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ТЕРМОУПРУГОЕ РАВНОВЕСИЕ ЦИЛИНДРА КОНЕЧНОЙ ДЛИНЫ  
В ЦИЛИНДРО-БИПОЛЯРНОЙ СИСТЕМЕ КООРДИНАТ 

 
Гургенидзе Д.Р., Горгидзе Д.А. 

 
Грузинский технический университет 

 
Упругие, полые и сплошные цилиндры конечной длины часто используются в практике как 

элементы конструкций. Напряженно-деформированное состояние таких тел исследуются во многих 
работах и им посвящен широкий круг публикаций [1,2]. 

Следует отметить несколько работ, в частности С.А. Чаплигин [3] совместно с Н.С. Аржани-
ковым решили задачу для эксцентричной трубы, подверженной внешнему и внутренному давлению. 
Далее, Джеффери, Вайнел и Кудрявцев Н.В. построили общее решение плоской задачи теории 
упругости для области, ограниченной двумя эксцентричными окружностями [4-6].       

В статье в цилиндро-биполярной системе координат рассмотрено термоупругое состояние полого 
и сплошного цилиндра, подверженного внешнему и внутреннему давлению. Сначала общее уравнение 
получено методом, аналогичным методу Н.Г. Хомасуридзе [7]. Далее уравнения адаптированы к случаю 
эксцентричного кольца. Будет показано, что существует точное аналитическое решение задачи.  

 
Основные уравнения 
При решении задач теории упругости необходимо иметь общее решение уравнений равновесия не 

только в прямоугольной декартовой системе координат, но целесообразно иметь такие решения и в 
произвольной криволинейной системе координат, так как во многих случаях использование криволи-
нейных координат упрощает построение решения рассматриваемой задачи. 

Основные соотношения классической теории термоупругости в ортогональных криволине-
йных координатах можно записать в следующем виде [8]: 

 
 Уравнения равновесия 
 

            

( ) ( ) ( )

( ) ( ) ( )

1
2 3 11 3 1 12 1 2 13 3 12

1 2 3 2

31 2
2 13 3 22 2 33 1 2 3 1

3 1 1

2
3 1 22 1 2 23 2 3 21 1 23

2 3 1 3

32 1
3 21 1 33 3 11 1 2 3 2

1 2 2

1 2 3
3

0

0

HH H H H H H H

HH HH H H H H H F

HH H H H H H H

HH HH H H H H H F

H H

σ σ σ σ
α α α α

σ σ σ
α α α

σ σ σ σ
α α α α

σ σ σ
α α α

σ
α

∂∂ ∂ ∂
+ + + +

∂ ∂ ∂ ∂
∂∂ ∂

+ − − + =
∂ ∂ ∂

∂∂ ∂ ∂
+ + + +

∂ ∂ ∂ ∂
∂∂ ∂

+ − − + =
∂ ∂ ∂

∂
∂

( ) ( ) ( ) 3
3 2 3 31 2 3 32 2 31

1 1 1

3 1 2
1 32 2 11 1 22 1 2 3 3

2 3 3

0

HH H H H H

H H HH H H H H H F

σ σ σ
α α α

σ σ σ
α α α















∂∂ ∂ + + + +
∂ ∂ ∂


∂ ∂ ∂ + − − + = ∂ ∂ ∂ 

            (1) 

 
где ijσ _ компоненты тензора напряжения; iH _ параметры Ламе; iα _ криволинейные координаты. 
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Компоненты деформации 
 

                                     

1 1 11 1 1
11 11 2 3

1 1 1 2 2 1 3 3
1 1 12 2 2

22 22 3 1
2 2 2 3 3 1 2 1

1 1 13 3 3
33 33 1 2

3 3 1 3 1 2 3 2

2 2 1 1
12 12

1 1 2 2 2 1

3
23 23

2 2

u H H
e u u

H H H H H

u H H
e u u

H H H H H

u H H
e u u

H H H H H

H u H u
e

H H H H

H
e

H

ε
α α α

ε
α α α

ε
α α α

ε
α α

ε
α
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≈ = + +
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∂ ∂ ∂
≈ = + +

∂ ∂ ∂

∂ ∂ ∂
≈ = + +

∂ ∂ ∂

   ∂ ∂   ≈ = +
   ∂ ∂   

∂
≈ =

∂
3 2 2

3 3 3 2

3 31 1
13 13

3 3 1 1 3 3

u H u

H H H

H uH u
e

H H H H

α

ε
α α
















   ∂    +

   ∂    
  ∂ ∂   ≈ = +

   ∂ ∂     

                                (2) 

здесь ije _ компоненты деформации. 
 
Компоненты вектора поворота 
 

                                              

( )

( )

( )

1

2

3

3 3 2 2
1

2 3 2 3

3 31 1
2

1 3 3 1

2 2 1 1
3

1 3 1 1

1 1 1
2 2

1 1 1
2 2

1 1 1
2 2

k

k

k

H u H urotU
H H

H uH urotU
H H

H u H urotU
H H

ω
α α

ω
α α

ω
α α

 ∂ ∂
= = −  ∂ ∂ 

 ∂∂ = = −  ∂ ∂  
 ∂ ∂ = = −  ∂ ∂  







                              (3) 

 
Формулы закона Гука 
 

                                        

11 11 11 12 22 13 33 14 23 15 13 16 12

22 21 11 22 22 23 33 24 23 25 13 26 12

33 31 11 32 22 33 33 34 23 35 13 36 12

23 41 11 42 22 43 33 44 23 45 13 46 12

13 51 11 52 22 5

c e c e c e c e c e c e
c e c e c e c e c e c e
c e c e c e c e c e c e
c e c e c e c e c e c e
c e c e c

σ
σ
σ
σ
σ

= + + + + +
= + + + + +
= + + + + +
= + + + + +
= + + 3 33 54 23 55 13 56 12

12 61 11 62 22 63 33 64 23 65 13 66 12

e c e c e c e
c e c e c e c e c e c eσ







+ + +


= + + + + + 

                       (4) 

 
где ijc _ упругие постоянные. 

Принимая во внимание выше полученные выражения, запишем основные зависимости теории 
термоупругости для исследования напряженно-деформированного состояния (НДС) трансверсально 
изотропных тел в цилиндро-биполярной системе координат.  
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Получение этих зависимостей наиболее удобно вести в цилиндро-биполярной системе  
координат ( ), , ; 0 , , ,z zξ α ξ π α π≤ < ∞ − < ≤ −∞ < < ∞ связанные с прямоугольными декартовыми 
координатами , ,x y z  следующими  формулами 

 
sin, ,

cos cos
ash ax y z z

ch ch
ξ α

ξ α ξ α
= = =

+ +
, 

для параметров Ламе, принимаем: 1 2 3, , zH h H h H hξ α= = = ,  при этом  

      
,

cos
ah h h

chξ α ξ α
= = =

+
1zh = _ параметры Ламе, a _ масштабный коэффициент.  

Исходные зависимости теории термоупругости имеют следующий вид: 
уравнения равновесия 
 

     

( ) ( ) ( )

( ) ( )

( ) ( )

2 2

2
2

2

1 0,

1 0,

0

z

z

z zz

h hh h
h z

hh hh
z h

h h
h

z

ξ α ξξ
α

ξ ααα
ξ

α ξ

τ τσ
σ

ξ α ξ

ττσ
σ

α ξ α

τ τσ
α θ

∂ ∂∂ ∂ + + − =
∂ ∂ ∂ ∂ 

∂∂∂ ∂ + + − = ∂ ∂ ∂ ∂ 
∂ ∂∂ + + =
∂ ∂ ∂ 

                              (5) 

где ξ ασ σ σ, , z − нормальные напряжения; ξα αξ ξ ξ α ατ τ τ τ τ τ= = =, ,z z z z − касательные напряжения.  
Закон Гука (физический закон), который предполагает самую простую, линейную 

зависимость между компонентами напряжения и соответствующими им компонентами деформации 
для трансверсально-изотропного тела записывается так: 

 

     

( ) ( ) ( )

( ) ( ) ( )

( )

1 1 5 3 10 1 2

5 3 102

1 5 1 3 10 1 2

5 3 102

3 2

v12

1 v 1 w2 ,

v12

1 1 w2 v ,

zz

zz

z zz

hu h
c c c c k T c

h

hc u c k T
h h z

hu h
c c c c k T c

h

u hc c k T
h h z

c c

ξ ξξ αα

α ξξ αα

ξξ αα

σ ε ε ε
ξ α

α ξ

σ ε ε ε
ξ α

ξ α

σ ε ε ε

∂ ∂ 
= + − + − = + − ∂ ∂ 
 ∂ ∂ ∂

− + + − ∂ ∂ ∂ 
∂ ∂ 

= − + + − = + − ∂ ∂ 
 ∂ ∂ ∂

− + + − ∂ ∂ ∂ 

= + +
( ) ( )

10 3 2 202

v1 w ,
hu h

k T c c k T
h zξ α
















∂ ∂  ∂ − = + + −  ∂ ∂ ∂  

   

             (6) 

              

5 5

4 4

4 4

v u ,

u 1 w ,

v 1 w .

z z z

z z z

c c
h h

c c
z h

c c
z h

ξα αξ ξα

ξ ξ ξ

α α α

τ τ ε
ξ α

τ τ ε
ξ

τ τ ε
α

 ∂ ∂   = = = +     ∂ ∂     
 ∂ ∂ = = = +  ∂ ∂  
∂ ∂ = = = +  ∂ ∂  

                   

(7)
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где u,v,w  − компоненты вектора смещения U


вдоль координатных линий 

ξ α, ,z ξ α ξα αξ ξ ξ α αε ε ε ε ε ε ε ε ε= = =, , , , ,z z z z z − деформации, ( )1,5ic i = − упругие характеристики, 

( )10 1 5 1 3 2 20 3 1 2 22 , 2k c c k c k k c k c k = − + = +    , а 1k  и 2k − коэффициенты линейного теплового 

расширения в плоскости  изотропии и вдоль z .  T _ температура в упругом теле удовлетворяющая 
уравнение  

2

2 0 2 0TT λ
ς
∂

∆ + =
∂

                            (8) 

и соответствующие граничные условия, 

при  ξ ξ= i : 
ξ

∂
=

∂
0T    или  0T = ; 

при  iα α= :  0T
α
∂

=
∂

   или  0T = ;                                                            (9) 

при  = iz z :  ( )ξ α= ,iT T  или  ( )ξ α∂
=

∂
 ,i

T T
z

     или  ( )i iη ξ α∂
+ =

∂
 , .T T T

z        
(10)

 
Здесь  0,1i = , ηi - заданные постоянные. 1λ и 2λ коэффициенты теплопроводности  в плоскости 

изотропии и вдоль оси z . 
ξ α

 ∂ ∂
∆ = + ∂ ∂ 

2 2
2

2 2 2h ;     

С учетом формул (6) и (7)  уравнения равновесия (5) перепишем в следующем виде:  

( ) ( )

( ) ( )

4
2 2

5
2 2 2

3 2 20 3 101 2
2 2 2 2

1 1 1

0,

0,

1 1 0,

w 1 1 ,

z

z

z z

z z

K Ba h
z

B Kb h
z

c Bc h h
h h c z
c c k c kc c cK Td h h
c z c z h h c z

ξ

α

α ξ

α ξ

τ
ξ α

τ
ξ α

τ τ
ξ α

τ τ
ξ α

∂∂ ∂
− + =

∂ ∂ ∂
∂∂ ∂

+ + =
∂ ∂ ∂

∂ ∂ ∂
− − =

∂ ∂ ∂

−−∂ ∂ ∂ ∂ ∂
+ + + =

∂ ∂ ∂ ∂ ∂

)

)

)

)

    

где 

 

 

                (12) 

 

( ) ( )5
2

v
.

h hucb B
h ξ α

∂ ∂ 
= + ∂ ∂ 

)
 

 Рассмотрим термоупругое равновесие криволинейного координатного параллелепипеда 
( ){ }ξ α ξ ξ ξ α α α= ∈ < < ≤ < < <0 1 0 1 0 1, , : , ,П z R z z z со следующими граничными условиями: 

при iξ ξ= :     0, u=0, B=0, 0;z
Ta ξτξ
∂

= =
∂

)
                    (13)

 

                         0, K=0, v=0, w 0;= =b T)  

приα α= i :     0, v=0, B=0, 0;ατα
∂

= =
∂ z

Ta)
              

0, K=0, u=0, w 0;= =b T)
                                                                         (14)

 

( ) ( )
1 3 10

v w ;
hu h

a K c c k T
zξ α

∂ ∂  ∂
= + + − ∂ ∂ ∂ 

)

(11) 
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при

i=z z

( ) ( ) ( )
( ) ( ) ( )
( ) ( ) ( )
( ) ( ) ( )

1

1

1

1

=F , , =F , , F , ;

w=f , , =f , , v f , ;

w=f , , =F , , F , ;

=F , , =f , , v f , ;

z i z i2 z i3

i i2 i3

i z i2 z i3

z i i2 i3

a h h

b hu h

c h h

d hu h

ξ α

ξ α

σ ξ α τ ξ α τ ξ α

ξ α ξ α ξ α

ξ α τ ξ α τ ξ α

σ ξ α ξ α ξ α

=

=

=

=

)

)
)

)                  (15)

 

при i=z z :   ( ) ( ) ( ), , = , , + = , ,i i i i
T Ta T t b t c T t
z z

ξ α ξ α ξ α∂ ∂
= ϒ

∂ ∂
) ) )     (16) 

Здесь 0,1, i = причем =0 0z ; ϒi - заданные постоянные.  
 Для решения граничных задач применим метод разделения переменных, поэтому выше 
приведенные граничные условия представим  в следующем виде: 

 

при

i=z z

( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( )

1 1 2

1 1 2

1 1 2

1 1 2

=F , , , =F , , , F , ;

w=f , , , v =f , , v, f , ;

w=f , , , =F , , , F , ;

=F , , , v =f , , v, f , ;

z i z z i2 z z i3

i i2 i3

i z z i2 z z i3

z i i2 i3

a h h h h

b hu h h hu

c h h h h

d hu h h hu

ξ α α ξ

ξ α α ξ

σ ξ α Γ τ τ ξ α Γ τ τ ξ α

ξ α Γ ξ α Γ ξ α

ξ α Γ τ τ ξ α Γ τ τ ξ α

σ ξ α Γ ξ α Γ ξ α

=

=

=

=

 

 

 

 

)

)

)

)

   (17) 

где                       ( ) 1 2
1 1 2 2

1,
h z

η ηΓ η η
α

∂ ∂ = + ∂ ∂ 
,  ( ) 2 1

2 2 1 2

1,
h z

η ηΓ η η
α

∂ ∂ = − ∂ ∂ 
. 

В настоящей работе строится регулярное решение для граничных задач (8), (11), (13), (14), 
(15), (16)  или (3), (6), (7), (9), (16),  (17).  

Теорема. Для рассматриваемого класса граничных задач термоупругости  в цилиндро- 
биполярной системе  координат, точные решения  в классе регулярных  функций представляются  в виде 

ψ
ψ ψ

ξ α

ψ
ψ ψ

α ξ

ψ
ψ ψ

  ∂∂
+ + ∂ ∂ 

  ∂∂
+ − ∂ ∂ 

  ∂∂
+ + ∂ ∂ 

1
3 2

4 5

1
3 2

4 5

2
3 2

4 4

1 1hu = ,
2

1 1hv = ,
2

1 1hw = -
2

c c

c c

z c c z

       (18) 

где 1 2 3, ,ψ ψ ψ  решения следующих уравнений: 
2

4 1
2 12

5
2

3
1 2 3 2 2 2 42

2
2

1 2 2 3 2 2 52

0,

,

,

c
c z

b T
z

c T
z

ψ
ψ

ψ
ν ψ ν ψ ν

ψ
ν ψ ν ψ ν

∂
+ ∆ =

∂

∂
+ ∆ + ∆ =

∂
∂

+ ∆ + ∆ =
∂

)

)

)

a

      (19) 

где 

( ) ( ) ( )2 2 2
1 2 3 3 4 1 2 3 3 4 2 10 3 4 201 2 3

1 2 3 4
2 4 2 4 2 2 4

2 2 2
, , ,

2 4 2
c c c c c c c c c c c k c c kc c c

c c c c c c c
ν ν ν ν

− + − + − +−
= = = =

2 10 3 20
5

2

c k c k
c

ν
−

= . 

В заключении заметим, что полученные точные решения  позволяют для транстропных тел, 
ограниченных координатными поверхностями цилиндро-биполярной систем координат, решать 
некоторые конкретные  граничные задачи теории термоупругости. В ближайщее время будут 
опубликованы соответствующие работы.    
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SUMMARY 
THERMOELASTIC EQUILIBRIUM OF THE FINITE LENGTH CYLINDER IN THE  
CYLINDRICAL-BIPOLAR SYSTEM OF THE COORDINATES 
Gurgenidze D.R and Gorgidze D.A. 
Georgian Technical University 
In the work the thermoelastic equilibrium of the hollow and continuous elastic bipolar cylinder of the finite length is 
considered at the action of the stationary temperature field and external load. The general equations were derived on the        
basis of the method of N.G. Khomasuridze and new exact analytical solution of the boundary problem is presented. 
Keywords: analytical solution, thermoelastic equilibrium, cylindrical-bipolar system of coordinates. 
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О РАЗРЕШИМОСТИ ТРЕХМЕРНОЙ ДИНАМИЧЕСКОЙ ЗАДАЧИ ТЕРМОДИФФУЗИИ 
 

Бежуашвили Ю.А., Качахидзе Н.Д. 
 

Грузинский технический университет 
 

Связь между нестационарными процессами деформаций, теплопроводности и диффузии 
в твердой изотропной упругой среде описывается системой пяти скалярных дифференциальных 
уравнений в частных производных второго порядка вида [1, 2]: 

( ) ( ),,,, txQtxU
tx

A =







∂
∂

∂
∂

 

где 







∂
∂

∂
∂

tx
A ,  _ матричный дифференциальный оператор размера 5X5 

,,,
55x

jk tx
AA

tx
A 








∂
∂

∂
∂

=







∂
∂

∂
∂

 

( ) ,3,2,1,,, 2

2

=
∂∂
∂

++







∂
∂

−∆=







∂
∂

∂
∂ kj

xxttx
A

kj
jkjk µλδρµ  

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

3

2

3 ==
∂
∂

−=







∂
∂

∂
∂

∂∂
∂

−=







∂
∂

∂
∂

−− jk
xtx

A
xttx

A
k

jkj
k

jjk γγ  

( ) ,5,4,,1, 1233 =
∂
∂

−+







∂
∂

−∆=







∂
∂

∂
∂

−− jk
t

a
t

a
tx

A kjjjkjkj δδδ  

( ) −==
1554 ,;

xkuuuuU  одностолбцевая матрица, ( ) −==
13321 ,,

xkuuuuu  вектор сме-

щения, −4u  изменение температуры, −5u  «химический» потенциал среды. 

( ) ( )−= 54 ,;, qqqtxQ  заданный вектор, ( )−= 321 ,, xxxx  точка евклидова пространства −tE ,3   
время, −∆ трехмерный оператор Лапласа, −jkδ символ Кронекера,  ,,,,,, jjj a δγρµλ ,2,1=j  

−12a  известные упругие, термические и диффузионные действительные постоянные, 
удовлетворяющие естественным ограничениям [2]. 

Пусть −⊂ 3EDk конечная область, ограниченная замкнутой поверхностью 
( ) aaЛSk ,2∈ > mk ,...,1,0,0 =  [1],  ;10, ,...,m,k,jSS jk ==∩ φ  0S   охватывает все остальные, а 

эти последние не охватывают друг друга; ,\,,
10 0 

m

k
k

m

k kkkk DDDSSSDD
==

==∪=   т.е. 

−D конечная область с границей .S  ( ) [ ){ }−∞∈∈=∞ ,0,:,Ц tDxtx  бесконечный цилиндр в  
( ) [ ){ }−∞∈∈=∞ ,0,:,,4 tSxtxSE   боковая поверхность цилиндра. 

Задача I. Определить в цилиндре ∞Ц регулярный вектор ( ) ( )∞∞∈ ЦЦ 21 CCU  из усло-
вий 

( ) ( ) ( ),,,,:Ц, txQtxU
tx

Atx =







∂
∂

∂
∂

∈∀ ∞  

( ) ( )( ) ( ) ( )( ),,lim,,lim: 1

0

0

0
x

t
txuxtxuDx

tt
ϕϕ =

∂
∂

=∈∀
+→+→

 

( ) ( )( ) ,5,4,,lim 1

0
==

+→
jxtxu jjt

ϕ  
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( ) ( ) ( )( ) ,,0,,,,:, 1mkSytyftyUSty k
k =∈=∈∀ +

∞  

( ) ( )( ) ,,1,,,,, 21 mmkSytyftyUn
y

R k
k +=∈=
















∂
∂

+

 

( ) ( )( ) ,,1,,,,, 32 mmkSytyftyUn
y

Q k
k +=∈=
















∂
∂

+

 

( ) ( )( ) ,,1,,,,, 43 mmkSytyftyUn
y

P k
k +=∈=
















∂
∂

+

 

( ) ( )( ) ,,1,,,,, 54 mmkSytyftyUn
y

N k
k +=∈=
















∂
∂

+

 

( ) ( )( ) ,,1,,,,, 65 mmkSytyftyUn
y k

k +=∈=















∂
∂

Ω
+

 

( ) ( )( ) ,,1,,,,, 76 mmkSytyftyUn
y

L k
k +=∈=
















∂
∂

+

 

( ) ( )( ) ,,1,,,,, 7 mmkSytyftyUn
y

I k
k +=∈=
















∂
∂

+

 









∂
∂

∂
∂

=≤≤≤≤≤
n
u

n
uHURUmmmm 54

721 ,,;...0 , 

−−−= 5241 nunuTuHU γγ  вектор термодиффузионного напряжения,   ( )−= 321 ,, nnnn  
орт внешней нормали в точке  ,Sy∈   

( ) ( ) ( ) 







∂
∂

∂
∂

⋅−⋅==







∂
∂

∂
∂

=
n
u

n
unHUnHUnuNUuuHUPU

n
u

n
uuQU 54

54
54 ,,,,,,,,,  

( ) ( )( ) ( ) ( )( ),,,,,,,, 5454 uunHUnHUnuLUuunHUnunuU ⋅−⋅=⋅⋅−=Ω  

( ) ( ) 







∂
∂

∂
∂

⋅⋅−=
n
u

n
unHUnunuIU 54 ,,,  

а также для больших значений ,t  

( ) ( ) .2,1,0,,exp,
43210

321
4321

==+++≤
∂∂∂∂

∂ lllllltc
xt

txU
llll

l

σ  

 
Задача I не имеет более одного регулярного решения. Доказательство проводится по 

схеме указанной в [1]. Пусть  ( ) ( ) ,,,,
1554 xktxV νννν ==      

где ( ) ( )( ) ( ) ( )( ) .5,4,
!

,,
!

,
6

1

7

1

78

=== ∑∑
=

−

=

− jx
k
tetxx

k
tetx

k

k
j

k
t

j
k

k
k

t ϕνϕν  

Составим разность ( ) ( ) ( ),,,,0 txVtxUtxU −=  где ( )txU , решение исходной задачи I. 
Легко видеть, что ( )txU ,0  будет решением задачи I0 с однородными начальными данными. 

Пусть −+= ωστ i  комплексная переменная в полуплоскости  { }.Re: 00
σττπσ ≥=    

Рассмотрим эллиптическую граничную задачу с комплексным параметром .τ   
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Задача 0̂I : Определить в области { }
0

, σπτ ∈∈Dx  регулярный вектор      

( ) ( )DCDCU 21
0

ˆ ∩∈  из условий:  

( ) ( ),,ˆ,ˆ,: 00 τττ xQxU
x

ADx =






∂
∂

∈∀  

( ) ( )( ) ;,0,,ˆ,ˆ: 100 mkyfyUSy k
k ==∈∀ + ττ  

( ) ( )( ) ;,1,,ˆ,ˆ,: 2100 mmkyfyUn
y

RSy k
k +==
















∂
∂

∈∀
+

+ ττ  

( ) ( )( ) ;,1,,ˆ,ˆ,: 3200 mmkyfyUn
y

QSy k
k +==
















∂
∂

∈∀
+

+ ττ  

( ) ( )( ) ;,1,,ˆ,ˆ,: 4300 mmkyfyUn
y

PSy k
k +==
















∂
∂

∈∀
+

+ ττ  

( ) ( )( ) ;,1,,ˆ,ˆ,: 5400 mmkyfyUn
y

NSy k
k +==
















∂
∂

∈∀
+

+ ττ  

( ) ( )( ) ;,1,,ˆ,ˆ,: 6500 mmkyfyUn
y

Sy k
k +==
















∂
∂

Ω∈∀
+

+ ττ  

( ) ( )( ) ;,1,,ˆ,ˆ,: 7600 mmkyfyUn
y

LSy k
k +==
















∂
∂

∈∀
+

+ ττ  

( ) ( )( ) .,1,,ˆ,ˆ,: 700 mmkyfyUn
y

ISy k
k +==
















∂
∂

∈∀
+

+ ττ  

Эта задача получается из задачи 0I , формальным применением преобразования 

Лапласа  ( ) ( ) .,,ˆ
0

0
0 dttxUexU tt∫

∞
−=τ                

Относительно задачи 0̂I   установлены [2]: 
а) единственность решения; б) существование решения; в) гладкость решения относи-

тельно ;Dx∈ г) гладкость решения относительно 
0σ

πτ ∈ ; д) асимптотические относительно  

0σ
πτ ∈  оценки решения и её производных по 3,2,1, =kxk  в замкнутых областях. 

Задача 0̂I исследуется обычным способом [1,2]. Показывается, что задача 0̂I однозначно 

разрешима в классе регулярных векторов ( ) ( ),21 DCDC ∩ а решение ( )−τ,ˆ
0 xU  аналитический 

вектор в полуплоскости 
0σ

πτ ∈  и допускает оценки 

( )τ,ˆ
0 xU <

( )
kx
xUc

∂
∂ τ

τ
,ˆ

, 0
5 < ac

a ,3+τ
>0,  ,,,3,2,1

0σ
πτ ∈∀∈∀= Dxk  

( )
ik xx

xU
∂∂

∂ τ,ˆ
0

2

< ac
a ,1+τ

>0, ,,,3,2,1,
0σ

πτ ∈∀⊂′∈∀= DDxik  
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Аналитическая зависимость ( )τ,ˆ
0 xU  от 

0σ
πτ ∈ и равномерные оценки, в силу извест-

ных теорем о преобразовании Лапласа, позволяют обратить интеграл и для оригинала имеем 
выражение:  

( ) ( ) .,ˆ
2
1, 00 τ
π

τ
σ

σ

dtxUe
i

xU
i

i

tt∫
∞+

∞−

=  

Ясно, что ( ) ( ) ( )txVtxUtxU ,,, 0 += является регулярным решением задачи I эластотер-
модиффузии.  
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SUMMARY 
ON THE SOLVABILITY OF THE THREE-DIMENSIONAL DYNAMIC  
PROBLEM OF THERMODIFFUSION 
Bezhuashvili Yu.A. and Kachakhidze N.D. 
Georgian Technical University 
In the present work the main dynamic problem of the adjoint theory of thermal diffusion with mixed boundary 
conditions is investigated for three-dimensional finite regions bounded by several closed surfaces. The theorems 
are proved of existence and uniqueness of regular solutions.  
Keywords: thermal diffusion theory, dynamic problem, three-dimensional regular solutions. 
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sibrtyis da wrfis homoTetia sivrceSi 
 

maspinZelaSvili b.i. 
 

saqarTvelos teqnikuri universiteti 
 

homoTetia aris raime figuris mis msgavs figuraze asaxva, e.i. mocemuli 
figurisagan misive msgavsi figuria miReba. sibrtyisa an wrfis homoTetiaa 
maTi asaxva paralelur sibrtyeze an wrfeze. 

zogadi amocana 1. mocemulia sibrtyis zogadi gantoleba 
0Ax By Cz D+ + + = .                            (P1) 

SevadginoT im sibrtyis gantoleba, romelzec aisaxeba (P) sibrtye 

homoTetiiT, romlis centria 0 0 0( ; ; )O x y z  wertili, koeficienti ki K  ( 0)K ≠ .  

amoxsna. vTqvaT, (P1) sibrtyis nebismieri wertilia 1 1 1( ; ; )A x y z , romelic 

am homoTetiiT aisaxeba saZebni sibrtyis 2 2 2( ; ; )B x y z  wertilze, rac niSnavs   
 

K OA OB⋅ =
 

.                                                            (1)  
0K >  

1 0 1 0 1 0( ; ; )OA x x y y z z= − − −


,  2 0 2 0 2 0( ; ; )OB x x y y z z= − − −


; 

1 0( ;K OA Kx Kx⋅ = −


 1 0Ky Ky− ; 1 0)Kz Kz− . 

(1) tolobidan miviRebT 

1 0 2 0Kx Kx x x− = − , 2 0 0
1

x x Kxx
K

− +
= ;  1 0 2 0Ky Ky y y− = − ,  2 0 0

1
y y Kyy

K
− +

= ; 

1 0 2 0Kz Kz z z− = − ,   2 0 0
1

z z Kzz
K

− +
= . 

1x -is, 1y -is da 1z -is saxeebi SevitanoT (P1) sibrtyeSi x-is, y-is da z-is 
nacvlad, e.i. 

2 0 0 2 0 0 2 0 0 0Ax Ax AKx By By BKy Cz Cz XKz D
K K K

− + − + − +
+ + + = , 

2 2 2 0 0 0 0 0 0 0Ax By Cz Ax AKx By BKy Cz CKz K D+ + − + − + − + + ⋅ = .          (P2) 

(P2) aris saZebni sibrtyis gantolebis saxe, romelsac akmayofilebs 

B 2 2 2( ; ; )B x y z  wertili. es gantolebaa 

0 0 0 0 0 0 0Ax By Cz Ax AKx By BKy Cz CKz KD+ + − + − + − + + = . 
amocana 1. mocemulia sibrtyis gantoleba 

 3 2 4 0x y z+ − − = .                            (P3) 
SevadginoT im sibrtyis gantoleba, romelzec aisaxeba (P3) sibrtye 

homoTetiiT, romlis centria O(_1; 2; _5) wertili, koeficienti ki _2. 

amoxsna. vTqvaT, (P3) sibrtyis nebismieri wertilia 1 1 1( ; ; )A x y z ,  romelic 

am homoTetiiT aisaxeba saZebni sibrtyis 2 2 2( ; ; )B x y z  wertilze, rac niSnavs  

2 OA OB− ⋅ =
 

.                                (2)  
 
 
 

1 1 1( 1;  2;  5)OA x y z= + − +


,   2 2 2( 1;  2;  5)OB x y z= + − +


, 

12 ( 2 2;OA x− ⋅ = − −


 12 4y− + ; 12 10)z− − . 

(2) tolobidan miviRebT: 1 22 2 1x x− − = + ,  2
1

3
2

xx +
=

−
; 

1 22 4 2y y− + = − ,  2
1

6
2

yy −
=

−
; 1 22 10 5z z− − = + ;  2

1
15

2
zz +

=
−

. 

O(x0; y0; z0) B(x2; y2; z2) A(x1; y1; z1) 

B(x2; y2; z2) A(x1; y1; z1) O(_1; 2; _5) 
• 
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1x -is, 2y -is da 1z -is saxeebi SevitanoT (P3) sibrtyeSi x-is, y-is da z-is 
nacvlad, e.i.  

2 2 23 9 6 2 30 4 0
2 2 2

x y z+ − − −
+ + − =

− − −
, 

aqedan 2 2 23 2 19 0x y z+ − − =  aris saZebni sibrtyis gantolebis saxe, romelsac 

akmayofilebs 2 2 2( ; ; )B x y z  wertili. sibtyis gantolebaa 3 2 19 0x y z+ − − = . 
zogadi amocana 2. mocemulia wrfis kanonikuri gantoleba sivrceSi  

x m y n z q
a b c
− − −

= = .                    (L1) 

SevadginoT im wrfis gantoleba, romelzec aisaxeba (L1) wrfe homoTe-
tiiT, romlis centria 0 0 0( ; ; )O x y z  wertili, koeficienti ki K  ( 0)K ≠ . 

miTiTeba. wina zogadi amocana 1-is amoxsnis msgavsad moiZebneba 
homoTetiuri wrfis gantoleba. 

amocana 2. mocemulia wrfis gantoleba  

1 4
2 1 3

x y z+ −
= =

− −
.                                                 (L2) 

SevadginoT im wrfis gantoleba, romelic miiReba (L2) wrfis homoTetiiT, 
romlis centria O(3; 1; _4) wertili, koeficienti ki 2. 

amoxsna. vTqvaT, (L2) wrfis nebismieri wertilia 1 1 1( ; ; )A x y z , romelic am 

homoTetiiT aisaxeba saZebni wrfis 2 2 2( ; ; )B x y z  wertilze, rac niSnavs 
  

2 OA OB⋅ =
 

.                                                           (3) 
 

1 1 1( 3; 1; 4)OA x y z= − − +


, 1 1 12 (2 6;  2 2;  2 8)OA x y z= − − +


, 2 2 2( 3; 1; 4)OB x y z= − − +


. 

(3) tolobidan miviRebT: 

1 22 6 3x x− = − ,  2
1

3
2

xx +
= ;  1 22 2 1y y− = − , 2

1
1

2
yy +

= ;   

               1 22 8 4y z+ = + ,  2
1

4
2

zz −
= . 

1x -is, 1y -is da 1z -is saxeebi SevitanoT (L2) wrfeSi x-is, y-is da z-is 
nacvlad, e.i.  

2 2 23 1 41 4
2 2 2

2 1 3

x y z+ + −
+ −

= =
− −

,   2 2 25 7 4
4 2 6

x y z+ − −
= =

− −
.    (L3) 

saZebni wrfis saxea (L3) wrfe, romelsac akmayofilebs 2 2 2( ; ; )B x y z  wertili. 
wrfis gantolebaa 

5 7 4
4 2 6

x y z+ − −
= =

− −
. 

 
literatura 
1. Ефимов Е.В. и др. Линейная алгебра и многомерная геометрия. -М., Наука, 1970, 528 с. 
2. Гурский Е.И. и др. Руководство к решению задач по высшей математике, часть 1. -Минск, Высшая 
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SUMMARY 
HOMOTHETY OF STRAIGHT LINE AND PLANE IN SPACE 
Maspindzelashvili B.I. 
Georgian Technical University  
When in the space straight line or plane are given and the center and coefficient of nomothety is known the 
method is constructed that gives the possibility to generate the equation of homothety straight line or plane. 
Keywords: homothety, straight line, plane, space, coefficient, point, center of homothety. 
 
 

O(3; 1; _4) B(x2; y2; z2) A(x1; y1; z1) 
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wrfisa da sibrtyis paraleluri gadatana sivrceSi 
 

maspinZelaSvili b.i. 
 

saqarTvelos teqnikuri universiteti 
 
wrfis an sibrtyis paraleluri gadatana (asaxva) aris maTi gadaadgi-

leba mocemuli veqtoris mimarTulebiT misi sigrZis toli manZiliT. 
zogadi amocana 1. mocemulia wrfis kanonikuri gantoleba sivrceSi 

0 0 0x x y y z z
a b c
− − −

= = .                        (L1)  

(L1) wrfis paraleluri gadatana xdeba a =


(x1; y1; z1) veqtors mimarTu-
lebiT misi sigrZis tol manZilze. 

SevadginoT im wrfis gantoleba, romelzec aisaxeba (L1) wrfe am para-
leluri gadataniT. 

amoxsna. vTqvaT (L1) wrfis nebismeri wertilia A(x2; y2; z2), romelic am 
paraleluri  gadataniT aisaxeba saZebni wrfis B(x3; y3; z3) wertilze. 

                                     3 2 3 2 3 2( ; ; )AB x x y y z z= − − −


. radganac a AB=




,  

amitom  

1 3 2x x x= − ,   2 3 1x x x= − ;  1 3 2y y y= − ,   2 3 1y y y= − ; 

1 3 2z z z= − ,  2 3 1z z z= − . 

2x -is, 2y -is da 2z -is saxeebi SevitanoT (L1) wrfeSi x-is, y-is da z-is nacvlad, 

e.i. 

3 1 0 3 1 0 3 1 0x x x y y y z z z
a b c

− − − − − −
= = .                   (L2) 

(L2) aris saZebni wrfis gantolebis saxe,  romelsac  akmayofilebs B(x3; 
y3; z3) wertili. es gantolebaa 

1 0 1 0 1 0x x x y y y z z z
a b c

− − − − − −
= = . 

amocana 1.  mocemulia wrfis gantoleba 

1 3 2
2 1 3

x y z+ + −
= =

− −
. (L3) wrfis paraleluri gadatana xdeba a =



(−1; −5; 6)  

veqtoris mimarTulebiT misi sigrZis tol manZilze. 
SevadginoT im wrfis gantoleba, romelzec aisaxeba (L3) wrfe am 

paraleluri gadataniT.  
amoxsna. vTqvaT (L3) wrfis nebismieri wertilia A(x1; y1; z1), romelic am 

paraleluri  gadataniT  aisaxeba  saZebni   wrfis  B(x2; y2; z2)   wertilze,   

                                   2 1 2 1 2 1( ; ; )AB x x y y z z= − − −


. 

radganac a AB=




, amitom 2 11 x x− = − , 1 2 1x x= + ; 2 15 y y− = − , 1 2 5y y= + ; 

2 16 z z= − , 1 2 6z z= − .   

1x -is, 1y -is da 1z -is saxeebi SevitanoT (L3) wrfeSi x-is, y-is da z-is nacvlad, 

e.i.  

2 2 21 1 5 3 6 2
2 1 3

x y z+ + + + − −
= =

− −
,  2 2 22 8 8

2 1 3
x y z+ + −

= =
− −

.           (L4) 

(L4) aris saZebni wrfis gantolebis  saxe,  romelsac akmayofilebs B(x2; 
y2; z2) wertili. wrfis gantolebaa 

A(x1; y1; z2) B(x2; y2; z2) 

A(x2; y2; z2) B(x3; y3; z3) 
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2 8 8
2 1 3

x y z+ + −
= =

− −
. 

zogadi amocana 2. mocemulia sibrtyis zogadi gantolebaa 

0Ax By Cz D+ + + = .                            (P1) 

sibrtyis paraleluri gadatana xdeba a =


(x1; y1; z1) veqtoris 
mimarTulebiT misi sigrZis tol manZilze. 

SevadginoT im sibrtyis gantoleba, romelzec aisaxeba (P1) sibrtye am 
paraleluri gadataniT. 

miTiTeba. wina zogadi amocana 1-is amoxsnis msgavsad moiZebneba 
sibrtyis gantoleba, romelzec aisaxeba (P1) sibrtye. 

amocana 2. mocemulia sibrtyis gantoleba  

2 3 5 0x y z− + + = ,                          (P2) 

romlis paraleluri gadatana xdeba a =


(2; _2; 5) veqtoris mimarTulebiT misi 
sigrZis tol manZilze. 

SevadginoT im sibrtyis gantoleba, romelzec aisaxeba (P2) sibrtye am 
paraleluri gadataniT. 

amoxsna. vTqvaT, (P2) sibrtyis nebismieri wertilia A(x1; y1; z1), romelic 
am paraleluri gadataniT aisaxeba saZebni sibrtyis B(x2; y2; z2) wertilze.            

                                2 1 2 1 2 1( ; ; )AB x x y y z z= − − −


.  radganac 

a =


(2; _2; 5)= AB


, amitom 2 12 x x= − , 1 2 2x x= − ; 2 12 y y− = − , 1 2 2y y= + ; 2 15 z z= − , 

1 2 5z z= − .    

1x -is, 1y -is da 1z -is saxeebi SevitanoT (P2) sibrtyeSi x-is, y-is da z-is 
nacvlad, e.i.  

2 2 22( 2) ( 2) 3( 5) 5 0x y z− − + + − + = ,  2 2 22 3 16 0x y z− + − = .           (P3) 

saZebni sibrtyis saxea (P3) sibrtye, romelsac akmayofilebs B(x2; y2; z2) 
wertili. sibrtyis gantolebaa 2 3 16 0x y z− + − = .   

 
literatura 
1. Гусак А.А. Задачи и упражнения по высшей математике, частъ 1. -Минск, Высшая школа, 1988, 228 с. 
2. Данко П.Е. и др.  Высшая математика в упражнеииях и задачах, частъ 1. -Москва, 1980, 319 с. 
 
SUMMARY 
PARALLEL TRANSFER OF STRAIGHT LINE AND PLANE IN SPACE 
Maspindzelashvili B.I. 
Georgian Technical University 
If in the space straight line or plane and vector are given, by those the parallel transfer is determined, the method 
is constructed that gives the possibility to generate the equation of projected straight line or plane. 
Keywords: parallel transfer, straight line, plane, space, vector, point. 
 

A(x1; y1; z2) B(x2; y2; z2) 
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geolokaciis gamoyeneba me-4 da me-5 Taobis TviTorganizebad sistemebSi 
 

gogoxia s.S., abzianiZe n.e. 
 

saqarTvelos teqnikuri universiteti 
 
Sesavali 
mobiluri qselis marTvisa da operirebis dros aucilebeli xdeba 

sxvadasxva optimizaciisa Tu dagegmarebis rTuli amocanis gadawyveta. Tu 
gaviTvaliswinebT Tanamedrove abonentebis mzardi moTxovnebis dasakmayofi-
leblad gaSvebul sxvadasxva sixSireebisa da seqtorebis eqsponenturad 
gazrdil raodenobas, romelic Tavis mxvriv iwvevs am sabazo sadgurebis gav-
rcelebis arealis urTierT gadafarvas da gadakveTas, am amocanebis amoxsna 
TiTqmis SeuZlebeli xdeba gamomTvleli sistemebisa da optimaluri algo-
riTmebis gareSe. fiWebis avtomaturi dagegmarebis moZvelebul sistemebSi 
gamoiyenebuli iyo uxeSi Zalis meTodi, romelic fiWisTvis yvela parametris 
SesaZlebeli mniSvelobisaTvis simulacias saWiroebda. ra Tqma unda es meTo-
di yvela arsebuli variantisagan saukeTesos arCevis saSualebas gvaZlevs, 
magram Zalian araefeqturi da droSi xangrZlivi xdeba didi sistemebisaTvis. 

 
ZiriTadi nawili 
Tu fiWebis saerTo raodenoba aris n, xolo TiToeuli i fiWisTvis 

sxvadasxva SesaZlebeli daxrilobebis mniSvnelobebis raodenoba aris Ti,  
maSin uxeSi Zalis meTodis gamoyenebiT saWiro iteraciebis raodenoba: 

 

∏
=

=
n

i

TiI
1

       (1) 

 
avtomaturi fiWebis dagegmarebis efeqturobis gazrdisaTvis aucile-

belia SevamciroT iteraciebis raodenoba. amisaTvis saWiroa SemuSavebuli 
iqnas meqanizmebi, romlebic winaswar gansazRvravs, Tu romeli mniSvnelobebi 
gamoiwvevs sistemis gauaresebas da maTi ugulebelyofiT moaxdens ite-
raciebis raodenobis mniSvnelovnad Semcirebas, rac Tavis mxvriv gaaumjo-
besebs modulis muSaobis xarisxs da Seamcirebs angariSis dros. Tu gaviT-
valiswinebT, rom TiToeuli parametris Secvla iwvevs mis garSemo arsebuli 
fiWebis dafarvis cvlilebas, maSin mTeli proceduris Cawera SesaZlebeli 
xdeba klasikuri mravalcvladiani optimizaciis gantolebis saSualebiT 
sadac, gamoyenebuli aris sxvadasxva damoukidebeli komponenti: dafarva, 
momsaxurebis xarisxi da tevadoba. simartivisaTvis ganvixiloT sistema, 
sadac yvelaze maRali prioriteti aris signalis interferenciasTan fardo-
bis (SIR) donis gaumjobeseba, radganac is pirdapir kavSirSia speqtralur 
efeqturobasTan da yoveli cvlilebisaTvis movaxdinoT misi mniSvnelobis 
maqsimizacia.   

Tu mocemul poligons davyofT 100 x 100 m sigrZe-siganis kvadratebad 
(binebad) da gamoviTvliT SIR-is saSualo mniSvnelobas Sb TiToeuli binisaT-
vis, maSin sistemis Sesafaseblad SegviZlia gamoviyenoT SIR-is saSualo mniS-
vneloba, romlis gamoTvla SesaZlebelia Semdegi formuliT: 

 

( )

N

iS
S

N

i
b∑

=        (2) 
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sadac, N aris klasterSi arsebuli binebis raodenoba. signalis donis 
cvlileba mocemuli binisTvis gamoiangariSeba Semdegnairad: 
 

( ) ( )iii TnFToF −=∆        (3) 

 
sadac, F aris antenis gamosxivebis diagramis daxrilobaze damokidebulebis 
maCvenebeli funqcia; То _ antenidan mocemul binamde daxrilobis kuTxe 
cvlilebamde; Tn _ kuTxe cvlilebis Semdeg.  

gaZliereba horizontalur sibrtyeSi gamoiTvleba Semdegi formuliT: 
 

( ) 
















 −
∗−






















∗−= Sl

BW
TFr

BW
GTF

h

,12min,12min
2

ν

θϕ
    (4) 

 
sadac, G aris antenis gaZlierebis koeficienti; BWh da BWv  _ horizontaluri 
da vertikaluri gaSlis kuTxeebi sadac moqceulia antenis mier gamosxive-
buli energiis naxevari;  Fr _ fardoba antenis win da ukan gazomil doneebs 
Soris; ϕ _ horizontaluri kuTxe mocemul abonentsa da antenis pirdapir 
mimarTulebas Soris; Sl _ gverdiTa foTolis done; θ _ vertikaluri kuTxe 
terminalsa da antenis pirdapir mimarTulebas Soris, romlis gamoTvla 
SesaZlebelia Semdegi formuliT: 
 







 −

=
dist

hha mBStanθ       (5) 

 
sadac, hBS aris antenis simaRle; hm _ abonentis simaRle; dist _ manZili momxma-
rebelsa da sabazo sadgurs Soris.  

signalis donis cvalebadoba avtomaturad iwvevs SIR-is mniSvnelobis 
cvlilebas, romelic  mocemuli binisTvis gamoiangariSeba Semdegnairad: 

 
 

( ) ( ) ( )



















+−∗−≠

∆+=

= ∆−−

101010 101010lg10
iiiiii RRSbRb

iii

iiii

i RRbR

SRbR

S     (6) 

 
TiToeuli sabazo sadguris arsebuli daxrilobis (tiltebis) mniSvne-

lobebis cvlileba ganxorcielda sxvadasxva iteraciad, sadac vaxdenT bi-
nebis analizs da viwyebT maT sortirebas gasaumjobesebeli parametris mniSv-
nelobebis mixedviT. Cveni mizania saTiTaod gavaanalizoT yvelaze cudi xa-
risxis mqone binebi da uxeSi Zalis gamoyenebiT davadginoT optimaluri 
daxrilobis mniSvnelobebi yvela im fiWisTvis, romlebic gavlenas axdenen 
mocemul arealSi. TiToeuli iteraciis dros xdeba sxvadasxva tiltebis 
dayeneba da mTeli klasteris saSualo maCveneblebis gamoTvla [1-9].  

modelirebis dros gamoyenebuli iqna zemoT aRwerili modeli da para-
metrebi. SerCeuli iqna klasteri, romelic Sedgeba 24 sabazo sadgurisagan 
da 72 fiWisgan. aseve abonentebis adgilmdebareoba da signalis  anaTvlebi 
aRebuli iqna 1 dRis ganmavlobaSi, romelmac jamSi Seadgina 15998 Canaweri.  
klasteri SeirCa arastandartuli reliefis mixedviT, radganac saWiroa simu-
laciis realur pirobebTan Tavsebadobis maqsimalurad miaxloeba. sadgure-
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bis, reliefisa da abonentebis mier ganxorcielebuli zarebis geometriuli 
ganawilebis ruka naCvenebia nax.1-ze. 

 

 
 

nax. 1. simulaciisTvis gankuTvnili klasteri 
 
 
560 iteraciis Semdeg miRebuli iqna saukeTeso Sedegi, romelic naCve-

nebia nax.2-ze: 
 

 
 

nax. 2. simulaciis Sedegi SINR gaumjobeseba 
 
 

qselis xarisxis maCveneblebi 
 

maCvenebeli RSRP SIR Bad bins Distance Overshooting Pollution 
arsebuli -102,52 1,75 2273 1,42 16,13 0,51 

simulirebuli -102,26 2,48 2141 1,42 16,00 0,51 
gaumjobeseba 0,25% 41,57% -5,81% -0,09% -0,83% 0,00% 

 
 
simulaciis Sedegma gvaCvena 41%-iT qselis xarisxis gaumjobeseba, 

saSualo signalis donis umniSvnelo cvlilebis dros, rac gulisxmobs 
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speqtruli efeqturobis, gadmotvirTvis siCqaris da momsaxurebis xarisxis 
gaumjobesebas (cxrili).  

amrigad, fiWebis avtomaturi dagegmarebis xarisxis gaumjobesebis 
mizniT ganxilulma axalma algoriTmma, romelic dafuZnebulia geoloka-
ciaze, aCvena, rom SemoTavazebuli algoriTmi mniSvnelovnad amcirebs ite-
raciebis raodenobas da Sesabamisad aumjobesebs sistemis stabilurobas. 

fiWebisa da iteraciebis raodenobebs Soris TiTqmis eqsponenturi da-
mokidebulebis gaTvaliswinebiT, dadgenilia, rom sistema gansakuTrebiT sta-
biluria maSin, rodesac mcire poligonebis raodenoba ar aWarbebs 1000x1000.  

smartfonebidan miRebuli gazomvebis Sedegebis (dazustebuli geolo-
kaciis maCveneblebis) gamoyeneba fiWebis avtomaturi dagegmarebis algoriT-
mSi, aumjobesebs problemuri adgilebis (fiWebis) aRmoCenis sizustesa da 
Sesabamisad zrdis qselis momsaxurebis xarisxs sxva arsebul meTodebTan Se-
darebiT, rac Tavis mxriv inovaciuri midgomaa msgavsi problemis gadasaWre-
lad. 
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SUMMARY 
USE OF GEOLOCATION IN 4G AND 5G TECHNOLOGY-BASED SON SYSTEMS 
Gogokhia S.Sh. and Abzianidze N.E. 
Georgian Technical University 
The article presents 4G and 5G SON algorithm. The brute force method has become very inefficient due to the 
exponential growth of the network elements, which requires very large computational resources and makes it 
almost impossible to detect and respond to problems on time. Geolocated degradations that are aggregated and 
sorted on bin levels, allow to predict and exclude parameter values that will deteriorate the quality of the system. 
This method significantly reduces the number of iterations, which is a key indicator of system efficiency. 
Increased efficiency allows to focus on cells causing the network performance degradation and allow operators 
to automatically and timely adjust network settings. 
Keywords: geolocation, automation, iteration. 
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simboloTaSorisi damaxinjeba, modebis gayofis xmauri da  simZlavris 
jarimis Sefaseba gadacemis cifrul boWkovan-optikur sistemebSi  

 
svaniZe r.g., rostiaSvili n.r., CxaiZe m.T. 

 
saqarTvelos teqnikuri universiteti 

 
naSromebSi [1,2] warmodgenili iyo bitur SecdomaTa albaTobaze da 

energetikul potencialze moqmedi faqtorebi da gadacemis cifrul boWkovan-
optikuri sistemebis (gcbos) gadamcemSi (lazeruli diodi), saxazo trqatSi 
warmoqmnili xmaurebi, romlebic ganekuTvnebian signalze damokidebul xmau-
rebs: modaluri xmauri, modebis gayofis xmauri _ MPN (Mode Partition Noise, far-
dobiTi intesivobis xmauri _ RIN  (Relitive Intensaity Noise) da simboloTaSorisi 
damaxinjeba (interferencia, xmauri _ ISI- Intersymbol Interferene)         

axla ganvixiloT procesi, romlis drosac gcbos saxazo  traqtSi gav-
lisas gadacemuli Setyobinebis impulsebi ganicdian dispersias, Sedegad, im-
pulsebi farTovdebian da adgili aqvs impulsebis urTierTgadafarvas, rac xde-
ba simboloTaSorisi damaxinjebis (sSd-ISI) (interferenciis) mizezi. amdenad, ga-
farToebuli (dispersirebuli) simboloebi ikaveben sataqto intervalis (T) na-
wils (nax.1). rac iwvevs gadacemuli simZlavris gauaresebas.  ITU-T G.957 reko-
mendacia adgens dispersiis gamo impulsebs Soris energiis gadanawilebis  da 
gadacemuli simZlavris Semcirebas  (gauaresebas),  rac fasdeba simZlavris 
jarimis saxiT.  

 

 
 

nax.1. simboloTaSorisi damaxinjebis ilustracia optikur kabelSi cifruli 
signalebis gadacemis dros 

 
rogorc aRiniSna, simboloTaSorisi damaxinjebisas adgili aqvs 

simZlavris gadanawilebas modebs Soris, ris gamoc gadacemuli signalis 
simZlavre mcirdeba, xolo misi  Sefaseba xdeba jarimis saxiT _   PISI  (db).  
NRZ formatis saxazo signalisaTvis da seleqtiuri SLM (Selective laser melting) 
lazeris gamoyenebis SemTxvevaSi gamoisaxeba formuliT [2]:  

 

( )221log5 πα+=ISIP         (1)                                                        

xolo, mileva:  
5,0

5

2
110
















−

=
π

α

ISIP

       (2) 
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sadac, PISI-simboloTaSoris damaxinjebiT gamowveuli simZlavris jarimaa, 
αε ≡   milevaa, db/km. 

(1) gamosaxulebidan Cans, rom miRebuli Sedegi ara aris damokidebuli 
bitur SecdomaTa albaTobaze, romelic aRebulia BER=10-10 dros. 

nax. 2 moyvanilia simboloTaSorisi damaxinjebis gamo simZlavreze  

jarimis damokidebuleba milevaze _ ( )αΨ=ISIP   

 
   
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
nax. 2. simboloTaSorisi damaxinjebis  simZlavreze jarimis damokidebuleba 

milevaze ( )αΨ=ISIP . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

nax. 3. Q faqtoris Q = Ψ (BER) damokidebuleba milevaze, moduri segmentis 
koeficientis (k) sxvadasxva mniSvnelobebisaTvis. k=0,3; 0,5; 0,7. moduri segmentis 

xmauris PMPN=0,2 dros 
 

amrigad, rogorc mosalodneli iyo optikuri arxis mileva ganapiro-
bebs simZlavris jarimas simboloTaSoris damaxinjebaze.  

SedarebisaTvis ganvixiloT mravalgrZivi modiani MLM (Multi –Longitudine 
Mode) lazerebis gamoyenebis SemTxvevaSi sistemis energetikuli potencialis 
gauareseba (jarima simZlavris mixedviT modebis gayofis xmaurisTvis (MPN - 
Mode Partition Noise)). modebis gayofis xmauri  iangariSeba rogorc [1]:  
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( )[ ]






 −−−= −

−

2

10
22

1
2
11log10 απekQP JarMPN     (3) 

sadac, K _ modebis gayofis (segmentis) xmauris koeficientia; Q _ xarisxis 
faqtori.                                   

(3) formulidan ganvsazRvroT  Q-faqtori: 

( )
( )22

1
1012 10

απ−

−

−

−
=

ek
Q

MPNP

      (4) 

nax. 3. warmodgenilia Q faqtoris (Q= Ψ  (BER) damokidebuleba milevaze, 
moduri segmentis koeficientis (k) sxvadasxva mniSvnelobebisaTvis. k=0,3; 0,5; 
0,7. moduri segmentis xmauris PMPN=0,2  dros. nax. 4 moyvanilia  Q-faqtoris 
(Q=Ψ (BER)) damokidebuleba milevaze moduri segmentis koeficientis (k) sxva-
dasxva mniSvnelobebisaTvis (k=0,14; 0,2; 0,4) moduri segmentis xmauris PMPN=0,2 
sididis dros. 

 

 
 

nax. 4. Q-faqtoris _ Q= Ψ  (BER) damokidebuleba milevaze moduri segmentis 
koeficientis (k) sxvadasxva mniSvnelobebisaTvis. k=0,14; 0,2; 0,4 . moduri segmentis 

xmauris PMPN=0,2 mniSvnelobisaTvis 
 

 
 

nax. 5. PMPN = Ψ  (Q) grafiki, rodesac Q=6; 7; 7,5; 8   K=0,7;   αε =  =0,1 db/km 
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(3) formulis mixedviT avagoT grafiki PMPN =F(Q), (nax.5), rodesac  
K=0,7;  α =0,1 db/km.  

nax. 6-ze warmodgenilia PMPN = Ψ  (Q) grafiki,rodesac K=0,3; α =0,05 db/km, 
xolo nax. 7-ze moyvanilia PMPN =F(α ) damokidebulebis grafiki Q-s sxvadasxva 
mniSvnelobebisaTvis (Q=6; 7; 7,5 da  k=0,14);  
 
 

 
 

nax. 6. PMPN =Ψ (Q) grafiki, rodesac K=0,3 == αε 0,05 db/km 
 
 

 
 

nax. 7. PMPN =F ( )α damokidebulebis grafiki, rodesac,   (Q=6; 7; 7,5 da  k=0,14). 
 
 

nax. 8.  naCvenebia PMPN =F ( )α damokidebuleba, rodesac Q=6; 7; 7,5; k=0,5;  
nax. 10. PMPN =F ( )α  damokidebuleba, rodesac Q=6; 7; 7,5; k=0,14, xolo nax 9.               

PMPN =F ( )α   damokidebuleba, rodesac, Q=6; 7; 7,5; k=0,5 
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nax. 8 PMPN =F ( )α  damokidebuleba, rodesac Q=6; 7; 7,5 , k=0.2, 

 

 
nax. 9. PMPN =F ( )α   damokidebuleba, rodesac, Q=6; 7; 7,5; k=0,5 

 

nax. 10 warmodgenilia PMPN =F ( )α  damokidebuleba, rodesac, Q=6; k=0,14, 
0.2; xolo, nax. 11 warmodgenilia PMPN =F ( )α  damokidebulebis grafiki, rodesac 

Q=7;    k=0,14, 0,2; 
             

 
nax. 10.  PMPN =F ( )α  damokidebuleba, rodesac, Q=6; k=0,14; 0,2 
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nax. 11. PMPN =F ( )α   damokidebuleba, rodesac, Q=7; k=0,14. 
 

nax. 12. warmodgenilia PMPN =F ( )k   damokidebulebis grafiki Q=6; 7; 7,5 
mniSvnelobebisaTvis.  

 

 
  

nax. 12. PMPN =F ( )k  damokidebulebis grafiki Q=6; 7; 7,5, α  =0,2 db/km  
mniSvnelobebisaTvis 

 
 
vinaidan, simboloTaSorisi damaxinjebis, moduri segmentis xmauris 

warmoSobis wyaroebi damoukideblebi arian, amis gamo, saerTo jarima simZ-
lavris gauaresebaze SeiZleba SevafasoT, rogorc simboloTaSoris simZ-
lavreze jarimisa da lazeris moduri segmentis xmaurze (modebis gayofis 
xmaurze) jarimebis jami [3]: 

 
Pjar.saerTo=Pisi +PMPN      (5) 

 
SeniSvna: saerTod, simZlavis jarima (gauareseba) meryeobs 0,5 _ 2 db 

farglebSi [2], kerZod, simZlavris jarima Pisi=0,5 db; α =0,203; Pisi=1,0 db;              
α = 0,305; Pisi=2 db; α  = 0,491 

saerTo jarima simZlavreze gamoTvlilia (5) formulis mixedviT:  
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a) Pisi:  rodesac mileva α =0,15 db/km,  maSin, Pisi= 0,25 db, (nax.2), α =0,3; 
Q=6 , BER=10-9.  

b) PMPN: α  = 0,15 db/km, PMPN = 0,1 db, K = 0,14; Q=6 (nax. 7;) amrigad saerTo 
jarima Pjar. saerTo = 0,15+0,1=0,25 db. anu, imisaTvis, rom mivaRwioT bitur Sec-
domaTa albaTobas BER = 10-9 (Q=6), rodesac K=0,14 saerTo jarima unda iyos            
Pjar. saerTo = 0,25 db-is toli.  

amrigad, siboloTaSoris damaxinjebaze jarima _ Pisi da jarima simZlav-
ris mixedviT _ PMPN modebis gayofis xmaurze mniSvnelovan gavlenas axdenen 
gcbos xarisxobriv maxasiaTeblebze: Q-faqtorsa da bitur SecdomaTa alba-
Tobaze, mis energetikul potencialze (biujetze) da rogorc miTiTebulia 
[1]-Si aucileblad unda iqnas Sefasebuli da gaTvaliswinebuli sistemis 
energetikuli potencialis rezervis daproeqtebisa da eqspluataciis dros. 

warmodgenili grafikebiT SesaZlebelia SevafasoT agreTve Q =  Ψ (BER)  mniSv-
nelobis damokidebuleba milevis  da modebis gayofis xmaurTan mimarTebiT.   
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SUMMARY 
INTER-SYMBOL DISTORTION, NOISE SPLITTING AND POWER FINE ESTIMATION IN 
DIGITAL FIBER-OPTIC TRANSMISSION SYSTEMS  
Svanidze R.G., Rostiashvili N.R. and Chkhaidze M.T. 
Georgian Technical University 
The paper presents an assessment of penalties for interdisciplinary distortion (ISI) and noise division (MPN) It 
has been established that these penalties can have a significant impact on the quality of the heat: Q-factor and the 
probability of bit errors, its energy potential (budget) and must be assessed and taken into account when 
designing and operating the energy potential reserve of the system. 
Keywords: BER – Bit error rate, MPN -Mode partition noise, RIN -Relative intensity noise, ISI- Intersymbol 
interference, MLM -Multi longitudine mode.  
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gadacemis cifruli boWkovan-optikuri sistemebis sakabelo xazebis 
degradacia 

 
svaniZe r.g.  WinWarauli j.i. 

 
saqarTvelos teqnikuri universiteti 

 
gadacemis cifruli boWkovan-optikuri sistemebis (gcbos) danergvidan 

ganuwyvetlad xorcieldeba gcbos-is kvanZebis da komponentebis maxasiaTeb-
lebis daxvewa, ganaxleba da mTlianad sistemebis modernizacia. amasTan 
erTad, saxezea gcbos mowyobiloba-danadgarebis  degradacia da misi Tanm-
devi movlenebi. rac dakavSirebulia am kvanZebis da komponentebis eqsplua-
taciasTan, fizikur daZvelebasTan, romelTa dadgena aucilebelia. 

qvemoT moyvanilia gcbos-is monacemTa bazis blok-sqema (ZiriTadi kvan-
Zebis funqcionaluri elementebis, komponentebis CamonaTvali), romelTa 
mdgomareoba, maxasiaTeblebi, eqspluataciis pirobebi ganapirobeben optikuri 
sistemebis degradacias. 

 
 

 
 
am movlenebs mivyavarT sistemis mwarmoeblurobis gauaresebTan, ker-

Zod, SesaZlebelia gaizardos bitur SecdomaTa albaTobis koeficientis da-
gegmili mniSvneloba, lazeris mier gamosxivebuli simZlavris sidide, mim-
Rebis mgrZnobiaroba, regeneraciuli ubnis winaswar gaTvaliswinebuli sigrZe 
da sxva.  

gcbo-is daproeqtebisas winaswar Sesafasebelia sistemis eleqtruli 
da iseTi meqanikuri maxasiaTeblebi, rogoricaa: simtkice gawyvetaze, statis-
tikuri daRliloba, optikuri boWkoebis xangamZleoba, sistemis mdgradoba [1]. 

fizikuri meqanizmebis da kanonzomierebis axsna, romlebic warmoiS-
vebian signalebis gavrcelebisas gcbos-is eqspluataciis dros telekomunika-
ciis sferoSi warmoadgens aqtualur amocanas. es exeba optikuri signalebis 
danakargebs, dispersiul movlenebs da arawrfiv  damaxinjebebs. 
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aRsaniSnavia, rom am etapze saqarTvelos satelekomunikacio sistemaSi 
operatori kompaniebis sakuTrebaSia optikuri  sakabelo xazebi:  

• saabonento gamanawilebeli 80 889 km 
• magistraluri  gamanawilebeli 738 916 km 
• magitraluri 887 412 km 
• saqalaqTaSoriso  magistraluri 96 264 km 
ganvixiloT milevasTan dakavSirebuli optikur kabelebis degradaciis  

sakiTxebi. 
nax. 1 moyvanilia milevis danakargebis meqanizmi optikur boWkoebSi 

(ob) xolo nax. 2 milevis damokidebuleba ob-Si mikro- da makrogadaRunvebis 
efeqtze [2]. 

 
 

 
 

nax.1. danakargebis meqanizmi optikur boWkoebSi 
 
 

 
 

nax.2. optikur boWkoebSi mikro- da makro gadaRunvebis efeqti 
 

nax. 3-ze warmodgenilia danakargebis meqanizmis ilustracia,   saida-
nac Cans, milevis damokidebuleba talRis sigrZeze ob-isaTvis gadaRunviT 
(moxriT) da gadaRunvis (moxris) gareSe. nax. 4. moyvanilia lazeruli diodis 
(ld) vat-amperuli maxasiaTeblis damokidebuleba temperaturaze. milevis 
tipobrivi koeficientebi ob-Si gadaRunvis (moxris) gareSe da ob-Si sxvada-
sxva saxis  (moxris) SemTxvevaSi. 
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rogorc cnobilia, garda sakuTari danakargebisa (milevisa)  optikuri 
magistralebis mSeneblobis da eqspluataciis procesSi didi mniSvneloba 
aqvs optikuri kabelebis instalacias  maTi  gayvanis procesSi, mSeneblobis  
normebisa da standartebis dacvas. dadgenilia, rom danakargebis 20%-mde 
swored gare danakargebze modis.  

 
 

 
 

nax. 3. milevis tipobrivi mniSvnelobebi 
 
 

 
 

nax. 4. lazeruli diodis vat-amperuli maxasiaTeblebi moxrili da mouxreli 
optikuri boWkosaTvisTvis 

 
mniSvnelovania milevebi, romlebic warmoiSveba ob-is SeerTebebis 

(Sepirdapirebebis) dros [3]. Tanamedrove SeduRebis aparatebis gamoyenebiT 
ob-is maRalxarisxovani SeduRebisas mileva ar unda aWarbebdes 0,1 db; aseve, 
maRalxarisxovani erTmodiani SemaerTeblebis (koneqtorebis) SC, ST daFC gamo-
yenebisas mileva saSualod Seadgens 0,2 dbs. amasTan erTad, arsebuli  norme-
bi  mkacrad unda iyos daculi optikuri kabelis gawyveta-aRdgenis dros, an 
magistralis dagrZelebis SemTxvevaSi; regeneraciuli ubnis angariSisas gaT-
valiswinebuli unda iyos  dadgenili rezervi. 

optikuri gamomsxiveblebi, optikuri mimRebebi agreTve ganicdian 
daZvelebas da degradacias. maTze moqmedebs garemos temperatura, sineste, 
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meqanikuri vibracia da sxva. magaliTisaTvis moviyvanoT gamosxivebis simZlav-
ris aRgznebis denze damokidebuleba (vat-amperuli maxasiaTebeli) tempera-
turis sxvadasxva mniSvnelobis dros naCvenebia nax. 4-ze [3]. 

zogadad, gcbos-is kvanZebis teqnologiebis xarisxi da maCveneblebi 
dRiTidRe ixveweba. zogierTi kvanZis maxasiaTeblis da muSaobis unarianobis 
xangrZliobis Sesafaseblad sakmarisia moviyvanoT  ramodenime magaliTi [2]: 

_ optikuri boWko: 1966 wels optikuri boWkos mileva Seadgenda 1000 
db/km-ze; 1970 wels _ 20 db/km-ze;  1975 wels _ 2 db/km-ze; 1975  wels  _ 2 db/km-

ze;  1976 wels _ gamWvirvalobis mesame fanjaraSi ( =λ 1,55 mkm)  0,5 db/km-ze;  
1978 wels miRebuli iqna ob 0,2 db/km-ze mileviT. 

_ optikuri gamomsxivebeli: 1970 wels nobelis premiis laureatma j. 
alfiorovma daamuSava naxevargamtaruli lazerebis teqnologia; 1973 wels 
lazeruli diodebis muSaobis xangrZlioba Seadgenda 1000 saaTs; 1975 wels 
Seiqmna pirveli komerciuli naxevagamtaruli lazeri, romelic muSaobda 
oTaxis temperaturaze, 1976 wels lazeris muSaobis xangrZlioba gazrdili 
iqna 100 000 saaTamde (10 weli), Semdeg etapze muSaobis xangrZlioba 

gazrdili iqna 1 milion saaTamde (100 weli) [2]. 
 

 
       a)                                   b)                                           

 

 
g) 

         
nax. 5. G.652 A&B  standartis optikuri kabelebis milevis maxasiaTeblebi  

a) 1990 wlamde  Cadebuli; b) 2000 wlamde Cadebuli; g) 2003 wlamde Cadebuli 
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ganvixiloT konkretuli magaliTebi gcbos-is saxazo traqtis optikuri 
kabelebis teqnologiuri ganviTarebis dinamika milevis Semcirebis Tvalsaz-
risiT [3]. nax. 5. a) da g)-ze mocemulia G.6521990, 2000_2003 wlebSi Cadebuli  
standartis optikuri kabelis milevis damokidebuleba   talRis sigrZeze [3]. 

nax. 6-ze TvalsaCinoebisaTvis moyvanilia samive wlis monacemebis gaer-
Tianebuli naxazi, romlidanac naTlad Cans milevis Secirebis dinamika; 
magaliTad, 1400 nm talRis sigrZeze mileva 1990 wlis 0,5 db/km-dan Semcirda 
0,4 db/km-mde (2000 w) da 0.3 db/km-mde (2003 w). 

 

 
  

nax. 6. milevis damokidebuleba talRis sigrZeze optikur-boWkovan kabelebSi. 
kabelebi Cadebulia: 1990 wlamde,  2000 wlamde, 2003 wels 

 
 
cxr. 1-Si moyvanilia milevis koeficientis standartuli saSualo mniS-

vnelobebidan gadaxris maCvenebleb (db/km) optikur sabazo qselSi talRuri 
multipleqsirebis CWDM aparaturis centraluri talRis sigrZe (nm) oTxi 
sxvadasxva sixSirisaTvis (1271,1351,1411 da 1551 nm), 1990, 2000 da 2033 wlebSi. 
cxr.1-is monacemebidan Cans, rom milevis koeficientis da standartuli 
gadaxris saSualo mniSvneloba oTxive talRRaze mudmivad mcirdeba. nax. 7 es 
damokidebulebebi mocemulia grafikulad. 

 
 

cxr. 1. milevis koeficientis statisitika sabazo qselSi 
 

CWDM-is 
centraluri 

talRis sigrZe 
(nm) 

kabelebi, Cadebuli 
1990 wlamde 

kabelebi, Cadebuli 
2000 wlamde 

kabelebi, Cadebuli 
2003 wels 

 
saSualo stand. 

gadaxra 
saSualo stand. 

gadaxra 
saSualo stand. 

gadaxra 
1271 0,408 0,017 0,392 0,018 0,382 0,005 
1351 0,329 0,015 0,307 0,019 0,291 0,004 
1411 0,436 0,074 0,348 0,082 0,280 0,016 
1551 0,207 0,022 0,194 0,010 0,186 0,003 
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nax. 7. milevis damokidebuleba talRis sigrZeze (1271,1351,1411 da 1551 nm) optikur-
boWkovan kabelebSi. kabelebi Cadebulia: 1990 wlamde,  2000 wlamde,  2003 wels 

 
 

 
 

nax. 8. milevis damokidebuleba talRis sigrZeze (1571 da 1611 nm) optikur-boWkovan 
kabelebSi. kabelebi Cadebulia: 1990 wlamde, 2000 wlamde, 2003 wlamde 

 
cxr. 2-Si moyvanilia milevis koeficientis cvlilebis dinamika sabazo 

qselSi talRuri multipleqsirebis CWDM-is centraluri 1591, 1611 talRis 
sigrZeebisaTvis (nm)  1990, 2000, 2013 wlebSi, xolo nax. 8 am damokidebulebis 
grafikebi. 

 
cxrili 2. milevis koeficientis statistika sabazo qselSi 

 

CWDM-is 
centraluri 

talRis sigrZe 
(nm) 

kabelebi, Cadebuli 
1990 wlamde 

kabelebi, Cadebuli 
2000 wlamde 

kabelebi, Cadebuli 
2003 wels 

saSualo stand. 
gadaxra 

saSualo stand. 
gadaxra 

saSualo stand. 
gadaxra 

1591 0,211 0,027 0,392 0,018 0,382 0,005 
1611 0,220 0,028 0,307 0,019 0,291 0,004 

 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #1, 2020  
 
36 

garda milevis Semcirebis tendenciisa umjobesdeba milevis saSualo 
mniSvnelobidan standartuli gadaxris TvalsazrisiT nax. 9. (cxr. 2)   

 
   

nax. 9. milevis mniSvnelobidan standartuli gadaxris damokidebuleba talRis 
sigrZeze; kabeli Cadebulia 1990 wlamde, 2000 wlamde, 2003 wels 

 

 
 

nax. 10.  optikuri xazis  Semxvedri mosalodneli danakargebis albaTobis 
damokidebuleba xazis milevaze 1550 nm talRis sigrZeze  20 km km-ze meti sigrZis 

xazebisaTvis 
 
umjobesdeba agreTve optikuri qselebis saerTo  maxasiaTeblebi mi-

levis kuTxiT. nax. 10 warmodgenilia 9 qseluri momsaxurebis mimwodebeli  
operatoris qalaqis pirobebSi  Cadebuli 1550 nm talRis sigrZeze   momuSave 
20 km-ze meti sigrZis 308 xazis mosalodneli danakargebis albaTobis damo-
kidebuleba xazis milevaze 2003_2005 wlebSi, rac adasturebs ITU-T G. 695 
rekomendaciaSi mocemul  mniSvnelobebs mocemuli pirobebisTvis [3]. 

amrigad, optikuri kabelebis muSaobis xangrZlioba, romelic saSua-
lod Seadgens 25_35 wels, xasiaTdeba degradaciuli movlenebiT,  romlis 
drosac uaresdeba gamomsxiveblis, optikuri xazis, optikuri mimRebis maxa-
siaTeblebi. rac mniSvnelovnad auaresebs gcbos mwarmoeblurobas (bitur 
SecdomaTa albaTobas, regeneraciuli ubnis dagegmil sigrZes da sxva). 
Tumca, mimdinare teqnologiuri progresis gamo mniSvnelovnad gaizarda  ma-
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Ti muSaobis xangrZlioba da xarisxobrivi maCveneblebi. progresia optikuri 
kabelebis warmoebis mimarTulebiT. am etapze TiTqmis miRweulia optikuri 
boWkos milevis Teoriuli zRvari. miuxedavad amisa, optikuri kabelebis deg-
radaciis dasakompensireblad, romlebic gamowveulia optikur kabelebze moq-
medi meqanikuri dazianebebiT da sxva faqtorebiT mivyavarT optikuri signa-
lebis milevasTan, dispersiasTan, arawrfiv damaxinjebebTan rac gaaumjo-
besebs  mTlianad gcbos-is xarisxobriv maCveneblebs da mdgradobas [4]. 
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SUMMARY 
DEGRADATION OF CABLE TRANSMISSION LINES OF DIGITAL FIBER-OPTIC SYSTEMS  
Svanidze R.G. and Chincharauli J.I. 
Georgian Technical University 
The paper presents approaches to assess the degradation of cable fiber-optic systems (TFOS) transmission lines. 
It has been established that with the deterioration  of characteristics due to natural and artificial overlays during 
the operation  of  TFOS  cells, the optical  and  mechanical characteristics  of  TFOS  are  constantly  improved 
with the introduction  of  modern  technologies, as well as the optical-mechanical characteristics of optical  lines. 
The dynamics of improving the optical fiber, cable, as well as lasers of different standards are given. 
Keywords: fiber-optical systems, degradation, transmission line. 
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SeTanxmebis modelebis SedarebiTi analizi 
 

kotrikaZe q. o., yifSiZe d. g. 
 

saqarTvelos teqnikuri universiteti 
 

blokCein sistemis ganxilvaSi erT-erTi yvelaze mniSvnelovani adgili 
uWiravs blokCein platformis sworad SerCevas. SeTanxmebis modelebi da 
maTTan dakavSirebuli usafrTxoeba, SeiZleba iTqvas, rom warmoadgens yvelaze 
mniSvnelovan aspeqts, romelic moiTxovs udides yuradRebas blokCeinis plat-
formis SerCevis periodSi, radgan swored es modelebi unarCuneben avTen-
turobas blokCein sistemaSi Caweril monacemebs. sistema mxolod im SemTxve-
vaSi SeZlebs tranzaqciebis da jaWvSi blokebis mimdevrobis dacvas, Tuki Tav-
dapirveli gaTvlebi, rac Cadebuli iyo sistemaSi sworia da SeTanxmebis mode-
lebs SeuZliaT SeinarCunon mdgradoba Cavardnis an arasasurveli Setevis 
mdgomareobebSi [1].  

dReisaTvis, yvelaze gavrcelebuli SeTanxmebis modelebia: muSaobis 
dadastureba, aqtivebis dadastureba, ganvlili drois dadastureba, bizan-
tiur Cavardenebze medegoba, gaerTianebuli bizantiur Cavardnebze medegoba 
[2-6] da sxv. 

movaxdinoT am SeTanxmebis modelebis Sedareba kategoriebis mixedviT 
(cxrili): 

 
 

blokCeinis SeTanxmebis algoriTmebis Sedareba 
 

 

mu
S
ao

b
is

 d
ad

as
t
u
r
eb
a 

aq
t
iv
eb

is
 d

ad
as

t
u
r
eb

a 

g
an
vl

i
l
i 

d
r
o
is

 
d
ad

as
t
u
r
eb

a 

b
iz

an
t
iu

r
 C
av
ar

d
ne
b
z
e 

me
d
eg

o
b
a 

g
ae
r
T
ia
n
eb

u
l
i 

b
iz

an
t
iu

r
 C
av
ar

d
ne
b
z
e 

me
d
eg

o
b
a 

blokCeinis tipi Ria orive orive daxuruli Ria 
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Rirebuleba 

cota bevri saSualo bevri bevri 
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Rirebuleba 
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imisaTvis, rom ukeT gaviazroT mocemuli cxrili, movaxdinoT cxrilSi 
mocemuli kategoriebis analizi Sesabamisi TanmimdevrobiT: 

blokCeinis tipi _ blokCeinis tipi gansazRvravs blokCeinis platfor-
mis tips _ Ria (sadac nebismier momxmarebels SeuZlia SemouerTdes) an daxu-
ruli (axali momxmareblis damateba xdeba mxolod garkveuli wesebis mixed-
viT).  

analizi. magaliTad, muSaobis dadastureba da gaerTianebuli bizan-
tiur Cavardnebze medegobis modelebi Seqmnilia konkretulad Ria platfor-
mebisTvis, sadac SemoerTeba nebismieri msurvelisTvis aris SesaZlebeli. 
ideaSi, maT daxuruli tipis blokCeinSic SeuZliaT muSaoba, Tumca araefeq-
turi iqnebian. 

tranzaqciis dasrulebadoba _ gansazRvravs, rom mas Semdeg, rac tran-
zaqcia SeuerTda blokCeinis bloks, SeiZleba is CavTvaloT Tu ara 
dasrulebulad.  

analizi. muSaobis dadasturebaze da ganvlili drois dadasturebaze 
dafuZnebuli SeTanxmebis modelebi dganan im riskis winaSe, rom SesaZloa 
erTdroulad bevri blokis gamomuSaveba ganxorcieldes modelSi lideris 
arCevis wesidan da qselSi arsebuli Seyovnebebidan gamomdinare. imis gamo, 
rom aman SeiZleba gamoiwvios blokCeinSi sxvadasxva ganStoebebis formireba 
da maTgan erTi ukve xdeba arsebulis gagrZeleba, is tranzaqciebi, romlebic 
ukve dadasturda, xelaxali gamoTvlebidan vardeba. amas mivyavarT SemTxvevi-
Ti tranzaqciebis dasrulebis modelamde, sadac momxmareblebma unda daica-
don SedarebiT didxans, sanam tranzaqcia dadasturdeba da dasruldeba.  

aqtivebis dadasturebis SemTxvevaSi, droebiT ganStoebebs SeuZliaT 
paralelurad iarsebon mcire droiT, Tuki validatorebi am dros erTmane-
Tis paralelurad aZleven xmas sxvadasxva ganStoebebze, raTa gazardon miRe-
buli jildos odenoba. aseT sistemebSi jaWvi, romelsac yvelaze meti aqtivi 
dauWers mxars, Cajdeba saboloo rgolad. sxva modelebSi, sadac dasruleba 
myisierad mimdinareobs, rogorc ki tranzaqcia jdeba blokSi, is dadastur-
deba da iqidan aRar amovardeba. 

monawileobis Rirebuleba _ sistemaSi monawilobisTvis, sistemis ope-
ratorebis mier gansazRvruli Rirebuleba. 

analizi. muSaobis dadastureba da aqtivebis dadastureba avtomaturad 
gulisxmoben am Rirebulebas SeTanxmebaSi monawileobis misaRebad. monawi-
leobis dadastureba moiTxovs didi odenobis energias, romelic aucilebe-
lia dadasturebis mosapoveblad. aqtivebis dadastureba ki moiTxovs, rom 
nodebma winaswar SeiZinon garkveuli odenobis kriptovaluta usafrTxoebis 
depozitisTvis, imisaTvis, rom platformis marTvaSi miiRon monawileoba. 

wyviluri qselis masStabirebadoba _ SeTanxmebis modelebis masStabi-
rebadoba aris maTi unari miaRwion SeTanxmebas maSin, rodesac wyviluri 
nodebis ricxvi gamudmebiT izrdeba.  

analizi. Cvens mier ganxiluli modelebis umetesobaSi, garda 
bizantiur Cavardnebze medegobis  da misi variaciebisa, Cans masStabirebis 
maRali  maCveneblebi. rac Seexeba am ukanasknels, rekomendirebulia, rom Se-
Tanxmebis qselSi wyvilTa kavSirebi ar iyos 20-ze meti. wyvilebis raode-
nobis 20-ze metad gazrdiT imatebs qselSi gacvlili mesijebis raodenobac, 
rasac sabolood arasasurvel Sedegebamde mivyavarT. 

ndobis modeli _ ndobis modeli gansazRvravs, SeTanxmebaSi monawile 
sistemebi, anu nodebi unda icnobdnen an endobodnen Tu ara erTmaneTs. 

analizi. muSaobis dadasturebis, aqtivebis dadasturebis da ganvlili 
drois dadasturebis algoriTmebis SemTxvevaSi, nodebi SeiZleba iyos arasan-
do, radgan SeTanxmebis misaRwevad gamoyenebulia sxva iseTi saSualebebi, ro-
gorebicaa gamoTvliTi samuSaoebi an usafrTxoebis depozitebi. manam, sanam 
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qselSi monawileTa 25_50%-ze meti ar iqceva mowinaaRmdeged (Semtevad), SeTan-
xmebis meqanizms araferi emuqreba.  

blokCein sistemebSi, romlebic iyeneben bizantiuri Cavardnebis mede-
gobis modelebs, nodebis wyvilebi erTmaneTs unda icnobdnen da unda iyvnen 
sistemaSi daregistrirebulebi, Tu undaT, rom SeTanxmebaSi miiRon monawi-
leoba. nodebi SeiZleba dainficirdnen virusiT an qondeT xarvezebi prog-
ramul kodSi, magram manam, sanam aseTi monawileebis odenoba 33%-ze naklebia, 
SeTanxmebis procesebi xelSeuxebeli rCeba. gaerTianebuli bizantiur Cavar-
dnebze medegobis SeTanxmebis modelSi, TiToeuli nodi zrunavs imaze, rom 
Tavis sandoobis siaSi iqonios yvela sando nodi. 

mowinaaRmedegis mimarT medegoba _ es aris mTliani qselis is wili, 
romelic SeiZleba aRmoCndes arakeTilmosurnis xelSi, magram amis miuxe-
davad, SeTanxmebaSi araferi Seicvalos. SeTanxmebis TiToeul models aqvs 
mowinaaRmdegis mimarT medegobis konkretuli zRvari. 

analizi. mowinaaRmdegis mimarT medegobis mxriv yvelaze maRali maCve-
nebeli gaaCniaT bizantiur Cavardnebze medegobis da gaerTianebul bizantiur 
Cavardnebze medegobis SeTanxmebis modelebs, xolo aqtivebis dadasturebis 
SemTxvevaSi, misi procentuloba icvleba gamoyenebuli algoriTmis Sesabami-
sad. 

zemoT ganxiluli cxrilis analizi cxadyofs, rom blokCein sistema 
Sedgeba mravali urTierTdamokidebuli komponentebisagan da rodesac SegveZ-
leba pasuxi gavceT iseT kompleqsur kiTxvebze, rogorebicaa: sistemisTvis 
wayenebuli warmadoba ufro mniSvnelovania CvenTvis, Tu daculoba, masStabi-
rebadoba Tu sandooba – mxolod amis Semdeg unda moxdes SeTanxmebis mode-
lebis da algoriTmebis SerCeva. 

 
literatura 

1. C. Herweijer, D. Waughray, S. Warren. Building Blockchains for a Better Planet. /World Economic Forum, 
Cologny, Geneva, September 2018, pp 10-11. 
2. https://cointelegraph.com/explained/proof-of-work-explained 
3. https://blackcoin.org/blackcoin-pos-protocol-v2-whitepaper.pdf 
4. L. Chen, L. Xu, N. Shah, Z. Gao, Y. Lu, W. Shi, On Security Analysis of Proof-of-Elapsed-Time, 
Stabilization, Safety, and Security of Distributed Systems: /19th International Symposium, Boston, MA, USA, 
November 5–8, 2017, pp.284-286 
5. K. Lei, Q. Zhang, L. Xu, Z. Qi, Reputation-Based Byzantine Fault-Tolerance for Consortium Blockchain, 
/ICPADS, Singapore, December 2018, pp. 605-606 
6. https://towardsdatascience.com/federated-byzantine-agreement-24ec57bf36e0 
 
SUMMARY 
CONSENSUS MODELS COMPARATIVE ANALYSIS 
Kotrikadze K.O. and Kipshidze D.G. 
Georgian Technical University 
Consensus models used by well-known blockchain platforms are mostly tailored to the specific platform 
requirements and challenges. For the most part, open platforms reach an agreement between multiple pairs of 
participants, or nodes using computing power, memory load, which, of course, acts on the performance of the 
consensus algorithm. On the other hand, the possibility of scaling in closed-platform blockchains is relatively 
small, but it provides much faster agreement capabilities. When discussing blockchain as a business solution, it 
is important to consider the size of the network, the connections between network participants, productivity, and 
security before we decide to use this or another model. 
Keywords: analysis, consensus, model, blockchain 
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avtomobilis sakidarSi usargeblod gabneuli meqanikuri energiis 
eleqtroenergiad gardaqmnis perspeqtivebi 

 
zivzivaZe o.v., zivzivaZe b.l., kaWaxiZe i.s., geguCaZe a.W., papiZe z.a. 

 
akaki wereTlis saxelmwifo universiteti, quTaisi 

 
kvlevebiT dadgenilia, rom gzis safarisgan aRZruli datvirTvebi, rom-

lebic sakidris gavliT gadaecema avtomobilis CarCos da Semdeg Zaras da/an 
kabinas warmoadgens sakmaod did energias [1-3], romelic usargeblod ikargeba 
da misi gamoyeneba mniSvnelovnad gaaumjobesebs avtomobilis ekonomiurobas. 
dakvirvebebisa da moZiebuli masalebis analiziT dadginda, rom ufro moxer-
xebuli iqneba am energiis eleqtroenergiad gardaqmna da misi saSualebiT 
eleqtroakumulatorebis damuxtva, romelic SeiZleba gamoyenebul iqnas sxva-
dasxva daniSnulebiT.  

am mizniT sakidarSi amortizatori Canacvlda axali amortizator 
eleqtrogardamqneliT, romelsac Seswevs unari ara marto Caanacvlos amor-
tizatori, aramed sakidarze mosuli datvirTvebi gardaqmnas eleqtro ener-
giad. sakidarSi warmoqmnili energia warmoadgens kimetikuri da potenciuri 
energiebis  jams da warmodgeba Semdegi saxiT: 

 

QRPP pk =++          (1) 

sadac kP P_ kinetikuri energiaa;P pP _ potenciuri energia; R _ disipacia (Tbu-

ri, xaxuni da sxva); Q Q_ gzis uswormasworobis daZlevaze dakarguli 

energia.     

2

2νmPk =       (2) 

22 x
CPk ⋅

=        (3) 

2

2νKR =        (4) 

( )thQ ωsin⋅=     (5) 

 
sadac m _ erT Tvalze mosuli wonaa; v _drekadi elementis gadaadgilebis 
siCqarea; C _ sakidaris drekadi elementis sixistea; x _ drekadi elementis 
deformaciis sididea; K _ sakidarSi CamxSobi koeficientia;  h _ gzis mikro-
profilis simaRlea; ω _ kuTxuri siCqarea; t _ dro. 

maSin (1) gantoleba warmodgeba Semdegi saxiT: 

( )thK
x

CM ωνν sin
222

22

=+
⋅

+      (6)    

eqspertebis mosazrebebiT 15÷20 weliwadSi mosalodnelia Txevad sa-
vavze momuSave avtomobilebis sruli Canacvleba eleqtromobilebiT, rac ki-
dev ufro aqtualurs xdis avtomobilis sakidars, rogorc eleqtroenergiis 
alternatiul wyaros, rac mniSvnelovnad gaaumjobesebs avtomobilis 
ekonomiurobas da sainteresos gaxdis farTo samomxmareblo bazrisaTvis. 

 avtomobilis sakidarSi axali amortizator eleqtro gardamqnelis 
gamoyenebis dadebiTi mxareebia: 
- aris energiis ganaxlebadi wyaro; 
- ar abinZurebs garemos gamonabolqvi airebiT; 
- amcirebs eleqtroakumulatorebze damokidebulebas; 
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- amaRlebs energousafrTxoebis dones; 
- iafia (ukugebis periodis Semdeg); 
- avtomobils aqvs kargi svlis simdovre da iqneba ufro komfortabelu-
ri; 
- sakidris axali amortizatoris cvalebadi maxasiaTeblis gamo kons-
truqcia ar Sedis rezonansSi; 
qmnis konkurencias saavtomobilo bazarze. 

Tumca amortizator eleqtro gardamqneliani sakidris  gamoyenebas 
eqneba uaryofiTi mxareebic, rogorebicaa sakidaris konstruqciis garTuleba 
da misi funqcionirebis uzrunvelsayofad avtomobilis CarCosTan specia-
luri, saxsruli damagrebis saWiroeba, magram aqamde usargeblod gabneuli 
energiis sasargeblod gamoyenebis perspeqtiva bevrad ufro mniSvnelovania 
da teqnikis filosofiidan gamomdinare, amarTlebs axali funqciuri daniSnu-
lebiT axali mowyobilobis gamoyenebis saWiroebas. 

avtomobilebSi farTodaa gavrcelebuli avtomobilis sakidaris ori 
ZiriTadi tipi: resoruli da zambaruli (anu, spiralur zambariani). am ori 
tipis sakidrebs urTierTmimarT gaaCniaT upiratesobebi da Sesabamisad — 
naklovanebebic. kerZod, resoruli sakidrebi kargad muSaoben did datvirT-
vebze rTul sagzao pirobebSi (da SemoTavazebuli avtomobilis amorti-
zator eleqtrogardamqneliani sakidarisaTvis es mniSvnelovania), rogorc 
energiis wyaroebi, xolo zambaruli sakidrebi kargad muSaoben mcire 
datvirTvebze _ karg sagzao pirobebSi (saqalaqo da saqalaqTaSoriso keTil-
mowyobil gzebze) da ar warmoadgenen mniSvnelovan energiis wyaroebs. 

axlad gamogonili avtomobilis  sakidaris unikaluri konstruqciuli 
Taviseburebidan gamomdinare SedegiT _ kerZod, vibraciebSi energiis gabnevis 
mkveTri SemcirebiT, SemoTavazebuli produqti meqanikuri rxevebis energias 
gardaqmnis eleqtroenergiad maRali margi qmedebis koeficientiT; aseve, 
Zaluri danadgari (eleqtro-generatori da mqnevara), hiroskopuli efeqtiT, 
sakidarSi asrulebs sapirwonis rols, riTac gantvirTavs mas ganiv-kuTxuri 
da grZiv-kuTxuri rxevebisagan, xolo sayrden zedapirze (avtomobilois Car-
Coze) mkveTrad Seamcirebs vertikalur rxevebs (anu, Seasrulebs amorti-
zatoris funqciasac), ris Sedegadac miiReba sruliad axali produqcia, rac 
garda imisa, rom gazrdis avtomobilSi eleqtroenergiis moxmarebis 
efeqturobas, amave dros, gamoiwvevs sakidaris saeqsploatacio xangamZleobis 
gazrdas. amasTan, avtomobilis axali sakidaris sayrdenis kinematika, kerZod 
avtomobilis CarCosTan saxsruli kavSiri, ganapirobebs mis kinematikur 
damyolobas vertikalur sibrtyeSi, xolo mqnevara da eleqtro-generatori — 
dinamikur damyolobas cvalebad dinamikur datvirTvebTan SesabamisobaSi. 
sabolood ki, dinamikuri datvirTvebis minimizaciis Sedegad, sayrdens 
ZiriTadad gadaecema meqanikuri rxevebidan aTvisebuli energiis reaqtiuli 
Zalebisagan gamowveuli statikuri datvirTva _ anu, mqnevaras aCqarebis 
winaaRmdegoba, minimaluri dinamikuri mdgeneliT. 

kvlevis siaxlea avtomobilis amortizator eleqtro gardamqmneliani 
sakidari, romelic Seicavs eleqtromagnitur generators, Tvlis morgvze da-
magrebuli dgaris CarCosTan damakavSirebel drekad elements da mis asaZ-
ravad dgarsa da CarCos Soris moTavsebul e.w. bzrialas/Cikors, Sesrule-
buls xraxnul gadacemaze (xraxni-qanCi) dasmuli mqnevaras saxiT. 

avtomobilis amortizator-eleqtro gardamqneliani sakidari Seicavs 
(nax. 1-4) eleqtromagnitur generators 1, Tvlis 2 morgvze 3 damagrebuli 
dgaris 4 CarCosTan 5 damakavSirebel drekad elements 6 (mocemul SemTxve-
vaSi, resors), mis asaZravad dgarsa 4 da CarCos 5 Soris moTavsebul cib-
ruts, Sesrulebuls xraxnul gadacemaze (xraxni 7 da qanCi 8) dasmuli mqneva-
ras 9 saxiT, romlis qanCi 8 damaCqarebeli gadacemiT kinematikurad (kbi-
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lanebis 10 da 11 wyviliT) dakavSirebulia eleqtromagnitur generatorTan 1,  
xolo bzrialas CarCosTan dakavSireba SesaZlebelia saxsriT 12. 

 

 
 

nax.1. avtomobilis rekuperaciuli 
sakidari grZiv WraSi: 

h _ avtomobilis vertikaluri rxevebi; 
ω _ mqnevaras wriuli rxevebi; V _ 
avtomobilis gadaadgilebis siCqare 

nax.2. avtomobilis rekuperaciuli sakidari 
frontalur xedSi: 

1 _ eleqtromagnituri generatori; 2 _ Tvali;  
3 _ uRelaki; 4 _ dgari; 5 _ CarCo; 6 _ drekadi 

elementi (resori); 7 _ xraxnuli gadacema 
mqnevaraTi 

 

 
 

nax.3. rekuperaciuli sakidris saerTo 
xedi 

nax.4. avtomobilis rekuperaciuli 
sakidris frontaluri xedi damaCqarebeli 

gadacemiT 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax. 5. rekuperaciul sakidarSi rxeviTi procesebis saangariSo 
 dinamikuri sistemis kinematikuri sqema 
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pirveli rigis amocanad dasaxulia sakidris drekad elementSi 
akumulirebuli energiis sididis dadgena, risTvisac mizanSewonilia Seiqmnas 
sakidris eqvivalenturi saangariSo sistema (maTematikuri modeli). cnobilia, 
rom avtomobilebSi wina da ukana xidebis sakidrebis urTierT gavlena 
imdenad mcirea, rom SeiZleba isini ganxilul iqnas damoukideblad, cal-
calke. aseve, cal-calke SeiZleba ganvixiloT marjvena da marcxena Tvali da 
sakidari Tavisi wonebiT, Tuki CavTvliT, rom daresorebuli da dauresore-
beli wonebi Seyursulia erT wertilSi. am daSvebebiT, Sesabamisi kinemati-
kuri sqemiT (nax.5) erT Tvalze dayvanili merxevi dinamikuri sistemis maTe-
matikuri modeli aRwerilia meore gvaris diferencialuri gantolebebis 
sistemiT: 

 

                              
0)()()()(

0)()(

1111

111111

=−−−−−+−+
=−+−+

zzCzzKqzCqzKzm
zzCzzKzm





               (7) 

 

sadac m   _ dauresorebuli masaa; 1m  _ daresorebuli masa; z _ dauresoreuli 

masis gadaadgileba; 1z  _ daresorebuli masis gadaadgileba; C  _ saburavis si-
xiste; 1C  _ sakidaris sixiste; K  _ saltis demfereba; 1K  _ sakidris demfe-
reba; q  _ gzis mikro profilis ordinati. 

CvenTvis sainteresoa (7) gantoleba da kerZod, amortizatoris mier 
STanqmuli energia - K1 (Ż1—Ż). Tu mas aRvniSnavT N-iT, maSin  

 
                                                   N= K1 (Ż1—Ż)                                                             (8) 

 
am energiis sidide damokidebulia K1   amortizaciis koeficientze da 

(Z1—Z)  _ daresorebuli   da  dauresorebuli masebis gadaadgilebaTa sxvao-
baze.  Cveulebriv CaxSobis koeficienti K1 avtomobilebis sakidrebisaTvis 
mudmivia, garda iSviaTi gamonaklisisa, anu igi ZiriTadad damokidebulia   
(Z1—Z)  gadaadgilebis sidideze. xolo, Tuki drois erTeulSi Sesrulebuli 
ciklebis raodenoba iqneba  n da srul energias aRvniSnavT  Nsr-iT, maSin 

 

                                          Nსრ= n N = n K1 (Ż1—Ż)                                                   (9) 
 
swored am energiis gardaqmnaa SesaZlebeli eleqtro energiad, Tuki 

sakidarSi amortizatoris nacvlad CavayenebT axal  amortizator eleqtro 
gardamqmnels (nax.1), romelic SeiTavsebs amortizatoris funqciasac da amave 
dros amortizatoris mier STanTqmul meqanikur energias gardaqmnis 
sasargeblo eleqtro energiad, romelic gamoyenebuli iqneba sxvadasxva mi-
marTulebiT: akumulatorTa batareiebis dasamuxtavad, ganaTebis sistemaSi, 
kondicirebaSi, radio da televiziis kvebaSi da a.S. aRniSnuli  amortizator 
eleqtro gaedamqmneli SesaZlebelia iyos ori saxis: erTi rogorc zemoT 
aris ganxiluli (amortizator eleqtro gardamqmneli) da meore, rodesac 
rotori Canacvldeba CarCoTi, romelic statorSi Seasrulebs winsvliT-
ukusvliT moZraobas. 

orive maTgans aqvs Tavisi dadebiTi da uaryofiTi mxareebi. kerZod, 
pirvelis, romlis muSaoba damokidebulia brunvaze, m.q.k. iqneba ufro maRali, 
magram konstruqciulad iqneba ufro rTuli, Zvirad Rirebuli da naklebad 
xangamZle  eqspluataciaSi, aseve imuSavebs mxolod kumSvaze. xolo meore, 
romelic warmodgenilia statorSi  winsvliT-ukusvliTi moZraobiT, misi  
m.q.k. iqneba ufro dabali, magram konstruqciulad iqneba ufro martivi, iafi 
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da ufro xangamZle  eqspluataciaSi, aseve imuSavebs orive mimarTulebiT, 
rogorc kumSvaze, aseve aRdgenaze. 

srul meqanikur energiasa Nsr da gardaqmnis Sedegad miRebul eleqtro 
energias  Nel  Soris iqneba Semdegi damokidebuleba 

 

 Nელ =j Nსრ           (10) 
 
 

sadac, j aris koeficienti, romelic iTvaliswinebs danakargebs meqanikuri 
energiis eleqtro energiad gardaqmnisas. 

amrigad, SemoTavazebulia axali rekuperaciuli mowyobiloba, romel-
sac  Seswevs  unari ara marto Caanacvlos amortizatori, aramed sakidarze 
mosuli datvirTvebi gardaqmnas eleqtroenergiad. damuSavebulia maTema-
tikuri modeli da Sedgenilia gantolebaTa sistema, romlis amoxsna iZleva 
SesaZleblobas ganisazRvros avtomobilis sakidarSi gabneuli is energia, 
romelic usargeblod ikargeba garemoSi da dadgindes, Tu misi ra nawili 
gardaiqmneba eleqtroenergiad, rac warmoadgens Semdegi kvlevis mizans. 
 
 
kvleva ganxorcielda `SoTa rusTavelis saqarTvelos erovnuli samecniero fondis 
mxardaWeriT [grantis nomeri CARYS-19-2345[~ 
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SUMMARY 
PROSPECTS FOR CONVERTING MECHANICAL ENERGY WASTED IN THE VEHICLE 
SUSPENSION INTO ELECTRICAL ENERGY  
Zivzivadze O.V., Zivzivadze B.L., Kachakhidze I.S., Geguchadze A.Ch. and Papidze Z.A. 
Akaki Tsereteli State University, Kutaisi  
The shock absorber in the suspension has been replaced by a new recuperative device that converts the loads 
transferred to the suspension from road surface irregularities into electric energy. 
Keywords: mechanical energy, car suspension, electric energy. 
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ANALYSIS OF CODE TESTING AND LONG TERM RELIABILITY FOR INTERNET OF 
THINGS COMPONENTS 

 
Kvirkvelia Sh.V, Kvernadze S.A. and Beridze J.L. 

 
Georgian Technical University 

 
     Abstract.  Considering some effects and faults of various electronic components, in long run perspectives, some 
software for Internet of things devices may prove unreliable. Financially, for some types of devices, making 
electronics that never fail might be inefficient. When it comes to using higher-level languages for programming 
microcontrollers, most of the programmers are left confused when sometimes software starts behaving randomly. 
Hardware faults are not common, but they happen. Sometimes a single hardware fault, in device's transmitter's 
component, can cause device to lose network connection and stay so until the components are restarted and 
renegotiated. This paper will try to describe some common aspects of hardware faults and some software solutions 
to them. Mathematical model for estimation Internet of things of device reliability is also presented. 
Keywords: internet, code, model, software, hardware. 

 
1. Introduction 
Internet of things is new technology and it has complex architecture consisting of many 

different parts both hardware and software. The importance of reliability is vital for services offering 
via Internet of things. The importance of reliability is vital for services offering via Internet of things. 
Because of structure of nodes and network specific characteristics, software and hardware reliability 
have close relations. Mostly in research papers they are considered as independent. We present 
approach and suppose dependency of software and hardware reliability especially device wear out 
phase. It is also very important to predict or check faults in early phase for this Chebyshev inequality 
and its confidence probability methods are proposed. For increasing reliability majoring principles are 
suggested for IOT devices or its vital parts. 

 
2. General software testing types for IOT 
Despite the large number of research works that attack specific problems related to the design 

and development of IOT applications and services, a general software engineering approach is still 
missing [1]. Custom software require an advanced testing approach, far beyond just simple Workflow 
debugging. IOT’s should be bound, but not limited to the next types of software testing [2]:  

• Workflow Testing - Scripted end-to-end testing techniques which simulates specific 
workflows which are expected to be utilized by the end-user. This kind of testing is necessary for all 
kind of fields…. it can be both manual and automated. 

• Error-Handling Testing - Software testing type which determines the ability of the system 
to process properly erroneous transactions.  

• Interface Testing - Methods to evaluate whether systems or components pass data correctly 
to one another. 

• Loop Testing - A white box testing technique that check possible program loops.  
• Fault injection Testing - Element of a comprehensive test strategy that enables the tester to 

concentrate on the manner in which the application under test is able to handle exceptions.  
• Scalability Testing - Part of non-functional testing which tests a software application for 

measuring its capability to scale up - be it the user load supported, the number of transactions or the 
data volume. 

• Load Testing - Testing technique that puts demand on a system or device and measures its 
response. It is usually conducted by the performance engineers. 

• Stability Testing - Testing technique which attempts to determine if an application will 
crash. 

• Stress Testing - Testing technique which evaluates a system or component at/or beyond the 
limits of its specified requirements. Useful for evaluating of possible hardware faults 

• Fuzz Testing - Software testing technique that provides invalid, unexpected or random data 
to the inputs of a program. 
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• Penetration Testing - Testing method which evaluates the security of a computer system or 
network by simulating a cyber attack. Usually this is conducted by specialized penetration testing 
companies.  

• Vulnerability/Security Testing - A process to determine that an information system protects 
data and maintains functionality as intended. Type of testing which regards to application security and 
has the purpose to prevent problems which may affect the application integrity and stability. This also 
may include maintenance concepts. 

This list may not be complete, but fits in almost every IOT device scenario. 
 
3. Component’s Interface fault 
Hardware tends to fail. When this happens unexpected dataflow between components at 

bridge-interfaces may occur. This “unexpected dataflow” can be just some random data stream or even 
total silence. Due to unexpected data, bad software design may cause whole device to malfunction. 
Error-Handling Testing comes as crucial prerequisite at end state of Interface coding. While coding 
Interface logic, we would recommend to always have headers, acknowledgments, timers and CRC 
error-detecting code no matter what, unless the data is analog or non-diverse… Due to variety of IOT 
components, negotiation between interfaces are required. Some of the interface’s low level protocols 
are standardized and require just setting the correct parameters. A simple example will be Serial 
Interface that uses variable bit rates. Serial ports use two-level (binary) signaling, so the data rate in 
bits per second is equal to the symbol rate in baud [2]. Bit rates commonly supported include 75, 110, 
300, 1200, 2400, 4800, 9600, 19200, 38400, 57600, 9600 and 115200 bit/s. In order to make the 
interface compatible for both sides, we need to set same baud rates at the interface ends. If for any 
reason, lets say hardware fault, the baud rate changed on one back end of the interface and didn’t 
change on the other, the communication between the components may fail until next reboot of the 
device.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Common code workflow  
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Data may be received corruptly. A simple piece of code could fix this, but higher-level 
language programmer may tend not to keep in mind hardware errors. IOT components are tend to be 
cheap and some of them don’t even have way of programming them, they are precoded. An example 
would be some Wireless modules that connect to IOT device via interface. In this case negotiation 
code is required from the programmable backend to communicate with the module. It is important to 
put renegotiation code as well. It is just in case when Wireless module gets rebooted by accident due 
to hardware fault, for example, some voltage drop. IOT devices are relatively new and non 
proprietary. There are common protocols developed with standardization in mind, unfortunately, full 
standardization still not achieved. When making a device or a system it is important to design robust 
software that can handle different kinds of hardware problems. Fig. 1 demonstrates a common 
software workflow. When the components loose synchronization, they stop communicating until 
device is restarted. This design lacks robustness. Fig. 2 address this issue by adding a synchronization 
check. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2. Robust code workflow 

 
 
4. Reliability 
Software reliability is “the probability of failure-free operation of a computer program for a 

specific time in a specific environment” [4]. It’s true that hardware don’t fail that frequently, but it 
may be very annoying when it do. Components tend to wear out and with that the probability of 
hardware faults increase. Faulty hardware can create an unexpected data for our software to handle. If 
our code is not robust, software errors may increased as well. Reliability has always been centered on 
computer hardware, i.e. how durable is a component of a printer, keyboard, etc. yet, the same cannot 
be said about software systems. Standards of measuring reliability of hardware focus on “wearing out 
process ses” [5]. When making a device it goes through different lifetime phases. At early 
development phase, hardware tend to have a good physical condition. Simple Workflow Testing may 
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be not enough here. If we want our devices reliability to last, we need to do different kind of testing. 
Fig.3 shows dependency between Hardware-software errors and exploitation time.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.3. Simple Workflow Testing’s fault results 

 
A fault or bug is a defect in software that has the potential to cause the software to fail. An 

error is a measured value or condition that deviates from the correct state of software during operation. 
A failure is the inability of the software product to deliver one of its services[6]. It is important to 
design a code that will parse any unexpected data with according action. With Fault injection Testing 
techniques we can simulate errors that don’t happen at early development phase. Making a software 
that doesn't rely on hardware state is the key component for reliability. Hardware errors cause extra 
software errors. The total amount of errors increase and probability of fatal error increase as well. Fig. 
4 show how a robust design software’s fault rate should depend on lifetime of a device. 

 

 
  
 Fig.4. Robust software fault results 

 
 
Software reliability is a statistical concept, i.e. assuming availability of a large number of 

identical samples, tests [7]. The mathematical model of reliability gives poor result at low failure rate.     
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Most models are difficult to use, as they require knowledge of software characteristics that can be 
calculated only after prolonged use [8]. The accuracy obtained in the statistical process using the 
example of measuring the probability of error in receiving information, one can estimate using the 
well-known Chebyshev inequality [9].  

( )pp
L

−∆
≥

14
1

                                          (1) 

Where L is the required number of experiments Δp=Ptrue-Pestimated  Maximum Difference 
between the true value probability Ptrue of error by its estimation Pestimated(confidence interval): P-The 
probability of fulfilling the condition | Ptrue-Pestimated  |≤ Δp (confidence probability). 

Fault rate λ(t) is one of most comfortable indicator for hardware device. probability can 
expressed as [10]. 
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Software probability is expressed as 
( ) ( )tetp λ−=          (3) 

                                                                                                                     
  If IOT devices consist n main and m reserved components (both software and hardware) 

Probability of unmistakable work P(t) can be determined as the probability of that in time t will 
happen m  mistake 
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where k is the number of device normal states. 
If we use majoring principles for the IOT devices or vital parts of this device, for l-times 

majoring and if m+n=l, m=(l-1)/2 we get absolutely reliable devices and this reliability can be 
expressed as  
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5. Code Security 
Most security exploits come from components receiving data and then parsing it. This kind of 

data often go into variables, they are called “Inputs”. Compilers and programming modules optimize 
the software code and change some aspects of its logic, that could be completely different from what a 
high-level language programmer might expect. Reviewing a code is always good idea, but for security 
reasons Fuzz Testing is essential. Testing should be implemented on every single Input in your 
program. Another aspect of security would be possibility to remotely listen for sensitive, private data 
that are transmitted over public channels. This part of IOT is relatively more standardized and only 
require implementation. Hashing and encrypting critical data is essential. Testing of this part is usually 
only conducted by specialized penetration testing companies and is irrelevant for general IOT device’s 
software design. Custom implementations is possible, but highly unadvisable. 

 
 
6. Conclusion and future works  
This paper attempts to analyse, predict and show software and hardware relationship for 

internet of things devices. More applicable software testing types for internet of things is listed. As 
case some hardware and network problems that we think influence on software reliability is analyzed. 
Simple Workflow Testing’s fault and Robust software fault results graphs for early development, mid 
and device wear out phases are presented.  
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For future we are going to develop algorithm for fast and early detection software, hardware 
and correlated faults. As a base for this algorithm we consider Chebyshev inequality and 
combinatorial probability mathematical model as little was presented in our current work. 
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РЕЗЮМЕ 
АНАЛИЗ ТЕСТИРОВАНИЯ КОДА И ДОЛГОВРЕМЕННАЯ НАДЕЖНОСТЬ ДЛЯ 
КОМПОНЕНТОВ ИНТЕРНЕТA ВЕЩЕЙ 
Квирквелиа Ш.В., Квернадзе С.А., Беридзе Дж.Л. 
Грузинский Технический Университет 
В соответствии с некоторыми  эффектами и неисправностями различных электронных компонентов, в 
дальнейшей перспективе, некоторое программное обеспечение Интернета Вещей может оказаться 
ненадежным. В финансовом плане, для некоторых типов устройств, создание электроники, которая 
никогда не портится, может быть неэффективным. Когда доходит до использования высокого уровня 
программирования микроконтроллеров, большинство программистов в недоумении, поскольку 
программное обеспечение начинает вести себя случайным образом. Неисправности физических 
устройств происходят не часто, однако имеют место. Иногда, одна физическая неисправность в 
компоненте передатчика устройства может вызвать потерю сети, и оставаться в этом режиме до тех пора 
пока компоненты не будут перезапущены, и не произойдёт процесс переговоров. В этой статье 
попробуем описать некоторые аспекты физических неисправностей и решения посредством 
программного обеспечения, также присутствует математическая модель оценки Интернета Вещей 
устройства надежности. 
Ключевые слова: Интернет, код, модель, программное обеспечение, аппаратура. 
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mewyruli ferdobebis gamagreba axali tipis sayrdeni kedlis gamoyenebiT 
 

mxeiZe o.r., WoxoneliZe g.i., baSar m. ameen abdullah al-imam 
 

saqarTvelos teqnikuri universiteti 

 
saqarTvelo warmoadgens rTuli geografiuli reliefis mqone qveyanas, 

sadac axali miwebis aTviseba, magistraluri satransporto gzebis, samrew-
velo da sacxovrebeli kompleqsebis mSenebloba da a.S. xSirad ferdobebze 
da kalTebze xorcieldeba, sadac adgili aqvs gruntis cocvadobiT gamow-
veul bunebriv gadaadgilebebs da mewyerul movlenebs. amitom maTi mdgra-
dobis uzrunvelsayofad saWiro xdeba sxvadasxva tipis Semakavebeli da dam-
cavi konstruqciuli sistemebis mowyoba. arsebobs ZiriTadi faqtorebi, rom-
lebic akontroleben dedamiwis zedapirze momxdari mewyeris tips: ferdobis 
gradienti maCvenebeli, ferdobebis konsolidacia, wyali, simaRle da a.S. [1,2]. 

saqarTveloSi mravali kvlevaa Catarebuli mewyruli riskis Sesafa-
seblad.  

q. Tbilisis reliefis geomorfologiuri formebi dakavSirebulia 
TrialeTis qedis Crdilo-aRmosavleT qedis daboloebasTan, romelic mcire 
kavkasionis rTuli mTiani jaWvis erT-erTi Semadgeneli nawilia. md. mtkvari 
or nawilad yofs  ufro amaRlebuli marjvena sanapirod da mniSvnelovnad 
dadablebuli marcxena sanapirod. marjvena sanapiro xasiaTdeba umTavresad 
mimarTulebis amaRlebebisa da depresiebis monacvleobiT. marcxena sanapiro 
morfologiiT mkveTrad gansxvavdeba marjvena sanapirosgan. xasiaTdeba ufro 
rbili reliefiT [3].  

Tbilisis da misi Semogareni mniSvnelovani simZlavris danaleq-fli-
Suri da vulkanogenuri naleqebiTaa warmodgenili. qveda eoceni – miekuT-
vneba aWara-TrialeTis naoWa sistemas, naleqebi warmodgenilia TxelSreeb-
rivi devroliTebis, alevroliTebis, alevreliTuri Tixebis, da a.S. Sua 
eocenuri naleqebi Tbilisis teritoriis samxreT nawilSi TeleTisa da  
seidabadis qedebis agebulebaSi monawileoben, am naleqebis kargi Wrilebi 
gvxvdeba dabaxanis xeobaSi, avlabris serebze da metexis xidTan. zeda eoceni 
gavrcelebulia Tbilisis teritoriaze. sakvlev raionSi gavrcelebuli zeda 
eocenuri naleqebi or wyebad iyofa, navTluRis biTumis Semcvleli wyeba, anu 
qveda Tevzebiani horizonti pirveli wyeba xasiaTdeba TxelSreebrivi alev-
roliTebis, wvrilmarcvlovani qviSaqvebis da a.S. numilitiani, anu Tbilisis 
wyeba. zeda eocenuri naleqebis meore Semadgeneli erTeuli „numilitiani 
Tbilisis“ wyeba kargad aris warmodgenili mamadaviTis mTaze [3].   

aRniSnulidan SeiZleba davaskvnaT rom q. Tbilisi ekuTvnis mTagorian 
sistemas da bunebrivia, rom mewyruli procesebis ganviTarebis yovelgvari 
winapirobebia.  

did diRomSi muxaTgverdis mewyeri ganviTarda muxaTgverdis sasaf-
laosken mimaval gzaze. didi diRmis depresiis aRmosavleTis mxridan 
fragmentuladaa gavrcelebuli mdinare mtkvris marjvena nawilze wyalzeda 
pirveli terasa.   

vinaidan mewyruli sxeuli ZiriTadad Tixafiqlebisgan aris warmod-
genili. maTi plastikurobis ricxvi 17-ze metia, rac saxstandartis normebiT 
Tixebs miekuTvneba. Tixuri fraqcia hidroqarsebiTa da montmorilonitiT 
aris warmodgenili. bunebriv pirobebSi, zeda zolSi Tixafiqlebis gruntis 
simtkicis maCveneblebi _ Sigaxaxunis kuTxe (Փ) icvleba (16-18)0 farglebSi, 
xolo kuTri SeWiduloba (C) Seadgens (0,10 _ 0,32) kg/sm2. qveda zolSi ki 
aRniSnuli maCveneblebi aseTia: Փ = (5 _ 12)0, C=(0,10 _ 0,15) kg/sm2. Tixafiqlebi 
xasiaTdeba maRali kumSvadobis koeficientiT da deformaciis modulis daba-
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li mniSvnelobiT. es monacemebi naTlad miuTiTebs, rom sveli Tixafiqlebi 
saerTod Tavisi TvisebebiT miekuTvneba sust gruntebs [4].  

mewyris warmoSoba yovelTvis dakavSirebulia wylis moqmedebasTan. Cven 
SemTxvevaSic mewyris warmoqmna ZiriTadad gamowveulia wylis moqmedebasTan. 
xSiria SemTxvevebi, rom ferdobis daqaneba xelovnurad icvleba adamianis 
zemoqmedebis Sedegad. amrigad, ferdobis qanebis gazrdam da zedapiruli 
wylebis gaaqtiurebam gamoiwvia muxaTgverdis mewyris warmoqmna. 

termini `mewyeri~ gamoiyeneba mravalferovani procesebis aRsawerad, 
rac iwvevs niadagisa da kldovani fenis gadaadgilebas rodesac niadagisa da 
kldovani fenis Zvris deformacia aWarbebs simtkicis zRvars (nax. 1) [5]. 

  

 
 

nax.1. niadagisa da kldovani fenis Zvris deformaciis damokidebuleba  
simtkicis zRvarze 

 
 
didi praqtikuli gamoyenebiT sargeblobs „horizontaluri Zalebis 

meTodi“, romelic samecniero literaturaSi cnobilia rogorc maslov-
bereris meTodi. es meTodi mdgomareobs SedegSi: mosalodnel mewyrul masivs 
yofen calkeul nakveTurebad da ganixilaven TiToeuli nakveTuris zRvruli 
wonasworobis pirobas. adgenen damWeri da mZvreli Zalebis sidides TiToeu-
li nakveTurisaTvis da Semdeg mTeli masivisaTvis. damWeri da mZvreli Zale-
bis fardoba mogvcems ferdobis mdgomareobis mdgradobis maragis koe-
ficients (nax. 2). 

 

 
 
  

nax. 2. mewyruli sxeulis dayofa 
 
meTodis gamoyenebis principi mkafiod ikiTxeba misi saangariSo sqemi-

dan, romelic  warmodgenilia rom: 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #1, 2020  
 
54 

H = g tgα  
 

T = H – E = g [tgα –tg(α – Ψ)] 
 

K = [∑ Tᵢ / ∑ ±Hᵢ]    
 

sadac, K aris ferdobis mdgradobis koeficienti; T _ xaxunisa da SeWidu-
lobis Zalebis mniSvneloba yoveli blokisaTvis gadaadgilebis zedapirze;              
H _ ganbrjeni, romelic gamoiTvleba yoveli blokisaTvis;  E _ ganbrjenis 
mdgeneli; g _ saangariSo blokis masa; α _ ferdobis nakveTuris Ziris (fuZis) 
daxra horizontTan; Ψ _ Zvris kuTxe; ci, ჶi  _ Sesabamisad gruntis masivis SeWi-
dulobis da Siga xaxunis kuTxis mniSvnelovani nakveTuris Zirze [6]. 

rac niSnavs, rom mewyeri aramdgradia da igi moiTxovs mewyruli masis 
adgilze gamagrebas masis Tvisebebis gaumjobesebiT. mewyruli ferdobis 
gamagrebasTvis, rom stabilurobis koeficienti 1-ze naklebia, Semdeg  axali 
tipis sayrdenis kedelis modeli gamoviyeneT. (sayrdenis kedelis zoma, + 3,5 m 
simaRle, sayrdenis kedlis sigane zemodan aris 0,5 m da qvemodan 0,6 m, ximi-
njebis sigrZe (5,0) m, kvadrati ximinjebis (0,6*0,6) m, manZili ximinjebs Soris 
3,0. 

 

 
nax.3. sayrdeni kedlis modeli 

 
 

Cven gamovTvaleT sayrdeni kedlis stabiluroba rogorc mocurebis 
stabiluroba da gadatrialebis stabiluroba, da davadgineT, rom mocurebis 
stabilurobis usafrTxoebis faqtori aris 1,38 da usafrTxoa, xolo gadat-
rialebis  stabilurobis faqtori _ 1,27 da usafrTxoa. usafrTxoebis nor-
maluri faqtoria 1,25 _ 2. ferdobis stabilurobis koeficienti gaizarda 
0,77-dan 1,32-mde da es ufro metia (1,0), es niSnavs, rom ferdobis stabiluroba 
axla usafrTxoa cxrili 1 da 2.  

mocurebis stabilurobis damagrebis kedlis gaangariSebisTvis, hori-
zontalurma ximinjebi daamata 4,32 t, rogorc wona da 15,46 t, rogorc 
xaxunis Zala niadagsa da ximinjebis Soris, es niSnavs, rom gazrdis Zalebis 
winaaRmdegobas sayrdeni kedlis gamagrebis 44,7% winaaRmdegobis mTliani 
Zalebidan, da sayrdeni kedlis gadatrialebis stabilurobis gaangariSe-
bisTvis, horizontaluri ximinjebiis daemata winaaRmdegobis momenti 
sayrdeni kedlis gadatrialebis stabilurobis 9,44 t.m (xaxunsa da niadags 
Soris xaxuna) da 4,75 t.m (horizontaluri ximinjebiis datvirTva)  da 3,56 t.m 
(vertikaluri tvirTi ximinjze), es niSnavs, rom momentebi gazrdis gadatria-
lebis stabilurobis sayrdenis kedli, daaxloebiT 87%. 
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cxrili 1. muxaTgverdis mewyris koeficienti saangariSi cxrili 
(simWidrove) γ=1,8 t/m3; (gruntis Siga xaxunis kuTxe, gradusebSi) φ = 6°; 

(gruntis kuTxuri SeWidulobaa) C =0,1 kg/sm2 

 
 

cxrili 2. muxaTgverdis mewyris koeficienti saangariSi cxrili  
sayrdeni kedlis simaRle = + 3,5 m (simWidrove) γ=1,8 t/m3;  

(Zvris Zabvebis rezistentobis) φ = 6° ; (gruntis kuTxuri SeWidulobaa) C =0,1 kg/sm2 . 
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1 (6,5×5)/2 16,25 29,25 32 00,62 18,14 0,06 0,17 9,65 22,35 0,410 11,99 

2 ((5+7)/2)×6 36,00 64,80 28 00,53 34,34 0,08 0,19 11,76 16,24 0,290 18,79 

3 ((7+4,2)/2)×6 33,60 60,48 12 00,21 12,70 0,11 0,22 12,41 -0,41 -0,007 -0,42 

4 ((4,2+3,8)/2)×6 24,00 43,20 8 00,14 6,05 0,17 0,28 15,64 -7,64 -0,130 -5,62 

5 ((3,8+1,8)/2)×6 16,80 30,24 5 0,09 2,72 0,23 0,34 18,78 -13,78 -0,250 -7,56 

      
73,95 

     
17,18 

K = (H-E)/H = (73,95-17,18)/73,95 = 0,77 < 1,0  ar aris usafrTxo 
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1 (6,5×5)/2 16,25 29,25 32 0,62 18,14 0,11 0,22 12,41 19,56 0,36 10,53 
2 ((5,00+6,66)/2)×4,4 25,65 46,17 28 0,53 24,47 0,11 0,22 12,41 15,59 0,28 12,93 
3 ((6,66+6,15)/2)×1,6 10,25 18,45 0 0 0 0,17 0,28 15,64 -15,64 -0,28 -5,17 
4 ((6,15+2,07)/2)×6 24,66 44,39 0 0 0 0,25 0,36 19,80 -19,80 -0,36 -15,98 
5 ((2,07+0,82)/2)×6 8,67 15,61 0 0 0 0,72 0,83 39,69 -39,69 -0,83 -12,96 
6 (0,82×1,95)/2 0,80 1,44 0 0 0 2,06 2,17 65,26 -65,26 -2,17 -3,12 
      42,61      -13,77 

K = (H-E)/H = (42,61-(-13,77)/42,61 = 1,32 ˃1,0   is aris usafrTxo 
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daskvnebi  
• q. Tbilisi geomorfologiurad warmoadgens mTagoriani qveynis nawils  da 
amitom, rogorc yvela mTagorian wveyanaSi, mewyruli procesebi sakmaod aris 
ganviTarebuli. 
• q. TbilisSi mewyruli procesebis ganviTarebis ZiriTadi mizezi teqno-
genuri wylebia. amitom mewyrul zonebSi mkacrad unda iqnes daculi 
teritoriebi teqnogenuri wylebisgan.   
• sayrdeni kedlis gamoyeneba mewyeris koeficients gazrdis 0,77-dan 1,32-mde 
da gaxdeba usafrTxo. 
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SUMMARY 
SUPPORT OF LANDSLIDE SLOPES USING A NEW TYPE OF RETAINING WALL 
Mkheidze O.R.,  Chokhonelidze G.I. and   Bashar M.Ameen Abdullah Al-Imam 
Georgian Technical University 
Tbilisi city and its surroundings are a geologically divided territory, in which the river Mtkvari located in the 
middle of the city. Mukhatgverdi landslide developed in Didi Digomi on the way to Mukhatgverdi cemetery. 
Landslide origin is always related to the action of water. Thus the increase of slope rocks and the activation of 
surface waters led to the formation of the Mukhatgverdi landslide. When a landslide is unstable and it requires 
the landslide mass to be support by improving the mass properties. To support the landslide slope with a stability 
coefficient of less than 1, we used a new type of retaining wall model. The landslide slope stability has increased 
from 0.77 to 1.32 and became safe. 
Keywords: landslide, retaining wall, model. 
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maTematikuri modelirebis integrireba saaviacio usafrTxoebis 
uzrunvelyofisaTvis 

 
alania d.l. 

 
saqarTvelos saaviacio universiteti  

 
saaviacio usafrTxoeba ganisazRvreba, rogorc aviaciis saqmianobaSi 

ukanono Carevisagan daculobis mdgomareoba. ukanono Careva aviaciis saqmia-
nobaSi [1] _ ukanono qmedebebi (umoqmedoba), safrTxes uqmnis saaviacio 
saqmianobas, ris Sedegadac xdeba avariebi, adamianis sicocxlis xelyofa, 
qonebis dazianeba, TviTmfrinavis gataceba an amgvari Sedegebis safrTxe.  

Tu saaviacio usafrTxoebas ganvixilavT, rogorc samecniero kvlevis sa-
gans, unda aRiniSnos, rom mocemul etapze orientirebuli viqnebiT saaviacio 
usafrTxoebis uzrunvelyofis problemaze, anu kvlevis sagania uzrunvel-
yofis saSualebebi (teqnikuri, ekonomikuri, samarTlebrivi, resursi da sxva).  

bolo wlebis tendencias warmoadgens saaviacio usafrTxoebis uzrun-
velyofis sakiTxebi ganixilebodes misi donis optimaluri marTvis Tvalsaz-
risiT, miRebuli davalebebis identificirebis Tanamimdevruli gadawyvetiT 
da gazomviT. am mimarTulebiT miRebuli Sedegebis analizi cxadyofs for-
malizaciis problemaze [2] gadasvlis aucileblobas, romelsac uzrunvel-
yofs maTematikuri modelireba saaviacio usafrTxoebis marTvis procesis 
optimizaciis mizniT.  

amisaTvis kvlevaSi, saaviacio usafrTxoeba naCvenebia, rogorc raRac 
mdgomareoba, romelic ukavSirdeba sakvlevi obieqtis garkveul parametrebs, 
romelTa raodenobrivi maCvenebeli dinamikaSia gare da Sida faqtorebis 
gavleniT.  

usafrTxoebis sxvadasxva definiciis mTlianobis analizi gviCvenebs, 
rom is asocirdeba or koncefciasTan _ mdgomareobasTan da riskTan [3]. 
mdgomareobis cneba dakavSirebulia sakvlevi obieqtis garkveul parametreb-
Tan, romelTa raodenobrivi asaxva maTi cvlilebis dinamikaSi, gare da Sida 
faqtorebis gavleniT, obieqtis funqcionirebis Tvalsazrisis gaTvaliswine-
biT, misaReb sazRvrebSi rCeba. amave dros, garemo formirdeba obieqtebis 
dacvis saSualebiT, romlebic warmoadgens teqnikuri da sxva funqcionaluri 
elementebis garkveul nomeklaturas [4], romlebic uzrunvelyofen Sida da 
gare safrTxeebis gamklavebisTan dakavSirebul davalebebis Sesrulebas.  

dacvis obieqtis mdgomareobis raodenobrivi gamosaxva saaviacio 
usafrTxoebis TvalsazrisiT warmoadgens mowyvladobis cnebas, romelic 
Tavis mxris warmoadgens sahaero transportis infrastruqturis obieqtebis 
[5] usafrTxoebis xarisxs da Sefasebulia, rogorc dacvis maxasiaTeblebis 
Sesabamisoba dadgenil moTxovnebTan. aseve cnobilia Tvisebebis cneba, rome-
lic ganixileba, rogorc Tandayolili maxasiaTeblebis, moTxovnebTan Sesa-
bamisobis xarisxi. am SemTxvevaSi SeiZleba iTqvas, rom sagnis usafrTxoebis 
maxasiaTeblebis xarisxi, garkveuli SezRudvebiT da SeiZleba ganisazRvros, 
rogorc mowyvladobis sapirispiro sidide.  

aqedan vakeTebT mniSvnelovan daskvnas: sahaero transportis infrastruq-
turis obieqtebis dacvis xarisxi aris garemos parametri, romelic uzrunvel-
yofs obieqtis dacvas. sxva sityvebiT rom vTqvaT, arsebobs samoqalaqo avia-
ciis obieqtebis dacvis garkveuli warmosaxviTi veli, romelic uzrunvelyofs 
winaaRmdegobis gawevas arsebuli an savaraudo safrTxeebis mTlianobasTan, 
romlis kontrolirebadi parametri aris damcavi  saSualebebis xarisxi.  

yovelive zemoaRniSnulidan gamomdinare, am etapze dgeba sakiTxi _  
maTematikuri modelirebiT [6], SesaZleblobebis Sefasebis gaTvaliswinebiT 
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gamoyenebul iqnes aviaciis saqmianobaSi ukanono Carevebis sawinaaRmdego 
parametrebis formulirebisaTvis. 

SemoTavazebuli modeli ganekuTvneba kidura amocanebis klass, rome-
lic aRiwereba diferencialuri gantolebebiT kerZo warmoebulebSi. unda 
aRiniSnos, rom amocanis SemoTavazebuli lingvisturi dayeneba da miTumetes, 
mowyvladobis struqturul-logikuri modeli, sakmaod arasrulyofilia da 
ar asaxavs realurad arsebuli fizikuri procesebis garkveul niuansebs 
saaviacio usafrTxoebis dargSi. amasTan, zogadad, raime modelis ararsebo-
bis garda, amocanis ase dayeneba SeiZleba miviRoT formalizaciis etapis 
dasrulebis modelis dazustebis pirobis dros. 

zemoT gadmocemulidan gamomdinare, mocemul etapze dgeba kidura 
amocanebis Teoriis maTematikuri analizis [7] amocana, ukanono Carevisgan 
satransporto infrastruqturis obieqtis dacvis velis parametrebis for-
malizaciisTvis, misi gamoyenebis SesaZloblebis Sefasebis mizniT. 

kidura amocanebis Teoriis maTematikuri aparati moicavs maTematikuri 
modelebis praqtikulad amomwurav CamonaTvals sxvadasxva fizikuri proce-
sis formaluri warmodgenisTvis.  

qvemoT warmodgenilia zogierTi midgoma kidura amocanebis analitiku-
ri amoxsnis mimarT. CavweroT diferencialuri gantoleba operatiuli saxiT: 

 

( ) Ω= pA ϕ  areSi      (1) 

sadac A _ xazovani diferencirebuli operatoria. 
gantolebis amoxsna unda akmayofilebdes operatiul kidura pirobebs: 
 

( ) r=ϕB  m     sazRvarze             (2) 

 

avagoT  ϕ̂  aproqsimacia ϕ φ amoxnisTvis daSlis saxiT: 

 

∑ =+== amNmM m 1ˆ ψϕϕ                  (3) 

 
sadac 𝑁𝑁𝑚𝑚, m = 1, 2, ……, M – xazovnad damoukidebeli bazisuri funqciebi, 
amasTan B(𝑁𝑁𝑚𝑚) = 0 , m = 1, 2, ..., M  m-ze. 

Ψ funqcia akmayofilebs (2) mosazRvre pirobebs B ( ) rB =ψ  m-ze; 

𝑎𝑎𝑚𝑚, m = 1, 2, …, M - zogierTi parametri, romelic iangariSeba ise, rom 
kargi miaxloeba miviRoT. 

ramdenadac (3) akmayofilebs kidura pirobebs, aproqsimaciis misaRebad 

aucilebelia garati, rom ϕ̂  warmoadgens gantolebis miaxloebiT amoxsnas. 

CaviweroT gansxvaveba, А operatoris xazovanebis gaTvaliswinebiT: 
 

∑ =
−+=−=Ω

M

m
pamANmApAR

1
ˆˆ ϕϕ     (4) 

 

(4) nulovani gasnxvavebis misaRebad yvelgan ΩΩ  amoxsnis areSi 
gamoiyenoT Sewonili gansxvavebis meTodi 

 

{ } MIdpamANmAWIdWIR M

m
,...,2,1,0

1
==Ω−+Ψ=ΩΩ∫ ∫ ∑

Ω Ω
=

  (5) 

 
sadac  W l, l= 1,2,… M _ xazovnad damoukidebeli Sewonili funqciebi. 

gamosaxuleba (5) aRwers xazovani algebruli gantolebebis sistemis 
gantolebebs. 
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  α m . es sistema SeiZleba Caiweros Semdegi saxiT 
 

Ka = f, 
sadac K – matrica elementebiT ∫

Ω

≤≤Ω= ,,1, MmIWIANmdKim
 

f _ veqtori 

elementebiT MmdWiAWipdfi ≤≤ΩΨΩ−ΩΩ= ∫ ∫ ,11 ; a - sapovni veqtori. 
umetes SemTxvevebSi kidura amocanebis amoxsnis analitikur meTodebs 

gaaCnia SezRuduli gamoyeneba. aseT SemTxvevaSi gamoiyeneba ricxobrivi 
meTodebi. Cvens amocanasTan mimarTebaSi, roca amoxsnis safuZvelSi devs maT 
Soris evristuli procedurebi, SeiZleba visaubroT mxolod amoxsnis raRac 
kombinirebul meTodze, maT Soris, gadawyvetilebebis miRebisa da kidura 
amocanebis TeoriasTan erTobliobaSi eqpsertizis meTodebze. 

warmodgenili kvleva gviCvenebs samoqalaqo aviaciis obieqtebis 
ukanono Carevisgan dacvisa da safrTxis hipoTezuri velebis formalizaciisa 
da modelirebis principul SesaZleblobas kerZo warmoebulebSi kidura amo-
canebis Teoriis maTematikuri aparatis gamoyenebiT. Tumca, amasTan, Cndeba ma-
Tematikuri da meTodologiuri problemebi, rac ukavSirdeba aRniSnuli ve-
lebis parametrebis zusti identifikaciis dauZlevel sirTules. am SemTxve-
vaSi SesaZlebelia evristuli procedurebis gamoyeneba. maSin dgeba sakiTxi 
evristuli procedurebis sakmaod zust modelebSi koreqtulad Casmis Taoba-
ze, rac aRiwereba diferencialuri gantolebebiT kerZo warmoebulebSi, ra-
sac, savaraudod, mivyavarT modelebisa da realuri procesebis garkveul ara 
adeqvaturobamde. aseT SemTxvevaSi upriania  kompleqsuri midgomis ganxilva, 
gadawyvetilebebis miRebis Teoriis, saeqsperto meTodebisa da kidura amoca-
nebis Teoriis gamoyenebiT.  
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SUMMARY 
INTEGRATION OF MATHEMATICAL MODELING INTO AVIATION SECURITY 
Alania D.L. 
Georgian Aviation University 
The article presents the setting of the problem of mathematical formalization related to aviation safety. The task 
of formalization is due to and initiated by the modern state of the problem of ensuring aviation security. Aviation 
security in modern systems is implemented on the basis of the organizational and regulatory principles of 
security management, which does not imply measuring of the level of safety in quantitative terms. The next 
management principle allows to solve the problem of ensuring aviation safety without assessing the optimality of 
decisions made and assessing the effectiveness of the software used. The question of an acceptable level of 
aviation safety remains somewhat open, since its enforcement is monitored in the form of inspection measures 
that respond to the question of the compliance of the site's protection measures with the established 
requirements. At the same time, the problem of the measurability of requirements and the subjectivity of 
assessments and mathematical formalization remains open. The article is about the integration of mathematical 
modeling in aviation security. 
Keywords: Aviation security, formalization, mathematical modeling, quality of security, boundary value 
problem, partial differential equations, classification.  
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avtoteqnikuri eqspertizis gamoTvlis meTodebi 
 

Dwiklauri m.o. 
 

saqarTvelos teqnikuri universiteti 
 
 

avtoteqnikuri eqspertizis mimdinareobisas sawyisi monacemebis mniSv-
nelobebis sizuste damokidebulia maTi dadgenis meTodze, meti cdomileba 
SeiZleba iqnes daSvebuli sawyisi monacemebis mowmeTa da SemTxvevaSi monawi-
leTa Cvenebebis mixedviT dadgenisas, aseve maTi mniSvnelobebis arCevisas sac-
nobaro cxrilebidan. sawyisi monacemebi, romlebic miRebulia sworad Cata-
rebuli eqsperimentis Sedegad, gamoirCeva didi sizustiT. magaliTi: gamarTu-
li, sedanis tipis avtomobili daejaxa qveiTad mosiarules saval nawilze 
gadasvlis momentSi. eqspertis winaSe dasmulia kiTxva: hqonda Tu ara 
mZRols teqnikuri SesaZlebloba Tavidan aecilebina dajaxeba, Semdegi sawyi-
si monacemebis arsebobisas: savali nawili iyo mSrali, asfaltirebuli, hori-
zontaluri profilis; avtomobilis moZraobis siCqare _ Va = 50 _ 60 km/sT; 
qveiTis moZraobis siCqare _ Vq = 3,3 km/sT (mudmivi saSualo mniSvneloba); 
qveiTad mosiarulem saval nawilze gaiara _ Sq = 2m da avtomobili mas 
daejaxa wina nawiliT, mZRols ar daumuxruWebia. 

eqspertma sawyisi monacemebiT miiRo: Seneleba mkveTri damuxruWebisas 

_ J=5,8 m/wm2; mZRolis reaqciis dro (normatiuli) _ 8,01 =t wm; samuxruWe 

amZravis amoqmedebis dayovnebis dro _ 1,02 =t wm; drois nazrdi siCqaris maq-

simaluri Senelebis dros _ 15,03 =t wm.  

am monacemebze dayrdnobiT eqsperti gansazRvravs gasaCerebel manZils 
Sg da avtomanqanis daSorebas dajaxebis adgilidan im momentisTvis, rodesac 
qveiTma daiwyo savali nawilis gadakveTa SdaS. 
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miRebuli Sedegebis Sejamebis Sedegad dadginda, rom mZRols ar hqon-

da teqnikuri SesaZlebloba Tavidan aecilebina dajaxeba, radgan avtomobi-

lis 50_60 km/sT siCqariT moZraobisas gS > daS.S   

satransporto saSualebis siCqare damuxruWebis dawyebamde gamoTvlis 
gziT SeiZleba iqnas dadgenili im SemTxvevaSi, Tu aris monacemebi damuxru-
Webis dawyebidan mis srul gaCerebamde daxarJuli kinetikuri energiis Sesa-
xeb. satransporto saSualebis siCqaris gansazRvris ramdenime meTodi, rom-
lebic xSirad gvxvdeba saeqsperto praqtikaSi:  

satransporto saSualebis siCqaris gansazRvra samuxruWe kvalis sigr-
Zis mixedviT Tu mkveTri damuxruWebisas satransporto saSualebis sabura-
vebi iblokeba, maSin misi siCqare damuxruWebis dawyebamde gamoiTvleba Semde-
gi formuliT: 

JSJtV ××+××= 268,1 3a km/sT 
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sadac, 3t  aris drois nazrdi siCqaris Senelebisas (wm); J – maqsimaluri Sene-

leba mkveTri damuxruWebisas (m/wm2); S – samuxruWe kvalis sigrZe satranspor-
to saSualebis srul gaCerebamde (m).  
 samuxruWe kvalis sigrZe tolia im manZilis, romelzec gadaadgilda 
satransporto saSualeba maqsimaluri SenelebiT damuxruWebis procesSi. si-
namdvileSi samuxruWe kvali naklebia am manZilze, amitom gamoTvlebSi cdo-
milebis Sesamcireblad Senelebis drois nazrdis mniSvneloba, ramdenadme 
aWarbebs mis WeSmarit sidides.  

saeqsperto kvlevis sirTule damokidebulia ara mxolod imaze Tu ram-
denad srulad iTvaliswinebs eqsperti SemTxvevis sxvadasxva garemoebis gav-
lenas gamoTvlebis Sedegebze, aramed imaze, Tu rogor atarebs is kvlevas.  
imisTvis, rom SevamciroT eqspertis daskvnis kvleviTi nawilis moculoba da 
gavuadviloT sagamoZiebo organos misi Sefaseba, mizanSewonilia gamoviyenoT 
saeqsperto praqtikisTvis rekomendebuli saboloo formulebi.  

 
literatura 
1. S. fafiaSvili. kriminalistika, danaSaulTa gaxsnis taqtika. -Tbilisi 2007, 735 gv. 
2. g. kapanaZe, l. fanoziSvili. sasamarTlo avtoteqnikuri eqspertizis meTodika.             
-Tbilisi 2014, 180 gv. 
3. https://www.interpol.int/How-we-work/Forensics,  9.07.2020 
 
SUMMARY 
METHODS OF CALCULATING OF AUTO TECHNICAL EXPERTISE 
Tsiklauri M.O. 
Georgian Technical University 
In expert studies, one or another value can be determined by different methods of calculation. The choice of 
method depends on how accurately it is necessary to take into account the influence of different circumstances of 
the case on the result of the calculation. It is advisable to use the simplest possible method, which at the same 
time allows to get an accurate answer to the question asked. 
Keywords: technical suspension capability, maximum deceleration. 
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pirobiTi albaTobis gamoyenebis Sesaxeb 

 

tyemalaZe g.S., doWviri b.m., maxaSvili q.a.  

 

saqarTvelos teqnikuri universiteti 

 

1. bunebis umTavresi fenomenia sicocxle adamiani cdilobs am 

fenomenTan erTad Seiswavlos sami ZiriTadi fenomenis _ sivrcis, droisa da 

SemTxveviTobis yofaqceva. bunebaSi mimdinare procesebi SemTxveviTi xasiaTi-

saa da mecnierebis sxvadasxva dargis meTodebTan erTad am procesebis 

Seswavlasa da analizSi arsebiTad gamoiyeneba albaTur-statistikuri meTo-

debi _ Tanamedrove stoqasturi analizi anu stoqasturi integraluri da 

diferencialuri aRricxva. albaTur-statistikur kvlevaSi mniSvnelovani 

adgili ukavia pirobiTobisa da damoukideblobis cnebas. sakmarisia davasa-

xeloT specialuri pirobiTi maTematikuri lodini _ martingali, entropia, 

pirobiTi entropia [1-3].  

naSromSi motanilia pirobiTi albaTobis gansazRvreba klasikuri eqs-

perimentis SemTxvevaSi da ramdenime sailustracio ricxviTi amocanis gadaw-

yveta. 

2. ganvixiloT e.w. klasikuri sqemis eqsperimenti (cda), romelic Sem-

degnairad aRiwereba 

{ }nωω ,...,1=Ω       (1) 

sadac nωω ,...,1  sidideebi eqsperimentis erTnairad mosalodneli da urTierTga-

momricxavi yvela SesaZlo SemTxveviTi Sedegia. am sidideebs elementaruli 
xdomilobebi ewodeba, xolo Ω  simravles aucilebeli xdomiloba anu elemen-

tarul xdomilobaTa sivrce ewodeba. Ω -s nebismier Ω⊂A  qvesimravles 

SemTxveviTi xdomiloba (faqti) ewodeba, romlis albaToba ganisazRvreba 

tolobiT 

 

( )
raodenoba elementTa s-

raodenoba elementTa s

Ω
−

==
A

n
mAP        (2) 

 

aqve gvinda albaTobis cnebis SemoRebasTan dakavSirebiT gamovTqvaT 

ramdenime mosazreba. ganvixiloT erTi SexedviT umartivesi klasikuri 

eqsperimenti _ wesieri monetis agdeba ori SesaZlo SedegiT: gerbi an safasu-

ri. vTqvaT moneta avagdeT aTjer aRvniSnoT ( )iX -iT, 10,...,1,0=i  gerbis mosv-

laTa ricxvi. aRvniSnoT agreTve ( ) ( ){ }iiXiA ==  SemTxveviTi xdomilobis al-

baTobebi ip -iT, 10,...,1,0=i . Tu am TerTmeti SemTxveviTi xdomilobis albaTo-

bebs bernulis formuliT gamoviTvliT, advilad davinaxavT, rom yvela alba-

Toba dadebiTia da maTi jami erTis tolia. am eqsperimentis did ricxvjer 

gameorebis dros isev advilad davinaxavT, rom gerbis mosvlaTa ricxvis 

fardobiTi sixSire an 0,5-is tolia an axlos aris masTan. albaTobis Teo-

riaSi damtkicebulia e.w. centraluri zRvariTi Teorema, romlis Tanaxmad 

roca eqsperimentebis raodenoba usasrulod izrdeba, maSin gerbis mosvlaTa 

fardobiTi sixSire swored 0,5-sken ikribeba. 

es imas niSnavs, rom erT cdaSi gerbis mosvlis albaToba 0,5-is tolia. 

Tumca es imas sulac ar niSnavs, rom wesieri monetis, magaliTad oTxjer 
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agdebis SemTxvevaSi gerbi zustad orjer mova. migvaCnia, rom eqsperimen-

tatorma es da analogiuri faqtebi unda gaiTvaliswinos eqsperimentebis 

Sedegebis safuZvelze gakeTebuli daskvnebis dros. 

sazogadod monetis agdebasTan dakavSirebulia uamravi Teoriuli da 

praqtikuli xasiaTis rTuli maTematikuri amocana. magaliTisaTvis SeiZleba 

davasaxeloT kargad cnobili simetriuli brounis moZraoba da misi yofaq-

cevis aRmweri adekvaturi maTematikuri modelebis ageba. 

xSirad saWiroa gamoviTvaloT erTi xdomilobis albaToba im pirobiT, 

rom meore xdomiloba ukve moxda. A xdomilobis pirobiTi albaToba B 
pirobiT (B moxda) aRiniSneba ( )BAP  simboloTi da ganisazRvreba tolobiT 

( ) ( )
( )BP
ABPBAP =          (3) 

analogiurad gveqneba 

 

( ) ( )
( )AP
ABPABP =          (4) 

bolo ori tolobis Tanaxmad miviRebT ori A da B xdomilobis 

namravlis albaTobis formulas 

 

( ) ( ) ( ) ( ) ( )BAPBPABPAPABP ==      (5) 

Cven dagvWirdeba kidev Semdegi ori toloba: 

 

( ) BAABBBAAΩA +=+==        (6) 

( ) BAABAABBΩB +=+==       (7) 

SevniSnavT, rom pirobiTi albaToba, iseve rogorc albaToba, ganusaz-

Rvrelobis universaluri ricxviTi sazomia da gaaCnia cdis Sedegebis anali-

zisa da prognozirebis Tvisebebi. 

3. qvemoT motanilia albaTobisa da pirobiTi albaTobis gamoyenebis 

sailustracio ramdenime amocanis amoxsna. 

amocana 1. laboratoriaSi diagnostikur testebs amzadebs mkvlevarTa 

ori jgufi. testebis produqciaSi pirveli jgufis wilia _ 40%, meoreSi _ 60%. 

Catarebuli cdebis analizis safuZvelze dadgenilia: 

pirveli jgufis produqciaSi `vargisia~ 90%, meoris _ 80%. klinikam 

SeiZina erTi testi. 

1) ipoveT albaToba imisa, rom testi aris `vargisi~. 

2) testi aRmoCnda `vargisi~. ipoveT pirobiTi albaToba imisa, rom 

testi aris pirveli jgufis produqtidan. 

amoxsna. pirvel rigSi SevniSnavT, rom terminis `vargisi~ Sinaarsis 

dazusteba da ricxviTi mniSvnelobis miniWeba moiTxovs pacientebze testis 

gamoyenebis garkveuli raodenobis cdebs da amis safuZvelze testis `var-

gisianobis~ kriteriumis gansazRvrebas. 

1) SemoviRoT ori SemTxveviTi xdomiloba: 

A _ testi `vargisia~ ( A  _ ar aris vargisi) 

B _ testi pirveli jgufis produqtidan aris  

( B  _ testi meore jgufis produqtidan aris). 

zemoT motanili formulebis gamoyenebiT gveqneba: 
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amocana 2. vTqvaT gvaqvs  diagnostikuri testebis N raodenobis simrav-
le, romelTa Soris M aris `vargisi~ (N _ M vargisi ar aris).  saWiroa TiTo 

testi SemTxveviT rigrigobiT avarCioT ukan daubruneblad. ipoveT albaToba 

imisa, rom rigiT meore nabijze arCeuli testi aRmoCndeba `vargisi~. 

amoxsna. advili misaxvedria, rom pirvel nabijze SemTxveviT vargisi 

testis arCevis albaTobaa M/N. am amocanaSi saintereso isaa, rom meore 

nabijze SemTxveviT arCeuli testis `vargisianobis~ albaToba isev M/N 

sididis tolia. 

SemoviRoT ori SemTxveviTi xdomiloba: A1 _ pirveli testi `vargisia~,  
A2 _ meore testi vargisia. gvaqvs: 
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amocana 3. inglisSi da uelsSi 1891 wels mosaxleobis aRweriT dad-

genili iyo: muqTvalebiani mamebi da muqTvalebiani vaJiSvilebi (xdomiloba 
AB) Sedgenen 5%-s, muqTvalebiani mamebi da aramuqTvalebiani vaJiSvilebi 

(xdomiloba AB ) _ 7,9%, aramuqTvalebiani mamebi da muqTvalebiani vaJiSvile-

bi (xdomiloba BA ) _ 8,9%, aramuqTvalebiani mamebi da aramuqTvalebiani vaJi-

Svilebi (xdomiloba BA ) _ 78,2%. pirobiTi albaTobis gamoyenebiT davadgi-

noT vaJiSvilebis Tvalebis feris kavSiri (damokidebuleba) mamebis Tvalebis 

ferTan. 
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2. ( ) ( ) ;0,610,391ABP1ABP =−=−=  

3. ( ) ( )
( )

( )
( ) ( ) ;20,10

0,7820,089
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BAPBAP
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4. ( ) ( ) 0,8980,1021ABP1ABP =−=−=  

 

sainteresoa gavarkvioT, magaliTad Tu ra daskvnis saSualebas iZleva 

( ) 39,0=ABP  toloba. amocana 3-is pirobebSi es imas niSnavs, rom albaToba 
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imisa, rom muqTvalebian mamas (xdomiloba A) eyoleba muqTvalebiani vaJiSvili 

(xdomiloba B) Seadgens 0,39-s. 
analogiuri interpretacia SeiZleba mivceT danarCen tolobebsac. 

amocana 4. vTqvaT, pacienti daavadebulia raime konkretuli daavadebiT 

(xdomiloba A) an ar aris daavadebuli am avadmyofobiT (xdomiloba A ). pacie-
ntis mimarT gamoiyenes diagnostikuri testi. es testi iZleva dadebiT 

reaqcias am avadmyofobaze (xdomiloba B). cnobilia, rom P(B|A)=0,95, 
P(B | A) 0,05=  (e.i. albaToba imisa, rom avadmyof pacientze testi mogvcems da-

debiT reaqcias, Seadgens 0,95-s, xolo albaToba imisa, rom janmrTel pacien-

tze testi mogvcems dadebiT reaqcias, Seadgens 0,05-s). cnobilia agreTve, rom 

pacientTa garkveuli jgufisTvis P(A)=0,005, P(A) 0,995= . gamovTvaloT pacient-

Ta am jgufisTvis pirobiTi albaToba P(A|B). 
namravlis albaTobis formulis gamoyenebiT miviRebT: 

 

( ) ( ) ( )
( ) ( ) ( ) ( ) ( ) ( )

P A P(B | A) P(A)P B | A P(A)P(B | A)P A | B
P(B) P AB P AB P A P B | A P A P B | A

= = = =
+ +

 

0,005 0,95 0,0872
0,005 0,95 0,995 0,05

⋅
= =

⋅ + ⋅
 

 

es niSnavs, rom aRniSnuli jgufis gamokvleuli pacientebidan, romel-

Ta diagnostikurma testma dadebiTi reaqcia mogvca, sinamdvileSi mxolod 

8,72% aris daavadebuli. es magaliTi gviCvenebs, Tu ra didi sifrTxiliT 

unda movekidoT diagnostikuri testebis safuZvelze miRebul daskvnebs. 

gamovTvaloT agreTve P ( )BP  da ( )ABP  albaTobebi. 

gveqneba:  

 

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )
6,00,050,9950,950,005

ABPAPABPAPBAPABPBAABPBP1)

≈⋅+⋅=

=+++++=
 

2) ( ) ( ) ( ) 0,0050,950,005ABPAPABP ≈⋅==
 

 

vigulisxmoT axla, rom ( ) 50,09BAP =  e.i. pirobiTi albaToba imisa, rom 

pacienti romlis testma dadebiTi Sedegi aCvena aris daavadebuli 0,95 alba-

TobiT, xolo ( ) 0,05BAP =  e.i. pacienti romlis testirebam uaryofiTi Sedegi 

aCvena daavadebuli 0,05 albaTobiT. 

vTqvaT ( ) 50,00BP = . am albaTobebis gamoyenebiT amocana 4-is analogiu-

rad advilad gamovTvaloT, rom ( ) 0,09ABP ≈  

e.i. albaToba imisa, rom pacientze romelic daavadebulia, testi aCve-

nebs dadebiT Sedegs = 0,09. 

SevniSnavT agreTve, rom motanili albaTobebi da pirobiTi albaTobebi 

warmoadgens faqtebis fardobiT sixSireebs da miRebulia sakmaod didi 

raodenobis Catarebuli cdebis Sedegebzea dafuZnebuli.  

im SemTxvevaSi, rodesac gvaqvs droSi did ricxvjer pacientebis 

testirebis ricxviTi statistikuri monacemebi _ droiTi mwkrivebi, SeiZleba 
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Semdegi kvlevis Catareba. xdeba daavadebis gavrcelebis aRmweri regresiuli 

modelebis ageba, romelic faqtobrivad aris dainficirebulTa yofaqcevis 

saprognozo gantolebebi. aseTia, magaliTad wrfivi, maCvenebliani (logariT-

muli) da avtoregresiuli modelebi. 
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SUMARRY 
ABOUT THE USE OF CONDITIONAL PROBABILITY 
Tkemaladze G.Sh., Dochviri B.M. and Makhashvili K.A. 
Georgian Technical University 
Definition of conditional probability in the case of classical experiment and solution of some illustrative 
numerical problems are considered. 
Keywords: conditional probability, event, probabilistic-statisctical research.  
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marketingul kvlevaSi hipoTezebis Semowmebis Sesaxeb 
 

maRlakeliZe q.d. 
 

iv. javaxiSvilis saxelobis Tbilisis saxelmwifo universiteti 
 
 
marketingul kvlevaSi marketingul meTodologiasTan erTad gamoiye-

neba albaTur-statistikuri meTodebi _ wertilovani da intervalur Sedare-
biTi, hipoTezis Semowmeba, regresiuli da drosi mwkrivebis analizi. 

naSromSi gadawyvetilia hipoTezaTa Semowmebis amocanebis saqarTvelos 
oTx umaRles saswavlebelSi swavlis fasebis  da aT regionSi mogzaurobis 
msurvelTa Sesaxeb. 

qvemoT motanilia studentebis swavlis sasurveli fasebis da mogzau-
robis msurvelTa raodenobis cxrilebi, hipoTezaTa Semowmebis amocanebis 
dasma da saTanado gadawyvetilebebi. SevniSnoT rom marketinguli informa-
cia miRebulia q. TbilisSi respondentebis gamokiTxviT. 

hipoTezis Semowmeba swavlis fasebis populaciis saSualosaTvis.  
 
Tbilisis saxelmwifo universiteti  
   
 

cxrili 1. studentebisTvis misaRebi saSualo fasebi  
   

dro t 1 2 3 4 5 6 7 8 9 10 11 12 

fasi Y(t) 1000 900 1100 1200 1000 1000 1500 1000 1200 1000 1100 1000 
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saqarTvelos teqnikuri universiteti 
   
           

cxrili 2. studentebisTvis misaRebi saSualo fasebi  
     

dro t  1 2 3 4 5 6 7 8 9 10 11 12 

fasi Y(t) 1500 1200 1400 1000 1000 1200 1600 1500 1200 1100 1000 1200 
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gadawyvetileba: samarTliania 0H  hipoTeza  
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saqarTvelos agraruli universiteti 
   
            

cxrili 3. studentebisTvis misaRebi saSualo fasebi  
     

dro t  1 2 3 4 5 6 7 8 9 10 11 12 

fasi Y(t) 1600 1500 1600 1700 1800 1700 1800 1800 1600 1500 1400 1400 

            
 

hipoTeza  :0H    alternativa aH :1  

58.0
ns/
a;7,205,0100

4
minmax

,12 05,0;11 =
−

====
−

==
Xtt

xx
SXn ii α  

gadawyvetileba: samarTliania 0H  hipoTeza 

  
     

Tavisufali universiteti 
 

 
cxrili 4. studentebisTvis misaRebi saSualo fasebi    
   

dro t  1 2 3 4 5 6 7 8 9 10 11 12 

fasi Y(t) 3000 3200 4000 3500 3000 2900 3500 3300 3400 3000 3100 3000 

            
 

hipoTeza  :0H    alternativa aH :1  

52,0
ns/
a;7,205,0275

4
minmax

,12 05,0;11 =
−

====
−

==
Xtt

xx
SXn ii α  

gadawyvetileba: samarTliania 0H  hipoTeza 

 
hipoTezis Semowmeba turistebis populaciis saSualosaTvis    
      
 

aWara 
 

      
cxrili 5. turistTa raodenoba  
       

dro t  1 2 3 4 5 6 7 8 9 10 

fasi Y(t) 22 16 20 18 24 20 21 18 25 20 

            
 

hipoTeza  21a:0 =H    alternativa 21>:1 aH  

8,0
ns/
a;7,205,025,2minmax,10 05,0;11 −=

−
====−==

XttxxSXn ii α  

gadawyvetileba: samarTliania 0H  hipoTeza 
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guria 
       

cxrili 6. turistTa raodenoba  
       

dro t  1 2 3 4 5 6 7 8 9 10 

fasi Y(t) 16 18 16 20 22 24 15 14 18 16 

            

hipoTeza  61a:0 =H    alternativa 16>:1 aH  

4,2
ns/
a;7,205,05,2minmax9,17,10 05,0;11 =

−
====−===

XttxxSXn ii α  

gadawyvetileba: samarTliania 0H  hipoTeza 

 
 

imereTi 
 

cxrili 7. turistTa raodenoba  
        

dro t  1 2 3 4 5 6 7 8 9 10 

fasi Y(t) 15 12 16 20 22 14 15 14 18 16 
            

hipoTeza  61a:0 =H    alternativa 16>:1 aH  

25,0
ns/
a;7,205,05,2minmax2,16,10 05,0;11 =

−
====−===

XttxxSXn ii α  

gadawyvetileba: samarTliania 0H  hipoTeza 

 
    kaxeTi 
       

cxrili 8. turistTa raodenoba  
        

dro t  1 2 3 4 5 6 7 8 9 10 

fasi Y(t) 20 18 22 23 19 20 18 17 19 22 
            

hipoTeza  91a:0 =H    alternativa 19>:1 aH  

69,1
ns/
a;7,205,05,1minmax8,19,10 05,0;11 =

−
====−===

XttxxSXn ii α  

gadawyvetileba: samarTliania 0H  hipoTeza 

          
mcxeTa-mTianeTi 

           
 cxrili 9. turistTa raodenoba        
  

dro t  1 2 3 4 5 6 7 8 9 10 

fasi Y(t) 30 25 20 21 22 20 23 19 18 21 
            

hipoTeza  21a:0 =H    alternativa 21>:1 aH  

95,0
ns/
a;7,205,03minmax9,21,10 05,0;11 =

−
====−===

XttxxSXn ii α  

gadawyvetileba: samarTliania 0H  hipoTeza 
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    raWa 
           

cxrili 10. turistTa raodenoba        
  

dro t  1 2 3 4 5 6 7 8 9 10 

fasi Y(t) 16 12 14 10 11 18 14 11 16 12 
            

hipoTeza  14a:0 =H    alternativa 14>:1 aH  

9,0
ns/
a;7,205,02minmax4,13,10 05,0;11 −=

−
====−===

XttxxSXn ii α  

gadawyvetileba: samarTliania 0H  hipoTeza 

           
  

samegrelo 
 

cxrili 11. turistTa raodenoba         
  

dro t  1 2 3 4 5 6 7 8 9 10 

fasi Y(t) 18 20 19 21 24 15 14 14 15 16 
            

hipoTeza  17a:0 =H    alternativa 17>:1 aH  

76,0
ns/
a;7,205,05,2minmax6,17,10 05,0;11 =

−
====−===

XttxxSXn ii α  

gadawyvetileba: samarTliania 0H  hipoTeza 

 
  

samcxe-javaxeTi 
 

cxrili 12. turistTa raodenoba         
  

dro t  1 2 3 4 5 6 7 8 9 10 

fasi Y(t) 12 14 10 18 16 11 12 11 14 12 

            

hipoTeza  12a:0 =H    alternativa 17>:1 aH  

58,1
ns/
a;7,205,02minmax13,10 05,0;11 =

−
====−===

XttxxSXn ii α  

gadawyvetileba: samarTliania 0H  hipoTeza 

      
svaneTi 

 
cxrili 13. turistTa raodenoba  
        

dro t  1 2 3 4 5 6 7 8 9 10 

fasi Y(t) 20 18 22 24 18 20 14 16 18 20 

            

hipoTeza  20a:0 =H    alternativa 20>:1 aH  

3,1
ns/
a;7,205,05,2minmax19,10 05,0;11 −=

−
====−===

XttxxSXn ii α  

gadawyvetileba: samarTliania 0H  hipoTeza 
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qvemo qarTli 
          

cxrili 14. turistTa raodenoba        
 

dro t  1 2 3 4 5 6 7 8 9 10 

fasi Y(t) 14 12 16 10 8 10 12 11 12 10 
            

hipoTeza  11a:0 =H    alternativa 11>:1 aH  

79,0
ns/
a;7,205,02minmax5,11,10 05,0;11 =

−
====−===

XttxxSXn ii α  

gadawyvetileba: samarTliania 0H  hipoTeza 
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SUMMARY 
ABOUT CHECKING OF THE HYPOTHESES IN THE MARKETING RESEARCH 
Maglakelidze K.D. 
Iv. Javakhishvili Tbilisi State Univerisity 
In the marketing research, in a manner like other sciences, the problems of the checking of the hypotheses are 
used by which it is possible to compare the probable mean value of variable quantity with the mean value of the 
variable obtained by marketing information. On this basis the marketers participate actively on planning, control 
and management of the activity of the firms and companies, used hereafter in the formation of the State budget. 
Keywords: marketing research, problems of checking of hypotheses, planning, control, management, mean 
value of variable.  
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almaskompoziciuri masalis liTonuri matrica SenadnobTa fxvnilebis 
gamoyenebiT 

 
lolaZe n.T., weroZe m.p., avaliSvili z.a., ZiZiSvili i.g., nozaZe d.a. 

 
saqarTvelos teqnikuri universiteti 

 
dReisaTvis,  almasur instrumentebze Zalian didi da mzardi moTxov-

naa industriis iseT dargebSi, rogoricaa bunebrivi qvebis mopoveba-damuSa-
veba, samTo-geologiuri da samZebro samuSaoebi, gazisa da navTobis Wabur-
Rilebis burRva, samoqalaqo mSenebloba  da sxv.  rogorc cnobilia, almasu-
ri instrumentis ZiriTad funqcionalur elements warmoadgens almasSem-
cveli kompoziciuri masala _ almasuri segmenti. 

almaskompozitis miReba ZiriTadad xorcieldeba fxvnilTa metalur-
giis meTodiT. almasuri instrumentis muSaunarianobas gansazRvravs rogorc 
kompozitSi gamoyenebuli, sworad SerCeuli almasuri kristalebis xarisxi, 
aseve kompozitSi gamoyenebuli liTonuri Semkvrelis Tvisebebis kompleqsi. 
Semkvrelis  efeqturoba ganisazRvreba ori ZiriTadi parametriT – Semkvre-
lis mier almasuri marcvlebis daWeris simtkiciT (almasdaWeris unari) da 
Semkvrelis cveTamedegobiT. almasdaWeris unari (Zala) warmoadgens almase-
bis meqanikuri CaWeris simtkicisa da almasis SemkvrelTan qimiuri urTierTq-
medebiT warmoqmnili adheziuri Zalebis jams. Semkvrelis liTonur matri-
caSi  almasebis meqanikuri Camagrebis simtkice da misi stabilurobis Senar-
Cuneba muSaobis procesSi damokidebulia Semkvrelis meqanikur da Tbofizi-
kur Tvisebebze. liTonuri Semkvrelis adheziis unari almasTan maRal 
temperaturaze Secxobisas ki damokidebulia maT Soris qimiuri urTierTqme-
debis meqanizmze.  

mZimed dasamuSavebeli masalebis damuSavebisas liTonuri matricis 
maRali donis fizikur-meqanikuri da fizikur-qimiuri maxasiaTeblebis misaR-
wevad didi raodenobiT SeyavT rkinis treadis liTonebi Fe, Ni, Co (gansa-
kuTrebiT ZviradRirebuli Co) da sxva danamatebi (W, WC, Cr2C3 da sxv.). amave 
dros, matricis meqanikuri Tvisebebis gaumjobesebasTan erTad aRniSnuli 
liTonebi axdenen uaryofiT gavlenas almasdaWeris unarze maTi maRal 
temperaturaze katalitikuri aqtivobis, almasis grafitSi fazuri gardaqmnis 
mimarT. am mizeziT, almaskompozitis damzadebisas an almasuri instrumentis 
muSaobisas (maRali temperaturebi) almasebis zedapirze warmoiqmneba dabali 
simtkicis grafitis fena, rac iwvevs almasuri marcvlebis amocvenas 
liTonuri matricidan, Sedegad, mcirdeba instrumentis Wrisunarianoba da 
medegoba. 

amJamad, samecniero da sapatento literaturaze dayrdnobiT, SeimCneva 
mkafio tendencia gamoinaxos Co, Ni da Fe Semcveli liTonuri matricis iafi 
alternativa maRali fizikur-meqanikuri maxasiaTeblebiT da adheziurobiT 
almasTan, anu maRali eqspluataciuri maCveneblebiT. aseTad moiazreba sis-
temebi mag. Cu-is bazaze [1,2]. spilenZi maRali temperaturis pirobebSi inaq-
tiuria almasis grafitizaciis procesis mimarT, rac ueWvelad dadebiTi faq-
toria, magram meores mxriv, spilenZi gamoirCeva dabali fizikur-meqanikuri 
maxasiaTeblebiT da Sesabamisad dabali cveTamedegobiT, agreTve mas faq-
tiurad ar gaaCnia adheziuroba almasis mimarT.  aqedan gamomdinare, aucile-
belia adheziurad aqtiuri maRaltemperaturuli komponentebis Seyvana, 
rogorebicaa: Si, Ti, Zn, V, Cr da a.S. aseTi naerTebi, garda maRali adheziu-
robisa, dadebiTad aisaxebian Semkvrelis fizikur-meqanikur maxasiaTeblebze. 
am tipis danamatebis gamoyeneba tradiciulad dispersuli fxvnilebis saxiT 
sabazo (Cu) liTonis fxvnilSi almaskompozitis liTonuri matricis formi-
rebisas SezRuduli temperaturebis pirobebSi < 9000C  (almasebis Termomede-
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gobis zRvari) naklebad efeqturia da ar iZleva fizikur-meqanikuri da fizi-
kur-qimiuri parametrebis sasurvel dones. dasaxuli amocana moiTxovs sxva 
ufro efeqturi gzebis moZiebas.  

dReisaTvis, rigi brenduli kompaniebis (Cobalitc-Umicore, Belgium; 
Next&Keen-Eurotugtsten Pouders, France; Dr.Fritch” Germany, “SP-Technology” Austria; da sxv.). 
mier iwarmoeba sxvadasxva Semadgenlobis ukve mza SenadnobTa dispergirebu-
li fxvnilebi, romlebic almasur instrumenSi gamoiyeneba, rogorc  Semakav-
Sirebeli. aRsaniSnavia, rom maT SemadgenlobaSi sabazo ZiriTad komponentad 
gamoiyeneba isev igive metalebi Co, Fe, Ni da sxv.  mciredi danamatebiT (maga-
liTad: Cobalitc-Umicore _ 90-99%Co; Diabase-V21–64%Fe, 21% Cu, 12% Co, 3% Sn). 
aRniSnuli produqcia ZiriTadad universaluri, farTo moxmarebis almasur 
instrumentebzea orientirebuli. xSir SemTxvevaSi almasuri instrumentis 
mwarmoeblebi konkretuli amocanebis gadasaWrelad zemoT CamoTvlil Semad-
genlobebs iyeneben sabazod da TavianTi Sexedulebisamebr avseben  danama-
tebiT _ karbidebiT, oqsidebiT an sxvadasxva nanodanamatebiT. 

 
 
 
 
  
 
 
 
 
 
 
 
 
 
 

sur. 1. SenadnobTa sxmulebi 
 
samuSaoSi moyvanilia monacemebi, romelic adasturebs Cvens mier Cu_Ti 

sistemis bazaze miRebuli Senadnobebis dispergirebiT miRebuli fxvnilebis 
gamoyenebis SesaZleblobas almaskompozitis miRebis teqnologiaSi. Semu-
Savebulia da gamovlenilia SenadnobTa dispergirebis iafi meTodis gamo-
yenebis SesaZlebloba da dispergirebis xarisxis gavlena miRebuli cxobi-
lebis Tvisebebze. Seswavlili iqna Cu_Ti_Sn  da  Cu_Ti_Sn_Ni sistemebi, sadac 
Cu_Ti-is Semcveloba aranakleb 80%-ia. SenadnobTa miReba xorcieldeboda 
induqciuri lRobis meTodiT grafitis tigelebSi. miRebuli nadnobebi (sur. 
1) eqvemdebareboda pirvelad dispergirebas meqanikuri damuSavebiT (axarateba) 
specialurad Seqmnili saWrisis gamoyenebiT. miRebuli liTonuri fxvnili 
warmoadgenda Senadnobis samganzomilebian marcvlebs, zomiT 1,5_0,4 X1,0 mm 
(sur. 2a). miRebuli fxvnili Semdgom ifqveboda burTulebian doluri tipis  
wisqvilSi meTilis spirtis garemoSi 40–80 sT-is ganmavlobaSi. burTulebis 
masis Sefardeba dasafqvavi fxvnilis masasTan Seadgenda 1:20. miRebul  Senad-
nobTa dispergirebuli fxvnilebi specialuri sacrebis saSualebiT xaris-
xdeboda fraqciebad (sur. 2,b). Secxoba xorcieldeboda cxeli dawnexvis 
meTodiT grafitis wnexformebSi. miiReboda cilindruli nimuSebi zomebiT Ф 
_  17 mm, h _ 9 mm, m _ 10g procesi mimdinareobda T = 750-800 0C da P = 350_400 
kg/m2 pirobebSi. maqsimalur temperaturaze dayovnebis dro τ = 150_180wm. 
izomeboda miRebuli cxobilebis sisaleebi. 
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a)                                      b) 
sur.2. sxmulebis dispergirebiT miRebuli fxvnili zomebiT 

1,5_0,4 mm X9  (a)   da   0,02_0,016mm X9 (b) 
 

Seswavlilia sxvadasxva sistemis SenadnobTa fxvnilebis marcvlova-
nebis gavlena miRebuli nimuSebis sisaleebze. 

aseve SedarebisaTvis moyvanilia sawyis fxvnilTa marcvlovanebis gav-
lena Semcxvari nimuSebis sisaleebze im SemTxvevebisaTvis, rodesac sawyisi 
sareaqcio kazmi warmoadgens sufTa erTkomponentiani liTonur fxvnilebis 
narevs [3]. dRemde, ZiriTadad swored aseTi teqnologia gamoiyeneba 
almasSemcveli kompoziciebis misaRebad almasuri instrumentebis industr-
iaSi. sawyis fxvnilTa marcvlovanebis gavlena Seswavlilia sistemisaTvis      
Fe – Cu – Sn – Ni. rogorc cnobilia, aRniSnuli Semadgenloba farTo moxmare-
baSia sxvadasxva nomenklaturis almasuri instrumentis dasamzadeblad   
[4,5].  nax.1.  

 
       
 
 
 
                                       
 
 
 
 
 
 
 
 

 

nax.1. Semcxvari (P =400 kg/sm2; T=8500C) liTonuri kompoziciuri masalis (Fe–Cu–Ni–Sn)  
sisalis damokidebuleba sawyisi fxvnilovani komponentebis marcvlebis saS. zomaze 

 
 
 
warmodgenili Sedegebi cxadyofen, rom sawyis kazmad erTkomponentiani 

sufTa liTonTa fxvnilebis narevis Secxobisas fxvnilTa dispersulobis 
xarisxi procesis identuri P – T parametrebis pirobebSi faqtiurad mTlianad 
ganapirobebs miRebuli masalis xarisxs. fxvnilovani komponentebis marcvlo-
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vanebis Semcireba 80 mkm-dan 5 mkm-mde iwvevs sisalis matebas HRB SkaliT 
aranakleb 15 – 17 erTeuliT. yovelive es metyvelebs imaze, rom Secxobis 
procesi SedarebiT msxvilmarcvlovani (80 – 100 mkm) fxvnilebis gamoyenebisas 
mimdinareobs didi siZneleebiT da liTonuri marticis Semkvrivebis etapi ar 
aris bolomde miyvanili, rac gamoixateba yvelaze sensitur fizikur-meqani-
kur maxasiaTebelze  –  sisaleze.  

mkveTrad gansxvavebulia suraTi winaswar Seqmnili Senadnobebis fxvni-
lebis gamoyenebisas. nax.2-ze moyvanilia Cu–Ti–Sn da  Cu–Ti–Sn–Ni sistemebis 
SenadnobTa (Cu–Ti-is Semcveloba orive SemTxvevaSi metia 80%-ze) dispergi-
rebiT miRebuli fxvnilebis marcvlovanebis gavlena am fxvnilebiT Semcxvari 
nimuSebis sisaleebze. dadgenilia, rom SenadnobTa fxvnilebis marcvlova-
nebis cvlileba 1000 mkm-dan 50 mkm-de faqtiurad ar, an  umniSvnelo gavlenas 
axdens miRebuli cxobilebis sisaleebis mniSvnelobaze.  

 
 
 
 
                                             
 
 
 
 
 
 
 
 
 
 

 
nax.2  Semcxvari Senadnobebis sisalis damokidebuleba sawyisi fxvnilebis 

marcvlovanebaze.    

    Cu–Ti–Sn  (1)  da  Cu–Ti–Sn–Ni  (2) 
 
miRebuli Sedegebi SeiZleba nawilobriv aixsnas im garemoebiT, rom 

SenadnobTa miRebisas maRali temperaturis pirobebSi (1100 – 1200 0C) mraval-
komponentiani sistemis SenadnobebSi Txevad fazaSi urTierTgaxsnisa da homo-
genizaciis procesi mimdinareobs SedarebiT maRali siCqariT. Sesabamisad, 
Zalian gaadvilebulia mosalodnel fazaTa warmoqmna. nalRobis swrafi 
gaciebisas da kristalizaciisas gamoyenebuli teqnologiis saSualebiT 
faqtiurad SenarCunebulia maRaltemperaturuli  (700 – 900 0C), ukve Camoya-
libebuli fazebi. aseT SenadnobTa fxvnilovani masebis Secxobisas maRal  P 
– T parametrebis pirobebSi mimdinareobs ZiriTadad mxolod plastiuri 
dinebis da marcvalTa sakontaqto zedapirebs Soris urTierTdifuziuri 
procesebi. Sedegad, Semkvrivebis procesi gaadvilebulia, ramdenadac dama-
tebiT ar aris damokidebuli iseTi procesebis kinetikaze, rogoric aris 
moculobiTi da reaqtiuli difuzia, fazaTa Camoyalibebisa da homonige-
nizaciis procesebi, romelic Tavis mxriv maRali aqtivaciis energiiT 
xasiaTdebian da umetes SemTxvevaSi malimitirebel stadiebad gvevlinebian 
myarfaza Secxobis procesebis mimdinareobisas.  

zemoT moyvanili msjeloba ra Tqma unda hipoTeturi xasiaTisaa da ueW-
velad moiTxovs Semdgomi kvlevebis gagrZelebasa da axali monacemebis mopo-
vebas. yovel SemTxvevaSi warmodgenili Sedegebi iZleva imeds, rom axali 
novaciuri teqnologiis Sesaqmnelad swori gezia SerCeuli.  
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samuSao Sesrulebulia S. rusTavelis erovnuli samecniero fondis sagranto 
dafinansebis  (xelSekruleba AR – 18 -1911) farglebSi. 
 
SUMMARY 
METALLIC MATRIX OF DIAMOND COMPOSITE MATERIAL PRODUCED 
BY ALLOY POWDERS 
Loladze N.T., Tserodze M.P., Avalishvili Z.A., Dzidzishvili I.G. and Nozadze D.A. 
Georgian Technical University 
The work shows the possibility of using powders produced by dispersing Cu-Ti-based alloys as a binder of 
diamond composite materials. It was found that using powders obtained by dispersed alloys, the effect of the 
initial powders grain size on the property of sintered material is insignificant. This fact can significantly simplify 
the existing technology for producing diamond composite materials. 
Keywords: sintered diamond composite’s, metal powder dispersion.                                                                         
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fxvnilgula mavTulis damzadeba da cveTamedegi danaduRis miReba 
eleqtrorkaluri meTodiT 

 
dadianiZe g.a., SaraSeniZe j.a., papava k.g., xuciSvili m.g., saraliZe b.r. 

 
f. TavaZis metalurgiisa da masalaTmcodneobis intituti 

saqarTvels teqnikuri universiteti 
 
manqanebisa da meqanizmebis detalebis umravlesoba eqsploataciis pro-

cesSi mwyobridan gamodis cveTis, dartymiTi datvirTvebis, koroziis da sxva 
mizezebiT. Tanamedrove teqnikis ganviTareba saSualebas iZleva sxvadasxva me-
TodiT aRvadginoT da ganvamtkicoT maTi zedapirebi, rac TavisTavad sagrZ-
noblad zrdis maTi muSaobis xangrZlivobas. praqtikulad yvela detalebis 
mwyobridan gamosvlis procesi iwyeba maTi zedapiruli rRveviT, am dros 
icvleba maTi geometriuli zomebi da forma. geometriuli zomebis aRsadge-
nad saWiroa gacveTili detalebis zedapirebze lilvakebis dadeba, romlebic 
gadafaraven erT, or da ramodenime Sres. yoveli Semdgomi Sris dadebisas 
xdeba winamdebare Sris maRaltemperaturuli gaxureba, Semodnoba icvleba 
liTonis struqtura da ganmtkicebuli Sris moculoba, Sesabamisad izrdeba 
cveTamedegobac [1-6]. 

detalebis zedapirebis cveTamedegobis gazrdisaTvis gamoyenebuli 
teqnologiebi dafuZnebulia: qimiuri da eleqtroqimiuri  urTierTqmedebis; 
difuziuri procesebis;  Termomeqanikuri energiebis gamoyenebaze [7]. 

daduReba warmoadgens yvelaze gavrcelebul meTods. 
cveTamedegi zedapirebis misaRwevad SerCeuli iqna eleqtrorkaluri 

daduRebis meTodi xeliT da naxevaravtomatiT. 
samuSaos mizania cveTamedegi danaduRebis miReba eleqtrorkaluri me-

TodiT fxvnilgula mavTulis gamoyenebiT, maRali sisaleebis miReba daduRe-
bul zedapirze da metalografiuli kvleva. 

miznis misaRwevad f. TavaZis metalurgiisa da masalaTmcodneobis ins-
titutSi damzadebuli iqna fxvnilgula mavTuli, romlis lenta (garsacmi) 
iyo 08 кп ГОСТ 503-81 zomiT 12x0,5 mm, xolo SigTavsi qromis karbidi Cr3C2, 
kristaluri gisosiT orTorobmuli, dnobis temperaturiT 1895 oC mikrosi-
saliT 22800 mgpa. qromis karbidis qimiuri Semadgenloba %-Si Semdegia C=8,36; 
Si=1,0; Al=0,3; Fe=0,3; Mn=0,1; Cu=0,01; Mg=0,005, Cr fuZe. [3]. 

fxvnilgula mavTulis damzadebis teqnologia moicavda Semdeg opera-
ciebs:  

1. lentis (garsacmis) da kazmis momzadeba; 
2. profilis formireba da kazmis Cayra; 
3. adidva (fxvnilgula mavTulis gatareba TvalakSi); 
damzadebuli fxvnilgula mavTuli mrgvali formisaa diametriT 2,8 mm. 
fxvnilgula mavTulis damzadebisas mniSvnelovania Sevsebis koeficien-

tis gansazRvra, romelic iangariSeba Semdegi formuliT 

%100⋅=
mavT

fxv

S G
G

K  

sadac Gfxv _ Semsebi fxvnilis masa; GmavT _ mavTulis masa, Cvens SemTxvevaSi 
Seadgens 30%-s. 

damzadebuli fxvnilgula mavTuli xasiaTdeboda:  
1. eleqtrorkalis stabilurobiT; 
2. mcire gaSxefebiT; 
3. danaduRi zedapiris Tanabari dafarviT; 
4. dafarul fenas ar gaaCnia defeqtebi. 
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damzadebuli fxvnilgula mavTuliT movaxdineT argonrkaluri meTo-
diT daduReba saqarTvelos teqnikur universitetSi inventoruli SeduRebis 
aparatze TIG ⁄ MMA320-ze volframis udnobi eleqtrodiT pirdapiri pola-
robiT (120A_140A)-mde, fuZeSre warmoadgenda CT20 ГОСТ1050-88. 

 

  

X100 X400 
a 

  

X400 X1000 
b 

 
sur.1. erTSriani daduRebis mikro struqturebi 

a _ gamyofi zona; b _ sxvadasxva daduRebis adgilebi 
 
erT-, or- da samSrian daduRebul nimuSebze mikrosisaleebis gazomva 

moxda ПМТ-3-ze.  
erTSriani daduRebis sur. 1. (a) gadaRebulia gamyofi zonis mikros-

truqtura X100 da X400 gadidebiT. daduRebul zonaSi kargad Cans TeTri 
feris nawilebi qromis karbidis saxiT mikrosisaliT 5918,1 mgpa, muqi feris 
ubnebi Seesabameba ZiriTadi liTonis mikrosisaliT 4707,7 mgpa. SeimCneva 
sxvadasxva zomis karbidebis Tanabari ganawileba. 

orSriani daduRebis SemTxvevaSi SeimCneva sxvadasxva zomis TeTri nawi-
lakebi qromis karbidebis saxiT, rogorc mrgvali, ise mogrZo zomis nawi-
lakebi miaxloebuli trostitul struqturasTan mikrosisaliT 17057,6 mgpa, 
xolo muqi feris ubnebi Seesabameba ZiriTad liTons mikrosisaliT 5464,5 mgpa. 
sur. 2. orSriani daduRebis SemTxvevaSi sxvadasxva adgilze daduRebuli 
struqtura sakmaod gansxvavebulia erTmaneTisagan. SeimCneva mikrosisalis 
zrda erTSrian daduRebul nimuSTan SedarebiT. 
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X100 X100 X100 

  
 

X100 X1000 X1000 
        

sur. 2. orSriani daduRebis mikrostruqturebi gadaRebuli sxvadasxva adgilebSi 
 
samSriani daduRebis SemTxvevaSic SeimCneva mogrZo zomis TeTri nawi-

lakebi qromis karbidebis saxiT, rogorc mrgvali, ise mogrZo zomis nawila-
kebi miaxloebuli trostitul struqturasTan mikrosisaliT 18389,5 mgpa, xo-
lo muqi feris ubnebi Seesabameba ZiriTad liTons mikrosisaliT 6978,5 mgpa. 
samSriani daduRebis SemTxvevaSi sxvadasxva adgilze gadaRebuli struqture-
bi gansxvavebulia erTmaneTisgan. 

samSriani daduRebis mikrostruqturebSi sur. 3-ze. SeimCneva mikrosi-
salis zrda orSrian daduRebul nimuSTan SedarebiT. 

or- da samSrian daduRebul nimuSebis mikrostruqturebs Soris SeiniS-
neba garkveuli msgavseba. 

 

   

X400 X400 X400 

 
 

 

X400 X500 X500 
 

sur. 3. samSriani daduRebis mikrostruqturebi gadaRebuli sxvadasxva adgilebSi 
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fxvnilgula mavTuliT damcav air argonis qveS erTi, ori da samSriani 
daduRebuli nimuSebis TeTri nawilakebis mikrosisaleebis zrda 5958,1 mgpa _ 
18389,5 mgpa, romelic warmoadgens qromis karbidebs, xolo muqi feris Savi 
ubnebis mikrosisaleebic Sesabamisad izrdeba 4707,7 mgpa _ -6978,5 mgpa. 

amgvarad, SegviZlia davaskvnaT, rom erTSriani, orSriani da samSriani 
daduRebis SemTxvevaSi mikrosisaleebis mkveTri zrda migviTiTebs samSriani 
danaduRis upiratesobaze, rac SemdgomSi aisaxeba daduRebuli detalebis 
cveTamedegobis gazrdaSi. 
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SUMMARY 
FABRICATION OF POWDER CORE WIRE AND OBTAINING OF WEAR-RESISTANT  
OVERLAYING WELDING BY ELECTROARC METHOD  
Dadianidze G.A., Sharashenidze J.A., Papava K.G., Khutsishvili M.G. and Saralidze B.R. 
F. Tavadze Institute of Metallurgy and Materials Science 
Georgian Technical University 
The most part of machines and mechanisms becomes disable at operation process by wear. To obtain the wear-
resistant surfaces the method of electroark overlaying welding manual and semiautomatical. In F. Tavadze 
Institute of Metallurgy and Materials Science the powdercore wire was fabricated, the band(envelope) of which 
was 08(boiling) GOST503-81 of 12∙0,5 mm size and the content presented chromium carbide – Cr3C2. On one 
layered, two-layered and three-layered overrelded samples the microhardners was measured at ПМТ-3. In the 
case of one-layered, two-layered and three-layered overwelding the sharp increase of microhard ness is 
indicative of the advantage of three-layered overwelding which hereafter will be reflacted on the in rease of 
wear-resistance of overwelded detals. 
Keywords: powder core wire, wear-resistant, overlaying welding, electroarc method.  
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dokumentebis bunebrivi da xelovnuri daZveleba 
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dRevandel pirobebSi im dokumentebis wili, romelTa teqstic mTlia-

nad xeliTaa naweri Zalzed mcirea, magram amasTan erTad xelis mowera ro-
gorc xelnaweri teqstis nairsaxeoba nebismieri oficialuri dokumentis 
aucilebel rekvizits warmoadgens. amitom xSirad dokumentis teqstis Sedge-
nis drois gansazRvras mivyavarT xelis moweris drois gansazRvramde, rome-
lic dokumentze datanili rekvizitebidan erT-erTi ukanasknelia. 

oficialuri da araoficialuri dokumentebi da agreTve piradi doku-
mentebi, Seqmnili procesualuri qmedebebis CarCoebs gareT, warmoadgenen erT 
erT ZiriTad mtkicebulebebas, administraciul, arbitraJul da sisxlis 
samarTlis procesebze. Pprocesualur samarTalSi maTi gamoyenebis erT-erT 
savaldebulo moTxovnas warmoadgens maTi namdviloba. aranamdvil mtkicebu-
lebad miCneulia gayalbebuli dokumentebi da iuridiuli Zalis ar mqone 
dokumentebi, agreTve dokumentebi romlebic damzadebulia specialurad dad-
genili moTxovnebis Seusabamod. werilobiTi mtkicebuleba da sxva dokumen-
tebi, administraciul, arbitraJul, samoqalaqo da sisxlis samarTlis saqme-
ze SeiZleba iyos aRiarebuli dasaSvebad mxolod im SemTxvevaSi, Tu isini 
namdvilia da iuridiuli Zalis mflobelia. „namdvili dokumentis“ ganimarte-
ba, rogorc dokumenti, sadac dokumentis Semdgeneli avtoris vinaoba, dro 
da Seqmnis adgili amtkiceben dokumentis warmoSobis namdvilobas, xolo 
dokumentis iuridiuli Zala ganisazRvreba igive standartiT, rogorc 
oficialuri dokumentis Tvisebebi. saxelmwifos standartiT dadgenilia rom 
oficialur dokumentSi dro warmoadgens teqstis aucilebel rekvizits, ro-
melic dokumentSi iwereba minimum erTjer mainc da aCvenebs dokumentis 
Sedgenis, an xelmoweris damtkicebis, miRebis, SeTanxmebis, gamoqveynebis 
dros. amasTanave ori an ramdenime organizaciis mier gacemul dokumentebs 
unda hqondes dasmuli erTi da igive TariRi. Tu dokumentis teqstSi 
miTiTebuli TariRi ar Seesabameba misi Seqmnis namdvil dros,  am SemTxvevaSi 
dokumenti minimum mainc unda iyos aRiarebuli ara iuridiuli Zalis mqoned, 
xolo Tu dokumenti gamiznulad Seqmnilia miTiTebul droSi maSin dokumen-
ti unda iqnas aRiarebuli gayalbebulad. Sesabamisad dokumentis Seqmnis 
drois gansazRvra warmoadgens dokumentis avTenturobis  dadgenis erT-erT 
xerxs, an piriqiT misi falsificirebis faqtis dadgenas. 

umravles SemTxvevaSi iuridiuli an fizikuri pirebis mier Seqmnili 
dokumentebi warmoadgens qaRalds, romelzedac xelnaweri an araxelnaweri 
xerxiT datanilia teqsti, gamosaxuleba, xelmowera da beWdis an Stampis 
anabeWdi. Sesabamisad, dokumentis momzadebis drois dadgena pidapir dakavSi-
rebulia qaRaldis damzadebis drois dadgenasTan da agreTve masze rekvizi-
tebis datanis drois gansazRvrasTan. 

dokumentis SeqmnisEdrois gansazRvrisaTvis eqspertuli gamokvlevis 
mizniT SeiZleba gamoyenebuli iqnas meTodebis ori jgufi. Ppirvels hqvia 
statiuri, romelsac safuZvlad udevs dokumentis Semadgeneli masalebis 
(qaRaldi da saRebari nivTierebebi, ris saSualebiTac datanilia rekvizite-
bi) maxasiaTeblebis (Tvisebebi) dadgena da maTi Sedareba Sesabamisi cnobaris 
monacemebTan an Sesadarebel nimuSebTan, agreTve dokumentis Sedgenis  drois 
anu siZvelis gansazRvra droTa ganmavlobaSi dokumentebis matarebeli da 
masze rekvizitebis datanis teqnologiebisa teqnikuri saSualebebis gamoCenis 
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gaTvaliswinebiT. mocemuli jgufi Seswavlilia avtorebis mier da gamoqveyne-
bulia naSromebisa da saxelmZRvanelos saxiT [1-4]. 

arsebobs xeliT naweri teqstis Sedgenis absoluturi drois gansaz-
Rvris ramdenime midgoma, romlebic sakmarisad TanmimdevrobiTaa aRwerili 
sazRvargareTis kriminalistikur literaturaSi [5,6]. erT-erT ZiriTads 
warmoadgens e.w. markerebis daZvelebis _ werilis masalebis SemadgenlobaSi 
Semavali ama Tu im komponentebis koncentraciis (masuri wilis) Semcirebis 
dinamikis gansazRvra, romlis dadgenac SesaZlebelia kvlevis fizikur-qimiu-
ri meTodebis gamoyenebiT. qaRaldisa da melnis eqspertebi qimiuri meTodebis 
gamoyenebiT aTariReben, miakuTvneben, axarisxeben, warmoSobas adgenen da an 
katalogizacias axdenen sxvadasxva tipis qaRaldis, qaRaldze wylis niSnis, 
melnis, printeris, qseroqsis, faqsis danadgarebis da a.S.  

gayalbebis specialistebi _ eseni arian sajaro an kerZo eqspertebi, 
romlebic infrawiTeli ganaTebis, speqtrografiuli xelsawyoebisa da 
cifruli gamadideblebis meSveobiT swavloben gadakeTebul, ganadgurebul, 
Secvlil an falsificirebul dokumentebs.  

meore jgufi meTodebisa cnobilia rogorc dinamiuri da iyofa or 
qvejgufad. pirveli qvejgufis arsi dokumentis masalebis fizikur-qimiuri 
Tvisebebis cvlilebis dadgenaa misi Senaxvisa da eqsploataciis procesebSi 
da Semdeg Sedareba adre dadgenil empiriul monacemebTan. Mmeore qvejgufis 
meTodebis gamoyeneba dafuZnebulia dokumentis masalebis eqspertuli gamok-
vleviT gamowveuli fizikur-qimiuri Tvisebebis cvlilebis dadgenaze. damou-
kideblad pirveli da meore qvejgufis meTodebisagan dokumentis matarebe-
lisa da rekvizitebis datanis drois dadgenis garda, aucilebelia doku-
mentebis fizikur-qimiuri Tvisebebis cvlilebis monacemebis codna daZve-
lebis procesSi. organul saRebrebze damzadebuli gelis Semcveli kalmebiT 

naweri dokumentebis daZvelebis dasadgenad gamoიyenebა gazuri da Txevadi 
qromatografiuli meTodebi ultraiisfer da xilul speqtrofotometriasTan 
SerwymiT. araorganul pigmentebze damzadebuli gelis Semcveli melnebis 
kvlevisaTvis mimarTaven ion-mimocvliTi maRalefeqturi Txevadi qromatogra-
fiuli meTodis gamoyenebas.  

daZveleba – es aris dokumentis masalebSi mimdinare fizikuri da qi-
miuri procesebis erToblioba misi Tvisebebis Seuqcevadi cvlilebebiT dam-
Tavrebuli. daZvelebis procesebi Tavis mxriv SeiZleba daiyos bunebriv da 
xelovnurad. bunebrivi daZvelebisas dokumentis masalebis fizikur-qimiuri 
Tvisebebi icvleba am procesze adamianis xelovnuri zemoqmedebis gareSe. 
moqmedebs rogorc Sinagani ise garegani faqtorebi. Sinagani faqtorebi 
ganpirobebulia masalebis struqturiTa da SemadgenlobiT, garegani ki – 
Senaxvis aris garegani TvisebebiTa da maxasiaTeblebiT. 

rogorc wesi bunebrivi daZveleba mimdinareobs e.w. bneli seifuri 
daZvelebis pirobebSi anu sinaTlis zemoqmedebis gareSe, oTaxis temperatura-
ze (18_20 0C), tenianoba 40_60%, haeris konvenciis gareSe, sxva dokumentebis 
mwkrivSi. 

dokumentebis daZvelebisas rom dadgindes dokumentis matareblis 
damzadebis dro an dokumentze feradi nivTierebebiT rekvizitebis datanis 
dro, aucilebelia daZvelebis (markeris) maCveneblis damaxasiaTebeli Tvisob-
riv-raodenobrivi mniSvnelobebis cvlilebis gamoyeneba.  

bunebrivi daZvelebis dros dokumentis matarebeli qaRaldi ganicdis 
Seuqcevad cvlilebebs, rac gamowveulia misi Semadgeneli mcenareuli boW-
koebis qimiuri Semadgenlobis cvlilebebiT. Sesabamisad mimdinareobs misi 
meqanikuri simtkicis cvlileba. TandaTanobiT xdeba xisti, msxvrevadi, icv-
lis fers yviTldeba, Rrma cvlilebisas yavisferdeba sxvadasxva intensivo-
biT. qaRaldis materialuri safuZvlis Semadgeneli Bbunebrivi da sinTeti-
kuri polimerebi droTa ganmavlobaSi ganicdis depolimerizacias, magram 
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bunebrivi daZvelebisas es procesebi SedarebiT nela mimdinareobs variaciu-
lobis maRali xarisxiT qaRaldis Semadgenlobisagan damokidebulebiT. maga-
liTad saweri qaRaldis Senaxvis vada praqtikulad mTlian daSlamde daax-
loebiT 100 wels Seadgens, xolo qaRaldi, romlisganac fulia damzadebuli 

gacilebiT didxans Zlebs, radgan am qaRaldis fizikურ-meqanikuri Tvisebebi 
gacilebiT maRalia. am mizezebiT aixsneba qaRaldis absoluturi drois 
dadgenis SeuZlebloba. 

bunebrivi daZvelebisas werilis masalebisaTvis (melani, pasta, geli, 
tipografiuli saRebrebi da a. S.) icvleba maTi Tvisebrivi da raodenobrivi 
Semadgenloba, morfologiuri anu fizikur-qimiuri Tvisebebi. mimdinareobs 
nawilobriv gauferuleba, gamoxuneba, ris Sedegadac droTa ganmavlobaSi 
mcirdeba qaRaldze datanili werilis masalis kontrastuloba an icvleba 
ferTa gama. Fferebis gamoxuneba, rogorc wesi gamowveulia organuli bunebis 
saRebrebis molekulebis daSliT. saRebrebis Semadgeneli sxva komponentebi 
(Semavseblebi, Semsqeleblebi, plastifikatorebi, gamxsnelebi da sxvebi) orT-
qldeba, mimdinareobs polimerebis depolimerizacia an Termuli daSla ufro 
martiv nivTierebebad. makromolekulebis patara fragmentebad daSlis para-
lelurad mimdinareobs am fragmentebis SeerTebis procesic, ris Sedegadac 
icvleba sawyisi qimiuri nivTierebebis struqtura. Aamgvarad werilis masale-
bis bunebrivi daZvelebis Sedegad am masalebis SemadgenlobaSi SeiZleba 
gamoCndes iseTi nivTierebebi, romlebic saerTod ar iyo gamoyenebuli maT 
recepturaSi. werilis masalebSi rekvizitebis datanis Semdeg pirvel etapze 
fizikur-qimiuri Tvisebebis cvlileba mimdinareobs didi siCqariT. Ees  cvli-
lebebi werilis masalebSi SeiZleba iqnas dafiqsirebuli da saTanadod 
interpretirebuli dokumentis kvlevisas, magram mxolod im SemTxvevaSi roca 
dokumenti inaxeba standartul seifur pirobebSi. Mmagram roca dokumenti 
daeqvemdebara xelovnur daZvelebas daskvnebi dokumentis siZvelis Sesaxeb 
SeiZleba iyos mniSvnelovnad arakoreqtuli. werilis masalebis kvlevis urR-
vevi da rRvevadi meTodebia densitometria, Txelfenovani qromatografia, 
oJe-mikroskopia, furie iw-speqtrofotometria, gazuri da Txevadi qromatog-
rafia masspeqtro-metriasTan SerwymiT, da sxva. qaRaldis Semadgeneli boW-
koebis identifikacia warmoebs feradi reaqciebisa da mikroskopuli meTo-
debis gamoyenebiT. 

xelovnuri daZveleba – es aris dokumentis daZveleba standartuli 
seifuri daZvelebisagan gansxvavebuli. magaliTad Tu dokumenti haerze Riad 
inaxeba, uSualod haeris (Jangbadis) zemoqmedebis Sedegad qaRaldisa da saRe-
bari nivTierebebis JangviTi destruqciis reaqciis siCqare izrdeba. maRal 
temperaturaze Senaxvisas Cqardeba Termuli daSlis procesi. xolo teniiano-
bis gazrda orive am process aCqarebs. am sami faqtoris erTdroulad arse-
bobis SemTxvevaSi masalebis fizikur-qimiuri Tvisebebis cvlileba ramden-
jerme izrdeba. 

xelovnuri daZveleba SeiZleba xdebodes rogorc gamiznulad, ise bu-
nebrivadac. bunebrivi daZveleba SeiZleba ganpirobebuli iyos imiT, rom 
dokuments xmaroben an inaxaven standartebisagan gansxvavebul pirobebSi. 
magaliTad  didxans inaxeboda ara sxva dokumentebis mwkrivSi, aramed xangrZ-
livad mzis sxivebis pirdapiri zemoqmedebis qveS. avtomobilSi zafxulis 
periodSi droebiT datovebisas maTze moqmedebs maRali temperatura (60-700C). 
umravles SemTxvevaSi sadavo („sadavo“ dokumentia nebismieri saxis xel-
mowera, xelnaweri, nabeWdi an sxvagvarad Seqmnili sabuTi, romlis wyaro an 
avTenturoba sadavoa an eWvqveSaa) dokumentebidan xSirad keTdeba asli plan-
Seturi skaneriT. mravaljeradi kopirebiTa da skanirebiT dokumentebi ganic-
dian siTbosa da sinaTlis Zalian intensiur zemoqmedebas, ris Sedegadac 
icvleba qaRaldisa da saRebari nivTierebebis fizikur-qimiuri Tvisebebi. 
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faqtiurad aslebis misaRebad gamoyenebuli aparatebi warmoadgens dokumente-
bis aragamiznulad xelovnuri daZvelebis saSualebebs. 

gamiznuli xelovnuri daZveleba umravles SemTxvevaSi gamoiyeneba 
samarTalsawinaaRmdego mizniT, misi mizania gamiznulad dokumentebis daZve-
leba sxvadasxva meTodebiT raTa eqspertebma ver gaarkvion masze rekvizi-
tebis datanis namdvili dro, an miaxloebiT daZveleba im asakamde, romelic 
teqstSia miTiTebuli. aq gamoiyeneba ramdenime ZiriTadi meTodi; Termuli 
zemoqmedeba, dasxiveba sinaTliT, haeris intensiuri zemoqmedeba an maTi kom-
binacia. Termuli zemoqmedeba SeiZleba iyos dabali _ 100 0C-ze naklebi an 
maRali – 100 0C-ze maRali. dabaltemperaturuli gamiznuli  daZvelebisas 
siTbos wyarod gamoiyeneba eleqtroqura, gazqura, Tbili haeris daberva 
feniT da sxva. gansakuTrebuli niSnebi dabaltemperaturuli zemoqmedebis ar 
SeimCneva. maRaltemperaturuli zemoqmedeba dokumentebze rogorc wesi xor-
cieldeba maRal temperaturaze gacxelebuli sagnebiT, magaliTad cxeli 
uToTi. aseTi zemoqmedebis niSnebi iolad ganisazRvreba, radgan dokumenis 
qaRaldis zedapirze da rekvizitebis StrixebSi morfologiuri Tvisebebis 
cvlileba xdeba. am dros SeimCneva sipriale ubnebze Termuli zemoqmedebis 
Sedegad. agreTve StrixebSi saRebari nivTierebebis gaTxapna, gamotana Stri-
xebis sazRvrebs gareT. maRaltemperaturuli zemoqmedebis Sedegad mniSvne-
lovnad icvleba qaRaldis optikuri Tvisebebi da gansakuTrebiT ki ult-
raiisferi gamosxivebiT gamowveuli, qaRaldis xilvadi luminescenciis Tvi-
sebebi da intensiuroba. 

sakmaod xSirad dokumentebis dasaZveleblad xdeba maTi gatareba 
ramdenimejer sakopio Termuli toneris da lazeruli printeris gamoyenebiT. 
aseTi zemoqmedebis Sedegad qaRaldis zedapirze rCeba toneris mravalricxo-
vani nawilakebi, miTumetes Tuki kartrijis Sevseba ramderjerme moxda, rasac 
adgili ar aqvs qaRaldis erTjeradi gatarebisas lazerul printersa da 
sakopio mowyobilobaSi. Mgarda amisa qaRaldis mimwodebel kvanZSi qaRaldis 
gavlisas lazerul printersa da sakopio mowyobilobaSi 180-2000C temperatu-
raze toneris nawilakebis Secxoba qaRaldis zedapirze, mimdinareobs rekvi-
zitebis saRebari nivTierebebis xelmeored gacxeleba, ris Sedegadac 
rbildeba (lRveba) da Semdeg xelaxla civdeba. Aam dros Strixebi kargaven 
sipriales da xSirad maTi fragmentebi wydebian Strixebs. xelovnuri 
daZvelebis niSnebi aSkarad ar SeimCneva, maSin dokumentebis fizikur-qimiuri 
analiziT unda dadgindes es faqti. 

dokumentis momzadeba ukana ricxviT xelovnurad gamiznuli daZvele-
bisaTvis sakmaod xSirad gamoiyeneba.Mmagram gamyalbeblebma winaswar ar 
ician mag. ramdeni saaTi da ra temperaturaze, ra dro dasWirdeba dokuments 
naxevari an erTi wliT dasaZveleblad. Amitom isini aZveleben dokuments 
maqsimalurad ris Sedegadac saRebarSi aRar rCeba is nivTierebebi romelic 
unda iyos masSi. piriqiTac xdeba eqspertul praqtikaSi dokumentis  rekvizi-
tebis gaaxalgazrdaveba. am procesis arsi SemdegSia: mag. Mmarkeris Semadgen-
lobis analiziT irkveva, rom xelnaweris StrixebSi misi Sesruleba ar 
aWarbebs ramdenime Tves gamokvlevis dawyebamde, magram arbitraJuli kvleviT 
dgindeba, rom es masalebi saqmeSi devs ukve 3 weli. 

amgvarad, eqspertebma ara marto unda daadginon dokumentis rekvizi-
tebis absoluturi dro da ra teqnologiebiT iyo gamiznuli Tu ara-
gamiznuli gayalbeba unda gaiTvaliswinon agreTve sakvlevi dokumentebis 
Senaxvis, SefuTvis da transportirebis pirobebic. 
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SUMMARY 
NATURAL AND ARTIFICIAL  AGING OF THE DOKUMENTS  
Ormotsadze N.Sh., Meskhishvili M.M. and  Bibileishvili D.V. 
Akaki Tsereteli State University, Kutaisi 
Georgian Technical University 
The article deals with problems of establishing signs of natural and artificial (intentional and unintentional) aging 
of the dokuments, and their impact on the establishment of manufacturing limitations disputed dokuments to 
determine their authenticity, relialibility of the eorigin of the fact of their falsification. 
Keywords: natural and artificial aging. 
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ЭКОНОМНО ЛЕГИРОВАННЫЙ ВЫСОКОПРОЧНЫЙ БЕЙНИТНЫЙ ЧУГУН 
 

Тавадзе Г.Ф., Цинцадзе И.Ш., Гордезиани Г.А., Табидзе Р.Г., Гвазава С.Г., Хидашели Н.З. 
 

Институт Металлургии и Материаловедения им. Фердинанда Тавадзе 
 
Разработка новых составов и рациональных технологий упрочнения Fe-C сплавов 

становится особенно актуальной в связи с возрастающим промышленным интересом к 
высокопрочным бейнитным чугунам. Как известно, высокий уровень свойств указанных 
материалов достигается последовательным модифицированием, легированием и терми -ческой 
обработкой базовых чугунов. Формирование конечной структуры металлической матрицы 
определяется большим числом взаимосвязанных факторов, которые позволяют варьировать 
соотношение структурных компонентов и, соответственно, свойств в широких пределах.  

Для упрочнения металлической мтрицы и предотвращения образования в структуре  
перлита, стабилизации аустенита и увеличения прокаливаемости в состав бейнитных чугунов 
вводят Ni, Mo  и Cu в различных комбинациях. Это обусловлено низкой эффективностью 
влияния этих элементов при раздельном вводе [1,2]. Перечисленные модификаторы относятся к 
дорогостоящим и дефицитным материалам. 

Известно, что микродобавки бора [3,4] оказывают благоприятное воздействием на 
структурообразование чугуна и в сравнении с применяемыми позволяют более активно 
контролировать состояние межфазных и межзеренных границ металлической матрицы. 
Следует отметить, что для достижения положительного эффекта в состав чугуна необходимо 
ввести в 10…15 раз больше Ni, Mo и Cu, чем бора, который гораздо дешевле перечисленных 
элементов. При этом мало изученными остаются структурно-фазовые превращения в 
микролегированных  бором чугунах при изотермической закалке. 

В настоящей работе иcследовано влияние микродобавок бора на изотермический распад 
аустенита в промежуточной области температур. 

Для достижения максимальной трещиностойкости в качестве базового был выбран 
чугун с содержанием 2,2 _ 2,4 % Si (таблица) и при микролегировании в расплав вводили 
максимально возможное количество бора [4]. Его концентрация в сплаве не превышала 0,03 %, 
так как в ходе предварительных экспериментов, было установлено, что при более высоких 
содержаниях обрабатываемость высокопрочных чугунов резко ухудшается. 

Химический состав выплавленных чугунов представлен в таблице. 
 

Химический состав чугунов  
                                                         

Чугун Содержание элементов , % 
С Si Mn S P B Mg 

Базовый 3,45 2,22 0,30 0,050 0,05 _ 0,040 
Микролегированный 3,47 2,25 0,25 0,004 0,05 0,03 0,045 

 
Экспериментальные образцы подвергали термической обработке по режиму: аусте-

нитизация при температуре 900°C в течении 60 минут → изотермическая закалка в интервале 
температур 240°C → 450°C с контролируемой от 2 до 60 минут выдержкой. Микроструктуру 
чугунов до и после термообработки изучали на металлографическом микроскопе Neophot 32. 
Кинетика распада исходного аустенита при изотеррмической выдержке экспериментальных 
образцов исследовали структурно-закалочным методом, количество остаточного аустенита в 
металлической матрице чугунов после термической обработки определяли на рентгеновском 
дифрактометре  DRON-4 . 
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Анализ микроструктуры чугунов, изотермически закаленных по различным 
температурно-временным режимам, позволяет заключить, что кремний при содержании 
2,2…2,4 % отрицательно влияет на образование в структуре металлической матрице цементита 
и, как следствие, препятствует формированию верхнего бейнита  при изотермической 
выдержке образцов в интервале температур 300…370°C. Таким образом, в нелегированных 
высокопрочных чугунах распад исходного аустенита по верхне бейнитному механизму 
протекает в узком интервале температур 380…450°C, когда п активизируются процессы 
диффузионного перераспределения углерода.  

Согласно полученным данным, микролегирование указанных чугунов бором 
увеличивает диффузионную подвижность углерода, вследствие чего становится возможным 
получение бейнитных структур во всем диапазоне исследованных температур: 200…280°C – 
нижнего бейнита; 290…310°C – смешанного и 320…450°C – верхнего. Характерные микро-
структуры исследованных чугунов представлены на рисунке. 

                                                                     
 

   
а (x1000) б   (x1000) с  (x1000) 

 
 
Рис.1. Микроструктура экономно легированных бором изотермически закаленных 

высокопрочных чугунов изотермическая закалка при: a _ 280°C; б  _ 320°C; с  _ 400°C 
 
Установлено, что микродобавки бора существено влияют на кинетику процессов 

структурообразования высокопрочных чугунов при их термической обработке. В частности, на 
15…20 % сокращается время аустенитизаци и ускоряется начало бейнитного превращения по 
диффузионному механизму. Микролегированные высокопрочные чугуны характеризуются 
более высокой дисперсностью металлической матрицы. В структуре высокопрочных чугунов 
рентгеноструктурным анализом выявлены включения боридов железа. В плоскости шлифов 
также наблюдаются микрочастицы, предположительно нитридов бора. В зависимости от 
структуры металлической матрицы твердость экономнолегированных высокопрочных чугунов 
возрастает на 4…11 HRC. 

Таким образом, применение бора в качестве легирующего компонента позволяет 
заменить Ni, Mo и Cu и сократить затраты на производство бейнитных чугунов. 
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SUMMARY 
ECONOMICALLY ALLOYED HIGH-STRENGTH BAINITIC CAST IRONS  
LELP  Ferdinand Tavadze Institute of Metallurgy and Materials Science 
Tavadze G.F., Tsintsadze I.Sh, Gordeziani G.A., Tabidze R.G., Gvazava S.G. and Khidasheli N.Z. 
The effect of boron microadditives on the phase transformations of austenite in the intermediate temperature 
range was studied in high-strength cast irons with 2.2–2.4% silicon content. Such silicon content in the cast iron 
provided high crack resistance of the studied alloys. To study the processes of structure formation during heat 
treatment of experimental high-strength cast irons, the methods of metallographic and X-ray diffraction analysis 
were used. The obtained results show that the silicon content in amount of 2.2-2.4%  reduces the carbon 
diffusion activity, disturbs  the formation of cementite in the metal matrix, as a result of which unalloyed basic 
cast irons are characterized by the narrow temperature range from 400 to 450°C with a formation of upper 
bainite. It is shown that microalloying of high-strength cast iron by boron in amount of 0.03 %,  make possible to 
influence effectively on the kinetics of phase and structural transformations of initial austenite during isothermal 
holding  in the temperature range from 240 to 450 °C. It has been determined that boron microadditives in the 
indicated temperature range ensure the formation of structure of both - upper and lower bainite. Depending on 
the structure of the metal matrix, the hardness of economically alloyed high-strength cast irons increases to          
4-11HRC. Thus, using the boron as an alloying component allows the replace of Ni, Mo, and Cu and reduces the 
cost of producing bainitic cast irons. 
Keywords:  boron microadditives, isothermal holding, bainite, austenite, metallic matrix. 
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ECOCHEMICAL ASSESSMENT OF TKIBULI HARD COAL  
 

Supatashvili G.D., Takaishvili N.V., Labartkava N.A., Bregadze M.A. and Giorgadze N.V. 
 

Ivane Javakhishvili Tbilisi State University 
 

Abstract. The content of regulated substances, such as sulfur, arsenic, chlorine and fluorine was determined in 
the samples taken from different Tkibuli mines. The official methods recommended by International and Russian 
regulatory agencies were used for quantitation of the above mentioned components in the hard coal. According 
to the obtained results Tkibuli hard coal can be considered to be ecologically relatively safe solid fuel.  
Keywords: hard coal, sulfur, arsenic, chlorine. 

 
Coal is the fossil fuel of vegetable origin, which contains 75_97% of carbon. Lots of normed 

elements (arsenic, beryllium, uranium etc.) are concentrated in coal in the form of admixtures and due 
to combustion they enter into atmosphere as exhaust gases or aerosols [1].    

 From the ecochemical viewpoint sulphur-containing compounds are the most undesirable coal 
admixtures, since sulphur dioxide originated as a result of their combustion is the main generator of 
acid rains [1,3,4]. Despite this fact annual coal consumption reaches (2.8_3).109 tons, while its share in 
heat power engineering attains 90% [1]. 

According to specialists’ assessment the world resources of coal, which equal (4.7_8.6).1012  
tons will be sufficient for another 300_400 years .  

Ash content, which is one of the determining parameters of coal quality, usually varies within 
the range of 5_10% and the less is the better.  

Mineral substances in coal are represented in the form of silicates, gypsum, pyrite etc.  Coal 
humidity also varies within 1_20%.   

 In Caucasus coal is extracted only in Georgia, where several coal deposits are known 
(Tkibuli, Tkvarcheli and others). Among them Tkibuli deposit, which is known since 1830, is 
distinguished by coal reserves and production level.  

Construction of heat power plant with a capacity of 300 Megawatt is scheduled on the basis of 
Tkibuli coal. The basic controversial issue related to the project is negative ecological changes that 
may be caused due to functioning of Tkibuli heat power plant. Based on this fact, study of Tkibuli coal 
concerning the content of sulphur, chlorine, arsenic and their separated forms is a topical issue.    

Sewage waters of dead rocks heaps (terricones) and waste waters of coal dressing enterprise, 
which drain into Tkibuli reservoir, are the reason of ecological state complication in Tkibuli zone.  

From the ecochemical viewpoint sulphur is the most undesirable admixture of coal. Its content 
in coal changes in wide range and in some cases reaches 9_15%. As a rule, it is within the limits of 
1_3.5%, and averagely – 1.5_4.7% [3, 6]. Weight percentage of sulphur in Georgian coals is 
0.7_1.6% [1].   

Sulphur occurs in coal in the form of pyrite, organic compounds and sulphates, more rarely in 
free and sulphide form  [1, 4]. The share of sulphate form in coal is small (less than 0,1%) and 
commonly is equal to 0.1_0.2% of total sulphur. Finely dispersed pyrite is the major carrier of sulphur 
in coal. 50_70% of its total content falls at pyrite sulphur. The share of organic sulphur is also very 
high and equals to 27_45% of total sulphur [1, 4]. 

In the process of coal combustion all forms of sulphur, except of sulphate form, produce 
sulphate dioxide, annual environmental emission of which is assessed in 20 mln tons [1, 2].  96% of 
sulphur presented in exhaust gases of heat power plants operating at coal falls at dioxide, while 4% - at 
trioxides [1] Sulphuric acid formed in the atmosphere as a result of sulphur dioxide oxidation and 
hydration is a generator of acid rains [1, 4]. 60_70% of acid rains fall at this source of environmental 
pollution [5]. After gas infrastructure development the content of sulphates in atmospheric 
precipitations has reduced by 0.5_1.9 mg/l (by 17% in average), while pH was increased by 0.15_0.20 
units [3]. Except of the mentioned fact, dioxide entering into atmosphere (its concentration in the air in 
the vicinity of heat stations reaches 3.3 mg/l) reduces the photosynthesis processes in plants and 
promotes formation of smoke fog [1, 5]. 
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Sulphur content in coal is limited due to negative effect on ecochemical state of the 
environment. According to current standards its share must not exceed 3% [3]. It is possible to 
desulphurize coal in the case of high sulphur content. With this objective in mind aqueous suspension 
is prepared from powdered coal, and first of all pyrite is deposited from this suspension (specific 
weights of coal and pyrite are 1.3_1.5 and 4.9_5.2, respectively).  There is also elaborated the method 
of exhaust gases purification from sulphur dioxide, with it filtering through alkali solution [3]. 
Unfortunately, neither sedimentation method of desulphurization nor the method of sulphur dioxide 
washing in scrubbers are economically feasible due to their expensiveness.   

Relatively less acute, but nevertheless local ecological problem is created by wash waters of 
dead rock heaps (terricones) and even more of their combustion deposits, and by waters of coal mines 
due to their high acidity and increased content of normed substances [2].     

 Samples (n = 10) were taken in 2014 from different Tkibuli mines according to the 
appropriate procedures. Content of regulated substances in them was determined with the use of 
international and/or Russian official methods (GOST 8606-93, GOST 30404-2000, ISO 157-1996). 
The humidity in the samples varied from 1.8 to 4.2%, while average ash content was 22.5% ( it varied 
between 11.8-33.6% ). Iron content in Tkibuli hard coal varies between 0.7_13.1 mg/kg and is equal 
to 6.1 mg/kg in average.  

Sulfur-containing compounds are undesirable admixtures of solid fuel from ecochemical 
viewpoint. Usually sulfur content in hard coal is 15_22 g/kg, while maximum permissible 
concentration is less than 30 g/kg [1, 4]. 

According to sulfur content Tkibuli hard coal belongs to ecologically acceptable solid fuel 
since its total content does not exceed 11.7 g/kg and is equal to 8.5 g/kg average (Table 1). Total sulfur 
content was determined using Eschka method [ISO 334-1992]. Speciation of sulfur was performed 
based on different solubility of the compounds formed by different species in hydrochloric acid and 
nitric acid [ISO 157-1996]. According to this methodology 2g sample of hard coal was first extracted 
with hydrochloric acid (380 cm3 HCl diluted in 1 dm3 water, d=1.19 g/cm3) that resulted in extraction 
of sulfate forms. The solid residue was further extracted with 130 cm3 nitric acid (d= 1.42g/cm3) 
diluted in 1 dm3 water (pyrite form is oxidized and transforms into sulfate form). Precipitation 
obtained after acid treatment contains „organic“ sulfur (sulfur in organic compounds). Organic sulfur 
was determined by the difference between total sulfur content and the sum of sulfate and pyrite sulfur 
contents. Results, shown in Table 1, indicate that 59_78% of total sulfur is present as pyrite. That is 
why the content of total iron and sulfur in Tkibuli hard coal correlate well with each other (correlation 
coefficient r = + 0.53). As expected, content of sulfate sulfur is low (0.47-0.97 g/kg), that is equal to  
4_10% of total sulfur. No sulfide sulfur was observed in samples under investigation, while the 
content of organic sulfur changed between 14_32% of its total value. 

 
Table 1. Content of total sulfur (g/kg) and its species (% from total sulfur) in Tkibuli hard coal 

Sulfur Minimum Maximum Average 
Total sulfur 3.0 10.7 8.5 

Sulfide sulfur 0 0 0 
Pyrite sulfur 59 78 70 
Sulfate sulfur 4 10 8 
Organic sulfur 14 32 22 

 
According to sulfate sulfur and sulfur remained in ash, amount of sulfur dioxide generated as a 

result of combustion one ton of hard coal is equal to 15_16 kg. This can be considered to be in the 
acceptable limits for the environment.  

Hard coal is a natural concentrator of many regulated substances, including arsenic [1]. 
According to literature data, arsenic content in solid fuels varies in wide range and can reach several 
hundreds mg/kg [7].  

Hard coals combustion products are the main sources of anthropogenic pollution of 
atmosphere [2]. 

Arsenic was determined by photometric method with the use of silver diethyldithiocarbamate, 
which forms reddish compound with arsine (arsenic hydride) [ISO 2590-2004]. Maximum content of 
arsenic in samples studied reached 5.9 mg/kg, while average content was 2.4 mg/kg (Table 2). This is 
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far below the allowed limit (0.02% [6]). The average content of arsenic was 3.3 mg/kg in the hard coal 
combustion ash corresponding to 0.9 mg/kg in terms of hard coal.  As it well known, pyrite admixtures 
are the basic carriers (source) of arsenic in hard coal. That is why good correlation between total iron 
and arsenic contents (r = + 0.95) was observed [7]. 

As is seen from obtained results, average content of volatile form of arsenic is 1.5 mg/kg, that 
in average is equal to 42% of its total content. Appropriate calculations show that arsenic 
concentration in exhaust gases will be less than 0.1 mg/m3 that will be reduced several times after 
mixing with the air (maximum permissible concentration of arsenic in the air is 0.003 mg/m3 [4]). 
Soils and ground waters pollution even by ash originated as a result of hard coal  combustion is less 
likely, since arsenic content in products of their water leaching is less than 0.1_0.7 mkg/l, and 
averagely equals to 0.2 mkg/l (Table 2).  

 
Table 2. Content of arsenic in Tkibuli hard coal and its combustion products (mg/kg in hard coal)  

 
Subject Form Minimum Maximum Average 

Hard coal Total 0.3 5.9 2.4 
Ash Total 0.2 1.5 0.8 
Ash Soluble in water  < 0.1 0.7 0.2 

Volatile Total 0,1 4.5 1.6 
 
Information on total chlorine content in coal, all the more about chlorine forms is scarce. 

According to sources available for us, mass share of chlorine varies within the range of 0.01_0.50%. 
Based on other data, 83_106 mg/kg of chlorine is found in coal. Chlorine is presented in the coal in 
the form of halite (sodium chloride) or sylvine (potassium chloride), while the remaining part is 
associated with organic compounds. Oil also contains chlorine in small quantities (0.16_0.8 g/kg). 
Low chlorine concentration in solid fuels is caused by its low content in plants (n=0.01% in plant ash 
[6]) and low sorption activity of chloride-ions in peat during coal formation process.       

While chlorine content in coal reaches 0.3_0.7%, in the process of its combustion may form 
hydrogen chloride and dioxins, which contaminate the environment along with exhaust gases [2]. 
Their quantity in exhaust gases can be assessed according to chlorine remained in ash (0.1_0.4%). As 
of today according to effective standards maximum allowable concentration of chlorine in coal is 
0.60%, or 6 g/kg [6].  

Tkibuli coal is not studied regarding the content of halogens, including chlorine and its 
separate forms. Therefore, the information acquired by us, will fill a gap existing in this field of 
knowledge, at least partly. Except of coal, we also identified the content of chloride-ions in its ash that 
makes possible calculation of chlorine entering into atmosphere in the process of coal combustion.    

Content of fluorides and chlorides in hard coal is also regulated, since during combustion 
halogen hydrides, dioxins and other toxic compounds can be formed. According to obtained results, 
fluorides content in Tkibuli hard coal is low (0_14 mg/kg, average 8 mg/kg) and it is much lower than 
permissible limit (500 mg/kg).  

Total chlorine content in Tkibuli hard coal (variation between 1.0_2.7, in average – 1.8 g/kg, 
Table 3) also turned out to be less than maximum permissible value (0.60% [6]). The part of chlorides 
in hard coal (17% in average) is present in water-soluble form. Chloride ions concentration in extracts 
was in a good correlation with specific electric conductivity of solution (correlation coefficient 
r=+0.62). Content of 0.4_1.4 g/kg Na+ and 0.4_1.9 g/kg K+ in the products of water leaching along 
with chloride ions points at the presence of halite and sylvite. 

 
Table 3. Content of total chlorine (g/kg) and its separate forms (%) in Tkibuli hard coal  

 
Chlorine Minimum Maximum Average 

Total  1.0 2.7 1.8 
Soluble in water 3 66 17 

Ash 15 40 30 
Volatile 60 86 70 
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Based on chlorine content in the ash (Table 3), one can conclude that its major part escapes 
during combustion process. As far as there was no chlorine in extracts obtained with the use of organic 
solvents (hexane, acetone), one should suppose that volatilization of chlorides occurs in the form of 
iron and aluminum chlorides originated at high temperature. Process modeling showed that 40_86% 
of chlorides escapes as a result of drying of 2.0 ml of 0.1 N NaCl solution and its heating up to 
700_7500 in the presence of 5_10 mg of Fe2O3 or Al2O3.  

Therefore, the contents of sulfur and its forms, as well as arsenic and chlorine contents are 
determined in samples taken from different mines of Tkibuli hard coal.  Humidity and ash content are 
identified. According to obtained results we may conclude that Tkibuli hard coal belongs to 
ecologically clean solid fuels. 
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РЕЗЮМЕ     
ЭКОХИМИЧЕСКАЯ  ОЦЕНКА ТКИБУЛЬСКОГО УГЛЯ 
Супаташвили Г.Д.,  Такаишвили Н.В.,  Лабарткава Н.А.,  Брегадзе М.A., Гиоргадзе Н.V. 
Тбилисский Государственный Университет им. Ив. Джавахишвили1  
В пробах, взятых из разных шахт Ткибульского месторождения каменного угля определены содержания 
нормированных элементов, таких как сера, мышьяк, хлор и фтор. Для определения содержания выше 
перечисленных компонентов были использованы методы, официально рекомендованные международ-
ными и российскими регулирующими агентствами. Основываясь на полученных результатах иссле-
дования Ткибульский уголь можно считать экологически сравнительно безвредным твердым топливом.                                                                                                          
Ключевые слова: уголь, сера, мышьяк, хлор. 
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halogenwyalbadebis organul naerTebTan hidrohalogenirebis 
qvantur-qimiuri modelireba 

 
faCulia z.v., iremaSvili d.j., tabataZe l.v. 

 
soxumis saxelmwifo universiteti 

 
qimiuri reaqciebis meqanizmis Seswavla warmoadgens Tanamedrove qimiis 

erT-erT aqtualur amocanas. speqtrometruli (infrawiTeli, ultraiisferi) 
da birTvul-magnituri rezonansis meTodebTan erTad molekulebis aRnago-
bisa da reaqciebis meqanizmis dadgenaSi ukanasknel wlebSi farTo gamoyeneba 
pova qvantur-qimiurma meTodebma. 

Seswavlilia ftorwyalbadis propinTan urTierTqmedebis _ hidrohalo-
genirebis reaqciebi qvantur-qimiuri modelirebiT. ftorwyalbadis urTierTq-
medeba propinTan¬markovnikovis wesis mixedviT mimdinareobs or stadiad. pir-
vel stadiaze xdeba sammagi bmis gawyveta 2-ftorpropenis warmoqmniT. meore 
stadiaze xdeba ormagi bmis gawyveta 2,2-diftorpropanis warmoqmniT. 

Seswavlil iqna ftorwyalbadis propinTan urTierTqmedeba xaraSis 
efeqtiT, romlis drosac ujer naxSirwyalbadebTan halogenwyalbadebis mier-
Tebisas wyalbadis atomi uerTdeba ujeri bmis warmomqmnel ufro naklebad 
hidrogenizebul naxSirbadatoms, halogeni ki metad hidrogenizebul naxSir-
badatoms. ftorwyalbadis urTierTqmedeba propinTan xaraSis efeqtis mixed-
viT mimdinareobs or stadiad. pirvel stadiaze xdeba sammagi bmis gawyveta  
1-ftorpropenis warmoqmniT. meore stadiaze ki ormagi bmis gawyveta 1,2-di-     
ftorikupropanis warmoqmniT. 

arsebuli meTodikiT reaqciis produqtis sruli Cvenebis da reaqciis 
meqanizmis WeSmaritebis dadgenis mizniT naxevradempiriuli qvantur-qimiuri 
meTodis AM1-is gamoyenebiT gamoTvlil iqna 2-ftorpropenis, 2,2-diftorpro-
panisa da 1-ftorpropenis, 1,2-diftorpropanis energetikuli da eleqtronuli 
maxasiaTeblebi. Tavdapirvelad ganxilul iqna ftorwyalbadisa da propinis 
molekulis urTierTqmedeba markovnikovis wesis mixedviT: 

CH3-C≡CH + HF → CH3-CF=CH2 
 
moreagire nivTierebebis sawyisi mdgomareoba mocemulia nax. 1-ze. 
 

 
  

nax. 1. moreagire nivTierebebis sawyisi mdgomareoba 
 

manZili naxSirbadis C1 atomsa da wyalbadis H8 atoms Soris, naxSir-
badis C2 atomsa da ftoris F9 atoms Soris aRebul iqna 1,0 Å-iT meti, vidre 
bmis manZili saboloo produqtSi (1,36 Å). RC1-H8, RC2-F9 manZilebis cvlileba 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #1, 2020  
 
94 

naxSirbadis C1 atomsa da wyalbadis H8 atoms Soris, naxSirbadis C2 atomsa 
da ftoris F9 atoms Soris xdeboda 0,05 Å-is intervaliT. sistemis energiis 

cvlilebis ( )ΔH  damokidebuleba naxSirbadis atomsa da ftoris atoms So-

ris RC2-F9 manZilze mocemulia nax. 2-ze. 
 

 
  

nax. 2. sistemis energiis cvlilebis ( )ΔH  damokidebuleba naxSirbadisa da 

ftoris atomebs Soris RC2-F9 manZilze 
 

rogorc nax. 2-dan Cans, ftoris atomis F9 miaxloebisas naxSirbadis              
C2 atomTan RC-F = 1,71 Å manZilamde, sistemis energia izrdeba. bmis rigi C2 da 
F9 atomebs Soris izrdeba (0,006860-1,003672). SeimCneva axali bmis warmoqmna: PC1-

H8 = = 0,004519-0,955054; Sualeduri mdgomareobis struqtura mocemulia me-3 
nax.-ze. 

 

  
 

nax. 3. sistemis Sualeduri mdgomareoba 
 

nax. 4. reaqciis produqtis saboloo 
mdgomareoba 

 
    

manZili RC2-F9 reaqciis produqtSi Seadgens 1,36 Å-s. mocemuli sqemiT mim-
dinareobisas reaqciis aqtivaciis energia ΔΔH* = 416,86 kj/moli, xolo reaq-
ciis siTbo ΔΔH = - 83,18 kj/moli. rogorc vxedavT, reaqcia egzoTermulia. 
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ftorwyalbadis propinTan urTierTqmedeba aseve mimdinareobs xaraSis 
efeqtis mixedviT, romlis drosac ujer naxSirwyalbadebTan halogenwyal-
badebis mierTebisas wyalbadis atomi uerTdeba ujeri bmis warmomqmnel 
ufro naklebad hidrogenizebul naxSirbadatoms, halogeni ki metad hidroge-
nizebul naxSirbadatoms. xaraSis efeqtiT reaqcia gamoisaxeba Semdegnairad: 

 

CH3-C≡CH + HF → CH3-CH=CHF 
 
moreagire nivTierebebis sawyisi mdgomareoba mocemulia nax. 5-ze. 
 

 
  

nax. 5. moreagire nivTierebebis sawyisi mdgomareoba 
 
 
manZili naxSirbadis C1 atomsa da ftoris F9 atoms Soris, naxSirbadis 

C2 atomsa da wyalbadis H8 atoms Soris aRebul iqna 1,0 Å-iT meti, vidre bmis 
manZili saboloo produqtSi (1,35 Å). RC1-F9, RC2-H8 manZilebis cvlileba 
naxSirbadis C1 atomsa da ftoris F9 atoms Soris, naxSirbadis C2 atomsa da 
wyalbadis H8 atoms Soris xdeboda 0,05 Å-is intervaliT. sistemis energiis 
cvlilebis (ΔH) damokidebuleba naxSirbadis atomsa da ftoris atoms Soris 
RC1-F9 manZilze mocemulia nax. 6-ze. 

 

 
nax. 6. sistemis energiis cvlilebis (ΔH) damokidebuleba naxSirbadisa da ftoris 

atomebs Soris RC1-F9 manZilze 
 

rogorc nax. 6-dan Cans, ftoris atomis F9 miaxloebisas naxSirbadis C1 
atomTan RC-F = 1,70 Å manZilamde, sistemis energia izrdeba. bmis rigi C1 da F9 
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atomebs Soris izrdeba (0,007661-1,015395). SeimCneva axali bmis warmoqmna:                 
PC2-H8 = 0,004288-0,947612; Sualeduri mdgomareobis struqtura mocemulia nax. 7-ze. 

 
 

  
 

nax. 7. sistemis Sualeduri mdgomareoba 
 

nax. 8. reaqciis produqtis saboloo 
mdgomareoba 

 
           

manZili RC1-F9 reaqciis produqtSi Seadgens 1,35 Å-s. mocemuli sqemiT 
mimdinareobisas reaqciis aqtivaciis energia ΔΔH* = 378,46 kj/moli, xolo 
reaqciis siTbo ΔΔH = - 97,03 kj/moli. rogorc vxedavT, reaqcia egzoTermulia.    

me-2 stadiaze markovnikovis wesis Tanaxmad reaqcia gamoisaxeba Semdeg-
nairad: 

 

CH3-CF=CH2 + HF → CH3-CF2-CH3 

 
moreagire nivTierebebis sawyisi mdgomareoba mocemulia nax. 9-ze. 
 

 
  

nax. 9. moreagire nivTierebebis sawyisi mdgomareoba 
 

manZili naxSirbadis C1 atomsa da wyalbadis H10 atoms Soris, naxSir-
badis C2 atomsa da ftoris F11 atoms Soris aRebul iqna 1,0 Å-iT meti, vidre 
bmis manZili saboloo produqtSi (1.38 Å). RC1-H10, RC2-F11 manZilebis cvlileba 
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naxSirbadis C1 atomsa da wyalbadis H10 atoms Soris, naxSirbadis C2 atomsa 
da ftoris F11 atoms Soris xdeboda 0,05 Å-is intervaliT. sistemis energiis 
cvlilebis (ΔH) damokidebuleba naxSirbadis atomsa da ftoris atoms Soris 
RC2-F11 manZilze mocemulia nax. 10-ze. 

 

 
nax. 10. sistemis energiis cvlilebis (ΔH) damokidebuleba naxSirbadisa da ftoris 

atomebs Soris RC2-F11 manZilze 
 

rogorc nax. 10-dan Cans, ftoris atomis F11 miaxloebisas naxSirbadis 
C2 atomTan RC-F = 1,73 Å manZilamde, sistemis energia izrdeba. bmis rigi C2 da 
F11 atomebs Soris izrdeba (0,008567-0,958226). SeimCneva axali bmis warmoqmna:         
PC1-H10 = 0,005083-0,973264; Sualeduri mdgomareobis struqtura mocemulia                 
nax. 11-ze. 

  
 

nax. 11. sistemis Sualeduri mdgomareoba nax. 12. reaqciis produqtis saboloo 
mdgomareoba 

 
manZili RC2-F11 reaqciis produqtSi Seadgens 1,38 Å-s. mocemuli sqemiT 

mimdinareobisas reaqciis aqtivaciis energia ΔΔH* = 332,78 kj/moli, xolo 
reaqciis siTbo ΔΔH = - 61,10 kj/moli. rogorc vxedavT, reaqcia egzoTermulia. 
meore etapze xaraSis efeqtis Tanaxmad reaqcia gamoisaxeba Semdegnairad: 
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CH3-CH=CHF + HF → CH3-CHF-CH2F 
moreagire nivTierebebis sawyisi mdgomareoba mocemulia nax. 13-ze. 
 
 

 
  

nax. 13. moreagire nivTierebebis sawyisi mdgomareoba 
 

manZili naxSirbadis C1 atomsa da ftoris F11 atoms Soris, naxSirbadis 
C2 atomsa da wyalbadis H10 atoms Soris aRebul iqna 1,0 Å-iT meti, vidre 
bmis manZili saboloo produqtSi (1,38 Å). RC1-F11, RC2-H10 manZilebis cvlileba 
naxSirbadis C1 atomsa da ftoris F11 atoms Soris, naxSirbadis C2 atomsa da 
wyalbadis H10 atoms Soris xdeboda 0,05 Å-is intervaliT. sistemis energiis 
cvlilebis (ΔH) damokidebuleba naxSirbadis atomsa da ftoris atoms Soris 
RC1-F11 manZilze mocemulia nax. 14-ze. 

 

 
nax. 14. sistemis energiis cvlilebis (ΔH) damokidebuleba 
naxSirbadisa da ftoris atomebs Soris RC1-F11 manZilze 

 
 
rogorc nax. 14-dan Cans, ftoris atomis F11 miaxloebisas naxSirbadis 

C1 atomTan RC-F = 1,73 Å manZilamde, sistemis energia izrdeba. bmis rigi C1 da 
F11 atomebs Soris izrdeba (0,007599-0,983125). SeimCneva axali bmis warmoqmna: 
PC2-H10 = 0,003957-0,944695; Sualeduri mdgomareobis struqtura mocemulia nax. 
15-ze. 
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nax. 15. sistemis Sualeduri mdgomareoba  nax. 16. reaqciis produqtis saboloo 

mdgomareoba 
 
       manZili RC1-F11 reaqciis produqtSi Seadgens 1,38 Å-s. mocemuli sqemiT 
mimdinareobisas reaqciis aqtivaciis energia ΔΔH* = 332,95 kj/moli, xolo reaq-
ciis siTbo ΔΔH = - 48,61 kj/moli. rogorc vxedavT, reaqcia egzoTermulia. 

aqtivaciis energiebisa da reaqciis siTburi efeqtebis Sedarebidan ga-
momdinare hidroftorirebis reaqcia propinsa da ftorwyalbads Soris meore 
sqemiT (xaraSis efeqti) energetikulad ufro xelsayrelia, xolo hidro-
ftorirebis reaqcia propensa da ftorwyalbads Soris pirveli sqemiT (mar-
kovnikovis wesi) energetikulad ufro xelsayrelia siTburi efeqtis upira-
tesobis gamo. aseTi Sedegebi ewinaaRmdegeba markovnikovis wess, magram srul 
TanxmobaSia xaraSis efeqtTan. WeSmaritebis dadgenisaTvis aucilebelia faqi-
zi eqsperimentis Catareba da qvantur-qimiuri gamoTvlebis ufro srulyofi-
li araempiriuli meTodebis gamoyeneba. 
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SUMMARY 
QUANTUM-CHEMICAL MODELING OF HYDROHALOGENATION WITH HALOGENATED 
ORGANIC COMPOUNDS 
Pachulia Z.V., Iremashvili D.J. and Tabatadze LV. 
Sokhumi State University 
Quantum-chemical modeling of hydrohalogenation under the with effect of Markovnikov and Harash is 
discussed in the reaction coordinate mode. Semi-empirical AM1 (Austin Model 1) Modern quantum-chemical 
methods are used to calculate the energy and electronic properties of 2-fluoropropene, 2,2-difluoropropane and 
1-fluoropropene, 1,2-difluoropropane. 
Keywords: quantum-chemical modeling, hydrohalogenation. 
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1,4-bis [dialkileTilarsonium] – 1,4-dihidronaftalinebis diiodidebis 
maTematikur-qimiuri Seswavla 

 
robaqiZe n.z., kvernaZe m.s. 

 
iv. javaxiSvilis saxelobis Tbilisis saxelmwifo universiteti 

 
maTematikuri qimia Tanamedrove Teoriuli qimiis SedarebiT axali dar-

gia. igi warmoiqmna qimiisa da umaRlesi algebris garkveuli simbiozis Sede-
gad da misi meTodebis gamoyenebiT gadaWrilia Teoriuli qimiis mravali 
mniSvnelovani problema [1,2]. 

topologiuri indeqsebis (molekuluri diskriptorebis) meTodi maTema-
tikuri qimiis problematikis kvlevis umZlavresi saSualebaa. dReisaTvis ar-
sebul daaxloebiT eqvs aTeul topologiur indeqss Soris, Svidi konstrui-
rebulia maTematikuri qimiis qarTuli skolis mier [3]. am Svid topologiur 

in¬deqss Soris, gansakuTrebulad vrclad aprobirebulia ori – ( )anb∆lg  da 

( )qanb∆lg   [4]. 

( )anb∆lg  warmoadgens anb-matricis determinantis mniSvnelobis aTobiT 

logariTms. anb-matrica kvadratuli da simetriulia. misi diagonaluri ele-
mentebia molekulaSi Semavali qimiuri elementebis atomuri nomrebi, 
aradiagonaluri elementebia. qimiuri bmebis jeradobebi. anb-matricis rangi 
molekulaSi Semavali atomebis ricxvis tolia. ABC samtomiani molekulis 
Sesabamisi anb-matricaa: 

CBCAC

BCBAB

ACABA

Z
Z

Z

∆∆
∆∆

∆∆

       (1) 

 

( )qanb∆lg  warmoadgens qanb – (qvazi-anb) matricis determantis mniSvnelo-

bis aTobiT logariTms. formalurad mas (1) saxe gaaCnia, oRond im SemTxveva-
Si diagonaluri elementebi warmoadgenen molekulis calkeul struqturul 
fragmentebSi Semavali qimiuri elementebis atomuri nomrebis jams, aradia-
gonaluri elementebi – qimiur bmebis jeradobebia am struqturul fragmen-
tebs Soris. amgvarad, qanb-matricis konstruireba xdeba ara molekulis, ara-
med misi garkveuli modelis bazaze, rac novatoruli midgomaa maTematikur 
qimiaSi. 

cxrilSi 1,2-bis [dialkileTilarsonium]-1,4-dihidronaftalinis diiodi-

debisaTvis moyvanilia ( )qanb∆lg  da (moluri eleqtrogamtaroba) [5]. am naerTe-

bis zogadi formulaa: 
 

[ ]IRHAgCHCASRHCI 252810252 −−  

 
maTTvis SerCeuli martivi modeli A – B – A 
 

 ( )qanb∆lg da µ 1,2-bis [dialkileTilarsonium]-1.4-di hidronaftalinis diodidebisaTvis 

 
R C3H7 C4H8 C5H11 C6H13 

( )qanb∆lg  5,83 5,96 6,03 6,16 

μ om-1sm-1mol-1 

 
105 107 113 117 
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umciresi kvadratebis meTodis gamoyenebiT, kompiuterze agebuli kore-
laciuri gantoleba: 

µ=33 ( )qanb∆lg – 88         (2) 

 
korelaciis r koeficienti tolia 0,985. amgvarad, jafes kriteriumebiT 

[6], korelacia damakmayofilebelia, topologiuri indeqsi ( )qanb∆lg efeqturi 

aRmoCnda zemoT ganxiluli rTuli sistemebisaTvis, rac mis Semdgomi gamoye-
nebis perspeqtivas mniSvnelovnad afarToebs. 
 
literatura 
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SUMMARY 
MATHEMATICAL-CHEMICAL STUDY OF DIIODIDES OF  
1.4-BIS [DIALKYL-ETHYLARSONIUM]-1.4 DIHYDRONAPHTA-LENES. 
Robakidze N.Z. and Kvernadze M.S. 
Iv. Iavakhishvili Tbilisi State University 
Diiodides of 1.4-bis [dialkylethylarsonium]-1.4-dihydronaphtalenes were stidied within the scope of QAN8-
matrica method. The correlation equation was derived. The correlation is satisfacotory. 
Keywords: QANB-matrix, satisfactory correlation. 
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d-metalTa tetraTionaTimonatebis amiakaturi kompleqsebis 
Termogravimetruli kvleva 

 
samxaraZe m.g., maCalaZe T.e., kaxiZe n.a. 

 
akaki wereTlis saxelmwifo universiteti 

iv. javaxiSvilis Tbilisis saxelmwifo universiteti, rafiel aglaZis sax. 
araorganuli qimiisa da eleqtroqimiis instituti 

 
gardamaval metalTa tetraTioanTimonatebis amiakaturi kompleqsebi 

saintereso naerTebia ara mxolod qimiuri, fiziologiuri aqtivobis Tval-
sazrisiT. maTi sinTezis pirobebi da fizikur-qimiuri Tvisebebi Seswavlilia 
[1,2], rac Seexeba maT Termul Tvisebebs, monacemebi praqtikulad ar arsebobs. 

ukanasknel wlebSi Termuli analizi gaxda erT-erTi wamyvani kvlevis 
fizikur-qimiur meTodTa Soris. gaizarda mkvlevarTa interesi kompleqsnaer-
TTa myarfazuri gardaqmnebis mimarT, daiwyo Tvisobrivad axali etapi komp-
leqsnaerTTa Termuli gardaqmnebis SeswavlaSi diferencialuri Termuli 
analizis gamoyenebiT. 

Termuli kvlevebisas, gardaqmnebisa da qimiuri reaqciebis sruli su-
raTis misaRebad saWiroa T  da DTA  mrudebTan erTad miviRoT masis cvlile-
bis TG  mrudi. aseT xelsawyoebs miekuTvneba sinTezirebuli nimuSebis kvle-
visaTvis Cvens mier gamoyenebuli ungruli warmoebis F. Paulik; Y. Paulik; L.Erdey - 
is sistemis derivatografi – Q - 1500 D [3].  igi saSualebas iZleva, erTi da 
imave nimuSisaTvis erTdroulad Caiweros oTxi mrudi: temperaturis cvlile-
bis (T),  masis cvlilebis (TG);  agreTve Sesabamisi diferencialuri DTA  da 
DTG  mrudebi. Termogravimetruli kvleva tardeboda C01000 -mde, gaxurebis 

siCqariT 10
0
/ wT. sasworis mgrZnobiaroba - 1000 mg/250 mm. 

galvanometris mgrZnobiaroba _ 250 Mv;  etalonuri nivTiereba α  _ 

32OAe , tigeli _ platinis, sakvlevi nimuSebis masa _ 100 mg.D 

Seswavlil iqna d-metalTa tetraTionaTimonatebis(V) amikaturi komp-
leqsebis qimiuri qceva gaxurebisas. d-metalTa amiakatebis Termolizma aCvena, 
rom kompleqsebis daSla-destruqcia iwyeba amiakis moxleCva-mocilebiT. 
Termolizis Sedegebi motanilia naxazze. 

nimuSad ganvixiloT heqsaaminnikelis (II) tetraTioanTimonatis Termo-

lizi nax. 1,a) [Ni(NH3)6]3(SbS4)2-is Termuli daSla iwyeba C070 -dan ligandis-
amiakis mowvetiT, procesi mimdinareobs or etapad. pirveli endoTermuli 
efeqti SeiniSneba DTA  mrudze 70_130 0C-is intervalSi, pikiT 90 0C -ze. am 
etapze masis kleba Seadgens 11,39%-s, rac Seesabameba 6 moli 3NH -is mowvetas 

(Teoriuli _ 10,38%). 
Semdgomi masis kleba mimdinareobs 130_220 0C-ze. masa am SemTxvevaSi 

mcirdeba 21,51%-iT, rac Seesabameba darCenili 12 moli amiakis mocilebas 
(20,77% _ Teoriuli). 

SedarebiT rTuli procesi mimdinareobs 220_810 0C-is temperaturul in-
tervalSi. DTA mrudze SeiniSneba ori egzoefeqti, pikebiT 560 0C da 610 0C-ze. 
am process mosdevs endoefeqti, pikiT 770 0C-ze. masis kleba 220_610 0C  inter-
valSi Seadgens 6,32%-s (praqtikuli), rac Seesabameba 2 moli gogirdis moci-
lebas (Teoriuli _ 6,51%). Semdgom, 610 0C-ze zemoT kvlav aqvs adgili masis 
cvlilebas, kerZod, masa mcirdeba 3,81-iT (praqtikuli), rac SeiZleba gamow-
veuli iyos erTi moli gogirdis mocilebiT (Teoriuli _ 6,51%). 
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(a) (b) 

  
g) d) 

 
sinTezirebul naerTTa Termogramebi 

a) ( )[ ] ( )24363 SbSNHNi ;  b) ( )[ ] ( )24343 SbSNHZn ;  

g) ( )[ ] 4323 SbSNHAg ; d) ( )[ ] ( )24343 SbSNHHg  

 
 
 
zemoT naTqvamidan gamomdinare, [Ni(NH3)6]3(SbS4)2-is Termolizis savarau-

do sqema SeiZleba Semdegnairad warmovidginoT: 
 

 

( )[ ] ( )  → − C13070
24363

0

SbSNHNi ( )[ ] ( )  → − C220130
24343

0

SbSNHNi  

( )  →→ − C610220
243

0

SbSNi ( ) ...SSbNiSbSNi 523
C610>

233
0

→ →  

 
 
 

ganxiluli magaliTis msgavsad mimdinareobs [ ] 4323 )( SbSNHAg -is, 

[ ] 24343 )()( SbSNHCd -is, [ ] 24343 )()( SbSNHZn -is, [ ] 463 )( SbSNHCo -is Termuli daS-

lac, rac upirvelesad ligandis-amiakis mowyvetaSi da Semdgom deTionire-
baSi gamoixateba. 

Termolizis TvalsazrisiT gansakuTrebiT sayuradReboa vercxlis-
wylis(II) tetraTioanTimonatis(V) amiakaturi kompleqsis qimiuri qceva gaxu-

-6NH3 -12NH3 

-2S -S 
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rebisas. ganvixiloT [ ] 24343 )()( SbSNHHg -is Termuli daSla (nax. d), romelic 

danarCen kompleqsebTan SedarebiT gansxvavebulad mimdinareobs. nimuSis daS-
la iwyeba ligandis-amiakis mowyvetiT, rac DTG mrudze 80-240 0C tempe-
raturul intervalSi aisaxeba sami endoTermuli efeqtiT, maqsimumebiT 100, 
180 da 220 0C-ze. aRniSnul temperaturul intervalSi wonakis masa mcirdeba 
15,53%-iT, rac Seesabameba 12 molekula amiakis mocilebas (Teoriuli 15,62%). 
masis sagrZnoblad Semcirebas adgili aqvs 240-500 0C intervalSi. am etapze 
wonis kleba Seadgens 59,22%-s, rac unda aixsnas 2 moli gogirdisa da 3 moli 

HgS -is mocilebiT (Teoriuli 58,43%); 500 0C-ze zeviT ki mimdinareobs nimu-
Sis sruli daSla yovelgvari naSTis gareSe. 

zemoTqmulidan gamomdinare, tetraaminvercxliswylis(II) tetraTioanTi-
monatis(V) Termuli daSlis sqema SeiZleba ase warmovadginoT: 

 
 

( )[ ] ( ) ( )
( ) aorTqleba-daSla srulimdgomareob gamlRvali a  → →

→ → → −−

C 550>
32

C550

32
C500240

243
C24080

24343
00

00

SSb

SSbHgSbSNHHg SbS
 

 
 
amrigad, Termuli analizis Sedegebis interpteraciiT SeiZleba aRvwe-

roT kompleqsebSi mimdinare qimiuri reaqciebi da fizikuri gardaqmnebi, 
agreTve is siTburi efeqtebi, romlebic maT Tan axlavs. amasTan, Termuli 
analiziT Seswavlili naerTebi SeiZleba mivakuTvnoT `Termoaqtiurebs", rad-
gan adgili aqvs sakvlevi nimuSebis masis garkveul cvlilebas. 
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SUMMARY 
THE THERMAL ANALYSIS OF AMMONIATE COMPLEXES OF D-METALS 
Samkharadze M.G., Machaladze T.E. and Kakhidze N.A. 
Akaki Tsereteli State University, Kutaisi 
Iv. Javakhishvili Tbilisi State University, R. Agladze Institute of Inorganic Chemistry and 
Electrochemistry 
Ammonia complexes of d-metals tetrathioantimoniates with the general formula. [ ] 2433 )()( SbSnNHM  have 
been studied by the thermal analysis method. After heating of these complexes firstly the ligand is removed, then 
it happens dethionation and at last destruction. 
Keywords: tetrathioantimoniate, ammoniate complexes, thermal analysis. 
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amficezini _ avTvisebian simsivneTa operaciisSemdgomi metastazirebis 
axali Taobis inhibitori (SemaCerebeli) 

 
CigogiZe n.S., nadiraZe i.S., wivwivaZe v.p., wivwivaZe T.i. 

 
saqarTvelos teqnikuri universitetis biologiurad  

aqtiur nivTierebaTa kvlevis samecniero centri 
saqarTvelo-israelis erToblivi klinika ,,gidmedis“ samecniero centri 

kavkasiis saerTaSoriso universiteti 
 

avTvisebian simsivneTa (kibos) ganviTareba da maTi metastazirebis pro-
cesi kvlavindeburad msoflio onkologiisa da, zogadad, mecnier-mkvlevarTa 
aqtualuri problemaa, romelzec uwyveti samecniero-kvleviTi samuSaoebi 
mimdinareobs bevr qveyanaSi, maT Soris _ saqarTveloSic. bolo aTwleulebSi, 
rogorc ucxoeTSi, aseve Cven qveyanaSic aRiniSneba onkologiur daavadebaTa 
gaxSirebis tendenciebi da kiboTi daavadebulTa sagangaSo maCveneblebi. miux-
edavad samedicino (da ara marto) dargis muSakTa Tavgadakluli brZolisa, 
kibo dRemde rCeba daumarcxebel daavadebad, radgan organizmis simsivnur 
ujredebTan dakavSirebuli bevri procesi am dromde idumalebiTaa moculi. 

saqarTvelos teqnikuri universitetis biologiurad aqtiur nivTiere-
baTa kvlevis samecniero centris prof. nodar CigogiZem da saqarTvelo-
israelis erToblivi klinika ,,gidmedis~ centris prof. irakli nadiraZem 
(mecnier-konsultanti, prof. Tengiz wivwivaZe) gamogonebisaTvis ,,metasta-
zirebis axali inhibitorebis Seqmna onkodaavadebaTa qimioTerapiisaTvis“, 
moipoves saqarTvelos patenti (P 2019 7005 B). 

winamdebare naSromSi gaecnobiT ra ZiriTadi TvisebebiT gamoirCeva 
simsivnuri ujredebi, ra asuldgmulebs maT, ra meqanizmebia CarTuli maTi 

metastazirebis procesSi da sxva problemebს, romlebic Cven gamoviareT sanam 
SevqmnidiT avTvisebian simsivneTa operaciisSemdgomi metastazirebis axali 
Taobis inhibitors _ amficezins, romlis SeyvaniT organizmSi radikaluri 
operaciis dros da mis Semdgom, onkopacientebi daculni arian metastazire-
bisagan _ simsivnis axali keris _ wyaros warmoSobisagan. 

Cven samuSaoebamde cnobili iyo [1-4], rom pirveli simsivnuri keridan 
mowyvetili ujredi SeifuTeba fibriniT (rogorc maCablis sindromis [3] 
dacviTi reaqcia) da sisxlis Tu limfis gziT Sors, sxva organoebSi gadaita-
neba, sadac igi imave fibrinis meSveobiT miewebeba (adhezirdeba) endoTeliums 
da metastazs aZlevs dasabams. aseve cnobili iyo, rom es fibrini erTgvari 
sakvebi niadagia metastazebis ganviTarebisaTvis (sur. 1  da 2). 

 

 
 

suraTi 1 da 2. sisxlZarRvSi mocirkulire fibriniT SefuTuli 
da SeufuTavi (SiSveli) simsivnuri ujredebi 
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mravalwliani mizanmimarTuli (cdebisa da Secdomebis meTodi) eqperi-
mentuli muSaobis Sedegad mivediT im daskvnamde, rom organizmSi avTvisebian 
simsivneTa metastazirebis procesi SeiZleba daiyos 4 etapad: 1) erTeuli sim-
sivnuri ujredebis an maTi dajgufebebis mowyveta pirveladi simsivnuri 
keridan; 2) aRniSnuli ujredebis gadatana sisxliT an limfiT wvril sisxl-
ZarRvebSi; 3) simsivnuri ujredebis fiqsacia Sinagan organoebSi; 4) xelsay-
rel pirobebSi maTi proliferacia (gamravleba) da Semdgom metastazebis 
avtonomiuri (damoukideblad) zrda (sur. 3). 

 

 
 

suraTi 3. avTvisebiani simsivnuri ujredebis gamravleba  
da metastazebis avtonomiuri zrda 

 
      zemoaRniSnuli daskvnebidan gamomdinare, arsebuli masalebis 

analizma (eqsperimentis procesSi) mogvca imis daSvebis winapiroba, rom pir-
veladi simsivnuri keridan onkoujredebis mowyveta uwyveti da gardauvali 
procesia da, rom aRniSnuli ujredebis plazmur membranaze warmoqmnili 
fibriniT (ufro sworad fibrinis SriT, garsiT) gapirobebulia simsivnuri 
ujredebis (onkoujredebis) adheziis (miwebebis) unari. rogorc Cans, swored 
fibrini TamaSobs mTavar rols avTvisebian simsivneTa metastazirebis meqa-
nizmSi (sur. 4 da 5). histologiurma gamokvlevam gviCvena, rom endoTeliumi 
(sisxlZarRvTa kedlis SigniTa amomfeni ujredebis Sre) kargavs Tavis nor-
malur struqturas, rodesac simsivnuri ujredi emagreba mas kedlismieri 
Trombis saxiT. swored endoTeliumsa da simsivnur ujredebs Soris 
urTierTqmedeba qmnis centralur problemas metastazebis ganviTarebaSi. 

 
 

 
         

suraTi 4 da 5. fibrinis apkis meSveobiT onkoujredebis daleqva 
 
aqedan gamomdinare, Cvenma jgufma miznad daisaxa iseTi preparatis 

Seqmna, romelic xels SeuSlida swored am fibrinis garsis warmoqmnas, anu 
ar miscemda avTvisebiani pirveladi simsivnuri keridan mowyvetil onkouj-
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reds SefuTvis saSualebas, Tanac moqmed nivTierebas unda hqonoda e.w. qile-
ris funqciac, anu moekla simsivnuri ujredi; rogor moklavda, pirdapiri 
ieriSiT Tu gatutianebis gziT, es ukve sxva sakiTxia, mTavaria, rom ujredi 
gaSiSvlebul-SeufuTavi unda darCeniliyo. aseve hipoTetur axal nivTierebas 
heparinmagvari da fibrinolizuri moqmedeba unda hqonoda. swored am Tvi-
sebebis mqone organul anionebs daefuZna axali Taobis inhibitoris Seqmna [5]. 

aRniSnuli organuli anionebi ceziumisa da rubidiumis (rogorc qimiu-
rad yvelaze aqtiuri da ZlieraRmdgeni tute metalebi) matareblad gamo-
viyeneT, radgan dasaxelebul kationTa ujredebSi SeRweva ujredTa Sida 
garemos Zlier gatutianebas iwvevs, rasac sabolood simsivnuri ujredebis 
ganadgureba mosdevs. amasTan, mniSvnelovania, rom ceziumisa da rubidiumis 
kationebi ar azianeben normalur, janmrTel ujredebs. 

ujreduli membranebis SeRwevadobis regulirebiT, Cven mier SerCeuli 
organuli anionebi damatebiT exmareba simsivnis sawinaaRmdego preparatis 
transportirebas ujredebSi. es organuli anionebi, ra Tqma unda, ar aris 
kompleqsonebi [6], magram maTi molekulebis calkeul fragmentebs (xelsay-
rel pirobebSi) ZaluZT Seasrulon maxelatirebeli (ciklwarmomqmneli) 
roli da aqtiuri monawileoba miiRon mZime metalebis (qromi, kadmiumi da 
sxv.) kancerogenuli ionebis SeboWvaSi. 

 

 
suraTi 6. axali Taobis inhibitori – amficezini grZeljaWviani uaryofiTi, 

mravalmuxtiani, anionaqtiuri, organuli,  makromelekulebisa da erT-erTi Zlier 
tute metalis (ceziumi, rubidiumi) qimiuri naerTi. 

 
samwuxarod, bevri axali midgoma avTvisebiani simsivneebis mkurnalo-

baSi, romlebic karg Sedegebs iZleoda laboratoriaSi (in vitro), klinikur 
praqtikaSi warumatebeli aRmoCnda. amis erT-erTi mizezia is, rom ar xdeba 
mTavari faqtoris gaTvaliswineba _ nebismieri mowodebuli preparati unda 
iyos gamiznuli mxolod simsivnur ujredebze da ar unda azianebdes janm-
rTel ujreds. 

Catarebuli xangrZlivi eqsperimentis farglebSi erTxel kidev davrw-
mundiT imaSi, rom simsivne _ qsovilTa zrdis gansakuTrebiT reaqtiuli for-
maa, romelsac met-naklebad gamoxatuli avtonomiuroba axasiaTebs. orga-
nizmTan arakoordinirebuli zrdis es forma miCneulia reaqtiulad, radgan 
meoreulia im faqtorebTan, romlebic iwvevs mis warmoqmnas. amasTan, amgvari 
zrdis es forma grZeldeba misi gamomwvevi mizezebis moqmedebis Sewyvetis 
Semdegac. simsivnuri ujredebis usazRvro da ukontrolo gamravlebis 
Tviseba gadaecema ujredTa momdevno generaciebs. 

da mainc, avTvisebian ujredTa mTavari Tvisebaa _ mainfiltrirebeli 
zrdis unari, anu SeRweva irgvliv mdebare qsovilebSi maTi Semdgomi daSliT 
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da metastazebis ganviTareba, rac avTvisebiani ujredebis sisxlisa da 
limfis dinebiT gavrcelebis Sedegia. 

 

 
 

suraTi 7 da 8. axali Taobis inhibitoris _ amficezinis gamoyenebisas iblokeba 
simsivnuri ujredis fibriniT SefuTvis procesi; gaSiSvlebuli da amdenad advilad 

misawvdomi simsivnuri ujredi srulad nadgurdeba 
 

eqsperimentTa Catarebis farglebSi kidev erTxel davrwmundiT, rom 
metastazebis warmoqmna mWidrod aris dakavSirebuli simsivnuri ujredebis 
sisxlisa da limfuri ZarRvebis endoTeliumis urTierTdamokidebulebebTan 
fizikur-qimiur doneze. simsivnuri ujredebis avTvisebianobis xarisxis mate-
bas Tan erTvis maTi efeqturi eleqtrouaryofiTi muxtis zrda [4], romelic 
misi cnobili macocxlebeli Tvisebebis gamo, Tavis mxriv, kidev ufro metad 
zrdis simsivnuri ujredebis sicocxlisunarianobas. niSandoblivia, rom 
swored kancerogenuli nivTierebebi xels uwyobs ujredTa uaryofiTi muxtis 
matebas. zemoaRniSnulTan dakavSirebiT, sainteresoa kibosTan brZolaSi 
simsivnuri da homologiuri normaluri ujredebis eleqtrostatikur poten-
cialebs Soris arsebuli sxvaoba [7-8]. 

heparinmagvari aqtivobis, anu fibrinolizuri Tvisebebis mqone metasta-
zirebis axali Taobis (SemaCerebeli saSualebebis) daxmarebiT SeiZleba SeCer-
des simsivnuri ujredebis adhezia (miwebeba) endoTeliumTan. swored simsivneTa 
metastazirebis am axali Taobis sinTeturi inhibitorebis klasSi (sur. 7-8) 
gaerTianebulia simsivneTa metastazirebis SemaCerebeli mravalmuxtiani anio-
naqtiuri naerTebi, romelTac gaaCniaT polifunqciuri moqmedebis unari [10]. 

terminSi ,,mravalmuxtiani” igulisxmeba makromolekulaSi ramdenime 

funqciuri jgufis arseboba, kerZod 233 )(,,, OHPOHSOHOSOCOOH −−−−  da 

sxva, romlebsac gaaCniaT organuli naerTebis, kerZod, Zlier tute meta-
lebTan _ ceziumsa da rubidiumTan marilebis warmoqmnis unari [6,9]. 
dasaxelebuli nivTierebebi biologiur garemoSi (siTxeebSi) disociirdebian 
da warmoqmnian grZeljaWvian organul anionebs, aseve ceziumisa da 
rubidiumis kationebs. mizanmimarTuli sinTezis gziT organul anionebs unda 
gaaCndeT antikoagulaciuri an fibrinolizuri Tvisebebi, riTac Seaferxeben 
simsivnuri ujredebis adhezias sisxlZarRvTa endoTeliumze. 

grZeljaWviani mravalmuxtiani anionaqtiuri naerTebi SeiZleba 
sinTezirdes rogorc ceziumisa da rubidiumis monomarilebis, aseve orbirT-
viani kompleqsuri molekulebis saxiT, romelTa struqturaSic erTdroulad 
iqneba ceziumisa da rubidiumis atomebi garkveuli TanafardobiT. aseTi 
preparatebi kargad ixsneba wyalSi, rac uzrunvelyofs maT maRal SeRweva-
dobas cocxali organizmis biologiur siTxeebSi [8]. 

aRsaniSnavia isic, rom normaluri ujredebisaTvis optimaluri 35,7pH . 
pH -is mudmivobis SenarCunebas organizmis buferuli sistemebi ganapirobebs. 

simsivnuri ujredebisTvis damaxasiaTebelia bevrad ufro mJava garemo, pH -

is mniSvnelobis TandaTanobiT SemcirebiT (7,2-dan 6,5-mde). onkodaavadebaTa 
mogvianebiT stadiebze, avTvisebian ujredTa agresiulobis matebiskvalad, 

maTi pH  SesaZloa kidev metad daqveiTdes. 
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janmrTeli ujredis mier Jangbadis moxmarebis erTi mesamediT daqvei-
Teba mis avTvisebian gadagvarebas ganapirobebs. Jangbadis naklebobis piro-
bebSi Tavisi cxovelmyofelobis SenarCunebisaTvis ujredi iZulebulia ga-
daerTos nivTierebaTa anaerobul daJangvaze molekulaTa rTuli qimiuri 
gardaqmnebis gziT. es ukanaskneli xoriceldeba fermentebis specifikuri sis-
temebiT. gadagvarebuli (simsivnuri) ujredi anaerobuli xdeba. glukozis 
fermentacia, Jangbadis ararsebobis pirobebSi, iwvevs rZis mJavasa da sxva 
mJavebis warmoqmnas.  

anaerobul procesSi gamoyofili energia bevrad mcirea, vidre aero-
bulis dros. swored es ganapirobebs imas, rom simsivnuri ujredebi Tavisi 
cxovelmyofelobisaTvis iZulebuli arian glukoza da kaliumis ionebi gamoi-
yenon didi raodenobiT. am dros gamoyofili rZis mJava aqveiTebs simsivnuri 
ujredebis pH -s, anu maT SemJavebas iwvevs. imavdroulad irRveva nukleinis 

mJavebis unari akontrolon ujredTa gayofa, amis gamoa, rom simsivnuri ujre-
debi ukontrolod mravldeba. 

calkeuli bioqimiuri gardaqmnebis Sedegad gamoyofili erbos, pro-
pionis, Zmrisa da sxva mJavebi aseve ganapirobeben simsivnuri warmonaqmnebisa 
da maTi metastazebis ujredTa Sida garemos mJavianobis momatebas. 

Zlieri tute metalebi _ ceziumi da rubidiumi arian sinergistebi, anu 
aZliereben erTurTis moqmedebas. amasTan, ceziumi da rubidiumi Sedian kaliu-
mis qvejgufSi, misi analogebi arian. es aZlierebs maT saSualebas SeaRwion 
simsivnur ujredebSi, gansxvavebiT sxva elementebisgan, Seqmnan maTSi Zlieri 
tute garemo _ gaanadguron iq Tavmoyrili avTvisebiani onkoujredebi. 

daskvnis saxiT (Cvens mier SemoTavazebuli axali naerTis, amficezinis, 
efeqturoba eqsperimentulad ukve dadasturebulia. qalaq rigis (latvia) 
viroTerapiis internacionalur centrSi warmatebiT Catarda in vitro eqsperi-
mentebi. Seswavlilia amficezinis zemoqmedeba D60 p4 ujredovani kulturis in 
vitro sicocxlisunariani ujredebis raodenobaze. 

ucxoel eqspertTa gaocebas sazRvari ar hqonda, rodesac qarTveli 
mecnierebis mier Seqmnili preparatiT (10%-iani amficeziniT) simsivnuri 
ujredebis zrdis maqsimaluri inhibicia (PSB), sakontrolo jgufTan Sedare-
biT, 93,5% iyo. 

samwuxaroa, rom qarTvel mecnierTa es udidesi gamarjveba, ratomRac, 
yuradRebis gareSe darCa samSobloSi, gasaocari Sedegis miuxedavad, 
qarTvel mecnierTa gamogonebas ,,mwvane Suqi mainc ar enTeba” saqarTveloSi. 

ager ukve erTi welia, in vitro eqsperimentebis Semdeg, usaxsrobis gamo, 
ver grZeldeba in vivo cdebi Cvens qveyanaSi; maSin, roca ucxoeli specialis-
tebi did interess gamoxataven da metic, ukve am etapze jer kidev Seucno-
badi da sakvirveli koronavirusis fonze, klinikur kvlevebSi monawileobis 
survils uamravi moxalise gamoxatavs). 

_ amficezini, avTvisebian simsivneTa inhibitorebis axali Taobis pirve-
li warmomadgeneli, ufro konkretulad simsivneTa operaciisSemdgomi metas-
tazirebis sawinaaRmdego preparati (amJamad sruldeba meore Taobis inhibi-
torebze _ grZeljaWvian, mravalmuxtian anionaqtiur molekulebze muSaoba); 

_ amficezini, pirveli preparati msoflioSi, romelic moqmedebs mxo-
lod simsivnur ujredebze da ar azianebs organizmis janmrTel, normalur 
ujredebs. igi aCerebs simsivnuri ujredebis adhezias endoTeliumze, anu 
gaaCnia heparinmagvari moqmedeba; 

_ amficezini, aqvs maxelatirebeli (ciklwarmomqmneli) efeqti da mo-
nawileobs mZime metalTa kancerogenuli ionebis SeboWvaSi (koordinaciaSi); 

_ amficezini, tute metalebis _ ceziumisa da rubidiumis (kaliumis 
analogebi) matarebeli, uzrunvelyofs maT transports da simsivnur 
ujredebSi SeRwevas; 
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_ amficezini, waritacebs simsivnuri ujredebisaTvis saWiro kationebs 
da aiZulebs simsivnur ujredebs ganicadon sakvebis deficiti; 

_ amficezini, zrdis ujredTa mdgradobas hipoqsiisadmi (Jangbadis 
nakleboba) da aZlerebs imunitets; 

_ amficezini, uzrunvelyofs simsivnuri ujredebis nawilis, romlebSic 
gadagvarebis procesi jer kidev ar aris Sors wasuli (anu onkoujredebi 
genetikuri aparatis dazianebis gareSe), normalur mdgomareobaSi dabrunebas, 
danarCeni onkoujredebi ki iRupeba; 

_ amficezini, xasiaTdeba kargi SeTavsebulobiT simsivnis sawinaaR-
mdego sxva samkurnalo preparatebsa da Terapiis meTodebTan; 

_ amficezini, rogorc mravalmuxtiani anionaqtiuri naerTi gansxvavde-
ba arsebuli simsivnis sawinaaRmdego qimiopreparatebisagan, romelTac gaaC-
niaT maRali citotoqsikuroba. axali Taobis am klasis naerTebs axasiaTebT 
simsivnis sawinaaRmdego moqmedebis maRali SerCeviToba da specifikuroba;  

_ amficezini, sxivuri Terapiis samkurnalo-profilaqtikuri dozebis 
Semcirebis saSualebas iZleva, ufro metic, misi wyalobiT zogjer SeiZleba 
mTlianad uarisTqma radioTerapiaze; 

_ amficezini, da axali Taobis am klasis sxva warmomadgenlebi, SeiZ-
leba gamoyenebul iqnes mcire dozebiT, xangrZlivi drois ganmavlobaSi, 
simsivnur daavadebaTa saprofilaqtikod. 

dadasturebulad SegviZlia imis aRniSvna, rom ,,eleqtruli muxti~ da 
sazogadod ,,eleqtroba~, Cvens garda, jer ar gamoyenebula onkologiaSi da 
igi, Tu ar CavTvliT calkeul gamonaTebebs, burusiTaa moculi.    
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SUMMARY  
AMPHICEZINE _ A NEW GENERATION INHIBITOR (PRECIPITANT) FOR POSTOPERATIVE 
METASTASIS OF MALIGNANT TUMORS 
Chigogidze N.Sh, Nadiradze I.Sh., Tsivtsivadze V.P. and Tsivtsivadze T.I. 
Biological Active Material Research Center of Georgian Technical University 
Scientific Center of Georgia-Israel Joint Clinic Gidmedi 
Caucasus International University  
 The development of malignant tumors (cancer) and the processes of their metastasis in the body is an actual 
problem for scientists and researchers in the field of oncology as well as for various specialties, who conduct 
scientific research in this field in many countries around the world, including Georgia. In the last decade, in 
abroad as well as in our country, there is a growing tendency of oncological diseases and the number of patients 
has increased too. Despite the dedicated struggle against cancer by medical representatives (and not only by 
them), cancer is still an invincible disease. (Except for rare exceptions), and many of the processes associated 
with cancer cells in the body remain unstudied. Employees of the Biological Active Material Research Center of 
Georgian Technical University (Prof. N. Chigogidze) and the Scientific Center of Georgia-Israel Joint Clinic 
Gidmedi (Prof. I. Nadiradze) received a Georgian patent №Р2019 7005В, date of registration 17.07.2019 year 
for an invention "Creation of new metastases inhibitors for oncological diseases chemotherapy" 
Keywords: cancer, metastasis, oncology, inhibitor, amphicezine, malignant, fibrin, adhesion, proliferation, 
membrane, oncologic cell.  
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fosfolipidebis uniSvnelovanesi Tvisebebi mzesumziras zeTis 
neitralizaciis procesSi 

 
siraZe m.g., ZnelaZe s.j. 

 
saqarTvelos teqnikuri universiteti 

 
trigliceridebis umniSnelovanes Tanaur nivTierebas warmoadgens  

mcenareul zeTebSi  gaxsnili fosfolipidebi,  romlebsac Tavisi qimiuri 
aRnagobidan gamomdinare SeuZliaT Secvalon fazuri da energetikuli  
urTierTqmedeba polarul da arapolarul fazebs Soris. fosfolipid-
ebisaTvis aseTi aqtiurobis arseboba ganpirobebulia maTi struqturiT, po-
larobiT da polarizaciiT, aseve gare faqtorebiT: temperaturiT,  gamxsne-
lis (are) xasiaTiT, koncentraciiTa da gayofis sazRvarze fazebis Tavisebu-
rebiT.   

dabalpolarul gamxsnelebSi, kerZod mcenareuli zeTebis tri-
acilgliceridebSi gaxsnili fosfolipidebis Tavisebureba  imaSi mdgo-
mareobs,  rom  isini praqtikulad ar amJRavneben  zedapirul aqtiurobas  
„gamxsneli_haeri“ fazebis gayofis sazRvarze. maTi zedapiruli aqtiuroba 
arapolarul gamxsnelebSi aSkarad gamoixateba wyalTan gayofis  sazRvarze.  
fosfolipiduri xsnarebis  aseTi  Taviseburebis  gamo,  isini miekuTvnebian 
zedapirulad aqtiur nivTierebaTa jgufs da gaaCniaT  zeTebSi  micelaruli  
xsnarebis  formirebis  unari. 

farTodaa Seswavlili mcenareul zeTebSi fosfolipidebis monawi-
leobiT mimdinare  ZiriTadi  qimiuri reaqciebi,  kerZod naxSirwylebTan  da  
pigmentebTan maT  urTierTqmedebis reaqciebi,  fosfolipidebis Jangvis reaq-
ciebi da aseve maTi SesaZlo destruqcia koncentrirebuli tuteebis wyalx-
snarebTan  urTierTqmedebisas  [1-3]. 

 arsebobs mcenareuli zeTebidan am nivTierebaTa mocilebis samrewve-
lo meTodi _ hidratacia, romelic ganpirobebulia zeTSi gaxsnili fosfo-
lipidebis molekulebis zedapiruli aqtiurobiT wyalTan sazRvarze  [2,3].       

hidratirebuli zeTebis tute  neitralizaciis procesis efeqturobis 
Sesafaseblad  ar arsebobs sakmarisi kvlevebi, romlebic  uzrunvelyofen, 
rom sakmarisad obieqturad ganisazRvros fosfolipidebis mocilebis sruli 
gavlena procesis efeqturobis ZiriTad maCvenebelze – neitralizirebuli  
zeTis gamosavalianobaze.  

literturuli monacemebiT bambis zeTis tute neitralizaciis sta-
diaze  zeTis gamosavlianobis zrda fosfolipidebis winaswari hidrataciis 
gamoyenebis SemTxvevaSi Seadgens 1 %; e.i. arsebul  kvlevebSi faqtiurad 
dafiqsirebulia neitralizirebuli zeTis gamosavlianobis namati, romelic 
aris arahidratirebuli  zeTis danakargebis normirebuli  sidide,  rac 

aixsneba aseT zeTebSi arsebuli fosfatidebis sruli daSliT [1].  
zogierTi  avtoris  azriT ki  maRali xarisxis  mcenareuli zeTebis 

miscelebis rafinirebisas mizanSewonilia winaswari hidrataciis  Catareba, 
rac  neitralizirebuli  zeTis gamosavlianobas 3,0–4,0%-iT gazrdis  [4,5],   
dabali xarisxis zeTebisaTvis ki _ winaswari hidrataciis Catareba nak-
leb¬efeqturia [3]. 

zemoaRniSnuli  monacemebi gvesaxeba arasrulfasovnad  fosfatidebis, 
rogorc zedapirulad aqtiuri nivTierebebis,  maemulgirebeli  unaris   
Sesaxeb cnobili warmodgenebis  gamo  [3,6,7]. 

mcenareuli zeTebis tute neitralizaciis procesSi fosfolipidebis 
maemulgirebeli qmedebis Sesaxeb warmodgenebis dazustebis mizniT  labora-
toriul pirobebSi Catarda „zeTi_wyali“ sistemaSi fosfolipidebis da neit-
ralizaciis procesis  Sedegad warmoqmnili sapnis  maemulgirebeli unaris 
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SedarebiTi Sefaseba. fosfolipidebis maemulgirebeli unari zeTi_wyali“ 
sistemaSi Seswavlili iqna mzesumziras fosfatidebis  magaliTze zogadad 
miRebuli testis – mocemul sistemaSi fosfolipidebis tenis Semakavebeli 
unaris mixedviT. eqsperimentma aCvena, rom  fosfolipidebis tenis Sekavebis 
unari ramdenjerme  aRemateboda  sapnis tenis Semakavebel  unars.  

„zeTi_tutewyalxsnaris“ sistemaSi fosfolipidebis maemulgirebeli 
unaris gavlena neitralizirebuli zeTis gamosavlianobaze dadasturebul 
iqna Catarebuli eqsperimentebis seriiT _ guldasmiT rafinirenul da gaTeT-
rebul mzesumziras  zeTSi gaxsnili fosfatidebisa da Tavisufali cximo-
vani mJavebis modelur xsnarebze.  

modelebSi aRebuli nivTierebebi Setanil iqna samrewvelo  mzesum-
ziras zeTebSi maTi masuri wilebis doneebis Sesabamisad (fosfolipidebi – 
0,5 – 1, 5 %, Tavisufali cximovani mJavebi:  cdebis 1-li seria – 1,5 %; cdebis 
me-2 seria – 3,0 %).  

laboratoriul pirobebSi miRebuli modelebi damuSavebul iqna tutis 
wyalxsnarebiT sacdeli rafinirebis  meTodiT.  tutis xsnaris koncentracia 
da naWarbi ganisazRvra zeTis  mJavianobis mixedviT [8].  

zemoT aRwerili mzesumziras modeluri nimuSebis sacdeli rafinire-
bis Sedegebi mocemulia nax. 1 da 2-ze.  

eqsperimentebis Sedegebi mowmoben, rom mzesumziras zeTis modeluri 
xsnarebis tute rafinirebisas neitralizirebuli zeTis gamosavali  fosfo-
lipidebis koncentraciis pirdapirproporciulia. es damokidebuleba Tavs 
iCens  maRali  xarisxis zeTebSi  mJavuri  ricxvis  miuxedavad.   

 

 
 

 
nax.  1.  neitralizaciis parametrebi:   С[RCOOH] – 1,5%; 

1. C[NaOH] – 40 g/l;  naWarbi – 10%;   
 2. C[NaOH] – 100 g/l;  naWarbi  – 20%. 
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nax. 2. neitralizaciis parametrebi:    С[RCOOH] – 3,0%; 
1. C[NaOH] – 40  g/l;  naWarbi – 10%;  
2. C[NaOH] – 100 g/l;  naWarbi  – 20%. 

 
 

Catarebuli kvlevebis srulyofisaTvis eqsperimenti gagrZelda dabali  
xarisxis   mzesumziras zeTzec, romlis mJavuri ricxvi iyo  6 %  da romlis 
neitralizaciisaTvis gamoyenebul iqna tutis maRali koncentracia da na-
Warbi.  Sedegebi mocemulia nax. 3-ze. 

 
 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
nax. 3. neitralizaciis parametrebi:   С[RCOOH] – 6,0 %; 

1. C[NaOH] – 150  g/l;  naWarbi  – 30 %;  
2. C[NaOH] – 200  g/l;  naWarbi  – 100 %. 
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Cvens mier warmoebuli  kvlevebis  monacemebiT   dabali  xarisxis  ze-
TebSi  fosfolipidebis maemulgirebeli qmedebis gavlena naklebad SesamCne-
via, vidre emulgireba neitralizaciis procesis Sedegad warmoqmnili sapniT 
(soabstoki). 

unda aRiniSnos, rom „zeTi_tutewyalxsnaris“ sistemaSi ori 
emulgatoris koncentraciebis Sefardeba, da Sesabamisad, maTi gavlenac ar 
aris mudmivi: tute neitralizaciis procesis pirvel momentebSi maemulgi-
rebel Tvisebas iCenen fosfolipidebi, vinaidan saponi, heterogenul 
sistemaSi misi warmoqmnis ufro dabali siCqaris gamo, jer kidev unda 
warmoiqmnas. am ori emulgatoris SedarebiTi efeqturoba SeiZleba icv-
lebodes cximovani mJavebis koncentraciis gazrdasTan  erTad. 6,0  % mJavuri 
ricxvis mqone  mzesumziras  zeTebSi,  sadac cximovani mJavebis koncentracia 
TiTqmis 4-jer aRemateba fosfatidebis koncentracias, Catarebulma cdebma 
aCvena, rom fosfolipidebis maemulgirebeli qmedebis gavlena naklebad 
SesamCnevia, vidre emulgireba warmoqmnili  sapnis xarjze.  

eqsperimentis Sedegad miRebuli monacemebi  mowmoben,  rom  triglice-
ridebis (neitralizirebuli zeTis)  mniSvnelovani raodenoba waritaceba 
soabstokSi  (narCenebSi) ara neitralizaciis procesSi warmoqmnili sapnis 
xarjze, aramed „zeTi_tutewyalxsnaris“ sistemaSi arsebuli fosfolipidebis  
maemulgirebeli qmedebis  gavleniT.  

imis gamo, rom laboratoriul pirobebi Catarebuli sacdeli  rafi-
nireba meToduri cdomilebebiT xasiaTdeba, zeTis samodelo nimuSebis sac-
deli laboratoriuli rafinirebis Sedegebis gamoyenebis safuZvelze   
analizuri midgoma SemuSavda, rac am meTodikis metrologiuri maxasiaTeb-
lebis dadgenaSi mdgomareobs. 

mzesumziras zeTis laboratoriuli rafinirebisas zeTis gamosavlia-
nobis gansazRvris cdomilebebis gaangariSebisaTvis dasamuSavebeli mona-
cemebis Sedegebi  mocemulia cxrilSi (aRebulia dabali xarisxis  zeTi): 

 
sacdeli rafinirebis metrologiuri daxasiaTeba 
 

№ eqsper. 
zeTis gamosavlianobis 

mniSvnelobebi № eqsper. 
zeTis gamosavlianobis 

mniSvnelobebi 
1 79,0 14 79,0 
2 79,0 15 80,0 
3 80,0 16 79,0 
4 79,0 17 79,0 
5 81,0 18 79,0 
6 81,0 19 80,0 
7 81,0 20 81,0 
8 79,0 21 81,0 
9 79,0 22 80,0 
10 80,0 23 79,0 
11 81,0 24 79,0 
12 81,0 25 79,0 
13 81,0   

 
cxrilSi warmodgenili monacemebis damuSavebam gviCvena Semdegi Sede-

gebi:                                                               
 saSualo ariTmetikuli mniSvneloba    X = ±79,84 %; 
 saSualo kvadratuli  gadaxra            S = ± 0,9 %; 
 dasaSvebi Seusabamobebi or paralelur 
      gansazRvras Soris                          d = 1,77 ·  S = 2,5 %. 
damuSavebuli monacemebis safuZvelze laboratoriul pirobebSi Cata-

rebuli  sacdeli rafinirebis Sedegad  miRebuli rafinirebuli zeTis ga-
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mosavlianobis saSualo kvadratuli gadaxra (S = ± 0,9 %) minimaluria,           
(<1 %-ze), rac eqsperimentis maRal  efeqturobaze miuTiTebs. 

gamokvlevebis  Sedegad dadginda, rom mzesumziras zeTis neitraliza-
ciis procesSi neitralizirebuli zeTis gamosavlianoba fosfolipidebis 
koncentraciis pirdapirproporciulia. aseTi damokidebuleba Tavs iCens  ma-
Rali  xarisxis  zeTebSi  mJavuri  ricxvis  miuxedavad. rac Seexeba  dabali 
xarisxis zeTebs _ fosfolipidebis maemulgirebeli qmedebis gavlena nakle-
bad SesamCnevia, vidre emulgireba warmoqmnili  sapnis xarjze.  
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SUMMARY 
THE MOST IMPORTANT PROPERTIES OF PHOSPHOLIPIDS IN  
THE PROCESS OF NEUTRALIZING SUNFLOWER OIL 
Siradze M.G. and  Dzneladze S.J. 
Georgian Technical University 
Studies have shown that the yield of refined oil in the neutralization process of sunflower oil is directly 
proportional to the concentration of phospholipids.  Such an attitude is manifested despite the acid number in 
high quality oils. As for low quality oils - the effect of phospholipid emulsifying action is less noticeable than 
emulsifying at the expense of the resulting soap. 
Keywords: phospholipid, neutralization process, sunflower oil, acid number, concentration. 
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Rvinoebis xarisxis Sefaseba aqroladi komponentebis 
kompleqsis mixedviT 

 
SaTiriSvili S.i., kilaZe m.T., CxartiSvili n.n., SaTiriSvili i.S. 

 
saqarTvelos teqnikuri universiteti 

 
airadi qromatografiis gamoyenebiT wonasworuli orTqlis fazis 

analizis meTodma farTo gamoyeneba hpova, rogorc informaciulma meTodma, 
romelic ara mxolod orTqlis fazis analizis saSualebas iZleva, aramed 
masze dayrdnobiT vRebulobT monacemebs masTan wonasworobaSi myof Txevad 
da myari fazebis Semadgenlobasa da Taviseburebebze [1]. am meTodis gamoye-
neba gansakuTrebiT sainteresoa iseTi obieqtebisaTvis, romelTa Txevadi 
fazebic Seicaven araaqrolad an mciredaqrolad nivTierebebs, rac saanali-
zo svetSi Txevadi fazis Seyvanisas iwvevs masSi WuWyis dagrovebas da misi 
maxasiaTeblebis cvlilebas. aseTi saxis obieqtebs nawilobriv ekuTvnis Rvi-
no da koniaki, romelTa SemadgenlobaSic Sedian Saqrebi, mRebavi nivTiere-
bebi, aminomJavebi da peptidebi. 

arsebobs orTqlis fazis analizis ramdenime varianti: pirdapiri, ro-
desac sinji airadi sivrcidan SehyavT qromatografSi da obieqtis tempera-
turas xandaxan zrdian da koncentrirebiT, rodesac airadi nakadiT orT-
qlis fazidan acileben nivTierebebs, romlebic SemdgomSi koncentrirdebian 
an STainTqmebian damWerSi da mxolod amis Semdeg xdeba maTi analizi. 

orive es meTodi Cvens mier gamoyenebul iqna Rvinoebis kvlevisaTvis. 
pirvel SemTxvevaSi Rvinoebis orTqlis fazis pirdapiri analiziT seleqtiu-
ri deteqtorebis gamoyenebisas da makoncentrirebeli milidan desorbi-
rebuli aqroladi komponentebis identificirebiT qromato-mass-speqtromet-
riis meTodiT [2,3]. 

amave dros, xelmeore analizis Casatareblad, statistikuri masalis 
Sesagroveblad aucilebelia aRebul iqnas orTqlis faza wonasworobis 
daurRvevlad. am SemTxvevaSi sainteresoa mowyobilobis sqema, romelic 
Txevadi da orTqlis fazebis analizis erTdrouli Catarebis SesaZleblobas 
iZleva [4]. am dros SesaZlebeli xdeba airadi da Txevadi fazebidan sinji 
wonasworobis darRvevis gareSe saanalizod iqnas miwodebuli qromatog-
rafSi. amasTanave sasurvelia Txevadi faza xelmeored iqnes kondensirebuli. 
orTqlis fazis analizis Cvens mier SemoTavazebuli varianti saSualebas 
gvaZlevs ganvsazRvroT nivTierebaTa ganawilebis koeficientebi airad da 
Txevad fazaTa Soris. 

 
aromatis ricxvis fardobiTi mniSvneloba 

 
komponentebi Rvino 

manavi mukuzani tibaani rqawiTeli 
acetaldehidi 2,6 0,8 1,5 2,4 
eTilacetati 0,7 1,4 1,4 1,4 
meTanoli 0,1 0,2 0,1 0,5 

buTilacetati _ _ 0,5 0,5 
propanoli 2,4 2,6 3,0 2,5 
buTanoli 0,1 0,1 0,3 0,3 

izoamilis spirti 2,5  3,5 2,6 2,5  

H-amilis spirti 4,2 5,6 4,5 4,0 

eTilpalmitati 0,5 2,2 1,4 0,2 
vanilini 4,0 5,0 3,0 4,0 

furfuroli 3,6 _ 3,5 5,6 
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orTqlis fazis analizi saSualebas iZleva obieqturad iqnes Sefa-
sebuli konkretulad im nivTierebaTa kompleqsi, romlebic ganapirobeben 
sasmelis aromats. am SemTxvevaSi is mravalricxovani gazomvebi, romlebic 
Catarebulia qarTuli Rvinoebis kvlevisas [5], saSualebas iZleva wonas-
woruli orTqlis fazis analizis monacemebis mixedviT, Sefasebul iqnas 
sxvadasxva Rvinoebis Tvisobrivi maCveneblebi. aq xdeba „aromatis ricxvis~ 
gamoTvla (orTqlis fazaSi mocemuli nivTierebis koncentraciis fardoba am 
nivTierebis im zRvrul mniSvnelobasTan, romelic SeiZleba SeigrZnos 
adamianma). zogierTi RvinisaTvis es monacemebi mocemulia cxrilSi. 

naCvenebia, rom gamokvleul RvinoebSi aromatis formirebaSi did rols 
TamaSoben alifaturi spirtebi, eTerebi, furfuroli da vanilini. 
samwuxarod, zRvruli mniSvnelobebis nakrebi mcirea da RvinoebSi zogierTi 
maTganis Semcveloba jerjerobiT ucnobia. 

amgvarad, gaumjobesebulia orTqlfazuri teqnika da naCvenebia, rom 
orTqlfazuri analizis monacemebi safuZvlad udevs sasmelis xarisxis 
Sefasebas aromatis ricxvis mixedviT. 
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SUMMARY 
EVALUATION OF THE QUALITY OF WINES ACCORDING TO THE COMPLEX  
OF VOLATILE COMPONENTS 
Shatirishvili Sh.I., Kiladze M.T., Chkhartishvili N.N. and Shatirishvili I.Sh. 
Georgian Technical University 
The technique of vapor phase analysis is improved and the possibility of simultaneous analysis of vapor and 
liquid phases without disturbing equilibrium is shown. The obtained data is the base for the assessment of the 
quality of alcoholic drinks according to the “complex  of volatile components”. 
Keywords: selective detector, aliphatic alcohols, vapor phase method, coloring substances. 
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qvevrisa da evropuli wesiT damzadebul qarTul 
RvinoebSi metalTa SedarebiTi Seswavla 

 
sordia e.k., qvarcxava g.r. 

 
saqarTvelos teqnikuri universiteti 

 
Rvino sul ufro da ufro popularuli produqti xdeba adamianis 

cxovrebaSi. Tavisi socialuri mniSvnelobis garda, Rvinos aqvs mniSv-
nelovani ekonomikuri gavlena da komerciuli Rirebulebac. Rvinis warmoeba 
erT-erTi yvelaze mniSvnelovani sasoflo-sameurneo procesia da moiTxovs 
masSi Semavali qimiuri elementebis mkacr analizur kontrols yurZnis war-
moebis procesidan saboloo produqtamde [1]. informacia Rvinis sxvadasxva 
komponentis raodenobrivi koncentraciis Sesaxeb, meRvineobis yvela etapze, 
meRvineebs saSualebas aZlevs akontrolon maRali xarisxis Rvinis miRebis 
procesi garkveuli gemoTi, buketiT, feriT, aromatiT da gamWvirvalobiT [2,3].  
yurZnis jiSma, damuSavebis meTodma da mevenaxeobis stadiaze Catarebulma 
samuSaoebma, wyalmac ki SeiZleba didi gavlena moaxdinos Rvinis xarisxze. 

Rvinis qimiuri Semadgenloba Zalian rTulia _ masSi 9000-mde naerTia 
identificirebuli. eTanolis, Saqris, organuli mJavebis, polifenolebis, 
cilebis, aminomJavebis, polisaqaridebis, taninebis, aromatuli da saRebari 
nivTierebebis garda Rvino aseve Seicavs mineralur nivTierebebs. maTi maRali 
SemcvelobiT gamoirCeva yurZnis kani, klerti, wipwa. isini mniSvnelovan rols 
asruleben Rvinis organoleptikuri Tvisebebis CamoyalibebaSi. Rvinis Semad-
genlobaSi gvxvdeba sxvadasxva liTonebi, romlebic SeiZleba iyos Tavisufali 
ionebis, organuli mJavebis kompleqsebis, aseve peqtinis, polisaqaridebis, 
peptidebis, cilebisa da polifenolebis didi molekulebis saxiT [4].   

Rvinos dadebiTi gavlena aqvs adamianis janmrTelobaze, xels uwyobs 
organizmis gamdidrebas Ca, Mg, Fe, K, Zn, Cu-iT. mZime metalebi, rogoricaa 
tyvia, rkina, TuTia dasaSveb zRvrebSi unda iyos da adamianis janmrTelobaze 
uaryofiT gavlenas ar unda axdendes. amitom Rvinis Sedgenilobis analizs 
gansakuTrebuli mniSvneloba aqvs da unda xorcieldebodes mudmivi moni-
toringi Rvinis warmoebis yvela etapze.  

mniSvnelovania dadgindes, Tu saidan xdeba metalebis gadasvla Rvi-
noSi. metalebi, rogorc saboloo produqti, SeiZleba warmoiSvas rogorc 
bunebrivi, ise anTropogenuri wyaroebidan [3]. maTi koncentracia damokide-
bulia faqtorebis minimum oTx jgufze: pirveli _ niadagi, saidanac yurZeni  
iTvisebs mineralebs. metalebi sxvadasxva formiT vazis fesvebidan gadadian 
marcvalSi da Seadgenen RvinoSi arsebuli ionebis umetes nawils. meore 
jgufi dakavSirebulia adamianur saqmianobasTan: vazis moyvana,  pesticidebis, 
fungicidebis da sasuqebis gamoyeneba. aseve mniSvnelovani faqtoria haeris 
dabinZureba. yurZenSi mZime metalebis Semcveloba damokidebulia im gare-
moze, sadac mcenare izrdeba [5]. mesame jgufi ukavSirdeba alkoholuri 
fermentaciis ganxorcielebas da SesaZloa sxvadasxva nivTierebebis damate-
bas Rvinis warmoebaSi [6]. meoTxe _ Rvinis dasamzadeblad gamoyenebuli 
aRWurviloba, ra masalebia gamoyenebuli Rvinis dayenebis procesSi, Tu ra 
pirobebSi xdeba Rvinis daZveleba, konservacia da Camosxma [5,6].   

 cnobilia, rom yurZeni mgrZnobiarea niadagis Warbi marilianobis 
mimarT.  vazis kvdoma matulobs sairigacio wyalSi marilebis koncentraciis 
zrdisas. rogorc ki ionebi xvdebian fesvTa sistemaSi, maT SeuZliaT dag-
roveba foTlebSi, marcvalSi da iwveven mineralur balansSi cvlilebebs. 
zogierTi ioni (K, Ca, Na) aucilebelia vazis zrdisTvis da maRalxarisxovani 
yurZnis mosayvanad saWiro mineraluri balansis uzrunvelsayofad. kaliumi 
Seadgens yurZnis mSrali wonis 3%-s, natriumi saWiroa SedarebiT naklebi 
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raodenobiT da Cveulebriv yurZnis mSrali wonis 0,5%-ze naklebia. maTma 
maRalma koncentraciebma SeiZleba gavlena moaxdinos Rvinis xarisxze [7].   

dResdReobiT rogorc saqarTveloSi, aseve mis farglebs gareT qvevris 
Rvino sul ufro da ufro popularuli xdeba, rasac qvevris Rvinis 
mwarmoeblebis raodenobis swrafi zrda adasturebs.  qvevris da evropuli 
wesiT dayenebuli Rvinoebi gansxvavdeba erTmaneTisagan. maTi gansxvavebuloba 
gamoixateba rogorc gemoTi aseve feriT.   

Cveni kvlevis mizania dadgindes ra gavlenas axdens qvevri Rvinis 
garkveul parametrebze, riT gansxvavdeba igi evropuli wesiT dayenebul 
RvinosTan SedarebiT da eqstragirdeba Tu ara qvevris kedlebidan RvinoSi 
metalebis garkveuli raodenoba. 

eqsperimentisTvis SerCeul iqna kaxeTis cnobili jiSebi, rqawiTelis 
da qisis qvevrisa da evropuli wesiT damzadebuli  Rvinoebi.  orive jiSis 
yurZeni dakrefil iqna erTsa da imave periodSi, Rvinoebis wlovanebac erTia, 
Rvinoebi inaxeboda erTnair pirobebSi. eqsperimenti Catarda saqarTvelos 
teqnikuri universitetis agraruli mecnierebebis da biosistemebis inJine-
ringis fakultetis bazaze arsebul laboratoriaSi.   

 
 

  
a b 

 

 
 
g 
 

zogierTi metalis standartis  sakalibro mrudi 
a _ Mg; b _ K; g _ Na 
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RvinoSi metalebis koncentraciis gansazRvris rekomedebuli meTodebi 

ZiriTadad dafuZnebulia atomur-absorbciul speqtrometriaze, romelsac 

axasiaTebs seleqciuroba, maRali mgrZnobiaroba da pirdapiri gazomvebis una-

ri [3]. elementebis koncentraciebi ganisazRvra metalebis standartuli 

xsnarebiT. sakalibro grafikis asagebad gamoyenebul iqna 1000 mkg/l koncent-

raciis standartuli xsnari, saidanac aRebul iqna koncentraciis sami 

gansxvavebuli wertili.  
 

 

Rvinis nimuSebSi gansazRvruli  metalebis koncentraciebi 

 

 rqawiTeli 

(qvevri) 

rqawiTeli 

(evropuli wesiT) 
qisi (qvevri) 

qisi  

(evropuli wesiT) 
Mg   (ppm) 2,29 2,47 3,27 3,32 

K (ppm) 3,94 3,96 4,07 4,08 

Na (ppm) 0,22 0,17 0,18 0,15 

Ca (ppm) 37,6 35,02 48,01 44,05 

Al (ppm) 0,40 1,28 0,99 1,02 

Pb (ppm) <0,5 <0,5 <0,5 <0,5 

Fe (ppm) <1 <1 <1 <1 

Zn (ppm) <1 <1 <1 <1 

 

metalebis gansazRvris  Sedegad dadginda, rom Cven mier SerCeuli 

vazis jiSebis RvinoebSi mZime metalebis (Pb, Fe, Zn) Semcveloba dasaSveb 

zRvrebSia. rogorc viciT, qvevris Tixis SemadgenlobaSi gvxvdeba kaoliniti, 

kvarci, mindvris Spati, qarsi, aseve rkinis, kalciumis, magniumis, natriumis 

da sxv. Jangeulebi. dadgenilia, rom qvevris fskeri asrulebs erTgvar sor-

bentis rols, radgan iq ileqeba RvinoSi Semavali metalebis didi nawili. 

Cven mier gaanalizebul nimuSebSi, rogorc cxrilis monacemebidan  Cans, 

mineraluri nivTierebebis (Na, Ca) raodenoba metia qvevrSi dayenebul Rvino-

Si, vidre evropuli wesiT damzadebulSi. rqawiTelis qvevris RvinoSi nat-

riumis Semcveloba 0,22 ppm-s Seadgens, xolo kalciumi 37,6 ppm-ia. nimuSebSi 

SeimCneva aseve Ca-is maRali Semcveloba qvevris RvinoSi evropuli wesiT 

damzadebulTan SedarebiT. rqawiTelis qvevris RvinoSi Ca 37,6 ppm-s Seadgens, 

imave jiSis evropuli wesiT damzadebul RvinoSi 35,02 ppm, xolo qisis 

qvevris RvinoSi 48,01 ppm evropuli wesiT damzadebulSi 44,05 ppm. K-is 

Semcveloba orive tipis RvinoSi TiTqmis Tanabaria. Mg-is SemTxvevaSi 

fiqsirdeba mciredi gansxvaveba, ufro meti raodenobiTaa mocemuli evropuli 

wesiT damzadebul RvinoebSi qvevris RvinoebTan SedarebiT. rac Seexeba 

alumins, misi Semcveloba bevrad metia evropuli wesiT damzadebul RvinoSi, 

Seadgens 1,22 ppm-s, roca qvevris RvinoSi mxolod 0,4 ppm-ia.  

amrigad, Cven mier Seswavlil RvinoebSi savaraudoa, rom mineraluri 

nivTierebebis SedarebiT maRali Semcveloba gamowveulia Rvinis dayenebiT 

qvevrSi, radgan qvevris kedlebidan xdeba kalciumisa da magniumis ionebis 

migracia RvinoSi. 
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SUMMARY 
DETERMINATION OF METAL CONTENT IN QVEVRI AND EUROPEAN STYLE WINE SAMLPES 
Sordia E.K. and  Kvartskhava G.R. 
Georgian Technical University 
Wine is becoming an increasingly sought after product not only in Georgia but around the world too. It takes a 
significant place in the dining culture, therefore, its quality is important. Throughout centuries, Georgian people 
developed a particular way winemaking - holding concentrated grape juice in a large underground clay vessel- 
Qvevri. Minerals in wine play an important role in forming its organoleptic qualities. The qualities include taste 
and aroma. According to the previous research, high contents of calcium and potassium are due to using hard 
water for the irrigation of vine plants. Sodium and calcium migrate from the walls of a Qvevri, a widly used 
vessel in winemaking in Georgia. In this case, measured high contentrations are explained by this particular 
preparation process in Qvevri. Therefore, it is important to determine the sources of these metals. 
Keywords: wine, metals, atomic absorption spectrometry. 
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СОВЕРШЕНСТВОВАНИЕ ТЕХНОЛОГИИ ПРОИЗВОДСТВА ВАРЕНЫХ КОЛБАСНЫХ 
ИЗДЕЛИЙ С ПРИМЕНЕНИЕМ БИОТЕХНОЛОГИЧЕСКИХ ПРИЕМОВ 

 
Баль-Прилипко Л.В., Гармаш А.М 

 
Национальный университет биоресурсов и природопользования, Киев, Украина 

 
 
Использование ферментов является перспективным направлением в производстве 

вареных колбасных изделий. Процессы, происходящие в мясной системе при применении 
ферментов, с успехом могут быть реализованы на белковых субстратах при использовании на 
основе активированной воды [1]. Наиболее изученным способом ферментативного реструкту-
рирования мясного сырья является применение трансглютаминазы. 

Целью работы является совершенствование технологии вареных колбасных изделий 
(сосисок) с использованием активированной воды, растительного белка (глютена) и препарата 
трансглютаминазы Activa®GS. Стандартным образцом контроля были избраны сосиски, не 
содержащие названных ингредиентов. 

Перед началом работ с использованием фермента следует определять его активность. 
Данный процесс характеризуется однако, высокой длительностью и трудоемкостью. Недостат-
ками являются также сложности в приготовлении реактивов и использование дорогостоящего 
оборудования. В связи с этим перспективным направлением исследований является разработка 
простого в использовании и эффективного способа определения качества фермента с помощью 
количественного показателя каталитических эффективности препарата трансглютаминазы. 
Способ определения ее каталитической эффективности был разработан на кафедре технологии 
мясных, рыбных и морепродуктов НУБиП Украины [3]. 

В экспериментальных исследованиях для формирования стандартного геля был 
использован пищевой желатин и препарат трансглютаминаза Activa®GS. Для приготовления их 
растворов был использован буферный раствор с рН = 7,4. Показатель пенетрации гелей 
определяли пенетрометрами Ulab 3-31 M с конусным идектором (угол конуса 60°). Для термос-
татирования образцов и активации фермента использовали ультратермостат Ultratherm BWT-
UBIOSAN. Контролем был раствор желатина не содержащий препарат трансглютаминазы. 

Использование предложенного способа в условиях производственных лабораторий 
предприятия, научных организаций позволяет осуществлять оценку эффективности образо-
вания изопептидних связей промышленными препаратами трансглютаминазы без применения 
сложного, дорогостоящего оборудования и реактивов. 

Активность фермента трансглютаминазы проводили на основе разработанного метода 
определения каталитической эффективности препарата трансглютаминазы. Целью работы было 
сравнение ее активности в системах на основе активированной и водопроводной воды. 

Полученные экспериментальные диаграммы описывают величину пенетрации геля, 
полученного из раствора желатина и буферной смеси, католита, водопроводной воды с 
добавлением различного количества ферментного препарата трансглютаминазы в условиях 
термостатирования при температуре 50° С с последующей инактивацией и выдержкой для 
желирования в течении 12 часов при 25°С [2]: 

Наименьшие показатели пенетрации характерны для католита (активированной воды из 
катодного пространства электролизера) при рН = 10 имеет самые низкие показатели пенетра-
ции при наименьших и наибольших концентрациях препарата трансглютаминазы. При исполь-
зовании водопроводной воды были получены обратные результаты. Показатель пенетрации и 
сила геля изменяются антибатно, т.е. наибольшие значения пенетрации были получены при 
наименьшей силе геля. 

Таким образом, наивысшая активность ферментного препарата трансглютаминазы 
Activa®GS проявляется при использовании католита. Мясной фарш относится к системам с 
коагуляционной структурой, частицы которой связаны в сплошной каркас силами межмо-
лекулярного взаимодействия. За счет данных изменений в рецептуре сосисок функционально-
технологические свойства фаршей также изменились. Результаты исследований представлены в 
таблице 1. 
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Таблица 1.Функционально-технологические свойства опытного и контрольного фарша 
 

Показатель 
Образцы фарша 

контроль опыт 
Содержание влаги, % 57,3±0,29 62,37±0,31 
ВССм, % к фаршу 62,5±0,31 65,2±0,33 
ВССа, % к общей влаге 80,4±0,4 89,7±0,45 
Напряжение смещения, Па 9,7±0,05x10-6 4,3±0,02x10-6 

Характеристики цвета X=85,3±0,43,Y=80,41±0,4,
Z=51,90±0,26 X=66,93±0,33,Y=60,29±0,3, Z=32,43±0,16 

Пластичность, см2/г 31,32±0,16 х 103 26,66±0,13 х 103 
р<0,05 

 
Способность пшеничного белка образовывать гидромодуль позволяет фаршевой 

системе удерживать большее количество реакционноспособной влаги, что подтверждается 
данными, полученными при сравнении опытного и контрольного образца. Согласно 
результатам исследований, ВСС и ВСС опытного образца фарша выше, чем при использовании 
контрольного образца, что объясняется состоянием в системе воды и глютена. Исследования 
напряжения сдвига опытных образцов также имеют лучшие показатели за счет наличия в 
рецептуре трансглютаминазы, улучшаюшей структурные и функционально-технологические 
свойства мясных систем. 

Эмульгирующая способность и стабильность эмульсии фарша положительно влияют на 
выход колбасных изделий, их консистенцию, сочность, товарный вид . 

Результаты исследования физико-химических показателей контрольных опытных 
образцов представлены в таблице 2: 

 
Таблица 2. Физико-химические показатели опытного и контрольного образцов сосисок 
 

Наименования, % Контроль Опыт Нормы ДСТУ 4436:2005 

Белок 16,07±0,03 18,9±0,11 не менее 12 

Жир 22,76±0,05 20,45±0,04 не более 30 

Влага 68,14±0,14 71,29±0,16 не более70 

Зола 3,01±0,001 3,84±0,001 не нормируется 

Поваренная соль 0,07±0,01 0,05±0,01 не более 2,5 
Общее содержание фосфата в 

пересчете на Р2О5 
5676,5 - не более 10000 

Содержание фосфата в пересчете  на 
Р2О5 , мг/кг 1659 - не более 4000 

Энергетическая ценность, кКал 269,12±1,346 259,65 - 

рН 7,46±0,04 6,92±0,035 - 

ОВП +107 -21,38 - 

р<0,05 
 
Представленные результаты физико-химических показателей контрольных и опытных 

образцов сосисок показывают их соответствие нормативным требованиям. Массовая доля 
белка в опытном образце увеличилась за счет внесения глютена; содержание нитрита натрия 
уменьшилось под действием активированной воды. 

Для оценки пищевой ценности был изучен аминокислотный состав фарша вареных 
колбасных изделий (сосисок) представлен в таблице 3. 
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Таблица 3. Аминокислотный состав фарша вареных колбасных изделий (сосисок) 
опытного и контрольного образцов 
 

Название 
незаменимой 

аминокислоты 

Эталон 
ФАО/ВСЗ 

г/100 г 
белка 

Образцы 
контроль опыт 

г/100 г 
белка 

аминокислот-
ный скор, % 

г/100 г 
белка 

Аминокислотн
ый скор, % 

Лейцин 7 8,283±0,041 118,3 9,659±0,048 137,9 
Метионин + 

цистин 3,5 4,031±0,02 115,2 5,012±0,025 143,2 

Валин 5 5,186±0,056 103,7 5,347±0,027 106,9 
Лизин 5,5 6,256±0,031 113,8 6,846±0,034 124,5 

Треонин 4 4,169±0,021 104,2 4,257±0,021 106,4 
Фенилаланин + 

тирозин 6 6,112±0,031 101,9 6,345±0,032 105,8 

Триптофан 1 0,999±0,049 99,9 1,007±0,005 100,7 
Изолейцин 4 4,572±0,023 114,3 4,846±0,024 121,2 

Сумма 36 39,608±0,19 - 43,319±0,21 - 
р<0,05 

Полученные данные свидетельствуют о присутствии, как в контрольных так и в 
опытных образцах всех необходимых незаменимых аминокислот в количествах, превышающих 
рекомендованные нормы ФАО/ВСЗ, что позволяет сделать вывод о высоком качестве белковых 
компонентов исследуемых колбас. 

Важным этапом исследования готовых мясных изделий является определение их 
жирно-кислотного состава, соответственно, биологической ценности.  

Содержание пальмитиновой и стеариновой кислот в липидах контрольных образцов 
вареных колбас является меньшим по сравнению с контрольными и составляет 36,49-42,57%. 
Пальмитиновая кислота входит в состав глицеридов жиров и является конечным продуктом 
синтеза жирных кислот из ацетил-КоА. Ее наличие в липидах сосисок является чрезвычайно 
важным с точки зрения включения углеводов в цикл синтеза трикарбоновых кислот, а 
стеариновая кислота, как одна из наиболее распространенных в природе жирных кислот, 
входит в форме глицеридов в состав выполняющих функцию энергетического депо липидов. 

Сумма мононенасыщенных жирных кислот варьируется в диапазоне 47,98 - 52% при 
преобладании содержания олеиновой кислоты, а ее количество в опытных и контрольных 
образцах существенно не отличается. 

Полиненасыщенные жирные кислоты, положительно влияющие на обмен веществ и 
холестерина, являются жизненно необходимыми компонентами рациона питания. Однако, по 
суммарному содержанию их количества в образцах вареных колбас являются существенно 
меньшими по сравнению с другими группами кислот и варьируются в диапазоне 9,79_16,46%. 
Следует отметить, что в экспериментальных образцах фаршей сумма массовых долей биологи-
чески эффективных жирных кислот в два раза выше, чем в контрольных образцах. 

 
Таблица 4. Перевариваемость белков сосисок in vitro опытного и контрольного образца 
 

Фермент 
Перевариваемость, мг тирозина/г белка 

Контрольные образцы Опытные образцы 

Пепсином 12,13±0,06 13,62±0,07 
Трипсином 13,53±0,07 14,16±0,07 

Общая перевариваемость 25,66±0,13 27,78±0,14 
р<0,05 

Результаты определения перевариваемости белков in vitro дают возможность 
предсказать степень утилизации белков организмом человека. Так, согласно с данными 
эксперимента, общая перевариваемость белков в опытных образцах сосисок выше контрольных 
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на 2,12 мг тирозина/г белка, что свидетельствует о положительном влиянии ферментного 
препарата на пищеварение. 

На основании результатов комплексных исследований установлено, что реализация 
усовершенствованной технологии вареных колбасных изделий на базе активированной воды с 
включением растительного белка и препарата трансглютаминазы Activa®GS позволяет 
улучшить показатели качества и безопасности готовых изделий. Экспериментальные данные 
подтверждены промышленной апробацией. Разработаны и утверждены в установленном 
порядке изменения в технической документации ТУ15.1.-32903790-003: 2006 «Колбасные 
изделия вареные». 
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SUMMARY 
IMPROVEMENT OF THE TECHNOLOGY OF PRODUCTION OF BOILED SAUSAGE  
PRODUCTS WITH THE APPLICATION OF BIOTECHNOLOGICAL METHODS 
Bal-Prylypko L.V. and Garmash A.M. 
National University of Life and Environmental Sciences of Ukraine 
The technology of boiled sausages was optimized in use of preparation of trans-glumatinaza, activated water, 
and vegetative albumen. Their use permitted to improve indices of quality and safety of sausages in process of 
their storage. 
Keywords: biotechnology, safety, trans-glutaminaza, boiled sausages 
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dambalxaWoSi aRmoCenili ZiriTadi sokos saxeobebi 
 

ZirkveliSvili n.d., qvarcxava g.r., afciauri l.g. 
 

saqarTvelos teqnikuri universiteti 
 
mTel msoflioSi agraruli meurneobis tempis zrdam da sasursaTo 

produqtebze gazrdili moTxovnilebis dakmayofilebis aucileblobam, gana-
piroba axali meTodebis SemuSaveba da arsebulis gaumjobeseba.  aRniSnuli-
dan gamomdinare gadavwyviteT dambalxaWos bio-qimiuri da mikrobiologiuri 
Seswavla, rac saSualebas mogvcems SevinarCunoT tradiciuli produqtis 
gemuri Tvisebebi. 

dambalxaWos momwifebaSi monawile mikroorganizmebi mniSvnelovan 
rols asruleben. 

mikroflora SesaZlebelia daiyos or jgufad: starteruli rZemJava 
baqteriebi da meoreuli mikroorganizmebi. starteruli mikroorganizmebi 
warmoqmnian mJavas da xels uwyoben produqtis momwifebis process. xolo 
meoreuli  mikroorganizmebi ki,  rogoricaa safuvrebi da obis sokoebi, izr-
debian produqtis SigniT, an mis zedapirze da wvlili SeaqvT  organolepti-
kuri Tvisebebis CamoyalibebaSi [1]. 

rac Seexeba obs da safuvrebs, safuvrebis daaxloebiT 1500-mde saxeobaa 
aRmoCenili, romlebic iwveven sxvadasxva sasursaTo nedleulisa da mza 
produqtis gafuWebas. produqtis zedapirze moxvedrili safuvrebi iyeneben 
rZemJavas da iwveven misi  mJavianobis Secvlas, xolo gamwarebas ganapirobebs 
Tavisufali cximovani mJavebi, romelic warmoiqmneba safuvrebis cximebze 
moxvedrisas [2].  

sokoebi sursaTis gafuWebis gamomwvevi mikroorganizmebia. obis 
sokoebi xasiaTdebian swrafi gamravlebis unariT. sasursaTo produqtebis da 
sasursaTo nedleulis zedapirze moxvedris SemTxvevaSi, warmoqmnian arasa-
siamovno sunis mqone fifqisebur koloniebs. xasiaTdebian maRali fermen-
tuli aqtivobiT. warmoqmnian lipolizur, proteolizur, fermentebs. cilebs 
Slian monomerebad, cximebis daSlis Sedegad warmoqmnian cximovan mJavebs, 
ketonebs, aldehidebs, rasac Tan sdevs usiamovno gemosa da sunis warmoqmna. 
Sedegad, sursaTis sasaqonlo saxe qveiTdeba. obis sokoebi kargad viTar-
debian rZis produqtebis zedapirze da gamoyofen toqsikur nivTierebebs _ 
mikotoqsinebs, romlebic xasiaTdebian maRali toqsikurobiT. maTi  mcire 
raodenobac ki Zlier toqsikurobas avlens. SeuZliaT martivad difundirdnen 
sasursaTo produqtebsa  da sasursaTo nedleulis Rrma fenebSi. maTi 
umravlesoba aris Termomdgradi da Zalian kargad uZlebs maRal tempera-
turaze damuSavebas. mJave areSi inarCuneben mdgardobas. tute areSi iSlebian 
da warmoqmnian aratoqsikur an naklebad toqsikur naerTebs [3].  

dambalxaWos mikrofloris buneba gansxvavdeba erTmaneTisgan da es 
ZiriTadad damokidebulia geografiul adgilmdebareobaze, sadac moxda pir-
veladi nedleulis-rZis miReba, agreTve produqtis Senaxvis pirobebze, 
rogoricaa gamoSroba, temperatura, haeris fardobiTi tenianoba da Senaxvis 
sxva meTodebi.  

masSi arsebuli mikroflora erTis mxriv SesaZloa warmoadgendes po-
tenciur safrTxes adamianis janmrTelobisaTvis, imitom rom maTi metaboli-
turi nivTierebebi Seicavdnen meorad metabolitur produqtebs-mikotoqsinebs. 
mikotoqsinebis mniSvnelovani mwarmoeblebi arian: aspergiliusis, penici-
liumis da  fusariumis saxeobebi  [4]. 

sokoebi, romelic dambalxaWoSi gvxvdeba, SesaZloa produqts gadaeces 
uSualod rZisgan da aseve, SesaZlebelia warmoiqmnas produqtis damzadebis 
procesSi, rogorc damoukideblad, aseve garemodan, an xelovnurad Seyvanili 
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– starteruli kulturebis saxiT. magram is sokoebi, romlebic rZeSi arsebo-
ben, an im garemoSi, sadac produqtis  damzadeba mimdinareobs, naklebi alba-
Toba da Sansi aqvT, rom xangrZlivad iarsebon an gamravldnen mza pro-
duqtSi. es uSualod gamowveulia dambalxaWos bioqimiuri SedgenilobiT da 
mikroflorisa da mikrofaunis damabrkolebeli, xelis SemSleli moqmedebiT.  

sokoebma agreTve SesaZlebelia uaryofiTad imoqmedos produqtis  xa-
risxze da gamoiwvios garegnuli defeqtebi, naklovanebebi, aromatis waxdena, 
da, rac yvelaze mTavaria, xeli Seuwyon toqsikuri, meoreuli metabolituri 
produqtis Seqmnas.  

 
eqsperimentuli nawili 
sawyis etapze SeviswavleT eqsperimentisTvis gamoyenebuli rZis mo-

nacemebi. gavarkvieT misi qimiuri Sedgeniloba da aRmoCnda, rom arsebuli 
nedleulis qimiuri parametrebi Seesabameboda standartiT gaTvaliswinebul 
moTxovnebs.  

nedleuli, romelic gamoviyeneT dambalxaWos mosamzadeblad iyo: I 
xarisxis rZe, baqteriuli dedo, Semadedebeli fermenti qimozini, kalciumis 
qloridi da marili. pirveladi produqti xaWo, movamzadeT tradiciuli 
meTodiT da Semdeg movaxdineT misi meoreuli gadamuSaveba saboloo 
produqtis miRebis mizniT.   

Cveni kvlevis mizans warmoadgenda Segveswavla momwifebis procesSi 
monawile obis sokoebi. maTi garkveuli nairsaxeobebi gamokvleuli iqna 
dambalxaWoSi starterul kulturaze dayrdnobis meTodiT. aRmoCnda rom 
produqti ZiriTadad mafermentirebel mikrofloras warmoadgens, romelic 
momwifebis procesSi viTardeba da  im arsebiTi mniSvnelobis mqone sokos 
tipebs miekuTvneba, romlebic dambalxaWoSi binadroben da izrdebian.   aseTi 
mikotoqsigenuri sokoebia: Fusarium, Penicillium, Aspergillus, Cladosporium, Mucor. 

mikroskopuli sokoebis identifikaciisaTvis Seswavlili iqna maTi fi-
ziologiuri maxasiaTebleblebi, rogoricaa: sxvadasxva temperaturaze (10 °C, 
20 °C, 25 °C, 30°C) da fardobiTi tenianobis sxvadasxva pirobebSi zrda. Sede-
gebi mocemulia cxrilSi: 

 
sokoebis fiziologiuri maxasiaTeblebi kwe/g-Si 
 

sokovani Stamebi 10 °C, 80% 20 °C, 85% 25 °C, 90% 30 °C, 95% 
Fusarium 1×10*2 1×10*3 1×10*2 1×10*4 

Penicillium 1×10*4 1×10*5 1×10*7 1×10*7 
Aspergillus 1×10*2 1×10*4 1×10*5 1×10*6 

Cladosporium 1×10*2 1×10*4 1×10*6 1×10*6 
Mucor 1×10*2 1×10*2 1×10*3 1×10*3 

 
dakvirvebam  gviCvena, rom dambaxaWoSi aRmoCenil ZiriTadi sokos 

saxeobebze garemos maRali temperatura (20 _ 30 °С) da haeris maRali fardo-
biTi tenianoba (85 _ 95%)  xelsayrel pirobebs qmnis maTi ganviTarebisaTvis. 

rogorc Cans, evoluciis procesSi maT aqvs unari axali formebis da 
fiziologiuri rasebis warmoqmnis. aRniSnuli sokoebi dambalxaWoSi Zalian 
neli tempiT viTardeba 5 0C-s dros, saSualod izrdeba 20 _ 25 0C- ze. inten-
siurad viTardebian  25-30 0C-is temperaturis pirobebSi.   

laboratoriuli kvleveniT dadgenilia, rom obis gamomwvevi sokoebi 
wminda kulturaSi xasiaTdeba swrafi ganviTarebis unariT.  

toqsinis warmoSoba yvelaze maRalia 10 °C dan 20 °C gradusamde 
intervalSi. produqtis Senaxva 80% tenianobis pirobebSi amcirebs sokos 
zrdas da Sesabamisad xels uSlis toqsinis warmoSobasac. 
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amrigad, mikotoqsinTa ganviTarebaze mniSvnelovan gavlenas axdens 
bioturi da abioturi faqtorebi. maT SeswevT unari mniSvnelovnad Seaferxon 
da xeli SeuSalon sokos ganviTarebas, aRmofxvras an minimumamde Seamciros 
mikotoqsinTa doneebi.  

dambalxaWoSi arsebuli sokos saxeobebi ar SeiZleba davajgufoT, 
rogorc teqnologiuri an damasnebovnebeli sokos tipebi, iqidan gamomdinare 
rom erTi da igive saxeoba SesaZloa erT SemTxvevaSi gamoyenebuli iqnas 
rogorc momamwifebeli kultura da meore SemTxvevaSi SeiZleba mogvevlinos 
sruliad usargeblod. sxvadasxva saxeobis obis sokom rZis sxvadasxva pro-
duqtze SesaZloa imoqmedos rogorc dadebiTad, aseve uaryofiTad. magali-
Tad (Aspergillus) SesaZloa gamoviyenoT rogorc ZiriTadi momamwifebeli kul-
tura dambalxaWos SemTxvevaSi, maSin roca sxva saxeobis rZis produqtebSi 
is miiCneva damasnebovneblad.  

mikotoqsinTa kontrolis warmatebuli Sedegebi miviReT iq sadac gaT-
valiswinebuli iyo konkretuli pirobebi, rogorc damzadebis aseve Senaxvis 
dros. vinaidan garemo pirobebis cvalebadoba mudmivad axdenda zegavlenas 
mikotoqsinTa  arsebobaze, maTi raodenobisa da xarisxis cvalebadobaze, 
toqsikurobis doneebze, cocxali da aracocxali faqtorebis zemoqmedebaze. 

 
literatura 
1. Beresford P., Fitzsimons N., Brennan N., Cogan T. Recent advances in cheese microbiology. //International 
Dairy Journal, 2001, 11, 259-274 pp. 
2. https://www.sciencedirect.com/book/9781855737068/yeasts-in-food 
3. https://www.sciencedirect.com/science/book/9781855737068 
4. Magan and Aldred 2007; Fox and Howlett 2008 
5. Moretti, Antonio. Taxonomy of Fusarium genus: A continuous fight between lumpers and splitters.  
/Proceedings of the Matica Srpska for Natural Sciences, 2009, pp. 7-13.  
6. Watanabe Maiko, Yonezawa Takahiro, Lee Ken-ichi,  Kumagai  Susumu, Sugita-Konishi  Yoshiko, Goto  
Keiichi,  Hara-Kudo  Yukiko   "Molecular phylogeny of the higher and lower taxonomy of the Fusarium genus 
and  differences in the evolutionary  histories of multiple  genes".  //BMC Evolutionary Biology, 2011, 11 (1): 
322 p. 
 
SUMMARY 
THE MAIN FUNGUS’S SPECIES WHICH ARE DISCOVERED IN DAMBALKHACHO  
Dzirkvelishvili N.D., Kvartskava G.R. and Aftsiauri L.G. 
Georgian Technical University 
The growth of agriculture around the world and the necessity  to satisfy the growing demand for food products 
have led to the development of new methods and to the improvement of existing ones. One of such products is 
Dambalkhatcho, which is a protein concentrate obtained through special processing of milk and is a food product 
with high nutritional value, which is rich with taste properties. We can freely call it one of the most popular dairy 
products. As a result of microbiological, enzymatic and other biochemical processes in the product, the finished 
product acquires new, valuable organoleptic and useful properties compared to the milk and the body (organism) 
assimilates it much more easily.  Therefore, the rational and cost-effective use of milk to obtain a quality product 
will be possible if the basic principles of dairy technology are perceived at a professional level. 
Keywords: mold, dairy products, promotion of local production. 
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rZemJava baqteriebis roli dambalxaWos momwifebaSi  
 

ZirkveliSvili n.d. 
 

saqarTvelos teqnikuri universiteti 
 

sabazro ekonomikis principebidan gamomdianare didi mniSvneloba 
eniWeba maRalxarisxiani rZis produqtebis warmoebas da misi asortimentis 
gazrdas. saqarTvelos rZis produqtebis warmoebis asortimentSi dRemde 
warmodgenili ar aris dambalxaWo, romelic Tavisi originalobiT didi po-
pularobiT sargeblobs. produqti odiTganve iwarmoeboda saqarTvelos 
maRalmTian zonaSi. Sesabamisad misi mafermentirebeli mikroflora da damza-
debis teqnologia SenarCunebulia mxolod arsebul regionebSi da ojaxur 
meurnebobebSi. aRniSnuli produqtis bioqimiuri da mikrobiologiuri 
Seswavla saSualebas mogvcems SevinarCunoT am unikaluri produqtis speci-
fikuri mikroorganizmebi da amasTan erTad mewarmeebs SevTavazoT dambal-
xaWos sawarmoo teqnologia da standartuli produqti. vinaidan mTian re-
gionebSi warmoebuli dambalxaWo ar Seesabameba standartebs.  

dambalxaWos momwifebaSi umniSvnelovanes rols asruleben mikroorga-
nizmebi, wored maTzea damokidebuli saboloo produqtis xarisxi da kvebiTi 
Rirebuleba. 

aRniSnulidan gamomdinare, Cveni kvlevis mizans warmoadgenda 
Segveswavla dambalxaWos momwifebaSi monawile rZemJava baqteriebi, agreTve 
SegvemuSavebina iseTi teqnologiuri procesebi da SegverCia starteruli 
kulturebi, romelic ganapirobebs rZis nawarmis biologiuri Rirebulebis 
amaRlebas, xangrZlivi Senaxvis vadebis uzrunvelyofiT, rac metad 
aqtualuria da warmoadgens mniSvnelovan socialur amocanas. 

kvebis produqtebis mrewvelobisaTvis mniSvnelovani laqtobaqteriebi 
kargad Seswavlil da daxasiaTebul jgufs warmoadgens. rZemJava baqteriebis 
is saxeobebi, romlebic sazogadod aRiarebulia, rogorc usafrTxo (GRAS - 
Generally Recognized As Safe), farTod gamoiyeneba sxvadasxva tipis produqtebis 
warmoebaSi: fermentirebuli rZis produqtebis warmoebisas, xorcisa da Tev-
zis mrewvelobaSi, bostneulis da xilis biologiuri konservaciis dros. 
agreTve perspeqtiuli aRmoCnda laqtobaqteriebisa da maT mier sinTezi-
rebuli baqteriocinebis sawarmo gamoyeneba bioprezervatorebis (biokonser-
vantebis) saxiT [1,2].  

rZemJava baqteriebis ricxvs ekuTvnis gram-dadebiTi, anaerobuli an 
mikroaerofiluri, mJavatolerantuli mikroorganizmebi, romelTac naxSir-
wylebis fermentaciis Sedegad rZemJavis warmoqmnis unari SeswevT.  

rZemJava baqteriebi rZemJavas warmoqmnis Sedegad iwveven rZis SemJave-
bas, rac gavlenas axdens  warmoebis procesze da, sabolood, mis Semadgen-
lobaze da xarisxze [3]. 

rZemaJava baqteriebis jgufis maRali heterogenurobis gamo maTi 
klasifikacia dRemde intensiuri Seswavlis obieqts warmoadgens. ukanaskneli 
monacemebis mixedviT am jgufSi gaerTianebulia 10 gvari: Lactobacillus, 
Lactococcus, Streptococcus, Enterococcus, Leuconostoc, Pediococcus, Tetragenococcus, Vagococcus 
Carnobacterium, Aerococcus. aTive gvari bergis sistematikis saxelmZRvanelos 
Tanaxmad baqteriebis II kategorias anu ujreduli kedlis mqone gram-dadebiT 
eubaqteriebs miekuTvneba [4].  

eqsperimentuli nawili. Cven mier Catarebul cdebSi SevecadeT gamogve-
yenebina adgilobrivi nedleuli. aqedan gamomdinare, sawyis etapze Sevis-
wavleT rZe, romelsac sasursaTo produqtebs Soris gansakuTrebuli adgili 
uWiravs da gaaCnia maRali kvebiTi da biologiuri faseulobebi. Sesabamisad 
masSi Semavali ingredientebis gamoyeneba fermentirebul rZis produqtebSi 
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uzrunvelyofs misi mniSvnelovani komponentebis SenarCunebas da xdis maT 
xelmisawvdoms mTeli wlis ganmavlobaSi.  
 
cxrili 1. rZis qimiuri Sedgeniloba %-obiT 

 

cxoveli cximi kazeini laqtoza albumini nacari wyali 

Zroxa 3,75 3,0 4,75 0,4 0,75 87,3 

Txa 6,0 3,3 4,6 0,7 0,84 84,5 

kameCi 6,0 3,8 4,5 0,7 0,75 85 

 
teqnologiuri procesis dasrulebis Semdeg dasamuSavebeli rZis 

xarisxi icvleba, masSi mimdinare mTeli rigi procesebis Sedegad da xdeba 
sawyisi nedleulis fizikur-qimiuri Tvisebebis da qimiuri Sedgenilobis 
cvlileba.   

normalizaciis Semdeg miviReT rZe 2,8% cximis SemcvelobiT, romelsac 
homogenizacia gaukeTda 50 0C-ze, cximis mTlian masaSi Tanabrad ganawile-
bisTvis, xolo mikrofloris mospobis mizniT Cautarda pasterizeba 75 _ 76 0C 
temperaturaze, 20 _ 25 wamis ganmavlobaSi. 

pasterizaciis damTavrebis Semdeg 35 0C temperaturamde gaciebul rZeSi 
SevitaneT Termofiluri kultura da davayovneT 12 saaTis ganmavlobaSi 
Sesadedeblad.  

 
cxrili 2. eqsperimentisTvis gamoyenebuli rZis qimiuri Sedgeniloba 
 

cximi 2,8 % 
cila 3,0 % 

simkvrive 1,030 kg/m3 
PH 6,70 
T0 17,50 

mSrali narCeni 11,43 % 
  
eqsperimentisTvis xaWos momzadeba moxda tradiciuli meTodiT, rom-

lisTvisac gamoviyeneT winaswar SerCeuli Termofiluri kultura da  
damuSavebuli nedleuli. 

fermentaciis procesSi mudmivad kontroldeboda pH-is da titruli 
mJavianobis kontroli. miRebuli mza narevis xarSva da marcvlis gamoSroba 
daiwyo mas Semdeg, rac maasSi Javianobam miaRwia 108 0 terners, xolo pH-5,0-s. 

baqteriologiuri kvlevisTis SerCeuli nimuSebi movaTavseT macivarSi 
da vinaxavdiT 4 0C temperaturaze 30 dRis ganmavlobaSi. 

meTodikis gansazRvruli pirobebis Sesabamisad CavatareT mikrobiolo-
giuri kvleva damzadebidan me-10, me-20 da 30-e dRes. 

mza nawarmSi rZemJava baqteriebis saerTo raodenobis gansazRvras 
vadgendiT zedapirze CaTesvis meTodis gamoyenebiT [5,6]. 

Sedegebi. rZemJava baqteriebiT fermentacia, romlis gamoyenebac xdebo-
da dambalxaWos momzadebisas aris yvelaze ufro efeqturi meTodi, romelic 
saSualebas gvaZlevs gavaumjobesoT saboloo produqtis teqstura, aromati 
da gemuri Tvisebebi. swored rZemJava baqteriebis (LAB) fiziologiuri maxa-
siaTeblebis Seswavla saSualebas gvaZlevs gamoviyenoT tradeciuli star-
teruli kultura Tanamedrove teqnologiis ganviTarebisaTvis. 

me-3 cxrilSi mocemulia dambalxaWos warmoebisTvis mniSvnelovani 
baqteriuli gvarebis Seswavlili fiziologiuri maxasiaTeblebi. mxolod 4 
gvari monawileobs dambalxaWos fermentaciis procesSi: Lactobacillus, 
Lactococcus, Enterococcus, Streptococcus.  
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cxrili 3. rZemJava baqteriebis fiziologiuri maxasiaTeblebi 
 

maxasiaTeblebi Lactobacillus Enterococcus Lactococcus Streptococcus 
zrda 10 ºC +/- - - +/- 
zrda 45 ºC +/- + + +/- 

zrda 6,5% NaCl +/- + - - 
zrda 18% NaCl - + - +/- 
zrda pH 4,4 +/- - - +/- 
zrda pH 9,6 - + +/- +/- 

rZemJavas sax. D, L, DL L L L 
 
zemoT CamoTvlili rZemJava baqteriebi aRmoCenilia produqtis momwifeb-

is etapze, romelic xels uwyobs gemos da aromatis Camoyalibebas, rac gamow-
veulia rZemJava baqteriebis mier warmoqmnili mravali fermentis moqmedebiT.  

cilis momwifobis periodi iyofa kazeinis daSliT peptidebamde da ami-
nomJavebamde. romelsac adgili aqvs momwifebis dros da rZemJavis baqtierebi 
masSi mniSvnelovan rols asruleben. kazeinis hidrolizis sawyis nabijs 
asrulebs fermenti qimozini da proTeinazebi starteruli rZemJavis baqte-
riidan,  starteruli obidan da sxva mikrorganizmebidan. tradiciuli rZis 
produqtebidan gamoyofili es baqteriebi did yuradReba ipyroben, rogorc 
potenciuri konservantebi maTi antagonisturi aqtivobis gamo mravali 
paTogenis mimarT, romlebic iwveven sakvebi produqtebis gafuWebas [7,8].  

Catarebuli samuSaos Sedegad Cans, rom baqteriuli dedos Setanam 
dadebiTi gavlena moaxdina rogorc produqtis mikrobiologiur usafrTxoe-
baze, aseve, organoleptikur maxasiaTeblebze. aRmoCenili rZemJava baqte-
riebis gamoyeneba xels Seuwyobs standartuli gemosa da aromatis Senar-
Cunebas da dambalxaWos warmoebis ganviTarebas qveyanaSi.  
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SUMMARY 
THE ROLE OF LACTIC ACID BACTERIA IN MATURATION OF DAMBALKHACHO 
Dzirkvelishvili N.D. 
Georgian Technical University 
Based on the principles of market economy, great importance is granted to the production of high quality dairy 
products and to increase its assortment.Dambalkhatcho, which is very popular due to its originality is still not 
represented in the assortment of Georgian dairy products till today.The product has been indigenously produced 
in the mountainous zone of Georgia. Consequently it’s an enzymatic unique microflora and manufacturing 
technology are maintained only in existing regions and family farms. Biochemical and microbiological study of 
this product will allow to preserve the specific microorganisms of this unique product and at the same time offer 
to the entrepreneurs Dambalkhatcho’s production technology and standard product. Dambalkhacho which is 
produced in mountainous regions does not meet the standards but its taste properties arouses great interest in the 
customers. 
 Keywords: Dairy products, Lactic acid bacteria, Promotion of local production.  
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qarTuli muxis (Q,iberica Stev) nayofmsxmoiaroba pankisis xeobaSi 
 

gagoSiZe g.a., samadaSvili m.e. 
 

saqarTvelos teqnikuri universiteti 
iakob gogebaSvilis saxelobis Telavis saxelmwifo universiteti 
 
axmetis municipalitetis pankisis xeobaSi, muxis nayofmsxmoiaroba 

SeviswavleT babaneuris, birkianis, duisis da Zibaxevis teritoriaze, zRvis 
donidan 700 m-is simaRleze, samxreTi eqspoziciis, 120-de daqanebis ferdobze 
warmodgenil koromSi muxis gabatonebiT, romlis Semadgenlobaa 7 
mx.2rc.1if.+krp.Tl+blmw., koromis saSualo xnovanebaa 180 w. saSualo simaRle 
17 m, saSualo diametri – 80 sm, niadagebi _ tyis yavisferia, karbonatuli, 
bunebrivi TesliTi ganaxleba _ aradamakmayofilebeli, tyis tipi _ muxnari 
islis safariT. 

sanimuSo farTobis parametrebi, sadac kvleva Catarda gaangariSebuli 
iqna dReisaTvis miRebuli meTodikis Sesabamisad [1], ra drosac ganxorciel-
da 10 sm da meti diametris xeebis sataqsacio aRwera da dafiqsirebuli iqna 
Sesabamisi xarisxis (mcire, saSualo da kargi) nayofmsxmoiare xeebis raode-
noba. maTgan samodelod SerCeuli iqna egzemplarebi  Teslmsxmoiarobis 
saSualo xarisxiT, romlebzec vawarmoeT nayofebis mosavlianobis aRricxva 
e.w. sanimuSo totebis meTodiT _ kerZod, Teslis momwifebamde, koromSi war-
modgenil  or-sam Ziramde xeebze movWeriT  1 m sigrZis ramdenime toti, maTze 
daviTvaleT Teslebis raodenoba, miRebuli jami gavyaviT moWrili totebis 
sigrZeTa jamze da miviReT saSualo mosavlis maCvenebeli erTi grZivi m 
zomis totze. sanimuSo totebis maCvenebliT ganvsazRvreT mosavlianobis 
xarisxi erT xeze, or an samive Zirze da sanimuSo farTobze, ris Semdegac 
davadgineT mosavlianobis maCvenebeli 1 ha-ze [2]. 

garda aRniSnulisa, sanimuSo farTobebze gamoyofili samodelo xeebis 
varji davyaviT or nawilad, kerZod _ CrdiloeTi da samxreTi eqspozicie-
bisken mimarTul nawilebad da xis saburvelis ramdenime _ qveda, Sua da 
zeda seqciebad. maTSi cal-calke SeviswavleT Teslmsxmoiaroba da 
gansxvaveba aRniSnul maCveneblebs Soris rogorc eqspoziciebis, ise varjis 
vertikaluri nawilebis mixedviT _ rogorc raodenobrivad, ise woniT. 

aRniSnul teritoriaze gamoyofili sami samodelo xidan mopovebuli 
masala warmodgenilia cxr. 1-Si. 

rogorc warmodgenili cxrilis monacemebidan Cans, xis varjis rogorc 
CrdiloeT, ise samxreT nawilSi Teslmsxmoiarobis maxasiaTebeli ufro 
maRalia zeda nawilSi, vidre Sua da qveda nawilebSi, xolo am ori 
ukanasknelidan upiratesoba Sua nawilSi ufro SeiniSneba vidre qvedaSi. rac 
Seexeba mosavlianobas varjis samxreT da CrdiloeT nawilSi, ukeTesi 
maCvenebeliT varjis samxreT eqspoziciisaken mimarTuli nawili xasiaTdeba, 
rac procentulad 63%-s Seadgens 37%-ze. 

rogorc ukve aRvniSneT, garda Teslmsxmoiarobis raodenobrivi maCve-
neblebisa, SeviswavleT muxis nayofis woniTi maCveneblebic aseve eqspozi-
ciebis mixedviT, risTvisac TiToeuli samodelo xidan viRebdiT rkos nimu-
Sebs wonis dasadgenad. nayofis saSualo wonas vsazRvravdiT rogorc 1 na-
yofis mixedviT, ise maTi mTeli raodenobisas. 

muxis nayofebis wonis maxasiaTeblebi maTi raodenobisa da eqspozi-
ciebis mixedviT (cxr. 2). 
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cxrili 1. qarTuli muxis (Q. iberica Stev.) Teslmsmoiarobis maxasiaTeblebi _ samodelo 
xeebis, eqspoziciebisa da varjis vertikaluri nawilebis mixedviT 
 

va
r
j
is

 m
i
ma
r
T
u
l
eb

a 
d
a 
na
w
il

eb
i
 

s
am
x
r
eT

i
 

z
ed

a rkos saS. raod. t-ze (1m-c). 19 20 21 13 18 
rkos raodenoba (c.) 18 1500 1680 585 1255 
totebis sigrZe (m) 17 75 80 45 66,7 

S
u
a 

rkos saS. raod. t-ze 16 14 15 12 14 
rkos raodenoba (c.) 15 756 1005 480 747 
totebis sigrZe (m) 14 54 67 40 53,7 

qv
ed

a rkos saS. raod. t-ze (1m-c). 13 12 14 11 12 
rkos raodenoba (c.) 12 612 882 429 641 

totebis sigrZe (m) 11 51 63 39 51 

Cr
d
il

o
eT

i 

z
ed

a rkos saS. raod. t-ze (1m-c). 10 12 14 11 12 
rkos raodenoba (c.) 9 900 1076 473 816 
totebis sigrZe (m) 8 75 77 43 65 

S
u
a 

rkos saS. raod. t-ze (1m-c) 7 9 11 10 10 

rkos raodenoba (c) 6 567 682 410 553 

totebis sigZe (m) 5 63 62 41 55,3 

qv
ed

a rkos saS. raod. t-ze (1m-c). 4 7 9 8 8 

rkos raodenoba (c.) 3 294 459 320 358 

totebis sigrZe (m) 2 42 51 40 44,3 

samodelo xis № 1 1 2 3 saS. xeze 

 
           

    
cxrili №2. muxis nayofebis wonis maxasiaTeblebi maTi raodenobisa  
da eqspoziciebis mixedviT 
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 №

 msxmoiare samodelo xe 
1 ha-ze samxreTi 

eqspozicia 
CrdiloeTi 
eqspozicia 

nayofis nayofis nayofis 

raod 
(c.) 

wona 
(kg.) 

raod 
(c.) 

wona 
(kg.) 

raod 
(c.) 

wona 
(kg.) 

eq
s
p.
s
., 
12

0 -
d
e 

0,6 105 

1 2868 11,18 1761 6,72 - - 
2 3567 15,82 2219 9,33 - - 

3 1494 6,32 1203 4,95 - - 

saSualod 2643 11,1 1728 7,0 458955 1901 

           
       

rogorc cxrilis monacemebidan Cans, 1-haze msxmoiare xeebis raodenoba 
Seadgens 105 Zirs. Tu mxedvelobaSi miviRebT, rom saSualod samodelo xeze 
4371c. nayofia aRricxuli, maSin maTi raodenoba 1 ha-ze - 458955 c-s Seadgens, 
romelTa saerTo wona 1901 kg-ia. cxrilSi warmodgenili monacemebidan kidev 
erTxel irkveva, rom zogadad Teslmsxmoiaroba metia varjis samxreTi eqspo-
ziciis nawilSi, vidre CrdiloeTisaze, rogorc raodenobrivad, ise woniT, 
rac insolaciis ukeTesi pirobebiT aixsneba. 

sanimuSo farTobze Cvens mier dafiqsirebuli iqna muxis nayofebis 
forma, zoma da sxva maxasiaTeblebic, romelTa mixedviT, rkos forma 
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ovaluria, odnav wagrZelebuli, saSualo zomiT 2,8 sm. sigrZis da 1,1 sm. 
siganis. 1000 cal rkoSi saSualod 650 cali (65%) nayofi aRmoCnda vargisi _ 
saRi, xolo danarCeni (35%) ki - ganuviTarebeli, dazianebuli da aRmocenebis 
uunaro. 

rogorc Cven mier mopovebuli masalebis analizis safuZvelze irkveva, 
islissafarian muxnarebSi, muxis Teslebis saSualo raodenoba 1 ha-ze – 
458955 c-s Seadgens, woniT _ 1901 kg. rkos forma ovaluria, odnav wagrZele-
buli, saSualod sigrZiT _ 2,8 sm-de da siganiT _ 1,1 sm-de, 1000 c. nayofSi 
saRi da aRmocenebis unariani aRmoCnda 650 egzemplari anu 65%, xolo aRmo-
cenebis uunaro _ 350 cali anu 35%. 

sanimuSo farTobze, insolaciis ukeTesi xarisxis gamo muxis nayof-
msxmoiarobis xarisxi ukeTesia varjis samxreT nawilSi, vidre CrdiloeTiT 
da gansxvaveba maT Soris meryeobs nayofebis saerTo saSualo raodenobis _ 
53_63%-dan 47_-37%-mde. 

muxis rkos mosavlianobis saSualo maCvenebeli aseve gansxvavdeba 
erTmaneTisagan mcenaris varjis sxvadasxva nawilebis mixedviT, ukeTesi maxa-
siaTebeli yvela sanimuSo farTobis samodelo xeebze, varjis zeda nawilSi 
gamovlinda, Semdeg _ Sua nawilSi, xolo SedarebiT mcired qveda nawilSi, 
rac aseve ganaTebis ukeTesi xarisxiT aixsneba pirvel or SemTxvevaSi, xolo 
SedarebiT uaresiT _ varjis qveda nawilSi. 

aRniSnulidan gamomdinare, naTlad Cans, rom kaxeTis qarTuli muxis 
koromebSi maTi swori dacvisa da movlis pirobebSi, 1 ha-ze saSualod 1 to-
naze meti nayofis miRebaa SesaZlebeli, rac savsebiT sakmarisia misi bu-
nebrivi ganaxlebis saukeTeso maCveneblebis misaRwevad aramxolod Cven mier 
Seswavlil koromebSi, aramed kaxeTis degradirebul tyis ekosistemebSi _ 
maTi aRdgena _ ganaxlebis samuSaoebis warmatebiT ganxorcielebisaTvis. 

rogorc Cvens mier Seswavlili muxis nayofsmxomiarobidan Cans, axme-
tis midamoebSi SesaZlebelia naxevari tonidan erT tonamde saTesle masalis 
miReba, rac muxnarebis dacvisa da bunebrivi ganaxlebis xelSewyobis piro-
bebSi sruliad sakmarisia saimedo mozardis sakmarisi raodenobis misaRebad.  
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SUMMARY 
GEORGIAN OAK FRUITFULNESS IN AKHMETA DISTRICT 
Gagoshidze G.A. and Samadashvili M.E. 
Georgian Technical University 
Iakob Gogebashvili Telavi State University 
In Akhmeta municipality, we studied the fruitfulness of Georgian Oak (Q. iberica Stev.) in the territory of 
Babaneuri, Birkiani, Duisi and Dzibakhevi. In addition, we have already studied the weight parameters of oak 
fruits according to their number and exposures. In conclusion, it should be mentioned that the total number of 
Oak fruits is 458955 pieces per hectare (1901 kilograms in total weight). 650 pieces (65%) of Oak fruits were 
good quality from 1000 pieces and 350 pieces (35%) were damaged. 
Keywords: oak, fruitfulness. 
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qarTuli muxis nayofmsxmoiaroba qvemo qarTlis regionSi 
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ssip erovnuli satyeo saagento 

 
saqarTvelos tyeebSi muxnarebs erT-erTi gamorCeuli adgili ukaviaT. 

CvenSi gavrcelebuli 7 saxeobidan 5 endemia da maT dRes 291 aTasi heqtari 
farTobi uWiravs. Zvelad qveyanaSi muxnarebs ufro meti farTobi ekava, mag-
ram mis merqanze gazrdili moTxovnilebebis gamo muxnaris farTobebi mcir-
deba da xarisxs kargavs. qarTuli muxa (Quercus eberica) qvemo qarTlSi sakmaod 
did farTobzea gavrcelebuli, Tumca amJamad muxis bunebrivi ganaxlebis 
mdgomareoba aradamakmayofilebelia da muxnarebis umetesi nawili warmod-
genilia degradirebuli koromebis saxiT. am xriv sainteresoa muxis nayofms-
xmoiarobis Seswavla rkos raodenobrivi da xarisxobrivi maCveneblis dad-
genis mizniT. 

mravali dakvirvebiT damtkicebulia, rom sxvadasxva raionSi Segro-
vebuli  Teslis wona sxvadasxvanairia. prof. v. ogievskis monacemebiT, fiWvis 
Teslis wona vake pirobebSi matulobs CrdiloeTidan samxreTisaken, araerT-
gvarovania aseve zRvis donidan sxvadasxva simaRleze Teslis wona. saqarT-
velos pirobebSi es sakiTxi Seswavlili iyo wiflnarebSi da fiWvnarebSi. 
muxnarebSi ki aRniSnuli kvleva bolo aTwleulebis manZilze ar Catare-
bula. 

sanimuSo farTobze sataqsacio aRweras vatarebdiT 10 sm da meti 
diametris mqone xeebze da vigebdiT kargi, saSualo da mcire msxmoiarobis 
xeTa ricxvs, aqedan modelad viRebdiT saSualo msxmoiarobis xes, ris 
mixedviTac vsazRvravdiT samodelo xis Teslmsxmoiarobas v. nesterovis 
meTodiT, romelic SemdegSi mdgomareobs: _ Teslis momwifebamde 15-20 
saSualod ganviTarebul xeze, viRebdiT 1 m-is sigrZis ramodenime tots da 
viTvlidi yvela Tesls, ris gadaangariSebac xdeboda 1 ha-ze da Semdeg 
cxrilis meSveobiT vgebulobdiT koromis Teslmsxmoiarobis xarisxs. aRebul 
samodelo xis varjs vyofdiT or nawilad: CrdiloeTis da samxreTis 
nawilebad, Semdeg maT vyofdiT seqciebad: ZiriTad, Sua da zeda seqciebad da 
maTSi cal-calke vsazRvravdiT Teslmsxmoiarobas. TiToeuli samodelo 
xidan aRebul rkos vwonidiT, jer erTi rkos saSualo  wonas vigebdiT, 
Semdeg ki mTliani samodelo xis rkos wonas. aseve, sanimuSo farTobebze 
viTvlidiT 1000 rkodan dazianebulebis raodenobas, rac Teslis xarisxis 
gansazRvris saSualebas gvaZlevda. yvela SemTxvevaSi muxnar koromebSi 
xeebis rogorc samxreT, ise CrdiloeT totebis zeda seqciaSi  viTardeba 
nayofebis meti raodenoba, vidre Sua da miTumetes qveda seqciaSi, rac unda 
aixsnas xis varjis zeda nawilebis meti ganaTebiT, aseve xeebis varjis 
samxreT eqspoziciaze meti msxmoiarobaa, vidre CrdiloeT eqspoziciaze. 
rogorc kvlevebiT irkveva, muxnar koromebSi zRvis donidan sxvadasxva 
simaRleze Teslmsxmoiaroba erTnairi ar aris. amasTanave muxis rkos 
raodenoba da wona icvleba koromebis sixSiresTan erTad. rogorc zeda, ise 
qveda sartyelSi. zRvis donidan 830 metr simaRleze aRebul sanimuSo 
farTobis erT modelze saSualod asxia 4,691 cali rko (woniT 18 kg). xolo 
amave sixSiris koromSi, romelic aRebulia zRvis donidan 1200 m simaRleze, 
saSualod asxia 2,386 cali rko (woniT 7.4 kg) erT samodelo xeze. aseTive 
mdgomareobaa sxva danarCen sanimuSo farTobebze. rac ufro naklebia 
sixSire, miT metia msxmoiaroba. vake adgilze gavrcelebuli muxis koromebi 
ufro kargi msxmoiarobiT xasiaTdebian - vidre ferdobze. msxmoiarobaze 
gavlenas axdens niadagebi. dabali sixSiris dros 1000 cal rkoSi ufro meti 
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saRi rkoa, vidre maRali sixSiris koromebSi. muxis rkos wonis irgvliv 
Catarebulma gamokvlevebma daadastura, rom sxvadasxva woniT xasiaTdeba 
muxis Teslic sxvadasxva pirobebSi.  

qvemo qarTlis regionSi, muxnar koromebSi ganxorcielebuli kvlevebis 
Sedegbze dayrdnobiT gamovlinda, rom yvela SemxvevSi, 1 ha-ze miRebuli 
muxis rkos woniTi maCvenebeli metia 1000 kg-ze da maTgan umetesi nawili var-
gisia aRmosaceneblad, ris safuZvelzec SegviZlia vivaraudoT, rom bunebrivi 
Tu xelovnuri xelisSemSleli garemoebebis gareSe uzrunvelyofili unda 
iqnes muxis bunebrivi ganaxlebis normaluri maCvenebeli. 
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SUMMARY 
STUDY THE FRUITING OF GEORGIAN OAK TREE IN KVEMO KARTLI REGION 
Gagoshidze G.A. and Kapanadze I.G. 
Georgian Technical University 
LELP National Forestry Agency  
The data about the Georgia oak tree fruiting is analyzed on the territory of Kvemo Kartli region, where the 
sample plots with the size of 0.25 ha was taken with high, medium and low density. In all cases, in oak tree 
stands on the south and north sides, trees produce more fruits https://agronews.ge/mukha/,south sides of the tree 
crowns is more fruits produced then in north – which can be explained by more sunlight on the upper parts of the 
crown. The oak fruiting, with the changing the height from the sea level fluctuates and decreases from low to 
high. The fruiting is higher when the density is lower and vice versa. In all cases, the weight of the oak tree fruits 
obtained per 1 ha is more than 1000 kg and most of them are suitable for sprouting. 
Keywords: copse, model area, exposition, section, croun, frequency, endemic. 
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paTogenisa da mcenaris specifikuri urTierTqmedebisas 
zemgrZnobiarobis reaqciis dinamika 

 
yanCaveli S.s. 

 
saqarTvelos soflis meurneobis saministros samecniero-kvleviTi centri 

 
paTogenebis umetesobis uunaroba, rom daavados mcenare mowmobs masze, 

rom mcenares SeuZlia daicvas Tavi infeqciis potenciuri gamomwvevisagan. 
mcenareebi aseTi paTogenebisagan icaven Tavs an arsebuli barierebiT, an 
paTogenis SeWris sapasuxod dinamiurad warmoqmnili antibiotikuri nivTiere-
bebiT. zogierTi paTogenebi ki winaaRmdegobis gareSe aavadeben mocemul mce-
nares. aseTma paTogenebma SeiZines unari, rom SeiWran Tavis patron mcenareSi 
ise, rom ar moaxdinon reaqciebis an dacviTi saSualebebis inducireba, rom-
lebic efeqturia sxva paTogenebis mimarT. paTogenis SeWris sapasuxod mce-
nareTa qsovilebis zemgrZnobiarobis reaqcia iwvevs ujredebis swraf kvdo-
mas, qsovilebis gamuqebas da antimikrobuli nivTierebebis dagrovebas, rom-
lebic ufro swrafad xdeba gamZle mcenareebSi, mimRebianTan SedarebiT. 
umetes SemTxvevaSi ki mcenaris gamZleoba damokidebulia misi zemgrZnobia-
robis reaqciaze [1-4]. 

statiaSi aRwerilia zemgrZnobiarobis induqciisa da supresiis axali 
aspeqtebi sistemaSi: kartofili _ Phytophthora infestans da gansazRvrulia 
zemgrZnobiarobis reaqciis dinamikis roli sokos rasaTa xarisxobrivi 
specifiurobisaTvis. 

cdebi Catarda sxvadasxva gamZleobis mqone (10-jiSi) kartofilis 
tuberebidan axlad aRebul da Zvel (dasenianebamde, ramdenime saaTiT adre 
aRebul) firfitebze. 

dadginda, rom kartofilisadmi sokos _ P. infestans-is SeuTavsebadi 
rasebi iwveven misi qsovilebis ujredebis swraf kvdomas da daavadebuli 
ujredebis es naadrevi reaqcia dakavSirebulia patron-mcenaris gamZleobas-
Tan. kartofilis axali firfitebis qsovilebis zedapirul ujredebs ar 
aaqvT swrafad kvdomis unari SeuTavsebadi rasiT daavadebisas da am unars 
isini iZenen optimalur temperaturaze ramodenime xans maTi moTavsebis 
Semdeg, magram aseT mdgomareobas ujredebma SeiZleba miaRwion iseT pirobeb-
Si, romlis drosac xdeba cilebis sinTezis inhibireba. gairkva, rom SeWril 
SeuTabsebad paTogenze zemgrZnobiared moqmedebis unari SeiZleba ganpiro-
bebuli iyos raRac stimuliT (zemgrZnobiarobis gamaaqtivirebuli faqto-
riT), romelic dakavSirebulia infeqciasTan an raime meqanikur WrilobasTan. 
amave dros ujredis kvdomis procesi, romelic aviTarebs aRniSnul unars 
ara damokidebuli cilis sinTezze. 

amrigad, SeuTavsebadi paTogenebiT gamowveuli patron-mcenaris ujre-
debis zemgrZnobiare kvdoma iTvleba arsebiT procesad misi gamZleobisaTvis, 
magram ar TamaSobs pirdapir rols paTogenebis zrdis daxSobaSi. 

kartofilis tuberebis, rogorc axali ise Zveli firfitebis dasenia-
nebis SemTxvevaSi, sxvadasxva jiSebSi gansxvavebulia ujredebis kvdomis siC-
qare. amave dros daavadebuli da nekrozirebuli ujredebis ricxvi infeqciis 
gvian stadiaze yvela jiSisTvis iyo maRali, magram is gansakuTrebiT maRali 
iyo axal firfitebSi, ZvelTan SedarebiT, es ricxvi aseve varirebda jiSebis 
mixedviT. yvela jiSSi, rogorc axal ase Zvel firfitebSi dasenianebidan 6-
sT-is Semdeg mkvdari ujredebis procentsa da dasenianebidan 2-dRis Semdeg 
gauqmebul ujredebis ricxvs Soris aRiniSneboda uaryofiTi korelacia. es 
ki niSnavs, rom jiSebSi, romelTaTvisac damaxasiaTebelia maRali siCqariT 
ujredebis zemgrZnobiare kvdoma, paTogens SeuZlia damkvidrdes mcire 
raodenobis ujredebSi. 
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gansxvaveba gamZleobaSi jiSebs Soris da aseve axal da Zvel fir-
fitebs Soris mniSvnelovan wilad ganisazRvreba ujredebis zemgrZnobiare 
kvdomis siCqariT. TviTeuli jiSis qsovilebSi, rogorc Cans aris ujredebi, 
romlebic reagireben, an ar reagireben SeuTavsebadi paTogenebis SeWraze. 

TviTeuli jiSis foTlebSi, sadac ganisazRvra gamZleobis intensivoba 
daavadebidan sami dRis Semdeg, laqaSi gamuqebuli epidermisis ujredebis 
ricxviT, aseve is varirebda jiSebis mixedviT da dadebiT korelacias hqonda 
adgili Zvel firfitebSi. gamZleobis reaqcia foTlebSi msgavsi iyo Zveli 
firfitebis gamZleobis reaqciis, rac aseve gviCvenebs gamZleobis intensivo-
bis damokidebulebas ujredebis kvdomis siswrafeze. 

cnobilia, rom fitoaleqsinebi mniSvnelovan rols asruleben infeq-
ciur daavadebaTa mimarT mcenareTa gamZleobaSi [5,6]. sistemaSi kartofili _ 
P. infestans  fitoaleqsinebis rolze gamZleobaSi miuTiTebs is faqti, rom 
sokos infeqciuri hifis zrdis SezRudva vlindeba im periodSi, rodesac 
fitoaleqsinebis done qsovilebSi miaRwevs paTogenis mainhibrirebel dones. 

mcenareSi SeWrili paTogenis SezRudvaSi zemgrZnobiarobis rolis 
SeswavlisaTvis gamokvleul iqna kavSiri ujredebis zemgrZnobialur 
kvdomasa, gamZleobis intensiobasa, fitoaleqsinebis dagrovebis drosa da 
raodenobas Soris. am miznisaTvis visargebleT zemoT aRniSnuli kartofilis 
tuberebidan momzadebuli firfitebiT. 

dadginda rom, gamZle jiSebisaTvis damaxasiaTebelia ujredebis zemgr-
Znobialuri kvdomis maRali siCqare. P.infestans-is SeuTavsebeli rasa iWreba 
zedapirul ujredebSi, apresoriumebis ganviTarebis Semdeg, iseve rogorc 
SeTavsebadi rasa. SeWrili paTogenis damkvidreba kartofilis firfitebSi 
xdeba dasenianebidan 3 sT-s Semdeg. mikroskopuli dakvirveba gviCvenebs, rom 
sokos infeqciuri hifebi miimarTebian pirvelad daavadebuli ujredebidan 
mezoblad mdebare ujredebSi an ujredSorisebSi dasenianebidan daaxloebiT 
12 sT-s ganmavlobaSi. sokos SeuTavsebeli rasis SemTxvevaSi infeqciuri hi-
febi ar iWrebian mezoblad mdebare ujredebSi. kartofilis maRalgamZle 
jiSSi (mesxuri wiTeli) daavadebuli ujredebis daaxloebiT 80% daiRupa, 
dasenianebidan 6 sT-s Semdeg da firfitebSi damkvidrebuli hifebis 80% 
lokalizebulia pirvelad daavadebul ujredebSi. analogiurad pirvelad 
daavadebuli ujredebi daiRupa dasenianebidan 6 sT-s Semdeg. 

dasenianebidan 6 saaTis Semdeg mkvdari ujredebis procentsa da fito-
aleqsinebis dagrovebis dawyebis drois Soris aRiniSna mWidro korelacia. 
kartofilis ZiriTadi fitoaleqsini riSitini grovdeba dasenianebidan 12 sT-
s Semdeg da mWidro korelaciur damokidebulebaSia dasenianebidan 6 sT-s 
Semdeg mkvdari ujredebis procentTan; es procenti analogiuria TviTeuli 
jiSisaTvis. kartofilis fitoaleqsinebis sinTezi SeiZleba warmoebdes 
zemgrZnobiare mkvdari ujredebis mezoblad mimdebare cocxal ujredebSic, 
amitom mkvdar ujredebSi da mis irgvliv dagrovili riSitinis raodenoba 
sakmarisia sokos zrdis SezRudvisaTvis. dasenianebidan 6 sT-s Semdeg ujre-
debis kvdomam SeiZleba moaxdinos fitoaleqsinis dagroveba paTogenis 
mainhibirebel donemde, sanam gaivlis 12 sT. dasenianebis Semdeg, rodesac 
infeqciur hifebs aqvT unari datovon daavadebuli ujredebi. 

gvxvdeba iseTi ujredebic, romlebic nela reagireben paTogenze, am 
SemTxvevaSi sokos SeuZlia ganagrZos zrda sxva ujredebisaken an ujred-
SorisebSi, manam sanam maTi hifebis boloebi ar Seexeba zemgrZnobiare reaq-
tiul ujredebs. ramdenadac naklebad gamZle jiSebis qsovilebs aqvT mcire 
raodenobis aseTi ujredebi, amiton SeWrili paTogenis maTTan kontaqti ar 
SeiZleba iyos didi. am SemTxvevaSi mkvdari ujredebi SemTxveviT SeiZleba 
iyos Rrmad qsovilebSi, magram infeqciis bolo stadiaze SeiZleba gamov-
lindes gamuqebuli ujredebic. dagrovili fitoaleqsinebis raodenobasa da 
gamuqebul ujredebs Soris aRiniSneba korelacia. maSasadame infeqciis gvian 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #1, 2020  
 

141 

stadiaze maRalgamZle jiSebis qsovilebSi mcire raodenobis ujredebSi nak-
lebad grovdeba fitoaleqsini, vidre naklebad gamZle jiSebis qsovilebSi. 
magram dasenianebidan me-2 da me-3 dRes gamuqebul ujredebis procentsa da 
fitoaleqsinebis raodenobas Soris korelacia qreba. 

kvlevis Sedegebis safuZvelze SeiZleba vTqvaT, rom inducirebuli 
fitoaleqsinis raodenoba, romelic sakmarisia paTogenis lokalizacii-
saTvis, damokidebulia zemgrZnobiarobis reaqciaze. 

ujredis kvdomis procesi xasiaTdeba SeWrili hifis irgvliv citop-
lazmis agregaciiT, misi moZraobis SewyvetiT da membranis gamWolvadobis 
cvlilebiT. unda aRiniSnos, rom infeqciuri hifis zedapirsa da citoplaz-
matur membranas Soris urTierTqmedeba warmoadgens ZiriTad reaqcias, ro-
melsac mivyavarT ujredis kvdomamde. aseve unda aRiniSnos, rom P.infestans-is 
hifis kedlebis zogierTi komponentebi warmoadgenen kartofilis qsovilebSi 
fitoaleqsinebis warmoqmnis induqtorebs. 

kartofilis tuberebis qsovilebidan izolirebuli parotoplasti rea-
girebas axdens P.infestans-is infeqciuri hifis kedlis aRniSnul komponentebze, 
riTac citoplazmis agregacia msgavsia SeuTavsebadi rasiT dasenianobisas 
ujredis zemgrznobialuri kvdomis. reaqtiuli protoplasteris gansazRv-
ruli procenti icvleba jiSebis mixedviT. TviTeul jiSs aqvs reaqtiuli da 
arareaqtiuli protoplastebis gansazRvruli procenti. 

dadginda, rom gamocdil yvela jiSSi arsebobs mWidro korelacia 
reaqtiuli ujredebis ricxovnobasa da im protoplastebis raodenobas So-
ris, romlebic reagireben hifis kedlis komponentebze. protoplastebi 
aqtiurad reagireben im arapaTogenuri sokoebis hifis komponentebze, romel-
Tac celuloza ZiriTadad aqvT ujredis kedelSi da es reagireba iwvevs 
qsovilebis gamuqebas. 

amrigad, izolirebuli protoplastebis reaqcia hifis komponentebze, 
rogorc Cans identuria ujredis zemgrZnobialuri kvdomis, romelic dasenia-
nebulia SeuTavsebadi rasiT. amitom SeiZleba iTqvas, rom ujredis zemgrZno-
bialuri kvdoma _ es aris patron-mcenaris ujredebis cnobadobis reaqciis 
Sedegi SeWrili paTogenis komponentebis mimarT. cnobadobas biZgi SeiZleba 
misces mcenaris ujredis membranis komponentebsa da paTogenis komponentebs 
Soris reaqciam.   

P.infestans-ma SeiZleba xSirad daavados iseTi mcenareebi, romlebic ar 
iTvleba mis patron-mcenared da masSi iwvevs iseTive zegrZnobiarobis reaq-
cias, rogorc gamZle mcenareebSi. es monacemebi gviCveneben, rom mraval 
mcenares aqvs unari zemgrZnobialurad imoqmedos paTogenuri sokoebis 
konkretul komponentebze. 

P.infestans-is SeTavsebadi rasis SemTxvevaSi mcenareSi ar gvxvdeba gamZ-
leobis sapasuxo dinamiuri reaqcia da soko advilad iWreba mis ujredebSi. 
es ukanaskneli SeTavsebadi rasiT dasenianebisas Zlebs ramodenime dRis 
ganmavlobaSi. amrigad, P.infestans-is SeTavsebad rasebs SeuZliaT „Tanacxovre-
ba“ patron-mcenaris qsovilebTan, romelTac aqvT paTogenis rogorc SeTavse-
badi aseve SeuTavsebadi rasebis cnobadobis unari, maTze zemgrZnobialurad 
reagireba da fitoaleqsinebis dagroveba. SeTavsebadi rasebiT daavadebisas 
infeqciis adreul stadiaze xdeba zemgrZnobiarobis reaqciis daxSoba da 
Semdgom ukve SeuTavsebadi rasiT dasenianebisas adgili aqvs fitoaleqsinebis 
dagrovebas. 

rogorc cdebma gviCvena paTogenis zogierTi nivTierebebi mimRebian 
mcenareebSi iwveven zemgrZnobiarobis reaqciis daqveiTebas, magram isini 
toqsikurad ar moqmedeben mcenaris qsovillebze. SeTavsebadi  rasis kompo-
nentebi (nivTierebebi) ufro metad aqtiuria vidre SeuTavsebadis, miuxedavad 
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amisa SeuZlebelia gansazRvros paTogenis specifiuroba Tu razea damoki-
debuli, maT Tvisobriv Tu raodenobriv xasiaTze. 

dadginda, rom P.infestans-Tvis damaxasiaTebelia iseTi Semadgeneli kom-
ponentebi (nivTierebebi), rogoricaa glukanebi, romlebic iwveves kartofilis 
zemgrZnobiarobis reaqciis inhibirebas. 1,2,3, da 4 rasebis glukanebi, romelTa 
mimarTac mimRebiania cdaSi  myofi kartofilis yvela jiSebi, iwvevs am 
ukanasknelTa protoplastebis zemgrZnobianobis reaqciis efeqturad 
inhibirebas. inhibirebis efeqti damokidebulia glukonebis koncentraciaze. 
aRsaniSnavia, rom protoplastebSi glukanebi raime cvlilebas ar iwveven.  

amrigad, glukanebs, romelTac SeuZliaT kartofilis zemgrZnobiarobis 
reaqciis inhibireba, SeuZliaT imoqmedon, rogorc rasaTa specifiurobis 
determinantebi fitoftorozis dros. glukanebiT damuSavebul qsovilebSi 
fitoaleqsinebis warmoqmnis inhibireba dakavSirebulia ufro metad 
ujredebis arkvdomasTan, vidre pirdapiri gziT fitoaleqsinebis sinTezze 
zemoqmedebasTan. glukonebis moqmedeba protoplastebze SeiZleba SesamCnevi 
iyos mxolod 15 wuTis ganmavlobaSi, zemgrZnobiarobis reaqciis induqciamde. 
rogorc glukonebze aseve sxva komponentebze mcenaris reagirebas SeiZleba 
adgili hqondes ZiriTadad protoplastebis zedapirze. 

zemgrZnobiarobis reaqciis warmoqmniT an gaqrobiT SeiZleba gani-
sazRvros Tu rogoria kartofilis qsovilebis reagireba infeqciaze-SeTavse-
badi Tu SeuTavsebadi. ujredebis zemgrZnobialuri kvdoma gamowveulia 
araspecifiurad TviTeuli rasis infeqciuri hifis komponentebiT. am ukanask-
nelTa gamosavlenad da fitoaleqsinebis sinTezisaTvis aucilebeli fizio-
logiuri da bioqimiuri sistemebi arsebobs kartofilis TviTeuli jiSi-
saTvis gamZleobis genebisagan damoukideblad. 

dadginda, rom paTogenezis procesSi gadamwyveti mniSvneloba aqvs imas 
warmoebs Tu ara daavadebis kvaldakval ujredebis zemgrZnobialuri kvdoma. 
ujredebis kvdoma warmoadgens masSi SeWrili paTogenis zogierT mole-
kulebsa da mcenaris citoplazmaturi membranis molekulebis urTierTmoqme-
debis Sedegs. ujredebis kvdomis gamomwvevi paTogenis komponentebis 
cnobadoba xdeba patron-mcenaris ujredebis mier. am ukanasknelTa drouli 
kvdoma, romelic xdeba paTogenis SeWris Semdeg, aqtiurad zRudavs mis 
gadaadgilebas ujredebSi, fitoaleqsinebis dagrovebis xarjze. paTogenisa 
da mcenaris SeTavsebadi urTierTqmedebis ujredebis zemgrZnobialuri kvdo-
ma xdeba imgvarad, rom patron-mcenaris arc erTi sapasuxo reaqcia ar 
warmoadgens gamZleobis reaqcias. 

cdaSi myofi yvela jiSis kartofilis qsovilebi Seicaven gansazRv-
ruli proporciiT zemgrZnobiare reaqtiul da naklebad an saerTod arareaq-
tiul ujredebs, P.infestans-dmi gamZleobis genebisagan damoukideblad. qsovi-
lebSi zemgrZnobiare reaqtiuli ujredebis arseboba warmoadgens mniSv-
nelovan faqtors gamZleobis intensivobis gansazRvrisaTvis.  

rogorc Cans kartofilis ujredebi floben, rogorc paTogenebis aseve 
arapaTogenebis zogierTi komponentebis cnobadobis specifiur unars da es 
iwvevs gamZleobis reaqcias imisgan damoukideblad arseboben Tu ara gamZ-
leobis genebi P.infestans-is mimarT. maSasadame gamZleobis genebi P.infestans-is 
mimarT SeiZleba didad iyos damokidebuli zemgrZnobiarobis mainducirebel 
da mainhibirebel faqtorebTan. e.i. rasaTa specifiuroba kartofilis fito-
ftorozis dros SesaZlebelia ZiriTadad ganisazRvros zemgrZnobiarobis 
mainhibirebeli faqtorebiT. 

arsebobs SemTxvevebi, rodesac SeTavsebadi paTogenebi ar Seicaven iseT 
komponentebs, romlebic Seicnoba patron-mcenaris ujredebis mier da amitom 
ar xdeba fitoaleqsinebis warmoqmna. paTogenis specifiuri toqsinebi moqmede-
ben, rogorc patron-mcenaris gamZleobis reaqciis mainhibireblebi,  amitom 
isini moqmedeben, rogorc paTogenobis determinantebi. 
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mcenarisTvis, rogorc Cans damaxasiaTebelia infeqciuri daavadebebisa-
gan dacvis memkvidruli sistema. paTogenebma Tavis mxriv SeiZines unari _ 
SeiWran gansazRvrul patron-mcenaris qsovilSi, ise rom ar gamoiwvion gamZ-
leobis efeqturi reaqciebi an SeaCeron patron-mcenaris gamZleobis reaqci-
ebi. SeiZleba iTqvas, rom yvela kombinacia patron-mcenare _ paTogeni flobs 
individualur taqtikas, riTac SeiZleba mcenaris qsovilebis dacviTi reaq-
ciis inducireba an inhibireba paTogenezis sxvadasxva etapze. sistema 
kartofili _ P.infestans gviCvenebs patron-mcenaris ujredis zemgrZnobiarobis 
reaqciis aRZvras an gaqrobis rols rasebis specifiurobis gansazRvrisaTvis.     
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SUMMARY 
DYNAMICS OF HYPERSENSITIVITY REACTION OF PATHOGEN AND PLANT  
DURING SPECIFIC INTERACTION 
Kanchaveli Sh.S. 
Scientific Research Centre of Georgian Ministry of Agriculture 
Steadiness of different species of potato towards Phytophtora infestans greatly depends on hypersensitivity 
reaction of plant cells. Plant and pathogen incompatibility is determined by the timely death of cells and timely 
accumulation of phytoaleksins. The difference in steadiness among species is connected with the number of 
hypersensitive cells in issues of each species. The incompatibility between the pathogen and plants is caused by 
the inhibition of the hypersensitivity reaction by specific substances released by the appearance of 
hypersensitivity reaction and its disappearance is an important factor and it also determines the specification of 
races.  
Keywords: potato, pathogen, phytoaleksin. 
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Сообшения об имунизации растений против болезни с помошью заражения 

вызиваюшим её патогеном, непотагенными для сорта расами возбудителей, патогенами других 
видов и, реже, метаболитами возбудителей имеют по меньшей мере 150 – летнюю историю. 
Однако недавно обоснованность имунизации растений была установлена экспериментально, а с 
её установлением началось прогресируюшее изучение молекулярных механизмов, 
ответственных за это явление, и возможностей её применения в борьбе с болезнями.  

Целый ряд авторов [1-3] установили возможность имунизации растений против 
заболеваний, вызванных грибами. А так же установлено, что тыквенные культуры можно 
иммунизировать против грибных бактериальных и вирусных заболеваний путём заражения 
грибами, бактериами или вирусами [4].  

С иммунизацией связано появление макро и микроскопических некрозов, вызванных 
возбудителем, однако не все типы некрозов приводят к имунизации. Механические 
повреждения, вызванные химическими веществами, сухим льдом или грибными и 
растительными экстрактами, не дают системных иммунизации тиквенных. Заражение грибом 
Colletotrichum lagenarium проедохраняет огурец от реакции сверхчувствительности, 
вызываемой Phitophthora infestans – непатогенным для этого растения грибом. Однако же 
инокуляция P. Infestans-ом  не обеспечивает защиты огурца от поражения C. Lagenarium-ом.  

Удаление первого настоящего листа (лист-индуктор) через 72-96 ч. После заражения 
грибами или бактериами не ослабляет иммунизацию листьев, расположенных выше место её 
индуцирования. Точно так же удаление листьев, расположенных выше листа-индуктора, после 
приблизительно равного лаг-периода не ослабляет иммунизацию удалённых листьев. Если с 
иммунизационного растения удалить листья, а также пазушную почку, расположенную в месте 
соединения черешка и стебля, то листья могут дать корешки, и растеньица будет 
иммунизированна. 

Сигнал иммунизации в тиквенных передаётся при прививке и не обладает сортовой, 
родовой или видовой специфичностью. Эксперименты с прививкой позволяют предположить, 
что в точке индукции образуется какой-то химический сигнал, который передается в другие 
ткани и обусловливает их устойчивость. Для листовых патогенов эффект иммунизации 
выражен сильнее над листом- индуктором, чем под ним.  

Тем не менее, заражая листья, можно иммунизировать корни. Кольцевание черешка 
листа-инуктора предупреждало иммунизацию расположенных выше и ниже него частей 
растения. Кольцевание черешков листьев, используюемых в дальнеишем для вторичною 
заражения, при интактном черешке листа-индуктора предупреждало иммунизацию только в 
листьях для вторичного заражения. Кольцевание почти полностью прекращает движение 
сахарозы из листа-индуктора, позволяя предполагать, что его влияние на иммунизацию 
определяется нарушением передвижения веществ во флоэме. Эти данные вместе с результа-
тами экспериментов по передаче иммунизируюшего фактора через прививку и сохранение 
иммунизации после удаления листа-индуктора служат четким доказательством того, что 
индукция- это результат сигнала, передаваемого из листа-индуктора. Однако постоянная 
подача сигнала не обязательна, и ткани, однажды получившие его требуют листа-индуктора 
для иммунизации.  

Заражение первого настояшего листа огурца грибом C. lagenarium и последуюшая 
(через 2-3 недели) повторная инокуляция этим грибом иммунизирует растения огурца против 
заболеваний, вызываемых C. lagenarium, Cladosporium cucumerinum и Pseudomonas lachrimans  
в течение периода плодоношения. Иммунизируюшее действие одной индукции продолжается в 
течение 4-6 недель, но без повторного заражения системная устойчивость теряется начиная с 
наиболее удалённых частей растения и все ближе к листу-индуктору.  Однако растения огурца 
невозможно иммунизировать, если они вступили в фазу цветения или плодоношения. 
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Устранение цветочных почек до их раскрытия не продлевает период, в течение которого 
возможно иммунизация. Это заставляет предполагать, что «биологические часы» растения, 
запрограмированные на репродукцию, в выключают способность к иммунизации, но не 
устраняут её из уже иммунизированных тканей. Таково дополнительное доказательство, что 
иммунитет и сдерживание патогенов проедставляют собой разные метоболические  процессы. 

Концентрация инокулюма, использованно для индукции, и количество некрозов, 
образававшихся на листе-индукторе, прямо связаны с размерами иммунизации до тех пор, пока 
не будет достигнута точка их насыщения. Единственный некроз, вызванный C. Lagenarium на 
листе-индукторе, иммунизирует ткани выше точки индукции. При высоких концентрациях 
вторичного инокулюма иммунизация, индуцированная низким уровнем инокуляционной 
нагрузки, будет до определённой степени ослабевать; Например, часто происходит уменьшение 
не числа некрозов, а их размеров. Иногда высокие концентрации инокулюма C. Lagenarium  
вызывают образование системных симптомов на растениях. Это явление не наблюдалось на 
иммунизированных растениях. Сокращение размеров системного заболевания при иммуни-
зации через листья также доказано на примере растений, повторно заражонных бактерией 
Erwinia tracheiphila.  

   Установлено, что иммунизация через листья эффективна против C. Lagenarium или C.  
Cucumerinum, нанесенных на поверхность листьев или инфильтрованных в них. Она ослабляет 
размножение Pseudomonas lachrimans и эффективна против увядания, вызыванного корневым 
патогенам. Fusarium oxysporum f. sp. Cucumerinum.  Представляется невероятным, что все 
перечисленные явления можно обьяснить только одним механизмом сдерживания.  

Проникание аппресориев C. Lagenarium в ткани иммунизированного растения огурца 
заметно ослабевает, тогда как прорастание конидий не нарушается. В то же время прорастание 
конидий и проникание C.  Cucumerinum в иммунизированные ткани растений огурца остаётся 
без изменений.  C.  Cucumerinum внедряется в течение 18 ч. а  C. Lagenarium, развевающийся из 
толстостенных аппрессориев, требует для этого 40-60 ч.                          

Гистологические и химические исследования позволяют предположить, что механизмы 
сдерживания C.  Cucumerinum в иммунизированных тканях имеют общие признаки с механиз-
мами в тканях устойчивых, неиммунизированных растений. Однако в случае C. Lagenarium 
иммунизация, видимо, активирует по крайней мере ещё один дополнительный механизм 
сдерживания в иммунизированных растениях по сравнению с неиммунизированными устойчи-
выми. Проникание осушествляется одинаково легко в устойчивых и восприимчивых растениях, 
но только у первых ассоцируется с реакцией типа сверхчувствительности. Иммунизация 
устойчивого растения ограничивает проникание и усиливает устойчивость, но не является 
причиной активизации сверхчувствительных реакций вокруг места проникания у восприим-
чивых растений. 

Иммунизация сопровождается по меньшей мере трехкратным увеличением активности 
пероксидазы. Она носит системный характер и отмечена у иммунизированных, не 
подверженных вторичному заражению тканей, удалённых от место индуктивной инокуляции. 
Поскольку индукция с помошью  C. Lagenarium, C.  Cucumerinum и P. Lachrimans  вызывает это 
увеличение, то она  видимо, связана с пероксидозной активностью хозяина. При иммунизации 
единственное пятно некроза на листе-индукторе приводит к статистически значимому 
системному приросту пероксидазной активности, которая коррелирует с заметным усилением 
активности отдельных изоферментов. Повторное заражение C. Lagenarium-ом знаметно 
повышает степень иммунизации и системное увеличение пероксидазы. Активность перокси-
тазы после контрольного заражения C.  Cucumerinum и C. Lagenarium возрастает скорее в 
иммунизированных, чем в неиммунизированных растениях, и это также связано с усилием 
активности некоторых изоферметнов. Однако со временем обшая пероксидазная активность в 
повторно зараженных тканях неиммунизированных растений может превисить таковую в 
иммунизированных. В неиммунизированных тканях активность пероксидазы часто выше, чем в 
иммунизированных тканях после вторичного заражения. Возможно, реакция наступает 
слишком поздно и вначале она слишком слаба. 

  Резкое усиление пероксидазной активности отмечено также в стареющих листьях 
огурца, причём такая ткань у неиммунизированных растений не более устойчива к C. 
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Lagenarium, чем молодые ткани. Точно так же обработка растений огурца этиленом приводит к 
увеличению пероксидазной активности, но не вызывает системного иммунитета. 

Повышение активности пероксидазы чётко совподает с началом иммунизации и 
увеличением лигнификации иммунизированных растений после вторичного заражения. 

У устойчивых огурцов лигнификация быстро вознекает после проникания                                
C.  Cucumerinum и проявляется во многих клетках вокруг места проникания. Лигнификацию 
наюлюдали и у восприимчивых огурцов, зараженных этим патогеном, но реакция задержи-
валась до момента, когда патоген распространился в ткани, и была слабой и диффузной. Такой 
же процесс протекает в листьях восприинчивых огурцов, зараженных   C. Lagenarium. 

В растениях иммунизированных заражением C. Lagenarium, C.  Cucumerinum и вторич-
но зараженных C. Cucumerinum или C. Lagenarium, лигнификация идет более быстро, 
интенсивно и недиффизно по сравнению с неиммунизированных растениям. В иммунизиро-
ванных растениях, вторично зараженных C. Cucumerinum, она охватывает многочисленные 
клетки вокруг место заражения, а в растениях, зараженных C. Lagenarium, выражена в местах 
проникания, но особенно-под аппрессориями где проникание не происходит. Процессы 
лигнификации более локализованны в иммунизированных растениях, вторично зараженных       
C. Lagenariumб в сравнении с C. Cucumerinum.  После проявления лигнификации оба вида 
гриба растут слабо. 

Установлено, что лигнификация _ это механизм устойчивости к заболеванию. Она 
может ограничивать развитие патогенов с помошью следующих механизмов: 1. увеличения 
механической устойчивости стенок клетки хозяина; 2. уменшения восприимчивости клеточных 
стенок хозяина к разрушению внеклеточными ферментами; 3. ограничения дифузии 
патотоксинов и питательных вешеств; 4. подавления роста патогена в результате действия 
токсических предшественников лигнина или лигнификации патогена.  Установлена также, что 
хитин как компонент клеточных стенок многих грибов может служить индуктором и 
матриксом для лигнификации. 

Таким образом, лигнификация может создавать чрезвычайно неблогоприятные условия 
для грибов, например, обусловливая высокую токсичность фенольных предшественников 
лигнина, токсичность свободных радикалов, лигнификацию грибов, связывание грибов 
клеточными стенками, повышение устойчивости полисахаридов и белков клеточных стенок 
хозяина к действию грибных гидролаз. 

Доказательство роли лигнификации как механизма сдерживания грибов в 
иммунизированных растениях весомо: грибы попадают  в неблогаприятные условия среды, 
если происходит процесс лигнификации. Ограниченное распространение системных 
заболеваний грибных или бактериальных – можно было бы обяснить деиствием лигнификации 
на патогены или на их внеклеточные токсины или ферменты. В иммунизированных растениях 
после вторичного заражения лигнификация протекает  быстрее и с большой интенсивностью. 

Нашими опытами установлено, что иммунизация растений с помощью абиотических 
факторов, была безупречной. Для этого испытывали препорати клеточной стенки грибов и 
бактерий, их экстракты или внеклеточные продукты, экссудаты флоэмы, экстракты из 
зараженных и иммунизированных незараженных тканей. Соответствующими препоратами или 
экстрактами опрыскивали листья, вводили их в листовые пластинки или вносили в растения 
через корни, в тест-растворы помещали отдельные листья и всходы. 

Установлено, что индуктор иммунизации образуется в течение довольно краткого 
периода после индукции, и этот или другой фактор влияет на нераскрившиеся листья в точке 
роста. Нераскрытые листья в соответствуюшей фазе развития могут быть иммунизированны в 
течение 4-6 недель. Если через 3 недели провести повторное инокулирование, поражение 
достаточно молодых, нераскрывшихся листьев обеспечит стабильность иммунитета на весь 
период плодоношения. Возможность, что какое-то низкомолекулярное транслоцируемое 
информационное вешество служит компонентом индукции, является в высшей степени 
спекулятивной, но может быть доказана при наличии соответствуюших данных. 

Слабое заражение огурца, арбуза и дыни грибом C. Lagenarium зашищает растения в 
поле от заболеваний, вызываемых при искусственном заражении высокими концентрациями 
патогена. В некоторых опытах некротизированная зона у иммунизированных растений 
сокрашалась более чем на 98% в сравнении с растениями, которые не были иммунизированны. 
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Контрольные растения, перенесшие заражение, были зашишены от антракноза, на рост и 
урожай иммунизация не влияла. 

Надо сказать, что иммунизация не обеспечивает защиту растений от всех заболеваний.  
Нам не удалось иммунизировать тыквенные против мучнистой росы или использовать патоген 
для индукции. Большинство наших полевых опытов проведено с использованием бoльшой  
инокуляционной нагрузки для определенными климатическими и почвенными условиями. 

При иммунизации возможно, что в ратениях развивается какой-то химичесий защитный 
барьер, который свидительствует о безoпасности растений или растительных продуктов. 

Таким образом, иммунизация растений для борьбы с болезнями имеет многочисленные 
положительные качества, которые эффективны против грибных и  актериальных заболеваний. 
Иммунизация, по-видимому, зависит от активации нескольких различных механизмов и потому 
стабильна. Способность восприимчивых растений к иммунизации предполагает, что все 
растения имеют генетический потенциал устойчивости. 
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SUMMARY  
IMMUNIZATION OF PLANTS AGAINST FUNGUS AND BACTERIAL DISEASES. 
Kanchaveli Sh.S. and Pavliashvili K.M. 
Scientific Research Centre of Georgian Ministry of Agriculture 
Georgian Technical University 
The immunization of plants against diseases has been studied. It has been determined that during fruiting  
infection of first real leaf in cucumber caused by fungus Colletotrichum lagenarium and the second following (2-
3 weeks later) inoculation immunize the plant of cucumber against the disease, caused by C.lagenarium, 
Cladosporium cucumerinum and Pseudomonas lachrimans. Concentration of  inoculum, used for induction,  and 
quantity of necrosis having been revealed on the leaf-inductor are directly connected with the doses of 
immunization  until the saturation is reached.  The immunization is accompanied by the increasing activity of 
peroxidase and lignifications of immunized plants after the second infection. Lignification is the mechanism of 
resistance to the disease. Immunization seems to be dependent on the activation of several different mechanisms 
and thus it reveals stability.  
Keywords: plant, immunization, cucumber, lignification. 
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  eZRvneba mixeil gverdwiTelis xsovnas  

 
 

 
gardaicvala cnobili qarTveli mecnieri da 

pedagogi mixeil  gverdwiTeli. 
 mixeil gverdwiTeli daibada 1951 wels Tbilis-

Si. 1968 wels oqros medliT daamTavra Tbilisis 55-e 
saSualo skola, xolo 1973 wels _ Tbilisis saxelm-
wifo universitetis qimiis fakulteti. 1977 wels mos-
kovSi, eleqtroqimiis institutSi daicva sakandidato 
disertacia, xolo 1993 wels TbilisSi _ sadoqtoro 
disertacia. 

1994 wlidan mixeil gverdwiTeli universitetis 
profesoria. 1995 wels airCies niu-iorkis akademiis 
wevrad. imave wels mieniWa sorosis asocirebuli 
profesoris wodeba. 2011 wels gaxda amerikis qimiuri 
sazogadoebis wevri. 

mixeil gverdwiTeli saqarTveloSi maTematikuri qimiis skolis fuZemde-
belia, misi xelmZRvanelobiT am sferoSi daculia sadoqtori da sakan-
didato disertaciebi, gamoqveynebulia 200-ze meti statia da monografiebi.  

wlebis manZilze, mixeil gverdwiTeli iyo Tbilisis saxelmwifo univer-
sitetis didi samecniero sabWos wevri, qimiis fakultetis dekanis moadgile, 
qimiis departamentis direqtori. igi iyo Jurnalis _ `Tsu Sromebi qimia~ _ 
redaqtoris moadgile, `saqarTvelos qimiuri Jurnalis~ erT-erTi damfuZnebe-
li da redkolegiis wevri, saqarTvelos JurnalistTa federaciis wevri _ ga-
moqveynebuli aqvs publicisturi werilebi da  krebulebi. 

batoni mixeili qimiis dargSi pirveli saymawvilo enciklopediis Tanaa-
vtoria.  

m. gverdwiTeli upirveles yovlisa, axalgazrda Taobis SesaniSnavi 
aRmzrdeli, gulisxmieri pedagogi iyo, romelic mudam mxarSi edga studen-
tobas.  

mixeil gverdwiTelis xsovna samudamod darCeba megobrebis, kolegebis, 
aRzrdilebis gulSi. 

 
 
 
  

Jurnal Georgian Engineering News-is redaqcia 
saqarTvelos teqnikuri universiteti 

iv. javaxiSvilis saxelobis Tbilisis saxelmwifo universiteti 
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eZRvneba liveri qadagiSvilis xsovnas 

 

gardaicvala saqarTvelos sainJinro akademiis akade-
mikosi  liveri qadagiSvili.  

l. qadagiSvili daibada 1941 wlis 6 maiss gurjaanis 

raionis sof. WandarSi. 
daamTavra gurjaanis saSualo skola. 

1962_1969 wlebSi swavlobda Tbilisis saxelmwifo 

universitetSi kibernetikis fakultetze. 

1969 wlidan muSaobda kibernetikis institutSi umc. 

mecnier TanamSromlad, wamyvan inJinrad, mecnier TanamSro-
mlad, ufros mecnier TanamSromlad.   

2003 wels daicva sakandidato disertacia teqnikis mecnierebaTa kandi-

datis xarisxis mosapoveblad. 

l. qadagiSvils gamoqveynebuli aqvs 100-ze meti samecniero statia, 8 mo-
nografia, monawileobda saerTaSoriso konferenciebSi. avtoria poeturi da 

prozauli krebulebis.  
qalbatoni liveris am qveynidan wasvlam guli daswyvita megobrebsa da 

axloblebs, misi saxeli samudamod darCeba maT gulebSi. 
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