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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]. 

 

1 1 graddiv graddiv 0,a u b u c u d u                (2.1) 

2 2graddiv graddiv 0,c u d u a u b u               (2.2) 

Where    1 2 1 2, , ,
T T

u u u u u u        are partial displacement vectors,  T  is the transposition 

symbol,    is two-dimensional Laplace operator, 

2
1 1 5 1 1 5 1 2 2 5

1
2 2 5 2 3 5 3 4

1
3 3 5 1 2

, , ,

, , ,

,

a b a

b c a

d


       




       




      



       

        

     

 

21, are partial densities of the mixture,  521321 ,...,,,,,   are the elastic moduli 

characterizing the mechanical properties of the mixture, which satisfy the conditions [18]. 
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2 2
1 1 2 3 5 1 1

2

2 1 1
1 1 2 2 3 3

2
0, 0, 0, 0,

3

2 2 2

3 3 3


       



  
        

  

      

    
            

    

    (2.3) 

 

From these inequalities it follows that [18] 

 

    
22

1 1 2 1 1 2 2

1 1 1

: 0, : 0,

0, 0,

d a a c d a b a b c d

a a b

        

  
     (2.4) 

 

The stress vector is written in the from [18] 

         

           
           

1 2

1 1 2

2 3 4

, , , , ,

, , ,

, , ,

T

T n U P n U P n U

P n U T n u T n u

P n U T n u T n u

    
 

     

     

 

where 

       

       

       

       

1 2
1 1 1 5

2 1
3 3 3 5

3 1
3 3 3 5

4 1
3 2 2 5

, 2 div

, 2 div

, 2 div

, 2 div

u
T n u n u SR u

n

u
T n u n u SR u

n

u
T n u n u SR u

n

u
T n u n u SR u

n


    




    




    




    



  
          

  

  
          

  

  
          

  

  
          

  

 

       1 2 2 1

2 1

, , , , , , ,
T T T

U u u n n n s n n R
x x

  
        

  
 

2

1 jj
j

n
n x

 


 
     is a derivative with respect to the vector n. 

 Denote by 
  a half-plane 2 0x   let    by the line 2 0x  . 

 Problem . Find in the domain 
 , a regular solution    2 1U C C      of 

system (2.1)-(2.2) such that on the boundary    satisfies the boundary conditions 

 

      

                 

      

                   

 

2

1 1

2

2 2

,

, , ,

,

, , ,

,0 ,

n y u y f y

P n U y n y P n U y F y

n y u y f y

P n U y n y n y P n U y F y

y y









  

    

  

    

 

     (2.5) 
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In the neighborhood of a point at infinity the vector  U x  satisfies the following conditions: 

       

       

2

2

1

1 1 1

1

) 1 , ,

1,2, 1,2,3,4, 0, ,

) 1 , ,

1,2,3,4, ,

j k j

j j

a U x O U x O x

k j x x

b U x U x o x

j x







  

   

  

 

       (2.7) 

Where    1 2 1 2 2 2, , , , , , 1,2, ,
T T

j jF f F F f F f f j F F             are the function given on the 

boundary,  n y is the internal normal unit vector passing at a point y   in the domain 

   1 2, , , ,0x x x y y   . 

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

Proof. The theorem will be proved if we show that the homogeneous problems  

 2 20, 0, 1,2, 0, 0j jf f j F F           have only a trivial solution. 

Denote by  1: ,R C O R    , where  ,C O R  is the circle with center at the origin and 

radius . Denote R  that part of the boundary of the circle  ,O R  which lies of the domain 
2 0,x    

by interval  ,R R  which on the line 
2 0x  . 

We introduce the differential operator  N  . 

 

 
       
       

       

1 2

3 4

4 4

2 2

:

: 1,2,3,4
l l

kj

N N
N

N N

N N l





  
  
   

    
 

              (2.8) 

 
   
   
   

1

1 1

1

4

2 2

: ,

: , 2,3

: ,

kj kj k j

l

kj kj k j

kj kj k j

N a b

N c d l

N a b







     

      

    

 

where  kj  is the Kronecker’s symbol,   1 2, 1,2, , .j

j

j
x


      


    

Due to (2.8), system (2.1) -(2.2) can be reduced to  

    0N U x  . 

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

 

             

         

, ,

, , ,

R R

R

R

R

U x N U x dx U x T n U x dC O R

U y T n U y dy E U U dx

 

 



      

   

 

 
   (2.9) 

where 
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2 2

1 1 1 2 2 2 3

2 2

2
2 1 2 1

5 1 2

2 1 2 1

2

2 1 2 1 2 1
3 1 2

2 1 2 1 1 2

, 2

2

E U U a b divu a b divu c d divu divu

u u u u
R u R u

x x x x

u u u u u u u

x x x x x x

  

  

  

           

         
           

      

                
         

         

2

2 1

1 2

2 1 2 1
3

1 2 1 2

2 .

u

x x

u u u u

x x x x


 
 

  

        
    

     

  (2.10) 

    2 1

2 1 1 2

, , ,
u u

R R u
x x x x

    
      

    
 

According to inequalities (2.3) and (2.4), we have  , 0, .E U U x    

Applying the boundary conditions of problems    
0

III


, we obtain 

 

      

             

                       
                 
        

                 

1

2

1 1

2 2

,

,

,

, ,

, , 0

U y T n U y

n y u y n y P n U y

n y u y n y P n U y u y n y n y u y

P n U y n y n y P n U y

u y n y n y u y

P n U y n y n y P n U y





 



 

   

        

    

   

     

 

Using this equality in (2.9), we have  

 

         , , , 0

R R

E U U dx U x T n U x dC o R
 

     . 

Passing to the limit both sides of equality (2.10) as R  and taking tanto consideration 

the asymptotic representations (2.7), we obtain 

 

 , 0,E U U dx


  

According to inequalities (2.3) and (2.4), from (2.10) it follows that  , 0E U U  .   By virtue 

of this fact, (2.11) implies 

 

 , 0, .E U U x    

Hence, taking into account (2.10), we obtain 

2 1 2 1 2 1 2 1

2 1 2 1 1 2 1 2

2 1 2 1

1 2 1 2

0, 0,

0, 0, ,

0, 0, .

di u di u

u u u u u u u u

x x x x x x x x

u u u u
x

x x x x
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A solution of this system has the form 

       2 1 2 1, , , ,
T T

u x a x x b u x a x x b x             . 

where    1 2 1 2, , ,
T T

b b b b b b          are two-component constant vectors, a  is  arbitrary constants. 

 By asymptotic (2.7), we have 0, 0, 0,a b b       i.e.     0,U x x   .   

3. Solution of the Problem  III


 

 If the boundary conditions (2.5) we assume that        0,1 , 1;0
T T

n y s y   , then these 

boundary conditions can be rewritten as follows: 

         2 2 2 2, ,u y f y u y f y
 

      

 
 

 
 1 1

1 1

2 2

, , ,
u y u y

f y f y y
x x

 
     

      
    

 

Where 

     
   

     
   

       

       

2 2

1 2 1 1 1 2

1 2 2

2 2

1 1 1 1 3 4

1 2 2

1 2 1 5 3 5 2 1 3 5 2 5

3 1 3 5 1 5 4 1 2 5 3 5

1
,

1
,

, ,

, ,

f y f y
f y a f y cf y

d x x

f y f y
f y cf y a f y

d x x

a c a c

a c a c

 

 

         

         

   
      

  

   
       

  

       

       

 

here  

    
   

2 2

lim , lim .
x y x y

u y u x
u y u x

x x





 

  
  

  
 

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

       0, 0, .R u x R u x x                (3.2) 

From the boundary condition (3.1), we obtained 

             3 3, ,R u y f y R u y f y


        

where  

 
 

   
 

 2 2

3 1 3 1

1 1

, , .
f y f y

f y f y f y f y y
y y

  
       

 
    (3.4) 

The Dirichlet problems (3.2),  (3.4) have the following solution  

 

     

     

3

2

3

2

1
ln

1
ln , .

R u x r f y dy
x

R u x r f y dy r x y
x














  




    







      (3.5) 

If in equation (2.1) and (2.2) we take into account the equality 

   Tgrad divu u R R u     ,  we get  

           

           

1 1 1

2 2 2

0,

0, .

T T

T T

a b u b R R u c d u dR R u

c d u dR R u a b u b R R u x 

              

               
       (3.6) 

On the other hand, 
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             2 12 , 2 , , .
TT TxR u R R u xR u R R u x x x                

Therefore equations (3.6) will be as rewritten 

   0, 0, .v x v x x            (3.7) 

where 

 

                 

                 

1 1 1

2 2 2

2 2 ,

2 2 .

x a b u x c d u x b xR u x dxR u x

x c d u x a b u x dxR u x b xR u x





           

           
  (3.8) 

If consider the boundary conditions (3.1), (3.3), we will get 

 

         2 4 2 4,y f y y f y 
 

    
        

(3.9)
 

 

       51 1 5

2 2

, , ,f y f y y
x x

y y 

 

    
      

   
 


   (3.10) 

where 

             

             

             

             

4 1 1 2 2 1 1 3 1 3

4 2 2 2 2 1 3 2 1 3

5 1 1 1 1 1 3 3

5 1 2 2 1 3 2 3

2 2 ,

2 2 ,

2 2 ,

2 2 .

f y a b f y c d f y b y f y dy f y

f y c d f y a b f y dy f y b y f y

f y a b f y c d f y b f y df y

f y c d f y 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 

 

       1 5 1 5

1 1
ln , ln ,x rf y dy x rf y dy 

 

 

 

        (3.11) 

       2 4 2 4

2 2

1 1
ln , ln ,x rf y dy x rf y dy

x x
 

 

 

 

 
    

      (3.12) 

From (3.8), we have 

             

             

5 6 1 2

6 7 3 4

,

,

u x x x xR u x xR u x

u x x x xR u x xR u x

     

     

         

         
   (3.13) 

 

where 

   

   

       

1 2 22 2
5 6 1

2 2 2

2 2 2 1 1
2 7

2 2

1 1 1 2 1 1

3 4

2 2

, , ,
2 2 2

, ,
2 2

,
2 2

b a b d c da b c d

d d d

d a b b c d a b

d d

d a b b c d b a b d c d

d d

  

 

 

   
   

   
 

     
 

 

 

If we take in to account equalities  (3.5),  (3.11)-(3.12) in (3.13), we get 

     
1

,U x M x y f y dy






           (3.14) 

where 
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1 2

3 4 2 2

4 4

, ,
, , , ,

, ,

p p

kj

M x y M x y
M x y M x y M x y

M x y M x y 



 
   
   

 

     

   

   

11 2 1 4

2

2

12 2

1 1 2

21 2

1

ln
, ln ln ,

ln ln
, ,

ln
, ,

p

p p p

p

p

p

p

r
M x y r x r

x

r r
M x y x

x x x

r
M x y x

x

  





 
     

 

  
  

   


 



   (3.15) 

     
2

22 2 1 42

1 2

ln ln
, , 1,2,3,4,

p

p p p

r r
M x y x p

x x
  

 
   

 
 

 

     1 2 1 2, , , , ,
T T T

f f f f f f f f f           

 

Here we have used the identities 

 

 
 

 
 

 

1

2

2 1 2

2 2

1 2 2 2

2 1 1 2

ln
ln ,

ln ln
, 1,2,

ln ln ln ln
, .

j

j

j

j

f y r
r dy f y dy

y x

f yr r
dy f y dy j

x y x x

r r r r
x y x

x x x x

 

 

 

 

 


 

 
 

   

   
   

   

 

        (3.16) 

 

     Calculating the stress vector    ,T n U x    by (3.14), we get 

 

       
1

, ,T n U x L x y f y dy






         (3.17) 

Where 

 

 
       
       

1 2

3 4

4 4

, ,
,

, ,

L x y L x y
L x y

L x y L x y


 
 
  

        (3.18) 

 
       

                   
                   
                   
                   

2 2

1 1 1 2 3

2 1 2 2 4

3 3 1 4 3

4 3 2 4 4

, , , 1,2,3,4,

, , , , , ,

, , , , , ,

, , , , , ,

, , , , , ,

P p

kjL x y L x y p

L x y T n M x y T n M x y

L x y T n M x y T n M x y

L x y T n M x y T n M x y

L x y T n M x y T n M x y
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Here 
       

       

           

       

2 2

1 1 1 1 2 1 5 2

2

2 3

3 2 3 5 2

2

4

2 2 2 2 2 2 5 2

2

, , , 1,2,3,4,

, 2 ,

, , 2 ,

, 2 ,

p p

kl

p

kl kl k l

l k

kl kl kl k l

l k

kl kl k l

l k

T n T n p

T n a a b
x x x

T n T n c c d
x x x

T n a a b
x x x

     

     

     



    
 

  
     

  

  
        

  

  
      

  

 

is the Kronecker symbol. 

 

      
2

11 1 1 2 3 2 4 2 2

2 1

ln ln
, ,

p

p p p p p

r r
L x y a c a x

x x
    

 
    

 
 

          
2 3

12 1 5 1 3 5 2 3 2 5 4 2 2

1 2 1 2

ln ln
, ,

p

p p p p p

r r
L x y x

x x x x
          

 
        
     

 

     
2

21 21 2 2

1 1 2

ln ln
, ,

p p

p

r r
L x y x

x x x
 

 
 

  
 

     
2 3

22 22 22 2

1 1 2

ln ln
, ,

p p

p

r r
L x y x

x x x
 

 
 

  
 

     1

21 1 1 1 1 1 1 1 3 32 2 2 ,a b a b c d               

       1

22 1 1 1 1 1 1 3 32 2 ,a b a b c d              

     2

21 3 1 1 1 2 3 42 2 2 ,c d a b c d               

       2

22 1 1 1 2 3 42 2 ,c d a b c d              

     3

21 3 2 2 2 3 3 12 2 2 ,c d a b c d               

       3

22 2 2 2 3 3 12 2 ,c d a b c d              

     4

21 2 2 2 2 2 2 4 3 22 2 2 ,a b a b c d               

       4

22 2 2 2 2 2 4 3 22 2 ,a b a b c d              

1 1 1 3 3 2 1 2 3 4

3 3 1 2 3 4 3 2 2 4

2 2 , 2 2 ,

2 2 , 2 2 .

         

         

   

   
 

 

Assume that the functions    0, 1,

1 1 2 2, , , ,, 10f f C f f C            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  If in the functions  
      1

1
, , 1,2P n U x l   from 

(3.17) and in the functions     2 2,u x u x   from (3.14) we pass to the limit as    2 0x z x    

and take into account [20] 

 

   
2

1
lim ln , ,
x z

rf y dy f z z
x
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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 

 

   

   

21 1

2 2

2
, ,

1 1

, , , 0,
1 1

A A

z z

A A
z A constz

z

f z f z

z f
z

f

  
 

   




  


 

 

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 

     
     
     
     

1

1 1

1

2 2

2

1 1

1

2 2

, ln ,

, ,

, ,

, ln , 1,2.

k k

k k

u x u x O x x

u x u x O x

u x u x O x

u x u x O x x k
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reziume 

orkomponentian drekad narevTa statikis amocana naxevar-sibrtyisaTvis 

xaraSvili m.g., metreveli d.z. 
saqarTvelos teqnikuri universiteti 
mocemul naSromSi ganxilulia orkomponentian drekad narevTa Teoriis statikis sa-
sazRvro amocana naxevar-sibrtyisaTvis, rodesac aris sazRvarze mocemulia kerZo     
gadaadgilebebis normaluri mdgenelebis da Zabvebis mxebi mdgenelebis zRvruli 
mniSvnelobebi. Cven vsargeblobT laplasis gantolebisaTvis naxevar-sibrtyis SemTx-
vevaSi dirixlesa da neimanis sasazRvro amocanebis amonaxsnebiT. damtkicebulia 
erTaderTobis Teorema. amonaxsnebi warmodgenilia kvadraturebSi. 
sakvanZo sityvebi: drekad narevTa Teoria, erTaderTobis Teorema, normaluri 
mdgenelebi, mxebi mdgenelebi. 
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sibrtyisa da wrfis gantolebebis Sedgena, romlebic wrfisa da sibrtyis 

mier Seqmnili romelime  vertikalur kuTxeebs yofen raime farTobiT 

 

maspinZelaSvili b.i., takaSvili v.r., buziaSvili T.g. 
 

saqarTvelos teqnikuri universiteti 
 

zogadi amocana.  1 1 1
1

1 1 1

x x y y z z
L

a b c

  
  , wrfe kveTs 

A  1 1 1 1 10A x B y C z D P     sibrtyes da ar aris misi marTobuli.  

SevadginoT sibrtyisa da wrfis gantolebebi, romlebic  gadian maxvil 

an blagv vertikalur kuTxeebSi da am kuTxeebs  1L wrfis an  1P sibrtyis 

mxridan  yofen SefardebiT  m:n, Tu saZebni sibrtye im sibrtyis marTobulia, 

romelic gadis  1L wrfeze   1P sibrtyis marTobulad 

amoxsna. normaluri veqtori im sibrtyisa, romelic gadis  1L wrfeze 

 1P sibrtyis marTobulad, aris  

2 1 1 1 2 2 2

1 1 1

i j k

n a b c A i B i C k

A B C

     

 
misi gantolebaa 

     2 1 2 1 2 1 2 2 2 20, 0A x x B y y C z z A x B y C z D          ,  

sadac 2 2 1 2 1 2 1C A x B y C z    .  normaluri veqtori sibrtyisa, romelic 

 2P sibrtyis marTebulia da romezec  1L wrfe mdebareobs,   aris  

3 1 1 1 3 3 3

2 2 2

i j k

n a b c A i B j C k

A B C

     

 
gantoleba ki iqneba 

       3 1 3 1 3 1 3 3 3 3 30, 0A x x B y y C z z A x B y C z D P          ,  

Tu D 3 3 1 3 1 3 1D A x B y C z    . 
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vipovoT  1P da  3P sibrtyeTa normalur veqtorebs Soris kuTxis 

kosinusi  1 3cos ,n n a  ;  vTqvaT es kuTxe aris maxvili, e.i. 0 < a < 1, xolo  

 1 3, arccosn n a  .   

normaluri veqtori sibrtyisa, romelic gadis  2L wrfeze (P) sibrtyis 

marTobulad aris  
vTqvaT, unda SevadginoT sibrtyisa da wrfis gantolebebi, romlebic 

gadian maxvil vertikalur kuTxeebSi da am kuTxeebs   1P sibrtyis mxridan 

yofen SefardebiT  m:n. sibrtye, romelic marTobulia  2P sibrtyisa, gadis  

maxvil vertikalur kuTxeebSi  da am kuTxeebs  1P  sibrtyis mxridan  yofs 

SefardebiT m:n, veZeboT saxiT  1 1 1 1 3 3 3 3 0A x B y C z D A x B y C z D        , 

       1 3 1 3 1 3 1 3 40A A x B B y C C z D D P           , radganac ,
NOQ m

MON n





   

MON +<NOQ = arcos a, kuTxe saZebn  4P sibrtyesa da  1P  sibrtyes Soris 

iqneba  ⦟
arccosm a

NOQ
m n

 
 

 
, e.i  

     

     

1 1 3 1 1 3 1 1 3

2 2 22 2 2

1 1 1 1 3 1 3 1 3

arccos
cos

A A A x B B B y C C Cm a

m n A B C A A B B C C

  

  

     
 

        

 

 

am gantolebidan miviRebT 1 da 2 mniSvnelobebs, romlebisTvisac   

 4P gantolebidan gveqneba sibrtyeTa gantolebebi 

 

        1 1 3 1 1 3 1 1 3 1 1 3 50,A A x B B y C C z D D P            

        1 2 3 1 2 3 1 2 3 1 2 3 60.A A x B B y C C z D D P            

 

saZebni wrfe mdebareobs  5P an  6P sibrtyeze. rom davadginoT, Tu 

romelia es sibrtye, romelic maxvil vertikalur kuTxeebSi gaivlis, 

gamoviTvaloT 
arccosm a

m n
, Semdeg vipovoT kuTxe an  5P da  3P ,  an  6P da 

 3P sibrtyeTa Soris;. magaliTad  5P iqneba saZebni sibrtye, Tu 

arccos
arccos

m a
a a

m n
 


, sadac a aris kuTxe  5P da  3P sibrtyeTa Soris. 

saZebni wrfe iqneba   2P  da  5P sibrtyeTa TanakveTa  

       
2 2 2 2

1 1 3 1 1 3 1 1 3 1 1 3 2

0

0.

A x B y C z D

A A x B B y C C z D D L   

   


       
 

amocana.    1

1 1 1

1 1 1

x y z
P

  
 

 
,  wrfe kveTs  12 1 0x y z P    sibrtyes. 

SevadginoT sibrtyisa da wrfis gantolebebi, romlebic blagv vertikalur 

kuTxeebs  1L wrfis mxridan yofen SefardebiT 1:2; Tu saZebni sibrtye im 

sibrtyis marTebulia, romelic gadis  1L wrfeze  1P sibrtyis marTobulad. 
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amoxsna. pirobis Tanaxmad kuTxe saZebn 

       41 2 2 1 4 0x y z P            sibrtyesa da  32 4 0x y z P      

sibrtyeebs Soris iqneba 
2

9


, e.i  

2

2 2
cos

9 2 1

 

 

 


 
,  

 

2
2

2

2 4 4
cos

9 4 1

  

 

 


 
, 

2

2

4 4 4
1 cos

9 2 2 2

  

 

 
 

 
, 24 4 4

1 2cos 2 2cos 2cos 2 0
9 9 9

  
 

   
        

   
, aqedan 

1

4 4
cos 1 3 sin

9 9
4

1 2cos
9

 




 





, 2

4 4
cos 1 3 sin

9 9
4

1 2cos
9

 




 





 

 
 

 
 

 4P -dan 1 -is Sesabamisi sibrtyis gantoleba iqneba 

 5

4 4 4 4 4
2 3 sin 3 3cos 3 3 sin 3 3cos 3 3 sin

9 9 9 9 9

4 4
9cos 3 sin 3 0,

9 9

x y z

P

    

 

     
           

     

   

 

 -is Sesabamisi ki 

 6

4 4 4 4 4
2 3 sin 3 3cos 3 3 sin 3 3cos 3 sin

9 9 9 9 9

4 4
9cos 3 sin 3 0.

9 9

x y z

P

    

 

     
            
     

   

 

davadginoT,  5P aris Tu  6P saZebni sibrtye. kuTxe  5P da  3P  

sibrtyeebs Soris aris 400, xolo kuTxe  5P da  1P sibrtyeebs Soris iqneba 

0

1 1cos 0,174308, 79 58a a   , radganac   0 0 0

1 2, 120 40 79 58n n    , amitom  5P aris 

saZebni sibrtye. blagv vertikalur kuTxeebSi gamavali saZebni wrfis 

gantoleba iqneba  5P sibrtyis da  2P sibrtyis TanakveTa, e.i 
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 2

1 0,

4 4 4 4 4
2 3 sin 3 3cos 3 3 sin 3 3cos 3 sin 3

9 9 9 9 9

4 4
9cos 3 sin 3 0

9 9

x y z

x y z

L

    

 


    

     

            
     

   


 

 

 

literatura 

1. Моденов П.С. Аналитическая геометрия. -М., Изд-во МГУ, 1969, 698 c. 
2. Постников М.М. Аналитическая геометрия. -М., Наука, 1973, 751 c. 

 
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.I., 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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SefasebaTa statistikuri sakiTxebi 

 

buaZe t.g., giorgaZe v.a., moraliSvili n.a. 
 

saqarTvelos teqnikuri universiteti 
 
SefasebaTa statistikuri Teoria maTematikuri statistikis ZiriTadi 

strategiuli Teoriaa, romlis idea da amocana mdgomareobs imaSi, rom 
Sesabamisi statistikuri dakvirvebebis safuZvelze movaxdinoT albaTuri 
ganawilebis ucnobi funqciisa da sxva funqcionalebis Sefasebis („statis-
tikis“) ageba. amasTan, agebuli statistika garkveul regularobis pirobebs 
unda akmayofilebdes. aRsaniSnavia is faqti, rom statistikur SefasebaTa 
TeoriaSi gamoirCeva amocanebi, romlebic efuZneba damoukidebeli dakvir-
vebebis bazaze dayrdnobil da agebul statistikebs, magram ganixileba iseTi 
amocanebi, romlebSic dakvirvebebis damoukideblobis Sesaxeb informacia ar 
arsebobs, anda igulisxmeba, rom arian pirobiTad damoukidebeli, an jaW-
vurad damokidebuli. aseve bunebrivad Semodis markovuli damokidebulebis 
cnebac, romelic sustad damokidebulebis erT-erTi SemTxvevaa.  

statistikur SefasebaTa TeoriaSi gansakuTrebiT mniSvnelovania para-
metruli statistikuri Sefasebebis agebis amocanebi da araparametruli sta-
tistikuri Sefasebebis agebis amocanebi damoukidebeli dakvirvebebis 

safuZvelze [1,2].  
statiis am nawilSi Cven ganvixilavT ganawilebis ucnobi simkvrivis 

gulovani Sefasebis agebis amocanis dasmas damoukidebeli dakvirvebebis ga-
moyenebiT da movitanT gansaxilvel sakiTxTan dakavSirebul problematikas. 

populaciis ucnobi ganawilebis simkvrivisaTvis damoukidebeli dakvir-
vebebis gamoyenebiT agebuli „gulovani“ Sefasebebi warmoadgens arapara-
metruli statistikuri Sefasebebis  umniSvnelovanes klass. aseTi klasis 
agebis specifikidan gamomdinare, saqme gvaqvs garkveul SezRudvebTan am 
klasis mimarT. ZiriTadi moTxovnebia cdomilebis  (gadaxris) asimptoturi 
yofaqceva, krebadobis optimaluroba, Zaldebuleba (Zalmosileba) da sxva [3].  

vTqvaT,   , ,F P  albaTuri sivrcea,  Ω elementarul xdomilobaTa 

sivrcea, F aris  -s qvesimravleebisagan Sedgenili σ algebra.  , F zomadi 

sivrcea, amave dros ganvixiloT  , RR B zomadi sivrce, sadac RB  aris bore-

lis σ algebra, anu R-is Ria qvesimravleebisagan Sedgenili umciresi σ algeb-

ra. ganvixiloT asaxva   :X X R  , yoveli RA B -Tvis. 

    1 :X A X R F       maSin X SemTxveviTi sididea. TuΩ nR   da 

  :X X R  , maSin asaxva or  , F da , n

n

R
R B  zomad sivrceebs Soris, 

warmoadgens SemTxveviT veqtorTan.  
vTqvaT, X SemTxveviT sidides gaaCnia albaTobebis ganawilebis funqcia 

 F x   da ganawilebis simkvrive   ,f x x R , magram simkvrivis saxe cnobili 

araa. saWiroa X SemTxveviT sidideze damoukidebeli dakvirvebebis (SerCevis) 
saSualebiT avagoT garkveuli azriT optimaluri Sefaseba ucnobi 
simkvrivisaTvis. 

vTqvaT, mocemulia Sesaswavl X SemTxveviT sidideze damoukidebeli 

1 2, ,..., nX X X dakvirvebebis Sedegebi. am mimdevrobis TiToeul wevrs iX -s, 

1,...,i n igive ganawileba aqvs, rogoric X SemTxveviT sidides, anu igive 
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 F x ganawilebis funqcia aqvs da igive    F x f x  Fganawilebis simkvrivec. 

am monacemebis safuZvelze unda aigos  f x funqciis Sefaseba. 

ganvagrZoT msjeloba Semdegnairad: Tu X SemTxveviTi sididis 
ganawileba Seicavs ucnob parametrs, am SemTxvevaSi SegviZlia simkvriveSive 

mivuTiToT es parametri da CavweroT    ,f x   an   /f    . davuSvaT 

aseve, rom parametruli Sefasebebisas cnobilia simkvrivis saxe, parametri ki 

SeiZleba veqtoruli saxiT iyos KR  .   parametris raRac 
0 -is toli 

mniSvnelobisaTvis  0 0, ;f f x    

SegviZlia magaliTic moviyvanoT normaluri ganawilebis saxiT, 
simkvriviT: 

 
 

2

2

1
, exp

22

x
f x






 
  

  

,     (1) 

 ,    

literaturidan [4] cnobilia, rom simkvrivis Sefaseba aris 

 ˆ ˆ,..., ,nf x x  , sadac 

 
1

1ˆ arg min ln , ,
n

ii
f X

n
  



 
  

 
 Θ                  (2) 

cnobilia agreTve, rom 
  

  1

0 0
ˆ ,dn NO H     

sadac 


2

0 02
ln ,H E f x 



 
  

 
 

 
aqedan gamomdinareobs, rom 
 

         1

0 0 0
ˆ 0,n f x f x N V x H V x   (3) 

sadac 
 

   
2

0 0,V x f x 






 

SeniSvna: simbolo d aqac da yvelgan aRniSnavs krebadobas ganawi-
lebis TvalsazrisiT. 

Catarebuli msjelobis mixedviT vaskvniT, rom Tu davuSvebT ganawi-
lebis simkvrivis konkretuli simkvriveebis klasisaTvis mikuTvnebis hipoTe-
zas, vRebulobT sakmaod karg Sefasebas. es parametruli Sefasebebis stan-

dartuli suraTia. magram Tu  ; /f f     daSvebis specialuri piroba ar 

gagvaCnia, maSin aRniSnuli meTodis gamoyenebiT SeiZleba dauSvebeli cdomi-
leba miviRoT. sazogadod gveqneboda: 

 

           
1ˆ , 0, ln , ln ,dn f x f x N V x H H E f x f x  
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2

2
ln , , ;H E f x V x f x 

 

  
  

  
 

 

P.S. simkvrivis klasis SesaZlo gafarToeba ar Svelis problemis gadaW-
ras. saWiroa Zlieri, principulad gansxvavebuli meTodebis gamoyeneba imi-
saTvis, rom SeirCes Sesaferisi simkvrive konkretuli dasaSvebi klasis gareSe. 

amitom Cven vtovebT parametruli Sefasebis klass da vaviTarebT ara-
parametruli Sefasebis meTodikas. es meTodika gamodgeba simkvriveTa farTe 
klasisaTvis da is damoukidebelia yovelgvari parametrebis datvirTvisagan. 
CvenTvis mTavaria araparametruli statistikuri Sefasebebis klasidan e.w. 
gulovani Sefasebebis meTodikis ganviTareba. praqtikam aCvena aseTi midgomis 
efeqturoba da zogadi xasiaTi. 

axla ganvixiloT Sesaswavli X SemTxveviTi sididis erTganzomile-

biani ucnobi  f x  simkvrivis nadaraia-rozenblat-parzenis gulovani tipis 

Sefasebis agebis amocanis ganzogadoeba mravalganzomilebiani X SemTxveviTi 

sididis ucnobi  f x ganawilebis simkvrivisaTvis damoukidebeli dakvir-

vebebis bazaze, lebegis zomis mimarT kvadratiT integrirebad funqciaTa 

 2

dL R sivrceze,  1 2, ,..., nx x x x . agebuli gulovani SefasebaTa klasi gani-

sazRvreba qvemoT mocemuli statistikiT: 
 

         1

1 1

,
dn

i

n n i i i i j

j i

f x n n K n x   

 

   

sadac τ      ,n i in n    dadebiT ricxvTa mimdevrobaa, 1,i d , 

  1

1lim , lim 0n nn n 

     da  1

1

lim 0
d

i
n

i

n n




  

funqciebi   1, , 1,iK R i d    , borelis azriT, zomadi funqciebia, 

romelTac ganawilebis simkvrivis msgavsi Tvisebebi aqvT. es funqciebi amave 

dos akmayofileben garkveul regularobis  
 

,
d

S SW H pirobebs [5].  

mravalganzomilebiani ucnobi ganawilebis simkvrivisaTvis damouki-

debeli dakvirvebebis safuZvelze agebuli gulovani  ˆ ,n nf x   Sefasebis 

(statistikis) gadaxris (cdomilebis) sazomad naSromSi SemoTavazebulia 
lokaluri saSualo kvadratuli gadaxra.  

 

     
2

, ,n n n nV x E f x f x dx      

da globaluri saSualo kvadratuli integraluri gadaxra 
 

   
2

, ,
d

n n n n x

R

U x E f x f dx      

naSromSi cal-calke ganxilulia lokaluri saSualo kvadratuli 

 ,n nf x  gadaxrisa da globaluri saSualo kvadratuli integraluri 

 ,n nU x  gadaxris asimptoturi yofaqcevis sakiTxebi, roca n . 
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bunebriv airze momuSave eleqtroenergetikuli airturbinuli 

mowyobiloba 
 

lobJaniZe g.m., SalamberiZe m.S., cqifuriSvili T.z., papiZe z.a. 

 
akaki wereTlis saxelmwifo universiteti, quTaisi 

 
bunebrivi airis wvisa da gafarToebisas gamoyofili Tburi energia far-

Tod gamoiyeneba TboeleqtroenergetikaSi eleqtruli energiis misaRebad. ker-
Zod, airturbinuli da Sigawvis ZravebiT xdeba bunebrivi airis wviT miRebuli 
Tburi energiis gardaqmna, jer meqanikur, xolo Semdeg eleqtrul energiad [1,2].  

cnobil bunebriv airze momuSave sxvadasxva saxis airturbinuli mowyo-
bilobebisaTvis [3,4], damaxasiaTebelia dabali m.q.k., aseve SedarebiT rTulia 
maTi konstruqcia da amave dros SezRudulia gamomuSavebuli eleqtruli 
energiis simZlavre.  

cnobilia agreTve, rom romelime samSeneblo nagebobaSi, magaliTad, sa-
cxovrebel binaSi bunebrivi airis gaJonvisas da haerTan Serevisas dagrovili 
narevis anTebisas adgili aqvs didi energiis gamoyofas, romelsac Tan axlavs 
arasasurveli Sedegebi. aRwerili procesis  modelirebis gziT, Cvens mizans 
Seadgens Seqmnili iqnas SedarebiT gazrdili margi qmedebis koeficientis da 
martivi konstruqciis mowyobiloba, romelic saSualebas mogvcems,  daxurul 
garemoSi, romelsac SeiZleba pirobiT vuwodoT wvis sakani, xelovnurad 
moxerxdes bunebrivi airisa da haeris narevis xelovnurad dagroveba.  misi 
anTebisas warmoqmnili namwvi airis mZlavri nakadi mimarTul iqnas airtur-
binis frTebze ise, rom warmoqmnili mbrunavi momenti abrunebdes turbinis da 
mis RerZze dasmul eleqtrogeneratoris rotors da gamomuSavebuli iqnas 
eleqtruli energia. msgavsi mowyobilobis zogadi sqema mocemulia nax.1-ze. igi 
Sedgeba dabali wnevis kompresorisgan (1), martivi konstruqciis mqone wvis 
saknisagan (2), airturbinisagan (3) da eleqtrogeneratorisagan (4).  

 
 

 

 

 

 

 

 

 

 

 

 

 
nax. 1. bunebriv airze momuSave airturbinuli mowyobilobis sqema. 

1 _ kompresori; 2 _ wvis sakani; 3 _ airturbina; 4 _ eleqtrogeneratori. 

 
sqemis mixedviT, bunebrivi airi da haeri erTdroulad miewodeba, erT-

maneTSi ereva da grovdeba wvis sakanSi (nax. 2). 
wvis saknis Sevsebis Semdeg xdeba saxuravis (7) gaReba, bunebrivi airisa da 

haeris narevis anTeba da wvis produqtis amotyorcna wvis saknidan, romelic 
mimarTulia airturbinis frTebze. 

eleqtruli energiis miRebis, Cven mier SemoTavazebul sqemaSi warmodge-
nili  wvis sakanis konkretuli sqema Sigawvis da airturbinul ZravTan SedarebiT 
martivia da  dasamzadebladac advilia. 
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nax. 2. wvis sakanis konstruqciuli sqema. 

1, 2 _ Sesabamisad, saknis gare da Siga kedeli; 3 _ Ziri; 4 _ narevis miwodebis sarqveli;              
5 _ narevis anTebisaTvis naperwklis miwodebis mowyobilobis sarqveli;                                      

6 _ wylis miwodebis sarqveli; 7 _ saxuravi. 

 
igi Sedgeba cilindruli formis liTonis gare da Siga 2 kedlisgan. maT 

aqvT orive maTganze miduRebuli furclovani foladisgan damzadebuli saerTo 
Ziri 3.  haerisa da bunebrivi airis narevi miewodeba wvis sakans sarqvelidan 4. wvis 
sakanis Sevsebisas narevs anTeben sarqvelidan 5. am dros saxuravi 7 gaRebul 
mdgomareobaSia. wvis sakanis gare kedlidan (sarqveli 6) gagrilebisTvis miewo-
deba wyali.  

eleqtruli energiis miRebis SemoTavazebul mowyobilobaSi wvis saknebi 
ganlagebulia airturbinis garSemo (nax. 3.) wriulad ise, rom amotyorcnili 
namwvi airi mimarTuli iyos airturbinis frTebze da maTze moqmedi Zala iyos 
maqsimaluri. wvis sakanis erT-erTi mTavari parametria misi moculoba, radganac 
misi Sevsebis sixSirezea damokidebuli bunebrivi airisa da haeris narevis wvis 
sixSire. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
nax. 3. bunebriv airze momuSave denis miRebis mowyobilobis modelSi airturbinis 

frTebian diskze wvis saknebis SesaZlo ganlagebis sqema. 
1 _ diski; 2 _ airturbinis frTebi; 3 _ wvis saknebi; 4 _ namwvi airis nakadi;  

5 _ saknebs Soris kavSiri. 
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bunebrivi airis wvisas, eleqtruli energiis miRebis SemoTavazebul mowyo-
bilobaSi Semavali konkretuli moculobis wvis saknebis raodenoba damokide-
bulia gamosamuSavebeli eleqtruli energiis sidideze, kerZod gamomuSavebuli 
eleqtrogeneratoris simZlavreze. amasTan erTad, rac ufro mZlavria eleqtro-
generatori, miT metia denis miRebisas eleqtrogeneratoris rotorze moqmedi 

damamuxruWebeli eleqtromagnituri Zala Fem . idealur pirobebSi, danakargebis 
ugulvelyofis SemTxvevaSi  am ukanaskneli Zalis dasaZlevad saWiroa gare 

meqanikuri Zala Fmeq 

 

 Fmeq ≈ Fem                                        (1) 

Cvens SemTxvevaSi Fmeq warmoadgens wvis saknidan amotyorcnili namwvi airis 
turbinis frTaze moqmed Zalas, romelic qmnis eleqtrogeneratoris rotoris 
mabrun moments. 

qvemoT mocemulia (1) gamosaxulebis gaTvaliswinebiT konkretuli zome-
bisa da moculobis wvis saknisaTvis Sesabamisi eleqtrogeneratoris simZlavris 
da saxeobis  SerCevis meTodi. 

damzadebuli iyo wvis saknis eqsperimentuli nimuSi zomebiT: wvis saknis 

Siga diametri D-0,1 m., xolo simaRle h=0,8 m. e. i. wvis saknis moculobam Seadgina              
0, 024 m3 . Sesabamisad, haeris da bunebrivi airis  procentuli Semcvelobis 80 % +20 
% narevis wvisas airturbinis frTaze ganviTarebulma meqanikur Zalam Seadgina  

 

Fmeq=100 niutoni (n)=10 dekaniutoni (dn). 

 
vTqvaT, dasamzadebeli SemoTavazebuli danadgarisaTvis winaswar  SerCeu-

li iqna  eleqtrogeneratori, romelsac  damuxruWebis eleqtromagnituri Zalis 
gansazRvrisaTvis aqvs Semdegi sawyisi monacemebi: eleqtrogeneratoris rotoris 

magnitur gamtars aqvs 20z   Rari. TiToeulSi moTavsebulia TiTo dengamtari (e. 
i. rotors gaaCnia e. w. talRuri gragnili). dengamtaris aqtiuri sigrZe = 0,3 m3 

  eleqtrogeneratoris Siga Sr da gare gr  aqtiuri winaRobebis jami  

0,5r r r  S g omi 

 
r SerCeuli iqna Semdegi pirobis gaTvaliswinebiT _ rotoris gragnilSi gama-

valma e. w. aRznebis denma ar gadaaWarbos 10÷15 a. 
eleqtrogeneratoris rotoris gragnilis aqtiuri gamtaris  gadaadgile-

bis siCqare SerCeuli iqna  

15,7 g  m/wm 

 
igi Seesabameba gamomuSavebuli eleqtroenergiis sixSires f = 50 hc. 
rotoris aRgznebis denis mier Seqmnili magnituri velis induqcia SerCeu-

li iqna maqsimaluri dasaSvebi sididis B=1,2 tesla, rotoris magnitur gamtarSi 
gamoyenebuli eleqtroteqnikuri  foladisaTvis _ Э 330. 

eleqtrogeneratoris gragnilis l sigrZis gamtarSi aRZruli uqmi svlis 
Zabva 

 

1, 2 0,3 15,7 5,52E B l       g  volti                           (2) 

xolo generatoris Ruzis gragnilze Zabva 
 

5,52 20 110E E z    R  v 
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generatoris datvirTvis deni  

 

5,52
12

0,5

E
I

r r
  

S g

a                                         (3) 

eleqtrogeneratoris gragnilis TiToeul gamtarze moqmedi eleqtromag-
nituri Zala  

 

1, 2 12 0,3 4,32F BIl    em niutoni                            (4) 

eleqtrogeneratoris Ruzis gragnilze moqmedi eleqtromagnituri Zala  

86, 4 8,6F F z   emg e niutoni dekaniutoni              (5) 

eleqtrogeneratoris mier ganviTarebuli simZlavre  
 

                                       (6) 
                                    

warmodgenil wvis sakanSi bunebrivi airisa da haeris narevis wviT 
miRebuli meqanikuri simZlavre  

100 15,7 1570P F     meq meq g vati                           (7) 

gaangariSebis mixedviT  

P Pmeq e  

rac imas niSnavs, rom warmodgenil parametrebis wvis sakanis mqone 
airturbinuli mowyobilobebiT SesaZlebelia 1248 vati simZlavris eleqtruli 
energiis gamomuSaveba.    

 
kvleva ganxorcielda „SoTa rusTavelis saqarTvelos erovnuli samecniero 
fondis finansuri mxardaWeriT -  granti №AR-22-3264“ 
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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.  

https://findpatent.ru/patent/252/2528214.htm
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МЕШАЛКА ПОВЫШЕННОЙ ИНТЕНСИФИКАЦИИ 

ПЕРЕМЕШИВАНИЯ 

 

Кахиани М.Р., Размазишвили Г.Г. 

 

Грузинский технический университет 
 

В современной промышленности, для перемешивания жидкостей, эмульсий, суспензий, 

красок, растворов и др. продуктов, широко используются мешалки (мешальные и месильные 

устройства).  

Основными критериями работы мешалки являются уменьшение циклового времени 

перемешивания, увеличение объема получаемого продукта от сырья и улучшение его качест-

венных показателей, что достигается путем повышения интенсификации перемешивания. 

С целью решения данной задачи были разработаны схемы мешалок, в планетарном 

приводе которых использованы некруглые колеса (рис. 1). 

 

 
Рис. 1. Мешалка, повышающая интенсификацию перемешивания 

 

Допустим, что для интенсификации процесса перемешивания требуется воспроизвести 

прерывистое возвратно-поступательное вращательное движение мешалок по закону, 

показанному на рис. 2,  где вп. – переносное  вращательное движение мешалок по направлению 

вращения часовой стрелки; наз. – переносное вращательное движение мешалок против 

направления  вращения часовой стрелки. Для решения данной задачи в качестве привода 

используем замкнутую дифференциальную передачу. 

При вращении электродвигателя (рис. 1) через муфту вращательное движение передается 

валу , на котором жестко закреплены некруглое 1 и круглое 3 колеса. От колес 1, 2 колес 5, 6, 

7, вала , муфты, вала  вращательное движение с переменной угловой скоростью передается 

водилу Н1. Одновременно с этим от колес 3, 4, водила Н, колес 6, 7, вала , муфты,  вала    

вращательное  движение   с постоянной угловой скоростью передается водилу Н1. При  вращении  

водила  Н1 некруглые колеса 8, обкатываясь  по неподвижно закрепленному некруглому колесу 

9, через вал 10 мешалкам 11 сообщают переносное и относительное движения с переменной 

скоростью вокруг вала  и геометрической оси вала 10.  

Для  воспроизведения  заданной функции необходимо определить радиус-векторы цен-

троид колес 1, 2. Для этого используем методику, приведенную в работе 1. 
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Обозначим угловые скорости колес 1,2...7 и водила Н соответственно 711,    и 

H . Передаточное отношение дифференциала 

,
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7
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откуда 
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H uu                                                       (1) 

Из рис. 1 видно, что: 12125   u  или 
dt
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  , где:  u21, u43 – переменное и постоянное 

передаточные отношения колес 1, 2 и 3, 4; 1, 2 – углы поворота колес 1, 2. 

Учитывая знак минус передачи 
Hu75 , уравнение (1) запишем в виде 

dt

d
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 ,                                        (2) 

где 7 – угол поворота колеса 7. 

Тогда передаточное отношение дифференциала определится зависимостью  

 .1 7543
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                                               (3) 

Передаточное отношение некруглых колес запишем в виде 
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Функция положения некруглого колеса 2 примет вид 
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 ,                                  (5) 

где С – постоянное интегрирования. 

Ось 1 (рис. 2) разделим на участки а, b, c, d, e, которые соответствуют углам 

поворота некруглого колеса 1 на соответствующем участке закона движения. Закон движения 

вала - запишем так: 

первый участок: a  10  













a

вnA

d

d







 1

1

7 2
cos1

2
;                                                        (6) 

шестой участок: dсbadсba   222 1  

Рис. 2. Закон движения мешалок 
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седьмой участок: edсbadсba   2222 1  
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Из рис.1 
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Используя зависимости 5...8, передаточное отношение и функция положения 

некруглого колеса 2 определяются зависимостями: 

для первого участка, передаточное отношение 
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откуда интегрированием и с учетом начальных условий функция положения 
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для шестого участка 
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для седьмого участка 













Hu
u

d

d

75

43

1

2 1
1




; 

)(
11

1 ..

75

1

75

432 назвпHH uu
u  










 .               (12) 

Из зависимости (12) 
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Среднее передаточное отношение некруглых колес примем 1n , тогда при повороте 

колеса 1 на угол  21  , колеса 2 тоже повернутся на угол  22  . Тогда, используя (13), 

можно написать: 

43.4375 2)1(   2 uuu наз

H

вп   .                                 (14) 

Для расчета радиус-векторов центроид некруглых колес используем зависимости 
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где межосевое расстояние некруглых колес 1, 2 примем 150wa  мм. 

Используя вышеприведенные зависимости, проведен расчет, для чего разработан 

алгоритм. При расчете приняты: а = 44; b  = 19; с = 71; d = 60 и e = 51. В таблице  

приведены часть расчета центроид некруглых колес и угла поворота ведомого колеса. Анализ 

полученных данных показывает, что ведомое звено дифференциала совершает симметричное 

реверсивное движение вп = наз. = 115 по заданному на рис. 2 закону.  На рис. 3 показано 

зацепление кругло-некруглых колес 1,2. На рис. 4 показана схема движения встречных потоков 

при перемешивании. Очевидно, что при возвратно-поступательном движении встречных 

потоков намного повысится интенсификация перемешивания, сократится время технологич-

еского цикла и улучшится качество получаемого продукта. 

 
Часть расчета центроид некруглых колес и угла поворота ведомого колеса 
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           Рис. 3. Кругло-некруглые центроиды            Рис. 4. Схема движения встречных потоков   

                                  колес 1,2                                                            при перемешивании 
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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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НОВЫЕ КОНСТРУКЦИИ ЗУБЧАТЫХ ВАРИАТОРОВ 

 

Кахиани М.Р.,  Беридзе Т.Р., Нозадзе Н.И. 

 

Грузинский технический университет 

 

К современным машин-автоматам часто предъявляются требование – необходимость 

регулирования скорости исполнительных органов в зависимости от изменяющихся свойств  

обрабатываемого объекта, условий технологического процесса загрузки машин и др. В таких 

случаях оптимальным решением является бесступенчатое регулирование скорости зубчатыми 

вариаторами. В статье предлогаются новые констукции вариаторов трех различных рашений.                                                                                                     

Первый случай.  

Одноступенчатый зубчатый вариатор (рис. 1) состоит  из ведомого прямозубого кони-

ческого колеса 1, закрепленного жестко на ведомом валу 2. Зубья колеса 1 находятся в зацеп-

лении с прямыми зубьями составного колеса 3, 4, жестко закрепленного на ведущем валу 5. 

Колеса 3, 4 (рис. 2) соединены посредством пружин 6, создающих момент 

 

 

   

         

 

 

 

 

      

                 

 

 

 

 

 
              Рис. 1. Одноступенчатый вариатор с                       Рис. 2. Конструкция конического 

                коническими зубчатыми колесами                         колеса с изменяющимся шагом 

 

 

спр MM  , где сM - момент сил сопротивления, приведенный к валу 5. Вал 5 уста-

новлен на подшипниках 6 и с помощью кронштейна 7 закреплен на неподвижной плите 8. Вал 

2 при помощи подшипников 9, 10 и кронштейнов 11, 12 закреплен на салазке 13. Плита 8 и 

салазка 13 между собой соединены при помощи гайки 14 и винта 15. Вращением винта 15 

салазка 13 и колесо 1 перемещаются по направлению А . При этом пружина 6, сжимаясь 

(растягивась), обеспечивает постоянный контакт боковых поверхностей зубьев колес 3, 4 и 2 

(рис. 3). При преемещение колеса 1 в направление А бесступенчато меняется соотношение 

радиусов контактных точек боковых поверхностей зубьев колес 3, 4 и 1, что обеспечивает, в 

определенном диапазоне, бесступенчатое изменение передаточного отношения. 

Передаточное отношение максимальное, когда колеса 3, 4 находятся у большого торца 

колеса 1, минимальное, когда колеса 3, 4 находятся у меньшего торца колеса 1: 
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Рис. 3.  Схема зацепления зубьев колес 3, 4 и 1                   Рис. 4. Двухступенчатый вариатор с 

при перемещении колеса 1 по направлению А                    коническими зубчатыми колесами 

                                                                                   

 

Двухступенчатый конический зубчатый вариатор (рис. 4) состоит из ведущего 1 и 

ведомого 2 валов, на которых жестко закреплены составные ведущее 3, 4 и ведемое 5, 6 

конические колеса, зубья которых находятся в зацеплении с зубьями плоского конического  

колеса 7, которое с возможностью вращения  смонтировано на невращающейся оси 8, 

установленной в салазке 9. Салазка 9 через винт 10 и гайку 11 соединена с корпусом 12. 

Салазка 9, с возможностью перемещения,  вставлена в направляющие 13 корпуса 12. При 

вращение винта 10 через салазку 9, ось 8 колесо 7 перемещается по направлению А. 

Передаточные отношения, когда колеса 3, 4 и 5, 6 имеют одинаковые средние 

делительные радиусы, определяются завистимостями: 
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Когда колдеса 3, 4 и 5, 6 имеют разные делительние средние радиусы  .ведR , .ведомR  и 

.. ведомвед RR  , передаточные отношения имеют вид 
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Ведущий 1 и ведомый 2 валы вращаются в противоположных направлениях. 

Четырехступенчатый конический зубчатый вариатор (рис. 5) состоит из ведущего 1 и 

ведомого 2 валов, на которых жестко закреплены ведущее 3, 4 и ведемое 5, 6 составные 

конические колеса, которые с возможностью вращения  смонтировано  в подшипниках 7, 8. На 

промежуточных валах 9, 10, которые, с возможностью вращения, смонтированы в 

подшипниках 11, 12, закреплены промежуточные составные конические колеса 13, 14 и 15, 16. 

Валы 9, 10 между собой соединены шарнирной муфтой 17. Зубья колес 3, 4 и 13, 14 находятся в 

зацеплении с зубьями плоского прямозубого конического колеса 18, а зубья колес 5, 6 и 15, 16 

– с зубьями плоского прямозубого конического колеса 19. Колеса 18, 19 с возможностью 

вращения смонтированы на невращающихся осях 20, 21, которые вставлены в салазке 22. 

Салазка 22 через винт 23 и гайку 24 соединена с корпусом 25. Салазка 22, с возможностью 

перемещения по стрелке А, вставлена в направляющих 26 корпуса 25. 
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Рис. 5. Четырехступенчатый вариатор с коническими зубчатыми колесами 

 

Ведущему вала 1 сообщим вращательное движение с постоянной скоростью, которое  

через колеса 3, 4, 18, 13, 14 вал 9, шарнирную муфта 17, вал 10, колеса 16, 15, 19, 5, 6 

передается ведемому валу 2. Валы 1, 2 вращаются в одном и том же раправлении. При 

вращении винта 23 через салазку 22, оси 20, 21 колеса 18, 19 перемещаются по направлению А. 

Передаточные отношения , когда колеса 3, 4; 13, 14; 15,16 и 5, 6 имеют одинаковые средние 

делительные радиусы и колеса 18, 19 имеют одинаковые .maxR , .minR ,  определяются 

зависимостями: 
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Когда составные колеса имеют разные средние делительные радиусы: 3, 4 - 4,3R ; 13, 14 

- 14,13R ;  15, 16 - 16,15R ; 5, 6 - 6,5R  и колеса 18, 19 имеют одинаковые .maxR , .minR , предаточные 

отношения определяются зависимостями: 
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Одноступенчатый зубчатый вариатор (6) состоит из ведущего 1 и ведомого 2 валов, на 

которых жестко закреплены прямозубые ведущие составные сферические колеса 3, 4 и ведемое 

тороидное колесо 5. Вал 1, возможностью вращения,  смонтирован  в подшипнике 6 . 

закрепленном на оси 7. Ось 7, с возможностью поворота, установлена в подшипниках 8, 9. На 

конце оси 7 жестко закреплен маховик 10. При повороте маховика  10 бесступенчато меняются 

соотношения радиусов контактных точек боковых поверхностей зубьев колес 3, 4 и 5. 

Передаточные отношения определяются соотношениями 
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Рис. 6. Одноступенчатый зубчатый вариатор 

 

Двухступенчатый вариатор (рис. 7) состоит из ведущего 1 и ведомого 2 валов, на 

которых жестко закреплены ведущее 3 и ведемое 4 прямозубые тороидные колеса. На 

промежуточных валвх 5, 6 закреплены составные сферические прямозубые колеса 7, 8 и 9, 10. 

Валы 5, 6 с , возможностью вращательного движения,  смонтированы  в подшипниках 11, 12, 

которые закреплены на вертикальных осях 13, 14. Оси 13, 14, с возможностью поворота, 

смонтированы в подшипниках 15, 16. На концах осей 13, 14 жестко закреплены зубьями колеса 

19, жестко закрепленного на втулке 20. Зубья колеса 19 при помощи зубьев паразитного колеса 

находятся в зацеплении с зубьями колеса 18. На втулке 20 жестко закреплен маховик 21. 

Втудка 20, с вожможностью поворота, смонтирована на неподвижно закрепленной оси 22.  

Промежуточные валы 5, 6 между собой соединены шарнирной муфтой 23. 

 

 
                                       

Рис. 7. Двухступенчатый вариатор 

 

При повороте маховика 21 через колеса 19, 17 и 19, 18 , оси 13, 14 промежуточные валы 

5, 6 колеса 7, 8 и 9, 10 поворачиваюся вокруг осей 13, 14. При этом колеса 7, 8  располагаются 

около меньшего торца тороидного колеса 3, а колеса 9, 10 – около большого торца колеса 4.  

В другом случае  9, 10 расположены около меньшего торца колеса 4, а колеса 7, 8 около 

большого торца колеса 3 передаточные отношения 
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Второй случай. 

Основными частями предложенных вариаторов являются равновысотные прямозубые ко-

нические зубчатые колеса (рис. 8) и равновысотные прямозубые полусферические колеса (рис. 9).  
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                      Рис. 8. Конические зубчатые колеса          Рис. 9.  Полусферические колеса   

 

На коническом колесе (рис. 8), нарезаны равновысотные прямые зубья внутреннего 
зацепления с изменяющимися шагами, а радиус начальной поверхости равен радиусу R 
начальной сферической поверхности полусферического колеса с равновысотными прямими 
зубьями наружного зацепления с изменяющимися шагами (рис. 9). Коническое колесо состоит 
из двух частей 5 и 6. На ступице колеса 6 с помощью подшипника качения 7, посажено колесо 
5. Части 5 и 6 сопрягаются между собой посредством пружин 12, coздающих момент 

cnp MM  , где cM момент сил сопротивления, приведенных к валу конического колеса. 

При перемещении колеса 5, 6 по направлению А, пружина 12 сжимаясь (растягиваясь) 
обеспечивает постоянный контакт боковых поверхностей зубьев колес 5, 6 (на рисунке колос 3 
и 4) и 1 (рис. 3), при этом бесступенчато меняется соотношение радиусов контактных точек 
боковых поверхностей зубьев колес 5, 6 и 1, что обеспечивает в определенном диапазоне, 
бесступенчатое изменение передаточного отношения. Передаточное отношение максимальное, 
когда колесо 5, 6 находится у большого торца полусферического колеса. 

Зубчатый вариатор (рис. 14) состоит из ведущего 3 и ведомого 4 колес жестко закреп-
ленных на ведущем 1 и ведомом 2 валах. На промежуточных 5, 6 валах, соединенных друг с 
другом посредством колес 7, 8, вала 9, колес 10, 11, закреплены конические колеса 12, 13, 
составленные из двух частей и оснащенные равновысотными прямими зубьями внутреннего 
зацепления с изменяющими шагами (рис. 8). Зубья колес 3, 12 находятся  в  зацеплении  с 
прямими равновысотными зубьями наружного зацепления, с изменяющимися шагами, полу-
сферического колеса 14.  Зубья колес 4, 13 находятся в зацеплении с прямими равновысотными 
зубьями наружного зацепления, с изменяющимися шагами, полусферического колеса 15. 
Радиусы полусферических колес 14, 15 могут быть равными или отличатся друг от друга, также 
радиусы начальных конусов колес 3, 12; 13, 4 могут быть равными, или отличатся друг от 
друга. Полусферические колеса 14, 15, с возможностью вращения расположены на оси 16, кото-
рый с помощью цапф неподвижно зафиксирован в узком рычаге 17, имеющем сферическую 
форму. Рычаг 17 с помощью цапф, с возможностью вращения посажен в неподвижном корпусе 
18 вариатора. На одной из цапф рычага расположен маховик 19. 

 

 

 

 

 

 

 

 

 

 

 

                    
 
                      Рис. 3. Одноступенчатый вариатор                 Рис. 4. Двухступенчатый вариатор 
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                 Рис. 5. Трехступенчатый вариатор          Рис. 6. Четырехступенчатый вариатор 

 

Вариатор работает следующим образом: сообщим валу 1 вращательное движение с 

постоянной угловой скоростью. С помощью взаимозацепления боковых поверхностей зубьев 

колес 3, 14 и 14, 12, вращательное движение с постоянной угловой скоростью передается валу 

5. От вала 5 с помощью колес 7, 8, вала 9, колес 10, 11, вала 6, взаимозацеплением боковых 

поверхностей зубьев колес 13, 15; 15, 4 вращательное движение с постоянной угловой 

скоростью передается валу 2. Плавно повернем маховик 19 сперва в «А», а потом в «Б» 

направлении. Следовательно пружины 12 колес 3, 13 (рис. 8) растянутся – зажмутся, а пружины 

колес 4, 12 зажмутся – растянутся, чем обеспечивается зацепление боковых поверхностей колес 

3,14; 14,12; 13,15 и 15,4. Этими движениями меняется соотношение радиусов контактных 

линий боковых поверхностей зубьев, что в определенном диапазоне способствует изменению 

передаточного отношения. 

Для расчета передаточного отношения и диапазона регулирования рассмотрим 

кинематические схемы приведенных вариаторов: 
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3) Для трехступенчатого вариатора: 
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4) Для четырехступенчатого вариатора (рис. 7): 
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Третий случай. 

Для получения заданного закона переменного передаточного отношения возможно 

использовать передачи, зубчатые венцы ведущих и ведомых колес которых оснащены равновы-

сокими зубьями полной и неполной длины, расположенными вдоль плоских или пространст-

венных кривых, которые представляют себя функцию переменного передаточного отношения. 

    

                        

 

 

 

 

 

 

 

 

 

                       

Рис.1.а                                                                       Рис.1.б 

 

Четыреступенчатый вариатор скорости (рис. 14) состоит из ведущего 1, промежуточных 2, 

3, ведомого 4 тороидальных колес и промежутчных сферических или эллипоидных колес 5, 6, 

которые с возможностью вращения закрепдены на неподвижной оси 7. Колеса 1, 2, 6 оснащены 

равновысокими прямыми зубьями 8 неполной длины, которые расположены вдоль 

пространственных кривых 9, 10, 11, которые представляют заданную функцию переменного 

передаточного отношения. Колеса 3, 4, 5 оснащены равновысокими прямыми зубьями 12 

полной длины. Колеса 2, 3 между собой соединены посредством валом 13, 14, 15 и круглых 

конических колес 16, 17, 18, 19. 
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Если необходимо, чтобы ведомые колеса и валы, зубчатых передач и вариаторов скоро-

сти, с переменным передаточным отношением совершали вращательное движение переменно-

постоянной угловой скоростью, то равновысокие зубъя неполной длины должны быть распо-

ложены вдоль кривых, которые состоят из частей с изменяющими и постоянными радиусами. 

Если необходимо, чтобы ведомые колеса и валы передачи осуществляли вращения 

разными законами передаточного отношения, то зубъя неполной длины должны быть распо-

ложенны вдоль различных кривых, которые представляют разные функции заданного закона 

переменного передаточного отношения. Кривая, составленная из частей, соответствующих раз-

ным функциям переменного передаточного отношения распологается на начальной поверх-

ности ведущего или ведомого колес. 
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Рис. 14.  Четыреступенчатый вариатор скорости 

. 

Четырехступенчатый вариатор (рис. 14) работает следующим образом. Колесу 1 

сообщим вращательное движение с постоянной угловой скоростью. Посредством зацепления 

боковых поверхностей зубьев полной 12 и неполной 8 длины колес 1, 5, 2, колесо 2 совершает 

вращательное движение с переменной угловой скоростью, которое посредством валов 13, 14, 

15, колес 16, 17, 18, 19, взаимозацеплением боковых поверхностей зубьев полной 12 и 

неполной 8 длины колес 3, 6 и 6, 4 передается ведомому колесу 4, которое совершит движение 

суммарной переменной угловой скоростью.  

Предложенные конструкции зубчатых вариаторов позволяют намного уменьшить 

динамические характеристики вариаторов. 
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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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municipaluri myari narCenebis gadamuSaveba 
 

nebieriZe n.v., cinaZe z.o., bagration-daviTaSvili a.n. 

 
saqarTvelos teqnikuri universiteti 

 
municipaluri myari narCenebi (mmn) _ ufro xSirad cnobili rogorc 

nagavi _ Sedgeba yoveldRiuri nivTebisgan, romlebsac viyenebT da Semdeg 
vyriT, rogoricaa produqtis SefuTva, balaxis narCenebi, aveji, tansacmeli, 
boTlebi, sakvebis narCenebi, gazeTebi, teqnika, saRebavi da batareebi. es 
modis Cveni saxlebidan, skolebidan, saavadmyofoebidan da biznesidan [1]. 

municipaluri myari narCenebis moculoba, romelic Tanamedrove sazo-
gadoebis mniSvnelovani gverdiTi produqtia, ufro swrafad izrdeba, vidre 
urbanizaciis tempi da mniSvnelovan safrTxes warmoadgens mosaxleobis janm-
rTelobisaTvis [1]. 

municipaluri myari narCenebis nakadSi narCenebi iyofa or kategoriad: 
araorganuli da organuli. organuli kategoria ZiriTadad Sedgeba sakvebisa 
da xis narCenebisagan, xolo araorganuli _ liTonebis, plastmasis, qa-
Raldis, SuSis da „sxva“ narCenebisgan (nax. 1) [2]. 

 
  
naxazi 1. mTliani mmn-is generacia masalis mixedviT (254 milioni tona) 
 
arsebobs narCenebis damuSavebis mravali gansxvavebuli teqnologia 

sxvadasxva tipis narCenebisgan gankargvis, gadamuSavebis, Senaxvis an energiis 
aRdgenisTvis. TiToeul tips aqvs narCenebis marTvis sakuTari asocirebuli 
meTodebi. 

municipaluri myari narCenebis gadamuSaveba SeiZleba moicavdes meqani-
kur, Termul an biologiur damuSavebas an maT kombinaciebs. narCenebis damu-
Savebis mizania gadamuSavebadi nivTierebis aRdgena, narCenebidan energiis mo-
poveba an narCenebis maxasiaTeblebis gaumjobeseba [3]. 

qvemoT ganixileba zogierTi tipis municipaluri narCenebis gadamu-
Savebis teqnologia. 

 
xis narCenebis gadamuSaveba 
xis narCenebis ZiriTadi wyaroa xe-tyis gadamamuSavebeli saamqroebi da 

xis gadamamuSavebeli qarxnebi. garda amisa, xis narCenebi warmoiqmneba xeebis 
sanitaruli Wrisas, quCebSi, parkebSi, skverebSi, bulvarebsa da tye-parkebSi 
mwvane sivrceebis movlis procesSi. 
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qalaqebSi warmoqmnili municipaluri narCenebi aseve Seicavs didi rao-
denobiT xis narCenebs. 

xis narCenebi gamoiyeneba sxvadasxva mizniT. 
merqan-boWkovani filis (mbf) warmoebisTvis ZiriTadad gamoiyeneba 

wiwvovani xeebis gadamuSavebis narCenebi. mbf-s warmoebisTvis ZiriTadad iye-
neben teqnologiur da SeSisTvis vargis xeebs, xis dasamuSavebel qarxnebSi 
xis damuSavebisa da fanerebis warmoebisas warmoqmnil burbuSelas da sxv [4]. 

merqan-burbuSelovani filis (mbSf) damzadebis teqnologia Sedgeba 
Semdegi etapebisgan: nedleulis daxarisxeba, burbuSelad an nafotebad 
daqucmaceba, daqucmacebuli xis gamoSroba, Semkvrel nivTierebebTan Sereva, 
burbuSelis xaliCis Seqmna, misi paketebad daWra, dawnexva, filebis SemoWra, 
gaSroba, daxarisxeba da Semdgomi dasawyobeba. 

samSeneblo sferoSi xis racionaluri gamoyenebis yvelaze mniSvnelo-
vani mimarTulebaa xeze dafuZnebuli sxvadasxva betonis warmoeba, rogoricaa 
arboliti (xis betoni), fibroliti (boWkovani rkinabetoni), naxerxis betoni 
(Cipbetoni), koroliti, kostroliti [5]. 

ekologiurad sufTa, iafi samSeneblo masalebis miReba, romlebic ar 
Seicaven iseT desorbciuli Tvisebebis mqone qimikatebs, rogoricaa fenol-
formaldehidis fisebi _ warmoadgens samSeneblo masalaTmcodneobis erT-
erT mniSvnelovan problemas. 

dadgenilia, rom avejis warmoebasa da sabinao mSeneblobaSi gamoyenebu-
li iseTi farTod gavrcelebuli masalebi, rogoricaa merqan-burbuSelovani 
fila (mbSf), merqan-boWkovani fila (mbf), miRebuli fenol-formaldehidis 
fisebis gamoyenebiT, gamoyofen Tavisufal fenols, formaldehids dasaSveb 
zRvrul koncentraciaze aTjer meti doziT da warmoadgenen kancerogenurad 
saSiSi nivTierebebs. amitom aucilebelia alternatiuli ekologiurad sufTa 
da iafi mosapirkeTebeli masalebis SemuSaveba. 

xis narCenebis gamoyenebis erT-erTi perspeqtiuli sferoa iseTi fi-
lebis warmoeba, romlebSic ar aris polimeruli Semkvrelebi, magaliTad _ 
plastikatebi. plastikatebis gamoyeneba SeiZleba mSeneblobaSi, iatakis, 
CaSenebuli avejis mosawyobad da sxva daniSnulebiT [6]. 

plastikatebis warmoebis teqnologiuri procesi moicavs xis nawilake-
bis momzadebas, gaSrobas da dozirebas, xaliCis (filis) formirebas, xaliCis 
(filis) civad winaswar dawnexvas, cxlad dawnexvas da dawnexvis moxsnis 
gareSe gaSrobas da kideebis SemoWras. 

piezoTermoplastika aris filis iseTi masala, romelic miiReba daquc-
macebuli xis maRal wnevaze da temperaturaze, Semkvrelebis gareSe, damu-
SavebiT. arsebobs warmoebis ori meTodi: xis narCenebis winaswari damuSavebis 
gareSe da dawnexvamde maTi cxeli wyliT an orTqliT hidrodamuSavebiT. 

SemuSavebulia axali, ekologiurad sufTa, xis plastikuri kompozitis 
WPC panelebis warmoebis maRalefeqturi meTodebi, romlis sawyisi masalaa 
naxerxi, nafotebi da sxva mcenareuli narCenebi, Termoplastika (polieTile-
ni, polipropileni, polivinil qloridi da a.S.) da maTi narCenebi. xis plas-
tikuri kompozitisgan damzadebuli produqcia ekologiurad absoluturad 
sufTaa, aqvs maRali simtkice da saeqspluatacio maxasiaTeblebi, aqvs wylis 
dabali STanTqmis unari, aris biologiurad mdgradi (ar nadgurdeba baqte-
riebiT, sokoebiTa da termitebiT) da advilad dasamuSavebelia. xis plasti-
kuri kompozitis produqtebis fizikur-meqanikuri da saeqspluatacio maxasia-
Teblebi ufro maRalia, vidre merqan-burbuSelovani filis, merqan-boWkovani 
filis, azbestis filebis da xis saeqspluatacio maxasiaTeblebi. xis plasti-
kuri kompozitis miRebis SemuSavebuli teqnologia SesaZlebels xdis kompo-
zitSi gamoviyenoT 80_85%-mde xis narCenebi. xis plastikuri kompozitis damu-
Savebis teqnologia iZleva gamownexvis, dawnexvis da Camosxmis procesebis 
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gamoyenebis saSualebas. ase, rom, SesaZlebeli xdeba nebismieri formisa da 
konfiguraciis produqtebis warmoeba. 

ganxiluli masalebidan SeiZleba miviRoT samSeneblo Robeebis konst-
ruqciebi da mosapirkeTebeli masalebi, maT Soris mosapirkeTebeli da avejis 
dafebi, plintusebi, sapireebi, fanjris rafebi, Senobebis Sida tixrebi, vit-
raJebi, Sida da gare karebebi, iatakisa da Weris mosawyobi elementebi da a.S. 

xis gadamuSavebis narCenebi SeiZleba gamoyenebul iqnas teqnikuri nax-
Sirbadis warmoebaSi, romelic gamoiyeneba rogorc sorbenti wylis damu-
SavebaSi, aseve navTobmopovebisa da gazmopovebis dargebSi. 

60-iani wlebis dasawyisSi SemuSavda da farTod iqna danergili xis 
mwvane nawilebisgan vitaminuri fqvilis warmoeba, cxovelTa kombinirebuli 
sakvebis karotiniT gamdidrebis mizniT [7]. 

wiwvovani qlorofilo-karotinis pasta _ aris samkurnalo preparati, 
romelic Seicavs cximSi xsnad vitaminebs da fiWvis antimikrobul nivTiere-
bebs. pastis miRebis meTodi mdgomareobs fiWvis wiwvebidan fisovani nivTie-
rebebis amoRebaSi, maTi tute wyalxsnariT damuSavebis saSualebiT.  

msoflioSi wiwvovani xeebis mwvane nawilebis gadamuSavebis mniSvnelo-
vani wili modis eTerzeTebis warmoebaze. 

fiWvis wiwvebi SeiZleba gamoyenebul iqnas kanifolis, skipidaris, xis 
fisis, fiWvis zeTebis warmoebisTvis [8]. 

xis fqvili _ aris xis mSralad dafqvis produqti. igi gamoiyeneba 
rogorc Semavsebeli, safiltri masala da STamnTqmeli sxvadasxva dargebSi. 
xis fqvili SeiZleba damzaddes wiwvovani xeebisgan, foTlovani xeebisgan da 
maTi narevebisgan. 

mwvane masas iyeneben baRebsa da sanergeebSi mavneblebis, mRrRnelebisa 
da kurdRlebis winaaRmdeg brZolis saSualebebis warmoebaSi. 

xis merqnisa da mwvane masis narCenebis gadamuSavebis erT-erTi martivi 
da xelmisawvdomi meTodia Ria adgilze maTi Stabelebad kompostirebis me-
Todi (savele meTodi). Stabelebad kompostireba (savele meTodi) xorcielde-
ba bunebriv pirobebSi specialurad gamoyofil adgilebSi, romelTa zomebi 
da teqnologiuri aRWurviloba ganisazRvreba dasamuSavebeli narCenebis Se-
madgenlobiTa da moculobiT. xis merqnisa da mwvane masis narCenebis specia-
lurad gamoyofil adgilebSi Stabelebad kompostirebiT damuSavebis teq-
nologiuri procesis sqema naCvenebia nax. 2-ze. 

 

 
naxazi 2. xis merqnisa da mwvane masis narCenebis gadamuSavebis  

teqnologiuri procesi 
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teqstilis narCenebis gadamuSaveba 
teqstilis narCenebi iyofa warmoebis narCenebad da sayofacxovrebo 

narCenebad. 
teqstilis warmoebis narCenebi aris boWkoebis, Zafebis, qsovilebisa da 

tansacmlis warmoebis teqnologiuri procesebis Sedegad warmoSobili nar-
Cenebi [9]. 

teqstilis sayofacxovrebo narCenebi aris uvargisi tansacmeli, rome-
lic sabolood xvdeba municipalur narCenebSi da Seadgens mis 4_6%. 

teqstilis warmoebis narCenebi nedleulis tipis mixedviT iyofa 3 Zi-
riTad jgufad: 

• teqstilis narCenebi bunebrivi nedleulisgan (bambis qsovili, narTi 
qsovili, Salis qsovili, bunebrivi abreSumi); 

• teqstilis narCenebi qimiuri nedleulisgan (saqsovi Zafebi, xelov-
nuri da sinTetikuri qsovilebi); 

• teqstilis narCenebi Sereuli nedleulisgan (narevebi, romlebic da-
fuZnebulia bunebriv da qimiur qsovilebze). 

Semdgomi gamoyenebis mixedviT, teqstilis dargis narCenebi iyofa Sem-
deg jgufebad: 

• qsovis Sedegad warmoSobili narCenebi. narTis warmoebaSi gamoiye-
neba ZiriTad nedleulTan narevSi; 

• bambis narCenebi _ bambis damuSavebisas gamoiyeneba ZiriTad ned-
leulTan narevSi; 

• aranaqsovi teqstilis masalebad damuSavebis Sedegad warmoSobili 
narCenebi; 

• aranaqsovi produqciis warmoebis narCenebi. gamoiyeneba qsovilebis 
rulonebis saxiT warmoebisas. 

teqstilis narCenebi warmoiSoba teqstilis sawarmoebSi teqnologiuri 
xazis sxvadasxva etapze. 

bambeuli produqtebis sawarmoebSi, bambis gadamuSavebis procesSi, 
agreTve darTvis, qsovis, qsovilisTvis materiis saxis micemis mrewvelobaSi 
warmoiqmneba bambis narCenebi, romelTa umetesobas gamoiyeneben sakuTriv 
teqnologiur ciklSi. 

matylis warmoebis mrewvelobis narCenebi aris matylis pirveladi da-
muSavebis, Salis Zafis, Salis qsovilebis warmoebis dros warmoqmnili nar-
Cenebi, romelTagan zogi gamoiyeneba sakuTriv teqnologiur ciklSi, xolo 
zogi ki _ rogorc meoradi nedleuli. 

trikotaJis mrewvelobaSi narCenebi warmoiqmneba narTis damuSavebisas, 
naqsovi qsovilebisa da misgan produqtebis damzadebisas, romelTa umetesoba 
gamoiyeneba, rogorc meoradi nedleuli [10]. 

samkervalo mrewvelobaSi narCenebi warmoiqmneba masalebis momzadebisa 
da tansacmlis nawilebis moWris procesSi da romelic gamoiyeneba rogorc 
meoradi nedleuli meoradi teqstilis masalebis warmoebisas. 

teqstilis narCenebis gadamuSavebis nebismieri teqnologia moicavs 
meoradi teqstilis nedleulis momzadebas, romlis operaciebis Semadgenlo-
ba damokidebulia nedleulis wyaroze da mis Semdgom gamoyenebaze. mosax-
leobisgan Semosuli nedleuli eqvemdebareba dezinfeqcias, mtvris mocile-
bas, daxarisxebas, recxvas an qimwmendas, Wras, xolo warmoebidan momdinare 
meoradi teqstilis nedleulis momzadebisas, iseTi operaciebi, rogoricaa 
dezinfeqcia, mtvris mocileba, recxva an qimwmenda gamoiricxeba [10]. 

warmoebisa da sayofacxovrebo teqstilis narCenebis umetesi nawili 
gamoiyeneba, rogorc meoradi nedleuli aranaqsovi qsovilebis warmoebaSi. 

aranaqsovi masalebis warmoebis teqnologiuri procesi Sedgeba 4 eta-
pisgan: 

• qsovilis momzadeba (defibracia, gawmenda, Sereva); 
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• qsovilisgan materiis formireba; 
• qsovilebisgan materiis warmoeba; 
• miRebuli masalis damuSaveba da saboloo saxis micema. 
teqstilis warmoebisa da sayofacxovrebo narCenebisgan miRebuli pro-

duqciis raodenoba aris uamravi: sxvadasxva daniSnulebis sarCulis masale-
bi, Tokebi, bawrebi, Tasmebi, lentebi, tomris qsovilebi da sxva nakeTobebi 
[11]. 

narTis mrewvelobis narCenebisgan damzadebuli produqtebi SeiZleba 
warmodgenili iyos narTnakeriani uqsovi da nemsiT naqsovi masalebiT. 

abreSumis mrewvelobis narCenebi gamoiyeneba aranaqsovi produqtebis 
warmoebisTvis. trikotaJis warmoebis narCenebisgan mzaddeba 200-ze meti saxis 
produqti. 

narCenebisgan miRebuli aranaqsovi masalebi gamoiyeneba samkervalo 
mrewvelobaSi, rogorc sarCulis masala; fexsacmlis warmoebis dargSi _ 
fexsacmlis sarCulebis da saxlis fexsacmlis zeda nawilis masala; avejis 
warmoebis dargSi _ Semavsebeli masalebi rbili avejis warmoebisas; mSe-
neblobaSi _ iatakis dageba, Suasadebis da saizolacio masalebis da sxva 
samSeneblo samuSaoebis Sesrulebisas [11]. 

 
tyavis narCenebi da maTi gadamuSaveba 
tyavis narCenebi iyofa tyavis warmoebis, fexsacmlis warmoebisa da 

sayofacxovrebo narCenebad. 
tyavis da fexsacmlis warmoebis narCenebi aris tyavis, qurqis, naxevar-

fabrikatebis narCenebi, im masalebis narCenebi, romlebic warmoiqmneba sawyisi 
masalis gadamuSavebis procesSi. am tipis narCenebi iyofa dabrunebad, gamoye-
nebul da gamouyenebel narCenebad uSualod am warmoebaSi, aradabrunebad 
narCenebad [12]. 

dabrunebadi narCenebia iseTi narCenebi, romlebic gamoiyeneba uSualod 
warmoebaSi, romlebic Tavad sawarmos SeuZlia gamoiyenos ZiriTadi an damx-
mare warmoebis produqtebis dasamzadeblad: daumuSavebeli narCenebi (tyavis 
kideebi da a. S.). dabrunebadi narCenebia iseTi narCenebi, romlebic ar gamoi-
yeneba warmoebaSi, romlebic SeiZleba moixmaros Tavad sawarmom, mxolod 
rogorc sawvavi an mihyidos sxvebs: qromis burbuSela, tyavis naWrebi fex-
sacmlis ZirisTvis da sxva narCenebi. 

aradabrunebadi narCenebia iseTi narCenebi, romlebic ar SeiZleba gamo-
yenebul iqnas mocemul teqnologiaSi _ teqnologiuri danakargebi, romlebic 
dakavSirebulia SekumSvasTan, aorTqlebasTan, cilebis gaxsniT gamxsnelebSi, 
sxva qimiur masalebSi, wyliT gamorecxvasTan, romlebic iRvreba sakana-
lizacio arxebSi da a.S. 

garda amisa, tyavis da fexsacmlis mrewvelobis narCenebi klasifi-
cirdebian: 

tyavis warmoebis narCenebi da fexsacmlis warmoebis narCenebi warm-
oebis saxeobebis mixedviT [12]. 

tyavis nedleulis saxeobebis mixedviT arsebobs: msxvilfexa pirutyvis, 
cxenis, aqlemis, Txisa da cxvris narCeni tyavi, Roris tyavi da sxva saxis 
tyavis nedleuli. 

formirebis stadiis mixedviT arsebobs: gaTrimuli da gauTrimavi nar-
Cenebi. gauTrimavi narCenebi _ aris nedli tyavis da naxevarfabrikatis nar-
Cenebi, romlebic warmoiqmneba saTrimlav operaciamde. gaTrimuli narCenebi _ 
gaTrimuli tyavis naxevarfabrikatebi da mza tyavis narCenebi. 

qimiuri Semadgenlobis mixedviT arsebobs: cximis Semcveli da kolagen-
Semcveli narCenebi. cximis Semcveli narCenebi aris narCenebi, romlebic mii-
Reba Roris tyavis, cxvrisa da Txis tyavis aTliT, an tyavis moWriT. Kola-
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genSemcveli narCenebi aris tyavis, naxevarfabrikatebis da qurqis yvela sxva 
saxis narCenebi. 

mza tyavis saxeobebis mixedviT aris qromirebuli gaTrimviT tyavis 
narCenebi, fexsacmlis ZirisTvis tyavis narCenebi da a.S. 

tyavis warmoebis narCenebis garemoze uaryofiTi zemoqmedebis Sesamci-
reblad, maTi umetesi nawili gamoiyeneba iseTi produqtebis warmoebaSi, rogo-
ricaa webo, sasuqi, cilis hidrolizati da kombinirebuli sakvebis danamatebi. 

gaTrimuli tyavis narCenebi aseve SeiZleba gamoyenebul iqnas gaaqtiu-
rebuli naxSiris warmoebisTvis, romelic gamoiyeneba medicinaSi, xsnarebis 
gasawmendad da gasauferuleblad safiltr danadgarebSi da a.S. 

amgvarad, myari municipaluri narCenebis gadamuSaveba aqtualur prob-
lemas warmoadgens mTeli msoflios mosaxleobisaTvis. 

amitom, narCenebis kompleqsuri marTva pirvelxarisxovan amocanas war-
moadgens sazogadoebisaTvis. 

narCenebis kompleqsuri marTvis ZiriTadi mimarTulebebi unda iyos: 
• narCenebis moculobis (masis) Semcireba; 
• iseTi teqnologiebis danergva, romlebic qmnian mcire narCenebs; 
• narCenebis gadamuSavebis sferos ganviTareba _ narCenebis meoradi 

gamoyeneba; 
• resursebis damzogavi da ekologiurad sufTa narCenebis damuSavebis 

teqnologiebis danergva; 
• warmoebisa da sayofacxovrebo narCenebis cal-calke Segrovebisa da 

gadamuSavebis organizeba; 
• arakontrolirebadi stiqiuri nagavsayrelebis warmoqmnaze kontro-

lis organizeba da maTi likvidacia; 
• narCenebiT dabinZurebuli miwebis aRdgena; 
• avariebis Sedegad saSiSi narCenebiT dabinZurebis prevenciisa da 

avariebs Sedegebis aRmofxvris mizniT organizaciuli da teqnikuri Ronis-
Ziebebis SemuSaveba; 

• municipaluri garemosdacviTi kontrolis organizeba narCenebis mar-
Tvis sferoSi. 
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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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samSeneblo narCenebis gadamuSaveba 
 

nebieriZe n.v., cinaZe z.o., bagration-daviTaSvili a.n. 

 
saqarTvelos teqnikuri universiteti 

 
 
adamianis saqmianoba warmoqmnis narCen masalebs, romlebic xSirad ugu-

lebelyofilia, radgan isini usargeblod iTvleba. es narCenebi Cveulebriv 
myaria da sityva narCenebi miuTiTebs imaze, rom masala usargeblo da arasa-
survelia. Tumca, am narCenebidan bevri masalis xelaxla gamoyeneba SesaZle-
belia da, Sesabamisad, isini SeiZleba gaxdes resursi samrewvelo warmoebis-
Tvis an energiis generirebisTvis, Tu myari narCenebis gadamuSaveba sworad 
imarTeba [1,2]. 

ganasxvaveben myari narCenebis Semdeg ZiriTad nakadebs: samTo (29%), 
samrewvelo (26%), samSeneblo (22%), municipalur (14%), saxifaTo (2%) da sxva 
narCenebs [3,4].  

samSeneblo aqtivobis maRali done mTels msoflioSi iwvevs war-
moqmnil samSeneblo narCenebis did moculobas da, Sesabamisad, Cndeba maTi 
gatanis, gadamuSavebis an meoradi gankargvis problema (nagavsayrelze gan-
Tavseba, dawva da a.S.).  

samSeneblo narCenebi Cndeba axali Senobis mSeneblobisas, arsebuli 
Senoba-nagebobebis ngrevisa da rekonstruqciis dros, samSeneblo masalebis, 
detalebisa da konstruqciebis warmoebis, SekeTebisa da modernizebisas da 
aseve gzebisa da xidebis mSeneblobisas [5,6]. Senobebisa da nagebobebis 
demontaJis ZiriTadi mizezebi naCvenebia cxr. 1-Si. 

 
cxrili 1. samSeneblo narCenebis warmoqmnis mizezebi 

 
axali sacxovrebeli korpusebis mSenebloba 40% 
axali arasacxovrebeli Senobebis mSenebloba 20% 
gzebis mSenebloba, sazogadoebrivi, da Tavisufali sivrcis Seqmna 20% 
Senobis gamoyenebis miznis Secvla 7% 
gansakuTrebuli movlenebi (mag. xanZari)  5% 
sxva mizezebi 8% 

 
narCenebis droebiTi klasifikatoris Tanaxmad [7], Senoba-nagebobebis 

ngreva, rekonstruqcia da axali Senobebis mSenebloba warmoqmnis Semdegi sa-
xis narCenebs: betoni da rkinabetoni; daqucmacebuli asfalti; keramzitbeto-
ni; xis masalebis narCenebi; jarTi; ruberoidi; TabaSir-muyao; bitumi (masti-
ka); linoleumi (nakuwebi); gamoyenebuli mineraluri bamba; asbo-Siferi (nams-
xvrevebi); makulatura (maT Soris orgaliti); SuSis namsxvrevebi; gamoyenebu-
li santeqnika; aguri (namsxvrevebi); gamomSrali cement-TabaSiris xsnari; 
saRebavi da laqi (sxvadasxva); narCeni wida, nacari, azbesti; keramikuli fi-
lebi (namsxvrevebi); samSeneblo masalebis qaRaldis SesafuTi masala, liTo-
nis dabinZurebuli tara. 

qalaqebSi samSeneblo narCenebis umetesobas warmoadgens dabinZurebu-
li grunti, asfalti, qvis masalebi, aguri, betoni da rkinabetoni, xis masa-
lebis narCenebi, keramikuli filebi, muyao, qaRaldi da a.S. 

samSeneblo narCenebisgan qalaqebis dasufTavebis sqema iTvaliswinebs 
nawili narCenebis meorad nedleulad gadamuSavebas, aseve samSeneblo narCe-
nebis im nawilis nagavsayrelebze gatanas, romlebic ar eqvemdebarebian meo-
rad samSeneblo masalebad gadamuSavebas. nagavsayrelebi iReben samSeneblo 
narCenebs, romlebic miekuTvneba saSiSroebis IV klass [7]. maT ricxvs gane-
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kuTvnebian ZiriTadad samSeneblo narCenebi, romlebic ar arian didi zomis 
da msxvili nakuwebis formis mqone narCenebi. 

 
betonisa da rkinabetonis meoradi gamoyeneba da gadamuSaveba 
betonis konstruqciebis ngrevis realuri da prognozirebuli dinamika 

naCvenebia nax. 1-ze. 

 

 
 

naxazi 1. betonis konstruqciebis ngrevis realuri da prognozirebuli dinamika 
Senobebis saSualo momsaxurebis 50 wlis vadiT 

 
amJamad, samSeneblo narCenebis umetesi nawili gaaqvT nagavsayrelebze, 

maT Soris unebarTvo nagavsayrelebze, rac uaryofiTad aisaxeba garemoze [8]. 
amave dros, samSeneblo narCenebi warmoadgens meorad nedleuls, 

romlis xreSad daqucmacebis Semdeg gamoyenebam, SeiZleba gaaiafos axali 
obieqtebis mSeneblobis Rirebuleba, Seamciros qalaqis nagavsayrelebze dat-
virTva da amavdroulad Tavidan aviciloT stiqiuri da unebarTvo nagav-
sayrelebis warmoqmna. 

samSeneblo narCenebis gadamuSaveba ZiriTadad xdeba samsxvrev da dam-
xarisxebel qarxnebSi. samSeneblo narCenebis daqucmacebiT [9]. miRebuli 
xreSi aris sxvadasxva formis marcvlovani masalis nakuwebi da sxvadasxva 
fraqciebis namsxvrevebi, romlebic Semdeg iyreba cxauraze da nawildeba:               
0 _ 40 mm da 40 _ 150 mm or ZiriTad fraqciad. 

samsxvrev qarxanaSi dasaSlelad Semosul sawyis masalaze damokidebu-
lebiT, maTi simtkicis maxasiaTeblebis mixedviT iReben sxvadasxva xreSis tips. 

meoradi xreSi SeiZleba gamoyenebul iqnas: 
• betonis narevebis dasamzadeblad sardafis kedlis blokebis warmoe-

bisTvis; 
• qvebis betonis kedlebis da sxva betonis nawarmis dasamzadeblad; 
• gzis mSeneblobaSi, gzis safarebisTvis saZirkvlebis, trotuarebis 

qveda fenebis da a.S. mosawyobad; 
• miRebul xreSs aqvs dabali fasi da gaaCnia yvela saWiro Tviseba 

zemoaRniSnuli miznebisTvis gamosayeneblad. 
 
arakondiciuri betonisa da rkinabetonis nakeTobebis damuSavebis 

danadgarebi 
msoflio praqtikaSi betonis narCenebisgan meoradi Semavseblis warmoe-

bisa da gamoyenebis organizeba xorcieldeba sam variantad: 
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• Senoba-nagebobis demontaJis adgilidan betonis narCenebi jer ga-
daaqvT Semavseblebis mwarmoebel qarxanaSi, xolo misgan miRebuli Semavseb-
lebi Semdeg igzavneba betonis qarxnebSi (ori transportireba); 

• betonis narCenebis gadasamuSavebeli danadgari montaJdeba uSualod 
Senoba-nagebobis demontaJis adgilze, xolo damuSavebis Sedegad miRebuli 
Semavseblebi Semdeg igzavneba betonis qarxanaSi, an samSeneblo moedanze 
(erTi transportireba); 

• betonis narCenebisgan Semavseblis miReba da mis safuZvelze warmoe-
ba organizdeba demontaJis samuSaoebis adgilze (Sidasaqarxano transpor-
tireba) [10]. 

praqtikaSi farTo gavrcelda pova betonis narCenebis damuSavebisa da 
gamoyenebis sqemis meore variantis teqnologiam _ cikli A (nax. 2.), rodesac 
miRebuli meoradi Semavsebeli ZiriTadad gamoiyeneba gzis zedapiris qveda 
fenebisa da saZirkvlis mosawyobad. 

 

  
 

naxazi. 2. arakondiciuri betonisa da rkinabetonis narCenebis damuSavebisa da 
gamoyenebis sqema. 

 
ufro efeqturia betonis narCenebis damuSavebisa da gamoyenebis sqemis 

mesame varianti _ cikli B (nax. 2). Sedegad miRebuli meoradi xreSi SeiZleba 
gamoyenebul iqnas rogorc qarxnuli warmoebis msxvili Semavsebeli 5-dan            
30 mpa-mde simtkicis betonis warmoebaSi. 

iaponiaSi yvelaze farTod gamoiyeneba betonis gadamuSavebisa da 
meoradi gamoyenebis sqemis mesame varianti (nax. 3). 

 

 
  
naxazi 3. betonis gadamuSavebisa da meoradi gamoyenebis sqema iaponiaSi 
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betonis narCenebis betonis meoradi Semavseblis saxiT gamoyenebis eko-
nomiurobis gasazrdelad, mizanSewonilia samuSao adgilze aseTi Semavseblis 
momzadeba mcire samsxvrevela danadgaris gamoyenebiT. aqve xdeba betonis 
narevis Semdgomi momzadeba da dageba, axali struqturis mSeneblobis dros. 

meoradi Semavseblis „daxuruli sistemis“ teqnologiiT (nax.4) war-
moebam farTo gavrceleba pova niderlandebSi. 

 

 
naxazi. 4. samSeneblo narCenebis gadamuSavebis daxuruli sistema (niderlandebi) 

 
amave dros, gamoiyeneba `Ria sistemis~ damuSavebis teqnologiac, rome-

lic uzrunvelyofs imave mowyobilobaze ufro maRal mwarmoeblurobas, Tum-
ca aqvs mniSvnelovani naklovanebac. aseTi teqnologiis gamoyenebisas naklebad 
mkafiod ganisazRvreba nawilakebis maqsimaluri zoma, ramac SeiZleba gamoiw-
vios Sedegad miRebuli produqtis fraqciebis zomebis dauSvebeli meryeoba.  

arakondiciuri betonis dasamuSaveblad gamoiyeneba Semdegi teqnolo-
giuri aRWurviloba: pirveladi daqucmacebis (msxvrevis) danadgari, meoradi 
daqucmacebisa da fraqciebad dayofis danadgari [11]. 

 
pirveladi daqucmacebis (msxvrevis) danadgari 
arkondiciuri betonis da rkinabetonis dasamuSavebeli teqnologiuri 

danadgarebis Seqmnis zogadi principebi efuZneba arsebuli samsxvrevela da 
damxarisxebeli danadgarebis gamoyenebis SesaZleblobebs, romlebic gamoiye-
nebian karierebidan damsxvreuli qvebis dasamuSaveblad [12]. amasTan, rkina-
betonisTvis gankuTvnili samsxvrevela danadgaris konstruqciuli paramet-
rebis SerCevisas aucilebelia gaviTvaliswinoT armaturis arseboba da misa-
wodebeli masalis formisa da zomis zusti kontrolis SeuZlebloba. 

amasTan dakavSirebiT, rkinabetonis samsxvrevela danadgarebis garkveuli 
kvanZebi bevrad ufro masiuria da maTi zoma ufro didia imave simZlavris Cveu-
lebrivi samsxvrevela danadgarebis analogiur kvanZebTan SedarebiT. es gamo-
wveulia, upirveles yovlisa, danadgarSi armaturis gatarebis aucileblobiT. 

Sedegad, danadgaris margi qmedebis koeficienti gacilebiT naklebia, 
vidre es gvaqvs Cveulebrivi qvis samsxvrevelis SemTxvevaSi. amavdroulad, 
dasaqucmaceblad miwodebuli arakondiciuri rkinabetonis gabarituli 
zomebis zrda kidev ufro amcirebs danadgaris margi qmedebis koeficients. 
rac ufro didia pirveladi samsxvrevela, miT nakleb Semzadebas saWiroebs 
misawodebeli masala. 

arakondiciuri rkinabetonis narCenebis pirveladi samsxvrevela danad-
garis ZiriTadi kvanZebia: hidravlikuri berketiani presi, Rarebiani magida, 
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mimmarTveli CarCo da hidrosadguri, romelic aviTarebs 20 mpa wnevas. hid-
ravlikuri presis samuSao pozicia SeiZleba iyos gansxvavebuli: presi moZ-
raobs stacionaruli Rarebiani magidis gaswvriv masze dayrili produqtiT, 
an is ikavebs stacionarul pozicias, xolo produqti miewodeba moZrav magi-
das daqucmacebis zonaSi. 

saWiro tipis danadgaris arCevisas sawyis monacemebs warmoadgens dasa-
muSaveblad gankuTvnili arakondiciuri rkinabetonis narCenebis gabarituli 
zomebi. am SemTxvevaSi, xelmZRvaneloben danadgarebis parametruli seriis 
teqnikuri maxasiaTeblebiT. 

arakondiciuri betonis da rkinabetonis daqucmaceba xdeba Semdeg-
nairad: 

arakondiciuri rkinabetonis nawarmi amwes saSualebiT ideba Rarebian 
magidaze, an betonis narCenebi itvirTeba gadasatani bunkeris saSualebiT. 
berketiani presi (dana) eSveba dasaqucmacebel produqtze an betonis 
narCenze. presis muSaoba gamoixateba dawevisa da awevis ciklebis monacv-
leobaSi. produqtis daqucmacebis Semdeg, daqucmacebuli masala magidis 
Rarebis gavliT cviva sartylian konveierze da gadainacvlebs meoradi 
daqucmacebis danadgarSi. 

daqucmacebuli betonis masidan foladis armaturis nakuwebi, rom-
lebmac gaiares magidis Rarebi, scildeba konveieris boloSi, magnituri 
separatoris saSualebiT. betonisgan gawmendili armaturis karkasi Rarebiani 
magididan ixsneba amwevi meqanizmiT. 

daSlili rkinabetonis narCenebidan armaturis gamoclis Semdeg, igi 
qucmacdeba winaswar gansazRvruli zomis nakuwebad hidravlikuri, an meqa-
nikuri aligatoris makratliT. 

ucxouri kompaniebis mier gamoyenebuli gadamamuSavebeli qarxnebi, 
rogorc wesi, aRWurvilia pirveladi samsxvrevlebiT, romlebic saSualebas 
iZleva miiRon araumetes 2_3 m-mde sigrZisa da 1 m-mde siganis arakondiciuri 
rkinabetonis nakuwebi. Sesabamisad, msxvilgabaritebiani rkinabetonis winas-
wari msxvrevis organizebis mizniT warmoiSoba didi sasawyobe da sawarmoo 
farTebis aucilebloba. 

inglisurma firma parker plantma (Parker Plant), evropuli firmebis 
mier gamoyenebuli arakondiciuri rkinabetonis sxvadasxva tipis pirveladi 
samsxvrevela danadgarebis testebis analizze dayrdnobiT, aRniSna, rom 
mbrunav CaquCebian samsxvrevlebs, maTi miwodebis sistemis konstruqciuli 
Taviseburebebidan gamomdinare, SeuZliaT winaswar gansazRvruli zomis mqone 
rkinabetonis nakuwebis daqucmaceba (nax. 5). 

 
  

naxazi 5. mbrunavi CaquCebiani samsxvrevlis sqema 
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betonisgan gamocalkevebuli metismetad grZeli armatura ver gaivlis 
mbrunav CaquCebian samsxvrevelas. amasTan, pirveladi mbrunav CaquCebiani sam-
sxvrevela bevrad ufro swrafad cvdeba, vidre pirveladi ybebiani samsxvre-
vela. 

konstruqciulad, ybebiani samsxvrevlebi (nax. 6) mniSvnelovnad gansx-
vavdebian CaquCebiani samsxvrevlebisgan. ybebiani samsxvrevi danadgarebis 
dasaqucmacebel kameraSi ar aris dabrkolebebi, romlebic xels SeuSlida 
masalis gavlas. masSi rkinabetonis swori nakadiT miwodebis da daquc-
macebuli masis gamosasvlel zonasa da gamomtan konveiers Soris sakmarisi 
distanciis arsebobis SemTxvevaSi, rkinabetonis msxvreva sakmaod efeqturad 
xorcieldeba. 

 
  

naxazi 6. ybebiani samsxvrevlis sqema 
 
betonidan amoRebuli armaturebis mosaSoreblad, sazRvargareT yvela-

ze farTod gamoiyeneba konveieris magnituri separatorebi, stacionaruli 
magnitebi da magnituri dolebi konveieris damWimav kvanZze. 

armaturis mocileba yvelaze ukeT xdeba konveieris Camoclis adgilas, 
mis Tavze ganlagebuli magnituri separatoris saSualebiT (nax. 7). 

jer erTi, magnituri separatori ufro maRalmwarmoebluria, vidre 
stacionaruli magniti, vinaidan mikruli armatura damoukideblad vardeba. 

meorec, konveieris zemoT magnituri separatoris optimaluri mdebareo-
bis wyalobiT, is uzrunvelyofs ara mxolod liTonis amoRebas daqucma-
cebuli betonidan, aramed mis gadatanas uSualod armaturis narCenebis 
mimReb bunkerSi. 

liTonis ufro safuZvliani mocilebisTvis, es operacia SeiZleba 
daiyos 2 etapad: pirveladi samsxvrevi danadgaris Semdeg, gamoiyeneba kon-
veieris boloSi magnituri separatori, xolo konveieris bolo stadiaze, 
dgeba magnituri doli. konveieris Tavze magnituri separatori aSorebs arma-
turis did nakuwebs damsxvreuli masis zeda fenidan, xolo magnituri doli 
agrovebs armaturis ufro mcire nakuwebs, romlebic ganTavsebulia daquc-
macebuli masis qveda fenebSi. 
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naxazi 7. armaturis mocileba konveieris Camoclis adgilas, mis Tavze ganlagebuli 
magnituri separatoris saSualebiT 

 
meoradi daqucmacebisa da fraqciebad dayofis danadgarebi 
meoradi daqucmacebis samsxvrevela danadgarebamde betonidan armatu-

rebis amoReba uzrunvelyofs betonis daqucmacebisa da fraqciebad dayofis 
SesaZleblobas iseTi teqnologiiT, rogoric gamoiyeneba karierebSi mopove-
buli bunebrivi qvebis Cveulebrivi samsxvrevelebis gamoyenebiT dasamuSaveb-
lad. 

arakondiciuri betonisa da rkinabetonis damuSavebis teqnologiaSi mo-
bilurobisa da moqnilobis uzrunvelsayofad da daqucmacebuli betonisgan 
fraqciebad dayofili Semavseblebis misaRebad, mizanSewonilia wvrili sams-
xvrevelasa da fraqciebad damxarisxebeli danadgaris gamoyeneba. 

es msxvreveli gankuTvnilia 300 mpa-mde zRvruli simtkicis masalis 
dasamsxvrevad da mza produqtebis sam fraqciad dasaxarisxeblad. 

igi aris orRerZiani misabmeli, romelic Sedgeba CarCosgan wina da 
ukana urikebze, mimRebi sinisgan, dasabrunebeli da gverdiTi konveierisgan, 
konusuri samsxvrevelisgan, vibraciuli Rarebiani magidisgan da mza pro-
duqtis bunkerisgan. 

fraqciebad dasaxarisxebeli masala modis meoradi daqucmacebis 
samsxvrevelasgan da iyreba mimReb sinze. sinidan masala gverdiTi konveieris 
saSualebiT xvdeba vibraciul Rarebian magidaze. vibraciul Rarebian magida-
ze masala iyofa sam fraqciad zomebiT 0 _ 5 mm, 5 _ 20 mm da 20 _ 40 mm da 
xvdeba Rarebiani magidis qveS mdebare sam Sesabamis bunkerSi (ganyofilebaSi). 

bunkerebis qveS aucilebelia gasatani konveieris mowyoba. masala, 
romlis natexebis zomebic aRemateba 40 mm-s, anu, romelmac ver gaiara 
Rarebiani magidis sacerebSi, xvdeba konusisebr samsxvrevelaSi, samsxvreve-
las qvemoT, saidanac masala xvdeba dasabrunebel konveierze. es ukanaskneli 
didi (40 mm-ze meti) zomis betonis nakuwebs miawvdis mimReb sins, iqidan 
gverdiTi konveieris saSualebiT kvlav xvdeba vibraciul Rarebian magidaze. 

amrigad, iqmneba fraqciebad daxarisxebisa da xelaxla msxvrevis Cake-
tili cikli. mza xreSi gasatani konveieris saSualebiT SeiZleba daitvirTos 
satvirTo manqanebze, an gadaizidos mza produqciis sawyobSi. 

 
arakondiciuri betonisa da rkinabetonis damuSavebis teqnologiuri 

xazebi 
betonisa da rkinabetonisgan narCenebis gadamuSavebis procesSi mniSv-

nelovani momentia samSeneblo dargis sawarmoebSi specializebuli teqnolo-
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giuri xazebis SemuSaveba, calkeuli arakondiciuri rkinabetonis konst-
ruqciebis, an maTi nawilebis daqucmacebisa da damuSavebis mizniT, maTgan 
srulfasovani xreSis misaRebad da armaturis foladis gamosacalkeveblad. 

farTo gavrceleba pova arakondiciuri betonisa da rkinabetonis damu-
Savebis teqnologiam, romlis xazebic aRWurvilia pirveladi daqucmacebis 
samsxvrevelebiT; meoradi damuSavebis samsxvrevelebiT; armaturis gamomcle-
li mowyobilobiT _ magnituri separatoriT; mza produqciis Sesagroveblad 
gankuTvnili konveierebisa da bunkerebis sistemebiT. 

betonis narCenebis da arakondiciuri rkinabetonis narCenebis 
damuSaveba asawyobi rkinabetonis konstruqciebis sawarmoebis specializebul 
sawarmoo xazebze xorcieldeba Semdegi TanmimdevrobiT: 

1. pirveladi damuSavebis samsxvrevelas Rarebian magidaze dasamuSave-
beli rkinabetonis masala qucmacdeba kopra presis ciklurad dasawevi da 
asawevi danis koWis daxmarebiT. 

2. damsxvreuli betoni, gverdiTi mimmarTveli firfitebis saSualebiT 
xvdeba lentur konveierze. magidaze darCenil armaturas iRebs amwe, 
takelaJis saSualebiT. armaturis foladis naWrebs, romlebmac gaiares 
Rarebiani magida, iReben damsxvreuli betonis masidan. 

3. armaturidan moSorebuli betonis nakuwebi maqsimaluri zomiT 250 mm 
lentur konveierebis saSualebiT xvdeba meoradi damuSavebis samsxvrevela 
danadgarSi. 

Semdeg daqucmacebuli 0 _ 50 mm fraqciis masala lenturi konveieris 
meSveobiT miewodeba Semkreb bunkerebs, romlebic aRWurvila eleqtro 
amZravebis mqone solisebri saketebiT. 

 
betonisa da rkinabetonis damuSavebis produqtebis gamoyeneba 
mTel msoflioSi, mkveTrad gaizarda samSeneblo sferoSi betonis 

meoradi gamoyenebis mimarT interesi. adre, arakondiciuri betonisa da rkina-
betonis mxolod mcire nawili gamoiyeneboda meoradad. ZiriTadad, iyenebdnen 
xreSis saxiT avtomagistralebis, rkinigzis gayvanisa gzis safaris Ziri 
fenis mosawyobad da droebiTi moednebis mSeneblobisas. bolo dros arakon-
diciuri betonisa da rkinabetonisgan miRebuli meoradi Semavseblebis gamo-
yeneba sul ufro met sferos moicavs. dRes meorad Semavseblebs iyeneben: Se-
nobebis iatakis Ziris da saZirkvlis, yvela klasis gzebis asfaltbetonis 
safaris qveS fenis mosawyobad; meorad xreSs aseve iyeneben, rogorc uxeSi 
Semavsebeli 5_20 mpa simZlavris betonisa da rkinabetonis narCenebis warm-
oebaSi; rogorc msxvili Semavsebeli 30 mpa-mde simtkicis betonSi, bunebriv 
xreSTan SereviT. 

betonis meoradi gamoyenebisas saqarTvelos da ucxouri gamocdilebis 
ganzogadebam SesaZlebeli gaxada damsxvreuli betonis gamoyeneba, rogorc 
agregati betonis narevis momzadebisas. am teqnologiis SemuSaveba xels 
Seuwyobs arakondiciuri betonisa da rkinabetonis narCenebis efeqturi 
damuSavebis moculobis zrdas da samSeneblo praqtikaSi maT sul ufro 
farTo gamoyenebas. 

iaponuri standartebis mixedviT, meoradi betoni iyofa sam kategoriad 

(cxr. 2): 
kategoria 1 _ Cveulebrivi wvrili Semavsebeli + meoradi msxvili Se-

mavsebeli; 
kategoria 2 _ Cveulebrivi da meoradi wvrili Semavsebeli + meoradi 

msxvili Semavsebeli; 
kategoria 3 _ meoradi msxvili da wvrili Semavsebeli. 
iaponeli eqspertebi miuTiTeben damsxvreuli betonisgan miRebuli xre-

Sis farTo gamoyenebis mizanSewonilobaze. amavdroulad, betonis qarxnebSi 
betonis momzadebisas izogeba sawvavi, energia da bunebrivi resursebi. 
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xorcieldeba meoradi xreSis xuTi fraqciis damzadeba maqsimaluri          
75 mm-mde marcvlis zomiT. warmoebuli xreSis ZiriTadi nawili gamoiyeneba 
administraciuli Senobebis saZirkvlebis mosawyobad. am SemTxvevaSi, msxvil 
meorad Semavsebelze dafuZnebul betons aqvs 25%-iT naklebi Rirebuleba, 
vidre bunebrivi xreSze dafuZnebul betons. 

 
cxrili 2. meoradi betonebis gamoyeneba 
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1 Cveulebrivi dabalsarTuliani Senobebis mSenebloba; da-
balsarTuliani mravalbiniani sacxovrebeli korpusebis mSe-
nebloba, igive, individualuri sacxovrebeli saxlebisTvis; 
sasawyobe da samrewvelo Senobebis saZirkvlebis mowyoba. 

18 30 

2 saZirkvlis betonis blokebi, avtofarexebi da msubuqi 
teqnikuri saTavsoebi, manqana-danadgarebis sadgurebi da a.S. 

15 27 

3 karebis xis konstruqciebis, Robeebis saZirkvlebi, manqane-
bisa da manqana-danadgarebis dasayenebeli moednebis msubuqi 
saZirkvlebi da a.S. 

12 24 

 
 arakondiciuri betonisa da da rkinabetonis narCenebis mSeneblobaSi 
gamoyenebis Sesaxeb pirveli kvlevebi Catarda niderlandebSi, belgiasa da 
germaniaSi. am qveynebis specialistebma seriozuli yuradReba miapyres, ro-
gorc betonis narCenebis Tvisebebis Seswavlas, aseve sxvadasxva saxis dam-
qucmacebel mowyobilobebs: ybebian, konusur, CaquCebian, Tu mbrunav CaquCebian 
samsxvrevlebs, aseve vibraciul Rarebian danadgarebs. 

damsxvreuli betonisgan miRebuli xreSis ZiriTadi fiziko-meqanikuri 
maxasiaTeblebi mocemulia cxril3-Si 

 
cxrili 3. damsxvreuli betonisgan miRebuli xreSis ZiriTadi  
fiziko-meqanikuri maxasiaTeblebi 

 
simkvrive, kg/m3 2150 _ 2450 

danawilebis faqtori 0,7 _ 0,79 
tenianoba, % 3 _ 6 

wylis STanTqmis unari, % 4 _ 5 
danakargebi gamowrTobisas, % 5 

 
kvlevis Sedegebi  
ZiriTadad adasturebs betonis Tvisebebze meoradi Semavseblebis gav-

lenis zemoT aRweril kanonzomierebebs. amis safuZvelze betonis mosamza-
deblad rekomendebulia mxolod msxvili meoradi Semavseblebis gamoyeneba, 
romelic Tavisi simtkicis maxasiaTeblebiT axlos aris xreSze damzadebuli 
betonis analogiur SemadgenlobasTan. 
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amrigad, daqucmacebuli betonisgan miRebuli xreSis gamoyeneba SesaZ-
lebelia betonis warmoebaSi, sadac rekomendebulia Semavseblad xreSis 
gamoyeneba. 

adgilobrivi da ucxouri gamocdilebis analizis safuZvelze SeiZleba 
davaskvnaT, rom betonis gadamuSavebis Semdeg miRebuli meoradi xreSi aseve 
SeiZleba gamoyenebul iqnas misasvleli da naklebad datvirTuli gzis ubne-
bis qveda fenebis mosawyobad, sawyobi nagebobebis, samrewvelo Senobebisa da 
mcire zomis manqana-danadgarebis dasayenebeli moednebis saZirkvlebis mosam-
zadeblad; safexmavlo bilikebis, avtosadgomebis, trotuarebis saZirkvlebis, 
mdinareebis da arxebis gaswvriv ferdobebis mosawyobad; safexmavlo bilike-
bis, avtofarexebis Sida farTebis da soflis gzebis dasagebad gamoyenebuli 
betonis mosamzadeblad; 30 mpa-mde simtkicis mqone betonisa da rkinabetonis 
nawarmis qarxnuli wesiT warmoebisas. 
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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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axali klasis foriani masalebis gamoyeneba avtomobilebis namwvi 

airebis filtraciisTvis 

 

xvadagiani a.i., iremaZe m.e., zivzivaZe b.l., Tofuria r.m., iremaZe d.m., 
qoCiaSvili m.g., zivzivaZe v.g. 

 
akaki wereTlis saxelmwifo universiteti, quTaisi 

  
Sesavali 
teqnikur  progresTan erTad  msoflioSi izrdeba ekologiuri  probleme-

bic. ekologiuri safrTxeebis erT-erTi ZiriTadi gamomwvevi faqtori gamo-
nabolqvia. avtotransportis wili garemos dabinZurebaSi 90%-ze  metia. ganvi-
Tarebad  qveynebSi  gansakuTrebiT mwvaved dgas es problema, radganac ZiriTadad 
meoradi avtomobilebis moxmareba xdeba. am qveynebSi haeris dabinZurebis  maCve-
nebeli Zalian maRalia da evropis qveynebTan SedarebiT TiTqmis 2_3-jer aRe-
mateba normas, maSin roca  aSS  haeris dabinZureba  normaze bevrad dabalia. 

avtomobilis mier atmosferos dabinZurebis moculobas ZiriTadad gansaz-
Rvravs sawvavis xarisxi da avtomobilSi gamoyenebuli neitralizator-kata-
lizatoris vargisianoba. meorad avtomobilebSi fizikuri cveTis gamo neitra-
lizator-katalizatori  nawilobriv an ufro  xSirad  mTlianad mwyobridan 
aris gamosuli, ris gamoc maRalia gamonabolqvSi  toqsikuri  nivTierebebis  rao-
denoba masSi naxSrbadis monooqsidis,  azotis oqsidebis  da naxSirwyalbadebis 

arsebobis xarjze  (CO, N 2 OX, C xH y) [1].        

 
ZiriTadi nawili 
gamoyenebuli neitralizator-katalizatori warmoadgens sam  kompoentian  

sistemas.  liTonuri  korpusi, romelic  damzadebulia  uJangavi  foladisagan  
da masSi ganTavsebuli liTonuri an keramikuli  konstruqcia  dafaruli  iSvia-

Ti  liTonebiT: platina, paladiumi  da  radiumi (Pt, Pd , Ra). am neitralizator-
katalizatorebis TviTRirebuleba  maRalia, rac  gamowveulia  masSi Semavali 

iSviaTi  da  ZviradRirebuli  liTonebis   platina  (Pt) , paladiumi (Pd)  da radiu-

mi  (Ra) SemcvelobiT.  TviTRirebuleba  icvleba  avtomobilis  klasisa da  nake-
Tobis  zomis  mixedviT. Nneitralizator-katalizatoris TviTRirebulebaze  
mniSvnelovanad  moqmedebs  miRebis  teqnologiis  sirTule, rac  mdgomareobs  
mis  mravalstadiurobasa  da energotevadobaSi [2]. 

nakeTobis  miRebisas  pirvel  etapze  xdeba  korpusis  miReba, xolo meore  
etapze  sxvadasxva  meTodebiT  misi  dafarva  ZviradRirebuli  liTonebiT.  iSvia-

Ti  liTonebis   platina  (Pt ), paladiumi ( Pd )  da radiumi  (Ra) mopoveba  msoflio-
Si  maTi  wiaRiseulis  simciris  gamo SezRudulia. es  liTonebi  miekuTvneba  
dedamiwis  qerqis  iSviaT  elementebs  da  maTi  wiaRiseulidan miReba xdeba  
rTuli  teqnologiiT. aRniSnuli  liTonebis  Rirebulebisa  da  deficiturobis 
gamo  neitralizator-katalizatorSi  maTi  meoradi  gamoyeneba  xdeba. plati-
nisa da paladiumis JangbadTan   urTierTqmedebiT  gamonbolqv airebSi xdeba  nax-
Sirbadis  oqsidis  da  naxSirwyalbadebis  daJangva, naxSirorJangad da wylis 
orTqlad, xolo radiumis moqmedebT,azotis oqsidebidan azotis aRdgena.     

avtomobilebSi gamoyenebuli  neitralizator-katalizatoris  fizikuri 
cveTa  damokidebulia  mraval  faqtorze. esenia:  Zravis  muSaobis  swori  reJimi, 
sawvavis, SemzeTi  masalebis  xarisxi  da sxva.  ganviTarebad  qveynebSi  gamoiye-
neba   dabali  xarisxis  sawvavi, romelic Seicavs  tyvias, gogirds  da sxva  mina-
revebs. es nivTierebebi uaryofiT  gavlenas axdens  nakeTobis  muSaobis efeq-
turobaze  da Sesabamisad  garemos  ekologiur  mdgomareobaze [3]. 

miuxedavad sawvavis  xarisxisa  da Zravis swori muSaobis reJimis SerCevisa, 
avtomobilebSi neitralizator-katalizatori fizikuri cveTis Sedegad, gark-

veuli  periodisa  da  garbenis  gamo  (> 100 000 km-ze ) gamodis  mwyobridan  da  
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aucilebelia misi Secvla. ganviTarebad  qveynebSi nakeTobis  Secvla  misi  defi-
citurobisa  da  ZviradRirebulebis gamo, warmoadgens  seriozul  problemas. 
aRniSnulidan  gamomdinare  Zalian  mniSvnelovania  iseTi meTodebisa  da teqno-
logiebis  SemuSaveba,romelic  saSualebas  mogvcems  miRebuli  iqnas  dabali  
TviTRirebulebisa  da  maRali  fizikur-meqanikuri da qimiuri  mdgradobis  mqone  
neitralizator-katalizatori. 

Cven mier neitralizator-katalizatoris  misaRebad gamoyenebulia TviTgav-
rcelebadi maRaltemperaturuli sinTezis meTodi. es meTodi warmoadgens  ener-
goefeqtur,  ekologiurad  sufTa da martiv teqnologias. aRniSnuli  meTodis  ga-
moyeneba  saSualebas  iZleva  erT  stadiaSi, sawyisi  komponentebis  swori  SerCeviT  
miRebuli  iqnas  maRali  fizikur-meqanikuri  da  qimiuri mdgradobis  mqone  neit-

ralizator-katalizatori, romelSic  iSviaTi liTonebi platina (Pt), paladiumi 

(Pd)  da radiumi  (Ra ) nawilobriv an mTlianad Canacvlebuli  iqneba iseTi, iafi  da 

aradeficituri liTonebiT, rogoricaa: spilenZi  (Cu ), nikeli  (Ni), qromi (Cr) da sxva. 

nax. 1-ze mocemulia TviTgavrcelebadi  maRaltemperaturuli sinTeziT, 
foriani masalebis miRebis teqnologiuri sqema,romelTa gamoyeneba warmatebiT 
SeiZleba sxvadasxva daniSnulebis (airebis,siTxeebis da sxv.) safiltre masa-
lebad [4,5]. gansakuTrebiT mniSvnelovania am masalebis gamoyeneba avtomobilebSi 
neitralizator- katalizatorebad.   

           

naxazi 1. foriani masalebis miRebis teqnologiuri sqema 

rogorc naxazidan Cans sinTezisaTvis aucilebelia SeirCes ZiriTadi 
komponentebi Ti-B, Ti-C ise, rom saboloo produqtSi miviRoT titanis mono-
boridis da titanis karbidis steqeometriuli Semadgenloba. kazmSi borisa da 
naxSirbadis raodenobis umniSvnelo cvlilebiTac icvleba wvis temperatura da 
saboloo produqciis qimiuri Semadgenloba. sasurveli  qimiuri Semadgenlobis 
saboloo produqciis miReba SesaZlebelia mxolod reaqciis ZiriTadi Semad-
geneli komponentebis gansazRvruli raodenobis aRebisas. sinTezis dros didi 
mniSvneloba aqvs damatebiTi komponentebis (Cu, Ni, Cr da sxv.) dispersiulobas, 
radgan dispersiulobis arazustad gansazRvriT saboloo produqtSi CamoTvli-
li katalizuri liTonebi SesaZlebelia sxvadasxva qimiuri naerTebis saxiT 
miviRoT, rac gamoricxavs dasaxuli mizniT nimuSis gamoyenebas. sinTezamde 
aucilebelia agreTve raqciis rogorc ZiriTadi aseve damatebiTi komponentebis 
gamoSroba. gamoSrobis reJimi (temperatura da dro) yvela komponentisaTvis aris 
xvadasxva. 

sinTezis ZiriTadi 
da damatebiTi 
komponentebis 

Sereva da 
dozireba 

Sereuli 
fxvnilebidan, 
wnexformaSi 

sasurveli formis 
nimuSis miReba 

nimuSis sinTezi 
gaxurebuli 

nimuSis gaciveba 
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sinTezis komponentebis dozirebis Semdeg xdeba maTi ganTavseba specia-
lur Semrev xelsawyoSi. Serevis mizania miviRoT erTgvarovani kazmi, romelSic 
yvela komponenti aris Tanabrad ganawilebuli. srulfasovani Serevis xarisxi 
damokidebulia Serevis droze. Cven mier Semrev xelsawyod gamoyenebuli iqna 
liTonuri wisqvili mbrunavi burTulebiT damzadebuli sali Senadnobebisagan. 
Sereva moxda Semdeg reJimSi: 

kazmis wona _ 1kg., burTulebis wona _ 3kg., Serevis dro _ 12sT., wisqvilis 
brunvis siCqare _ 40 br./wT. 

erTgvarovani kazmis miRebis Semdgom, mas vaTavsebT specialur wnexfor-
maSi (diametriT 90mm.) romelic ganTavsebulia hidravlikuri wnexis samuSao 
magidaze. wnexvis parametrebi, wnexvis Zala da wnexvis dro saWiroa SeirCes ise, 
rom ar iqnes darRveuli nimuSis mTlianoba, ar SeimCneodes masSi bzarebi da 
Sreobrivi araerTgvarovneba. 

sinTezis Semdgom saboloo nimuSis forianobas gansazRvravs sinTezamde 
nimuSis simkvrive, rac Tavis mxriv damokidebulia wnexvis Zalaze. 

 

 

 

          

 

 naxazi 2. sinTezamde nimuSis simkvrivis damokidebuleba wnexvis Zalaze 

nax. 2-ze mocemulia sinTezamde nimuSis simkvrivis damokidebuleba wnexvis 
Zalaze, im SemTxvevisaTvis, roca damatebiT komponentebis (Cu, Ni, Cr da sxv.) 
dispersiuloba aris gansxvavebuli. rogorc vxedavT sawyisi komponentebis 
dispersiuloba gavlenas axdens nimuSis simkvriveze da dispersiulobis yvela 
SemTxvevisaTvis (<100 mkm. da >100 mkm.) wnexvis Zalis gazrdiT pirdapir 
proporciulad izrdeba nimuSis simkvrive. 

sasureveli formis miRebis Semdgom nimuSs vaTavsebT kameraSi da vaxdenT 
procesis inicirebas volframis mavTuliT. sinTezis damTavrebis Semdgom 
gavarvarebuli nimuSis gacivebisaTvis mas vaTavsebT Samotis fxvnilSi, raTa 
Tavidan iqnas acilebuli Siga daZabulobebi da bzarebi. 

TviTgavrcelebadi  maRaltemperaturuli sinTezis  meTodiT  neitraliza-
tor-katalizatorebis  miRebis  dros   sawyisi  kazmis qimiuri Semadgenlobis  
sworad  SerCeva  gansazRvravs  reaqciis  sworad  warmarTvas, rac  ganapirobebs  

დაწნეხვის ძალა, 
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sasurveli  qimiuri  Semadgenlobis  saboloo  produqtis  miRebas.  Cvens  SemTxve-

vaSi  qimiuri  egzoTermuli  reaqcia mimdinareobs Ti-B  da  Ti_C- s Soris, sawyis  

narevSi  damatebiT  Seyvanilia  cnobili  katalizuri  liTonebi: spilenZi  (Cu ), 

nikeli  (Ni), qromi (Cr).  es  liTonebi maTi maRali dispersiulobis gamo, (>100mkm) 
reaqciaSi  ar monawileoben  da borTan  da  naxSirbadTan procesSi  qimiur  
naerTebs  ar  warmoqmnian,  saboloo  produqtSi  isini  ganawilebulia  Tanabrad,  
rac  ganpirobebulia  maTi  dispersiulobis  sworad  SerCeviT. cxr.1-Si  mocemu-

lia  Ti_B- isa  da Ti-C -is sistemis wvis  temperatura  da saboloo  produqtis  

forianoba  spilenZis  (Cu ), nikelis  (Ni), qromis (Cr) saerTo  raodenobis  30 %- s 
Semcvelobisas  TanafardobiT  2:1:1. 

cxrili  1. Ti_B- isa  da Ti-C -is sistemis wvis  temperatura  da  saboloo  produqtis 
 forianoba 

sawyisi  kazmis Semadgenloba wvis    temperatura,   C 0 forianoba  % 

Ti _B 

(Cu , Ni , Cr) 

2200_ 2500 15_75 

Ti-C 

(Cu , Ni , Cr) 

1800_2100 20_ 65 

Catarebulma  eqsperimentebma  gviCvena,   rom TviTgavrcelebadi  maRaltem-
peraturuli   sinTezis  meTodis   gamoyenebis  dros   saboloo  produqtis  foria-

noba  damokidebulia  sawyis  narevSi  katalizuri  liTonebis   (Cu , Ni , Cr)  dis-
persiulobasa  da  raodenobaze. dadgenilia, rom  am parametrebis  cvliT  SesaZ-
lebelia  saboloo produqtis  forianobis  cvlileba  did  diapazonSi (15_75 %). 

 cxr. 2-Si   mocemulia  TviTgavrcelebadi maRaltemperaturuli  sinTezis 
(Tms)  saboloo  produqtis  forianoბა  da  sawyis  narevSi  Semavali  katalizuri  

liTonebis   (Cu , Ni , Cr)  dispersiuloba. 

cxrili 2. TviTgavrcelebadi maRaltemperaturuli  sinTezis (Tms)  saboloo produq-

tis  forianoba  da  sawyis  narevSi  Semavali  katalizuri  liTonebis   (Cu , Ni , Cr)  
dispersiuloba 

N sawyis  kazmSi   Cu , Ni , Cr  dispersiuliba  (mkm) nakeTobis forianoba 

1   <  40       20_30 

2   40_ 80       30_50 

3   > 100        50_80 

cxr. 3-Si  mocemulia Tms  saboloo produqtis  forianobა   da  katalizuri  

liTonebis  (Cu , Ni , Cr)  raodenoba  sawyis  kazmSi. 

cxrili 3. Tms  saboloo produqtis  forianoba da katalizuri  liTonebis  (Cu , Ni , Cr)  
raodenoba sawyis  kazmSi 

N sawyis  kazmSi   Cu , Ni , Cr  saerTo raodenoba  
% 

saboloo  produqtis  forianoba,  
% 

1 (3+3+3) 70_80 

2 (5+5+5) 50_70 
3 (10+10+10) 30_ 50 

miRebuli  Sedegebidan  cxadia, rom TviTgavrcelebadi  maRaltemperatu-
ruli sinTezis meTodiT miRebuli nimuSebis forianoba damokidebulia sawyis 
kazmSi Semcveli elementebis dispersiulobaze. danamati elementebis, rogorc 
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dispersiulobis aseve raodenobis gazriT mcirdeba Ti-B da Ti_C-s wvis 
temperatura, rac Tavis mxriv gavlenas axdens saboloo produqtis forianobaze. 

Cven mier dadgenil iqna, is ZiriTadi parametrebi, romlebic gamsazRvravs 
saboloo produqtis forianobas. esenia: 

1. sistemis wvis temperatura;

2. danamati komponentebis  (Cu , Ni , Cr)    dispersiuloba;
3. danamati komponentebis raodenoba;
4. sinTezamde nimuSis sawyisi forianoba;
dadgenili iqna, rom saboloo produqtis forianobaze mniSvnelovan 

gavlenas axdens sawyisi nimuSis simkvrive, rac Tavis mxriv damokidebulia wnevis 
Zalaze, romliTac fxvnilebs specialur, winaswari dawnexvis wnex-formaSi 
vaniWebT sasurvel formas. 

Catarebulma  eqsperimentebma  gviCvena, rom  Tms  meTodiT SesaZlebelia  
miviRoT foriani  masalebi  neitralizator-katalizatorisaTvis  aucilebeli  
qimiuri  SemadgenlobiT.  miRebuli  saboloo  produqti  xasiaTdeba  moqmedebis  
maRali  efeqturobiT (SezRuduli  haercvlis  pirobebSi ), maRali  meqanikuri  da  
qimiuri  medegobiT  da  vibraciis  mimarT  kargi  mdgradobiT. 

daskvna 
Tms  meTodis  gamoyeneba  axali  klasis  neitralizator-katalizatoris  

misaRebad  SesaZlebels  xdis rTuli  energotevadi,  mravalstadiuri,  tradi-
ciuli  teqnologia  Seicvalos  martivi,  energoefeqturi  meTodiT,  romelic  
saSualebas  iZleva  neitralizator-katalizatorSi  ZviradRirebuli,  iSviaTi 

liTonebi  (platina  (Pt), paladiumi (Pd)  da radiumi  (Ra)) nawilobriv an mTlianad, 
Canacvlebuli  iqneba  gacilebiT  iafi  da aradeficituri liTonebiT  spilenZi  

(Cu), nikeli  (Ni), qromi  (Cr).  es  saboloo  jamSi  amcirebs  nakeTobis  TviTRirebu-
lebas  da  xsnis  misi  deficiturobis  problemas. Cveni azriT miRebuli foriani 
masalebi warmatebiT SesaZlebelia gamoyenebuli iqnas rogorc yvela tipis 
Sigawvis Zravian avtomobilebSi, aseve sawarmoebSi, sadac xdeba gamonabolqvi 
airebis da siTxeebis katalizuri wmenda. 

kvleva ganxorcielda SoTa rusTavelis saqarTvelos erovnuli samecniero fondis 
finansuri mxardaWeriT _ granti №AR-22-2439 
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SUMMARY  

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

FILTRATION 

Khvadagiani A.I., 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.  
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wylis marTvis modeli wylis aRricxvis meTodis gamoyenebiT 

 

gordeziani q.g., cinaZe z.o., yavelaSvili l.b. 
 

saqarTvelos teqnikuri universiteti 
 
1. Sesavali 
wyali arsebiTi moTxovnilebaa da ar SeiZleba gancalkevdes dedamiwis 

zedapirze myofi cocxal arsebaTa cxovrebidan. dedamiwis zedapirze Semad-
genlobis 70% wyalia, rac niSnavs, rom sufTa wyali ar unda iyos damokide-
buli sufTa wylis marTvis kompaniebze. [1] wlidan wlamde Cveni qveyana 
ganicdis mosaxleobis zrdas da ganviTarebas, amitom gaizarda sufTa wylis 
saWiroeba. [4] [5] daarsda saministroebs Soris TanamSromlobis platforma, 
romlebic aCqareben sufTa wyalmomaragebis uzrunvelyofas, raTa mivaRwioT 
sufTa wylis xelmisawvdomobas yvelasTvis. [2] [6] 

sufTa wylis cudi marTvis modeli zians ayenebs wylis xelmisawvdo-
mobis jaWvs rogorc amJamad, aseve momavalSic. [3] Semdeg, wylis aRricxva 
saWiroa sufTa wylis marTvisTvis uaryofiTi zemoqmedebis Sesamcireblad. 
wylis aRricxva aris wylis resursebTan dakavSirebuli informaciis ide-
ntifikacia, aRricxva da gadacema, raTa kompaniebs mieceT saSualeba, SeZlon 
sworad da Riad marTva. wylis aRricxvisTvis saWiro komponentebia: [2] [6] 

• mTliani Semodineba,  
• wminda Semodineba,  
• xelmisawvdomi wyali,  
• wylis amowurva da  
• gadineba.  
am komponentebidan Cans wylis nakadis marTva da sazogadoebaSi gana-

wileba. es niSnavs, rom SesaZlebelia gaaerTianos sxvadasxva aspeqtebi ise, 
rom ar iyos sufTa wylis xelmisawvdomobis deficiti. amrigad, sufTa wylis 
marTva SeiZleba iyos efeqturi da Seiqmnas wylis marTvis uwyvetoba. [3] 

kvlevis Sedegebma aseve ganmarta, [6] rom wylis aRricxva iZleva infor-
macias sufTa wylis menejmentSi biznes riskebis Sesafaseblad, rac xels 
uwyobs swori da qveynisTvis sasargeblo gadawyvetilebis miRebas. sufTa 
wylis marTvis kompaniebs wylis aRricxviT SeuZliaT identificireba moax-
dinon da Seamciron biznesis riskebi da winaswar gansazRvron wylis xelmi-
sawvdomoba. magaliTad, dasavleT SeerTebuli Statebis 12 Statma, rogoricaa 
kalifornia, arizona, kolorado, aidaho, kanzasi, nebraska, nevada, axali 
meqsika, oregoni, texasi, iuta da vaSingtoni, ganaxorcieles wylis aRricxva 
sufTa wylis marTvisTvis, romelic gamWvirvalea.  

wylis xelmisawvdomobis problema wylis wyaroebis maxloblad mdeba-
re soflebSic Cndeba. es niSnavs, rom sazogadoebam ver SeZlo wylis wyaroe-
bis aTviseba da saTanado marTva. wylis wyaros optimalurad gamoyenebisas, 
mSral sezonzec ki ar iqneba wylis deficiti. zogierT adgilas did qala-
qebSic ki, adgilobrivi wylis kompaniebis mier marTuli sufTa wylis 
wyaroebi (PDAMs/ Perusahaan Daerah Air Minum) dabinZurebulia samrewvelo 
narCenebiTa da sayofacxovrebo narCenebiT. [8] 

 
2. ZiriTadi nawili 
literaturis mimoxilvisas SevagroveT statiebi akreditebuli Jurna-

lebidan (Sinta, Emerald, Science Direct). aseve statiebis garda, vixelmZRvaneleT 
Sesabamisi literaturiT da wignebiT.  

sufTa wylis marTvis biznes riskebi 
riski ganisazRvreba, rogorc zaralis SesaZlebloba, gaurkvevloba, 

faqtobrivis daSla mosalodnelidan da mosalodnelisgan gansxvavebuli 
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nebismieri Sedegis albaToba. kvlevebma ganmartes, rom riski klasificirdeba 
rogorc spekulaciuri an sufTa riski, romelic SeiZleba warmoiSvas 
kompaniis SigniT an mis gareT. mosaxleobis maRali zrda, bunebrivad xdeba 
es Tu migrirebiT, zrdis wylis krizisis temps da sufTa wylis araefeqtur 
marTvas. kvlevaSi romelic avstraliaSi Catarda, sufTa wylis menejmenti ar 
ganxorcielebula efeqturad. sufTa wylis mdgradi marTva wylis aRricxvis 
gamoyenebiT iTvaliswinebs wylis deficits mSral sezonze [10]. 

sufTa wylis menejmentisTvis wylis aRricxva minimumamde Seamcirebs 
biznes riskebs, rogorc dasavleT SeerTebul StatebSi, romlebic xSirad 
ganicdian gvalvas, miuxedavad imisa, rom isini iyeneben wylis aRricxvas suf-
Ta wylis marTvisas. [11] wylis deficitis dasaZlevad sufTa wylis marTvis 
ramdenime modeli arsebobs; kombinirebuli modelis mixedviT, 2050 wels miwi-
qveSa wylebis xelmisawvdomoba prognozirebulia 0,89 x 106 m3, am modelis mi-
xedviT ar gaCndeba miwisqveSa wylebis deficiti, xolo moratoriumis mode-
lis mixedviT miwisqveSa wylebis gamoyenebis Sedegi aris is, rom 2020 wlidan 
dawyebuli  wylis mateba 2025 wels miaRwevs stabiluroba [9]. 

 
wylis aRricxvis komponentebi 
wylis aRricxva SeiZleba gamoyenebul iqnas sufTa wylis marTvis ga-

saanalizeblad [12]. wylis aRricxva aris wylis resursebTan dakavSirebuli 
informaciis identificireba, aRricxva da komunikacia, rac kompaniebs saSua-
lebas aZlevs ganaxorcielon wylis marTva ufro pasuxismgeblobiT. es mona-
cemebi iZleva wylis gamoyenebis, deficitisa da produqtiulobis analizis 
saSualebas [9,13]. 

mTliani Semodineba aris sistemaSi Semavali wylis mTliani gamonadeni, 
romelic Sedgeba naleqebis, zedapiruli da miwisqveSa wylebisgan. 

xelmisawvdomi wyali aris wyali, romlis gamoyenebac SesaZlebelia, 
aris gansxvaveba wminda Semodinebasa da sasmel wyals Soris. 

wylis amowurva aris Sedegi, romlis drosac sabolood Seamcirdeba 
wylis resursi/xelmisawvdomoba. wylis amowurva SeiZleba daiyos, rogorc 
procesis amowurva da araprocesuli amowurva. magaliTad, rodesac wyals 
iyeneben konkretuli produqtebis sawarmoeblad. araprocesuli amowurva 
aris wylis gamoyeneba, garda procesis gamofitvisa, magaliTad, aorTqleba 
wylis Tavisufali donidan an niadagis zedapiridan, romelic ar aris 
damuSavebuli. 

gadineba aris wylis garkveuli raodenoba, romelic gamodis sistemi-
dan. gadineba SeiZleba dajgufdes Cadenil wyalSi da arasasurvel wyalSi. 
gamoyenebuli, usafrTxo wyali SesaZlebelia gamoyenebuli iyos teritorie-
bis sarwyavad, ekosistemuri miznebisTvis.  

 
wylis aRricxvis gamoyeneba 
wylis aRricxva aris sistemuri raodenobrivi Sefaseba wyalmomarage-

bis, moTxovnis, ganawilebis, xelmisawvdomobisa da gamoyenebis tendenciebis 
sistemur raodenobriv Sefasebaze, romelic awvdis informacias wylis 
mecnierebis, menejmentisa da mmarTvelobis Sesaxeb sazogadoebisa da garemos-
Tvis mdgradi ganviTarebis Sedegebis mxardasaWerad [7] . 

Tavad wylis aRricxvis sargebeli: 
• SeuZlia gaaumjobesos xarjebis gageba wylis TvalsazrisiT mdgradi 

ganviTarebisTvis,  
• SeiZleba daexmaros wylis problemebis identificirebas seqtorebSi  
• gazardos wylis ganawilebis gamWvirvaloba.  
wylis aRricxva aris sistema, romelsac kompaniebi iyeneben moxmare-

buli wylis aRsaricxavad, sxvadasxva informaciis da garemos zemoqmede-
basTan dakavSirebuli sakiTxebis gadasaWrelad [2]. 
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miuxedavad imisa, rom wylis aRricxvas aqvs mravali sargebeli, ganvi-
Tarebadi qveynebis umetesobas jer kidev uWirs wylis resursebis marTva [14]. 

 
wylis mdgradi marTvis modeli 
wylis marTvis modelebs SesaZlebelia dadebiTi gavlena qondes sufTa 

wylis marTvaSi awmyosa da momavalSi, gansakuTrebiT wylis wyaroebze [15]. 
qvemoT mocemulia wylis mdgradi marTvis modeli. [16] 

 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

wylis mdgradi marTva 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, # 3, 2023  

 

64 

modeli ganmartavs, rom miwisqveSa wylebis gamoyeneba SeiZleba gan-
xorcieldes zedapiruli wylebis konservaciis programebis, miwisqveSa 
wylebis konservaciisa da miwisqveSa wylebis gamoyenebis SenarCunebiT. es mo-
deli gavlenas axdens ekologiur, ekonomikur, socio-kulturul, teqno-
logiur da instituciur faqtorebze. es xuTi faqtori gansazRvravs miwis-
qveSa wylebis SenarCunebas wylis gamoyenebisa da miwisqveSa wylebis 
dazianebis analiziT [17]. wylis resursebis marTvis koncefcia uzrunvel-
yofs ukukavSirs. yvela es qmedeba dadebiT gavlenas iqoniebs miwisqveSa 
wylebis SenarCunebisTvis, raTa momavalSi daiZlios xelmisawvdomi  wylis 
simcire [18]. sufTa wylis menejmentma wylis aRricxvis ganxorcielebiT 
yuradReba unda miaqcios ramdenime aspeqts [7]:  

• sazogadoebis monawileobis aspeqtebi moicavs sufTa wylis miwod-
ebis gazrdis aucileblobas, sargeblianobasa da sufTa wylis gazrdil 
uzrunvelyofas Soris urTierTobis aRqmas, pasuxismgeblobisa da sakuTrebis 
grZnobas, kulturas, Cvevebs da rwmenas, romlebic dakavSirebulia sufTa 
wyalTan. 

• teqnikuri aspeqtebi moicavs wylis mimdinare da momaval saWiroebebs, 
sufTa wylis damuSavebas, teqnikur standartebs, organizaciul procedurebs 
da wylis xarisxis marTvas. 

• garemosdacviTi aspeqtebi moicavs wylis wyaroebis xarisxs, 
raodenobas da wylis wyaroebis dacvas. 

• finansuri aspeqtebi moicavs xarj-Semosavlis analizs, gadaxdis 
SesaZleblobas da tarifis struqturas. 

• instituciuri aspeqtebi _ strategiebs erovnul doneze da poli-
tika/samarTlebrivi safuZvlebs. 

 
3. daskvna 
yovelwliurad izrdeba mosaxleobis zrda da ganviTareba, rac gavle-

nas axdens sufTa wyalze moTxovnaze. [5] [6] mSral sezonze, saqarTvelos 
bevri regioni ganicdis sufTa wylis naklebobas sufTa wylis cudi marTvis 
gamo. SufTa wylis marTvis kompaniebi gadamwyvet rols asruleben sazoga-
doebisTvis saWiro sufTa wylis xelmisawvdomobis SenarCunebaSi. wylis 
aRricxvis gamoyeneba sufTa wylis marTvis kompaniebSi am problemis mogva-
rebas SeZlebs. wylis aRricxvas SeuZlia biznesis riskebis identificireba 
da wylis samomavlo gamoyenebisa da xelmisawvdomobis gamoTvla. kompaniebs 
SeuZliaT wylis marTva gamWvirvaled da angariSvaldebulad. biznes riskebi, 
romlebic xSirad gvxvdeba, aris danakargebi da momxmareblis ndobis dakarg-
va. [6] wylis aRricxvis ganxorcielebam SeiZleba Seamciros es riskebi. wylis 
aRricxvaSi, erT dReSi warmoebuli da gamoyenebuli wylis raodenoba SeiZ-
leba danamdvilebiT iyos cnobili, es informacia bevri sargebelis momtania 
sxvadasxva kvlevisTvis. 

bevr dasaxlebas wyali aklia, gansakuTrebiT mSral sezonze. aucile-
belia sazogadoebis CarTulobis gazrda wylis wyaroebis SesanarCuneblad, 
raTa SenarCundes bunebrivi mdgradoba. sazogadoebis CarTuloba iwyeba 
zedapiruli wylebis konservaciis programebis, miwisqveSa wylebis konserva-
ciis programebis da miwisqveSa wylebis utilizaciis programebis ganxorcie-
lebiT. wylis resursebis marTva fokusirebulia ekologiur, ekonomikur, 
socio-kulturul, teqnologiur da institucionalur faqtorebze. Tu yvela 
es faqtori iqneba gaTvaliswinebuli, SesaZlebeli iqneba wylis resursebis 
da garemos mdgradi marTvis gaumjobeseba.  

da bolos, sazogadoebas SesaZlebloba eqneba grZelvadian perspeqti-
vaSi isargeblos wyalmomaragebiT. 
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SUMMARY 

WATER MANAGEMENT MODEL USING WATER ACCOUNTING METHOD 

Gordeziani K.G., Tsinadze Z.O. 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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nanofiltraciuli procesis kvleva bunebriv, mtknar wyalSi 

gaxsnili 0.2%-iani MgSO4-isa da 15%-iani NaCl-is gamoyofisaTvis 

 

bibileiSvili g.v., mamulaSvili m.a., kakabaZe e.g., keJeraSvili m.g.,  
javaSvili z.d. 

 
saqarTvelos teqnikuri universitetis membranuli teqnologiebis sainJinro 

instituti 
 

 nanosistemebis umniSvnelovanes niSanTvisebas warmoadgens maTi reali-
zaciis dros miRebuli produqtebis, masalebisa da mowyobilobebis xaris-
xobrivi cvlilebebi da Tvisebebi. 

nanofiltraciuli membranebi, saTanado membranuli teqnologiebis da-
muSavebis bazaze, SesaZlebels xdis  gaiyos natriumis, magniumis, kalciumis, 
qloris, ftorisa da kaliumis ionebi cocxal organizmSi biologiuri memb-
ranebis msgavsad. 

nanomasalaTa Soris, forovan nanofiltraciul membranebs ukaviaT 
gansakuTrebuli mdgomareoba. amas ganapirobebs Semdegi ZiriTadi mizezebi:  
- membranebi arian tipiuri nanostruqturebi, romlebic warmoadgenen samgan-
zomilebian SekavSirebas an calkeul nanoforebs, matricul, polimerul an 
araorganul CarCoSi; membranebis Txeli seleqtiuri fenebi (Sreebi), romleb-
Sic ZiriTadSi funqcionireben nanoforebi, xSirad TviTon warmoadgenen 
nanofenas sisqiT 100 nm-de [1,2]. 

nanofiltracia uzrunvelyofs xsnaris gayofis im amocanebis gadawyve-
tas, romelic SeuZlia ukuosmosisa da ultrafiltraciis procesebs;  es exe-
ba marilebis (monovalenturi kaTionebiT da anionebiT) gayofis SesaZleb-
lobas, agreTve organuli nivTierebebis mocilebas molekuluri masiT 200 
daltonis zeviT. nanofiltraciis gamoyenebiT SesaZlebelia Semcirdes wylis 
feri (75_90 %-iT), damJangveloba (50_80 %-iT), sixiste (50_80 %-iT), mikroele-
mentebis Semcveloba, mTlianad mocildes mikroflora, ganxorcieldes 
wylis nawilobrivi demineralizacia. nanofiltracia iZleva wyalmomzadebis 
sistemebiT wylis demineralizaciis sasurveli donis damuSavebis SesaZleb-
lobas [3_5]. 

nanofiltraciis efeqturad gamoyeneba SesaZlebelia miwisqveSa da ze-
dapiruli wylebis gawmenda-gausnebovnebisa da saTanado xarisxiT demi-
neralizaciisTvis. 

nanofiltraciuli procesis kvleva ganxorcielda bunebriv, mtknar 
wyalSi gaxsnili 0,2 %-iani MgSO4-is da 15 %-iani  NaCl-is  modeluri xsnare-
bis bazaze.  damuSavda bunebrivi wylis gawmenda-gausnebovnebisa da saWiro 
doneze demineralizaciis orseqciani teqnologiuri sqema (naxazi), romlis 
mixedviTac, wylis winaswari gawmenda-gausnebovnebis samsafexuriani seqciis 
pirveli safexuri iTvaliswinebs wylis gawmendas 50 mkm zomis Cixuri tipis 
filtriT, meore safexuri – wylis damuSavebas mikrofiltraciis procesis 
gamoyenebiT, xolo mesame safexuri – wylis ultrafiltracias [2,6,7]. wylis 
saWiro doneze demineralizacia xorcieldeba  saTanado procentuli 
maCveneblis mqone membranebiT nanofiltraciuli procesis seqciaSi. 
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wylis gausnebovneba-demineralizaciis nanofiltraciuli 
danadgaris principuli sqema 

 
danadgari Sedgeba sawyisi wylis avzisagan 1 da filtratis avzisagan 

23, winaswari gawmendis filtrisagan 3, tumboebisagan 5, 9, 13, membranuli 
aparatisagan 6, 10, 14, ventilebisagan 2, 4, 7, 8, 12, 15, 16, 25.  danadgari 
aRWurvilia milgayvanilobiT 17, 18, 19, 20, 21, 22, 23, 24. amasTan mTliani 
xazebiT naCvenebia is milgayvanilobebi, romlebSic moZraobs wyali TviT 
gayofis procesis dros, xolo wertilovani xazebiT – sarecxi siTxis 
moZraoba milebSi danadgaris dauSleli recxvis dros. sawyisi wyali 
avzidan 1 ventilis 2, winaswari filtrisa 3 da ventilis 4 gavliT tumboTi 5 
miewodeba membranul aparatSi 6. gafiltruli siTxe Caedineba avzSi 7. 
ultrafiltraciuli membranuli apatatSi 10 gafiltruli permeati Caedineba 
avzSi 11. nanofiltraciul membranul aparatSi 14 gadamuSavebuli xsnari 
permeatis saxiT Caedineba  avzSi 23.  

eqsperimentaluri Sedegebis safuZvelze dadginda, rom mikrofiltra-
ciuli membranuli danadgaris warmadoba Seadgens 600 l/sT, ultrafil-
traciuli membranuli danadgaris warmadoba aRemateba 500l/sT., xolo nano-
filtraciuli membranuli danadgaris warmadoba utoldeba 300 l/sT. 
membranuli danadgarebis safiltracio farTi Seadgens 5kv.m. 

bunebriv, mtknar wyalSi gaxsnili 0,2 %-iani MgSO4-is da 15%-iani NaCl-is  
modeluri xsnarebis gawmenda-gausnebovneba da saTanado doneze deminera-
lizacia xorcieldeboda NF-P, NF-K, NF-KNnanofiltraciuli membranebiT [8_10]. 
Catarebuli cdebis Sedegebi moyvanilia cxrilSi. 

 
 

nanofiltraciuli procesis kvleva demineralizaciis  maCveneblebis mixedviT 
 
membranis 

tipi 
muSa 
wneva, 
mpa 

membranebis maxasiaTeblebi 
seleqtiuroba 

15%-iani NaCl  mimarT, 
% 

seleqtiuroba 
0,2%-iani MgSO4  mimarT, 

% 

xv.warmadoba, 
l/m2sT 

 

NF-P 0,8 45,0 95,5 85,0 
NF-K 0,8 25,0 93,0 97,0 

NF-KN 0,6 60,0 98,0 38,0 
 

 eqsperimentebis Sedegebma აCvena, rom NF-P OPMN-P membranebis xv. 
warmadoba optimaluri wnevis dros Seadgenda 85 l/m2sT, maSin rodesac NF-

KN membranebis xv.warmadoba toli iyo 38 l/m2sT 0,6 mpa wnevis dros. NF-K 

membranis seleqtiuroba Seadgens 25% 15 %-iani NaCl  mimarT, da 93 % 0,2%-iani 
MgSO4 mimarT.     



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, # 3, 2023 68 

amrigad, miRebuli Sedegebis analizis safuZvelze SeiZleba gamovita-
noT daskvna, rom bunebrivi wylis nawilobrivi demineralizacia SesaZle-
belia sxvadasxva xarisxobriv doneze mikro-, ultra- da nanofiltraciuli 
procesebis gamoyenebiT, qimiuri komponentebis zdk-s standartis dacviT. 
bunebrivi wylis damuSavebis dros erTdroulad xdeba  yvela gareSe meqa-
nikuri CanarTebis, arasasurveli minarevebisa da mikroorganizmebis mocile-
ba, rac uzrunvelyofs maRalxarisxovani, kristalurad gamWvirvale, sufTa, 
steriluri da Senaxvisadmi mdgradi produqciis miRebas naleqis warmo-
naqmnis gareSe. bunebrivi wylis damuSavebisas SesaZlebelia miRebuli qimiuri 
komponentebis koncentratebis meoradi gamoyeneba. 

literatura

1. Fu Liu, N. Awanis Hashim, Yutie Liu, M.R. Moghareh Abed, K. Li, Progress in the production and

modification of PVDF membranes, Journal of Membrane Science,Volume 375, Issues 1–2, 15 June 2011, pp. 1-27 

2. 2.Alessandra Imbrogno, Andrea I. Schäfer, Comparative study of nanofiltration membrane characterization 

devices of different dimension and configuration (cross flow and dead end). //Journal of Membrane 

Science,Volume 585, 1 September, 2019, pp. 67-80/ 

3. D.L. Oatley-Radcliffe, S.R. Williams, C. Lee, P.M. Williams, Characterisation of mass transfer in frontal

nanofiltration equipment and development of a simple correlation. //J. Membr. Sep.Tech., 2015, 4, p. 149. 

4. B. VandervanBruggen, A. Verliefde, L. Braeken, E.R. Cornelissen, K. Moons, J.Q. Verberk, H.J. van Dijk,

G. AmyAssessment of a semi‐quantitative method for estimation of the rejection of organic compounds in 

aqueous solution in nanofiltration. // J. Appl. Chem. Biotechnol., 2006, 81,  pp. 1166-1176. 

5. S. Bason, Y. Kaufman, V. Freger, Analysis of ion transport in nanofiltration using phenomenological

coefficients and structural characteristics. // J. Phys. Chem. B, 114, 2010, pp. 3510-3517. 

6. Y. Kiso, K. Muroshige, T. Oguchi, T. Yamada, M. Hhirose, T. Ohara, T. Shintani, Effect of molecular shape

on rejection of uncharged organic compounds by nanofiltration membranes and on calculated pore radii. //J. 

Membr. Sci., 2010, 358, pp. 101-113. 

7. Guo Y, Li T Y, Xiao K, Wang X M, Xie Y F (2020). Key foulants and their interactive effect in organic

fouling of nanofiltration membranes. //Journal of Membrane Science, 610, pp.118252. 

8. Her N, Amy G, Plottu-Pecheux A, Yoon Y (2007). Identification of nanofiltration membrane foulants. Water

Research, 41(17), pp.3936–3947. 

9. Liu Y L, Wang X M, Yang H W, Xie Y F, Huang X (2019). Preparation of nanofiltration membranes for

high rejection of organic micro-pollutants and low rejection of divalent cations. //Journal of Membrane Science, 

572, pp 152–160. 

10. Xiao-mao Wang, Bing Li, Tong Zhang, Performance of nanofiltration membrane in rejecting trace organic

compounds: Experiment and model prediction,  2015, Desalination, 2015, 370. 

SUMMARY 

A STUDY OF THE NANOFILTRATION PROCESS IN NATURAL, FRESH WATER DISSOLVED TO 

SEPARATE 0.2% MgSO4 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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mikrofiltraciuli gayofis procesis optimaluri reJimuli 

parametrebis da  membranis zedapirze danaleqis warmoqmnis meqanizmis 

Seswavla hibriduli nakadis pirobebSi 

 
bibileiSvili g.v., keJeraSvili m.g. yufaraZe l.p., mamulaSvili m.a.,  

ebanoiZe l.o. 
 

saqarTvelos teqnikuri universitetis membranuli teqnologiebis sainJinro 
instituti 

 
   membranuli aparatis intensiuri muSaobis procesSi membranuli firis 
zedapirze warmoqmnili danaleqi qmnis bariers, romelic amcirebs safiltra-
cio zedapiris margiqmedebis koeficients, auaresebs membranis seleqtiurobas 
da warmadobas, zrdis membranuli aparatis hidravlikur winaaRmdegobas, 
aferxebs danadgaris stabilur muSaobas da amcirebs eqspluataciis resurss 
[1-3]. membranuli sistemis sadawneo saknis optimaluri geometriuli konfi-
guraciis  SeswavlisaTvis Catarda demineralizebuli  wylis mikrofiltra-
ciuli gayofis procesis Teoriuli da eqsperimentuli kvlevebi cvalebadi 
wnevis, siCqaris da sacirkulacio nakadis  pirobebSi. eqsperimentuli kvle-
vebi tardeboda membranuli teqnologiebis sainJinro institutSi Seqmnil 
tangencialuri mikrofiltraciis laboratoriul membranul danadgarze, 
romlis sadawneo saknis siganea 46,5×10-3 m, sigrZe 96×10-3 m;  simaRle 0,2×10-3 m, 
0,4×10-3 m,  0,6×10-3 m, 1×10-3 m; kvlevis Teoriuli da eqsperimentuli monacemebis 
analizis Sedegebma aCvena, rom membranuli aparatis mocemuli geometriis 
SemTxvevaSi laminaruli nakadis pirobebSi dabalia sawarmoo xarjebi da 
danadgaris xvedriTi warmadoba. turbulenturi reJimis ganxorcielebisaTvis 
reinoldsis maRali mniSvnelobis miReba dakavSirebulia sadawneo sakanSi  
siTxis nakadis maRal siCqaresTan, rac mniSvnelovnad zrdis energodana-
xarjebs [4].  
   tangencialuri mikrofiltraciis laboratoriuli danadgarisaTvis 
ganisazRvra sadawneo saknis geometriis konstruqciuli Taviseburebebi da 
konstruqciuli elementebis cvladi mniSvnelobebis diapazoni, romlis 
principuli sqemebi mocemulia suraTze 1 da  2: 

 
 
 
 
 

  
 
 
 
 
 

suraTi 1. sadawneo sakani  minimaluri zomis (1) konstruqciuli elementiT 
 
 
 
 
  
 
 
 
 
 

suraTi 2. sadawneo sakani maqsimaluri zomis (2) konstruqciuli elementiT 
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mikrofiltraciul membranul aparatSi sadawneo saknis simaRlis   h1, 

h2, h3 da zedapiris geometriaSi konstruqciuli elementebis zRvruli 
mniSvnelobebisaTvis ganxorcielebulma eqsperimentulma kvlevebma membranis  
erTeul  farTisaTvis  ganapiroba gamyof SreSi siTxis nakadis  efeqturi da 
intensiuri moZraoba, ramac uzrunvelyo siTxis nakadis  hidrodinamikuri 
maCveneblebis optimizacia danadgaris xvedriTi warmadobis  stabiluri 
maCveneblebiT.  kvlevis Sedegebi asaxulia cxr. 1-Si. 

 
cxrili 1. membranuli aparatiis sadawneo saknis  h1, h2, h3 simaRlis, zedapiris 
geometriis konstruqciuli elementebis zomiT L1 da L2  xv. warmadobis mniSvnelobebi  
 

saknis simaRle, mm H1 H2 H3 

xv.warmadoba,  J l/m2 sT (L1) 156 184 200 

xv.warmadoba,  J l/m2 sT (L2) 224 266 414 

 
membranuli danadgaris sadawneo saknis geometriaSi ganxorcielebulma 

cvlilebebma ganapiroba laminaruli da turbulenturi nakadebis  hibriduli 

reJimებis warmoqmna, romlis pirobebSi danadgaris xvedriTi warmadobis  
maCvenebeli aRemateba laminaruli da turbulenturi  nakadebisaTvis  
miRebul Sesabamis maCveneblebs.  

Seswavlili iqna bunebrivi wylebis granulometruli Sedgeniloba ana-
lizatoriT Zetasizer NanoZen-3690. ganxorcielda filtraciis procesSi memb-
ranis zedapirze warmoqmnili danaleqis klasifikacia sxvadasxva simRvrivis 
bunebriv wylebSi arsebuli 5 nm-dan 8 nm-mde, 180 nm-dan 400 nm-mde,  800 nm-dan 
1200 nm-mde zomis nawilakebis mixedviT, ris safuZvelze Seiqmna baromembran-
uli procesebisTvis gankuTvnili granulometriuli nawilakebis klasifi-
katori. maskanirebeli (tuneluri) mikroskopis saSualebiT (Certus Standard V) 
Seswavlili iqna  FTU-0,03,  FTU-3,  FTU-5,  FTU-10,  FTU-20,  FTU-40, FTU-50 simRv-
rivis mqone modeluri xsnarebis filtraciis Sedegad membranebis firebze 
gaCenili danaleqis struqtura da warmoqmnis meqanizmi.  

 
 

 
 

 

FTU-0,03 FTU-50 
 

                                                                       
suraTi 5. sxvadasxva simRvrivis modeluri xsnarebis mikrofiltraciis Sedegad 

membranis zedapirze warmoqmnili danaleqi 
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a b 
 
                                                                                                            

suraTi 6. membranis zedapiris mikrografiuli 2D gamosaxuleba FTU-0,03 (a) da  FTU-50 
(b) simRvrivis modeluri xsnaris mikrofiltraciis Semdeg 

 

 

 FTU-0,03 simRvrivis (distilirebuli wyali) bunebrivi wylis mikro-
filtraciis Sedegad membranis zedapirze naTlad warmodgenilia misi foro-
vani struqtura ucxo nawilakebis gareSe (suraTi 6,a), FTU-50 simRvrivis 
modeluri xsnaris filtraciis Sedegad membranis forovani struqtura dafa-
rulia sxvadasxva granulometriuli zomis  nawilakebiT, zedapiri araerT-
gvarovania,  rac danaleqis warmoqmnaze miuTiTebs (suraTi 6,b).  

 
   

cxrili 2. membranis dabinZurebis meqanizmi 
 

kanonzomiereba aRwera 
sruli blokireba (forebis 
daxSoba) 

nawilakebis mier forebis daxSoba; dnawilaki = dfora  
nawilakebi ar grovdebian  erTmaneTze 

Sualeduri blokireba 
(adsorbcia xangrZlivi drois 
SemTxvevaSi) 

nawilakebis dagroveba, forebis daxSoba 
dnawilaki = dfora 
 

standartuli adsorbcia 
(pirdapiri adsorbcia) 

nawilakebis deponireba foris Sida kedlebze, 
foris zomebis Semcireba dnawilaki  < dfora 
 

 
                                           
 membranuli danadgaris sadawneo saknis geometriaSi ganxorcielebulma 
cvlilebebma uzrunvelyo laminaruli da turbulenturi nakadebis  hibri-
duli reJimis warmoqmna, ramac ganapiroba hidrodinamikuri procesis optimi-
zacia danadgaris xvedriTi warmadobis asimptoturi maCvenebelis gazrdiT. 
sadawneo sakanSi ganxorcielda siTxis moZraobis laminaruli da turbulen-
turi reJimebis inovaciuri hibriduli nakadi, ramac uzrunvelyo koncentra-
ciuli polarizaciis xarisxis Semcireba, rac iwvevs membranis zedapirze 
Sewonili nawilakebis da mikroorganizmebis dagrovebis procesis intensi-
vobis Semcirebas, Sedegad izrdeba membranis gamoyenebis resursi, mcirdeba 
danadgaris gawmendisaTvis da recxva-regeneraciisaTvis gaweuli xarjebi,  
maRldeba sasmeli wylis sisufTavis xarisxi da danadgaris teqnikur-eko-
nomiuri maCveneblebi. 
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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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polimeris konformaciis cvlilebis Seswavlis standartuli 

meTodologia 

 

bibileiSvili g.v., gogesaSvili n.n., iakobaSvili g.T., javaSvili z.d. 
 

saqarTvelos teqnikuri universitetis membranuli teqnologiebis 
sainJinro instituti 

 
sinaTlis gabnevis dinamikuri meTodi anu igive fotonuri korelaciuri 

speqtroskopia, aris mZlavri instrumenti xsnarSi makromolekulebis hidro-
dinamiuri radiusebis gansazRvrisaTvis, romlebic damokidebulia   makromo-
lekulebis zomebze da formebze. sinaTlis dinamiuri ganbneva warmoiqmneba 
simkvrivis da koncentraciis fluqtuaciis Sedegad, romelTa daregistrireba 
SesaZlebelia Tanamedrove meTodebiT uaxlesi analizatorebis gamoyenebiT 
[1,2]. polimerul xsnarSi komformaciuli cvlilebebis Sesaswavlad, kvleviTi 
eqsperimentebi Catarebuli iqna nanonawilakebis zomis ganmsazRvrel analiza-
torze Zetasaizer Nano ZS90 sinaTlis  ganbnevis dinamiuri meTodiT (DLS).  

aRniSnul meTodSi miCneulia, rom xsnarebSi nawilakebi warmoadgenen 
idealur myar sferoebs. magram cnobilia, rom polimerebs karg gamxsnelebSi 
gaaCniaT gafarToebuli gorgalis forma. ris gamoc am meTodiT gansazRv-
ruli gaxsnili nawilakebis radiusi warmoadgens warmosaxviT hidrodinamiur 
radiuss [3,4]. aseve, polimerebs gaaCniaT globularuli  konformaciebi da am 
pirobebSi xsnarebSi moqmedi molekulaTaSoriso  mizidulobis Zalebis gamo 
nawilakebis zomebis gansazRvra aratrivialuri amocanaa, radgan koncentri-
rebul xsnarebSi nawilakebis zomis gazomva rTulia mravaljeradi gafantvis 
an sinaTlis Zlieri absorbciis efeqtis gamo. amitom, eqsperimentebi Catare-
buli iqna gansxvavebuli koncentraciis  ganzavebul  xsnarebze nawilakis 
zomebis, dispersiulobis xarisxis da gardatexis maCveneblebis mniSvnelo-
bebis gansazRvriT. 
 
cxrili 1. polimeruli xsnarebis gardatexis maCveneblebis da nawilakis zomebis  
intensivobis procentuli maCveneblebi. 
 

nimuSebis  
aRebis 
dReebi 

polimeruli 
xsnaris konc. 

g/l 

gardatexis 
maCvenebeli 

n 

nawilakis 
zoma (nm) 

intens.% PDI Z-Ave 

2.10.23 

 

26,3 

 

1,4441 P1=8,525 100 0,695 341,9 

3. 10.23 

12,8 

1,4323 

P1=7,496 

P2=23,18 

P3=754,3 

41,2 

33,9 

24,9 

0,382 139,5 

4.10.23 1,4331 
P1=1346 

P2=10,89 

94,6 

5,4 
0,411 1060 

5.10.23 1,4358 P1=1573 100 0,261 1297 

6.10.23 1,4367 P1=1494 100 0,132 1315 

9.10.23 1,4457 
P1=1884 

P2=634,1 

98,9 

1,1 
0,269 1487 

10.10.23 1,4331 P1=1673 100 0,228 1431 

11.10.23 1,4331 P1=1545 100 0,271 1284 

16.10.23 1,4329 P1=1486 100 0,300 1187 

17.10.23 1,4331 P1=1581 100 0,271 1290 

23.10.23 1,4321 
P1=1612 

P2=13,97 

90,7 

9,3 
0,689 960,5 

24.10.23 1,4331 P1=1467 100 0,374 1417 

25.10.23 1,4322 P1=1793 100 0,308 1618 
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aromatuli poliamidi gaxsnili iqna CaCl2-is 5%-ian xsnarSi  dimeTil-
acetamidSi(dmaa).  polimeris gaxsna warmoebda 100 ml-ian kolbaSi, romelSic 
moTavsebuli iyo CaCl2-is 5%-ian xsnari dimeTilacetamidSi. procesi mimdina-
reobda 7sT-is ganmavlobaSi 55 ℃-ze gacxelebiT, magnituri sarevelaTi mud-
mivi morevis pirobebSi. miRebuli iqna homogenuri polimeruli kompozicia 
koncentraciiT 26,3g/l, romelic  meore dRes mudmivi morevis pirobebSi gan-
zavebuli  iqna 30 ml gamxsneliT da  xsnarSi polimeris koncentracia gaxda 
12,8 g/l. ganzavebul kompoziciaSi nanonawilakebis zomebis, aseve, gardatexis  
maCveneblebis cvlileba drosTan mimarTebaSi  mocemulia cxrilSi.   

kompoziciaSi arsebuli nanonawilakebis zomebis  ganawilebis 
intensivobis DLS mrudebi mocemulia suraTze 1.  

 
suraTze 1.a mocemulia koncentrirebul polimerul kompoziciaSi 

(pol/dmaa/CaCl2) arsebuli nanonawilakebis zomebis intensivobis ganawilebis 
(DLS) mrudi, romelzec dafiqsirebulia mxolod 8,5 nm zomis nawilakebis 
arseboba. suraTze 1.b warmodgenilia  kompoziciaSi ganzavebis Sedegad poli-
meris konformaciuli cvlilebiT gamowveuli nanonawilakebis zomebis  
cvlileba, rac gamoisaxa ganawilebis intensivobis mrudze sami pikis war-
moqmniT da nawilakebis zomis mniSvnelobebis zrdiT.  ganzavebis Sedegad  
miRebul xsnarSi Seswavlili iqna nawilakebis zomis mniSvnelobebi   kvlevis 
ocdaordRian monakveTSi. me-5 dRes adgili hqonda nawilakis zomis zrdas 
1500 nm-mde (suraTi 1.g), xolo  nawilakis zomis mniSvnelobis da aseve, gar-
datexis maCveneblis maqsimumi aRiniSna me-7 dRes (sur. 1.d da 1.b). Semdgomi 16 
dRis ganmavlobaSi nawilakis zomebi icvleboda 1434 nm-dan  1793 nm-mde farg-



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, # 3, 2023  

 

75 

lebSi (sur. e,v,z,T). kvlevis me-7dRes xsnaris gardatexis maCvenebelmac 
miaRwia maqsimums (sur. 3).  

 

  
suraTi  2. nanonawilakis zomis cvlileba 

droSi 
suraTi 3. kompoziciis gardatexis 
maCveneblebis  cvlileba droSi 

 
aRniSnuli kvlevebis safuZvelze dadginda, rom polimeruli xsnarebis 

sinaTlis ganbnevis dinamikuri meTodiT Seswavla mniSvnelovan informacias 
iZleva ganzavebisas, xsnarebSi arsebuli nanonawilakebis zomebisa da kon-
formaciuli cvlilebebis Sesaxeb. polimeris zomebze da konfiguraciaze 
gavlenas axdens hidratirebuli, arahidratirebuli wyalbaduri bmebi, arahid-
ratirebuli hidrofobiuri urTierTqmedebis kombinirebuli efeqtebi. hidra-
tirebuli wyalbadis kavSirebi inarCunebs erTi molekuluri jaWvis zomasa 
da struqturas, arahidratirebuli wyalbadis kavSirebi da hidrofobiuri 
urTierTqmedeba iwvevs Sigamolekulur kolafss da molekulaTSoris agre-
gacias, nawilakis zomebis mkveTr matebas, xolo eleqtrostatuli ganzidva 
amcirebs Tanapolimerebis aglomeraciis xarisxs. kvlevis miRebuli meTodo-
logia SesaZlebelia gamoyenebuli iqnas, polimeruli kompoziciebidan fazu-
ri inversiis meTodiT, nanofiltraciuli membranebis misaRebad, sadac membra-
nebis seleqtiuroba dgindeba 0,2 %  MgSO4 da aseve, 0,15 % NaCl xsnaris mi-
marT. 
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SUMMARY 

STANDARD METHODOLOGY FOR STUDYING POLYMER CONFORMATIONAL CHANGE 

Bibileishvili G.V., Gogesashvili N.N., Iakobashvili 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 % MgSO4 and also against 0.15 % NaCl 

solution. 

Keywords: Polymer, solvent, refraction, membrane selectivity, conformation.  
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aragamxsnelis rolis gavlena fazuri inversiis mimdinareobaze 

da miRebuli membranebis maxasiaTeblebze 

 

bibileiSvili g.v,. gogesaSvili n.n., ebanoiZe l.o. 

 

saqarTvelos teqnikuri universitetis membranuli teqnologiis 

sainJinro instituti 

 

sinTezurma polimerebma mniSvnelovani gamoyeneba hpova membranul 

teqnologiaSi, radgan dadginda, rom  polimerebi warmoadgenen unikalur 

masalas membranebis Sesaqmnelad [1,2]. fazuri inversiis meTodiT polimeruli 

membranebis miReba da kvleva warmoebs institutSi Seqmnil laboratoriul 

danadgarebze. membranebis formirebis sveli meTodi  mimdinareobs masamimoc-

vliTi  procesiT  kompoziciaSi arsebul gamxsnelsa da sakoagulacio abaza-

nis Semadgenel komponentebs Soris. aragamxsnelis buneba, misi polaroba da 

sixiste mniSvnelovan gavlenas axdens masagadatanis mimarTulebaze da 

gamxsneli-aragamxsnels Soris mimdinare difuziis procesis siCqareze, rome-

lic Tavis mxriv  iwvevs  membranebis  iseTi  mniSvnelovani  maxasiaTeblebis 

cvlilebas, rogoricaa membranebis foris zomebi da zedapiris simqise [3_5].  

kvlevis pirvel safexurze miRebuli iyo polieTersulfonis (pes)     

12%-iani kompozicia dimeTilacetamidSi (dmac), romelSic gaxsnili iyo lio-

filuri marili MgCl2. miRebuli kompozicia gamoleqil iqna gansxvavebuli 

komponentebis Semcvel aragamxsnelSi. aRniSnuli eqsperimentebi saSualebas 

iZleva membranis zedapiris hidrofiluri da hidrofoburi balansis cvlile-

biT gaizardos membranis Semakavebeli unari. aseve membranebis zedapiris mux-

tis gazrdiT rogorc mono-, aseve mravalmuxtiani ionebiT gaumjobesdes memb-

ranuli nimuSebis filtraciuli Tvisebebi [3,4]. polieTersulfonis/dmaa/ MgCl2. 

kompoziciebis gamoleqva Catarebuli iyo rogorc sufTa wyalSi, aseve mJavian 

tutian, kaliumis da natriumis karbonatian da qloroformian  wyalSi.   

cxrilSi mocemulia gansxvavebuli sakoagulacio abazanis Sedgeniloba 

da kompoziciis gamoleqvisas miRebuli membranebis maxasiaTeblebi. gamo-

leqvis eqsperimentebi Catarebul iqna 30 0C  temperaturaze. 

 

 
gansxvavebuli sakoagulacio abazanis Sedgeniloba da polieTersulfonis/dmaa/MgCl2 

kompoziciis gamoleqvisas miRebuli membranebis maxasiaTeblebi 

 

membrana sakoagulacio 

abazanis Sedgeniloba 

membranis xv. warmadoba 

l/m2sT 

foris zoma, 

mkm 

P1 wyali 303 1,3 

P2 wyali+5%Na2CO3 417 1,6 

P3 wyali+5%K2CO3 319 1,8 

P4 wyali+5%KOH 289 1,2 

P5 wyali+ 5%ZmarmJava 523 1,1 

P6 wyali+qloroformi 130 2,3 
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kvlevebiT dadginda, rom araorganuli marilebis, tutis, mJavas da 

arapolaruli qloroformis Setana polimeruli kompoziciis wylis sakoagu-

lacilo abazanaSi  gavlenas axdens membranis maxasiaTeblebze da maT zeda-

pirul struqturaze. rac miuTiTebs im faqtze, rom gansxvavebuli polarobis 

da pH-is sakoagulacio  xsnarSi  kompoziciis ganSrevebis siCqaris cvlile-

bis gamo. fazuri inversiis procesi mimdinareobs sxvadasxvanairad  da mii-

Reba gansxvavebuli zedapiruli morfologiis da maxasiaTeblebis membranebi. 

xv. warmadobis  ukeTesi maCvenebeli aRmoaCnda P5 membranas (suraTi2), 

romelic gamoleqili iyo ZmarmJavian abazanaSi.  membranuli nimuSebis 

zedapirebi Seswavlil iyo maskanirebeli zonduri mikroskopiT. 

qloroformian abazanaSi gamoleqil membranas (P6) gaaCnia faSari 

zedapiruli struqtura (suraTi 1) da dabali xv.warmadoba. 

 

 

  
 

suraTi 1. membrana P6-is mikrosuraTi 

 

 

suraTi 2. membrana P5-is mikrosuraTi 

 

 

amrigad, gansxvavebuli pH-is da polarobis aragamxsnelSi  12%-iani 

pes/dmaa/MgCl2 kompoziciis 30 
0
C  temperaturaze. gamoleqvisas dadginda, rom 

arapolaruli gamxsnelis (qloroformi) Semcveli xsnaridan gamoleqil mem-

branas (P6) gaaCnia faSari struqtura da dabali xv. warmadoba. xolo  sufTa 

wyalSi, mJavis, tutis, araorganuli marilebis Semcveli sakoagulacio xsna-

rebSi fazuri inversiis meTodiT miRebuli membranuli nimuSebidan ukeTesi 

struqtura da warmadoba gaaCnia P5 membranas, romelic gamoleqili iyo               

5%-iani ZmarmJavis Semcvel wyalSi.  
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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/MgCl2 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 (PEС) 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 10-5-10-3 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 (SiO2) 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.   
 

 
                                                  

Figure1. Experimental furnace 

 

Materials and experiment. To obtain crystalline silicon, the factory purchased three 

kinds of charging material (Composition in mass percentages):  
 quartz (98.9 % - SiO2, 0.3 % - Fe2O3, 0.1 % - Al2O3, 0.1 % - CaO, 0.1 % - MgO); 

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

 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 kg; 

totally - 500kg, 

 

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
0
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:  

1. Average power 1.25-1.35 MW; 

2.  Electrode voltage 70-74 V; 

3.  Electrode current 22-24 ka; 

4.  current in high area 280-320 amp; 

5. Voltage in the high area 6.0 kV 

6.  Electrode position 100-230 mm; 

7. Temperatures of half rings and jaws 20-40 0C; 

8. Temperature of gases at the furnace 240-310 0C; 

9. Temperature of gases in the filters 115-145 0C; 

 

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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reziume 

kristaluri siliciumis warmoeba karboTermuli meTodiT 

qurdaZe g.u. 
zestafonis feroSenadnobTa qarxana s.s 
aRwerilia „jorjian manganezis“ zestafonis feroSenadnobebis qarxnaSi karboTer-
muli meTodiT kristaluri, anu teqnikuri siliciumis miRebis procesi, am miznisTvis 
specialurad aSenebul erTfaza, wriuli kveTis eleqtrorkalur RumelSi, romelsac 
5,5 mva simZlavris transforvatori kvebavs. sawyis masalad gamoyenebulia 98,9 % si-
sufTavis kvarci, aRmdgenelad _ 95,94% myari naxSirbadis Semcvelobis navTobis 
koqsi da 71% naxSirbadis Semcvelobis xis naxSiri. 60 saaTis ganmavlobaSi gadamuSa-
vebulia 12 t kazmi 500 kg-iani 24 ulufis saxiT. 1t miRebul produqciaze daixarja 
3055 kg kvarci (siliciumis amoRebis koeficienti 65,4%), 1341,5 kg xis naxSiri, 332,9  kg 
navTobis koqsi, 166,5 kg xis nafoti, 61 kg grafitis eleqtrodi da 14673 kvtsT teq-
nologiuri eleqtroenergia. 
sakvanZo sityvebi: Rumeli, kristaluri siliciumi, „mziuri siliciumi“, kvarci, koqsi. 
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karbonatuli wonasworobis Seswavla borjomis mineraluri wylis 

sabados magaliTze 
 

SavguliZe n.a., altaevi v.r. 
 

saqarTvelos teqnikuri universiteti 
aidies borjomi saqarTvelo  

 
Sesavali 
zedapiruli wylebis _ mdinareebis, tbebis, wyalsacavebis karbonatuli 

wonasworoba sakmarisad detalurad aris Seswavlili, rac ZiriTadad qveya-
naSi gazrdili praqtikuli saWiroebiTaa gamowveuli. kerZod, hidroeleqtro-
sadgurebis da wyalSemkrebi rezervuarebis mSeneblobebze moTxovnebis gazr-
diT. zedapirul wylebTan SedarebiT ki, miwisqveSa mineralur wylebSi, karbo-
natuli wonasworoba umniSvnelodaa Seswavlili. es ki gamowveulia miwisqveSa 
mineraluri wylebis Semadgenlobis sirTuliT da maTi formirebis Tavis-

eburebebiT [1]. 
saqarTvelos naxSirmJava wylebis wamyvan sabadod borjomi iTvleba. bor-

jomis yvela burRilidan miRebulia naxSirmJava, hidrokarbonatul-natriumian 
wyali. borjomis mineraluri wylebi xasiaTdebian saSualo mineralizaciiT da 

susti mJava reaqciiT (pH=6,2_7,0), Tavisufali naxSirmJavas didi raodenobis Sem-
cvelobis gamo, romlis saerTo Semcvelobac zogierT WaburRilSi 2,5 g/l-s 
aRwevs. 

 naxSirorJangi mineralur wylebSi imyofeba rogorc xsnadi, aseve spon-
tanuri saxiT. amasTan, rac ufro maRalia temperatura, miT ufro meti rao-
denobis naxSirorJangi gamoiyofa spontanuri saxiT. naxSirorJangis desorb-
ciis gamo wyalSi karbonatuli wonasworoba irRveva da kalciumis da mag-
niumis hidrokarbonatebi (xsnadi forma) karbonatebSi (Znelad xsnad formaSi) 
gadasvlis gamo, ileqebian. wylidan naleqis gamoyofis ZiriTadi mizezia Tavi-
sufali naxSirorJangiT gaRaribeba da haeridan Jangbadis STanTqma. naleqi 
ZiriTadad kalciumis karbonatisgan Sedgeba. naleqis warmoqmnas xels uwyobs 
saeqspluatacio qselSi temperaturis dacema, wylidan naxSirorJangis gamoyo-

fis gamo karbonat-hidrokarbonatuli wonasworobis darRveva da sxv. [2] 
karbonatuli wonasworoba Cven mier pirvelad iqna Seswavlili bor-

jomis mineraluri wylis sabados ## 132, 143, 144, 39, 131, 54, 41, 70, 38 e da 25 
WaburRilebis magaliTze.  

 
ZiriTadi nawili  
mineralur naxSirmJava wylebis stabilurobis anu karbonatuli wonas-

worobis Seswavla ganxorcielda Teoriuli, egreT wodebuli lanJelies 
meTodiT, rac kanadeli qimikosis leon lanJelies saxels ukavSirdeba. man 

pirvelma SemoiRo mcneba wylis kalciumis karbonatiT gajerebis Sesaxeb [3].  
meTodis arsi mdgomareobs SemdegSi: naxSirmJava mineralur miwisqveSa 

wylebSi, karbonatuli wonasworobis angariSi SesaZlebelia wylis kalcium 

karbonatiT gajerebis koeficientis (J) gamoTvliT:  

 

J = pH0 - pHs, 

 sadac pH0 aris sakvlevi nimuSis eqsperimentulad gazomili wyalbaduri 
maCvenebeli.  

pHs _ wyalbaduri maCvenebeli wylis kalciumis karbonatiT gajerebis 
pirobebSi, romelic Teoriulad iangariSeba.  
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wyali iTvleba stabilurad, roca gajerebis koeficienti nulis tolia,            

J = 0. e.i. stabiluri wylebisTvis pH0 = pHs. im SemTxvevaSi, roca pH0 > pHs, e.i. 

roca koeficienti J(+) dadebiTia, wylis stabiluroba darRveulia da gamoi-

yofa naleqi. xolo roca pH0 < pHs, e. i. roca Sedegi uaryofiTia J(-), wyali 
xasiaTdeba maRali mJavianobiT da is agresiulia. Tumca, praqtikulad 

miRebulia, rom J = ± 0,25÷0,3 SualedSi, wyali stabiluria.  

pHs-is gamoangariSeba sxvadasxva meTodiTaa SesaZlebeli, magram borjo-
mis sabados naxSirmJava mineralur wylebSi gajerebis koeficientis gamosaTv-

lelad visargebleT s. zavodnovis meTodiT [3], Semdegi parametrebis safuZ-
velze:  

1.  ZiriTadi kaTionebis da anionebis koncentraciebi mg/l da mg/eqv-l, 
eqsperimentuli Sedegebi  

2. wyalbaduri maCvenebeli eqsperimentulad gazomili WaburRilze, pH0  

3. wyalbaduri maCvenebeli Teoriulad gamoTvlili, pHs  

4. wylis temperatura, eqsperimentulad gazomili WaburRilze, OC  

5. ionuri Zala, µ  

6. aqtivobis koeficienti, A  

7. kalciumis aqtivobis koeficienti, PYCa2+  

8. hidrokarbonatis aqtivobis koeficienti, PYHCO3
-  

9. pirveli safexuris disociaciis (H2CO3
-↔ HCO3

-+H+) konstanta, 

pK1H2CO3  

10. meore safexuris disociaciis (HCO3- ↔CO3
2-+H+) konstanta, pK2H2CO3 

11. xsnadobis namravli, pL0CaC03 

12. kalciumis ionis koncentracia, pmCa2+ 

13. hidrokarbonatis ionis koncentracia, pmHCO3
-  

14. gajerebis koeficienti, J  
savele gamocdebi da nimuSebis aReba Catarda dg konsaltingis akredi-

tebuli laboratoriis mier SemuSavebuli moqmedi, standartuli da veri-
ficirebuli gazomvis meTodebiT. WaburRilebidan aRebul wylis nimuSebSi, 
ZiriTad kaTionebsa da anionebze gamocdebi ganxorcielda dg konsaltingis 
stacionalur sagamocdo laboratoriaSi.  

sakvlevi wylis nimuSebSi Catarebuli gamocdis Sedegebi asaxulia                 
cxr. 1-Si.  

 
cxrili 1. sakvlevi WaburRilebis qimiuri maxasiaTeblebi  

 

# Wab.# lab.# saerTo 
mineralizacia, 

mg/l 

pH TOC Ca2+ Mg2+ Na++K+ HCO3
- Cl- SO4

2- 

mg/l 

1 132 4674 6639,60 6,90 25,0 32,0 28,8 1808,5 4392,0 376,3 <2,0 
2 143 4552 2654,96 7,94 24,6 2,8 1,2 739,9 1814,8 92,3 4,0 
3 144 4553 3105,33 7,71 23,4 6,0 5,4 869,6 2043,5 177,6 3,3 
4 39 4554 3105,40 7,77 23,4 5,0 4,2 870,6 2058,8 166,9 <2,0 
5 131 4555 5956,40 6,71 36,8 96,0 43,8 1529,0 3888,8 394,8 4,0 
6 54 4556 5770,78 6,63 40,2 144,0 102,0 1301,3 3965,0 258,4 <2,0 
7 41 4558 5822,00 6,63 39,6 100,0 40,8 1463,7 3965,0 248,5 4,0 
8 70 4562 7055,34 6,86 31,3 32,0 36,0 1926,0 4605,5 455,82 <2,0 
9 38e 4563 5698,70 6,88 33,5 32,0 28,8 1544,2 3751,5 342,2 <2,0 
10 25 4564 7199,40 6,88 40,5 32,0 28,8 1968,8 4758,0 411,8 <2,0 
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cxr. 1-Si moyvanili qimiuri maxasiaTeblebis mixedviT sakvlev nimuSeb-
Si gamoangariSebuli iqna ionuri Zalebi. miRebuli Sedegebi asaxulia              
cxr. 2-Si.  

 

cxrili 2. sakvlevi nimuSebis ionuri Zalis maCveneblebi  

 

Wab.  

# 
Ca

2+
 Mg

2+
 Na

+
+K

+
 Cl

-
 HCO3

-
 SO4

2-
 

µ, moli/l  
mg-eqv/l 

132 0.85 1.20 42.26 5.20 39.00 0.06 0.0453  

143 0.14 0.10 32.17 2.60 29.75 0.08 0.0326 
144 0.30 0.45 37.81 5.00 33.50 0.07 0.0390 
39 0.25 0.35 37.85 4.70 33.75 0.00 0.0388 
131 4.80 3.65 66.48 11.12 63.75 0.08 0.0792 
54 7.20 8.50 56.58 7.28 65.00 0.00 0.0801 
41 5.00 3.40 63.64 7.00 65.00 0.08 0.0763 
70 1.60 3.00 83.74 12.84 75.50 0.00 0.0906 
38 e 1.60 2.40 67.14 9.64 61.50 0.00 0.0731 
25 1.60 2.40 85.60 11.60 78.00 0.00 0.0916 

 

cxr. 1 da 2-is monacemebis mixedviT, karbonatuli wonasworoba Seswav-

lili iqna borjomis mineraluri wylis sabados sakvlev WaburRilebSi [3], 
romlis Sedegebi asaxulia cxr. 3-Si.  

 
cxrili 3. karbonatuli wonasworobis angariSi borjomis naxSirmJava mineraluri 
wylis sabados saeqspluatacio WaburRilebSi  

 

 
daskvna  

 
1. sakvlev WaburRilebSi (##132, 143, 144, 39, 131, 54, 41, 70, 38e, 25), karbo-

natuli wonasworobis Teoriuli meTodiT Seswavlis safuZvelze dadginda, 

rom eqsperimentulad gazomili wyalbaduri maCveneblebi (pH0) zogierT 

Wab. pH0 T0C µ 

p
K

1
H

2
C

O
3
 

p
K

2
H

2
C

O
3
 

A 

p
Y

C
a

 

p
m

C
a

2
+
 

p
Y

H
C

O
3
-  

p
m

H
C

O
3
-  

f (µ) 

p
L

0
C

a
C

O
3
 

L
0
C

a
C

O
3
*

1
0

-9
 

pHs J 

132 6,90 25,0 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 23,4 0,0390 6,363 10,348 0,5070 0,3185 3,822 0,079599 1,478 0,157 8,401 3,97 7,6451 0,1 

39 7,77 23,4 0,0388 6,363 10,348 0,5070 0,3178 3,904 0,079599 1,470 0,157 8,401 3,97 7,7184 0,1 

131 6,71 36,8 0,0792 6,303 10,238 0,5210 0,4247 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 39,6 0,0763 6,296 10,220 0,5240 0,4217 2,603 0,105324 1,188 0,201 8,540 2,88 5,9980 0,6 

70 6,86 31,3 0,0906 6,322 10,280 0,5150 0,4393 3,096 0,11021 1,120 0,214 8,463 3,44 6,5825 0,3 

38e 6,88 33,5 0,0731 6,312 10,259 0,5180 0,4108 3,096 0,102564 1,210 0,198 8,488 3,25 6,5903 0,3 

25 6,88 40,5 0,0916 6,294 10,214 0,5250 0,4494 3,096 0,11235 1,106 0,214 8,549 2,82 6,4288 0,5 
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maTganSi, Teoriulad gamoTvlil maCveneblebze (pHs) maRalia. Sesabamisad, 

aseTi WaburRilebis mineralur wyalSi CaCO3-iT gajerebis koeficienti (J) 
dadebiTia. rac imaze miuTiTebs, rom aseTi WaburRilebis pirze, miwis 
zedapirze amosvlis dros, karbonatuli wonasworoba irRveva da warmoiq-
mneba naleqi.  

2. eqsperimentuli kvlevebis Sedegebis Tanaxmad, gajerebis koeficienti 

(J) maRalia im wylebSi, romelTa temperaturac maRalia (36,8÷40,5OC), amasTan, 
aseTi mineraluri wylebis xsnadobis namravli, temperaturis zrdasTan 
erTad iklebs.  

3. Cven mier Seswavlili 10 WaburRilidan, 4 WaburRilSi (##131, 54, 25, 

41) gajerebis koeficienti (J) 0,5÷0,8-is farglebSia, #54 WaburRilSi ki yve-

laze maRalia da J=0,8-s utoldeba.  
4. danarCen 6 WaburRilSi (## 132, 143, 144, 39, 70, 38e), gajerebis 

koeficienti sakmaod dabalia da 0.0÷0.3 diapazonSia. maT Sorisaa axali #132 

WaburRilic, romlis J=0,2. rac imaze miuTiTebs, rom am 6 WaburRilSi, 
naleqis warmoqmnis albaToba sakmaod dabalia.  
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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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sezonurobis gavlena sairmis sabados qimiur stabilurobaze wyaro 

3a-s magaliTze 
 

nikolaiSvili i.z. 
 

saqarTvelos teqnikuri universiteti 

 
Sesavali 

saqarTvelos bunebrivi wylis resursebidan sairmis mineraluri wyali 
erT-erT unikalur simdidres warmoadgens. sairmis sabado  ganlagebulia  
aWara-imereTis qedis centraluri nawilis Crdilo ferdze, zRvis donidan 
880_1000 metr simaRleze. sabados  Seswavla  daiwyo  gasuli saukunis 30-iani 

wlebidan [1].   
sairmis mineraluri wylis qimiuri Semadgenloba  formirdeba  sabados 

geologiur agebulebaSi monawile wyalSemcveli qanebis gamotutvisa  da  
ionur-gacvliTi procesis xarjze. dReisaTvis sabadoze funqcionirebs xuTi 
wyaro: #1, #3a, #3b, #8 da  `namarnevi~ (silamazis wyaro). aRniSnuli wyaroe-
bidan Cveni kvlevis obieqts warmoadgenda  wyaro 3a, romlis kaptaJic 1951 wels 
moewyo. wyaro 3a  erT-erT mniSvnelovan bunebriv resurs warmoadgens da  
dRemde aqtiurad gamoiyeneba  mineraluri wylis Camosxmis sawarmoo procesSi.    

sairmis mineraluri wyaro 3a  mdebareobs kurort sairmis centralur 
nawilSi, md. wablaris wylis marcxena  napirze. wyaro  TviTdenadia  da  
miekuTvneba  naxSirmJava, hidrokarbonatul, kalciumian-natriumian,  kaJmJavian 
rkinian mineraluri wylebis jgufs.  wyaro 3a-s ganlagebis absolituri niSnu-

li 888,4  m-s utoldeba.  bunebrivi wylis temperatura  10_13 0C-ia  da  damoki-
debulia  atmosferos temperaturaze. wylis qimiur Sedgenilobas ganapirobebs 

rogorc sabados geologiuri agebuleba, aseve hidrogeologiuri pirobebi [2]. 
sairmis mineraluri wyaro 3a, sabados sxva  wyaroebis msgavsad, mniSvne-

lovani samkurnalo TvisebebiT gamoirCeva. mineraluri wylis farmakologiur 
qmedebas ZiriTadad gansazRvravs masSi arsebuli kalciumis, natriumis, hidro-
karbonatis da  rkinis ionebi. kalciumis ionebi aqtiurad zemoqmedeben neiro-
kunTovan aRgznebadobasa  da  kunTebis SekumSvaze. aseve uSualod monawileoben 
gulis SekumSvisa  da  modunebis procesSi, nervuli  impulsebis gadacemaSi, 
sisxlis SededebaSi da  sisxlis JangbadiT gamdidrebaSi.  aseve xels uwyobs 
rigi endokrinuli jirkvlebis sekreciis da  organizmis imunuri sistemis 
dacvas. natriumi mniSvnelovan rols asrulebs qsovilebSi osmosuri wnevis 
regulirebaSi; aqtiur zegavlenas axdens saWmlis momnelebeli sistemis 
funqciaze. hidrokarbonatis ionebi did rols asruleben organizmSi mJava-tu-
tovani balansis regulaciaSi [3]. mikroelementi rkina  farTod monawileobs 
organizmSi mimdinare Jangva-aRdgeniT procesebSi, iCens maRal biologiur 
aqtivobas fermentebTan urTerTobaSi. mineraluri wyali awesrigebs organoTa  
darRveul funqciebs, Seiwoveba  nawlavidan, gadadis sisxlSi da  Semdeg ki 
sxvadasxva  organoebsa  da  qsovilebSi [4]. aseTi unikaluri farmakologiuri 
Tvisebebis gamo, sairmis mineraluri wyali yovelTvis iyo  da  aris mniSvne-
lovani da  saintereso sakvlevi obieqti saqarTvelos bunebrivi resursebidan.   

 
ZiriTadi nawili  
sairmis mineraluri wylis sabados wyaroebis qimiuri Semadgenlobis 

Seswavla  sezonurobasa  da  naleqianobaze damokidebulebiT ganxorcielda  

3a  wyaros magaliTze. wyaros koordinatebia: X= 312901,98 Y= 4641895,04. sairmis 
mineraluri wylis kveba  xdeba  adgilze mosuli atmosferuli naleqebisa  da  

zedapiruli wylis (md. wablara) xarjze [5]. mineraluri wylis qimiuri Semad-
genloba  naleqebis sezonuri minimumebiTa  da  maqsimumebis gaTvaliswinebiT, 
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garkveul cvlilebas ganicdis, Tumca  aRsaniSnavia, rom misi qimiuri maxasia-
Teblebi mravalwlian WrilSi stabilurobiT xasiaTdeba.          

wyaro  3a-s qimiuri parametrebis kvleva  ganxorcielda  dg konsalti-
ngis akreditebul sagamocdo  laboratoriaSi. 2022_2023 wlebis periodSi, sak-
vlevi obieqtis qimiuri maxasiaTeblebis Seswavlisas gamoikveTa  maRali kore-

laciuri kavSiri wylis hidrokarbonatsa  da  el.gamtarobas Soris (r=0.995). 
gamocdis Sedegebi asaxulia  cxr. 1 da  nax. 1.     

 
cxrili 1. 3a  wyaros wylis el.gamtarobisa  da  hidrokarbonat ionis Semcvelobebi, 

2022_2023 wlis monacemebiT  

 
gamocdis TariRi el.gamtaroba, msm/sm  HCO3

-
 g/l 

17.01.22 4.69 3.12 

19.03.22 4.59 2.96 
21.04.22 4.42 2.90 
15.05.22 3.57 2.3 
26.06.22 3.65 2.4 
07.07.22 3.87 2.5 
27.08.22 3.38 2.25 
19.09.22 3.67 2.4 
21.10.22 4.59 3.06 
20/03/23 4.57 3.04 
20/04/23 4.47 2.98 
18/05/23 4.00 2.66 
08/06/23 3.45 2.30 
25/07/23 2.48 1.65 
01/08/23 2.23 1.48 
07/09/23 2.45 1.63 
10/10/23 3.10 2.06 
15/11/23 3.25 2.16 

 
 

 
 
 

nax. 1. 3a  wyaros wylis el.gamtarobasa  da  hidrokarbonats Soris damokidebulebis 
diagrama, 2022_2023 wlis monacemebiT  
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arsebul monacemebze dayrdnobiT (cxr.1), sakvlevi wylis nimuSebSi, hid-
rokarbonat ionis koncentraciis (mg/l) zrda  iwvevs el.gamtarobis zrdas. 
rogorc cxr. 1-is monacemebidan Cans, sakvlevi nimuSebis el.gamtaroba  
2022_2023 wlebis sxvadasxva  periodSi naklebad ganicdis cvlilebas, misi 
diapazoni meryeobs 2,23_4,69 g/l SualedSi. savaraudoa, rom wylis el.gamta-
robis cvlileba  atmosferuli naleqebis Tviur raodenobazea  damokidebuli.  

sakvlevi wyaro 3a-s qimiur maxasiaTeblebze sezonurobis gavlenis Ses-
wavlis mizniT, pirvel etapze moviZieT yovelTviuri naleqebis raodenobebi 
da  moZiebul monacemebze dayrdnobiT, avageT diagrama  kurorti sairmis yo-
velTviuri naleqebis maCveneblebis gaTvaliswinebiT, 2022_2023 w.w. periodSi, 
ris safuZvelzec gamoikveTa  aRniSnul periodSi mosuli naleqebis maqsima-
luri da  minimaluri mniSvnelobebi.  

 
 

 
 

Nnax. 2. kurorti sairmis yovelTviuri naleqebis maCveneblebi   
2022_2023 w.w. periodSi  

 
diagramidan Cans, rom 2022 wels naleqebis maqsimaluri raodenoba  da-

fiqsirda  ivnisi-ivlisis TveebSi. naleqebis yvelaze dabali maCvenebliT ki  
gamoirCeoda  2022 wlis zamTris TveebSi. kerZod, ianvari da  dekemberi. 2023 
wlis yovelTviuri naleqebis metia  2022 wlis naleqebis monacemebTan  
SedarebiT, xolo naleqebis diagrama  identuria  2022 wlis. 2022 da  2023 
wlebSi naleqebis simciriT gamoirCeoda  ianvris Tve, uxvobiT ki ivnisi-ivli-
sis Tveebi.      

sakvlevi wyaros wylis qimiur maxasiaTeblebze sezonurobis gavlenis 
Seswavlis mizniT, ganxorcielda  2022_2023 wlis periodSi wylis nimuSebis 
el.gamtarobisa  (msm/sm) da  yovelTviuri naleqebis raodenobebs (mm) Soris 
damokidebulebis Seswavla. 2022_2023  wlis Tviur naleqebsa  da  wylis nimu-
Sebis el.gamtarobebs Soris damokidebulebis diagrama  asaxulia  nax. 3-ze. 
wylis el.gamtaroba  warmoadgens parametrs, romelic pirdapirproporciul 
damokidebulebaSia  mis mineralizaciasTan. maT Soris arsebobs maRali kore-

laciuri kavSiri (r=0.9999).  
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nax.3.  3a  wyaros wylis el.gamtarobis damokidebuleba  2022 -2023 wlebis 
Tviuri naleqebis raodenobaze    

 
diagramis mixedviT, naleqebis odenobis gazrdasTan erTad, wylis 

el.gamtaroba  mcirdeba. sakvlevi nimuSi, yvelaze maRali el.gamtarobiT (4,69 
msm/sm)  gamoirCeoda  2022 wlis ianvris TveSi xolo 3a  wyaros wylis dabali 
el.gamtaroba  (3,38 msm/sm) dafiqsirda  2022 wlis ivlisis TveSi. rac Seexeba  
2023 wlis monacemebs yvelaze maRali el.gamtarobiT (4.57  msm/sm)  gamoirCeoda  
2023 wlis aprilis Tve, dabali maCvnebeli ki (2,23 msm/sm) dafiqsirda  2023 wlis 
ivlisis TveSi. 

kvlevis farglebSi, moviZieT istoriuli informacia  sairmis wyaro  3a-s 

mineraluri wylis qimiuri Sedgenilobis Sesaxeb [7]. moZiebuli informaciisa  
da  Cven mier Catarebuli kvlevebis Sedarebisas aRmoCnda, rom sakvlevi wya-
ros wylis el.gamtaroba  sezonurad cvalebadia, Tumca, misi qimiuri maxasia-
Teblebi grZelvadian WrilSi stabilurobiT xasiaTdeba. monacemebi 
mocemulia  cxr. 2-Si.   

    
cxrili 2. 3a  wyaros wylis el.gamtarobisa  da  hidrokarbonat ionis koncentraciebi 

gasuli wlebisa  da  2022_2023 wlebis monacemebiT   
 

gamocdis TariRi el.gamtaroba  g/l  HCO3
- g/l 

26.06.1957 4,6 2,9 
26.05.1972 5,0 3,1 

26.04.2022  4,4 2,7 

20.04.2023 4,5 3,0 

 
daskvna   
kvlevis farglebSi, 3a  wyaros magaliTze sezonuri cvlilebebis 

gaTvaliswinebiT dadginda, rom: 

 kurort sairmis naleqebis odenobis yvelaze maRali maCvenebeli  fiq-
sirdeba  gazafxulze da  yvelaze dabali ki zamTris periodSi; 

 naleqebis odenobis zrda  ukuproporciul kavSirSia  sakvlevi wylis 
el.gamtarobasTan (mineralizaciasTan);  

 mineraluri wylis el.gamtarobis (mineralizaciis) maqsimaluri mniS-
vneloba  fiqsirdeba  zamTris periodSi, xolo minimaluri _ gazafxulze; 
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 Tviuri naleqebisa  da  sakvlevi wylis nimuSebis el.gamtarobis (mine-
ralizaciebis) mniSvnelobebis cvlilebebi 2022 wlis da  2023 wlis mona-
cemebiT erTmaneTis msgavsia;   

 sairmis mineraluri wylis qimiuri Sedgeniloba  cvalebadia  da  da-
mokidebulia  sezonurobasa  da  naleqebis odenobaze; 

 sairmis 3a  wyaros qimiuri maxasiaTeblebi mravalwlian WrilSi sta-
bilurobiT xasiaTdeba.  
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SUMMARY 

THE INFLUENCE OF SEASONALITY ON THE CHEMICAL STABILITY OF THE SAIRME 

DEPOSIT USING THE EXAMPLE OF SOURCE 3A   

Nikolaishvili I.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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fenoluri nivTierebebiT koncentrirebuli wiTeli naxevradtkbili 

Rvino: qimiuri da sensoruli profili damzadeba-davargebis procesSi 
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 saqarTvelos agraruli universiteti 

 
fenolur naerTebs ekuTvnis umniSvnelovanesi roli wiTeli Rvinoebis 

feris, eqstraqtulobisa da gemuri Tvisebebis CamoyalibebaSi; maTi kon-
centracia ganapirobebs xarisxs, tipiurobasa da antioqidantur aqtiurobas. 
saerTaSoriso bazarze wiTel Rvinoebze mzardi moTxovna ganpirobebulia 
maTi antioqsidanturi aqtiurobiT. antioqsidantur aqtiurobasa da fenolur 
nivTierebebs Soris arsebuli dadebiTi korelaciidan gamomdinare, mxolod 
im wiTel Rvinoebs aqvT antioqsidanturi efeqti, romlebSic maRalia am 
komponentebis koncentracia. fenoluri nivTierebebis raodenoba damokidebu-
lia yurZnis jiSze, vazis zrdis adgilze, damzadebis teqnologiaze [1-6]. 
antioqsidantebiT mdidar produqtebze didia moTxovna saerTaSoriso bazar-
ze (gansakuTrebiT aSS-Si), maRalia maTi fasic da realizaciis raodenobac. 
fenoluri naerTebis koncentraciis gazrdisTvis wiTeli naxevradtkbili 
Rvinis sacdeli nimuSebis dasamzadeblad, pirvelad Cven mier aris gamo-
yenebuli teqnologiuri xerxebi cal-calke da kombinirebulad: alkoholuri 
duRilis Catarebis win,  durdodan tkbilis sxvadasxva  nawilis mokleba;  
durdos gacxeleba.  

kvlevis obieqtebi iyo saferavidan standartuli teqnologiiT damzade-
buli wiTeli naxevradtkbili  Rvinis sakontrolo da oTxi sacdeli nimuSi: 
sakontrolo nimuSi damzadda arsebuli (standartuli) teqnologiiT _ 
klertgaclili  durdos alkoholuri duRili  25_28 0

C-ze mSrali safuvris 
gamoyenebiT; maduRari durdos gamownexa,  rodesac dauduRari Saqris raode-
noba 8-9%-mdea, maduRari  tkbilis Senaxva dabal temperaturaze, Rvinoma-
salis leqidan gadaReba rodesac dauduRari Saqris raodenoba 5%-mdea da 
misi Senaxva dabal temperaturaze gogirdis dioqsidis (30mg/l) gamoyenebiT 
[6]; sacdeli #1 _ klertgaclili durdos gacxeleba 65 0

C-ze,  durdos 25 0
C-

mde gagrileba; sacdeli #2 _ klertgaclili durdodan misi moculobis 
naxevari tkbilis mokleba; sacdel #3 _ klertgaclili durdodan misi 
moculobis naxevari tkbilis mokleba, darCenili durdos gacxeleba 65 0

C-ze, 
durdos 25 0

C-mde gagrileba; sacdeli #4 _ klertgaclili durdodan misi 
moculobis 1/3 tkbilis mokleba, darCenili durdos gacxeleba 65 0

C-ze, 
durdos 25 0

C-mde gagrileba. sacdeli nimuSebis alkoholuri duRili da 
Semdgomi teqnologiuri procesebi Catarda sakontrolo nimuSis analo-
giurad. nimuSebSi saerTaSoriso standartuli meTodebis [7] gamoyenebiT 
Catarda gamokvlevebi: fenoluri nivTierebebis jamuri raodenobis, titruli 
da mqrolavi mJavianobis, aqtiuri mJavianobis, Sefervis intensiobis _ 
durdodan gamownexvis Semdeg, Rvinomasalebis damzadebidan erTi ori, sami da 
oTxi wlis Semdeg. maRalefeqturi siTxuri qromatografiis meTodis gamoye-
nebiT [8] Catarda katexinebisa da fenolkarbonmJavebis raodenobis gamokv-
leva Rvinomasalebis damzadebidan erTi wlis Semdeg. kvlevis Sedegebi 
mocemulia cxr. 1_3. 
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cxrili 1. fenoluri nivTierebebis jamuri raodenobisa da Sefervis intensivobis 

dinamika wlebis mixedviT 

 
kvlevis 

obieqtebi 

fenoluri nivTierebebis jami, 

mg/l 

Sefervis intensivoba 
d
u
r
d
o
d
an

 

g
am
o
w
n
ex
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s
 S

em
d
eg

 
1 w. 2 w. 3 w. 4 w. 

d
u
r
d
o
d
an
 g

am
o
w
ne
x
vi
s
 

S
em
d
eg

 

1 w. 2 w. 3 w. 4 w. 

sakontrolo 3017.30 2045.34 1850.52 1813.50 1804 31.53 18.65 16.25 14.15 14.10 

sacdeli1 4147.00 2760.93 2456.42 2402.38 2390.48 40.65 26.82 20.24 18.65 18.12 

sacdeli 2 5720.00 3866.65 3462.32 3375.76 3360.8 52.25 42.65 36.45 32.65 32.10 

sacdeli 3 7150.00 4841.85 4310.65 4224.44 4202.24 62.46 49.95 42.68 36.14 35.10 

sacdeli 4 6417.13 4242.99 3818.80 3738.60 3721.4 58.64 44.50 38.15 34.25 33.35 

 
 

cxrili 2. fenoluri antioqsidantebi damzadebidan erTi wlis Semdeg, mg/l 
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sakontrolo 102.036 158.842  12.39 1.17 3.65 7.083 3.468 1.940 

sacdeli - #3 213.91 318.175 14.52 1.32 12.988 16.410 7.220 2.830 

 

 

cxrili 3. qimiuri maxasiaTeblebis dinamika wlebis mixedviT 

 

kvlevis 

obieqtebi 

alkoholi, % 

(moc.) 

titruli 

mJavianoba, g/l 

aqtiuri 

mJavianoba PH 

mqrolavi 

mJavianoba, g/l 

1w. 2w. 3w. 4w. 1w. 2w. 3w. 4w. 1w. 2w. 3w. 4w. 1w. 2w. 3w. 4w. 

sakontrolo 11.4 11.4 11.3 11.2 6.6 5.5 5.1 5.0 3.55 3.66 3.70 3.72 0.42 0.42 0.41 0.41 

sacdeli 1 11.6 11.6 11.5 11.5 6.6 5.6 5.1 5.1 3.56 3.65 3.68 3.71 0.44 0.42 0.40 0.40 

sacdeli 2 11.4 11.4 11.2 11.2 6.8 5.7 5.2 5.1 3.53 3.64 3.68 3.70 0.42 0.41 0.40 0.40 

sacdeli 3 11.7 11.7 11.5 11.4 7.1 6.3 5.7 5.5 3.48 3.60 3.64 3.67 0.46 0.44 0.42 0.41 

sacdeli 4 11.6 11.6 11.5 11.3 6.7 5.7 5.3 5.4 3.52 3.63 3.66 3.68 0.45 0.44 0.42 0.42 

 

  

gamokvlevis Sedegebma gviCvena, rom saerTo fenolebis jamuri rao-

denoba sacdel nimuSebSi sakontrolosTan SedarebiT gacilebiT maRalia; 

fenoluri komponentebis maRali SemcvelobiT da ukeTesi sadegustacio 

maCveneblebiT  gamoirCeva sacdeli nimuSi #3, romlis damzadebisas gamoye-
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nebuli iyo teqnologiuri xerxebi: alkoholuri duRilis Catarebis win 

klertgaclili durdos moculobis naxevari tkbilis mokleba da  darCenili 

durdos gacxeleba 65 0
C-ze. masSi sakontrolosTan SedarebiT gacilebiT 

maRalia fenoluri nivTierebebis jamuri raodenoba, fenoluri antioqsi-

dantebis (katexinebi, fenolkarbonmJavebi) da vanilinis aldehidis raodenoba. 

nimuSebis damzadebidan meore da mesame wels mniSvnelovnad Semcirda 

titruli mJavianobis raodenoba, maTSi Rvinis qvis warmoqmnisa da gamoleqvis 

procesis mimdinareobis gamo; Sesabamisad Seicvala aqtiuri mJavianobac.  am 

periodSi mcired mimdinareobs mqrolavi mJavianobis da alkoholis maCveneb-

lebis  Semcireba. alkoholisa da mqrolavi mJavianobis  raodenobis Semci-

reba unda aixsnas am periodSi Catarebuli teqnologiuri procesebis 

ganxorcielebisas (dawmenda, leqidan gadaReba) nawilobriv maTi aorTqlebiT, 

nawilobriv ki maTi eTerifikaciis procesSi monawileobiT. zemoaRniSnuli 

cvlilebebi kidev ufro naklebintensiurad mimdinareobs damzadebidan oTxi 

wlis Semdeg. fenoluri nivTierebebis jamuri raodenoba mniSnelovnad 

mcirdeba damzadebidan pirvel da meore  wels am komponentebis daJangvis, 

polimerizaciis, cila-tanatis warmoqmnisa da naleqSi gadasvlis procesebis 

aqtiurad mimdinareobis Sedegad. maTi koncentracia durdodan gamownexvis 

Semdeg pirvel wels mcirdeba 32_34 %-iT; damzadebis meore wels, pirvel 

welTan SedarebiT mcirdeba 9,5_11 %-iT; mesame wels, wina welTan SedarebiT, 

gacilebiT naklebad 2_2, 5%-iT mcirdeba maTi raodenoba da kidev ufro 

naklebad mcirdeba damzadebidan oTxi wlis Semdeg. fenoluri nivTierebebis 

Semcirebis analogiurad icvleba Sefervis intensivobac. damzadebidan oTxi 

wlis Semdegac fenoluri komponentebis maRali SemcvelobiT, Sefervis inten-

sivobis ukeTesi maxasiaTebliT da maRali sadegustacio maCveneblebiT kvlav 

gamoirCeva sacdeli nimuSi #3. gamokvlevis Sedegebma, gviCvena, rom naxevrad-

tkbili wiTeli Rvinoebis damzadebis Cvens mier SemuSavebuli inovaciuri 

teqnologia, romelic iTvaliswinebs standartuli teqnologiisgan gansxva-

vebiT, alkoholuri duRilis Catarebis win klertgaclili durdos mocu-

lobis naxevari tkbilis moklebas, darCenili durdos gacxelebas 65 0
C-ze, 

mniSvnelovnad zrdis fenoluri  nivTierebebis koncentracias, feris intensi-

vobas,  xarisxs da kvebiT Rirebulebas.  
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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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aRdgenili rZis specifikuroba, samamulo rZis produqtiuloba dinamikaSi 

da miRebuli Sedegebis gansazRvra 

 

maWavariani i.z. 
 

saqarTvelos teqnikuri universiteti 
 
rZe maRali kvebiTi Rirebulebis produqtia, romelic mdidaria 

mineraluri da bioqimiuri naerTebiT. adamiani sxvadasxva cxovelis rZes 
iyenebs, Tumca erTpirovnul liderad mainc Zroxis rZe rCeba. Zroxis rZe 
gansakuTrebuli Tvisebebis  moyviTalo-moTeTro, specifikuri motkbo gemos 
mqone siTxea, romelic sarZeve jirkvalSi mimdinare rTuli da Rrma gar-
daqmnebis Sedegad gamomuSavdeba. igi daaxloebiT orasamde sasargeblo 
nivTierebas _ cilebs, cximebs, naxSirwylebs, mineralur nivTierebebs, vita-
minebs, organul mJavebs, fermentebsa da hormonebs Seicavs. cila rZis 
yvelaze Rirebuli komponentia. misi raodenoba daaxloebiT 3,2%-s utoldeba. 
rZeSi aRmoCenilia ramdenime saxis cila, kazeini, laqtalbumini, laqtoglo-
bulini. mcenareul sakvebTan kombinaciisas es cilebi organizmisTvis metad 
saWiro nivTierebebs warmoqmnis. rZis cximebi organizmisTvis aucilebel 
yvela cximovan mJavas Seicavs da ioli mosanelebelic aris, vinaidan 
cximebis patara wveTebisgan Semdgar erTgvar emulsias warmoadgens [1]. 

rZis cilebi, Tavisi TvisebebiT gansxvavdeba sxva cilebisagan, radgan 
didi xniT gacxelebis Sedegad ar iSleba. mJavianobis gadidebis SemTxvevaSi 
ki swrafad iWreba da duRilis Sedegad ileqeba.  

rZeSi cximi mcire burTulebis saxiT moipoveba, romelic dafarulia 
Txeli garsiT, amitomac erTmaneTs ar ewebeba. cximis burTulakebi xasiaT-
deba dabali xvedriTi woniT, ris gamoc rZis wynar pirobebSi dayenebis 
Sedegad TandaTanobiT zeviT amotivtivdeba da qmnis Sesqelebul cximovan 
masas. am ukanasknelidan ki gaadvilebulia sxvadasxva saxis rZis produqtis 
miReba [1]. 

mineralur nivTierebaTa Soris rZeSi yvelaze meti qlor-kalciumisa 
da fosforis marilebia, maTTan erTad, kalciumi da magniumi. gazafxulis 
rZe mdidaria A, B, C da D vitaminebiT, xolo zamTris rZe SedarebiT Raribia, 
radgan cxoveli gadasulia mSrali sakvebis miRebaze. rZeSi moipoveba agreT-
ve, aqroladi cximovani mJavebi, romlebic mas specifikur suns aZlevs [2]. 

rZe iTvleba mikroorganizmebis gamravlebis wyarod, maT Soris SeiZ-
leba iyos iseTi mikroorganizmebic, romlebic mavnea adamianis organiz-
misaTvis. amitom rZis miRebis dros saWiroa mkacrad davicvaT sanitarul-
higienuri pirobebi. rZeSi arsebuli nivTierebebi advilad da TiTqmis 
mTlianad SeiTviseba adamianis organizmis mier. erTi litri Zroxis rZis 
kaloriuloba saSualod 650_700-mde aRwevs [2]. 

msxvilfexa rqovani pirutyvis (mrp) rZis qimiuri Sedgenilobis zogadi 
monacemebi warmodgenilia cxr. 1-Si. 

 
cxrili 1.  mrp-s rZis qimiuri Sedgeniloba  
mrp-s saxe %-SiP 

wyali cximebi cilebi rZis Saqari mineraluri 
marilebi 

xvedriTi 
wona 

Zroxa 87,3 3,7 3,5 4,8 0,7 1,031 

 
standartis diapazonis mixedviT Zroxis rZe gamodis ori saxis: 

moxdili da mouxdeli. mouxdel rZes cximi ar aqvs aclili, xolo moxdil 
rZes, romelic miRebulia rZis separatorSi gatarebiT, TiTqmis mTlianad 
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mocilebuli aqvs cximi (darCenilia mxolod 0,2 %-mde). aseTi rZis xvedriTi 
wona mouxdel rZesTan SedarebiT ufro maRalia [1].  

praqtikaSi miRebulia rZis pasterizebis Semdegi reJimi: xangrZlivi _ 
rZis gacxeleba 63_65 °C temperaturaze 20_30 wT-is dayovnebiT, xanmokle _ 
rZis gacxeleba 72_76 °C temperaturaze 15_20 wm-is dayovnebiT, momentaluri _ 
rZis gacxeleba 85_87 °C temperaturaze dayovnebis gareSe. pasterizebis dros 
icvleba rZis fizikur-qimiuri Tvisebebi. amasTan, zogi cvlileba Seuqcevadia. 
icvleba rZis siblante da zedapiruli daWimuloba. rZe Rebulobs specifikur 
gemosa da suns. icvleba rZis Sededebisa da CakveTis unari mJavis da fermen-
tis zemoqmedebisas. klebulobs maTi sasursaTo Rirebuleba vitaminebis nawi-
lobrivi daSlisa da fermentebis inaqtivaciisas, cilebisa da rZis sxva kom-
ponentebis struqturisa da agebulebis Secvlis Sedegad. pasterizebiT SesaZ-
lebelia movspoT an SevasustoT zogierTi rZis gemosa da sunis manki [3]. 

msoflioSi naturaluri rZis warmoeba, samwuxarod, Semcirebulia 
globaluri geosistemuri procesebidan gamomdinare. swored amitom sxva-
dasxva qveyanaSi awarmoeben  aRdgenil rZes. 

aRdgenili rZis misaRebad mSrali saRi rZe ixsneba 45 °C temperaturaze 
specialur aparatebSi, sanam gaxsnili rZe Semdgomi damuSavebisaTvis gadavi-
dodes, mas atareben liTonis sacerSi, romlis naxvretebi ar aRemateba 3 mm-s. 
es SesaZleblobas iZleva produqtisagan gamocalkevdes gauxsneli koStebi. 
Semdeg rZes aciveben 6_8 °C-ze da 3_4sT-s amyofeben rezervuarebSi cilis 
gasajirjveblad, agreTve normaluri simkvrivisa da siblantis misaRwevad 
dayovnebis Semdeg rZes aTboben da wmenden qsovilis filtrebiT an cent-
ridanuli rZisawmendebiT. amis Semdeg xdeba rZis homogenizeba 10_15 mpa wne-
vis qveS, 50_60 °C-ze. aRdgenili rZis warmoebis Semdgomi procesi aris misi 
pasterizeba, gaciveba da Camosxma. Camosxmis Semdeg dauyovnebliv unda gaig-
zavnos sarealizaciod. Tu amis saSualeba ar aris mas aTavseben macivar-kame-
rebSi, sadac inaxaven 8 °C-ze. calkeul SemTxvevebSi aRdgenili rZis xarisxis 
gaumjobesebisaTvis mas ureven saR rZes. erTisa da meore saxeobis rZis Tana-
fardobas adgenen saRi rZisa da aRdgenili rZis xarisxis mixedviT [3]. 

saqarTveloSi dadgenilia 12 landSafti. rZis produqtebs awarmoeben 
rogorc barSi, aseve mTasa da mTis wineTSi. es zonebi warmodgenilia Semdegi 
saxiT: sveli subtropikuli, subtropikuli, kontinentaluri, subkontinen-
taluri, sadac asimilirebulia msxvilfexa rqosani pirutyvis jiSebi da igi 
warmodgenilia qvesaxeobebis saxiT. maT genetikuri faqtori ZiriTadi dnm 
SenarCunebuli aqvT, Tumca vizualurad gansxvavdebian erTmaneTisagan asimi-
laciidan gamomdinare. qvemoT mocemul cxrilebSi warmodgenilia mwvane 
masiTa da TiviT gamokvebili mrp-sgan miRebuli rZis ZiriTadi maCveneblebi. 

yvela qimiuri da mikrobiologiuri analizi Sesrulebulia raodeno-
brivi, bazisuri, validirebuli meTodebiT da ara TvisebiTi analizis 
safuZvelze [4].  

 
cxrili 2. mwvane masiT gamokvebili mrp-sgan miRebuli rZis qimiuri Sedgeniloba  

 
mrp-s 

saxeobebi 
wyali, 

g 
cximi 
% 

cila, 
% 

xvedriTi 
wona, % 

mSrali 
nivTiereba, g 

rZis 
Saqari, % 

megruli 
wiTeli 

86,5 4,2 3,6 1,030 13,5 4,7 

kavkasiuri 
wabla 

86 3,3 3,0 1,028 14 3,9 

Svicuri 86 3,8 2,5 1,027 14 4,1 

xevsuruli 85,6 4,4 3,8 1,031 14,4 4,5 
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cxrili 3. mwvane masiT gamokvebili mrp-sgan miRebuli rZis nacris elementebis  

raodenoba 
 

mrp-s saxeobebi Nnacris elementebi, % 

megruli wiTeli 0,57 
kavkasiuri wabla 0,42 

Svicuri 0,48 
xevsuruli 0,56 

 
cxrili 4.  TiviT gamokvebili mrp-sgan miRebuli rZis qimiuri Sedgeniloba  

 
mrp-s 

saxeobebi 
wyali, 

g 
cximi % cila, 

% 
xvedriTi 
wona, % 

mSrali 
nivTiereba, g 

rZis 
Saqari, % 

megruli 
wiTeli 

86,3 4,4 3,7 1,029 13,7 4,7 

kavkasiuri 
wabla 

85,9 3,5 3,3 1,028 14,1 3,8 

Svicuri 85,7 3,9 2,6 1,027 14,3 4,0 

xevsuruli 85,4 4.5 4,0 1,032 14,6 4,5 

 
            cxrili 5. TiviT gamokvebili mrp-sgan miRebuli rZis nacris elementebis 

raodenoba  

 
mrp-s saxeobebi Nnacris elementebi, % 

megruli wiTeli 0,58 
kavkasiuri wabla 0,43 

Svicuri 0,49 
xevsuruli 0,57 

  
zemoT mocemul cxrilebSi (cxr. 2_5) asaxulia mwvane masiTa da TiviT 

gamokvebili mrp-sgan miRebuli rZis qimiuri da biologiuri maCveneblebi, 
romlebSic miRebulia gansxvavebuli Sedegebi. naturalizaciis niSan-Tvi-
sebaTa erTobliobis Tanaxmad mcireodeni cvlilebac ki mniSvnelovania, Tu  
miRebul produqcias gadaviangariSebT did masStabebze.  

rZe sasursaTo produqtebidan erT-erTi yvelaze mniSvnelovani da 
moTxovnadia, rogorc mTel msoflioSi,  aseve saqarTveloSi. rZeze da rZis 
produqtebze moTxovna TandaTan izrdeba, amitom sasurvelia Cvens qveyanaSi 
rZis industriis saTanado ganviTareba. 

rZe erT-erTi aucilebeli sasicocxlo produqciaa, romelsac bavSvi 
SeigrZnobs dabadebidanve. rZis produqti mdidaria mineraluri naerTebiT, 
magram mniSvnelovania misi bioqimiuri Sedgeniloba. rZis produqtiuloba 
damokidebulia saTib-saZovrebze vertikaluri zonalobis mixedviT, sanita-
rul-higienur pirobebze, abiotur faqtorTa erTobliobaze. saqarTveloSi 
asimilirebuli mrp-sgan miRebuli rZis produqcia sanitarul-higienuri piro-
bebis mixedviT akmayofilebs standartis diapazons. saqarTveloSi arsebuli 
qvesaxeobebisagan miRebuli rZe miekuTvneba ZiriTadad pirvel da meore 
xarisxis rZis kategorias. 
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SUMMARY 

SPECIFICITY OF RECONSTITUTED MILK, DOMESTIC MILK PRODUCTIVITY IN DYNAMICS, 

AND DETERMINATION OF OBTAINED RESULTS 

Matchavariani I.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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sakvebi boWkoebiT gamdidrebuli xorcproduqtebis 

teqnologiis SemuSaveba 

 

berulava i.o., afxaZe q.r., kaxaia g.m. 
 

akaki wereTlis saxelmwifo universiteti, quTaisi 
 
Tanamedrove droSi SeiniSneba xorcis da xorcproduqtebis moxmarebis 

zrdis tendencia. imisaTvis, rom xorcproduqtebs mieniWos jansaRi sakvebis 
xasiaTi, romelic akmayofilebs momxmarebelTa moTxovnebs, maTSi zrdian sasur-
veli ingredientebis, Seucvleli cximovani mJavebis, sakvebi boWkoebis Semcve-
lobas da amcireben arasasurveli marilebisa da nitritebis Semcvelobas [1,2]. 

sakvebi boWkoebiT xorcproduqtebis gamdidrebis umartivesi gzaa maT 
warmoebaSi funqciuri ingredientiT mdidari bunebrivi produqtebis gamoyeneba. 
organolpetikuri Tvisebebis gaumjobesebis da kaloriulobis Semcirebis miz-
niT xorcis dakepil naxevarfabrikatebSi farSis komponentad gamoiyeneba mce-
nareuli danamatebi: kombosto, stafilo, Warxali, kartofili  da sxva. 

samuSaos mizans warmoadgens xorcis produqtebis, kerZod, qaTmis kat-
letis samomxmareblo Tvisebebis gaumjobeseba aratradiciuli mcenareuli 
nedleulis, bardis fqvilisa da stafilos fxvnilis damatebiT.  

kvleviTi samuSaos sawyis etapze Cven mier SerCeuli iqna dasavleT sa-
qarTveloSi gavrcelebuli mcenareuli nedleuli _ stafilo da barda, ro-
melTa Srobas vawarmoebdiT TermostatSi sxvadasxva temperaturul pirobeb-
Si. optimaluri parametrebad CaiTvala: stafilos fxvnilis momzadebisas _ 
temperatura 75_80 0

C da drois xangrZlivoba 3_4sT, xolo bardis fqvilis 
momzadebisas _ temperatura 105 0

C da drois xangrZlivoba 1 sT. aRniSnul pi-
robebSi stafilosa da bardis mSral koncentratebs SenarCunebuli aqvs gemo 
da aromati, rac Seexeba fers _ stafilos fxvnils aqvs misTvis damaxasiaTe-
beli feri, xolo mwvane bardis fqvili aris moTeTro-kremisferi (suraTi) [4].  

 
 
 
 
 
 
 
 
   

 
 
 
 
 
 
sakvebi danamatebis miRebis Semdeg kvleviTi samuSaos Semdgom etapze 

CavatareT qaTmis xorcis, kerZod qaTmis files da stafilos fxvnilis qimiu-
ri Sedgenilobis analizi. dadgenili iqna, rom stafilos fxvnili Seicavs 
sakveb boWkoebs da naxSirwylebs, romlebic ar aris frinvelis xorcSi. sta-
filos fxvnils aklia qolesterini da cximovani mJavebi, romlebic frinve-
lis xorcSia. garda amisa, stafilos fxvnili Seicavs beta-karotins, rome-
lic TiTqmis 100 %-iT aRemateba frinvelis xorcSi arsebul beta-karotins. 
vitaminebisa da mineralebis raodenobiT frinvelis xorci Camouvardeba sta-
filos fxvnils. qaTmis xorci cilis SemcvelobiT stafilos fxvnils aWar-
bebs 60,4 %-iT, cximis 80,5 %-iT [3,4]. 

  
bardis fqvili stafilos fxvnili 
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SedarebiTi analizis Semdeg ki SemuSavebuli iqna xorcis nawarmis axa-
li asortimentis receptura da teqnologia. sakontrolo nimuSi momzadebuli 
iqna recepturiT №667 „qaTmis dakepili katleti“. axali nawarmis teqnologiis 
SemuSavebis pirvel etapze recepturiT gaTvaliswinebuli umi xorcis nawili 
SevcvaleT stafilos fxvniliT 3, 5 da 7 %-is odenobiT xorcis masidan. 
ZiriTadi eqsperimenti iTvaliswinebda bardis fqvilisa da stafilos fxvni-
lis kompleqsuri danamatis gamoyenebiT qaTmis naxevarfabrikatis (katletis) 
momzadebas. am mizniT stafilos fxvnilis danamatis gamoyenebisas saukeTeso 
nimuSad miCneul katletis recepturaSi (stafilos fxvnili 5 %-is odenobiT 
xorcis masidan) standartuli recepturiT gaTvaliswinebuli xorblis puris 
masas vanacvlebdiT bardis fqviliT  3, 6 da 9 %-is odenobiT (cxrili). 

     
 kompleqsuri danamatiT qaTmis dakepili  n/f receptura 
 

nedleuli masa neto, gr 
 

kontroli 
danamati 

3% 6% 9% 
 qaTami 37 34,78 34,78 

xorblis puri 9 7,2 5,4 3,6 
rZe 13 13 13 13 
orcxobila panirebisTvis 5 5 5 5 
cximi 2 2 2 2 
stafilos fxvnili 0 2,22 2,22 2,22 
bardis fqvili 0 1,8 3,6 5,4 
n/f gamosavali 63 63 63 63 
 
 qaTmis katletis organoleptikuri Sefasebisas sakontrolo nimuSis 
katletebi xasiaTdebodnen xorcisaTvis damaxasiaTebeli gemoTi da suniT, 
xolo katletebSi 3% da 6% bardis fqvilis damatebiT SeimCneoda gemosa da 
sunis umniSvnelo cvlileba. ar xdeboda struqturul-meqanikuri Tvisebebis 
cvlileba, konsistencia sakontrolo nimuSis iyo katletisaTvis damaxasiaTe-
beli, xolo bardis fqvilis damatebiT ki rbili da wvniani. 9% bardis fqvi-
lis damatebis SemTxvevaSi ki ukve sagrZnoblad SeimCneoda bardisTvis dama-
xasiaTebeli suni da gemo. organoleptikuri maCveneblebis mixedviT sauke-
Teso nimuSad CaiTvala qaTmis katleti, romelSic xdeboda 6%-is odenobiT 
bardis fqvilis damateba (naxazi). 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
kompleqsuri danamatiT qaTmis katletis organoleptikuri maCvenebelebi 
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rogorc diagramidan Cans, nimuSma 6 % bardis fqvilis damatebiT miiRo 
umaRlesi qula. am produqts hqonda erTiani oqrosferi qerqi, gamoxatuli 
xorcis aromati, wvniani teqstura da am tipis produqtis Sesabamisi gemo.  

yovelive zemoT Tqmulidan gamomdinare SeiZleba davaskvnaT, rom  rom 
bardis fqvilis da stafilos fxvnilis gamoyeneba xels Seuwyobs axali 
produqtis kvebiTi da biologiuri Rirebulebis amaRlebas, amave dros 
Seamcirebs mis energetikul Rirebulebas. 
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SUMMARY 

DEVELOPMENT OF TECHNOLOGY FOR MEAT PRODUCTS ENRICHED WITH DIETARY FIBER 

Berulava I.O., 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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sosisis warmoebis axali teqnologia kenkrovanebis damatebiT 

 

bokeria a.S., beriaSvili q.i., TeTrauli T.p. 
 

saqarTvelos teqnikuri universiteti 
 
Zexveuli, kerZod ki sosisi, mTeli msoflios masStabiT mosaxleobis 

kvebis racionis erT-erT ZiriTad Semadgenel nawils warmoadgens. es gamoiw-
via Zexveulis da sosisebis mravalferovnebam. uamravi sosisis saxeoba arse-
bobs, uamravi gemos Tu feris mqone, rac ganapiroba misma momzadebis gansa-
kuTrebulma teqnologiam, ingredientebis mravalferovnebam da teqnologiuri 
kuTxiT, damuSavebis farTo speqtrma.  

qaTmis moxarSuli sosisi kenkrovanebis damatebiT, kerZod, Zaxvelisa 
da kowaxuris, aris erT-erTi kargi saSualeba imisa, rom dakmayofildes ada-
mianis moTxovnileba _ miiRos jansaRi, sasurveli ferisa da aromatis mqone 
xorcproduqti, romelSic ar iqneba gamoyenebuli qimiuri danamatebi. Zaxve-
lisa da kowaxuris damateba qaTmis moxarSul sosisSi aris kargi saSualeba, 
aviTvisoT bunebrivi konservantuli TvisebebiT mdidari, vitaminebiT savse, 
gansakuTrebuli aromatisa da gemos mqone mcenareuli danamat-saneleblebi.  

teqnologebis winaSe dadga amocana SeeqmnaT jansaRi produqti, nak-
lebi qimiuri gziT miRebuli danamatebis gamoyenebiT; agreTve SeeqmnaT ada-
mianisTvis saWiro da saTanado kvebiTi Rirebulebis mqone xorcproduqtebi, 
romelic xelmisawvdomi iqneba yvelasTvis 

Cven mier warmodgenilia axali sosisis warmoebis teqnologiuri sqema 
kenkrovanebis damatebiT (nax. 1 da 2). qaTmis xorcisgan moxarSuli sosisis 
warmoeba, kenkrovanebis, kerZod Zaxvelis damatebiT, romelic msoflios masS-
tabiT aris gavrcelebuli; xarobs martivad, rogorc civ, agreTve Tbil kli-
matur pirobebSi; martivad mosavlelia; gamoirCeva Tavisi organoleptikuri 
Tu adamianis janmrTelobisaTvis sasargeblo qimiuri maCveneblebiT. es 
xorcproduqti saSualebas miscems teqnologebs gamoiyenon SedarebiT daba-
li fasis da maRali kvebiTi Rirebulebis mqone nedleuli, rogoric qaTmis 
xorcia; gardaqmnan igi iseTi saxis xorcproduqtad, romelic arafriT Camou-
vardeba saqonlisa da Roris xorcpoduqtebs, romelic daakmayofilebs momx-
mareblis moTxovnebsa da gemovnur Tvisebebs [1-3]. 

Zaxveli (Viburnum opulus) _ foTlovani buCqi, metad faseuli, gamorCeuli 
samkurnalo Tvisebebis mqone mcenarea, romelic Tavisi silamaziTac gvxib-
lavs. ZiriTadad xarobs evropaSi, ruseTSi, CrdiloeT afrikisa da CrdiloeT 
aziis zogierT regionSi; misi 120_200 saxeoba gavrcelebuli. 
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nedleulis momzadeba 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

nax.1. moxarSuli sosisis warmoeba kenkrovanebis damatebiT - blok-sqema: 
 
 
 
 
 
 
 
 

xorcis da ingredientebis miReba, Senaxva.             
   0 ; +4 ºС 

xorcis daqucmaceba 
xorcsakepze 

sunel-saneleblebis, 
ingredientebis awonva-

Sedgena farSis garsacmSi moTavseba 
maryuJebis gakeTeba, CarCoze 

gadakideba 

garsacmis SerCeva-
momzadeba   

 kuterireba 10_12 wT. 

dayovneba                                                   

1_3 sT. maqs. temp. +15+ 2 ºС 

Termuli damuSaveba            
xarSva 75-85 ºС, 75-85 wT. 

gagrileba-gacieba                                              
10_12 ºС- mde batonis gulSi, xangrZlivoba 

10_120 wT 

SefuTva 

dasawyobeba  +2 ; +6 ºС 

realizacia 

cximis 
damateba 

damateba wylis 
da yinulis 

SesafuTi 
masala 

Zaxvelis damateba   
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nax. 2. sosisis warmoebis teqnologiuri sqema 
 

1. Sesanaxi macivari; 2. intensiuri gaciebis kamera; 3. Sesabol-mosaxarSi kamera; 4. so-
sisis Camosakidi CarCo; 5.  sosisis asacmeli magida; 6. avtomaturi sosisis girlian-
debis damkidi; 7. avtomaturi garsacmSi farSis Camteni;  8. Sprici; 9. farSis gadasa-
tani urika; 10. Kuteri; 11. farSis gadasatani urika; 12. mosamwifebeli kamera; 13. far-
Sis yuTi; 14. xorcis sakepi gveluka danadgari; 15. xorcis dasarbirebeli magida;          
16. Sesanaxi macivari; 17. frinvelis tanxorci; 18. tanxorcis transportirebisaTvis 

gankuTvnili fuTa; 19. danamati. 
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SemuSavebulia Zaxvelis damatebiT damzadebuli qaTmis moxarSuli 
sosisis receptura (cxrili) 

 
Zaxvelis damatebiT  damzadebuli qaTmis moxarSuli sosisis receptura 

 
dasaxeleba (ZiriTadi nedleuli) raodenoba (kg) 

qaTmis file 80 
Roris zurgis qoni 18 

rZis fxvnili 2 
danamatebi raodenoba (kg) 
marili 2 
Saqari 02 

pilpili 0,6 
rehani 0,06 

vitamini C 0,05 

Savi pilpili 0,05 
Zaxveli 0,05 

muskatis kakali 0,05 
wiTeli wiwaka 0,03 

surnelovani pilpiri 0,03 
yviTeli yvavili 0,03 
xarCos suneli 0,03 

nigozi 0,03 
 

viRebT nedl qaTmis files, romelic qucmacdeba mgeluka danadgarze. 
agreTve vaqucmacebT Roris zurgis qons damWrelze. vurevT maT „kuterze“. 
Zaxveli Sualedur produqts emateba kuterirebis procesSi, romlis drosac 
xdeba nedleulisa da danamatebis Sereva, dakepva da erTgvarovani masis mi-
Reba. swored am etapze iwyeba is qimiuri gardaqmnebi, romelic metad mniSvne-
lovania maRali xarisxis sosisis warmoebisaTvis. iwyeba cilis denaturacia, 
cximisa da wylis emulsifikacia, aqtiurdeba qimiuri procesebi. ZaxvelSi ar-
sebuli askorbinis mJava (vitamini C), α-tokoferoli (vitamini E), karotinoide-
bi, qlorofilebi da fenoluri naerTebi iwyeben urTierTqmedebas qaTmis fi-
lesTan, cximTan da wyalTan, yalibdeba maqsimalurad stabiluri emulsia, 
romelic mzadaa formirebisTvis. formireba xdeba poliamidur garsacmSi, 
romelic saukeTesod unarCunebs sosiss tens, wvnianobas, aromats da gemov-
nur Tvisebebs. amis Semdeg vayovnebT Sualedur nedleuls 1_3 saaTi maqs. 
temp. +15 + 20 ºС. Semdeg xdeba Termuli damuSaveba, erT-erTi yvelaze mniSvne-
lovani procesi. sosisis xarSvis reJimi mimdinareobs daaxloebiT 8_10 wuTi. 
rodesac batonis gulis temperatura miaRwevs 73 °C vayovnebT produqts ki-
dev 5_10 wuTi, raTa moxdes mikrobebis ganadgureba.  

 

 

 
 

 

foto 1. qaTmis moxarSuli sosisi Zaxvelis damatebiT 
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saeqsperimentod Zaxvelis damatebiT momzadebul qaTmis moxarSul so-
sisze (foto 1) CavatareT qimiuri da mikrobiologiuri kvleva. sakvlevi qi-
miuri parametrebi aris C vitamini, Saqari, cila; xolo mikrobiologiuri pa-
rametrebia: mezzofilur aerobuli da fakultatur anaerobuli mikroorga-
nizmebi (mafanmr), salmonela, koliformuli baqteriebi, sulfitmareducire-
beli klostridiebi [4,5].  

mikrobiologiuri kvleva Catarda Sps „marSes“ mikrobiologiur labo-
ratoriaSi. sosisidan aviReT saanalizod saWiro raodenobis, 20_20 mg ni-
muSebi, movaTavseT 80 ml fiziologiuri xsnariT Sevsebul kolbaSi. dava-
yovneT 3 saaTis ganmavlobaSi boqsSi. movaxdineT nimuSebis CaTesva meTodo-
logiis mixedviT. CaTesili firfitebi movaTavseT TermostatSi 24_48 sT 
ganmavlobaSi +37 °C-ze  (foto 2).   

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

foto 2. mikrobiologiuri kvleva 
 
laboratoriuli kvlevis dasrulebis Semdeg, mikrobTa raodenoba ar 

dafiqsirda.  
momzadebuli produqcia gavyineT -18 °C-ze. SevinaxeT 2 Tvis ganmavlo-

baSi, ganmeorebiTi kvlevis Sedegebis mixedviT, Zaxvelis damatebiT damzade-
buli qaTmis moxarSuli sosisi kvlav sufTa aRmoCnda (foto 3).  

 

  
 

foto 3. mikrobiologiuri kvlevis Sedegebi 
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kvlevis Sedegebis mixedviT SegviZlia vivaraudoT, rom Zaxvelis anti-
oqsidanturi da antimikrobuli Tvisebebis, agreTve damatebuli C vitaminis 
saSualebiT, ori Tvis ganmavlobaSi produqcia iyo uvnebeli da SeinarCuna 
pirvandeli saxe da gemovnuri Tvisebebi. ZaxvelSi arsebulma askorbinis mJa-
vam, α-tokoferolma (vitamini E), karotinoidebma, qlorofilebma da feno-
lurma naerTebma moaxdines maqsimalurad dacva nedleulisa da SeunarCunes 
mas pirvandeli, jansaRi da sasargeblo Tviseba. 

amrigad, literaturuli monacemebisa Tu laboratoriuli dakvirvebis 
safuZvelze, SegviZlia vivaraudoT, rom Zaxvelis eqstraqtis damatebam gar-
kveulwilad imoqmeda qaTmis moxarSul sosisze. miviReT sasiamovno aromatis, 
gemosa da vizualis mqone xorcproduqti, romelSic ar aris qimiuri gziT 
miRebuli emulgatorebi, feris fiqsatorebi, konservantebi Tu antioqsidante-
bi. laboratoriuli kvlevis Sedegebze dayrdnobiT, SegviZlia vTqvaT, rom 
ZaxvelSi arsebulma sasargeblo nivTierebebma, rogorebicaa: askorbinis mJava 
(vitamini C), α-tokoferoli (vitamini E), karotinoidebi, qlorofilebi da fe-
noluri naerTebi, mniSvnelovani roli Seasrules. sosiss SeunarCunda xang-
rZlivi droiT uvnebeli saxe da gaajeres igi sasargeblo nivTierebebiT. 
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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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saqarTveloSi gavrcelebuli pamidvris (Solanum lycopersicum) nedleulisgan 

inovaciuri teqnologiuri gziT miRebuli tomat-pastis biologiuri 

srulfasovneba da ekologiuri sisufTave 

 

andriaZe g.T. 
 

saqarTvelos teqnikuri universiteti 
 
Tanamedrove uaxlesi mecniereba bostneuls ganixilavs rogorc sasi-

cocxlod aucilebel produqts, romelic nebismieri qveynis agropolitikis 
mniSvnelovani nawilia. miuxedavad imisa, rom maTi xvedriTi wili sakmaod 
mravalferovania, bostneul kulturebs saqarTveloSi mniSvnelovani adgili 
ukavia. Cveni arCevani SeCerda yvelaze popularul bostneul kulturaze _ 
pamidorze, romlis gamoyeneba sazogadoebis mier xdeba mTeli wlis ganmav-
lobaSi rogorc nedleulis, ise dakonservebuli saxiT. yuradReba unda 
mieqces pamidvris gadamuSavebis procesebs rogorc teqnikuri simwifis, ise 
dakonservebis Semdeg, sadac daculi unda iyos sanitarul-higienuri pirobe-
bi, romelic reglamentiT aris SemuSavebuli da gaaCnia garkveuli moTxovne-
bi. Cveni kvlevis mizania SerCeuli inovaciuri araTermuli damuSavebis teq-
nologiebis analizi tomat-pastaSi, maTi efeqturobis daxasiaTeba tomat-
pastis xarisxisa da Senaxvis vadis uzrunvelsayofad, teqnologiis mdgra-
dobis aspeqtebi da axali tendenciebi. unarCeno teqnologiiT, emulgatorebis 
gareSe SevimuSaoT biologiurad srulfasovani da ekologiurad sufTa pami-
dvris pasta. CvenTvis ukve cnobilia pamidvris teqnikuri kulturis 
produqtiuloba, romelic mdidaria mniSvnelovani mineraluri da bioqimiuri 
parametrebiT. amis gamo mas udidesi roli miuZRvis sakvebi produqtebis war-
moebis saqmeSi da swored amis gamo guldasmiT aRvniSnavT, rom Cveni kvlevis 
ZiriTad mizans warmoadgens SeviswavloT axali inovaciuri meTodiT misi 
biologiuri srulfasovneba, romelic aucilebeli faqtoria adamianebis 
janmrTelobisaTvis. 

saqarTveloSi dReisaTvis dabali qimizaciis donea, ris safuZvelzec 
lokalizaciis teritoriaze (goris raionebi: sveneTi, ateni, xidisTavi, da 
marneuli) xdeba organuli sasuqebis gamoyeneba (frezirebuli saqonlis 
nakeli). kvlevis mizania ekologiurad sufTa da biologiurad srulfasovani 
jansaRi tomat-pastis miReba. Cvens mier SemuSavebuli iqna inovaciuri apara-
ti, sadac SesaZlebelia tomat-pastis damzadeba 46°C temperaturaze, -0,9 bar 
vakuumSi, 40 khc 60vt ultrabgeris gamoyenebiT _ sterilizaciisTvis saWiro 
maRal temperaturaze (>100 °C) gacxelebis gareSe. am SemTxvevaSi ultrabgera 
Tavad asrulebs sterilizatoris funqcias. miRebul produqtSi SenarCu-
nebulia C vitaminis raodenoba da sxva mkvebavi nivTierebebi, romlebzec 
damokidebulia xarisxi da sagemovno Tvisebebi [1,2]. 

 aRsaniSnavia, rom ultrabgeris gamoyenebiT xilis wvenebis da rZis 
sterilizacia dRes farTod gamoiyeneba [3_5]. 

niadagebis sakvlev nimuSebSi karbonatebi ganisazRvra Seibleris meTo-
diT; moZravi fosfori _ maCiginis meTodiT; gacvliTi kaliumi _ kirsanovis 
meTodiT; hidrolizuri azoti _ tiurin-konanovis meTodiT. pamidvris sakvlev 
nimuSebSi nitratebi ganisazRvra grisis meTodiT; mZime metalebi _ atomur-
absorbciuli meTodiT; nacrianoba _ maRali temperaturis zemoqmedebiT,  
sxvaobis meTodiT, martivi Saqrebi _ savele refraqtometriT, askorbinis 
mJava _ specialuri swrafi testirebis CxirebiT, higroskopuli wyali _ 
maRaltemperaturuli gamoSrobis meTodiT, nedli ujredisi _ geneberg-Sto-
manis meTodiT, pH _ portatuli sazomi aparatiT.  
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cxrili 1. pamidoris nedleulis mineraluri da bioqimiuri Sedgeniloba 
 

 
 
cxrili 2. pamidvris lokalizaciaze gavrcelebuli niadagebis Sedgeniloba 

 
tomat-pastaSi mikroorganizmebis gansazRvra Catarda sst iso 4833-

1:2013/2015 meTodiT. yvela masala, romelic SexebaSia sakvlev produqtTan - 
damzadebulia 304 markis uJangavi foladisgan. 
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kvlevis procesi moicavs iveriis baris niadagebis qimizaciis, 
saqarTveloSi gavrcelebuli pamidvris qvesaxeobebis, teqnikur simwifeSi 
myofi sawyisi nedleulidan miRebuli tomat-pastis Semadgenlobis da 
xarisxis Seswavlas, romelic damokidebulia nedleulis da niadagis 
Semadgenlobaze [6_8]. miRebuli Sedegebi motanilia cxr. 1 da 2-Si. 

sxvadasxva pirobebSi momzadebul tomat-pastaSi askorbinis mJavis rao-
denobis gazrdis mizniT, pamidvris sawyis nedleulSi damatebuli iqna wiTeli 
tkbili wiwakis is raodenoba, rom 100 gram tomat-pastaSi askorbinis mJavis 
raodenoba yofiliyo aranakleb mozrdili adamianis misaRebi dRiuri normisa 
[9, 10]. miRebuli produqti moTavsebul iqna winaswar 104 °C temperaturaze 
gasterilebul qilebSi _ Sesanaxad. damzadebidan 1 wlis Semdeg maT Cau-
tardaT mikrobiologiuri analizi, tomat-pastis Senaxvis unarianobis dad-
genis mizniT. tomat pastiT Sevsebuli qilebi inaxeboda macivarSi 5 °C – 8 °C 

temperaturul zRvrebSi.  
oqtomberSi tomat-pastis dasamzadeblad gamoyenebuli iqna pamidvris 

saxeoba „sagviano“, ivnisSi damzadebuli tomat-pastis dasamzadeblad gamo-
yenebuli iqna pamidvris qvesaxeoba „samefo“ da „Woportula“. 

modelur aparatSi damzadda tomat-pasta rogorc klasikuri meTodiT, 
aseve Cven mier Seswavlili inovaciuri teqnologiiT _ ultrabgeris gamo-
yenebiT. ultrabgeris sixSire aris 40 kiloherci, simZlavre 60 vati.  

ultrabgeris generatoris muSaobis dro nawilobriv damokidebulia 
garemos temperaturaze, ultrabgeris generatoris avtomaturi makontrole-
beli TiSavs da rTavs mas tomat-pastis damzadebis procesisTvis saWiro _ 
programulad miTiTebuli temperaturis SesanarCuneblad, vinaidan ultrabge-
ris generatori Tavad gamoyofs siTbos muSaobis procesSi da aucilebelia 
misi sinqronuli muSaoba gamaTbobel qurasTan erTad, raTa ar moxdes tempe-
raturis Seusabamo cvlileba. garemos temperaturis 23°C _ 27°C zRvrebSi, 
Cvens mier SemuSavebuli inovaciuri danadgaris ultrabgeris generatori 
muSaobs mTliani drois 90_92%-is ganmavlobaSi. sxvadasxva periodSi 
damzadebuli tomat-pastis ZiriTadi maxasiaTeblebi Setanilia cxr. 3-Si. 
modeluri aparatura naCvenebia naxazze. 

 
cxrili 3. gacxelebiT da ultrabgeris TanxlebiT miRebuli tomat-pastis da misi 

nedleulis xarisxis ZiriTadi maxasiaTeblebi 1000 gram sawyis nedleulze 
gadaangariSebiT  
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10 0,001 23 4 

tomat-pasta, 40 khc (ivnisi) 75 223 330 0,350 46 25 
tomat-pasta, gacxelebiT (ivnisi) 75 126 82 0,870 100 25 
pamidvris da bulgaruli wiwakis 

piureebis narevi (oqtomberi) 
92 20 20 0,002 21,6 8 

tomat-pasta, 40 khc (oqtomberi) 75 61 327 0,340 46 25 
tomat-pasta, gacxelebiT 

(oqtomberi) 
75 16 79 0,830 100 25 
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tomat-pastis damzadebidan erTi wlis Semdeg Catarda yvela nimuSis 
mikrobiologiuri analizi, arcerT nimuSSi ar aReniSneboda airebis dagrove-
bis da obis vizualuri kvali. aseve arcerT nimuSSi ar aRmoCnda anaerobuli 
da aerobuli mikroorganizmebi, rac miuTiTebs Cvens mier inovaciuri 
teqnologiiT miRebuli tomat-pastis maRal xarisxze, misi ekologiurad 
sisufTavesa da maRal kvebiT Rirebulebaze.  

 
  
 
 
 
 
 
 
 
 
 
 
 
ultrabgeris generatoriT aRWurvili tomatis wvenis koncentratori. 

1) vakuum-tumbo; 2) temperaturis da quris makontrolebeli; 3) temperaturis sensori; 
4) mano-vakuummetri; 5) kontrolirebadi qura; 6) ultrabgeris generatori;              

7) ultrabgeris marTvis bloki. 
 
sawarmoo meTodiT damzadebul tomat-pastaSi askorbinis mJava iSleba 

Termuli damuSavebis zegavleniT, xolo ultrabgeris gamoyenebiT dabal te-
mperaturaze (46 °C) damzadebul tomat-pastaSi SenarCunebulia C-vitamini da 
sxva sakvebi nivTierebebi. 40 khc 60 vt ultrabgeris gavleniT mimdinareobs 
tomat-pastis sterilizacia 46 °C temperaturaze, rogorc aerobuli, aseve 
anaerobuli mikroorganizmebis daxocviT. ultrabgeris gamoyenebiT miRebuli 
produqti aris cocxali da faseuli. pamidvris da wiTeli tkbili wiwakis 
(Capsicum annuum) Tanafardoba 100 gram tomat-pastaSi C vitaminis raodenobis 
dRiuri normis misaRwevad aris 21:1. 

dadginda: nedleulis teqnikur simwifeSi, pamidvris nayofSi iseT 
toqsikuri elementebis Semcveloba, rogorebic arin mZime metalebi (Pb, As, Hg) 
da potoqsikuri nitratuli azoti (NO3

-
) minimaluria _ sxva periodTan 

SedarebiT, amitom teqnikuri simwife saukeTeso maCvenebelia tomat-pastis 
damzadebisaTvis. 

 inovaciuri teqnologiis gamoyeneba iZleva eleqtroenergiis ekonomiis 
saSualebas 2,5-jer, klasikuri meTodis gamoyenebasTan SedarebiT da bevrad 
amartivebs temperaturis kontrols, rac uzrunvelyofs sasurveli tempe-
raturis sizustes da nakleb fluqtuaciebs warmoebis procesSi. 
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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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fitodanamat „vitlöksflörte“ gamoyenebisas broileris keTildReobis

gazomvadi parametrebis Seswavlis Sedegebi 

Coxeli n.T., kaWarava T.o., RliRvaSvili v.a. 

saqarTvelos teqnikuri universiteti 

2005 wlis 31 maiss briuselSi evrokavSiris IP/05/637 komisiam miiRo 
kanonproeqti saxorced moSenebuli qaTmebisTvis, kerZod broileris, keTil-
dReobis gasaumjobeseblad. frinvelis intensiur meurneobebSi kvlevebma 
cxadyo, rom frinvelTa janmrTelobisa da keTildReobis done arasrulyo-
fili iyo. es kanonproeqti Seiqmna evrokavSiris wevri qveynebisa da moqala-
qeebis xangrZlivi moTxovnis safuZvelze. im droisTvis janmrTelobisa da 
momxmarebelTa dacvis komiis wevrma markos kiprionma aRniSna rom frinvelTa 
keTildReoba ar aris mxolod eTikis sakiTxi, es upirvelesad gansazRvravs 
xarisxs da janmrTelobas, xolo sakiTxTa erToblioba CarTulia im uwyvet 
jaWvSi rasac ,,erTiani janmrTeloba“ ewodeba [1_3]. amdenad cxovelTa janmr-
Telobis msoflio organizaciis mier SemuSavebuli debulebebis mixedviT 
frinveli unda iyos janmrTeli, hqondes komfortuli sivrce, usafrTxo da 
kargi sazrdo, SeeZlos Tandayolili qcevis gamoxatva da Tavisufali iyos 
tkivilisgan, stresisgan da SiSisgan [1,2]. agreTve ganisazRvra, rom cxovelTa 
da frinvelTa kvebidan amoRebul unda iqnas sinteturi nivTierebebi 
(anibiotikebi, biostimulatorebi da sxv.). evrokavSiris bevr qveyanaSi da m.S. 
SvedeTSi saerTod aikrZala aseTi nivTierebebis gamoyeneba alternativebis 
Canacvlebis xarjze. aseT alternativas warmoadgens mcenareuli (bunebrivi) 
warmoSobis preparatebis an/da fitodanamatebis gamoyeneba [4,5]. 

gamomdinare zemoT aRniSulidan, Cveni sakvlevi Temaa „broileris 
keTildReobis gazomvadi parametrebis Seswavla gansxvavebul movla-Senaxvis 
da klimatur pirobebSi (saqarTvelo-TeleTi, SvedeTi-sodertalia) fitodana-
mati „vitlöksflörte“ gamoyenebisas“. 

siaxles warmoadgens broileris kvebaSi, maTi janmrTelobis da 
keTildReobis xarisxis asamaRleblad, mcenareebis  Semcveli fitodanamatis 
gamoyeneba, romlis 43 % nioria,  qimiuri stimulatorebis da antibiotikebis 
nacvlad. gamoyenebuli nivris Semcveli fxvnilis SemadgenlobaSi Sedioda 
nivris fxvnili, rehani, rozmarini, TavSava, Tiami, limonis cedra da marili.  

aRsaniSnavia, rom es fitodanamati bolo wlebSi gavrcelebuli 

COVID-19 pandemiis fonze rekomendirebulia SvedeTis farmaciis mxridan ada-
mianis saerTo jamrTelobis da rezistentobis asamaRleblad. amavdroulad 
igi ar aris gamocdili produqtiul mecxoveleobaSi. amdenad, faqtiurad Cven 
msoflioSi pirvelad viyenebT aRniSnul fitodanamats produqtiuli (fermis) 
cxovelebze. kerZod, broileris keTildReobisa da saxorce produqtiulo-
baze gavlenis Sesaswavlad. 

Cveni mizania SevimuSavoT broileris keTildReobis iseTi sqema buneb-
rivi komponenetebis damatebiT sakvebze, riTac SeiZleba moxdes antibio-
tikebis Canacvleba da evrokavSirSi erTiani janmrTelobis sakiTxSi 
integrireba. 

dasaxuli miznis misaRwevad davgegmeT Semdegi amocanebis ganxor-
cileba: 

Segveswavla am konkretuli danamatis gavlena gansxvavebul klimatur 
pirobebSi broileris keTildReobis parametrebze da maT produqtiulobaze. 
cdis pirveli etapi ganxorcielda SevedeTSi, kerZod stoqholmSi, soder-
talias regionSi. meTodologiurad daigegma parametrebis Seswavla wiwi-
lebis dasmidan me-2; 4 da me-6 kviras. Cven mier Seswavlilia frinvelis: 

• pulsi;
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• sxeulis temperatura;
• sikvdilianoba (dacemul individTa raodenoba mocemuli periodis-

Tvis) daTvlilia  mocemuli periodisTvis dacemuli suladobis raodenoaba; 
• saerTo wonamati da wonamati cdis periodebis mixedviT _ saerTo

wonamati ganisazRvreba dasmuli wiwilis c/m da dakvlis wina cocxali 
masiT, wonamati periodebis mixedviT ganisazRvra individTa awonviT cdis 
periodebis mixedviT;  

• dakvlis wina cocxali masa ganisazRvra-awonviT uSualod dakvlis
win; 

• dadginda naklavis gamosavali;
• ganisazRvra fitodanamatis  gamoyenebis efeqturoba gaweuli damate-

biTi xarjisa da miRebuli Sedegebis gaanalizebiT. 
gamomdinare iqedan, rom SvedeTi aris erTerTi mowinave qveyana fri-

velTa keTildReobis da erTiani janmrTelobis dacvis kuTxiT. qveyanaSi akr-
Zalulia antibiotikebis, zrdis stimulatorebis, genmodificirebuli soios 
da sxva qimiuri nivTierebebis  gamoyeneba, swored amitom kvlevis pirveli 
etapisas miRebuli Sedegebi iZens gansakuTrebul mniSvnelobas. 

dasaxuli amocanebis misaRwevad literaturuli wyaroebis  da 
msoflios sxva qveynebSi kvelevebis analizis Sedegad SevadgineT kvlevis 
sqema. gamoyenebuli fitodanamati Seicavda nivris fxvnils, rehans, 
rozmarins, TavSavas, tiams, limonis cedras da marils (foto). 

fitodanamatis dozirebisTvis SerCeuli iqna minimaluri 0,5 % da 
saSualo 1,5 %, fxvnilis damatebis efeqtis Sesabamisad. vinaidan 
fitodanamat ,,vitlöksflörte“-Si nivris Semcveloba 43 %-ia 0,5 %-is SemTxvevaSi 
moxda 11,76 g damateba 1 kilogramze, xolo 1,5 %-ianis SemTxvevaSi 36,14 g-isa /
kg-ze. kvlevisTvis SerCeuli iqna 1 dRiani 150 broiler Ross 308-s wiwila. 
romelic gadanawilda sam jgufad, TiToeulSi 50 frTa. eqsperimenti 
mimdinareobda 49 dRe.  

pirveli jgufi (T) iyo sakontrolo jgufi, xolo meore (T1) da mesame 
(T2) eqsperimentuli. 

eqsperimentis dasawyisSi samive jgufSi moxda pulsis sixSiris gazomva. 
nebismieri Careva, romelic dakavSiebulia sinaTlesTan, zedmet xmaurTan an 
daWerasTan, aRelvebs wiwilas da mniSvnelovnad cvlis gulis cemis da 
pulsis sixSires. pulsis gazomvis dros moxda frinvelis dakaveba erTi ada-
mianis mier, meore axdenda gazomvas foneidoskopiT. axalgazrda wiwilas 
pulsis sixSire cvalebadobs wuTierad. eqsperimentis mimdinareobisas 
saSualod erTi dRis wiwilas hqonda 240 dartyma wuTSi. ori kviridan 28 
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dRemde pulsis sixSire meryeobda 295-mde. dakvlis periodisTvis pulsis 
sixSire daaxloebiT 300 iyo.  

miRebuli Sedegebidan  SeiZleba davaskvnaT, rom  samive jgufSi (T, T2, 

T3) fitodanamatis micemas gavlena ar mouxdenia pulsis cvlilebaze da maT 
normalur funqcionirebaze, wiwilac da zrdasruli qaTamic yvela etapze  
janmrTelad gZnobdnen Tavs. 

sxeulis temperatura ganisazRvra pirvelive dRes da Semdeg yovel me-2, 
me-4 da me-6 kviras. temperaturis gazomva moxda Chick Vent -is saSualebiT, 
TiToeul jgufSi 5_5 frTaze. 

unda aRiniSnos, rom im momentisTvis Senobis temperatura iyo pirveli 
ori kviris ganmavlobaSi 31_32 °C-mde, xolo Semdeg 24_25 °C. 

kvlevam aCvena, rom wiwilas unviTardeba sxeulis temperaturis regu-
lirebis unari. erTi dRis wiwilis sxeulis temperatura 39 0

C, magram ori 
kviris Semdeg sxeulis temperatura 41,1 0

C,  romelic grZeldeba zrdasrul 
asakamde. es misTvis fiziologiuri normaa da fitodanamatis micemas ar 
mouxdenia gavlena temperaturis cvlilebaze.  

broileris cocxali masa mniSvnelovani parametria misi keTildReobis 
Sesafaseblad, radgan fermerebis saboloo mizania rac SeiZleba meti 
cocxali wonamatis miReba. ramdenadac mniSvnelovania frinvelis cocxali 
masa broileris industriaSi, arasodes yofila Cveulebrivi praqtika broi-
lerebis rutinuli awonva, ZiriTadad imis gamo, rom fizikuri dro sWirdeba 
TviToeul jgufSi. Cvenc gaviTvaliswineT es praqtika da eqsperimentis 
mimdinareobisas moxda wonis kontroli pirvel dRes, me-2; 4 da me-6 kviras. 
Sedegebi mocemulia N cxr. 1-Si. 

 cxrili 1. sxeulis cocxali masa asakis mixedviT 

sxeulis wona  (g) sakontrolo (T) T1 (0,5 %) T2 (1,5 %) 
0 42 42 42 
14 403 414 449 
28 1230 1276 1268 
42 1946 1992 2320 

erTi dRis asakis wiwila samive jgufSi iwonida 42 g ori kviris Sem-
deg moxda SemTxveviT principiT xuT xuTi frTis amoyvana da TiToeulis 

cal-calke awonva. am droisTvis sakontrolo jgufis (T) cocxali wona 403 g 
iyo. eqsperimentuli jgufi T1 romelic iRebda fitodanamats 0,5 % narevi, 14 
gramiT meti iyo sakontrolo jgufTan SedaebiT, xolo T2 eqsperimentul 
jgufSi romelic iRebda 1,5 % narevs, broileris wiwilis wonamati 449 g 

Sadgenda. 4 kviris asakSi sakontrolo jgufSi (T) wonamatma miRwia 1230 g, 
xolo pirvel eqsperimentul jgufSi (T1) 1276 g, meore eqsperimentul jgufSi 
(T2) 1268 g. 6 kviris Tavze Catarebuli awonvis dros sakontrolo jgufi (T) 
iwonida 1946 gr. pirveli eqsperimentuli jgufi (T1) 1992 gr, meore eqsperi-
mentuli (T2) 2320 g. frinvelis wonamati mniSvnelovnad maRali iyo qaTmebSi,  
romlebic ikvebebodnen 1,5 % fitodanamatis nareviT, sakontrolo jgufTan 

da T1 jgufTan SedarebiT, romelic ikvebeboda 0,5 % fitodanamatis  nareviT. 
kvlevis mimdinareobisas mniSvnelovani gansxvavebi cocxal masaSi 
aRiniSneboda me-4 da me-6 kviras. 

14 dRis asakSi T1 sakontrolo jgufSi cocxali masa gaizarda daax-
loebiT 2,72 % sakontrolo jgufTan SedarebiT, xolo T2 eqsperimentul 
jgufSi 11,41 %. 

4 kviris asakSi pirvel eqsperimentul jgufs T1 daufiqsirda 3,73 % ma-
teba sakontrolo jgufTan SedarebiT, xolo meore eqsperimentul jgufs T2 
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3,08 %. SegviZlia davaskvnaT, rom meore eqsperimentuli jgufis (T2) wonamatis 
ganviTareba SedarebiT Senelda ori kviris Semdeg. 

6 kviris asakSi yvelaze maRali 18,19 % cocxali wonis mateba aCvena 
pirvelma eqsperimentulma jgufma (T1). xolo meore eqsperimentul jgufSi 
aRiniSneboda 2,36 % cocxali wonis mateba sakontrolo jgufTan SedarebiT, 
kvlevis Sedegebi mocemulia cxr. 2-Si.   

cxrili N2.  cocxali masis procentuli zrda asakis mixedviT, 
sakontrolo jgufTan SedarebiT 

eqsperimentis mimdinareobisas sakontrolo jgufi miyveboda normiT 
dadgenil wonamats. 

sxeulis saboloo wonamatis gamoangariSeba moxda sawyis wonasTan 
SedarebiT. sxeulis sawyisi wonis gansazRvra ki moxda pirvelive dRes,  
xolo saboloo wonamatis gansazRvra 42-e dRes, rogorc sxvaoba sxeulis 
saboloo wonasa da sxeulis sawyis wonas Soris. sakvebis amoReba moxda 
frinvelis awonvamde 2 saaTiT adre da swored am dRes Sewyda 
fitodanamatis miRebac.  

sakontrolo jgufSi gvqonda 1904 g mateba, gansxvavebiT pirvel eqspe-
rimentuli jgufisa, sadac mateba iyo  1950 g, xolo yvelaze maRali sabolo 
cocxali wonis mateba aCvena meore eqsperimentulma jgufma _ 2278 g. 

dakvlamde erTi kviriT adre moxda fitodanamtis Sewyveta, raTa Ta-
vidan agveridebina gemovnuri  Tvisebebis Secvla. frinvelis dakvla moxda 49 
dRis asakSi da dakvlis win Catarda  damatebiT cocxali masis gansazRvra – 
cxr. 3.  

     cxrili 3. dakvlis wina cocxali masa 

asaki T,  g T1,  g T2, g 
42 dRes 1946 1992 2320 
49 dRis 2436 2482 2810 

sakontrolo jgufSi dakvliswina cocxali masa iyo 2436 grami, rac 
miuTiTebs 3,59 % zrdas. pirveli eqsperimentuli jgufis dakvlis wina wona-
matma Seadgina 2482 g, sadac dafiqsirda 3,51 % mateba, xolo meore eqsperi-
mentul jgufSi broileris wonamati  iyo  2810 g  dakvlis win da Seadgina  
3,01 %-iani mateba.  

dRiuri cocxali masis momateba mniSvnelovan rols asrulebs broile-
ris optimalur zrdaSi. normalur praqtikul pirobebSi saSualod brolerma 
unda moimatos 65 grami an meti dReSi. saSualo wonamatis momateba ar aris 
erTgvarovani da mniSvnelovnad gansxvavdeba asakisa da sqesis mixedviT.   

dakvlis win broilers hqonda 2 saaTiani SimSilis periodi, magram  
maT am SeeZloT Tavisuflad wylis miiReba. SenobaSi, sadac moTavsebuli iyo 
dasaklavad gamzadebuli qaTmebi, sinaTlis wyaro SezRuduli iyo,  vinaidan 
Tavidan agvecilebina daWeris stresi. dakvlis win moxda broileris gabrue-
ba. amisTvis SvedeTSi ori gza arsebobs 52 % SemTxvevaSi mimarTaven eleqt-
ronuli muxtiT gabruebas, 48% SemTxvevaSi specialurad Seqmnil gazis apara-
tiT gabruebas. Cvens SemTxvevaSi gamoyenebuli iyo eleqtronuli muxtiT gab-

asaki T T1 T2 

14 0 % 2,72 % 11,41 % 
28 0 % 3,73 % 3,08 % 
42 0 % 18,19 % 2,36 % 
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rueba. wiwilis dakvla moxda specialurd SvedeTis kanonmdeblobiT gansa- 
zRvrul sasaklaoze. 

tanxorcis gamosavali TiToeul frinvelSi Seadgenda 72,94 %. aqedan 
sufTa xorci iyo 55,43 %. subproduqtebi romelic dayofilia or jgufad sak-
vebad vargisi da sakvebad gamousadegari produqtebi, Seadgina jamSi 27,06 % 
cxr. 4.  

 cxrili 4. tanxorcis gamosavali % 

tanxorcis 
gamosavali 

sufTa xorci subproduqtebi sakvebi sub. 
produqtebi 

sxva* 

72,94 % 55,43 % 7,99 % 6,65 % 12,42 % 
*bumbuli, sisxli da WuWyi

naklavis gamosavalma sakontrolo jgufSi Seadgina 1776,81 grami rac 
33,56 gramiT naklebi iyo pirvel eqsperimentul  (T1) jgufTan SedarebiT, 
romlis naklavis wona iyo 1810,37 grami. meore eqsperimentuli jgufi, 
romelic iRebda fitodanamats 1,5 %-s  naklavis gamosavali iyo 2049,61 g, rac 
mniSvnelovnad uswrebs orive jgufs. 

sufTa xorci raodenobam sakontrolo jgufSi Seadgina 1350,27 grami, 
xolo T1 jgufSi romelic iRebda 0,5% fitodanamats, Seadgina 1375,77 gr., T2 
jgufSi sufTa xorci 1557,58 g iyo. subproduqtebis raodenobam jamSi Seadgi-
na 659,19 g sakontrolo jgufisTvis, sadac sakvebi subproduqtebis wili iyo 
161,99 g, T1 jgufSi saubproduqtebis wili iyo 671,63 g,  sadac sakvebi subpro-
duqtebis  raodenoba 165,05 g, xolo  T2 jgufSi arasakvebi subproduqtebis 
raodenoba 573,53 g-ia, sakvebi subproduqtebi 186,86 g, eqsperimentebis Sedegebi 
mocemulia cxr. N5-Si.  

    cxrili N5.  naklavis gamosavali (g) 

maCveneblebi T T1 T2 

dakvlis wina c/m 2436 2486 2810 
naklavis gamosavali 1776,81 1810,37 2049,61 
sufTa xorci 1350,27 1375,77 1557,58 
subproduqtebi 194,63 198,31 224,51 
sakvebi sub. produqtebi 161,99 165,05 186,86 
sxva* 302,57 308,27 349,02 

*sisxli, bumbuli da WuWyi.

gamomdinare kvlevis Sedegebidan Cans, rom fermaSi SerCeuli iyo 
maqsimaluri optimaluri pirobebi radgan eqsperimentis ganmavlobaSi moxda 
mxolod 3 frinvelis dacema 150 wiwilidan, rac miuTiTebs imaze, rom sikvdi-
lianobis %-is normaluri zRvari iyo. es Sedegi aris saerTo raodenobis 
2 %. SvedeTisTvis normas ki warmoadgens 3%. samive SemTxvevaSi Catrebuli 
iyo adgilobrivi kanonmdeblobiT dadgenili laboratoriuli diagnostika 
da gamoricxuli iyo infeqciuri daavadebebi. frinvelis sikvdili 
gamowveuli iyo gare faqtorebis zemoqmedebiT kerZod pirvel SemTxvevaSi 
(T1) frTis motexviT, xolo meore (T) da mesame (T2) SemTxveva moxda Ramis 
periodSi, zusti mizezi daudgenelia. 

amrigad, Catarebuli kvlevebis pirveladi analizi gvaZlevs saSualebas 
davaskvnaT, rom am fitodanamatis gamoyeneba 1,5 % iyo yvelaze efeqturi, miu-
xedavad imisa rom gazarda TviTRirebuleba. cdaSi gamoyenebuli fxvnilis 
efeqtianobis Seswavlis gagrZelebis mizniT Semdgomi kvlevebi gagrZelda 
saqarTveloSi. 
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SUMMARY 

RESULTS OF THE STUDY OF MEASURABLE PARAMETERS OF BROILER WELFARE WHEN 

USING THE PHYTOSUPPLEMENT "Vitlöksflörte" 
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 vitlöksflörter 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 g/ 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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Tixis gamoyeneba damxmare nivTierebebad farmacevtul warmoebaSi 

 

cincaZe T.g., civaZe m.a, miSelaSvili x.T., gabelaia m.a, metreveli i.z. 
 

saqarTvelos teqnikuri universiteti 
 

farmaciaSi Tixebi gamoyeneba samkurnalo saSualebebis TiTqmis yvela 
recepturaSi damxmare nivTierebebad, miuxedavad imisa, rom Tixa urTierTqme-
debs samkurnalwamlo saSualebis molekulasTan damxmare nivTierebebis bune-
bis sapirispirod, anu am urTierTqmedebam SeiZleba xeli SeuSalos/Seafer-
xos preparatis bioSeRwevadobas organizmSi.  

Tixis gamoyeneba suspenziebSi: orfazian sistemaSi aucilebelia damxma-
re nivTierebebi saTanado dasvelebis uzrunvelsayofad da Sedgenilobis 
stabilurobis SesanarCuneblad. wamlis hidrofoburobis dasaZlevad da dis-
pergirebis gasaumjobeseblad suspenzias emateba Tixis mineralebi, rogorc 
dasvelebis saSualeba. bentoniti, rogorc dasvelebis saSualeba gamoyeneba 
tonalur kremebSi [1].  

Tixa aseve xels uwyobs stabilurobis SenarCunebas, moqmedebs ra ro-
gorc suspergirebis da Sewebebis sawinaaRmdego saSualeba. is xels uSlis 
daleqvas, sedimentacias, dispersiuli Tvisebis cvlilebas da flokulacias. 
Sesabamisi suspengirebuli saSualebis arCevis kriteriumebi damokidebulia 
Tavsebadobaze, garegnul saxeze, warmoSobaze, Rirebulebaze da pH-sadmi 
mdgradobaze. suspengirebuli saSualebis Tvisebebi, maT Soris maRali sib-
lantis dabali wanacvlebis siCqare, temperatura da Senaxvis stabiluroba, ar 
unda iyos damokidebuli eleqtrolitze, pH-ze da ar unda iyos toqsikuri.  

agregatebis warmoqmna, rac Tavis mxriv iwvevs myari nivTierebebis 
Sewebebas, rac SeiZleba gaxdes  maRal koncentraciis pirobebSi suspenziis 
problema. suspenziis nawilakebis zomis an siblantis Semcirebam ar SeuZlia 
xeli SeuSalos Sewebebas. Sewebebis Tavidan acileba SesaZlebelia 
flokulaciisa da eleqtrostatikuri stabilurobiT.  

kaolinis da talkis gamoyeneba, rogorc suspengirebisa da Sewebebis 
sawinaaRmdego saSualeba, suspenziis stabilurobis zrdas uwyobs xels. sib-
lantis modificirebisaTvis gamoyenebul iqna МАS-is, aluminium magnesium silicate 
(2:1:2) Semcveli peqtinis suspenzia, wyalSi dispergirebul kaolinTan erTad, 
romelsac emateboda peqtini CMC, karboqsimeTilceluloza [2].  

MAS-isa da misi oTxi tipis (IA, IB, IC da IIA) gamoyeneba suspenziis saxiT 
aRiarebulia farmakopeebSi, radgan isini gavlenas ar axdenen suspenziis 
denadobaze an gaSladobaze.  

bevr adgilobrivi gamoyenebis naxevradmyar formulebSi umateben 
zedapirulad gaaqtiurebul kaolins, hidrofobiuri samkurnalo preparatis 
stabilurobisa da wylTan Serevis gasaumjobeseblad.  

wylian suspenziebze kaolinis kristalurobis gavlenis SeswavliT 
dadginda, rom maTi upiratesi gamoyeneba uaryofiTi muxtis da mudmivi 
eleqtrostatikuri ganzidvis unariTaa ganpirobebuli da gamarTlebuli. 

Tixas aseve SeuZlia xeli Seuwyos suspenziis stabilizacias mis 
reologiur Tvisebebze zemoqmedebiT, radgan siblante gansazRvravs 
daleqvis/sedimentaciis siCqares stoqsis kanonis Sesabamisad.  

suspenziis saboloo reologiuri Tvisebebis dasadgenad gamoiyeneba 
sxvadasxva tipisa da raodenobis Tixa. dispersiebi, romlebic avlenen dilan-
tur qcevas, Seicavs Tixis mineralebs 1:1, xolo romlebic avlenen fsevdo-
plastikuri qcevas 2:1 TanafardobiT, Sesabamisad. samrewvelo, komerciuli 
MAS aris 2:1 boWkovani Tixa, romelic Seicavs montmorilonitis da seponitis 
narevebs [2].  
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Tixis gamoyenebam polimerebTan erTad dadebiTad imoqmeda maT reolo-
giur Tvisebebze, rac naCvenebia grizofulvinis suspenziaSi MAS-iT da nat-
riumis alginatiT sulfameToqsazolis/trimetoprimis suspenziis magaliTze.  

CMC sinergiulma efeqtma MAS-is Tvisebebze, rogoricaa siblante, 
eleqtrolitebis stabiluroba, dinebis sigluve, ganapiroba Veegum PLUS-is 
SemuSaveba. 

Tixis gamoyeneba emulsiebSi: Tixis mineralebi aseve emateba farma-
cevtul emulsias Sewebebis, ganSrevebis, fazis inversiis, daSlis da floku-
laciis Tavidan asacileblad. es ganpirobebulia maTi unariT Sesveldnen 
ori Txevadi faziT da sxvadasxva fazis dacilebis Tavidan asacileblad 
Seasrulon barieris  funqcia.  

flokulaciis prevencia SesaZlebelia Tixis masalis saSualebiT maTi 
Zeta (eleqtrokinetikuri) potencialis gamo. emulsiis stabiluroba umjobe-
deba dasvelebis, kontaqtis kuTxis gazrdiT. moqmedeben ra rogorc 
zedapiruli moqmedebis saSualeba ebmebian fazaTaSoris fenaSi, gamoiyenebian 
emulsiis meqanikuri warmoebisas, magram ar amcireben fazaTaSorisi fenis  
daZabulobas da gamyof zedpirs.  

bentonitis, rogorc emulgatoris gamoyeneba cnobilia mTel kosmeti-
kur warmoebaSi _  frCxilis minanqris kremebi. kanis movlis kremebis da ka-
nis damcav saSualebebSi gamoyenebul iqna emulgatoriad koncentraciiT           
2,5% w/v, masuri/wili.  

gawmendili bentoniti (Polargel NF) gamoiyeneba rogorc emulgatori: gam-
wmend losionSi, kremebSi siblantis gamaZlierebel saSualebad,  aknes sawi-
naaRmdego kremis emulsiaSi MAS-is gamoyenebiT, damwvrobis kremis emul-
siebSi,  zogierTi vitaminebiT gamdidrebuli kanis kremebSi  da sxva [2].  

emulsiebis grZelvadiani stabiluroba gaumjobesebulia kaolinis 
damatebiT (15 % w/v, masuri wili) sxva danamatebis gareSec [3]. 

Tixis gamoyeneba rogorc ganmazavebeli nivTiereba myar samkurnalwam-
lo formaSi: farmacevtuli peroraluri preparatebi Seicavs damxmare 
nivTierebebs, rogoricaa: ganmazavebeli nivTiereba, gemos mimcemi, Semkvreli, 
dezintegranti, granulirebadi, damatkbobeli, mfaravi, masrialebeli, Semwe-
bavi, gamxeTqi saSualebebi.  

TiToeul damxmare komponenti Tavisebur gavlenas axdens Sedgeniloba-
ze, ise rom xels ar uSlis samkurnali saSualebi aqtiobas, aZlierebs pre-
paratis organoleptikur da fizikur-qimiur Tvisebebs. ganmazaveblebi Seir-
Ceva aqtiuri preparatis wyalSi xsnadobis da bioSeRwevadobis safuZvelze. 
wyalSi naklebad xsnadi preparatebi Seerevian wyalSi xsnad ganmazaveblebs 
da piriqiT. kaolini arahigroskopiuli da dabali tenianobis Semcvelia, rac 
gansazRvravs mis efeqturobas rogorc ganmazavebelis, radgan maRalma 
tenianoba gavlenas axdens SekumSvaze, recepturis fizikur da qimiur 
stabilurobaze.  

maRalma adsorbirebis unarma SeiZleba gamoiwvios preparatis naklebi 
bioSeRwevadoba, amitom kaolinis damxmare nivTierebad gamoyenebisas aucile-
belia gakontroldes adsorbciis unari [4].  

recepturaSi ganmazaveblebi ZiriTadad emateba moculobis gazrdisa da 
SekumSvis gasaadvileblad. ganmazaveblebi Seadgens recepturis Sedgenilobis 
90%-s dabali dozis formulebaSi. 

iseT produqtebSi, rogoricaa slim-well da quantrim Semavseblad iyeneben 
kaolins, xolo mecisteinis hidroqloridi (gastro, kuW-nawlavis traqtis 
rezistentuli tableti) Sicavs maRali xarisxis mZime kaolins. kaolinis 
gamoyeneba metronidazolTan (antibiotiki da sokos sawinaaRmdego preparati, 
riazoli) erTad amcirebs mis bioSeRwevadobas, gamonTavisuflebis maxasiaTe-
bels da preparatis difuzias organizmSi [5,6].  
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kaolini aseve moqmedebs iseTi medikamentebis bioSeRwevadobaze, rogo-
ricaa: fenitoini (krunCxvis sawinaaRmdego), promeTazini (sedatiuri da antia-
lergiuli), qloroqini (malariis sawinaaRmdego), propranololi (vazodila-
tatori), guanetidini da hidralazini (antihipertenziuli), prokainamidi da 
verapamili (antiariTmuli) da sxva. 

Sewovisas monomolekulur adsorbcias dabal wnevaze  Tan sdevs sam-
kurnalo saSualebis absorbcia, rac aZlierebs bioSeRwevadobas, magram ane-
lebs SeRwevadobis siCqares kaolinis am tipis urTierTqmedebis Tavidan aci-
leba SesaZlebelia samkurnalo saSualebis xsnaris ionuri Zalis gazrdiT 
da xelaturi ligandebTan koordinirebis unaris mqone –NH2, –O– da benzolis 
birTvis arsebobiT [7].  

wamlis gamonTavisuflebis siCqare damokidebulia pH-ze. kaolinis, 
rogorc ganmazavebelis gamoyenebam wyalSi xsnad kaTionur riboflavinSi (vi-
tamini B2) sxva gamxsnelebTan SedarebiT gazarda wamlis gamonTavisuflebis 
siCqare myari Jelatinis kafsulidan.   

piridoqsinis hidroqloridis (vitamini B6) prolongirebul formaSi  
ganmazavebelad gamoyenebulia kaolini. vitamin B1 (Tiamini) da vitamini C 

(askorbinis mJava) Semcveli recepturebi ufro stabiluria kaolinis damate-
bisas, radgan kaolini xasiaTdeba dabali tenianobis SemcvelobiT [8].   

Tixis gamoyeneba rogorc Semwebavi myar samkurnalwamlo  formaSi:  
Semwebavebi xels uwyoben myari samkurnalwamlo formis fizikuri mTliano-
bis SenarCunebas, maTi meqanikuri simtkicis gamo. isini aseve mniSvnelovan 
rols asruleben granulirebisas, tabletirebisas, kafsulirebisas,  moqmede-
ben rogorc  dispersiuli matrica recepturaSi arsebuli yvela masalis ad-
geziis mizniT. am TvalsazrisiT, kaolini-evdragitis narevi (8 % w/w, masuri 
wili) aRmoCnda erT-erTi saukeTeso Semkvreli tabletebis damzadebis 
procesisTvis.  

kaolinis arseboba aseve xels uwyobs erTgvarovani polimeruli dis-
persiis miRebas sistemaSi wyalSi uxsnadi da hidrofiluri nawilakebis 
dayofis xarjze. maTi fizikur-qimiuri Tvisebebis miuxedavad, hidrofiluri 
samkurnalo saSualebebi aseve erevian wyalSi mcired xsnad preparatTan _ 
kaolini-evdragitis recepturaSi maTi ufro didi SeRwevadobis gamo, minera-
lebi _ periklaza, kalciti da magneziti, emateba rogorc Semkvreli, kuWis 
pH -is gasazrdelad [9]. 

Tixis gamoyeneba rogorc dezintegratori myar samkurnalwamlo 
formaSi:  

preparatidan samkurnalwamlo saSualebis gamonTavisufleba misi orga-
nizmSi moxvedris Semdeg, ZiriTadad damokidebulia recepturaSi gamoye-
nebuli dezintegratoris, damSlelis bunebaze. dezintegratori xels uwyobs, 
aadvilebs myari samkurnalwamlis formis daSlas mcire nawilakebad. cudi 
xsnadoba, gelis cudi warmoqmnis da kargi hidrataciis unari, kargi formire-
ba, denadoba da kompleqswarmoqmnas uunaroba aris dezintegratorebisTvis 
aucilebeli kriteriumebi.  

smeqtitis gajirjvebis, mJave garemoSi daSlis unari ganapirobebs mis 
gamoyenebas dezintegratorad. rogorc dezintegrators exmareba kaolins 
uaryofiTi muxtis arseboba da mudmivi uaryofiTi zedapiruli muxtebis 
warmoqmnis unari. kaolini _ dezintegratori zan-Tan narevis recepturaSi,  
zrdis misi Senaxvis vadas xangrZlivi drois ganmavlobaSi [11].  

Tixis gamoyeneba rogorc granulirebadi saSualeba myar samkurnalwam-
lo formaSi: granulirebadi saSualebis ZiriTadi mizania Seqmnas erTnairi 
zomis mikrosferoebi, romlebic SeiZleba dapresili iyos tabletebSi an 
Seavsos kafsulebi, romlebic swrafad iSleba kuW-nawlavis traqtSi da 
amavdroulad TiToeul granulas axasiaTebs ZiriTadi preparati moqmedeba. 
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samkurnalwamlo saSualebas recepturaSi granulirebadi saSualeba emateba 
denadobis, simkvrivis, garegnuli saxisa da erTgvarovanobis gasaumjobeseb-
lad, isini aseve xels uwyoben peroralurad misaRebi samkurnalwamlo 
formebis dawnexvas [12,13].  

kaolini warmoqmnis ra granulebs/marcvlebs, romlebic iSlebian ufro 
swrafad vidre bentonitis mier warmoqmnili granulebi _ eroziuli da 
dauSleli, amtkicebs kaolinis bentonitze met efeqturobas. biopolimerTan 
erTad kaolini zrdis preparat hidroqlorTiazidis gaxsnis siCqares, marcv-
lebis warmoqmniT, romlebic swrafad iSleba xsnad garemoSi [14].  

kaolini, rogorc  granulirebadi saSualeba bentonitTan, talkTan, 
viegumTan da bentonitis produqtebTan SedarebiT warmoqmnis granulebs maq-
simaluri gamosavlianobiT, sasurveli zomiT da gluvi, sriala granulebiT 

SLS-is damatebisas (5%). sasurveli zomis diapazoni da sferuloba miRweva 
SesaZlebelia kaolinis maRali SemcvelobiT.  aerosil 200 (5 %) kaolinTan 
(45%) erTad ganskuTrebulad dadebiT gavlenas axdens marcvlebis sferu-
lobaze [15].  

granulebis momzadebis yvelaze gavrcelebuli meTodia sveli da mSra-
li granulacia. sveli granulacia moicavs dasvelebas, Sesvelebas, Sewewebas, 
koalescencias, daSlis da milesvis process, maSin rodesac mSrali 
granulacia gulisxmobs pirdapir SekumSvas, daWirxvnas an daxSobas. sasur-
veli simtkicis, zomis, kopeziurobis, (myari sxeulis an siTxis nawilakebis 
SeWiduloba. maTi kontaqtisas) SeWidulobisa da erTgvarovnebis granulebi 
SeiZleba warmoiqmnas kaolinis da natriumis qloridis nareviT (10 % w/w) 
sveli granulaciis procesSi [15,16].  

Tixis gamoyeneba rogorc xsnadobis, gaxsnis damxmare nivTiereba  myar 
samkurnalwamlo formaSi: kaolini aseve exmareba wamlebis kristaluridan  
amorful mdgomareobaSi gardaqmnas, aumjobesebs ra maT xsnadobas, gaxsnis 
siCqares da bioSeRwevadobas [17].  

kaolinis umateben ibuprofens, kristaluri formidan amorful maril-
Si gadasayvanad, ufro maRal xsnadobis da bioSeRwevadobis xelSesawyobad,  
standartTan SedarebiT. Tixa aseve gamoiyeneba rogorc gamSrobi saSualeba, 
maTi higiroskopulibis gamo. talki gamoiyeneba fxvnilis Sewebvis Tavidan 
asacileblad rbili, cximiani, sacxisebri bunebis gamo. isini aseve gamoiye-
neba rogorc aromatizatorebi, preparatebis gemos gasaumjobeseblad. 

Tixis gamoyeneba rogorc mfaravi saSualeba myar samkurnalwamlo 
formaSi: 

apkisebr safarze danamateba aZlierebs myari samkurnalwamlo formis 
organoleptikur Tvisebebs, xels uwyobs stabilurobis SenarCunebas da 
wamlis kontrolirebad gamonTavisuflebas [17].  

kaolinis damatebisas preparatebis _ dimedrolis qloridis, Teofili-
nis da fsevdoefedrinis hidroqloridis granulebidan gamoTavisuflebis 
siCqare Semcirda, xolo difiliniT dafaruli sammagi dapresili tabletebis 
gare garsze, safarze kaolinis Seyvanam gaaumjobesa kontrolirebi gamoTavi-
sufleba. 

Tixis gamoyeneba  rogorc organoleptikuri Tvisebebis gamaZlierebeli 
saSualeba myar samkurnalwamlo formaSi: preparatis organoleptikuri Tvise-
ba SeiZleba Seicvalos tabletebis, kafsulebis, sirofebis da kremebis re-
cepturaSi damxmare nivTierebebis damatebiT, rogoricaa pigmentebi da sxva. 
amis aucilebeloba gamowveulia ramodenime medikamentis miRebisas gaurkvev-
lobis Tavidan asacileblad, aseve sxvadasxva dozis identifikaciis gamarti-
vebisaTvis da wamlebis fotodaJangviT dazianebisgan dacvis  xelSesawyobad.  

Tixis mineralebi (kalciti, rutili, hematiti da magneziti) gamoir-
Cevian ferebis farTo speqtriT: wiTeli, mwvane, Savi, yviTeli da TeTri. sin-
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Tezuri rutili gamoiyeneba mzisgan damcav losionSi, rogorc simkrqalis 
mimniWebeli nivTiereba. 
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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 I.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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tyavis WurWeli Zvel werilobiT wyaroebSi 

 

darCiaSvili a.r., wiqariSvili x.j., bolqvaZe n.T. 
 

saqarTvelos teqnikuri universiteti 
 
tyavis nakeToba Zvel saqarTveloSi didi mravalferovnebiT 

gamoirCeoda. gansakuTrebiT sayuradReboa tyavisgan damzadebuli sxvadasxva 
zomis WurWeli, rac ganpirobebuli iyo qveyanaSi ganviTarebuli meRvineobiT. 
siTxe da haergaumatri tyavis WurWli uzrunvelyofda wylisa da Rvinis 
transportirebas. 

tyavis WurWelTagan yvelaze mcire moculobis iyo maTara. sulxan-
sabas ganmartebiT, igi natis anu moqnili tyavis sasmiss warmoadgens. mocu-
lobiT masze ufro didi unda iyos e.w. ,,Txieraki“, romelic, Tavis mxriv, am 
monacemiT ,,Txierze“ ufro pataraa (am ori WurWlis moculobis metnakle-
boba Cans sityvaze darTuli kninobiTi nawilakiT - ,,aki“, riTac saerTod 
qarTulSi ufro mcire zomis sagnebi aRiniSneba) [1]. 

ZvelqarTul wyaroebSi, es orive termini xSirad gvxvdeba. mogvianebiT 
isini ratomRac Secvala tikWoram da tikma. Txieraki anu tikWora rom 
Txierze ufro mcire moculobis iyo, es dasturdeba daviT IX-is iadigar 
daudidanac, sadac saTanado sityvebiT miTiTebulia naxsenebi tikWoris 
moculobis simcire (,,momcro tikWora“ an ,,patata tikWora“) [2,3].  

sulxan-sabas mixedviT, tikis Semdeg moculobiT koloti unda modio-
des (sur. 1), rac Zroxis tyavisagan mzaddeboda. yvelaze didi moculobiT 
gamoirCeva rumbi, isic Zroxis tyavisagan mzaddeboda, magram did tiks 
warmoadgenda. SedarebiT didi rumbebi kameCis tyavisagan mzaddeboda da maTi 
maqsimaluri moculoba 50 Cafs Seadgenda [4,5].  

praqtikaSi erTmaneTisagan ganasxvavebdnen kupriT damuSavebul da dau-
muSavebel tyavis WurWlebs. kupriT damuSavebul tyavebs zogjer kuprielic 
ewodeboda da swored am terminiT aris moxsenebuli es WurWeli 1205 wlis 
samkurnalo traqtatSi _ ,,wigni saaqimoi“. kupriT damuSavebuli WurWeli 
ZiriTadad Rvinis gadasatanad da Sesanaxad gamoiyeneboda, raTa Tavidan aeci-
lebinaT am Zvirfasi produqtis WurWlis kedlebidan Jonva. kupriT iyo 
damuSavebuli rogorc tikebi, ise tikWorebi, kolotebi da rumbebi. rac See-
xeba kupriT daumuSavebel tyavis WurWels, is ZiriTadad gudis saxelwo-
debiT moixsenieboda. saba amgudas ganmartavs zogadad, rogorc ,,tyavisagan 
STasadebels“, xolo ,,sagudalis“ saxelwodebiT aseT gudaSi moTavsebul 
produqts moixseniebs [4,6]. 

 

   
 

suraTi 1.  tyavis WurWeli - tikebi da rumbebi 
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tikebis, tikWorebis, kolotebisa da rumbebis umTavresi daniSnuleba 
iyo Rvinis transportireba. tyavi, rogorc tara, faqtobrivad uwono iyo, rac 
sxva WurWelTan SedarebiT gacilebiT meti Rvinis gadatanis saSualebas 
iZleoda. amave dros transportirebisaTvis aseTi WurWeli moxerxebuli iyo, 
vinaidan advili iyo ori aseTi WurWlis gadakideba gamwev Zalaze.  

swored aseTma WurWelma Seuwyo xeli saqarTveloSi ,,samTo meRvineo-
bis“ ganviTarebas. samTo meRvineoba gulisxmobda barSi dakrefili yurZni-
sagan dawuruli tkbilis mTaSi atanas da iq Senaxva _ daRvinebas. dawvrile-
biTi cnobebi samTo meRvineobasTan dakavSirebiT gvxvdeba ,,dasturlamalSi“. 
masSi sagangebo Tavebic aris gamoyofili, sadac moTxrobilia, rom am 
soflebis glexebs evalebodaT barSi dakrefili yurZnis dawurva da 
miRebuli tkbilis an yurZnis wvenis kojorSi, mefis saxlis maranSi gadatana. 
amisaTvis saWiro ulayebis raodenoba 250-s aRwevda. aqedan naTlad Cans, Tu 
ra raodenobis yurZnis wveni ahqondaT kojorSi [7]. 

,,dasturlamalSi“ Rvinis gadasatani WurWeli ar moixsenieba, magram 
cxadia, rom WurWlad rumbebs an kolotebs iyenebdnen, radgan mTis gzebze 
maTi upiratesoba sxva WurWelTan SedarebiT cxadze cxadia. imave wyaroSi, 
sxvaTa Soris, aSkarad Cans, Tu ra didi moTxovnileba iyo im dros tyavis 
WurWelze sasaxlis samzadSi, romelic qarxnis saxelwodebiT iyo cnobili. 
,,dasturlamalis“ erT-erTi Tavis Tanaxmad, saqoneli dakvlis Semdeg auci-
leblad rumbisaTvis unda gatyavebuliyo, Tumca samwuxarod, araferia naT-
qvami imis Taobaze WurWeli mokupruli iyo Tu moukupravi [8]..  

moukupravad gamoiyenebul WurWelTagan, pirvel rigSi unda 
davasaxeloT TuSuri yvelis gamosayvani guda. guda miekuTvneba im saxis 
tyavis WurWels, romelic tyavis haer- da siTxe gaumtarobis gamo garkveuli 
moculobis izolirebas uzrunvelyofda. masSi haeris axali nakadis SeRweva 
gamoricxuli iyo. yvelis Sesanaxi guda Signidan bewviani unda iyos. gudis 
matyli cximiT ilesebada haers aRar atarebs, amitom Tavmokrul gudaSi 
mudmivi sigrile da sinotivea. garda amisa bewvi icavs tyavs wyalTan 
Sexebisagan, romlis xangrZlivi zemoqmedeba afuWebs gudas. ase rom, swored 
matylis meSveobiT xdeba gudaSi im mikroklimatis SenarCuneba, romelic 
aucilebelia yvelis ,,momwifebisa“ da xangrZlivi droiT SenaxvisaTvis.  

kidev ufro met warmatebas miaRwies moxeveebma, romlebic Tavmokrul 
xorcian gudas mdinareSi aTavsebdnen, rac SedarebiT dabali temperaturis 
SenarCunebas da damarilebuli xorcis haerTan Seuxeblobas da am ukanaskne-
lis weliwadze meti xniT Senaxvas uzrunvelyofda. moxeveebis meTodi uTuod 
gamoyenebuli iyo sxva malfuWebadi produqtebis, rogoricaa rZe, naduRi, 
yveli, qviriTi, fqvili da sxva [9,10]. 

kaxeTSi, eTnografiuli monacemebis mixedviT, gudaSi qonsac inaxavdnen, 
razedac miuTiTebs saxewodeba ,,saqoneguda“. tyavis WurWeli aseve gamoi-
yeneboda zeTebis, Txevadi saRebavebis, navTis, wylis da sxva siTxis gadasa-
tanadac [5,9]. 

guda-tikebs haergaumtarobis gamo gamoiyenebdnen iseTi produqtis Sesa-
naxad, rogoricaa Caumqrali kiri, Tofis wamli da sxv.,  riTac isini daculi 
iyvnen haerTan da wyalTan kontaqtisagan da inarCunebdnen pirvandel mdgo-
marobas. 

eTnografiuli monacemebidan irkveva, rom zogierT kuTxeSi bolo 
xanebamde SemorCa ,,oTxSi amoRebuli“ saqonlis tyavisagan damzadebuli 
karaqis sadRveblebi, mas xis sadRvebelTan SedarebiT bevrad naklebi wona 
hqonda da amitom gacilebiT mosaxerxebeli iyo misi gamoyeneba [10].  

aqamde saubari gvqonda tyavis WurWlis gamoyenebis Sesaxeb, haerisgan 
sruli izolirebis anu hermetulobis uzrunvelyofis mizniT. aranakleb 
mniSvnelovani iyo ,,oTxSi amoRebuli“ saqonlis tyavisagan damzadebuli Wur-
Wlis gamoyeneba sruliad gansxvavebuli mizniT.  gudas haeriT beravdnen da 
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Tavs magrad ukravdnen, rom haeri ver gamosuliyo. aseTi gaberili guda 
wyalSi ar iZireba sakmao datvirTvis Semdgomac, amitom mas iyenebdnen 
lastebisa da tivebis qvemoT amosakravad, ris Sedegadac tivi an lasti 
wylis zedapirze mdgrad mdgomareobas inarCunebda. aseTi mowyobiloba qar-
Tul yofaSi cnobili iyo navtikis saxelwodebiT. navtikis gudas, iseve 
rogorc Rvinis tikebs, Signidan kupri hqonda wasmuli. navtiki uZvelesi 
droidan gamoiyeneboda mdore mdinareze gadasasvlelad an tbebze saTevzaod. 
igi xSirad moixsenieba Zvel qarTul wyaroebSi, sulxan-sabas ganmartebiT  
,,navtiki aris mcire tivi gudebkruli“ [5, 8].  

haeriT gaberil gudas Zvel saqarTveloSi navtikisagan sruliad 
gansxvavebuli gamoyenebac hqonda, rac efuZneboda gaberili gudidan haeris 
wneviT gamoSvebas. es xorcieldeboda Tavsakravi kvanZis SexsniT da gudaze 
dawoliT. guda intensiurad gamoiyeneboda sabervelad (iyenebdnen arCvis 
tyavs) Zvel metalurgiul sawarmoebSi, qarxnebsa da samWedloebSi imereli 
da raWveli ostatebis mier. sabervelis saintereso ganmarteba aqvs sulxan-
sabas, ,qaris Sesabereli“. uZvelesi droidan sabervelebis arseboba qarTul 
sarewebSi dasturdeba arqeologebis mier aRmoCenili tyavis sabervelTan 
mierTebuli Tixis StirebiT [4,11]. 

amrigad, tyavis WurWels gansakuTrebuli adgili uWiravs qarTul 
yofaSi.  
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6. wigni saaqimoi, gamosacemad moamzada l. kotetiSvilma, medicina Zvel saqarTve-
loSi. XIII saukune,   saxelgami, Tbilisi, 1936, 381 gv.  
7. i.doliZe. qarTuli samarTlis Zeglebi, t. I, mecniereba, Tbilisi, 1965, 798 gv. 
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SUMMARY 

LEATHER VESSELS IN ANCIENT WRITTEN SOURCES 

Darchiashvili A.R., Tsikarishvili Kh.J. and  Bolqvadze 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. 



I 

 
 

 

A 

Abdrakhmanova A.Z. _ 2023,1. 

Abesadze R.K. _ 2023,2. 

Abuladze T.E. _ 2023,2. 

Aiymbet R.T. _ 2023,1. 

Altaev V.R. _ 2023,3. 

Andriadze G.T. _ 2023,3. 

Antadze G.S _ 2023,2. 

Apkhadze K.R. _ 2023,2;3. 

Aptsiauri L.G.   _ 2023,1. 

Arabidze Kh.T. _ 2023,1. 

Arkania Z.M. _ 2023,1. 

Aronishidze M.N. _ 2023,1. 

 

B 

Bagration-Davitashvili A.N. _ 2023,1(2); 3 (2). 

Bagrationi N.J. _ 2023,1. 

Berdzenishvili I.G. _ 2023,1. 

Beriashvili K.I. _ 2023,3. 

Beridze T.R. _ 2023,3. 

Berulava I.O. _ 2023,3. 

Bibileishvili G.V. _ 2023,1(2); 2(11); 3(4). 

Biushvili G.T. _ 2023,2. 

Bokeria K.Sh. _ 2023,3. 
Bolqvadze N.T. _ 2023,3. 

Buadze T.G. _ 2023,3. 
Butchuzi T.G. _ 2023,2 (4). 

Butskhrikidze E.L. _ 2023,1. 

Buziashvili T.G. _ 2023,3. 

 

C 

Chachkhiani-Anasashvili N.R. _ 2023,1. 

Chanishvili A.G. _ 2023,1. 

Chiaureli G.G. _ 2023,1. 

Chiqovani A.B. _ 2023,2. 

Chitiashvili G.B. _ 2023,2. 

Chkhartishvili N.N. _ 2023,1. 

Chokheli N.T. _ 2023,1; 3. 

Chubinidze K.R. _ 2023,1. 

Chumbadze M.T. _ 2023,1(2); 2(2). 

 

D 

Dadianidze G.A. _ 2023,1. 

Darchiashvili A.R. _ 2023,3. 

Demetradze M.B. _ 2023,1. 

Devdariani N.G. _ 2023,2. 

Dochviri B.M _ 2023,1. 

Dolidze M.V. _ 2023,1. 

Dolidze N.D. _ 2023,1. 

Dzneladze S.J. _ 2023,1(2). 

 

 

 
E 

Ebanoidze L.O. _ 2023,1;2(3);3(2.) 

Ebelashvili N.V. _ 2023,3. 

Ekvtimishvili G.D. _ 2023,2. 

Epitashvili I.Z. _ 2023,2(2). 

 

G 

Gabelaia M.A. _ 2023,3. 

Gabunia T.I. _ 2023,2. 

Gabunia V.G. _ 2023,1. 

Gagolishvili M.Sh. _ 2023,2. 

Gamishidze G.Z. _ 2023,2. 

Gamishidze Z.M. _ 2023,2. 

Gasitashvili Z.A. _ 2023,1. 

Gelashvili M.A. _ 2023,1. 

Geleishvili I.T. _ 2023,1. 

Geliashvili Z.E. _ 2023,1. 

Giorgadze V.A. _ 2023,3. 

Gligvashvili V. _ 2023,3. 

Gogesashvili N.N. _ 2023,1; 2(4); 3(2). 

Gogiashvili J.G. _ 2023,1. 

Gogiberidze I.B. _ 2023,2. 

Gogiberidze I.B. _ 2023,2. 

Gogorishvili I.G. _ 2023,1. 

Gokadze D.G. _ 2023,1. 

Gordeziani K.G. _ 2023,3. 

Gorgidze D.A. _ 2023,1. 

Gvasalia L.E. _ 2023,1. 

 

I 

Iakobashvili G.T. _ 2023,3. 

Iashvili N.G. _ 2023,2(2). 

Iremadze D.M. _ 2023,3. 

Iremadze M.E. _ 2023,3. 

 
J 

Javashvili Z.D. _ 2023,2(6);3(2). 

Javshanashvili N.B. _ 2023,1. 

Jikidze K.K. _ 2023,1. 

Jishkariani M.N. _ 2023,2. 

Jishkariani T.S. _ 2023,1; 2. 

Jokhadze P.D. _ 2023,1. 

Julukhidze A.G. _ 2023,1(2); 2(2). 

 

K 

Kacharava T. _ 2023,3. 

Kakabadze E.G. _ 2023,2(4);3. 

Kakhaia G.M. _ 2023,3. 

Kakhiani M.P. _ 2023,3(2). 

Kanchaveli Sh.S. _ 2023,1(2). 

Kapanadze G.L. _ 2023,1(2). 

OUR  AUTHORS  (2023) 



II 

 
Kapanadze M.B. _ 2023,2. 

Kavelashvili L.B. _ 2023,3. 

Kazieva G.D. _ 2023,1. 

Kebadze N.M. _ 2023,2. 

Kebuladze E.L. _ 2023,1. 

Kekelidze I.A. _ 2023,3. 

Kenzhebayeva Zh.E. _ 2023,1. 

Kevkhishvili N.A. _ 2023,1. 

Kevxisvili G.Sh. _ 2023,2. 

Kezeherashvili M.G. _ 2023,1(2); 2(2); 3(3). 

Kharashvili M.G. _ 2023,3. 

Khartishvili M.P. _ 2023,1. 

Khechinashvili Z.J. _ 2023,1. 

Khuchua N.P. _ 2023,1. 

Khutsishvili L.S. _ 2023,1. 

Khutsishvili S.A. _ 2023,1. 

Khvadagiani A.I. _ 2023,3. 

Khvedelidze A.I. _ 2023,2. 

Kiladze M.T. _ 2023,1. 

Kochiashvili M.G. _ 2023,3. 

Kopaleishvili M.N. _ 2023,2. 

Kozashvili T.I. _ 2023,1. 

Ksaverieva M.V. _ 2023,1. 

Kufaradze L.P. _ 2023,1(2);2(3);3. 

Kurdadze G.U. _ 2023,3. 

Kvaviashvili T.M. _ 2023,1. 

 

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.I. _ 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 I.Z. _ 2023,3. 

Miqaberidze 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. 

 

 

 

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 I.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 I.Sh. _ 2023,1. 

Shatirishvili Sh.I. _ 2023,1(2). 

Shavgulidze N.A. _ 2023,1;2;3. 

Shildelashvili I.I. _ 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  I.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. 



III 

 
Tomaradze O.K. _ 2023,1. 

Topuria R.M. _ 2023,3. 
Tsikarishvili Kh.J. _ 2023,3. 

Tsinadze Z.O. _ 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.I. _ 2023,1. 

 

 

 




