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PROBLEM OF STATICS OF TWO-COMPONENT ELASTIC MIXTURES
FOR A HALF-PLANE

Kharashvili M.G. and Metreveli D.Z.
Georgian Technical University

Abstract. In this paper, we consider the boundary value problem of statics of two-component elastic mixtures
for a half-plane, when limiting values of the normal components of partial displacement vectors and tangent
components of partial stress vectors are given on the boundary. We develop a new approach which is based on
explicit forms of solutions of the Dirichlet and Neumann boundary value problems for the Laplace equation for a
half-plane. The uniqueness theorem is proved. The solution is represented in quadratures.

Keywords: elastic mixture theory, uniqueness theorems, tangential components, normal components.

1. Introduction

In the early 60s of the last century, C.Truesdell and R.Toupin formulated in [1] the
fundamental mechanical principles of a new model of a deformable elastic medium with a complex
inner structure and thereby laid the foundation for the continual theory of elastic mixtures. In
subsequent years this theory was generalized and developed in different directions. Based on
kinematic and thermodynamic principles, theories were created for two-and many-component
mixtures such as fluid-fluid (Crochet and Naghdi [2] Atkin [3], Green and Naghdi [4], Green and Steel
[5], and solid body-solid body (Crochet and Naghdi [2] Atkin [3], Green and Steel [5], Khoroshun and
Soltanov [6], Hill [7]).

The questions on the existence and uniqueness of weak solutions of mixed static linear
problems for mixtures of two moon homogeneous anisotropic components were considered by Aron
[8] and Borrelli and Patria [9], in the former work, the problem was studied by the method oh
functional analysis, while in the latter, by the variational method. In Khoroshun and Soltanovs
monograph [6], along with theoretical questions, quite interesting concrete problems of
thermoelasticity were considered for two-component mixtures.For a vider overwiew of the subject
(half-space, half-plane) area applications we refer to the references due to J. Barber [10],
M. Basheleishvili, L. Bitsadze [11], E. Contantin, N. Pavel [12], L. Giorgashvili, K. Skhvitaridze,
M. Kharashvili [13], L. Bitsadze, G. Jaiani [14], M. Basheleishvili, L. Bitsadze, G. Jaiani [15],
H. Sherief, H. Saleh [16], K. Skhvitaridze, M. Kharashvili [17].

2. Basic Equations. The Third Boundary Value Problems. Uniqueneous Theorem
In the two-dimensional linear theory of elastic two-component mixtures, a system of
homogeneous differential equations of statics is written in the form [6].

a,Au’ +b graddivu’+cAu” +d graddivu” =0, (2.1)
CAu’+d graddivu’+a,Au” +b, graddivu” =0, (2.2)
Where U’ =(u1',u;)T L u”=(uy, u;’)T are partial displacement vectors, T is the transposition
symbol, A istwo-dimensional Laplace operator,

& = i~ s, blwww—%a: 8, = it~ s,

@=%+%+%+&ﬂﬁc=%+&wd=%—&'
e,

d :,u3+/?3—/?5—%a', P=pPtp,

P, prare partial densities of the mixture, 4,10, 145, 4, 4,,..., A; are the elastic moduli
characterizing the mechanical properties of the mixture, which satisfy the conditions [18].
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>0, g, — 2 >0, A, <0, 4, += ,ul—&a >0,
Yol

, , 5 ) (2.3)
lﬁ‘_ﬂl_&a 224‘_,“2_&0‘ /13+—/,13—&0£

3 P 3 P 3 P

From these inequalities it follows that [18]
. . 2
d,:=aa,-¢c*>0,d =(a,+b)(a,+b,)—(c+d) >0, (2.4)

a >0 a+b >0,
The stress vector is written in the from [18]
T(an)u =[PY(o,n)u,P? (o, n)U]T,
PY(0,mU =T¥(8,n)u'+T?(3,n)u"
)

14

pe (é,n)U =TC (6,n)u +T¢ (6,n u
where
T(l)(é’ " ou’ pz '
,n)u _2;11%+ A —=2a' ndivu'— (4 + 4 )SR(2)u
p
@ (8,n)u" =2y, 861:] +(23—&a’]ndivu"—(,uS—ﬂs)SR(a)u”
0
TO (8,n)u" =2, 2‘; {,13 L) jndlvu (15— 45 ) SR(O)U’
P
(4)(6,n)u":2y3%in+(12+&a')ndivu”—(y2+/15)SR(6)U"
P
0 0
U=(u,u"),n=(n,n,),s=(-n,n) ,R(d :(——]
@) n= () s () RE@) - 2o 2
% = Z . 6 is a derivative with respect to the vector n.

Denote by Q" ahalf-plane x, >0 let 0Q by the line x, =0.

. Problem (IIT)”. Find in the domain Q~, a regular solution U eCZ(Q’)mCl(Q’) of
system (2.1)-(2.2) such that on the boundary 0€2 satisfies the boundary conditions

n(y)-u'(y)} =£(y)

(P2 (2.mU (y)-(n(y)-P* (@.mU ()} =F'(y)

n(y)-u"(y)l =1(y), (25)
P (2,m)U (v)-n(y)(n(y)-P? @)U ()} =F"(y)
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In the neighborhood of a point at infinity the vector U (x) satisfies the following conditions:
2)U, (x)=0(1), U, (x)=0(X "),
k=12, j=12,3,4, x, >0, |X|—)oo,
b) U, (x)=6(1), 8, (%) =0()X "),
1=12,3/4, |X1|—)oo,
Where F'=(f}, Fz')T, F=(f) Fz")T, f/, ! j=12 F,,F are the function given on the
boundary, n(y)is the internal normal unit vector passing at a point y €0 in the domain

Q7 x=(x,%,), y=(y.0).

Theorem 2.1. If problems (III’) have solutions, then these solutions are unique.

(2.7)

Proof. The theorem will be proved if we show that the homogeneous problems
(f/=0, f/=0, j=12, F/=0, F/=0) have onlya trivial solution.

Denote by, := Q™ NC(O,R), where C(O,R) is the circle with center at the origin and
radius R. Denote OCY, that part of the boundary of the circle(O, R) which lies of the domain X, >0,
by interval (—R, R) which on the line x, =0.

We introduce the differential operator N ().

] )
NO() N (@) ] 28)
|

ngjl) (6) =a,6,A+b0o,0;,
Ny (0)=c5,A+do,0;, 1=2,3
N (0):=a,8, +b,0,0;,

J

where 5kj is the Kronecker’s symbol, 8j = GXi’ j=12,0= (61,82).

j
Due to (2.8), system (2.1) -(2.2) can be reduced to
N (8)U (x)=0.

For the domain €, , we write the Green’s formula [19]

Jﬂu (x)-N(8)U (x)dx = —GLU (x)-T(&,n)U (x)dC(O,R)~

; (2.9)
‘,F[{U ()} {T(@n)u (y)}_dy—i E(U,U ),

where
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E(U,U)=(a+b —z)(divu’)’ +(a, +b, - s, )(divu")* +2(c+d — sz, ) divu'divu”

—mewmmwﬁmﬁ“5ﬂ+%@%5f

oX, OX oX, OX
2 (2.10)
ou;  ou ou, au ou, ou/
2Ly =2 | —2—
oX, OX X, 8x 0%, ax
6u2 % ouy
| ox, 8x X, ax
R(0)=| -2, 2| R(o)u=L M
ox, OX, oX,  OX,
According to inequalities (2.3) and (2.4), we have E(U,U)>0, xe Q.
Applying the boundary conditions of problems (111')_, we obtain

Uy)T@mu ()}
={n(y)-u'(y)} {n(y)-P¥ (@.nu (y)]
+{n(y)-w' ()} {n(y)-P@ (@ (y)} +{u'(y)-n(y)(n(y)-v'(y))}
AP (@m)u () =n(y)(n(y)-P¥ (2:m)u (v))}
+{u"(y)-n(y)n(y)-u"(y)

(v)j
{P (@)U (y)=n(y)(n(y)-P? @MU (y)] =0

Using this equality in (2.9), we have

[EU.L) dx+j T(8,n)U (x)dC(0,R)=0.

2

Passing to the limit both sides of equality (2.10) as R — +oo and taking tanto consideration
the asymptotic representations (2.7), we obtain

[E(U.U)dx=0,

o
According to inequalities (2.3) and (2.4), from (2.10) it follows that E(U,U)>0. By virtue
of this fact, (2.11) implies

E(U,U)=O, XeQ.
Hence, taking into account (2.10), we obtain
divu’' =0, divu" =0,
o o o ow aw_o o au_ow oy
OX, 0% oX, 0% oX, OX, OX 0OX,
% ou; ouy ouy

=0, +—1=0, xeQ).
0%, ax oX,  OX,
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A solution of this system has the form
u'(x)=a' (=%, %) +b, u"(x)=a (=%, %) +b", xeQ .

where b’ = (b, b, )T , b"=(by, bg')T are two-component constant vectors, @’ is a arbitrary constants.

By asymptotic (2.7), we have a'=0, b'=0, b"=0, i.e. U(x)=0,xeQ".
3. Solution of the Problem (111)”

If the boundary conditions (2.5) we assume that n(y)= (0,1)T cs(y)=(-% O)T , then these

boundary conditions can be rewritten as follows:
{u ()} =£(y), {u(y)} =£(y),
ou (y)| ouy(y)|
—=° =f(y), - ——=¢ =1y), 0Q,
500, {309 - 1,
Where

1 1 ’ 1/
fl(y):_ a2fl(y)_Cfl(y)_al —a,

d
of, of,)
fl”(y):dil _Cfll(y)+a1f1"(y)_a3 a)gzy)_azl a)EZy)]
alzaz(/ul"'ﬂs)_c(ﬂa_ﬂs)v Otzzai(,u?)—ﬂg)—c(,u2+ﬂ.5),
a3:ai(ﬂ3_/15)_c(,u1+/15)’ a4:a1(u2+15)—c(y3—25),

{u(y)} =limu(x), {aua_)((y)}:“mau_(g

X—y 5 X—y axz

filky

here

From equations (2.1) and (2.2), we have

AR(9)u'(x)=0, AR(d)u"(x)=0, xeQy.
From the boundary condition (3.1), we obtained

REU ()} =K(y). {R@U(y)}= 1Y),

where

of; (y) of;(y)
f/(y)=—2—1/(y), f(y)=—22-1/(y), yeoQ.
3( ) B, 1( ) 3( ) By, 1( )
The Dirichlet problems (3.2), (3.4) have the following solution

1= 0

R(o)u"(x)==| —Inrf/(y)dy, r=|x-y|.

(@) (x)= [, g tnr K(y)dy. r=[x—y]
If in equation (2.1) and (22) we take into account the

grad divu=Au—R" (3)R(0)u, we get

(a,+b)Au"=bR" (6)R(0)u'+(c+d)Au"—dR™ (8)R(2)u" =0,
(c+d)Au'—dR™ (8)R(0)u'+(a, +b,)Au"—b,R" (3)R()u" =0, xe Q.
On the other hand,

(3.2)

(3.4)

(3.5)

equality

(3.6)
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ASR(O)U' =2R" (3)R(8)u', ARR(8)u"=2R"(d)R(AU", K=(=%,,%) .
Therefore equations (3.6) will be as rewritten
AV'(x)=0, AV"(x)=0, xeQ". (3.7)

where

v'(x)=2(a, +b)u'(x)+2(c+d)u"(x)-b R (2)u’(x)—dxR ()u"(x),

v"(x)=2(c+d)u'(x)+2(a, +b,)u”(x)—dxR (d)u’ (x) —b,R (d)u" (). (38)
If consider the boundary conditions (3.1), (3.3), we will get
()} =L))o (y)} =1(y) (3.9)
o] -0 [ -y o
Where
fi(y)=2(a+b) f;(y)+2(c+d) £(y) by, £ (y) - dy. £(y),
fi(y)=2(c+d) f;(y)+2(a +b,) £(y) - dy, f5 (y) =b,y, £(y),
f(y)=2(a,+b) f/(y)+2(c+d) f(y)+b f5(y)+df(y),
f(y)=2(c+d) f/(y)+2(a, +b,) f,(y)—df/(y)+b,f(y).

The Dirichlet problems (3.7), (3.9) and the Neumann problems (3.7), (3.10) have the
following solution

ey L v _ 2
ol (x)=— L Inrf,(y)dy, v j Inrf,(y)dy, (3.11)
, 1+w 8 ' "
uz(x):;J;Oa—)(zlnrf4(y)dy vn (% =—j—2|nrf (y)dy, (3.12)
From (3.8), we have
U'(X)=&U'(X)+&0" (X)+ ESR(D)U'(X)+&,%R(0)u”(x), 213
u"(x) =& (X)+&U"(X)+ EXR(D)U'(X) + &XR(D)u” (X)), 519
where
_a,+h, _c+d , b(a+h)-d(c+d)
S5 = 2d, ) 6 = 2d, ST e 2d, :
_d(a,+b,)-b,(c+d) . a+b
%= 2d, T2d,
s 0(@rh)-b(crd) . _by(a+h)-d(c+d)
: 2d, e 2d,

If we take in to account equalities (3.5), (3.11)-(3.12) in (3.13), we get
1 +o0
U(x):;'[ M (x,y)f (y)dy (3.14)

where
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M(l)(x, y) M(Z)(x, y)
M(3)(X, y) M(4)(X, y)

olnr
Ml(f>(x, y)=§p (—In r+Xx, 8TJ+(5”1+5"4)"] r,
2

M (x.y)=

} MO (xy)=[MP ()],

(») . (olnr _ &Inr
M12p (X’ y) - é’ZP [ axl - X2 aX16X2 (315)
olnr
Méf)(x’ y)=_§pxz aXl '
0? In r oinr
M (%, Y) =% ———+ (0 +5,4) o, p=1234,
f :( f r1 f !!)T 1 f ’ :( fl,; fzn)T ’ f " :( fl!: fZ")T
Here we have used the identities

o of(y), Faolnr

j In r‘—dyzh!;a—xl f, (y)dy,

olnr of ( ¢ 0? In re
=12, 3.16

j@ ” j ] (3.16)

( _y)alnr _y alnr azlnr =_azlnr

& x, oox X e
Calculating the stress vector T (8,n)U (x) by (3.14), we get
1 +00
T(on)u (x):; I L(xy)f(y)dy, (3.17)
Where -
Lo X, L@ X,
L(x,y) { @ g “ y) (3.18)
LY (x,y) LY(x,y) s

LY (x,y) =T (8,m)M P (x,y)+T® (8,n)M D (x,y),

L2 (x,y) =T (2,m)M? (x,y)+T? (8,n)M W (x,y),

L9 (x,y) =T (,n)M¥ (x,y)+T“ (8,n)M ) (x,y)
(x,y)=T"(a,mM
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Here
TP (o,n) =T (a,n)] . p=1234,

2x2

0 0 0
Tk(lp) (8’ n) = a0, a_xz(ai +b _ZM)5k2 a_xl"'(:ui +/15)52| a_xkv
Tk(lz)(6,n)=Tk(,3)(8,n)=c5kI i+(c+d —2y3)5k2i+(u3—25)52, i
OX, X, OX,
T (0,1) = 8,8, 4 (8, 4B, ~ 208, ) 840 + (2t + 45 ) 0y ——,
0X, X, OX,
is the Kronecker symbol.

olnr o%Inr
Lgf)(x,y) (a15 +c(5 +0, )+a254p) o —o,%, s
L(lp)(x’y)z[(:uﬁfﬂs)& +( —%)(5 +0, )+(,u AP ]asz_ax 63Inr’
2 o 2w e AR T S okox, P owoK;
p) alnr o’Inr
L (xy)=r 8)(1 O-Xz—axlaxf’

2 3
D) (x,y) = /) 5@)'(}‘% p ngllgxr
721 =a,+b =244 -2(a +b—14) & -2(c+d - 1) &,
7/22— (a,+0)+2(a,+b —4)& +2(c+d — 1) &,
7 =c+d—2u—2(a,+b - )& - 2(c+d - )&,
P =—(c+d)+2(a +b—1)& +2(c+d - )&,
P =c+d-2u-2(a,+b, —1,)& ~2(c+d — 1) &,
ygﬁ)=—(c+d)+2(a2+b2—y2)(§3+2(c+d—,us)fl,
}/21 =a,+b, -2, — (a2+b —y2)§4— (C+d—%)§2,
7= (a2+b )+2(a,+b, —11,) & +2(c+d — 1) &,
=28 + 21485, 0, =248, + 2118,
Oy =218 + 21,8, 0, =218, +21,8,.

Assume that the functions f;, f'eC**(6Q), f,, f,eC"(8Q), O0<a <1, then by

straight forward verification we establish that the vector U (X) represented from the (3.14) is a

solution of system (2.1)-(2.2) in the domain f2™. If in the functions {P(l) (6,n)U (x)} , 1=1,2 from
1

(3.17) and in the functions uj, (x),u; (X) from (3.14) we pass to the limitas X — z € 6Q (x, — 0)

and take into account [20]



LSISANEIRN bLS06IN6() L0OSLLI60, GEORGIAN ENGINEERING NEWS, M 3, 2023 13

we obtain that the vector U (X) represented in the form (3.14) satisfies the boundary conditions (2.5).
If the boundary vector-function satisfies the conditions

A A
fr 1 £ ’
‘ 1(Z)‘<1+|z|2 ‘ 1(Z)‘<1+|z|2
' A " A _
|f2(Z)|<r|Z|, |f2(Z)|<r|Z|, ZE@Q, A—COHS’[>0,

then the vector U (x) represented by formula (3.14) is a regular solution of problem (III ‘) which
satisfies the following decay conditions at infinity

u; (x),u(x) =[x Inj).
u; (x),07 () =0(|x*).
x),aku{'(x)=0(|x|72),

X),0,U; (X)= O(|x|71 In |x|) k=12

—_—
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SUMMARY

FORMULATING THE EQUATIONS OF A PLANE AND A LINE THAT BISECT ANY VERTICAL
ANGLE FORMED BY THE LINE AND THE PLANE BY ANY AREA

Maspindzelashvili B.1., Takashvili V.R. and Buziashvili T.G.

Georgian Technical University

The equations of the line and the plane are written, passing through the acute or obtuse vertical angles made by
the line and the plane, and dividing these angles by some relative side of the line or plane.

Keywords: plane, line, normal vector, vertical angles.
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SUMMARY

STATISTICAL ISSUES OF ASSESSMENTS

Buadze T.G., Giorgadze V.A. and Moralishvili N.A.

Georgian Technical University

The article discusses and analyzes the task of constructing a Nadaraya-Parzen-type estimator of the unknown
density of a multivariate distribution using independent observations.

Keywords: Statistics, distribution density, wealthy assessment.
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L g mdgobodg, 3. doasddg®odg, o. 3Joxydodgomo, a. bogbogsdg, m. bogbogedg, m. gbsgady,
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Log@hmsdm@olm  Lodgsbog@m-Ggdboggdo  3mbagg@gbios ,Lo@@sblidm@@m bowo  gg@dm35-5bos”.
dHmdoms 3O gdgeo, Jgmsobo, 2023, ag. 136-141.

2. 398Mg  godgododgomo. Loddasgdols s 9bgdaool ©obsiodagdol asblobwgds ©s domo
3993009306 {9d60370-0O560bs309M0 mmbolidogdgdo Jnmsolol aodebsfomgdgmmo gangd®Gyao
JLgaools Isgomomnbyg. Jymsolo, 2023, wolig@@oios. 135 3.

3. o. doJosdgoemo. mdmgmgB@mlseag@gdol @glbmemgos. -mdogoblio. bspsdmdEgdem Lsbeno
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4. A. Il Jlanmn, A.I'p. JIno3znoB u ap. Korenepannonnas ra3oTypOuHHas SHEpreTHUECKasi ycTaHOBKa. IlaTeHT

RU 2528214 F02C7/08 https://findpatent.ru/patent/252/2528214.htm

SUMMARY

THE ELECTRIC POWER GAS TURBINE DEVICE RUNNING ON NATURAL GAS

Lobzhanidze G.M., Shalamberidze M.Sh., Tskipurishvili T.Z. and Papidze Z.A.

Akaki Tsereteli State University

The proposed device consists of a low-pressure compressor, a combustion cell, a gas turbine, and an electric
generator. The combustion cell is presented as an easy-to-manufacture structure with a double cylindrical wall. It
is cooled by the water supplied between the inner and outer cylinders. In a combustion cell with specific
parameters, when burning up to 20 % of natural gas in the air, the force developed on the gas turbine blades
amounted to 10.0 daN. The capacity of the electric generator corresponding to the action on the turbine blades
with this force was calculated, which amounted to ~1000 W.

Keywords: gas-turbine, combustion chamber, gaseous fuel, heat energy, electric generator, quality combustion,
optimal mixture.
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MEIIAJIKA MIOBBIIIEHHON HHTEHCU®UKAITAA
NEPEMEININBAHUSA

Kaxuanu M.P., PasmazumBuim I'.I'.
I'py3nHCcKmii TeXHUYeCKHil yHUBepCUTeT

B coBpeMeHHON NpOMBILITIEHHOCTH, ISl IEPEMEIINBAHUS KUAKOCTEH, SIMYIbCUH, CyCIICH3UH,
KpPAacoK, pacTBOPOB U JP. NPOAYKTOB, IIUPOKO UCIOIB3YOTCS MEIIATKU (MEIIalbHbIE U MECUIBHBIC
YCTpOICTBA).

OCHOBHBIMH KPUTEPHAMH PAaOOTHI MEIIAIKH SBISIOTCS yYMEHBIIICHHE ITUKIOBOTO BPEMEHU
MepPeMEITNBAHMS, YBEIMYCHHE 00beMa MOJy4aeMoro MPOAYKTa OT CHIPbS U YIIYYIICHHE €r0 KadecT-
BCHHBIX HOKa3aTCHeI>'I, YTO AOCTUT'aCTCs HYTGM IIOBBIIICHUS I/IHTGHCI/I(bI/IKa]_[I/II/I HepeMeHII/IBaHI/ISI.

C menmpio pemieHus JaHHOM 3amadn ObUTH pa3padOTaHBl CXEMBI MEUIANIOK, B IJIAHETAPHOM
MIPHUBOJIE KOTOPBIX MCIIONB30BaHbI HEKPYTIIBIe KoJeca (puc. 1).

Puc. 1. MemaJika, NoBbIIIAIOIIAA HHTEHCH(PUKALMIO lepeMellIMBAHUS

Jonyctum, dto aisi “HTEHCH(HUKAIUK TIpoliecca TepeMelInBanns TPeOyeTcss BOCTIPOM3BECTH
NPEPHIBUCTOC  BO3BPATHO-MIOCTYIMATEILHOE BpalaTelbHOE JBIKCHHE MEIIANOK 10 3aKOHY,
MOKa3aHHOMY Ha PHC. 2, TIE @ — IEPEHOCHOE BpallaTelbHOE ABMKEHUE MEIIAIOK 10 HAPaBICHUIO
BpalllEHUS] YaCOBOM CTPENKU; (luas. — IEPEHOCHOE BpaIlaTelbHOE [BUKCHHE MEIIAIOK TPOTHB
HalipaBJICHUA  BpallCHUA qacoBOit CTPCIIKH. JIJ'ISI PpEUICHUA ﬂaHHOfI 3aga4u B Ka4y€CTBC IIPpUBOJA
HCITOJIB3yEM 3aMKHYTYIO Tu(hepeHITHATBHYIO TTepeaady.

[Tpu Bpamenun sexrpoasuraress (puc. 1) yepe3 MyTy BpamaTelbHOE ABMKECHUE TIEPEIacTCs
Baiy I, Ha KOTOPOM >KECTKO 3aKperuieHsl Hekpyriioe 1 u kpyrmoe 3 komneca. Ot kojec 1, 2 xonec 5, 6,
7, Bana 11, mydsl, Basa Il BpamarenpHoe JBMKEHHUE C IEPEMEHHOM YIIIOBOM CKOPOCTBIO MEpeaacTCs
Boauay Hi. OQHOBpEMEHHO ¢ 3THM OT KoJjiec 3, 4, Boguia H, konec 6, 7, Bana II, mydrer, Bama III
BpallaTeNbHOE JBW)KEHUE C IIOCTOSHHOM YITIOBOM CKOPOCTBIO mepenaercst Boauiy . [Ipu Bpamienun
Bogwia Hi Hekpyrible komeca 8, 0OKaThIBAasCh I10 HEIMOJBUKHO 3aKPETUIEHHOMY HEKPYTJIOMY KOJIECY
9, gepe3 Ban 10 memankam 11 cooOmMaOT MEPEHOCHOE W OTHOCHUTEIHHOE ABMKEHHUS C IEPEMEHHOMN
ckopocTbio Bokpyr Bana III u reomerpuyeckoii ocu Bana 10.

Jnst  BOCTIpoW3BeNIeHUS  33/IaHHON (PYHKIMM HEOOXOJUMO OTIPE/ICITUTh PaJiiyC-BEKTOPBI ICH-
Tpoux kojec 1, 2. JIjis 3TOro UCIoib3yeM METOIKY, TIPUBEICHHYIO B padote [1].
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do:
d¢:
<
Pon 2
1]

o g

.o

P2 |Po| o | @ [Pg| P | Qe

Puc. 2. 3aKoH ABHKEHHS MEIAJIOK

O6o3Hauum yrioBele ckopoctd konec 1,2...7 u Bomuna H cooTBeTCTBEHHO @, @, @; U

oy, . llepenarounoe oTHOmIeHNe nuddepermnmraia

gt = %7~ Py
BT T
W — 0y
OTKyJza
H H
@, = U705 + 0, (1—u75). (1)
d d
W3 puc. 1 BuanHo, 4UTO: @5 =@, =—Uy®, WM @ = bl S UZlﬂ;
dt dt
— 0y = _ _ do, )
Oy =0, =—Uyy 03 =—Uyy 0 i @y =—U 43W, rae: Ui, Usz — MEPEMEHHOE M IIOCTOSHHOE
nepeaaToyHble OTHOUIEHUs Koec 1, 2 u 3, 4; ¢1, ¢» — yrisl noBopoTa koiec 1, 2.
Y4uThIBas 3HAK MUHYC NEPEIAYH U7H5 , ypaBenue (1) 3anumem B Bujie
do do do
7 H 2 H 1
=Uys — U+ Uzs) , (2)
dt dt dt

IZ€ 7 — yroJl IoBOpoTa Koseca 7.
Torna nepenarounoe otHouenue nuddepeHnnana onpenenuTcs 3aBUCUMOCTbIO

do do
d ! :u;:a q 2 _u43(1+u75)- (3)
(] ]
Hepel[aTquoe OTHOIILICHUC HeryFHBIX KOJIEC 3aIlluIIEM B BU/IC
d 1d
Po _ = B +u43(1+u§5), 4)

do, U?s do,

¢)YHKLII/I$I IMMOJIOXKCHUS HCKPYTJIOTO KOJIeCa 2 OpUMCET BU

1 .de, 1
= — [““Ldp, +U,|1+— @ +C, 5
?, U7H5Id(P1 2 43( U;IGJ(D:L (5)

rae C — NOCTOSHHOE UHTETPUPOBAHUS.

Ocbk ¢ (puc. 2) pa3genuM Ha YYacTKH @, (b, @c, @d, @e, KOTOPBIE COOTBETCTBYIOT YIJIaM
MMOBOPOTAa HEKPYTJIOro Kojieca 1 Ha COOTBETCTBYIONIEM yUaCTKE 3aKOHA JBMKCHHSI. 3aKOH JABMKCHUS
Baja II-1I 3anumrem takx:

nepssiii yaactok: 0< ¢, < @,

de; _ &(1— cos 2 J ; (6)
do, 2 Pa

IECTOH y4acToK: 20, + @, + @, + @y <@, <20, + @, +2¢,. + ¢,
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—(2
dﬁ: Amw{l_i_cosﬂ-[q)l ( ¢a+¢b+¢c+¢d)]}; (7)
do, P
ceIbMOH yuacTok: 29, +@, +2¢0.+ @, < ¢, < 20, +@, + 20+ ¢, +¢,
d
2% _o. 8)
d¢l
N3 puc.1
1 1
== -2; =—A -2,
¢8 n 2 8I’l¢a @H as. 2 HA3. ¢C‘
omnpeenseM
Agn = qog”’- ’ AHa3. = q)’“”- b (9)
¢c + ¢g ¢c + ¢d

Ucnonp3ys 3aBucuMocTH 5...8, mepenaroyHoe OTHOLICHWE W (YHKIHS —IOJIOXKCHUS

HEKPYTJIOro Kojeca 2 ONpeAessIFoTCsl 3aBUCUMOCTSIMHU:
IUIs1 TIEPBOTO Y4aCTKa, IEPEAaTOYHOE OTHOILICHHUE

(;¢2 — 21H ¢3n +U43(1+LHJ _ 21H an cos 7Z-¢1,
(2] Uss @3 T 0 Uss Uzs @5+ @, Pa

OTKyJda UHTCTPUPOBAHUEM U C YUCTOM HavdaJIbHBIX yCJIOBI/Iﬁ q)YHKHI/ISI TIOJIOKCHUSA

¢2 :{ 1 ¢3n +u43[1+iHJ}¢l_ l ¢gn Sin ”¢l ’ (10)
u

U8 @, + @, 75 2nuys 1+ /0, o,

IJIg HIECTOTr0 y4acTKa

A 20, -, — 0, -
do, _ m{“coszz(col 0y =0, =0, wd)}u%(“%];
¢c u75

, 1 A 1
@, = {%4'“43(1"'?1‘(% —20,— P, — 0. — ) "{ uuﬁj' +U43(1+U_HJ}¢C| +

75 75 75

+ﬂ+u 1+i 2 +@+u 1+i +ﬂ+u 1+i +
2u;45 43 U7Hs Pa U7H5 43 U7Hs 2 2u;45 43 U7Hs Pe

. 20, —@, — @, —
cocH A_sin (P =20, — ¢, — . cod); 1)

2775 @,
JUISL CEIBMOIO yYacTKa

+

do, Uszs
1 1
(pZ = u43 1+ “H ¢l + _H((pgn. + ¢Ha3.) ' (12)
75 75
U3 3aBucumoct (12)
+o,. +U
u;—is — ¢sn. (Dnaa. 43¢1 ) (13)

P, —Ugp
CpenHee mepelaTOYHOE OTHOIIEHHE HEKPYIUIBIX KOJiec MpuMeM N =1, Toraa mpu moBoporte
Koneca 1 Ha yron ¢ =27, Koieca 2 TOXe IOBEpHYTCS Ha yron ¢, = 2z . Toraa, ucnonssys (13),

MO>KHO HAITHCATh:
. H
@, =2mlyy (1=Uy) =9, —2aU,,. (14)
Jli1s pacdeTa paauyc-BEKTOPOB LIEHTPOM HEKPYTIIBIX KOJIEC UCIIONIB3YEM 3aBUCHUMOCTH
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r— d(Pz/d(”l
' W(d§02/d§”1)+l

r,=a,—n; (15)

o
Py = JU21(¢1)d¢1'
0

T/Ie MEXOCEBOE PAcCTOsTHIE HEKPYTIIBIX Korec 1, 2 mpumem @, =150 mm.

Hcnonb3ysi BBIICNPUBEICHHBIE 3aBHCUMOCTH, IPOBEICH pacuer, Uil 4Yero pa3paboTaH
anmroput™. [lpu pacuere mpunsatel: ¢ = 44°;, @, = 19° @ = 71°; gy = 60° u @ = 51°. B Tabnuue
NPUBEACHBI YacTh pacyeTa LEHTPOU HEKPYIJIbIX KOJieC U yria MOBOPOTa BEIOMOro Koieca. AHaIu3
MOJY4YEHHBIX JaHHBIX ITOKa3bIBACT, YTO BEAOMOE 3BEHO MudQepeHnnana coBepacT CMUMMETPUIHOE
PEBEPCUBHOE ABMKEHUE (n = (uas. — 115° mo 3amanHOMY Ha puc. 2 3akoHy. Ha puc. 3 mokazano
3aleIUICHUE KPYIJIo-HeKpyIibIX Konec 1,2. Ha puc. 4 noka3zaHa cxema JBUKEHUSI BCTPEUHBIX OTOKOB
nmpu MnepeMCIIMBaHUN. O‘-ICBI/I)Z[HO, YTO IIpH BO3BPATHO-TIOCTYIATCIbHOM JABHMXXCHHUU BCTPCUYHLIX
IIOTOKOB HAMHOI'O ITOBBICUTCA I/IHTeHCI/I(i)I/IKa]_[I/ISI nepeMeuiMBalrs, COKPATUTCA BPEMA TCEXHOJIOTMY-
€CKOr'0 IIMKJIA U YIYYIIUTCS Ka4eCTBO MOIy4aeMOro MpoayKTa.

Yacrp pacduera HCHTPOUA HEKPYIJIBIX KOJEC U YIJIa IIOBOPOTAa BEAOMOI'0 KoJieCa

(/710 ri,MmM r'2,MM (Dg (/710 ri,Mm r2,MM (/72
0 | 73,9347 | 76,0563 0 180 | 63,5339 | 86,4661 | 207,794
45 | 92,9320 | 57,0680 58,5150 | 270 | 67,9343 | 82,0657 | 275,683
95 | 78,5145 | 71,4855 | 133,1410 | 360 | 73,9437 | 76,0563 | 360
B-B

aw=150

Puc. 3. Kpyriio-HekpyrJible HeHTPOUbI
KoJiec 1,2

Puc. 4. Cxema ABUHKECHUA BCTPECYHBIX IIOTOKOB
npu nepeMeniuBaHuun
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SUMMARY

HIGH INTENSIFICATION STIRRER MIXING

Kakhiani M.R. and Razmazishvili G.G.

Georgian Technical University

The schemes of mixing and kneading devices are considered, providing an increase in the intensification of mixing of
different products due to the application of planetary gear-box with non-circular wheels. The dependences of angles of
rotation and the radius-vectors of the centroid of non-circular wheels are stated. For the particular case, the calculation
of parameters is carried out.

Keywords: schemes of mixing, stirrer, planetary gear-box, non-circular wheels, rotation.
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HOBBIE KOHCTPYKIIMU 3YBYATBIX BAPUATOPOB
Kaxuanu M.P., bepunze T.P., Hozanze H.H.
I'py3uHckmii TeXHHYeCKHii yHUBepCUTET

K coBpemMeHHBIM MalIMH-aBTOMAaTaM 4acTO HPEABSABIAIOTCS TpeOOBaHHE — HEOOXOOUMOCTH
PEryIrpOBaHUS CKOPOCTH HCIIONHHUTEIBHBIX OPraHOB B 3aBUCHMMOCTH OT W3MEHSIIOIIUXCS CBOWMCTB
0o0pabaTbiBaeMOro 00BEKTA, YCIOBUI TEXHOJIOTMYECKOTO IpoLecca 3arpy3Ku MalldH U Ap. B Takux
CIIydasiX ONTHUMAJbHBIM PEIICHHEM SIBJISIETCS] OECCTYIEHYaTOe PEryIMpPOBaHUE CKOPOCTH 3y04aThIMU
BapuaTopaMu. B cTaThe mpemioraTcst HOBbIE KOHCTYKIIMK BapHATOPOB TPEX Pa3lUUHBIX PAILICHUH.

IlepBblii cayuaii.

OpHOCTYTIeHYATHIH 3y0UaThiii BapuaTop (puc. 1) COCTOMT W3 BEIOMOTO MPSIMO3yOOTO KOHH-
YeCcKOro Kosieca 1, 3aKperuieHHOTO JKECTKO Ha BeJOMOM Baity 2. 3yObs Koeca | HaXOHAsTCs B 3aller-
JICHWU C NPAMBIMU 3yOBSIMH COCTaBHOTO KoJjieca 3, 4, )KeCTKO 3aKPEIUIEHHOIO Ha BeXylleM Baily 5.
Komneca 3, 4 (puc. 2) coenrHEHBI TOCPEACTBOM MPYKUH 6, CO3TAIOIINX MOMEHT

A\;_\\‘h

LS e——

~I
/ /
1 8
Puc. 1. OqHocTyneH4aThlii BapuaTop ¢ Puc. 2. KoHcTpyKIusi KOHHYECKOT 0
KOHHYeCKMMH 3y0UaThIMHU KoJIecCaMu KoJIeca ¢ H3MEHSIOIMMCS IaroM

M, >M

HOBJICH Ha MOJIINITHIKAX 6 ¥ ¢ TIOMOIIBIO0 KPOHIIITEHA 7 3aKperieH Ha HEMOoIBIKHOM mtuTe 8. Ban
2 npu oMo noamunHukoB 9, 10 u xponmreitHoB 11, 12 3akperien Ha canaszke 13. Ilnuta 8 u
canaszka 13 Mexnay coOoi coenuwHeHsl Npu nomouM raiiku 14 u BunTa 15. Bpamenuem BuHTa 15
camazka 13 u kxomeco 1 mepememarorcsi mo HampasieHuo A . [lpm 3ToM mpyxwHa 6, CKUMAsCH
(pacrsaruBach), oOecrieunBaeT MOCTOSIHHBIM KOHTAKT OOKOBBIX IMOBEPXHOCTEH 3yObeB Kojiec 3, 4 u 2
(puc. 3). Ilpu npeemernenue kosieca 1 B HampaBieHHEe A OeCCTyNEHYaTO MEHSETCS COOTHOIICHUE
pagnycoB KOHTAKTHBIX TOYEK OOKOBBIX ITOBEPXHOCTEH 3yObeB Kojec 3, 4 u 1, 9To obecneunBaeT, B
OTIpeZIeICHHOM JHMaria3oHe, OeccTyleHyaroe N3MeHEeHNE TIepeAaTOIHOr0 OTHOIICHHS.

[lepenarouHoe OTHOIIEHHE MaKCHMalbHOE, KOrAa Kojeca 3, 4 HaXoaATcsl y OOJIBIIOro Topua
Kojeca 1, MUHUMaIbHOE, KOT/Ia Kojieca 3, 4 HaXOsATCs y MEHBIIIEro Topia Kojeca 1:

u :erx.u_:Rmin. (1)

rae M_- MOMEHT cuil CONpOTHBICHHS, MPUBEACHHBIN K Baimy 5. Ban 5 ycra-

c?®

[wnama3on peryiampoBaHus

A =5 )
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I EN XN 9 8 13
Ll s my g4 V] g
Puc. 3. Cxema 3aunensienus 3y0beB koJsec 3,4 u 1 Puc. 4. JIByxcTyneH4arTblii BApHATOP €
NpH NepeMellleHnHd KoJieca 1 mo HanmpaBJeHHI0 A KOHMYeCKMMHU 3y0UaTbIMM KoJIecaMu

JByXcTyrneHUaThlii KOHHMUYECKUI 3yO4arhlii Bapuatop (puc. 4) cocTout u3 Bemymero 1 u
BEJIOMOr0 2 BajoOB, Ha KOTOPBIX >KECTKO 3aKpEIUICHBI COCTaBHEBIE Beayilee 3, 4 u Begemoe 5, 6
KOHUYECKHE Koyeca, 3yObs KOTOPBIX HAXOAATCSA B 3allCIUICHUH C 3yObSIMH TUIOCKOTO KOHHYECKOTO
Koyieca 7, KOTOpOE C BO3MOKHOCTHIO BpallleHHsi CMOHTHUPOBAHO Ha HeBpallaromiencs ocu 8,
ycTaHoBJIICHHON B canaske 9. Camaszka 9 yepe3 BuHT 10 u raiiky 11 coegmnena ¢ koprycom 12.
Canaszka 9, ¢ BO3MOXHOCTBIO IMEpPEMELICHUs, BCTaBieHAa B Hampasisiomue 13 xopmyca 12. Ilpu
BpamieHue BuHTa 10 uepes canasky 9, ochk 8 Koieco 7 mepeMeniacTcs o HaMpaBiICHHUIO A.

ITepenaTounsie oTHOIIEHUS, Korga kojeca 3, 4 u 5, 6 UMEIOT OJIMHAKOBBIE CpPEIHUE
JISTATENBHBIE PAJNYCHI, OMIPEIENSIIOTCS 3aBUCTUMOCTSMHU:

u =Rma><. u.. =Rmin. (3)
max R 1 min R ’
min max
Jnana3oH peryanpoBaHus
RZ
max
A=—— 4
R min
Korga xongeca 3, 4 u 5, 6 uMerOT pa3Hble ACIUTEIBHUE CPEHUE PAJAUYChI Rw) , RMM u
Rge 0> Rse son » IEPENATOUHBIE OTHOLIEHHS MMEOT BUJL
u _ Rsedo,ermx . _ ReedomRmin . (5)
max R R ’ min — R R ’
6eo.’ ‘min 6ed"’ ‘max
JuanazoH peryniupoBaHus
2
= M (6)
ReeO'Rn‘aX

Bemymmwii 1 u Begomplii 2 Balibl BpamatoOTCs B MPOTHBOIIOIOKHBIX HAITPABJICHHUSIX.

YeThsIpeXCTyneHYaThlii KOHUYECKUI 3y0UaThlii BapuaTop (pUc. 5) cOCTOMT W3 BeAymiero 1 u
BEJJOMOTO 2 BaJIOB, HA KOTOPBIX JKECTKO 3aKpeIlUIeHbl Benyuiee 3, 4 u BepeMoe 5, 6 COCTaBHBIE
KOHUYECKHE KoJjieca, KOTOpPbIe C BOZMOKHOCTBIO BPAIlleHHsT CMOHTHPOBAHO B MOAmunHuKax 7, 8. Ha
MPOMEXYTOUHBIX Basax 9, 10, KOTOpble, C BO3MOXHOCTBIO BpalllEeHHs, CMOHTHUPOBaHBl B
noamunHuKax 11, 12, 3akperiensl IpoMeXyTOUHBIE COCTaBHBIE KOHWYECKHUe Koseca 13, 14 u 15, 16.
Banst 9, 10 mexxay coboit coemuHeHsl mapHupHoit Mydroii 17. 3yobst konec 3, 4 u 13, 14 HaxonsaTcs B
3aleTyIeHHH ¢ 3yObsIMH IIOCKOTO MPsIMO3y00ro KOHUYecKoro koineca 18, a 3yobs xomec 5, 6 u 15, 16
— C 3yOBSIMH TUIOCKOTO MpsiMO3yOoro konmdeckoro koneca 19. Komeca 18, 19 ¢ BO3MOXHOCTBIO
BpaIieHNs] CMOHTHPOBaHBI Ha HeBpamaromuxcs ocsax 20, 21, KoTopble BCTaBICHBI B caimazke 22.
Canaska 22 yepe3 BUHT 23 U raiiky 24 coeauHeHa c¢ kopmycoM 25. Canaska 22, ¢ BO3MOKHOCTBIO
MepeMELIeHN IO CTpENKe A, BCTaBIE€HA B HANPaBIAIOIINX 26 Kopmyca 25.
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Puc. 5. YerbipexcTyneH4aThbIi BAPHATOP ¢ KOHUYECKUMHU 3y04aThIMH KOJIeCAMH

Benymemy Bama 1 cooOmmM BpamaTensHOE ABIKEHHE C MOCTOSHHONW CKOPOCTBIO, KOTOPOE
yepe3 koyieca 3, 4, 18, 13, 14 Ban 9, mapuupHyro mydra 17, Ban 10, komeca 16, 15, 19, 5, 6
nepenaercs BegemMoMmy Baimy 2. Banbel 1, 2 BpamaroTcs B OZHOM U TOM Xe pamnpasieHuu. Ilpu
BpalieHuu BuHTa 23 yepe3 canasky 22, ocu 20, 21 xoneca 18, 19 nepemeniarotcest no HarpaBieHUIo A.
[lepenaTounsie oTHOIIEHUS , Koraa koneca 3, 4; 13, 14; 15,16 u 5, 6 UMEIOT OAMHAKOBBIE CPETHUE

JenuTenbHble panuychl M komeca 18, 19 umeror omumakoesie R, , R, , ompenemstorcs
3aBUCHMOCTSIMHU:
2 2
u — Rmax U — Rmin . (7)
max R ' Ymin T R !
min max
Jwramna3oH peryiaupoBaHus
R 4
A=\ - (8)
min
Korza cocraBHBIE KOlleca HIMEIOT pasHbIE CPeHHE JeNuTenbHble paguycel: 3,4 - R, ,; 13, 14
- Riz147 15,16 -Rj516: 5, 6 - Ry ¢ m xomeca 18, 19 umeror oqunaxoseie R, R, mpenatounsie
OTHOILEHHMS OIPEIEIIAIOTCS 3aBUCUMOCTSMHU:
R, ,Ris;cR2 R. sRz 4R
_ 3,4" 516" ‘max u _ 5,6"'1314" *min 9
rnax_RR Rz ! min_RR R2 , ()
5611314 ‘max 3,411516 " max
JlnamazoH peryJaMpoBaHus
2 p2 p4
_ R34Ri516Rmx 10
 RZRAGLRS (0
5,61 1314 max

OnHocryneHuaTslil 3yO4aThlii Bapuatop (6) cocTOMT U3 Beaymiero | u BeaoMoro 2 BajoB, Ha
KOTOPBIX JKECTKO 3aKpeTlIeHbI MPsIMO3yOble BeIyIIUe cOCTaBHBIE ceprueckie Koyieca 3, 4 u BereMoe
TOpOMIHOE Koieco 5. Bam 1, BO3MOXHOCTBIO BpallleHHs, CMOHTHUPOBaH B TMOJIIWIIHUKE 6
3aKpenyeHHoM Ha ocu 7. Ock 7, ¢ BO3MOYKHOCTBIO IIOBOPOTa, YCTAHOBIIEHA B MOAMMNHUKAX §, 9. Ha
KOHIIe OcH 7 jkecTKo 3akperuieH MmaxoBuk 10. [Ipu moBopore maxoBuka 10 HeccTymneH9aTo MEHSIOTCS
COOTHOILCHHUSA PaJUyCOB KOHTAaKTHBIX TOUYEK OOKOBBIX MOBEpPXHOCTEW 3yObeB Koyec 3, 4 u 5.
IlepenaTouHble OTHOLIEHUS ONPEAENAIOTCA COOTHOLIEHUAMU

R R .
U =05 Uy = =% (12)
[wramna3on peryiampoBaHus
R
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Rmax

Puc. 6. OnHocTyneH4aThlii 3y0uaThiii BapuaTop

JByxcTyneHuaTelii Bapuatop (puc. 7) COCTOMT W3 BeAylliero 1 W BeJOMOTo 2 BaJIOB, Ha
KOTOPBIX JKECTKO 3aKpeIUieHbl Benaymiee 3 W BeaeMoe 4 mpsiMo3yOble TOpouzaHble Koieca. Ha
MPOMEXKYTOUHBIX BajBX 5, 6 3aKperuieHbl COCTaBHBIE cheprueckne npsimo3yosie koneca 7, 8 m 9, 10.
Bainbr 5, 6 ¢ , BO3MOXXHOCTBIO BpallaTeIbHOTO JBMKEHUSI, CMOHTHPOBAaHBl B MOAMUMHUKAX 11, 12,
KOTOpBIE€ 3aKperuieHbl Ha BepTHKalIbHBIX ocsx 13, 14. Ocu 13, 14, ¢ BO3MOXHOCTHIO MOBOPOTA,
CMOHTHPOBaHHI B mofmunmHUKax 15, 16. Ha xonmax oceit 13, 14 jxecTko 3aKkperieHbl 3yObsIMH KoJleca
19, sxxecTko 3akperyieHHOro Ha BTynke 20. 3yObs kojieca 19 npu momoru 3yObeB apa3uTHOTO Kojieca
HaXOoJSTCSI B 3allelNieHnH ¢ 3yObsiMu kojeca 18. Ha Brymke 20 jkecTko 3akperuieH MaxoBHK 21.
Brynka 20, ¢ BOXKMOXXHOCTBIO IOBOPOTA, CMOHTHPOBAaHA HAa HEIMOJABIDKHO 3aKpEIUICHHON ocu 22.
[TpomexxyTouHbIE BaJIbI 5, 6 MEXKIY COOOM COCTUHEHBI IapHUPHOU MydTO#t 23.

11 I'| 8 7 23 4 17 16 19 22 2120 16
=

'u' [l

7T

Puc. 7. /IByxcTyneH4aTblii BApHaTOp

[Tpu moBopote maxoBuka 21 gyepes koneca 19, 17 u 19, 18 , ocu 13, 14 nmpomexyToUHBIE BaJIBI
5, 6 xonreca 7, 8 u 9, 10 moBopaumBarocst BOKpyr oceit 13, 14. IIpu aTom kosteca 7, 8 pacronararorcs
OKOJI0 MEHBIIIETO TOpIa TOPOUIHOTO KoJeca 3, a koneca 9, 10 — okoo Gosbmioro Topia kojieca 4.

B npyrom ciydae 9, 10 pacmonoxeHbl OKOJIO MEHBIIIEro Topia Kojeca 4, a kojeca 7, 8 0K0JIo
0omBIIIOTO TOpPIIA KOJleca 3 TepeqaToYHbIe OTHOIICHHUS

N r7,8(R4 )rmx 1 = r7,8(R4 )min (13)
r9,10(R3 )min r-9,10(R3 )rmx
I[I/IaHa3OH peryjmpoBaHusa
(R (Rs)
o= A 3/ mex \' 4 /max (14)
(RS )min (RA )m‘n

Bropoii cayuaii.
OCHOBHBIMH YaCTsIMU TIPEJUIOKEHHBIX BAPUATOPOB SIBIISIOTCS PABHOBBICOTHBIE MTPSIMO3YObIe KO-
HUYECKHUE 3yOUaThie KoJieca (puc. 8) U paBHOBBICOTHEIEC MPAMO3YObIe morychepudeckue komueca (puc. 9).
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Puc. 8. Konuueckue 3y0uarnie Kojeca Puc. 9. Ilonycdepuyeckue KoJieca

Ha xonmdeckom konece (puc. 8), Hape3aHbl pPaBHOBBICOTHBIC IpsIMbIe 3yObsi BHYTPEHHEIO
3aLeIUICHUsT ¢ HM3MEHSIOIIMMUCS LIaraMM, a pPaguyCc HadalbHOM MOBEPXOCTH paBeH paauycy R
HayalbHOW cepryecKod MOBEPXHOCTH MOIYCPEPUUECKOr0 KOJeca C PaBHOBBICOTHBIMHU MPSIMUMHU
3yObsSIMU Hapy>KHOTO 3alleIUICHHs ¢ U3MEeHAIomMUMucs maramu (puc. 9). Konndeckoe kojeco cocTOUT
u3 AByX yacted 5 u 6. Ha crynuue xoneca 6 ¢ HOMOIIbIO MOAIIMITHUKA KAY€HHS 7, TIOCAXKEHO KOJIECO
5. Yactu 5 m 6 compsraioTcs Mexay coboil MocpelcTBOM NPYXHH 12, CO3JArOIUX MOMEHT

M, > M, rae M  —MoMeHT cHIl CONPOTHBIEHNS, IPUBEICHHBIX K BATy KOHHYECKOrO KOJeca.

[Ipu mepemenienrnn koieca 5, 6 Mo HampaBJIeHUIO A, TpyXuHA 12 CKUMAsCh (PaCTATHBASICH)
obecrieurBaeT MOCTOSHHBIM KOHTAKT OOKOBBIX TIOBEPXHOCTEH 3yObeB KoJiec 5, 6 (Ha pucyHKe Koioc 3
u 4) u 1 (puc. 3), mpu 3ToM OECCTyIeHYaTO MEHSETCS COOTHOIICHHE PaIyCOB KOHTAKTHBIX TOYEK
OOKOBBIX TOBEPXHOCTEH 3yObeB Koiec S5, 6 u 1, 4ro obecrieynBaeT B OMpPEIESICHHOM [Haria3oHe,
OeccTymneHuaroe M3MEHEHHE MepeAaTouyHoro oTHomeHus. IlepemaTtouHoe OTHOIIEHHME MaKCHMaJbHOE,
KOTJa KoJieco 5, 6 HaxoAauTcs y OOJBILIOro TopLa Noirychepruueckoro Koieca.

3yOuatsiii BapuaTop (puc. 14) coCTOUT U3 BEAYIIETO 3 U BEIOMOTO 4 KOJIeC KECTKO 3aKper-
JICHHBIX Ha BeaywieM 1 u Bemomom 2 Banax. Ha mpomexyTouHsIX 5, 6 Bajax, COeIMHEHHBIX JIPYT C
JIpyroM TocpeAcTBOM koiec 7, 8, Bama 9, komec 10, 11, 3akpemensl koHmueckue koieca 12, 13,
COCTaBJICHHbIE M3 JIByX YacTell M OCHAILCHHBIC PAaBHOBBICOTHBIMHU IPSIMHUMH 3YObSMH BHYTPEHHETO
3allCIUICHUS C M3MEHSIOMUMH IaramMu (puc. 8). 3yObst kojiec 3, 12 HaxomATCs B 3allCIUICHHH C
NPSIMUMH PaBHOBBICOTHBIMH 3yOBSIMM HApy)KHOTO 3alleTUICHUS, ¢ M3MEHSIOMIUMICS IaraMu, Moiy-
cepuueckoro koneca 14. 3yObs kosec 4, 13 HaxoAsATCs B 3aLEIUIEHUH C IPSIMUMH PaBHOBBICOTHBIMHU
3yObsSIMU Hapy)KHOTO 3allellICHUs, C W3MCHSIONUMHUCS Iaramu, mnojiycdepuueckoro koineca 15.
Paguycel nonychepuueckux konec 14, 15 MoryT ObITh paBHBIMHU MJIM OTIMYATCS APYT OT ApYra, TaKKe
panuychl HadyaJlbHBIX KOHYCOB Koiiec 3, 12; 13, 4 MoryT OBITh paBHBIMH, WJIM OTIWYATCS APYT OT
npyra. [lomychepuaeckue xoneca 14, 15, ¢ BO3MOKHOCTBIO BpaIlIeHUs PaCIIONOKEHBI Ha OCH 16, KOTO-
pBIF ¢ MOMOIIBIO LA HEMmoABMKHO 3a()MKCUPOBAaH B Y3KOM pbluare 17, uMeroneM chepryeckyro
¢dopmy. Poruar 17 ¢ nomomipio namng, ¢ BO3MOKHOCTBIO BpaILlEHHs TOCAKEH B HEMOABHKHOM KOPITyCe
18 Bapuaropa. Ha oxHoii u3 namng pelyara pacmoyio’keH MaxoBuK 19.

4 o1 <
— N

Puc. 3. OanoctyneH4arblii BapuaTop Puc. 4. /IByxcTyneH4aThbIii BapuaTop
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Puc. 5. TpexcryneH4arslii BapuaTop Puc. 6. YeTbIpexcTyneH4YaThlil BapuaTop

Bapuatop pabotaer cnemyrommmM oOpa3om: cooOmmM Bady | BpamaTelbHOE JBIDKEHHE C
MIOCTOSIHHON YTIIOBOW CKOpOCThIO. C MOMOIIBI0 B3aMMO3AIICTUICHUS] OOKOBBIX IMOBEPXHOCTEH 3yOheB
konec 3, 14 u 14, 12, BpamaTenbHOe IBHKEHUE ¢ TIOCTOSHHOHN YIIIOBOM CKOPOCTBIO MepeaacTcs Balry
5. Or Baima 5 ¢ moMoIbpio Kojec 7, 8, Baia 9, konec 10, 11, Bana 6, B3auMo3alenaecHHeEM OOKOBBIX
MOBEPXHOCTEH 3yObeB Kosiec 13, 15; 15, 4 BpamaTelibHOE IBWXKCHHE C IMOCTOSHHON YIJIOBOM
CKOpOCThIO mepenacTcsi Bary 2. [lnaBHO moBepHeM MaxoBHK 19 cmepBa B «A», a motoM B «b»
HanpaBneHun. CrnenoBaTensHO MPYXUHEI 12 xonec 3, 13 (puc. 8) pacTsHYTCS — 32KMYTCS, a TPy >KHHBI
Kouiec 4, 12 3a)MyTCsl — pacTSHYTCS, 4eM o0ecIieunBacTesl 3aleryieHne OOKOBBIX TOBEPXHOCTEH Koyec
3,14; 14,12; 13,15 u 15,4. DTUMU IBUKEHUSMU MEHSACTCS COOTHOIIEHUE PaTUyCOB KOHTAKTHBIX
JUHUH OOKOBBIX MOBEPXHOCTEH 3yOhEB, UTO B OINPENCICHHOM JHMAaIla30He CIIOCOOCTBYET U3MEHEHHIO
MepesaTOYHOr0 OTHOILIEHHS.

Jna pacdera meperaTOYHOTO OTHOIIEHWA M JHana3oHa PeryjIHpOBaHHUS pPaCCMOTPHM
KHHEMAaTHYECKHE CXEMBI IIPUBEIEHHBIX BApUATOPOB:

1) It OMHOCTYTIEHYAaTOTO BapuaTopa:

Rsin Rsin sin
u = ?. U = b . D, = P

MHH ! Mmakc .
r r sin ¢
2) [l IBYXCTYIIEHYATOrO Bapyuaropa
- - . - - 2
__h _Rsm(o:rzsm(/?, __h _Rsm¢1=r25|ngp1. D2:S|n—(ol.
" Rsing, 1 rsing, "™ Rsing r,sin ¢ sin’ @

3) st TpeXCTyIeH9aToro Bapruaropa:
_Rsing 1, Rsing rRsin’gp.
r, Rsing, 1 rr,sing,

U

MHWH

U _Rsing, r, Rsing _rRsin’gp b _sin®p,
e r, Rsing nrsing ' sin®g’
4) JIns ueTbipexcTyneHyaTroro Bapuaropa (puc. 7):
r, Rsinp 1, Rsing rrsin‘e.

Rsing, r, Rsing, rr,sin’e,

MHWH

1, Rsing, 1, Rsing, r,r,sin’ g, b _sint g
Rsingp r, Rsing nrsing ' ' sin‘e

Makc
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Tperuii cayuaid.

Jig monydeHMs 3aJaHHOTO 3aKOHAa MEPEMEHHOIO IEepelaTOYHOro OTHOLIEHHS BO3MOXKHO
UCIIOJIB30BaTh Nepeaadn, 3y0uaThlie BeHIbI BEAYIIHUX U BEIOMBIX KOJIEC KOTOPBIX OCHAILICHbI PAaBHOBBI-
COKHMMH 3yObsSIMH TIOJIHOW W HETOJIHOW [UIMHBI, PACIIOJIOKEHHBIMH BIIOJIb IUIOCKUX WJIM IPOCTPAHCT-
BEHHBIX KPHUBBIX, KOTOPBIE MPEACTABIISIOT ce0sl PYHKIHIO IEPEMEHHOTO MEPEAaTOYHOTO OTHOILICHHSI.

3

Puc.l.a Puc.1.0

UetsIpecTyneHUaThIi BapruaTop CKOPOCTH (puc. 14) cocTouT U3 BeayIiero 1, mpoMeXyTOUHBIX 2,
3, Bemomoro 4 TOPOUJANBHBIX KOJIEC U MPOMEXYTUHBIX C(HEPHUECKUX WIIH IIUTHITIONIHBIX KoJiec 5, 6,
KOTOPBIE C BO3MOKHOCTBIO BPAILLICHUA 3aKpENACHbl HAa HenoaBMKHOU ocH 7. Koneca 1, 2, 6 ocHaleHbl
PaBHOBBICOKMMHU TMpPSIMBIMA 3YObSIMH 8 HETOJIHOW JUIMHBI, KOTOPBIE PACIOJ0XKEHBI BIOJb
NPOCTPAHCTBEHHBIX KpuBBIX 9, 10, 11, KOTOpBIE MPENCTABIAIOT 33JaHHYI0 (YHKLUHUIO IIEPEMEHHOTO
nepenaToyHoro otHomreHus. Komeca 3, 4, 5 ocHalleHbl PaBHOBBICOKMMH TPSMBIMA 3yObsiMu 12
nonHo# anuHbl. Komeca 2, 3 mMexay coboii coennHeHbl ocpeacTBoM BajioM 13, 14, 15 u kpyrisix
KOHMYEeCKHX Kojiec 16, 17, 18, 19.
[lepenarounble OTHOLIEHHUS
R5COS@5 Tomax R6COS®s Tamax _ M2max Famax €05 s - COS g
M min Rs I3 min Re Mmin * 3min
Rs  Tomin  Re  Tamin  _ 2min Tamin | 1 (15)
Mmax R5:COS@5 I3max Rp-COSPs  Mmax *f3max COS¢s5 - COS g
Jwrana3oH peryiupoBaHus

Ur’r\ax =

Umin =

r T - -T,
D — _imax ~72max * ‘3max 4mx-c082(05~0032g05.

Mmin “T2min “3min 4 min

Ecnu HeoOx01uMo, 9TOOBI BEIOMBIE KOJIECa M BaJIbl, 3yOUaThIX TIepeiad U BapuaTopoB CKOPO-
CTH, C IEPEMEHHBIM MEPEAATOYHBIM OTHOLUIEHUEM COBEpIIAN BpaIlaTeIbHOE BUKEHUE TIEPEMEHHO-
MTOCTOSTHHON YTIIOBOM CKOPOCTBIO, TO PABHOBBICOKHE 3YOhsl HEMOJHON JUIMHBI JOJHKHBI OBITh PacIo-
JIO’KEHBI BJOJIb KPUBBIX, KOTOPBIE COCTOST U3 YaCcTel ¢ U3MEHSAIOIIMMHU U MOCTOSIHHBIMU PainyCaMHu.

Ecnmu HeoOxommmo, 4TOOBI BEAOMBIC KOJIEC2 M Ballbl TMEPeJadyd OCYIISCTBISLTH BpaICHHS
pPa3HBIMHU 3aKOHAMHU TIEPEIATOYHOTO OTHOIIEHHUS, TO 3yOhs HETONHOW NJIUHBI JODKHBI OBITH pacro-
JIOKEHHBI BJIOJIb Pa3lIMYHBIX KPHUBBIX, KOTOPHIE MPEJCTABISAIOT pa3Hble (YHKIMU 33JaHHOTO 3aKOHA
MIEPEMEHHOr0 NePeIaTOuHOro oTHoeHus. KpuBasi, coctaBineHHas U3 4acTeld, COOTBETCTBYIOIIMUX Pa3-
HBIM (DYHKIFSIM TIEPEMEHHOTO TEPeIaTOYHOr0 OTHONICHHS PACIOJIOTaeTCsl Ha HAdadbHON IMOBEPX-
HOCTH BEAYLIETO WK BEIOMOTO KOJIEC.
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Puc. 14. YerbipecTyneH4aTblii BApMATOP CKOPOCTH

YetsipexcryneHuatslii  Bapuatop (puc. 14) pabotaer cienytommmM obOpaszoM. Komecy 1
COO0IIMM BpaliaTelbHOE IABMKEHHE C IMOCTOSHHOW YTIIOBOW cKopocThio. [locpencTBom 3amerieHus
OOKOBBIX IMOBEPXHOCTEH 3yObeB MOJHOW 12 M HEeNOJIHOHM 8 AyMHBI KoJec 1, 5, 2, Kojieco 2 coBepiiacT
BpaImiaTelbHOe JBMKEHUE C MEPEMEHHON YIIIOBOM CKOPOCTBIO, KOTOPOE MOCpeACTBOM BaioB 13, 14,
15, xomec 16, 17, 18, 19, B3ammMozareruieHHeM OOKOBBIX ITOBEPXHOCTEH 3yObeB MONHON 12 u
HEenoJHOU § AMMHBI KoJiec 3, 6 u 6, 4 mepenaerca BeoMOMY Kousiecy 4, KOTOPOE COBEPILIUT JABHKEHHUE
CyMMapHOH NIEPEMEHHON YTIIOBOM CKOPOCTBIO.

[IpennoxeHHple KOHCTPYKIIMM 3yOUYaThIX BapUaTOPOB IIO3BOJISIFOT HAMHOTO YMEHBIIHUTH
JTMHAMUYECKUE XapaKTEPUCTUKH BapHATOPOB.
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SUMMARY

NEW DESIGNS OF GEAR VARIATORS

Kakhiani M.R., Beridze T.R. and Nozadze N.I.

Georgian Technical University

Modern automatic machines are often subject to a requirement - the need to regulate the speed of the executive
bodies depending on the changing properties of the object being processed, the conditions of the technological
process of loading the machines, etc. In such cases, the optimal solution is stepless regulation with gear variators.
The article proposes new designs of variators of three different solutions.

Keywords: gears, gear variators, stepless regulation, teeth.
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SUMMARY

RECYCLING OF MUNICIPAL SOLID WASTE

Nebierudze N.V., Tsinadze Z.O. and Bagration-Davitashvili A.N.

Georgian Technical University

Municipal solid waste - more commonly known as trash - is made up of everyday things that we use and then
throw away. It comes from our homes, schools, hospitals and businesses. Technologies for processing some
types of municipal solid waste, such as wood waste, textile waste, and leather waste, are discussed below. Their
recycling technology and areas of secondary use are given. The relevance of solid municipal waste processing
and the expediency of complex waste management are shown.

Keywords: municipal solid waste, wood waste, textile waste, leather waste.
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SUMMARY

RECYCLING OF CONSTRUCTION WASTE

Nebierudze N.V., Tsinadze Z.O. and Bagration-Davitashvili A.N.

Georgian Technical University

Solid waste processing is an actual problem for humanity. Waste can be reused and can become a resource for
industrial production or energy generation. During the demolition of buildings, reconstruction, and construction
of new buildings, various types of solid waste are generated, including concrete and reinforced concrete waste.
The reasons for their occurrence are shown. Concrete and reinforced concrete waste recycling technology and
application schemes are discussed. Technological equipment is described as primary crushing unit, secondary
crushing, and fractionation unit. Based on the analysis of local and foreign experience, it is concluded that the
secondary gravel obtained after concrete recycling can also be used to arrange the lower layers of accessible and
less busy road areas, to prepare the foundations of warehouse buildings, industrial buildings, and small
machinery installation sites; for arranging footpaths, parking lots, pavement foundations, slopes along rivers and
canals; for the preparation of concrete used in the construction of footpaths, internal areas of garages and rural
roads.

Keywords: Recycling of solid construction waste, Demolition of buildings, Reconstruction of buildings,
Crushing of reinforced concrete.
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SUMMARY

USE OF A NEW CLASS OF POROUS MATERIALS FOR AUTOMOBILE EXHAUST GAS
FILTRATION

Khvadagiani A.l., Iremadze M.E., Zivzivadze B.L., Topuria R.M., Iremadze D.M.,

Kochiashvili M.G. and Zivzivadze V.G.

Akaki Tsereteli State University, Kutaisi

The theoretical foundations were developed and an innovative technology was created that ensures the use of the
self-propagating high-temperature synthesis method to obtain a new class of neutralizer-catalyst, which will
successfully replace similar expensive products that are currently used in the automotive industry and
significantly improve the environmental conditions.

Keywords: Ecology, exhaust gases, catalyst, porous material, self-propagating high-temperature synthesis.



LSISANEIR I bS506IN6( bLOSELI60, GEORGIAN ENGINEERING NEWS, M3, 2023 61

FIROL 85@M30L INRINO TIROL sR@HOGHL3OL 330MMKOL 353(FI63S00)
2 bosbo Ja. (3065dg3 b.e., gsggersdgomo ..
bsJodmggerels gdbogndo 9bogg@dlodgdo

1. dglogosao

Tyoemo o@lgdomo dmmbmgboangdss s 5@ dgodegds aobioe 39309L waesdofols
bges30mbg Igmgzo geEbog s@Lgdsms 3bmgMgbowsb. wgsdofols bgosdombyg dgdsw-
39bemdol 70% Fyogos, Go3 bodbogl, md Lyxgms (ysmo o6 9bps 0gml ©sdmjowg-
dgeo  bygoms [ygmol do@mgol 3mddsbogdbyg. [1] (arowsb Faodwg hggbo  Jggysbs
3obooll dmbobagmdols bOsL s gobgomo®gdol, sdo@mad yoobo@s Lygms (yaols
Loko®mgods. [4] [5] @oos@bes Lodoboli@®mgdl dm@ols mobsdd@mdgmdols 3gos@gm@ds,
Amdegdoi oho®gdgb Lygms (ysmdmdodmopgdols gbaybggmymgsl, @Gosms dogsfomm
byggoms Fyeol byardolo{gomdmdsls gyggesbongol. [2] [6]

bygos ymol 3o do@mgols dmgao bosbl 5ggbgol Fyamol bgendolisfgom-
dmdol xodagl dmymeE odgedsw, obggg dmdsgsaToi. [3] dgdwgy, Tymol spdoibgs
Lakodms bygms Fymol do@mgobmgol godymgomo  bgdmJdgrogdols dgbsdiEodgdasw.
Tymol  se@oibgs o@ol Fymol @gly@lgdmsb ©s3s3dod@gdygemo 0bgm@dsiEool owg-
6®0%035300, >0M0oEbgs s AoEs(39ds, Moms 3Mmd3sbogdl dogigm Ladgomgds, dgdermb
LY m@oe s mose dodmgs. Fymols sp@oibgologol Lododm 3md3mbgb@gdos: [2] [6]

s Joenosbo dgdmwobyods,

* (dobps dgdmeobgds,

* bgandolbs(gomdo Fysero,

* Pyeols s3m(ydgs ©o

* 2o0bgdo.

o0 3md3mbgb@gdowsb hobls Fyamol bogowol dodmgs s Lobmyopmgdsdo aobo-
Fogogds. gl 60dbogl, @md Jglodagdgamos 2s5g@mosbml Lbgowslbbgs obdgddgdo oy,
Amd 5@ oyl byggms Fymol bgadobs§gomdmdol ©wgrnoco@o. sd®oaswe, Lygms Fymols

do@mgs dgodangds ogmb 989JB 90 ©s dgoddbsl Fymols dodmgol 9Fygg@mas. [3]

330930l Igegagdds slggg aobds®@s, [6] M Fymol sw@oibgs odgnggs 0bgm®-
doosl Lygms Fyaols d9bgxd9b@do d0bbgl @oliggdol dgboggoligdbans, o3 bgenls
9Fgmdl Lfmdo ©s Jgggbolomgol Lobomggdam  gomsfygzgdomgdol dowgdsl. Lyxms
Tyeools do@mgol 3mddobogdli Fyeol sw@oibgom dgyderosm owgbBogoEodgds dmsb-
©0bmb s 99od300mb bobbglol Moliggdo o Fobolfo®@ aoblobwg@mb Fyeols bgendo-
LoFgomdmobs. dogomoms, wolsgagm dggamgdamo d@o@gdol 12 @s@ds, dmam@oiss
3O0RMAb0s, 5M0DMbs,  JME@MASEM, Sosdm, gobbobio, bgd@sligs, bggos, Sbogo
d9JLogs, mgymbo, Ggbslio, 0ygds o godobaBmbo, gobsbm@zogagl Fymol sedoibgs
Lbyggms Fgmol do@mngolmgol, dmdgaoi aoddgodgomgs.

Fyemol bgedobs§gemdmbol 3Gmdagds Fymol (yodmgdol dsbgrmodmop dpgds-
09 bogmgddoig hbpgds. gl bodbsgl, @M Lobmaswmgdsd gg® dgdenm Fyaols Fys®mg-
b0l smgoligds s bomsbom do@mgs. [yaols Fgo@ml m3@odogry@dse asodmygbgdolsl,
ddGo@ Lgbmbbyx go o6 0dbgds (ymol ©gxn0Eo@o. dmyoghn seaomsl o Jogs-
Jgddoz  go, Swgogmddogo  [ymol  3md3sbogdol  dogd  ds@myeo  Lbygms  Fyarols
Vygommgdo (PDAMs/ Perusahaan Daerah Air Minum) ©sd0bdydgdgaos  Lodmgfggenm
bodhgbgboms s Logmasibmgdgdem bodhgbgdom. [8]

2. doGomseo bsFogo

0@ gOs@ a0l dodmboargolsl dggop®mggm LEsEG0gdo 5309003 gdgeo  g9@bs-
e gdoesb (Sinta, Emerald, Science Direct). slggg ULEo@ogdol go®s, gobgarddmgsbgengm
‘dgbododobo go@Ggds@@om ©s Foabgdoo.

byggms Fgmol do@mngol obbgl @olggdo

@olgo  2obolobwg@gds, Omam® i bo@ogols dgbodagdermds,  go9® 33930 mMbs,

Q5JH™dG0g0L  sTgms  Jmbogmebgmowsb  ©s  JmbsgnmEbgmoligeb  goblbgsggdyeo



62 bSISGOIIIL I bSO6IN6H() bOSbKI60, GEORGIAN ENGINEERING NEWS, M23, 2023

bgdoldog®mo gegaol serdommds. 33ag396ds obdo®@gl, GmI @objzo jansbogoio®wgds
Omam0O3  b3gggescoygo  ob  bygxgms  @obgo, Gmdgeoi  dgodengds  [o@dmodgsls
3M335600l dopabom ob ol godgm. Jmbobergmdols domomo bOws, d9bgdMogow bgds
9L my doag@ocgdom, bOol Fymol gOobolol Gg9d3l s Lygms Fymol s@s989]E9®
do@mgol. ggemggedo GmIganoi ogbBOsmosTo ho@ods, Lygms [ymol dgbgxdgb@o >@
3obbmOz0gmgdgms 999JHYdo. Lygms Fymol dpadswo dodmgs [ymol se@oibgols
3°dmYgbgd000 0mgo@olifobgdl Fymol ©wgnoEo@l Id@sw Lgbmbbyg [10].

bygos Fymols dgbgxdgb@olbogol {yamol sw@oibgs d0bodydsdwg dgedizo®mgdls
50bbgl @olbggdl, Mmam®3 ©obsgmmgmn dgg@mgdyger  d@oBgodo, O®Iggdoi bdoGowe
3ob00sb ggomgsls, doygbgosgow odobs, @™ olobo 04gbgdgb Fymol sm@oibgel Lyey-
0o (ymol do@mgolsl. [11] (ymol wgxnozo@ol @sbsdmggese Lyxms [ymol do@mgols
0530 9b0dg Inwgao s@OLY-MLL; 3mddobo@gdbymo dmwgerols dobgwgom, 2050 §genls dofo-
J3995 (yagdol bgandolsfgemdmds 36mabmbo@gdgmos 0,89 X 106 8, 53 Jmwgmols Jo-
bgegom o@ aohbpgds dofolidggds Fyemgdol ©ggoEodo, boamm dm@s@dm@oygdol dmeg-
gools dJobgegom Jofolggds Fymgdol aodmygbgdol dgogao s@ol ol, GmI 2020 Ferowsb

ofggdgemo  Fymol do@gds 2025 Fganls doomfggh LEsdogy@mos [9].

Fgmol sp@oibgol 30d3mbgbdgdo

Vyemol s@@oigbgs dgodmgds godmygbgdgen odbols Lyxms (yamol do@mgol go-
Loobogrobgdese [12]. Fyaol sp@oibgs s@ol ymol @gly@lgdbmsb ©sjzo3d0@gdegao
06830®do300L 0gbB0R0E0MYdS, SOMoibgs s 3MmIYbogo0s, B3 3Mmd3sbogdls LoTeys-
gdol odanggli aobobm®0gemb ymols do@mgs 9u®m 3sbygbolidygdammdom. gli dmbo-

(399990 odgmggs (yanol a0dmygbgdol, ©ggoEodols s 3OMmEY]@ogmmdol sbogobols
Lodgogmgdsls [9,13].

doaosbo dgdmeobgds s@ol LolbEgdsdo dgdsgoemo Fyemols doaosbo godmbowgbo,
OmIgaro dgygds bagrgdgdol, bgwsdo@ymo s dofoliggds Ty gdolasb.

bgandolofgemdo Fysao s@ol Fyoao, @Gmdmol asdmygbgdsi  dgbsdmgdganos,
500l goblibgoggds (dobps dgdmeobgdsls s Loldgen Fysel dm@ob.

Tyeools sdmFydgs ool dgogyo, GmImols @AMy bodmermme  dgedodogds
Tyeool dglyg@Lo/bgandols(gomdmds. Fyamol sdmfy@gs dgodengds ©oogml, @Gmama;
30m3gbol sdmfy@gs s s@3MEgLymo  sdmfydgs. dspomomsw, GmEgbsi Fyowls
04969396 3mbgMgA Yo 3O0mEyYJBgool  Lofs@Imgdmo.  s@83MmEglymo  sdmfymgs
>0l Fyeols 20dmygbgds, godws 3@mEglol aodmxzo@gobs, dogommoms, sSmO®Jmgds
Tyamol  mogobygogmo  ©mbosb  ob  boswspaols  bgosdo®owsb, @Gmdgeox o6  s@ol
©adgdoggdgepo.

2o0bgds 5ol Fymol aod33990 Oomwgbmdbs, @mIgaroi aodmwol Loli@gdo-
©5b. oobgds dgodangds woxanBEgl hopgboa FyomTo s s@sbaliydmggan Fysado.
3°dmygbgdygmo, glog®dmbem Fyoseo dgbodagdganos aodmygbgdyeo ogml Gg@doGm@og-
b0l La@fyogo0, 930mLolRgdg®o dobbgdolmgols.

Fgeol spdogbgol godmygbgds

Fyeools sp@doibgs os@oli LolBgdy®o Gomegbmd@ogo dgaslgds [yomdmdomspg-
b0l, dmmbemgbol, gobofoangdol, bgandolbs{gomdmdols s godmygbgdoli Ggbwgbizogdols
LolBgdy®d  Gomegbmd®og  dggnobgdsdbyg, @mdgmoi  ofgeol  0bgm®dsizoslt  Fyamol
d93609@9d0l, Igbgxdgb@ols s Fdo@mggermdol dgbobgd Lobmpswmgdols ©s go@gdmls-
030l dpa®oeo gobgoms®gdols Igogygdols dbsdsbodg®oe [7] .

0535 [yamol sp@oibgol Lodagdgano:

s dgydeos gooygdxmdgbmlb badxgdol gopgds Tymmol mgsebsb@obon dpg@swo
3obgomadgdolingols,

* Jgodangds ogbds®ml [ymol 3GMmdegdgdol ogb@ogoEodgdsl Lgd@m@gddo

* 25bodwml Fyaol gobofomgdols goddgodgommds.

Tyemols sp@oigbgs o@ol LobEgds, Gmdgelsi jmddsbogdo 094gbgdgb dmbdomyg-
damo  Jymol selbs®oibogom, bbgomslbgs 0bgm®dszool s ao®gdml  bgdmJdgog-
3lmob s 3ogdodgdygao bsgombgdols yosobog®ganse [2].



LSISANZIR I bS506IN6H( bLOSELI60, GEORGIAN ENGINEERING NEWS, M3, 2023 63

dogbgosgom 0dobs, GmI Fymol se@oibgsl ol d@ogogmo Lodygdgero, gobgo-
05 9d500 J399b900L 9dgBglmdsl xg® gowgg 9kodl Fymol Ggbydlgdol dodmgs [14].

{gmol dpa@dswo ds®mgol dmegaro
FTyemol do@mmgol dmwgangdls dgbodamgdgamos ©o@gdomo gogamgbs Jobogls Lygms
Tyeools do@mgodo ofdgmls s dmdsgoado, goblsggmndmgdon Fymol (yommgdbyg [15].

J393mm dmigdgeos Fymol dpa@dswo dos@mgols dmwgero. [16]

Beopthogon dofjolidzgds
ol gatoggbgbols
ambligfgagool Snggero

Boffolifanis Gyemagbol
By fagon gadkmgBnBols

3eblgigagoo.

——{obldBols @
Gabagoolgdely goligaegemon

]
2% 3 3 -
% 8 ) % £
25 gsl—] & &4
L 28| | 22| |33
38 28 35
1 l |
-
v ! I
= = -
£ .1 2 = 1€ | € .
[ % g 3 E % 4l
5¢ 2: [ E5| %] 25 (55 32
g8 25 28| 50 |22
%S R ® % & g 55&@‘;\
fzg SRR IR EERE
T = = B -
| ]

Bofjolidggds Gysemo

Y magoleymsemo
ol :I.s{h;]“ﬂ.: ﬁ:j.w_-_m

L, @Ml /

"
Boffolidands Fuengdols
odegnBods doaddo

Fygmmol dpp@swo dodmgs



64 bSISGOIIIL I bSO6IN6H() bOSbKI60, GEORGIAN ENGINEERING NEWS, M3, 2023

Jopgao  2obdo®Bogl, @md dofolggds (ymgdol aodmygbgds dgodangds gob-
bodEogmegl  bgosdodgmo  Jyamgdol  3mblg®gsEool  3Gma@sdgdol,  dofolijggds
Tyemgdol 3mblig@gszools s dofolzgds Fymgools aodmygbgdols dgbs®bybgdom. gl dm-
@0 3ogargbol obEgbl  g3m@emyoy®,  g3mbmdogyd,  Logom-ggmd e,  Gadbo-
090 ©5 0bbER0EAYEPO BoJBHMMgdby. gl bymo FoBm@o asoblobwg®sgl dofol-
J3gds  Fyargdol  dgbodhybgdols  (yeols  ao8mygbgdols  ©s  dofolgzgds  Fymgdols
©sbosbgdols  sbogmobom [17]. Fyeol @gby®dlLgdol dos@mgols 3mbizggnEos 9beYbgge-
4ol 9394533000, gggams gl Jgegds @ogdom  aogmgbsl  0dmbogdl  dofolidggds
Vygemgdols dgbo@bybgdologol, @oms dmdsgsa@o @osodgoml byedobs(gomdo  Fyanols
Lbodgodyg [18]. Lyxgms (ymol dgbgxdgb@ds  (ymol s@oibgol  aobbm@ogegdom
Y90o0mgds 9bes Josgzoml @odwgbody obdgddl [7:

o Lobmpswmgdol ImbsFogngmdbdol ob3gddgdo dmoEsglh Lygms (ymols dofme-
900l 25Ol S0 gdbmmdsl,  Lo®agdbmosbmdsls ©s byxms [ymol  gob@oom
9bOYbggaygmagsls dn@ol YOHm0g@mnmdol s@ddsl, 3slygbolidygdmmdols s Logym®gdols
30dbmdsl, 3ym@y@sl, hggggol o @Fdgbol, Omdmgdon ©o3o3doMgdygmos  bygnms
Tyogomosb.

A9dbogy®o sb3dgdBgdo Imozogh Fymol dodwobodyg s dJmdsgsm Loko@mgdgdl,
byggms Jymol ©sdydoggdol, 9d605396 LEbs®EGOL, mAasbobsEogm 3Om3Eg0g® ol
> Jyeols bodolbbol do@mgsl.

* 2oMgdmbesiagomo  ob3gddgdo  dmoisgl  Fymol  (yodmgdol  basdolbl,
5 bmdsl s [ymol (yodmgdol oigob.

s gobobly@o  sSL3gBgdo  IJmozogh  bodx-dgdmbagarols  sbogobl, gowsbeols
‘dgboda goemmdsl s Gadoxgol LE®YIHYasl.

* 0bLHoHYEogHe  Sb3gdHaco — LHGoBIH0gdl gEmEbygm  ©eMbyby ws  dmaro-
B3>/ bLods@magd@ogo boggydgangdl.

3. sbggbs

4mggeofaoyg@dom 0b®gds dmbsobmgmdol bOEs ©s aobgoms®gds, Mo yogeryg-
boli obpgbl Lygms (gomby dmmbmgboby. [5] [6] FdGsa Lybmbby, ULododmggenmls
49300 Gga0mbo aobogol Lygms [ymol bogangdmdsls bygms Fymols 3gpo do@mgols
3odm. dggms Pymols do@mgol 3md3sbogdo aowsdfyg9® @mel sbdggdgb Lobmys-
©mgdobmgol  Lodo®m  Lygms Fymol  byerdolofgomdmdols  dgbscdhybgdsdo.  {yanols
s®oibgol godmygbgds Lyxms Fymol do@mgol 3md3sbogddo o3 3@ gdol depge-
Mgool dgdargdl. Fymols se@oigbgol dgygderos bobbglbol @oliggdol opgb@ogoizo®gds
s Fyanol badmdsgmm asdmygbgdols s bgedolbsfgomdmdols godmmgms. 3md3sbogdls
‘dggdeosm Fyanol do@mgs goddgo@gomgo s sbas®odgomogdymse. d0bbgl @oliggdo,
OmIa@goo bdodo a3bggds, s@0l @obsgotygdo o IMIbIo@gdbaol bmdols ©s o@y-
go. [6] Tyarols s@@oibgol aobbmd0gagdsd dgodangds dgodcodml gl @olggdo. Tyaols
s@ozbgodo, gOm egdo [o@mdmgdyamo s godmygbgoygmo Fymols Gomwgbmds dgod-
agds> ©obsdEgoggdom 0gml 3bmdogo, gl 0bgm®@dsizos dg300 Lo®agdgemols JmdGsbos
bbgowolibgs 33e0g30Lmgols.

3936 @obobangdols Fyogmo ogaos, goblsgym®gdom dd@sg Lgbmbbyg. syi3oemg-
bga0s  Lobmaomgdols ho@mygmmdols gobds Fymols Fyodmmgbdol dglsbos®hybgdarsw,
oms  dgbodbybrgl  d9bgddogo  pa@smdbs.  Lobmpysmgdols  ho@oygamds  0fygos
bgsdotgmo Fyagdol gmblgmgsiools 3@ma@sdgdol, dofoljggds Fymgdol gmblg@mgs-
300l 3Oma@sdgdols s doFolidzgds Fyargdol g@ogobsEool 3Gmy@sdgdols asbbm@og-
ggdom. Fygmol @gly@lgdol Jo@mgs Rmgnbodgdbymos  ggmemaoy®, 930b6mdo g6,
beoEom-gga@ gy, @g9dboammaoyd s 0blEo@dyEombogyg® }od@dmagdby. oy yggems
9L godBmdo 0dbgds aomgoemolifobgdyano, dgbodengdgeno 0dbgds (yamol @glydlgdols
©> 20Mgdml dpa@spo Jo@mgol aoydxmdglgds.

> dmeEeml, Lobmasmgdsls dglsdamgdenmds gdbgds a@dgagswosb 3g@li3g]@o0-
g5do oo gdbermls [go@dmdsmspgboom.



LSISANZIRIs bS5S06IN6H( bLOSELI60, GEORGIAN ENGINEERING NEWS, M3, 2023 65

ROBIGSBEIDS

1. Armadi D, Hidayat A, and Simanjuntak SM. Analisis Pengelolaan Air Bersih Berkelanjutan Di Kota Bogor
(Studi Kasus: Pdam Tirta Pakuan). //Journal of Agriculture, Resource and Environmental Economics, 2019, 2,
pp. 1-12.

2. Escriva-Bou A, McCann H, Hanak E, Lund J, and Gray B. Accounting for California Water. //California
Journal of Politics and Policy, 2016, 8, pp.1-28.

3. Christ K, and Burritt, R. Supply chain-oriented corporate water accounting: a research agenda.
//Sustainability Accounting, Management and Policy Journal,Vol. 8 No. 2, 2017 pp. 216-242 © Emerald
Publishing Limited 2040-8021 DOI 10.1108/SAMPJ-05-2016-0029.

4. Cummings E. Potential Users’ Perceptions of General Purpose Water Accounting Reports. //Journal of
Islamic Marketing, 2015, 6, pp, 1-18.

5. Pawsey N, Ananda J, and Hoque Z. Rationality, accounting and benchmarking water businesses: An analysis
of measurement challenges. //International Journal of Public Sector Management 2018, 31 pp. 290-315.

6. Gibassier D. Corporate water accounting, where do we stand? The international water accounting field and
french organizations: Advances in Environmental Accounting and Management. 2018, 7, pp. 31-65.

7. Escriva-Bou A, McCann H, Hanak E, Lund J, Gray B, Blanco E, Jezdimirovic J, MagnusonSkeels B, and
Tweet A 2020 Water Accounting in Western US, Australia, and Spain: Comparative Analysis Journal of Water
Resources Planning and Management 146 pp. 1-15.

8. Susanto A, Rusdianto E, and Sawir | 2014 Model Konservasi Pemanfaatan Air Tanah yang Berkelanjutan di
Kota Semarang Jurnal Matematika, Saint, Dan Teknologi 15 pp. 29-41.

9. Charles Batchelor (FAO Consultant) 2017 Water Accounting and Auditing: A Sourcebook FAO Land and
Water Division. ISSN 1020-1203.

10.Elmahdi A 2019 Road Maps for Water Accounting Designing and Institutionalizing for Sustainable Water
Management in MENA Region International Journal of Environmental Sciences & Natural Resources 22
pp. 8-11.

11. Christ KL and Burritt RL 2018 The role for transdisciplinarity in water accounting by business: reflections
and opportunities Australasian Journal of Environmental Management 25 pp. 302— 320.

12. Tortajada C 2020 Contributions of recycled wastewater to clean water and sanitation Sustainable
Development Goals. Npj Clean Water 3 .

13. Momblanch A, Pedro-Monzonis M, Solera A and Andreu J 2018 Water Accounting for Integrated Water
Resources Management In Advances in Chemical Pollution, Environmental Management and Protection 3.

14. Elmahdi A, Hafeez M, Smith A, Frost A, Vaze J, and Dutta D. 2015 Australian Water Resources Assessment
Modelling System (AWRAMS)- informing water resources assessment and national water accounting The Art
and Science of Water - 36th Hydrology and Water Resources Symposium HWRS 2015 December pp 979-986.
15. Sallata MK 2015 Konservasi dan Pengelolaan Sumber Daya Air Berdasarkan Keberadaannya sebagai
Sumber Daya Alam Info Teknis EBONI 12 pp. 75-86..

16. Susanto A, Rusdianto E and Sawir |1 2014 Model Konservasi Pemanfaatan Air Tanah yang Berkelanjutan di
Kota Semarang Jurnal Matematika, Saint, Dan Teknologi 15 pp. 29-41.

17.Rahmi YK, Paulus W, Haryoto K, Setyo SM 2017 Citizen engagement to sustaining communitybased rural
water supply in Indonesia International Journal of Development Issues 16 pp. 276- 288.

18.Putra D 2017 Evaluasi Keberlanjutan Sistem Pengelolaan Sumberdaya Air "HIPPAM” pada Masyarakat
Desa Pandanrejo Kecamatan Bumiaji, Batu Jawa Timur Jurnal Pendidikan Geografi 22 pp 22-31.

SUMMARY

WATER MANAGEMENT MODEL USING WATER ACCOUNTING METHOD

Gordeziani K.G., Tsinadze Z.0. and Kavelashvili L.B.

Georgian Technical University

Business risks faced by clean water companies include high volume losses and reduced loyalty to water users.
This risk arises from the lack of accountability, credibility, and transparency in sustainable clean water
management. It can be overcome by implementing water metering. The presented article explains the model of
sustainable water management using the method of water accounting. The article is compiled from articles used
in accredited journals (Sinta, Emerald, Science Direct). The results show that water metering, in addition to
reducing business risk for clean water service providers, also promotes sustainable water management. Water
accounting components such as gross inflow, net inflow, available water, water depletion and outflow provide
transparent and accountable information. Water metering components can analyze water use, scarcity, and
productivity to predict clean water needs, as the amount of water produced and used in a single day can be
known with certainty.

Keywords: Water resources, components of water accounting, losses, risks.
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SUMMARY

A STUDY OF THE NANOFILTRATION PROCESS IN NATURAL, FRESH WATER DISSOLVED TO
SEPARATE 0.2% MgSO, and 15% NaCl

Bibileishvili G.V., Mamulashvili M.A., Kakabadze E.G., Kezherashvili M.G. and Javashvili Z.D.
Engineering Institute of Membrane technologies of Georgian Technical University

The article discusses the issues of partial demineralization of natural water, which is possible at different
qualitative levels using micro-, ultra-, and nanofiltration processes while complying with the standard of
chemical components. It is possible to regulate the molecular-ionic composition of natural water using
baromembrane processes, which is confirmed by ionometric and turbidimetric research methods, by changing
the chemical composition caused by targeted deionization of natural water.

Keywords: nanofiltration membranes, nanosystems, nanopores, partial demineralization, chemical components.
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SUMMARY

STUDYING THE OPTIMAL MODE PARAMETERS OF THE MICROFILTRATION SEPARATION
PROCESS AND THE MECHANISM OF SEDIMENT FORMATION ON THE MEMBRANE SURFACE
UNDER HYBRID FLOW CONDITIONS

Bibileishvili G.V., Kezherashvili M.G., Kuparadze L.P., Mamulashvili M.A. and Ebanoidze L.O.
Engineering Institute of Membrane Technology of Georgian Technical University

To study the optimal geometrical configuration of the pressure cell of the membrane system, theoretical and
experimental studies of the microfiltration separation process have been conducted. The changes made in the
geometry of the pressure cell of the membrane device ensure the creation of a hybrid regime of laminar and
turbulent flows, under which conditions the specific performance of the device exceeds the corresponding
indicators obtained for laminar and turbulent flows. The structure and formation mechanism of sediment on the
surface of the membrane are studied for model solutions of different turbidity under hybrid flow conditions.
Keywords: microfiltration, membrane device, hydrodynamics, Hybrid flow.
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SUMMARY

STANDARD METHODOLOGY FOR STUDYING POLYMER CONFORMATIONAL CHANGE
Bibileishvili G.V., Gogesashvili N.N., lakobashvili G.T. and Javashvili Z.D.

Engineering Institute of Membrane technologies of Georgian Technical University

The dynamics of changes in the conformational dimensions of nanoparticles in a polymer solution are studied
using the dynamic light scattering method (DLS). On the example of an aromatic polymer, a research
methodology standard was developed, which involves the study of conformational changes of polymer
molecules under the conditions of concentration, temperature, and influence of the solvent in the solution. The
research methodology can be used to obtain nanofiltration membranes from polymer compositions by the phase
inversion method, where the selectivity of the membrane is set to 0.2 % MgSO, and also against 0.15 % NaCl
solution.

Keywords: Polymer, solvent, refraction, membrane selectivity, conformation.
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SUMMARY

THE EFFECT OF THE ROLE OF NON-SOLVENT ON THE PHASE INVERSION PROCESS AND
THE CHARACTERISTICS OF THE OBTAINED MEMBRANES

Bibileishvili G.V., Gogesashvili N.N. and Ebanoidze L.O.

Engineering Institute of Membrane Technology of Georgian Technical University

In the paper, the phase inversion processes of the polysulfone composition PES/DMAc/MgCI2 in a non-solvent
of different compositions and polarity at the same temperature are studied. It has been determined that the P5
membrane precipitated in acidified water has better morphology and specific performance when precipitated in
pure water, in a coagulation bath containing acid, alkali, inorganic salts, and chloroform. It is established that the
membrane precipitated from the solution containing chloroform has a layered structure.

Keywords: membrane, polyethersulfone, phase inversion, productivity, non-solvent.
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PRODUCTION OF CRYSTALLINE SILICON BY CARBOTHERMAL METHOD

Kurdadze G.U.

Zestafoni Ferroalloys Plant JSC

Abstract. The article describes the process of obtaining crystalline, i.e., technical silicon by the carbothermal
method in the Zestafoni Ferroalloys plant of "Georgian Manganese", in a single-phase electric arc furnace of
circular section, specially built for this purpose which is powered by a 5.5 MVA transformer. Quartz of 98.9 %
purity is used as the starting material, petroleum coke with 95.94 % solid carbon content, and charcoal with 71 %
carbon content is used as the regenerator. During 60 hours, 12 t of burden is processed in the form of 24 servings
of 500 kg. 3055 kg of quartz (silicon extraction ratio 65.4 %), 1341.5 kg of charcoal, 332.9 kg of petroleum
coke, 166.5 kg of wood chips, 61 kg of graphite electrode, and 14673 kWh of technological electricity were used
for 1 ton of products.

Keywords: furnace, crystalline silicon, "solar silicon", quartz, coke.

Introduction (the essence of the problem).

The inexorable increase in energy consumption on earth, the reduction in reserves of mineral
energy resources (oil, coal, gas, peat), and the permanent increase in their prices have forced the world
community to search for new energy sources. Scientists had high hopes for regulated thermonuclear
processes and nuclear power plants known as the "Tokomaki" project. But, unfortunately, the
implementation of the "Tokomaki" project has moved into a distant perspective, and therefore, many
states have stopped funding it. On the other hand, the disasters at the Chernobyl and Fukushima
nuclear power plants forced the leaders of leading Western countries to think and decide to sharply
reduce nuclear energy. Therefore, the search for alternative, renewable energy sources such as wind
energy, biofuels, solar energy, and others is becoming increasingly important. Solar energy has
already acquired a global character. The European Union is discussing a project to build a complex of
solar power plants in the Sahara Desert, which will unite about a hundred giant power plants equipped
with solar panels. If the project is implemented, Europe will no longer be dependent on energy
resources from Russia and the Middle East [1].

According to forecasts, the share of solar energy in world energy consumption will increase
annually and will reach 50 % by 2050, and in some countries — 60 %.

The actualization of the use of solar energy has sharply increased the demand for the
production of photoelectric converters (PEC) modules, where high-purity (99.99 %) silicon plates
called "solar silicon” (The name "solar silicon" (Terrestrial Solar Grade-TSG) defines the purity of
silicon used for the production of photovoltaic converters, in which the content of electrically
active impurities (Al, Fe, Ti, V, P, B) must be within 10->-10 atomic percent) are used as the
working element.

The modern world produces and consumes several million tons of silicon each year, mainly in
the form of metallurgical (technical) MG-Si silicon, often referred to as crystalline silicon. A wide
variety of silicon-containing quartz (SiO,) minerals, widely distributed in nature, are used as initial
raw materials. From here, elemental silicon is restored by the carbothermal, less often magnesium
thermal method. In the first case, a high-quality low-ash carbonaceous reducer is used (charcoal,
graphite, petroleum coke, etc.), and in the second case - metallic magnesium [2].

Most of the silicon mined in the world, relatively less pure silicon (95 % Si), is widely used in
modern industry, while up to 2 % of the total product, with a higher silicon content (98-99 % Si), is
deeply purified by various methods and used for electronics and solar energy purposes.

Thus, the production of silicon for photovoltaic modules by the direct carbothermic method is
considered one of the promising directions for solving the problem, which implies the production of
technical silicon with a purity of 98 % by weight in ore-thermal furnaces from clay-containing raw
materials.

The present work carried out in the Zestafoni Ferroalloys Factory (ZFF) also concerns the
smelting of technical silicon useful for the production of "solar silicon" by the carbothermal process.
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Experimental furnace. In 2022, to promptly solve the scientific and technical problems posed
in the ZFF, and among them for the extraction of high-purity technical silicon, a single-phase
experimental furnace of circular cross-section (Fig. 1) was installed, with a 600 mm diameter graphite
electrode placed in its center[3]. The electric arc is connected to a steel plate located at the bottom of
the furnace, which, like the walls of the furnace, is built with coal blocks and fireclay bricks.

Furnace dimensions:

- furnace shell diameter - 3000 mm;

- shell height- 3130 mm;

- internal diameter of the lining - 1950 mm;

- height of lining to coal blocks- 750 mm;

- total height of the lining - 1355 mm.

The furnace is served by a single-phase 5.5 MVA power transformer. To represent the scale,
we remind you that the furnace capacity of the Didube pilot plant, where ferromanganese production
technology was developed for the first time in 1930, was 0.9 MVA.

Figurel. Experimental furnace

Materials and experiment. To obtain crystalline silicon, the factory purchased three
kinds of charging material (Composition in mass percentages):

e quartz (98.9 % - SiO,, 0.3 % - Fe,03, 0.1 % - Al,03, 0.1 % - CaO, 0.1 % - MgO);

o petroleum coke (95.94 % - solid carbon, 2.63 % - volatile, 0.73 % - ash, 0.7 % - sulfur);

e charcoal (71 % - solid carbon, 26 %- volatile, 1.6 % - ash, 0,03 % - sulfur).

According to the theoretical calculation of the burden 24 servings of 500 kg with the following
composition were made:

quartz - 312 kg;

charcoal - 137 kg;

petroleum coke - 34 kg;

wood chips - 17 Kkg;

totally - 500k,

which was spent in 60 hours.

The material balance of the burden looks like this:
quartz — 7.488 t;

charcoal — 3.288 t;

petroleum coke — 0.816 t;

wood chips — 0.408 t;

totally - 12 t.

In December 2022, the operation of the experimental furnace began. This was preceded by a
47-hour wood-burning drying of the furnace and then a 31-hour electric and coke heating process until
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reddening the coal blocks of the furnace bath wall. After that, the loading of the burden into the
furnace and the melting of crystalline silicon began, which was going on for 60 hours.

Thus, in 2.5 days, 12 tons of burden with a total weight of 500 kg were consumed in the form
of 24 servings.

To avoid the expected segregation due to the different bulk weights of the burden materials,
the burden was manually supplied to the furnace mouth.

Research results and future perspective. It should be noted that when receiving crystalline
silicon, the experimental furnace worked in a hot state, in some cases we had to hold the electrode in a
higher than average position to maintain the electric mode. The rise of gases was clearly visible both
on the furnace mouth and on its arch. Twice there was a case when we had to open the furnace door
due to the high temperature (145-150°C) in the air cleaner (in front of the filters). There were no gas or
burden outbursts from the furnace top.

Melting of crystalline silicon in an experimental furnace is characterized by the following
parameters:
. Average power 1.25-1.35 MW,
Electrode voltage 70-74 V,
Electrode current 22-24 ka;
current in high area 280-320 amp;
. Voltage in the high area 6.0 k\V
Electrode position 100-230 mm;
. Temperatures of half rings and jaws 20-40 °C;
. Temperature of gases at the furnace 240-310 °C;
. Temperature of gases in the filters 115-145 °C;

©CoONOUTAWN P

In the course of this whole process, 75.964 kWh of electricity was consumed, including about
40 000 kwh of electricity for drying and heating the furnace and 35.964 kWh for receiving products.

Figure2. Crystalline silicon

Crystalline silicon with its qualitative indicators must comply with the technical conditions of
the state standard 2169-69. It is dark gray and shines like steel. Its crystalline lattice is of the diamond
type and because of that it is very strong, it even cuts glass.

98.7 % pure crystalline silicon was obtained in the very first trial with the carbon reduction
process, the main impurities of which are: iron - 0.5 %, Aluminum - 0.4 %, and calcium - 0.4 %.
Naturally, this result can be improved in the future by searching for purer burden materials.

For 1 ton of the obtained product, there were spent 3055 kg of quartz (silicon extraction ratio
65.4 %), 1341.5 kg of charcoal, 332.9 kg of petroleum coke, 166.5 kg of wood chips, 61 kg of graphite
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electrode, and 14673 kWh of technological electricity. Such a high energy consumption is caused by
the alloy and the burden remaining in the furnace bath after 2.5 days of operation.

Thus, 3173.2 US dollars were spent to obtain 1 t of crystalline silicon.

This result is of great importance and may have a decisive influence on the factory's activities
in the future. A certain part of the products produced as a result of further processing of technical
silicon is called Silicon of semiconductor purity, "electronic silicon" (99.999 % by weight) will be
used in various fields of radio electronics for the manufacture of radio components and microcircuits,
and the largest part - for the manufacture of "solar" elements.
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J = pHo - pHs,
Lbosi pHp o®ol boggenggo  bodydol  9Jb3g@0dgbdymse  aobmdoao  {ysandswy@o
dohggbgdgeo.

pHs — (yoads@ydo dohggbgdgero (yeols goaniogdol 3o@dmbodom goxgdgodols
300md95do, GMIJE0i3 0gOAOYES© 05bysM0dgds.



84 bSISENIILON LSObIN6H(™) 0SS I60, GEORGIAN ENGINEERING NEWS, M3, 2023

Fgomo omgergds LEsdbomy@o, MBS 3oxgMgool 3098303096G0 bymoli Fmenos,
J = 0. go. Lsdboery®o [y gdologol pHy = pHs. 0d dgdmbgggsdo, dm@Es pHy > pHs, g.0.
OMES 3MgR03096G0 J(+) ©opgdomos, (ymol LEsdomy@mds ©oMEggrmos ©s yodmo-
4ogs bogmgdo. boam @m@s pHy < pHs, 9. 0. @m@Es dgegao godygmgomos J(-), Fyomo
bobosm@gds  dowogno  Fgogosbmdom s ol sp@gloygemos.  m9ydEs,  3Go]@og s
dowgdymos, @md ] = £ 0,25:0,3 dyoegodo, Tyoemo LEsdoga@os.
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2. Pyomdoydo dohggbgogao gJldg@modgb@ymse asbmdogro dodydmomby, pHy
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Fyemol gd3g@s@aas, 9dldg@modgb@ymaw gyobmdogro dody@mombyg, °C
0mby@o dogns, |
sJBogmdols 3mggnoiogbdo, A
3o 0930l 5JBogmdols jmgnoizogbdo, PYCat
30AM3oM6MmboGol o JBogmdol jmggnoiogbdo, PYHCO;
9. 300390 Loggby@ol  wobmzosgool  (HaCOz[=] HCO3+H®)  30b6bEsbds,
pK1H2CO3

10.3gm@9 boggbymols wobmzosgool (HCOs- [2]COZ+HT) joblisbds, pKaH,COs

11. blbswmdoly 6sd@sgao, pLoCaCOs

12. o 30930l 0mbols jb396@ @300, pmCa?”

13. 300®M 3@ 6mbsGols 0mbol 3mbgbd@®sios, pmHCO5

14. 5090 900L 3mgxn03096@0, ]

boggang 20dm3gdo ©s 60d9dgdol s@gds ho@ods gy 3mblaa@obaols 3G gwo-
B9d 9o @sdm@s@Gmool dogd  dgdydoggdygeo  dmJdgo, LEsbps®Eymo s ggHo-
Q0300900 25bmdgol Jgmmegdom. dody@momgdosb smgdye  Fyaols bodydgddo,
JoM0Mo  3omombgdls s sbombgdbg aodmEgdo gobbm@Eogmos ©y gMblog Bobyols
LAoE0mbosga@ LogsdmEeem @msdm@s@m@osdo.

Loggerggo  Fymool  6odydgddo  hoGodmgdygmo  aodmieol  dgogagdo  sbisbyaos
3b®. 1-do.

© Nk W

3bGomo 1 Lsggmggo Fsdgdeomgdols Jodogdo dsbsbosmgdemgdo

# | dodt | ot bogdme PH | T°C | Ca?" | Mg?* | Na'+K' | HCOy | CI | SO,
dobgdomobsos, 3o/
dp/ o
1 132 4674 6639,60 6,90 | 250 | 32,0 | 28,8 1808,5 | 4392,0 | 376,3 | <2,0
2 143 4552 2654,96 794 1246 | 28 1,2 739,9 1814,8 92,3 4,0
3 144 4553 3105,33 7,71 1 234 | 6,0 54 869,6 2043,5 | 177,6 33
4 39 4554 3105,40 7,77 | 234 | 5,0 4,2 870,6 | 2058,8 | 166,9 | <2,0
5 131 4555 5956.40 6,71 | 36,8 | 96,0 | 438 1529,0 | 3888,8 | 3948 4,0
6 54 4556 5770,78 6,63 | 40,2 | 144,0 | 102,0 | 13013 | 3965,0 | 2584 | <2,0
7 41 4558 5822,00 6,63 | 39,6 | 100,0 | 40,8 1463,7 | 3965,0 | 2485 4,0
8 70 4562 7055,34 6,86 | 31,3 | 32,0 | 36,0 1926,0 | 4605,5 | 455,82 | <2,0
9 | 38y 4563 5698,70 6,88 | 33,5 | 32,0 | 288 15442 | 37515 | 3422 | <2,0
10 25 4564 7199.,40 6,88 | 40,5 | 32,0 | 28,8 1968,8 | 4758,0 | 41,8 | <2,0
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gb®. 1-do dmygsboeno Jodoy@o dobsbosmgdemgdols dobgwgom bsggergg 60dydge-
do  godmobyo®modgdygmo  odbs  ombyg®o  dogngdo. dowgdymo  dgogagdo  sbsby@os
3b®. 2-9o.

3bdoano 2. Loggmggo 60393330l 0mby@o dognols dohggbgdemgdo

x00. | Ca® Mg? | Na*+K* | CI' | HCO;s | SO/
# p-ady/ e

1L, dmgoo/go

132 0.85 120 | 4226 520 | 3900 | 006 | 0.0453

143 0.14 0.10 | 32.17 260 | 29.75 0.08 | 0.0326

144 0.30 045 | 37.81 500 | 33.50 0.07 | 0.0390

39 0.25 035 | 37.85 470 | 3375 0.00 | 0.0388

131 4.80 365 | 6648 11.12 | 63.75 0.08 | 0.0792

54 720 850 | 56.58 728 | 65.00 0.00 | 0.0801

41 5.00 340 | 63.64 7.00 | 65.00 0.08 | 0.0763

70 1.60 300 | 8374 12.84 | 75.50 0.00 | 0.0906

38 9 | 160 240 | 67.14 9.64 | 6150 0.00 | 0.0731

25 1.60 240 | 85.60 11.60 | 7800 | 0.00 | 0.0916

3b®. 1 s 2-0b dmbsgdgdols Jobgogom, go@dmbs@ymo Fmbolfm@mds dgl§seg-

oo 0dbs dm@xmIol JobgBomyg@o [ymol Lodsml Loggangg dodydmoangddo [3],
Omdeools ggygdo sbsbyaos 3b@. 3-To.

3boomo 3. 3503mb5F gm0  Fmbslfm@mdol 563500T0 dmOxmdol bsbTo@dIgogs Bobgdsmydo
Fgemob Lodomb bogdudmas@ocom sdg@momgddo

§s8. | pH, | T°C n A f (n) pHs | J

o o o | B

8 8 < ‘t‘crs of of 8 a

T |z S 12 | g g S |8

t ¥ = s ]2 |E 2|8

|
132 | 6,90 | 250 | 0,0453 | 6,351 | 10,330 | 0,5090 | 0,4243 | 3,096 | 0,106381 | 1,142 | 0,209 | 8,416 | 3,84 | 6,6827 | 0,2
143 | 7,94 | 24,6 | 0,0326 | 6,351 | 10,330 | 0,5090 | 0,2980 | 4,152 | 0,074823 | 1,528 | 0,147 | 8,416 | 3.84 | 7,9669 | 0,0
144 | 7,71 | 234 | 0,0390 | 6,363 | 10348 | 0,5070 | 0,3185 | 3,822 | 0,079599 | 1478 | 0,157 | 8401 | 3.97 | 7.6451 | 0.1
39 | 7,77 | 234 | 0,0388 | 6,363 | 10,348 | 0,5070 | 03178 | 3,904 | 0,079599 | 1,470 | 0,157 | 8,401 | 3,97 | 7,7184 | 0,1
131 | 6,71 ] 368 | 0,0792 | 6,303 | 10,238 | 0,5210 | 04247 | 2,622 | 0,106284 | 1,308 | 0,204 | 8,513 | 3,07 | 6,1860 | 0,5
54 | 6,63 | 40,2 | 0,0801 | 6,296 | 10,220 | 0,5240 | 0,4288 | 2,445 | 0,10742 | 1,188 | 0,205 | 8,540 | 2,88 | 5,8493 | 0,8
41 | 6,63 | 396 | 0,0763 | 6,296 | 10,220 | 0,5240 | 04217 | 2,603 | 0,105324 | 1,188 | 0,201 | 8,540 | 2,88 | 5,9980 | 0,6
70 | 6,86 | 313 | 0,0906 | 6,322 | 10,280 | 0,5150 | 04393 | 3,096 | 0,11021 | 1,120 | 0214 | 8,463 | 3,44 | 6,5825 | 0,3
389 | 6,88 | 33,5 | 00731 | 6312 | 10,259 | 0,5180 | 04108 | 3,096 | 0,102564 | 1210 | 0,198 | 8488 | 325 | 6,5903 | 0,3
25 | 6,88 | 405 | 0,0916 | 6,294 | 10214 | 0,5250 | 0,4494 | 3,096 | 0,11235 | 1,106 | 0,214 | 8,549 | 2,82 | 64288 | 0,5

©5bggbs

I boggargg dodydwoagdbdo (NeNel32, 143, 144, 39, 131, 54, 41, 70, 389, 25), 3o@dm-

bod o Fmbosl{m®mbdol mgm@oymmo dgmmeom dgl§ogmol bogydggenbyg o obws,
0md  gdb3gM0dgb@mse  asbmdogno  Fysamdopydo  dohggbgdemgdo  (pHp)  Dbmpogdm
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domgobdo, mgm@oyms  asdmmgmoen  dohggbgdagdbg (pHs) domomos. ‘dglodsdolbs,
sbgmo  odg@moamgbols dobg@oma@  [yoedo CaCOz-om goxg®gdol 3mggnoxogbdo (J)
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2. 9Jb39®03gb@ o 3393900l Fggagool mebobds, aoxggdols 3mgnoE0gbdo
(J) dogogos 03 (yangddo, GmIgems @9d3g@e@d s dowomos (36,8+40,50C), sdolimsb,
sbigmo  dobgBogydo  [yagdol  blbosmdbols  boddsgano,  F9d3g@s@dydol  bOslmasb
9JOMSE 03 gob.

3. hggb dog® glfogamogno 10 kodby@momosb, 4 dodby®dmoendo (NeNel3l, 54, 25,
41) 2ox90900L 3mgx030gbdo (J) 0,5:08-0l godamgddos, #54 dody@wogndo go yzg-

obyg do@ogos o J=08- g@mangds.
4. ©obo®hgh 6 dodydmogdo (NeNe 132, 143, 144, 39, 70, 389), aoxg®gdol

309803096G0 Logdome @odsaos s 0.0:0.3 ©0035bmbTos. dom dm@obss sbogro Nel32
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SUMMARY

RESEARCH OF CARBONATE BALANCE USING THE EXAMPLE OF THE BORJOMI MINERAL
WATER DEPOSIT

Shavgulidze N.A. and Altaev V. R.

Georgian Technical University

IDS Borjomi Georgia

The carbonate balance of surface waters - rivers, lakes, and reservoirs has been studied in sufficient detail, which
is mainly due to the increased practical need in the country. In particular, by increasing the requirements for the
construction of hydroelectric power stations and reservoirs. Compared to surface waters, the carbonate balance
in underground mineral waters has been studied to a lesser extent. This is due to the complexity of the
composition of underground mineral waters and the peculiarities of their formation, which have not yet been
studied. Borjomi is considered the leading deposit of sparkling waters in Georgia. Carbonated, bicarbonate-
sodium water is obtained from all Borjomi grains. Mineral waters of Borjomi are characterized by medium
mineralization and a slightly acidic reaction (pH = 6.2-7.0), which is associated with the content of a large
amount of free carbon dioxide, the total content of which in some wells reaches 2.5 g/l. Carbon dioxide is
present in mineral waters in both soluble and spontaneous forms. In addition, the higher the temperature, the
more carbon dioxide is released spontaneously. Due to the desorption of carbon dioxide, the carbonate balance in
water is disrupted, and calcium and magnesium bicarbonates (soluble form) precipitate due to the transition to
carbonates (sparingly soluble form). The main reason for the release of sediment from water is the depletion of
free carbon dioxide and the absorption of oxygen from the air. The precipitate consists mainly of calcium
carbonate. The formation of precipitation is facilitated by a decrease in temperature in the operating network,
disruption of the carbonate-hydrocarbonate balance due to the release of carbon dioxide from water, etc . The
carbonate balance was studied using the example of wells No. 132, 143, 144, 39, 131, 54, 41, 70, 38, and 25 of
the Borjomi mineral water deposit.

Keywords: Borjomi mineral water deposit, carbonate balance, Langelier coefficient, water temperature,
hydrogen index, carbon dioxide.
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3003399 (g0 gdsls gobogol, mydzs sS@lbsbodbogos, Gmd dobo Jodoymdo Jsboboo-
0 9o 960 dMsgoTer0sb kMo do LEsbogrg@mdom bolosmgds.

Tgomm  3o-b Jodoyg®o 3o@0dg@@gdols 3gemggs aobbm@doges ©y jmblsg@o-
baol 5309003 gdge LogodmEom  @sdm@s@m@osdo. 2022-2023 {agdol 3g®omedo, bs 3-
320930 md0gd@ol Jodoydo doboslosmgdangdols dgbfoganoliols godmogggms do@sgro g0@g-
5309900 353do@0 [ygeol 30AOM3oMdmbos@ls o  gen.asd@o®mdsl dm@ol (1=0.995).
3odmEeols dgogygdo sbsbymos 3b®@. 1 s bob. 1.

gbGogo 1 35 Fgodmb Fgmol ga.ao8@50mdols ©s 30@MIsGdMbSH 0mbol Jgd3ggamdgdoa,
2022-2023 Fenols 3mbs39dgdom

a%dm3ol msGomo 962.3530 50 ™3y, 310/13 HCO; g/gm
170122 4.69 312
19.03.22 459 296
21.04.22 442 290
15.05.22 357 23
26.06.22 3.65 24
07.07.22 3.87 25
27.08.22 338 225
19.09.22 367 24
21.1022 459 3.06
20/03/23 457 3.04
20/04/23 447 2.98
18/05/23 4.00 2.66
08/06/23 345 2.30
25/07/23 248 1.65
01/08/23 223 148
07/09/23 245 1.63
10/10/23 3.10 2.06
15/11/23 325 2.16
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bob. 1 35 Fysdml Fygmol gan.go8@3s0mdsbs ©s d0EG®M3s@G3Imbs@dl ool ©sdmgowgdamgdols
0530585, 2022-2023 Fenols dmbs(39dgb0m
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SUMMARY

THE INFLUENCE OF SEASONALITY ON THE CHEMICAL STABILITY OF THE SAIRME
DEPOSIT USING THE EXAMPLE OF SOURCE 3A

Nikolaishvili 1.Z.

Georgian Technical University

Among the natural water resources of Georgia, Sairme mineral water is one of the unique resources. The Sairme
mineral water deposit is located on the northern slope of the central part of the Adjar-Imereti ridge, at an altitude
of 880-1000 meters above sea level. The study of Sairme mineral waters began in the 1930s. The Sairme resort is
located in the municipality of Bagdati, characterized by a mountainous subtropical climate. The climate of the
municipality, due to its mountainous terrain and proximity to the sea, is moderately humid and varies depending
on the altitude. As altitude increases, air temperature and humidity decrease. The frequency of precipitation in
the cold season is comparatively less than in the warm season, and the relative humidity in the cold season is
lower than in the warm season. The chemical composition of Sairme mineral water is formed due to the leaching
of aquifers involved in the geological structure of the deposit and the ion exchange process. Today, there are five
springs at the deposit: #1, #3a, #3b, #8, and 'Namarnevi' (spring of beauty). Among the mentioned sources, the
object of our study was source 3a, the capture of which was organized in 1951. Source number 3a is one of the
most important natural resources and is still actively used in the production process of bottling mineral water.
Mineral spring Sairme 3a is located in the center of the Sairme resort, on the river bank, on the left bank of
Chestnut water. The source is gravity-flowing and belongs to the group of carbon dioxide, hydrocarbonate,
calcium-sodium, and siliceous-ferruginous mineral waters. The absolute elevation of the location of source 3a is
888.4 m. The temperature of natural water is 10-13 °C and depends on the temperature of the atmosphere. The
chemical composition of water is determined both by the geological structure of the deposit and hydrogeological
conditions. The mineral spring Sairme 3a, like other springs of the deposit, has important healing properties. The
pharmacological effect of mineral water is mainly determined by the ions of calcium, sodium, bicarbonate, and
iron present in it. Calcium ions actively influence neuromuscular excitability and muscle contraction. They are
also directly involved in the process of contraction and relaxation of the heart, transmission of nerve impulses,
blood clotting, and enrichment of blood with oxygen. It also helps protect the secretions of several endocrine
glands and the body's immune system. Sodium plays an important role in regulating osmotic pressure in tissues
and actively affects the function of the digestive system. Bicarbonate ions play an important role in regulating
the acid-base balance in the body. The microelement iron is widely involved in redox processes in the body and
exhibits high biological activity in combination with enzymes. Mineral water regulates impaired organ functions,
is absorbed from the skin, enters the blood, and then into various organs and tissues. Thanks to such unique
pharmacological properties, Sairme mineral water has always been and remains an important and interesting
object for studying the natural resources of Georgia."”

Keywords: Sairme mineral water, chemical composition, total mineralization, conductivity, atmospheric
precipitation, correlational connection, chemical stability.
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SUMMARY

CONCENTRATED WITH PHENOLIC SUBSTANCES RED SEMI-SWEET WINE: CHEMICAL AND
SENSORY PROFILE IN THE PROCESS OF PREPARATION-AGEING

Ebelashvili N.V., Kekelidze I.A. and Uturashvili E.A.

Georgian Technical University

Georgian Agrarian University

To increase the concentration of phenolic compounds in the process of red semi-sweet wine test sample
preparation, the first time by us were applied technological techniques separately and in combination: before
conducting alcoholic fermentation, removing the various amounts of grape juice from the must, and heating the
must. The research objects were prepared from Saperavi grape red semi-sweet wine samples: control — via
standard technology and four test samples. In the process of their preparation-ageing, chemical and sensory
profiles. The test sample characterized by higher phenolic compound concentration and better tasting indicators
is the one in preparation of which there were used technological techniques: before conducting alcoholic
fermentation — removal of the grape juice in the amount of half volume from the destemmed crushed must total
volume and heating of the remaining must at 65 °C. In this test sample, compared to the control, much higher
are: the total phenolic content, among them the amount of catechins, phenolcarbonic acids, and vanillic
aldehyde. In the third year after the sample preparation, the amount of titratable acidity decreased significantly,
and pH changed accordingly; the amount of volatile acidity, alcohol, phenolic substances content, and colour
intensity changed slightly. Even after ageing for three years, a high amount of phenolic substances remains in the
test samples compared to the control.

Keywords: red semi-sweet wine, phenolics, chemical compounds.
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SUMMARY

SPECIFICITY OF RECONSTITUTED MILK, DOMESTIC MILK PRODUCTIVITY IN DYNAMICS,
AND DETERMINATION OF OBTAINED RESULTS

Matchavariani 1.Z.

Georgian Technical University

Milk is rich in mineral compounds. Milk productivity depends on the vertical zonation of pastures, sanitary-
hygienic conditions, and a combination of abiotic factors. Milk products obtained from assimilated cows in
Georgia meet the standard range according to sanitary-hygienic conditions.

Keywords: milk, milk productivity, abiotic factors, vertical zonation, assimilation, pasteurization.
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SUMMARY

DEVELOPMENT OF TECHNOLOGY FOR MEAT PRODUCTS ENRICHED WITH DIETARY FIBER
Berulava 1.0., Apkhadze K.R. and Kakhaia G.M.

Akaki Tsereteli State University, Kutaisi

The possibility of using non-traditional plant raw materials, pea flour, and carrot powder, in the production of
meat products has been studied. A recipe and technology for a new range of chicken cutlets has been developed.
It has been established that when using a complex additive of 5 % carrot powder and 6 % pea flour, a chicken
cutlet is characterized by better organoleptic characteristics. The use of this complex additive increases the
nutritional and biological value of the new product.

Keywords: meat products, dietary fiber, carrot, pea.
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SUMMARY

NEW TECHNOLOGY OF SAUSAGES WITH THE ADDITION OF BERRIES

Bokeria A.Sh., Beriashvili K.I. and Tetrauli T.P.

Georgian Technical University

Boiled chicken sausage with the addition of berries, especially - gooseberries and barberries, is one of the finest
way to meet people’s needs to get a healthy meat product with the desired color and aroma, where no chemical
additives are used. Adding gooseberries and barberries to a boiled checken sausage enrich product with natural
preservative properties, with lots of vitamins, and with a special aroma and taste. The article presents a new
direction in innovative technology enriched with vitamins and natural supplements.

Keywords: sausage, boiled sausage, guelder-rose, barberry.
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SUMMARY

BIOLOGICAL PERFECTION AND ECOLOGICAL PURITY OF TOMATO PASTE MADE FROM
THE RAW MATERIALS OF TOMATO (Solanum Lycopersicum L.) WIDESPREAD IN GEORGIA
USING AN INNOVATIVE TECHNOLOGICAL METHOD

Andriadze G.T.

Georgian Technical University

The latest modern science considers vegetables as a vital product, which is an important part of any country's
agricultural policy. Although their specific share is quite diverse, vegetable has an important place in Georgia.
We are focused on the most popular vegetable - tomato, which is used by the public throughout the year both
raw and canned. Attention should be paid to the technical ripening and canning processes of tomatoes, where
sanitary-hygienic conditions, must be followed which are developed by regulations and have certain
requirements. The aim of our research is to analyze selected innovative non-thermal processing technologies in
tomato paste, to characterize their effectiveness in ensuring the quality and shelf life of tomato paste, aspects of
technology sustainability, and new trends. Using advanced technology, we develop biologically valuable and
ecologically pure tomato paste without emulsifiers. We already know the productivity of tomato technical
culture, which is rich in important mineral and biochemical parameters. Because of this, it plays a major role in
the production of food products, and for this reason, we carefully note that the main goal of our research is to
study its biological completeness, which is a necessary factor for human health, with a new innovative method.
Keywords: tomato, tomato paste, ultrasound, vitamin C, sterilization.
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SUMMARY

RESULTS OF THE STUDY OF MEASURABLE PARAMETERS OF BROILER WELFARE WHEN
USING THE PHYTOSUPPLEMENT "Vitloksflorte'

Chokheli N.T., Kacharava T.O. and Gligvashvili V. A.

Georgian Technical University

The paper discusses the measurable parameters of well-being obtained from the use of phyto supplements used
in broiler nutrition to establish the principles of "one health" in Georgia. In particular, body temperature,
breathing rate, growth, development, and meat productivity were studied. Since the content of garlic in phyto
supplement vitloksflorter is 43 %, in the case of 0.5 % there was an addition of 11.76 gr per 1 kg, and in the case
of 1.5 % - 36.14 ¢/ kg. 150 Ross 308 broiler chicks were selected for the study. which were divided into three
groups, each with 50 chicks. The experiment lasted 49 days. The first group (T) was the control, and the second
(T1) and the third (T2) were experimental. The initial analysis of the conducted studies allows us to conclude
that the use of this phyto supplement in the amount of 1.5 % was the most effective, although it increased the
self-value. To continue studying the effectiveness of the phyto supplement used in the experiment, further
studies were continued in Georgia. Our objective is to develop a broiler welfare scheme based on the addition of
natural components to replace antibiotics and chemical additives (stimulants) to integrate them into a common
health issue in the European Union.

Keywords: poultry welfare, phyto supplement, garlic powder.
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SUMMARY

THE USE OF CLAY AS AN AUXILIARY SUBSTANCE IN PHARMACEUTICAL PRODUCTION
Tsintsadze T.G., Tsivadze M.A., Mishelashvili Kh.T., Gabelaia M.A. and Metreveli 1.Z.

Georgian Technical University

Clay has been widely used in pharmaceutical production since ancient times. It is one of the excellent excipients
that make pharmaceuticals commercially available. In pharmaceuticals, considering the properties of clay, its use
is versatile. In particular, in medicinal forms - suspension, emulsion, ointments, gels, tablets, as a drug delivery
carrier and as a suspending emulsifier, thickener, binder, solvent, turbidant, and release retarder. A variety of
minerals are used both as fillers and as active ingredients. Among these minerals, kaolinite, talc, and gypsum are
important. Their inertness, low toxicity, diverse physico-chemical properties, and cost-effectiveness lead to the
possibility of their wide use in pharmaceutical production. The majority of minerals exhibit characteristic
pharmacological action - antacid, antibacterial, anti-vomiting, and anti-diarrheal, as well as skin-protective
effects, etc. Their unique structure (ability to absorb through pores) has led to a wide range of their use in drug
delivery.

Keywords: clay, healing agent, auxiliary substance.
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SUMMARY

LEATHER VESSELS IN ANCIENT WRITTEN SOURCES

Darchiashvili A.R., Tsikarishvili Kh.J. and Bolgvadze N.T.

Georgian Technical University

Leather products in ancient Georgia were distinguished by great diversity. In the old Georgian written sources,
there are many reports about different sizes of vessels made of leather. A properly treated leather vessel was
impermeable to liquid and air. Therefore, it was a particularly indispensable vessel during the transportation of
wine. Leather vessels were also used to store various perishable foods or agricultural products.

Keywords: Leather products, different sizes of vessels. transportation of wine. various perishable foods,
agricultural products.
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L

Lobzhanidze G.M. — 2023,3.
Loladze T.O. — 2023,2.
Lomiashvili K.S.—2023,2.
Loria J.B. —2023,2.

M

Makhashvili K.A. —2023,1;2(2).
Mamardashvili N.G. —2023,1.
Mamulashvili M.A — 2023,2(4);3(2).
Maspindzelashvili B.l. —2023,3.
Matchavariani I.Z. — 2023,3.
Melikyan M.N. —2023,1.
Melkadze R.G. —2023,1.
Meskhi G.G. — 2023,1.

Metreveli D.Z. — 2023,3.
Metreveli 1.Z. — 2023,3.
Migaberidze M.P. —2023,1.
Mirijanashvili Z.M. —2023,1(2).
Mishelashvili Kh.T. —2023,3.
Molodinashvili Z.F. — 2023,2.
Moralishvili N.A. — 2023,3.
Murdzhikneli G.G. —2023,1.

I

N

Nagervadze N.M. — 2023,2.
Namchevadze Ts.V. —2023,1;2.
Namicheishvili O.M. — 2023,1.
Narimanishvili G.Z. — 2023,2.
Natsvlishvili M.G. —2023,1.
Nebieridze N.V. —2023,2; 3(2).
Nikolaishvili G.U. —2023,1.
Nikolaishvili 1.Z. — 2023,3.
Nozadze N.I. —2023,3.

P
Pamazashvili M. T. —2023,1.
Papava D.G. — 2023,1.
Papidze Z.A. —2023,3.
Parjanadze T.M. — 2023,1;2.
Pavliashvili K.M. — 2023,1.
Petriashvili G.Sh. —2023,1.
Ponjavidze N.T. — 2023,1.

R
Razmadze M.T. —2023,1.
Razmazishvili G.G. — 2023,3.

S

Sadunishvili M.A. —2023,1.
Sakharova T.B. —2023,1.
Samitashvili T.V. - 2023,1.
Sanikidze L.P. —2023,1.
Shalamberidze M.Sh. — 2023,1;3.
Sharashenidze J.A. —2023,1.
Shatakishvili T.N. —2023,2.
Shatirishvili 1.Sh. — 2023,1.
Shatirishvili Sh.l. — 2023,1(2).
Shavgulidze N.A. — 2023,1;2;3.
Shildelashvili I.1. — 2023,2.
Sigua L.R. —2023,1;2.
Silagadze S.R. —2023,1.
Skhirtladze I.A. —2023,1.
Sordia E.K. —2023,1(2).
Stepnadze 1.S. —2023,1.
Sulaberidze G.P. —2023,1(2).
Sulaberidze M.M. — 2023,1.
Surmanidze D.D. — 2023,1.

T
Takashvili T.G.— 2023,3.
Tananashvili L.A. —2023,1;2.
Tavdidishvili D.R. — 2023,2.
Tavzarashvili S.P. —2023,1.
Tetrauli T.P. —2023,3.
Tchikaidze M.N. — 2023,2.
Tkemaladze G.Sh. —2023,1.



Tomaradze O.K. — 2023,1.
Topuria R.M. — 2023,3.
Tsikarishvili Kh.J. —2023,3.

Tsinadze Z.0. — 2023,1(2);2(2);3(3).

Tsintsadze T.G. — 2023,3.
Tsivadze M.A. — 2023,3.
Tskipurishvili T.Z. — 2023,3.
Tutunjyan A.A. —2023,1.

U
Ukleba K.Z. — 2023,1(2).
Uturashvili E.A. — 2023,3.

Z

Zedginidze R.Sh. —2023,1.
Zivzivadze B.L. —2023,3.
Zivzivadze L.B. —2023,1.
Zivzivadze V.G. — 2023,3.
Zurabishvili Ts.l. = 2023,1.

III





