8) — asy/[E2 + A2 gs(&) + [E17 g6(©) = 5" (@),
as|€129,(8) + 11296 = f' (D),
Mas|E292(8) + a7181294 () — aa1E2 + 22 g5(§) — #,1¢1%g6(&) —
@+ 2BV IE7 + 22 g5 () = (D),

where

B =% (8@ = 8,£©)) + 2(i6:6; — i&8,)f5©), j =12

F1(©) = 5 (Bufl(©) = 8 f (©) + 224 (1618 — 80 ), j=12 47)
[@© =5 117 9 fj0dydy,, j=1234,
fjﬂ(f) — iﬂ::,o el fj"(y)dyldyz, j=12,3,4.

A solution of system (4.6) has the form
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91(8) = #

€1

R AGE

w@—amﬁ[@fgﬁ

SOl et 7
%@=?ﬂ%f®)
94(§) =

<1

+%ﬂ@ﬁ

2= 22) (&, - () — 22

n1 (/1+2u)/12I€I

e f1©)+
SR - 2£39),

L KE-B) (e f1©) -

= C P+ ADFHE + 72 ( Is‘l“rl)f ) -

4 (©)

i ([ ©) + RO + L ©

gs(§) = m J{:a(, (é1 ‘f"(f))

1 4.8
21RO + o

96®) = (@ f1©) — 5 @),

9= ngl€12 [1§12+25 (

9s(§) = :

(ﬂ.+2u)ﬂ.2\/|f|2+ﬂ.2 [M((lz+1)

& f"(©),

CUEGIEACHAGIE

= 25 621 + an (817 + BAE) + oy (©) - = 7€)
where &; = (i§;, iszz)T’ & = (—i&y, ifl)T»f’ = (f’p f Z)T» = (f"lf fnz)T
2 Ml 2 w25 (azn; — azny) ., (A+ 21)25
B n(ns + ng)’ B N0t a,as + axn)’ o nas '
P n1Q3 2 _ %2 T 1 _ i(& _ Az, ay1MA% )
(@ + Dipasays’ (ap + Dayy’ as\@s (@ + ki (A+2)23)°
Ay s + au Qs — Ay, a5+ au
% = Hasay %10 = asag %1 = wagdi
g, = nas @y = asxn i nay oy = 2nas ]
(o + DA+ 2w)A3 np0ses (A + 2175 (az + DA+ 2123
s = as a117 ) e = asay, Mo 2, = a3 '
asAy (A +20)43 asag  (A+2u)43 a(ay + Dage

Substituting the values of the functions g;(¢),j = 1,2,...

following equalities (4.7) and
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ff |€|e_l(x E-x3l8lde de, =

fkf, i% 92(x,)
—iG-y)E-131E g7 dE. = k=12
f {1 EZ axkaxj ] l_] 14y

|f|3
Bk -iCe-y)-xslé] Fey)
o ff e diids = 5o 52 k=12

PG y)-&E-x3|¢| N7
ff HE ddly =~

i -iCe-y)-xslé) _ 0Pty
- ff | lagdg, = =52, k=12

i
IFP 2 —Ajr
ﬂ I g ag, =S, =12,
/ g
where r = /(x; — y1)2 + (x; — ¥2)? + x2, &(x,¥) = x3ln(r + x3) — 1, we obtain
(4.9)

UG) == 177 K (6, 0)f ) dyrdys,

where = (u,w, 0, V)Tf =AW A" 2"'f3"'f4"f4")T-
KY(xy) KPxy) KOy KO®4y)

K _ [0]5x3 KM)(X,}’) K(7)(x,y) [0]5x1
(x’ Y) - 0 K(lO) K(13) 0
[0]1x3 (x,y) (x,y)
KO, y) KO(x,y) K®(x,y) Kyl .

K®(x,) = [K{ 06 0)]axs P = 124 KP (3,) = K06 0)]sw0, P = 5,67, KO (x,) = [KT (6 3)]1xss

p = 10,11,12, and K®(x,y), p = 13,15,16 are scalar functions
92 et —1

a;, d2%r ]

* u(ay + 1) 0x,0x; +

1.1
KP(y) =1-65)(1-8,)) [—;511' Y P
91 0 et -1

+53](1 613)[14—2#6361_ A4 36_xl r

9% (e T —1 ,12 Atu 9% 1
+“14ax,ax32< r > A+ 202 9x,0%5 ]
2 _’13T—1 a, 01
+63(1 — 63)) [(1126 9%3 r +/,t(a2+1)x36_x]-;]+
+66-[—11 A+ 6_21 " (')_3<e—’13r—1_§r>_
B oxsr A+ 2u 36x§r *ox3 r 2

9 e tm—1
a14l3 ox —r
X3
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az
KiP(y) = (1= 8)(1 = 83)) 3o (@alir = #,() +
]

PN O ( 9 1) 91
34 ) 0x,0x2 dx, AN dx5 ox;r

S.(1—5 2y () sy 01
is( 3) 0x,0x3  agry(a, +1) ¥ ox;r
Y 61}’3(7‘)_63'1’2(7‘) . % 1
BESI\ 0x, 0x3 1778 9x2r

e~ M2m 92y (r)>

1
KS-')(X, y) =(1-6;3)(1—3ds5) <_”_65” r 0x,0x;
j

0 (B—Rehr 92
+63;(1 = 63) 57— 6x ( PP - +F(lp7(r) + 0-’187')> +

25 0
+655(1 = 63,) = - Sudyy |~ g

1 3W,(r) 10%(r)
r 0x3 A5 0x3

01
+“18"3WF>'
3

a¥,(r) 4 as ( a 3 1) (')CD(x,y)) 4

dx; ag(a, +1) & 6_x3 dx;

KfiCoy) = (- 6)

a xs 0¥, (r
+513( 3 X3 4( ))’
ag(a, + 1) r 0x3
—A3r
(6) r] a e 30— 1
Kj; = — ,
) m@A+2w50x, T
a, 0 e M —1
K(7)(x y) = —4——.

g 0x; r

x 0 e M —1
KIP0y) =(1-68)—

iy (’)_x] r
5 Hy 92 e—Alr -1 . —/11r
Yurz\oxz  r i )
—A3r _
an as 0 e 1
K0 y) =—— (1= 85)
1 (6 ula, +1) ( 3)) 0x; r +
s 2as 2 e T 9% ehT — 1
eI\ Tag T )
—Aqr
(12) H10305 1 ax e " —1
=(1-46
(x.7) A-%)50 0x; (a6x2 (a,+ D71 asagn, T *

2

—A3r __ 1 9
+C¥9 #) + 53}' (4’8(1') + a—x§

L) (7')) )

1 (an e ™ —1 1
KO9(xy) = ——( P —)'
ag\ r r
—A3r —Aqr
e ™" —1 aua,e ™" —1
K(ls) ) — + 442 )
xy) *10 - s -
16—237"
K(16) ) = —— )
(x,¥) -
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na; e Mr—1

nae

etsm — 1

Y (r) = + ,
Q) asagi, T A+ 2u) 23 T
-7 —A3r
a; e -1 1 naqq e -1 1
v = —_— 2 —Z)2
2(7) a5/11< r 2 1r> RS ANE: 257
v = as(f —ADe™M -1 nay(B-2A)e™ -1
3 asA? r (A +2m)22 r
ay,(r) = azAf Aun 103
17 2a5A2 ' 20 +2p)  n(ay +1)22°
) = aza,e M —1 _ nag e Msm — 1
* asag T A+2w2% r
w Clet -1  x eM -1
s = P r wa, ro
W) = aghde ™™ —1 A2 —Qe M -1
6 A% r A% r
w _ag et —1 1/12 1 (e M —1 1/12
0 =\ T 2 )T\ Ty 21T )
v Mag — ni2
18 2nd;
az (A2 — A3) e M7 e a7
Ye(r) = Y — a1 (A5 — A3) o
W) —ay s L @ e
° 1 r asA’ r
Let us introduce the generalized thermostress operators
TM(9,n) [0]3x3 —yn" qn'
[0]3x3 T®@,n) [0]sx1 [0]3x1
— 0
PO,mU = [0]1x3 mn e
0 0
[0]1x3 H7n 0 M on g

where n = (0,0,1) is a normal vector
T®0,n) = [T @,m)], ., p=12
(1) 4] 4] 0
Tkl (6,n) =[l5kla—x3+l5k3a—xl+[163la, k,l = 1,2,3,

- 2 9 0
Tkl ((’),n) = %66“6_)63 + %45k3a—xl+ H5(53la—xk, k1=1,23.

Calculate the stress vector P(9,n)U by (4.9), we have

PO,MU®) = - [[17 L (6, Y)f ) dy:dy,,

where
LO(xy) LPxy) LOy) LOMKy)
_ [0]5x3 L(4)(x, y) L(7)(x, y) [0]5x1
L(x, Y) - (10) (13) ’
[0]1x3 LY (x,y) LY (x,y) 0

L0V (x,y) LOP(x,y) LO9(x,y) LOO )i,

(4.10)
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LOy) =L@ p=1234 Ly =[Lx] , p=5678,
L®(x,y) —[L(P)( y)] p=9101112, L®(x,y), p=13,14,15,16,

are scalar functions,

LY (x,y) = Z T 0, K (x,y) + G (0, 9) = ¥8,,KS” (4,9)) 8k, p = 1,2,
3
L0y = Z T @K (x,y),

LY (x,) Z Ty, (9, MK (x,7) + (KO (x, ) — 8,5 KD (x,y))8is, P = 5.6,
3

20wy =) 1 @0mKD ey,

=1

9]
H— KS.O) Co,y) +y KS) (x,y),

Ly ny) =g

0 d
L ) =maKPeon), WPy =ng =K Y0y - 0K ),

0
L3 (x, y) K(“)(x ) + 1, K7 (x, ),

6
LEGy) =KV (0y) =KD (),

a
(16) = O (16
LU (x,y) M1 %, K™% (x, y).
From the equations (4.6), we obtained
/(0 =0, f"(O)=0, j=12, f£'(0)=0.

If in this equality we use (4.7), then we obtain

W2 F0dydy, =0, [[77 ") dy,dy, =0, j=1,2

77 Fa)dy,dy, = 0.

(4.11)

Thus (4.11) provides the convergence of integrals (4.9) and (4.10) if the vector f(y) is smooth. Assume that the
functions f'3(y), f"s(¥) € CY*(02), f4(), f"a(), £, f;(¥) €C*¥(02), j=12, 0<a<1, then by

straight forward verification we establish that the vector U(x) represented in form (4.9) is a solution of system (2.1)-

(2.4) in the domain 7. If in the functions uz(x) and wz(x) from (4.9), the functions {P(l)(a,n)U’(x)}j,
PO, Mw(x)};,j = 1,2, P (0,n)U"(x), PW(9,n)U" (x) from (4.10) we pass to the limitas x = y € 02 (x5 - 0)

and take into account that the kernels of the integral representation of these functions are equal to zero when and

alsox; =0,

lim f f 9 1 50) dyidy, = —FO), v €on,

x-y 2T Ox3r

‘We obtain that the vector U(x) represented in form (4.9) satisfies the boundary conditions (3.1).

If the boundary vector-function, satisfies the conditions
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A
If's O, If"3(y)|<rlyl. 1L If"L 1551 1001 <

j=12, y€adn, A=const>o,

1+ y1*

then the vector U(x) represented by formula (4.9) is a regular solution of problem (//I)~ which satisfies the
following decay conditions at infinity

uz(x), wi(x) =0(x|™), Ous(x), Fhws(x) = 0(|x| *In|x]), k=123,
u]-(x), W]'(X), Q(X), U(X) = 0(|X|_11H|X|), ]= 1'21

d
Oku;(x), Opwj(x), 0x0(x), Orv(x) = o(|x|™®), k=123, j=12, 9, = ™

Conclusion. Analogousy can be treated the IV type boundary value problem for a half-space.
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Improvement of Temperature Precision in Embryo-Incubator Chamber by Reducing

Fluctuations
Giorgi Andriadze Department of Biomedical Engineering, Georgian Technical University, Georgia, 0160,
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T. Zhorzholadze, Embryologist of Georgian-American Reproductive Clinic ReproART
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Abstract. Temperature is one of the parameters that affects development of embryos. Therefore, it is important
to keep stability of temperature in the chambers of embryo-incubators. In modern incubators, some accuracy of
temperature has been achieved, although fluctuations are not eliminated yet. The aim of this research was to improve
temperature accuracy by reducing of fluctuations.

In modern benchtop incubators, a heating element is switched on and automatically shuts off when the desired
value is reached. The heating element continues to heat up to a certain temperature after switching off, and the
reverse process takes place during cooling. Inappropriate temperature may adversely affect the embryo.

To control temperature more precisely, a new principle with infrared sensor has been developed, where power
to heater is supplied with different PWM duty cycles. As the results, much more stable temperature with less

fluctuations were achieved in comparison to modern systems using thermocouples and thermistors.

Key words: embryo cultivation; embryo-incubator; gradient infrared sensor; in vitro fertilization; PWM;

temperature fluctuation.

ISSN 1512-0996 b3v-ob 3GM3gdo — Works of GTU — Tpyas: ITY
www.shromebi.gtu.ge 231 Ne2 (520), 2021



8g00gobs — Medicine — Megunusza

UDC 636.082.474
SCOPUS CODE 2710
https://doi.org/10.36073/1512-0996-2021-2-220-231

IToBsImeHNe TOYHOCTH TEMIIEPATYPhl B KaMepe SMOpHO-UHKyOaTOpa 3a CYeT yMeHbIIeHH
bnyxryamunu

Teopruit Anmpuanse JemapraMeHT  GUOMEJZWLIMHCKON  HHXKeHepUW, ['PDYysMHCKMIT  TeXHWYeCKUi
yHusepcuret, I'pysus, 0160, Téwrncu, yn. M. Kocrasa, 77
E-mail: andriadze.g@gtu.ge

3suag 'ypuxas JemapraMeHT  OMOMEZUIMHCKONH  WHXeHepuUH, |PY3HHCKHH  TeXHUYeCKHil
yuusepcuret, I'pysus, 0160, Téunncu, yi. M. Kocrasa, 77
E-mail: z.gurtskaia@gtu.ge

PeriensenTsr:
A. Ko6uamswmnm, npodeccop dakynsrera nHbopMaTUKY U cucreM yupasiaenus ['TY
E-mail: anakobia@hotmail.com
T. XKopxomazze, sMEPHOIOT TPY3SHHO-aMEPHKAHCKOM PeIPOSYKTUBHOM KINHUKY ,,ReproART*

E-mail: temiko@hotmail.com

Amnnoramua. Temneparypa — OZUH U3 IAPaMETPOB, BIUAIINX Ha Pa3BUTHe SMOGPUOHOB. Il0osTOMY 4pesBrraaiino
BOXXHO COXpaHeHUe CTaOMIBPHOCTH TeMIIEpaTyphl B KaMepe 5MOpHO-HMHKybOaTopa. B coBpeMeHHBIX MHKyGaTOpax
IOCTUTHYTa HEKOTOpas TOYHOCTh TEMIIEPATyPhl, XOTA (GIYKTyalluu BCe ellle He ycTpaHeHsI. Llenbio ncciefoBanus
OBLIIO TOBBIIIEHIIE TOYHOCTU TeMIIEPATyPHI 32 CUET yMeHbIIeHH I QIyKTyalluu.

B coBpeMeHHBIX HACTOJIBHBIX HHKyOaTOpax HAarpeBaTEJbHBIM 3JIEMEHT BKIIOUAETCA U AaBTOMATUYECKU
BBIKJIIOYAETCA IIPU JOCTIDKEHUH JKeJIaeMOro 3HaueHus. HarpesaTeIpHBIIN 57IeMEHT IIOC/IE BRIKIIOUEHUA IPOJODKAET
HarpeBaThCs [0 OIpeJeeHHON TeMIepaTyphl, a IIPU OXJIAXKAEHUH IIPOUCXOZUT ob6paTHbli mporecc. Heco-
OTBETCTBYIOIIASA TeMIIEPATypa MOXKET HeTaTUBHO IIOBJIUATH Ha SMOPHUOH.

Jlns Goyee TOYHOTO KOHTPOJIS TEMIIEPAaTypsl GBI pa3spaGoTaH HOBBIHM IPUHITHII, KOTOPHIH BKJIIOYAET IOJAYy
IUTAaHUA HAa HarpeBaTeNbHBIN 3JI€MEHT IIPH PasHBIX TeMIIepaTypax C pasHsIMH paboummu nuxiaamu [ITHM.
VHdpaxpacHbIil JaTYUK HCIIOMB30BAJIC AJIA U3MEpPEeHHI TeMIepaTypsl. B pe3yibraTe JOCTUTHYTO ropaszfo Goiee
cTabuibHas TeMIIepaTypa C MEHBIIUMY QIYKTyalMsIMU ITO CPAaBHEHUIO C COBPEMEHHBIMU CHCTEMAMHU, HCIIOIb3YI0-
UMY TEPMOIIAPHI I TEPMUCTOPHIL.

KirioueBbie cn0Ba: rpaguent; nHGpaKpacHbIN JAaTINK; KyJIbTUBAPOBAHNE SMOPHOHOB; GIyKTyauus TeMIepa-

typsr; IIIMIM; sxcTpakopropaibHOe OILIOOTBOPEHE; SMOPHO-HHKY6ATOP.
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Guidelines for Authors

Collection of Academic Works of Georgian Technical University is a multidisciplinary quarterly refereed

periodical included in Index Copernicus International.

An article (accepted in Georgian, English or Russian) is published in the original language;

The number of authors of an article should not exceed three;

Authors should submit original copies of one or more articles for publication to the publishing house or send
scan versions to sagamomcemlosakhli@yahoo.com along with supporting documentation, but only two articles

from the same author(s) will be published in one edition;

To submit scan versions via email please follow the instructions:
—  In the Subject line indicate the collection of works and the name(s) of author(s).
—  Attach the file(s) properly;

—  Use ZIP or RAR file compressors in case of large files to attach.

The article should be literal, well-structured and apply proper terminology to convey the author’s constructive
arguments relevant to the subject. The authors and reviewers are responsible for the content and quality of an article;
The collection of works of GTU is a non-commercial publication and running the articles of our researchers and
for PhD students is free of charge;

According to the Resolution No.200 of GTU Academic Council (22.01.2010), authors who are not the employees
at the University, should make the preliminary payment by cash or transfer to have their paper published (10
GEL per page). Copy of the payment receipt should be enclosed with the supporting documentation (two reviews
and a reference by the organization’s academic board on publishing the article in GTU collection of scientific

papers). “Cost of article publication” shall appear as subject in the “purpose of payment” field.

GTU bank details: LEPL Georgian Technical University; organization’s identification number 211349192;

beneficiary bank: State Treasury; beneficiary: joint treasury account; bank code: TRESGEZ2; Account number:
treasury code 708977259.

How to form an academic article:

o The text should be presented in print-out form (A4), no less than 5 pages (margins - 2 cm, line spacing - 1,5);
e Only MS Word versions of texts are accepted (doc or docx) presented electronically on any magnetic carrier;
e For Georgian texts: font - Sylfaen, font size - 12 pt;

e For English and Russian texts: font - Sylfaen, font size - 12 pt.
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The accompanying information to the article should include:
e Universal Decimal Classification (UDC)
¢ Information about the author(s) and reviewers in Georgian, English and Russian:
— Full name, academic title, email and phone number of each author;
— Department, full name of organization — place of employment of each author, area/town, country;

— Full name, email, academic title, department or place of employment of each reviewer.

The article should include:

e An abstract in Georgian, English and Russian (100-150 words long). For foreign readers an abstract is the only
source of information about the content of an article and results of the research conveyed by it. An abstract
therefore defines the reader’s interest towards the article and possibility of further outreach to the author for
the full text, etc.

An abstract should be:
—  Informative (free of generalized terms and statements);
—  Original (with quality translations in English and Russian with the proper application of terminology);
—  Specific (conveying the core content of an article);

—  Properly structured (consistent with the research results given in the article).

An abstract should contain:

— The subject, topic and objective of an article (indicated in case if these are not clear from the title);

— Method or methodology of research performed (expected to be described when and if this method or
methodology are new and interesting with reference to the article);

— Research results;

— Area of application of research results;

— Conclusion.

¢ Key words sorted by alphabet (Georgian, English and Russian);
e Sections should be outlined Introduction, Main Part and Conclusion;

e Digital version of drawings or images in any graphic format, resolution 150 dpi;

e Reference
— By the recommendations of Databases of International Scientific Journals the number of references should

be no less than ten.

How to form the reference section in the article:
Name and surname of each author should be given in Latin letter initials, title of the articles — translated in
English, name of the source (journal, collection of works, conference materials) — with transliteration (original

language of the article should be indicated in brackets).
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References (sample)

1. Jacques Sapir. Energy security as a common advantages.
http://www.globalaffairs.ru/rumbler/n_7780 (In Russian).

2. “Official website of the International Energy Agency:
http://www.iea org/topics/energysecurity/” (In English).

3. International Energy Agency “Key World Energy Statistics” 2014 (In English).

4. Energy strategy of France McDoleg_butenko20 May, 2009 (In Russian).

5. Svanidze G.G., Gagua V.P., Sukhishvili E.V. “Rene-wable energy resources of Georgia”, Leningrad,
Hydrometizdat, 1987, pp. 75-76 (In Russian).

6. Revaz Arveladze, Tengiz Kereselidze "The Georgian Full Independence of Electry Power Is Supported By
Hydropower”. Sakartvelos Teqnikuri Universitetis Archil Eliashvilis Saxelobis Martvis sistemebis Institutis

Proceedings. N18 2014. Tbilisi (In Georgian).

Requirements for the submission of articles by the employees and for PhD students of Georgian Technical
University:
e Two reviews (see the sample at)
http://publishhouse.gtu.ge/site_files/recenziis nimushi.docx
e Minutes of the sectoral committee of the faculty publishing (see the sample at)
http://publishhouse.gtu.ge/site_files/aqtis forma.docx

Documents should be verified with the faculty stamp.

Notice to Authors

Authors may consider one of the previous editions of GTU Collection of Academic Works as an example
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K cBemenmio arTOpOB

COOpHMK HAaydYHBIX  TPYZOB I'DY3MHCKOrO TEXHWYECKOTO VHHBEPCUTETa SBISETCS eXKeKBAPTAIbHBIM
MyJIBTUAUCIMIIMHADHBIM  pedepupyeMbIM IE€pUOZMYECKMM M3JaHUEM, KOTOPOe 3aperMCTPUPOBAaHO B
MeX/yHaponHoi 6ase 51eKTpoHHBIX JaHHBIX _ Index Copernicus International.

e Crarbu (IPUHUMAIOTCA Ha TPY3UHCKOM, aHTJIUHCKOM, PYCCKOM f3BIKaX) IIyGIMKYIOTCA Ha A3bIKE OPUTHHAJIA.

¢ KomnuecTBOo aBTOPOB CTaThH HE JOJKHO IIPEBBIIIATSH 3.

e ABTOp MOXET IpefOCTaBIATh IJIA IyOIMKaUUK B VI3maTeIbckoM AOoMe WM IIO 3JIEKTPOHHON IHoduTe (Ha

cremytomuii agpec: sagamomcemlosakhli@yahoo.com) ogay mau HeckoIBKO CTaTel, a TaKXKe B CKAHUPOBAH-
HBIX (daiilax COMYyTCTBYIOIIYIO ZOKYMEHTALIUIO, HO B OJHOM HOMEpPE MOTYT GBITh OIyGINKOBAaHBI TOIBKO JBE

paboTsl.

* Bcayvae craTeH, IpHChLIAEMBIX II0 5]1. ITOYTE, IIPOCE0a MPEAYCMOTPETS CAEAYIOIHE TPEOOBAHHA:
- ykaszars B 271. Subject-e HazBaHHe COOpHHKA (TeMa) H QPaMH/IHIO aBTOpA (ABTOPOB);
- HcrIoIs308aTh Attach (mprroxurs Qan);

- B cIy9ae OoxbIIoro obsema Qariia npuMeHuTs apxuBarop (ZIP, RAR).

¢ Crarba fo/DKHA OBITH COCTAaBIEHA TPAMOTHO, C COOIIOfeHIEeM TEPMUHOIOTUN. ABTOP (aBTOPHI) U PelleH3eHTHI
HECYyT OTBETCTBEHHOCTb 3a CO/lepyKaHIe U KaueCTBO CTAThH.

o TJlockombKy COOPHHK TPYZOB I'PySHHCKOTO TEXHMYECKOTO YHUBEPCHUTETA ABIAETCA HEKOMMeEPYeCKUM
U3JaHUeM, i1 COTPYAHUKOB CTaThH ITyOIMKYIOTCA GeCILIaTHO.

e CoracHo ocTaHOBIeHHIO akazemudeckoro cosera N°200 (22.01.2010 r.), dusudeckoe IUI0, He ABIAIOLIEECS
COTPYAHUKOM YHHMBEPCHUTETa, i NyGIUKAIMH CTaThu B COOPHMKE TPYZOB [O/DKHO 3apaHee BHECTH MU
IePeYUCInuTh HeobxomuMyIo cymmy (1 crpanuna crout 10 ysapu) 3a cTaThio U COOTBETCTBYIONIYIO JOKYMEHTALIUIO
(oBe peueH3uU M HaIpaBIeHMe HAYYHOTO COBETA OPTAaHM3AI[UU O IyOIMKAI[UU CTaThu B cOopHUKe Tpyzos I'TY),

IIPHUJIOXXUB CIIPABKY 006 ortate. B rpa(be «Hasnavuenwue ormiaTei» ciaenyeT 3alliCaTh «CTOMMOCTD I'[y6JII/IKaIJ;I/II/I CTATbU».

banrosckwe persuzursr ITY: IOpuandeckoe xuro mybameroro npasa (FOJIIII); Ipy3sHHCKHE TeXHHYeCKHH
VHHBEPCHTET; HACHTHOHKATHOHHBIH K0Z 211349192; baHk nmprueMa; rocyZapCTBeHHAA Ka3Ha; HA3BAHHE MOy IaTe/IA:

eqHHEIN cYeT KasHEI; ko 6anka: TRESGE22; cver moxydarens: kog xkasHsr 708977259,

ITpeparaem nopamox obOpMIEHHS HAYYHOH CTaThH:
® CTaThA JOJDKHA OBITH IIpe/CTaBIeHa B Halle9aTaHHOM BHZe Ha cTpaHuIe ¢popmara A4, cofiep)XaTh He MeHbIIIe

5 crpanur (mons — 2 cM, nuHTEpBaI — 1,5);
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CTaThs BOJDKHA OBITH BhITIONHEHA B Buje daitna doc miau docx (MS Word) u sanucana Ha 11060M MaTHUTHOM
HOCHTEJIE;
IJI TPY3MHCKOTO TeKCTa IpuMeHATs wpudT Sylfaen, pazmep 12;

mpudT AT aHIIUUCKOTO U PycCKOTo TekcToB Sylfaen, pasmep 12;

CraTbs JOIDKHA CONPOBOXKIATECA CleAyiomei nHbopManmeii:

xog, Y/IK (YHuBepcanpHas gecaTUYHAs KIacCUPUKAIIA).

CBenenus o6 aBTope (aBTOpax) Ha TPY3MHCKOM, aHTJIMMCKOM U PyCCKOM fA3BIKaX:

IIOTHOCTBIO MM U (hamMuius aBropa (aBTopoB), E-mail, HayuHas cTeneHb 1 KOHTaKTHBIH TeledOH;
HasBaHMe JlellapTaMeHTa, II0JTHOe Ha3BaHUe OPTaHU3aIIK — MeCTO PaboTHI KaXXJOTO aBTOpa — CTPaHa, TOpoz;

IIOJITHOCTBIO (1)aMI/IJII/II/I 1 MMEHa PELEH3€HTOB, aapec BHEKTPOHHOﬁ IIOYTBI, HAYYHOE 3BaHHE, Ha3BaHNE JeIlap-

TaME€HTa UJIN MeCTa paGOTBI.

K craTtne AOJDKHBI IIPHJIATATHECA:

AHHOTAanMA Ha IPy3HHCKOM, aHITIUHCKOM U pycckoM a3bikax (100-150 cnos). Jrg #HOCTpaHHEIX YHTaTEMEH

AHHOTaLHd AB/ITE€TCA €JHHCTBEHHBIM HCTOYHHKOM HH¢OPMHIIIIII O pe3yjIpTarax HCC}IB,JOBHHIII?, IIDHBEJE€HHBIX B

COZ€EP>KAHHH CTAaThH. HwmerrO 510 OIIPpEAE/ITET HHTEPEC YIE€HOIO K pa60m H, COOTBETCTBEHHO, >K€JIAHHE Ha4dTh

AHCKYCCHIO C aBTOPDOM, ITO3HAKOMHTBECA C ITOJIHBIM TEKCTOM CTATHH H T.J.

AHHOTAIIHAI ZOIKHA OBITH:

HHQOpMagHOHHOH (He JO/KHA COZEPKaTh OOL[HX CTOB H Ppa3s);

OPHFHHHJIBHOIZ' (HepeBo,q HAa aHTJTHHCKOM H FPY3HHCKOM A3BIKAX JO/DKEH 6bITb Ka YECTBeHHEIIZ, IIpu rmepesojge
CIeAyeT HCIOIB30BaTh CIIeHAIbHY 0 TEPMHHOJIOIHIO);

cogep)KareIbHOH (JO/DKHA OTPAXKATh OCHOBHOE COLEPKAHHE CTATHH H PE3YIBTATE HCC/IELOBAHHA);

CTPYKTYPHPOBAHHOH (CI€Z0BATH B CTATHE JIOTHKE OIIHCAHHA PE3Y/IbTATOB).

Zo/pxHa cozepxars:

IIpeAMET CTAThH, TEMY, LeIb (KOTOPHIE YKA3bIBAIOT B TOM C/Iy4ae, €C/IH 9TO HE ACHO H3 3aI/IABHA CTATBH);
MeT0Z HIIH METOLOJIOTHIO MPOBELEHHOI0 HCCAELOBAHHUA (OIIHCAHHE METOLA HIH MEeTOZO0IOTHH IIPOBEZEHHOH
paboTHI 1je1eco06pasHo B TOM CIyYae, eC/IH OHH BBIAEIAIOTCA HOBH3HOH, HHTEPECHHI C TOIKH 3PEHHA JAHHOH
paboTsr);

DE3YIBTATEI HCCIEZOBAHHA;

apeasr HCIOIb30BAHHA PE3YIbTATOB;

BBIBOJBI;

KJIIO49€BBIE CJIOBA, PACIIOJIOXEHHBIE II0 aJI(baBI/ITy (Ha TPY3HHCKOM, AHTJIUHACKOM U PYCCKOM }IBLIKaX);
B CTAaThe OOJIXKHBI GBITH BBIZICJICHBI IIOA3daTOJIOBKHU: BBE€AEHNE, OCHOBHAA YaCTh U 3aKJIIOYCHUE (BI:IBO,ILBI);

KOMIIBIOTepHbIe BApUaHTHI YepTeXxkei nin ¢pororpaduil FOKHEI GBITH BBIIIOTHEHHI B 1I060M rpaduieckomMm

ISSN 1512-0996 b&m-ob dGmdgdo — Works of GTU - Tpyas ITY
www.shromebi.gtu.ge 245 Ne2 (520), 2021



e dopmare, paspemerrem — He MeHee 150 dpi.

e Jlurepartypa

Ilo pexomeHzanyuy 6a3bl JaHHBIX MEXAYHAPOLHBIX HAYYHBIX JKypPHAJIOB, YHCJIO MCIIOJb30BAHHOI JIUTEPATyPhI
JKeJIaTeJIbHO JODKHO GBITh He MeHbre 10.

ITpexcraBngem nopAKok odopMIeHHS B MyOINKyeMO# CTaThe MCII0Ib30BaHHOM JINTEPATyPHI:

Qamunusa u WHHUIMAJIBI BCEX aBTOPOB OJI>KHBI GBITH BBIIIOJTHEHBI 6yKBaMI/I JIATUHCKOTO aJI(baBI/ITa, T.€. TPAHCIN-
Tepauneﬁ; Ha3BaHHE CTATHH C IIEPEBOJOM Ha AHTJIUMCKUH A3bIK; Ha3BaHHE UCTOYHUKOB ()KypHaHa, C6OPHI/IK3 TPYyZoOB,

MaTepHaIoB KOHGepeHIIUN) — TpaHCIUTepanuel (I3bIK CTATbU YKa3aH B CKOOKax).

Jlureparypa (O6paser)

1. Jacques Sapir. Energy security as a common advantages.
http://www.globalaffairs.ru/rumbler/n_7780 (In Russian).

2. “Official website of the International Energy Agency:
http://www.iea org/topics/energysecurity/” (In English).

3. International Energy Agency “Key World Energy Statistics” 2014 (In English).

4. Energy strategy of France McDoleg_butenko20 May, 2009 (In Russian)

5. G.G. Svanidze, V.P. Gagua, E.V. Sukhishvili “Rene-wable energy resources of Georgia”, Leningrad,
Hydrometizdat, 1987, pp. 75-76 (In Russian).

6. Revaz Arveladze, Tengiz Kereselidze "The Georgian Full Independence of Electry Power Is Supported By
Hydropower”. Sakartvelos Teqnikuri Universitetis Archil Eliashvilis Saxelobis Martvis sistemebis Institutis

Proceedings. N18 2014. Tbilisi (In Georgian).

,ZLJIH IIpeaCTaBI€HUA CTaThH JOJIDKEH GBITH IIPHUJIOXKEH II€EPEYE€HDb HEO6XO,ILI/IMI>IX AOKYMEHTOB JIJIs1 COTPYAZHUKOB U

AOKTOPAaHTOB FPYBI/IHCKOI'O TEXHWYIECKOT'O YHHBEPCUTETA:

e 1Be penensuu (cM. oGpaser)
http://publishhouse.gtu.ge/site_files/recenziis nimushi.docx

® BBINKCKA M3 IPOTOKOJIA OTPACIEBOM KOMUCCHHY IO U3AATENBCKOMY feiy daxynbrera (cM. oGpasers)
http://publishhouse.gtu.ge/site_files/aqtis forma.docx

AOKYMEHTBI JOJIKHBI OBITH YAOCTOBEPEHDI II€YATHIO Q)aKyHBTeTa.

ABTOp MOXXeT HCITOTB30BaTE B Ka9eCTBe 00pa3a OFHH H3 IOCAEZHAX HOMEDPOB H3AAHHA.
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