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ИНТЕГРИРУЮЩИЙ ИЗМЕРИТЕЛЬ МАЛЫХ ТОКОВ 

 

Бабаян Р.Р., Морозов В.П.  

 
Институт проблем управления им. В.А. Трапезникова РАН, Москва  

 
Введение 
В современных системах управления помимо серийно производимых микросхем в ряде 

случаев применяются специализированные микросхемы, разрабатываемые либо полностью на 
предприятиях возможного потребителя, либо с его непосредственным участием. При этом 
могут использоваться новые полупроводниковые структуры, материалы и технологические 
приемы, неосвоенные в достаточной мере на серийных изделиях полупроводниковой 
промышленности. В настоящее время такие биполярные и КМОП структуры широко 
применяются в прототипах приборов для обнаружения слабых излучений, при регистрации 
элементарных частиц, измерении токов наноамперных уровней и т.п. [1].  

Одной из задач, возникающих при исследовании полупроводниковых компонентов для 
входной части (front-end) подобных систем или при разработке новых материалов для 
полупроводниковых структур [2], является оценка нелинейности передаточных характеристик 
контактных и других биполярных и полевых структур типа кремний-кремний, металл-кремний 
и др. Такие характеристики могут быть нелинейными в области малых сигналов, при 
приложенных напряжениях вплоть до долей милливольта и протекании малых токов. 
Вольтамперные характеристики зон контакта между двумя различными полупроводниками или 
металлом и полупроводником хорошо изучены. Но при использовании в приборах новых 
транзисторных структур может оказаться, что неучитываемые малосигнальные нелинейности 
оказывают значительное влияние на точность систем регистрации слабых токов.  

Несмотря на использование современных измерительных приборов (наноамперметров, 
пикоамперметров) и экранирование зоны измерений, проведение соответствующих 
контрольно-измерительных операций на тестовых структурах может сопровождаться 
значительными погрешностями из-за воздействия низкочастотных (от питающей сети и самой 
измерительной аппаратуры), а также высокочастотных (в том числе, эфирных) помех. В 
частности, это может быть обусловлено емкостной связью общей шины измерительной цепи с 
проводами энергоснабжающей сети переменного тока. Такая связь обычно создается 
развязывающими конденсаторами в цепях фильтрации сетевых помех, имеющимися во 
внутренних источниках питания большинства промышленных измерительных приборов с 
питанием от сети переменного тока. 

Если учесть, что исследуемые полупроводниковые структуры могут содержать в измери-

тельной цепи p-n переходы, а измеряемые токи составляют в ряде случаев 
8 1010 10   А, 

становится очевидной возможность влияния наводок от питающей сети переменного тока. 
Вдобавок, для оценки малосигнальной несимметрии утечек и проводимости приходится 
определять вольтамперные характеристики структур при различных полярностях и значениях 
приложенного напряжения, а затем сравнивать их между собой. Такое тестирование 
производится обычно на постоянном токе, по точкам, и является довольно трудоемким.  

Сокращает трудоемкость измерений подача сигнала на тестируемую структуру от 
управляемого источника переменного напряжения с программируемой ступенчатой 
регулировкой амплитуды. В таком случае область интересующих исследователя значений 
сигналов может быть пройдена дискретным образом и значительно быстрее. Важно при этом 
выбрать частоту тестового сигнала так, чтобы возможные емкостные и другие инерционные 
эффекты в исследуемой структуре не приводили к существенным ошибкам измерений. Тем не 
менее, основной частью тестовой установки, определяющей достоверность измерений, является 
подключенное к ее выходу устройство обработки сигналов – АЦП и компьютер  

 
Тестовая установка 
Структурная схема тестовой установки показана на рис. 1. Выходное переменное 

напряжение генератора 1 через аттенюатор 2 с программно регулируемым коэффициентом 
ослабления поступает на испытуемую структуру 3. К выходу структуры подключено 
измерительное устройство 4, в качестве которого использован аналоговый интегратор с 
логическим управлением режимами и последующим аналого-цифровым преобразованием.  



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, №2, 2015  

 
6 

 
1                   2                    3                   4 

Рис.1. Структурная схема тестовой установки 

 

Напряжение генератора синусоидального сигнала или сигнала специальной формы, не 
содержащее постоянной составляющей, воздействуя на испытуемую структуру, вызывает 
протекание через нее некоторого тока. Если вольтамперная характеристика структуры 
нелинейна, интегрирование этого тока дает ненулевой результат, определяющий меру и знак 
нелинейности. При этом высокочастотные помехи оказываются в определенной степени 
отфильтрованными. После окончания периода интегрирования необходимо сохранить 
полученный результат на время, достаточное для считывания и передачи в АЦП, затем 
обнулить интегратор для начала нового цикла измерений. Поэтому интегратор должен быть 
управляемым и работать поочередно в трех режимах (интегрирование, хранение и возврат или 
сброс). Обобщенная структура трехрежимного управляемого интегратора на базе 
операционного усилителя (ОУ) [3] показана на рис. 2.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Рис.2.3 

 Uвх 
 Uвых 

 К1 К2 

С 

 
Рис.2. Обобщенная структура трехрежимного управляемого интегратора на базе операционного 

усилителя (ОУ) 

 
Подобные интеграторы могут быть выполнены на дискретных элементах, однако более 

целесообразно применить серийные микросхемы (МС) типа IVC102 с встроенными ключами и 
конденсаторами, либо интеграторы AFC2101 (отделение Burr-Brown фирмы Texas Instruments).  

В перечисленных МС предусмотрены возможности коммутации внутренних аналоговых 
ключей извне с помощью логических сигналов и подключения внешних интегрирующих 
конденсаторов для получения требуемой постоянной времени интегрирования. 

 
Рис.3. Принципиальная схема МС интегратора IVC102 

Ген Атт Ис Изм 
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На рис. 3 представлена принципиальная схема МС интегратора IVC102. Особенностью 

данной МС является то, что интегрирующие конденсаторы С1– С3 выполнены в составе 

монолитной структуры, причем их вторые зажимы (выводы 4, 5, 6) свободны. Это позволяет 

подключать внутренние конденсаторы в цепь обратной связи по одному или в различных 

сочетаниях. Есть также возможность включить между выходом (вывод 10) и инвертирующим 

входом (вывод 3) дополнительный внешний конденсатор требуемой емкости, обнуление 

которого, как и внутренних конденсаторов, будет осуществлять ключ S2 (с сопротивлением 

около 1,5 кОм в проводящем состоянии). Аналогичный ключ S1 служит для коммутации 

входной цепи. 

В соответствии с описанной в [3] логикой управления, в режиме интегрирования 

входного тока ключ S1 проводит, для этого уровень логического сигнала на выводе 11 должен 

быть нулевым. В режимах хранения и возврата S1 размыкается, причем для этого достаточен 

высокий уровень логического сигнала, равный +5 В. Ключ S2 замыкается только в режиме 

возврата, в остальных режимах он проводить не должен. Таким образом, длительность режима 

хранения соответствует времени совпадения единичных сигналов на выводах 11 и 12. Этот 

импульс используется и как разрешающий для считывания выходной величины интегратора в 

АЦП. Преобразованный цифровой сигнал поступает в процессор для регистрации или 

дальнейшей обработки.  

Формирование логических сигналов, управляющих режимами работы интегратора, 

наиболее целесообразно осуществлять с помощью микросхем КМОП логики, например, серии 

CD4000, либо отечественных К561, допускающих питание от источника с напряжением 6 В. 

Такие же микросхемы используются и в формирователе запускающих синхроимпульсов для 

сигналов S1, S2. Линии питания логических микросхем следует тщательно расфильтровать для 

подавления как высокочастотных переходных процессов, так и низкочастотных пульсаций  

питающего напряжения.  

Для подавления высокочастотных составляющих сетевой помехи, имеющих повышенный 

уровень в линиях энергоснабжения ряда обьектов [4], можно рекомендовать питание 

устройства через два развязывающих трансформатора, включенных один за другим, причем 

средние обмотки должны быть одним концом заземлены на нулевую шину питающей сети, а 

сердечник последнего трансформатора – на общую шину измерительного устройства. 

Уменьшению уровня импульсных помех от устройства обработки выходных сигналов может 

способствовать его питание постоянным напряжением [5]. 
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SUMMARY 

INTEGRATING METER OF SMALL CURRENTS  

Babayan R.R. and Morozov V.P. 

V. Trapeznikov Institute of Control Problems, RAN, Moscow 

It is suggested that the microcircuit integrator be used for measurement of small currents flowing onto test 

semiconductor structures under the effect of the bipolar signal.This will reduce the working hours of recording 

the weak-signal nonlinearities as compared to recording the characteristics `by points~. In this case, the 

synchronization of the frequency of repetition of integration steps with the network frequency will weaken 

significantly the effect of thr network interference on the test results. 

Keywords: small currents, nonlinear semiconductor structures, analog integration. 
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ON THE THEORY OF DIFFRACTION OF THE PLANE ELECTROMAGNETIC WAVE 

BY A THIN METALLIC DISC 

 

Asanidze A.B., Doborjginidze D.D., Kevanishvili G.Sh., Sikmashvili Z.I. and Chikhladze G.G. 

 

Georgian Technical University 

 
Abstract. The paper deals with the problem of diffraction of plane electromagnetic waves by a perfectly 

conducting thin metal disc. Unlike previous classical works, the so-called  "sharp edge condition" ensuring the 

uniqueness of solutions of boundary problems and satisfying the law of energy conservation is taken into 

account. The radiation patterns of the disc (regarded as a transmitter) are presented. 

Keywords: diffraction, disc, sharp edge condition, radiation pattern. 

 

 

               1.  Formulation and Solution of the Problem  

Figure 1 shows the orientation of the disc in the spherical (R, Q, ) coordinate system and the 

designation of appropraite geometric values. M′ is an arbitrary selected point at the S surface of the 

disc, while M is an arbitrary selected observation point in space. By ρ′′, ψ′ are denoted  the cylindrical 

coordinates of the M′ point, while by R, A, and   - the spherical coordinates of the M point, 

respectively. Distance r is the distance between M′ and M, and α is the radius of the disc.                                                                                                                                                         

 

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Assume the plane electromagnetic wave is normally incident at the disc from the opposite 

direction of the Z-axis, and its electric vector is parallel to the Y-axis. Then the horizontal component 

of this vector can be written as: 

0 ,ikz

yE E e        (1) 

here  ,2


k    the wavelength in vacuum; 0E   the given amplitude. The wave incident at the 

surface of the disc excites electric current which becomes the source of a reflected secondary wave. 

The main goal of our investigations is to determine this electromagnetic field at any point of a far-field 

zone (kR >> 1).  As  is known, this field has the following structure: 

 
 

S 
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Y 

Z 

M 

M′ 

 

 

 

α 

ρ 

x 

z 

y 

φ 

θ 

R 

r 

ψ′ 

Fig. 1. Orientation of the disc in the spherical coordinate system 
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   1
, ,

ikR

y

e
E C F C const

R
 



           (2) 

 

     
2

sin cos

0 0

, ,

a
ik

F f e d d


   

      
               (3) 

 

  
Function   ,f  is proportional to the current excited on the surface of the disc. This current is in 

phase and does not depend on 
 
coordinate  . Therefore, expression (3) reduces to:  

     0

0

a

F f I k d               (4) 

where   0I k  is the Bessel’s function of the zero order of the first kind, and   f  appearing  

within integral (4) is just unknown and hardly to be defined mathematically. Therefore, some scientists 

[1-3] regard to the case when function  f   can be considered as a constant quantity, e.g., it takes 

place if the condition 1

  is satisfied (geometry optics approximation). Then the calculation of 

the above integral yields: 

 
 

 
1 sin

,
sin

I k
F C C const

k

 


 
       (5) 

However, this result is rather incorrect due to two following reasons: 

1. The disc is a very thin plate, i.e. its thickness Δ is too small relative to wavelength                                       

 1


  , and the edge of the plate is practically very sharp. In this case, during the solution of the 

given boundary problem, the so-called "sharp edge condition" [4] should be satisfied along with 

natural boundary conditions providing the uniqueness of the solution.  

2. In addition, this condition guarantees that the solution satisfies the law of energy conservation.   

None of above-mentioned conditions is satisfied by (5) and, thus, it cannot be considered as 

reliable.    

Now let us determine what physical sense the "sharp edge condition" possesses. First of all, it 

is the absence of electric current at the edge of the disc. To be more precise, the surface current 

  0f    as   . This is due to the law of energy conservation, according to which, it is 

necessary to satisfy the condition [4] 

 
2

lim lim 1 0f const
   




  

 
    

 

          (6) 

implying  that  function  f    should have the following  structure:    

 
2

1 ,f C C const





 
    

 

      (7) 

Now, inserting (7) into (4), we get 

     
1

2 2

0

0

1 sinF F I ko d           

The right-hand side of this expression is the table integral [5] and its application eventually 

gives the following result:    

   
 

 

3 23 2

3 2

sin
2 3 2

sin

I k
F

k

 


 
       (8) 
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 3 2 sinI k   being the Bessel’s function of the 3/2 order. It may be presented  as follows: 

 
 

 3 2

sin sin2
sin cos sin

sin sin

k
I k k

k k

 
   

    

 
  

 
  (9) 

Now, inserting (9) into (8) and taking into account that  3 2 2   , we get   

 
 

 
   0 0

2

sin sin2
cos sin , 90 90

sinsin

k
F k

kk

 
   

  

 
     

 

      (10) 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Let us consider now some particular cases: 

a) 0 . The point of observation is located on the Z-axis. If we consider the limit of (10) as 

0 , we will get the uncertainty of the 0/0 type, the evaluation of which gives:  
0

lim 1 3F





                             

b)  
090  The observation point M is located in the plane of the disc. Then it is easy to find 

from (10):       

 
 

 
 0

2

sin2
90 cos

ka
F ka

kaka

 
  

 

  

and, for the normalized characteristic of the disc, we get: 

 
 

   

 
 2

sin sin2 2cos sin ,
0 sinsin

nor

F aF ka
F

     
  

 
     

 


        (11) 

         Note that we have got this formula at the assumption that the excited current practically is zero at 

the shadow area of the disc (at its surface). This occurs, when 1 .  

And finally, for the angles determined from equality 

   arcsin 2 1 , 1,2,3,...
4

m m m





 
   

 
    (12) 

and if the condition   2 1 1
4

m



     is fulfilled, no radiation happens. 

2.  Numerical Results and Their Analysis 
In Fig. 3 are shown the radiation patterns of the disc (regarded as a transmitter), plotted by 

expression (11) in a rectangular coordinate system, when  parameter   takes on different values. The 

set of corresponding values of  parameter 


a is pointed there as well. Each pattern has one main lobe. 

Additionally, they have side lobes with rather small energy levels. There are also presented the side 

lobes radiating electromagnetic waves at the right angle to the plane of the location of the disc. This 

0 
X 

Y 

Z 

M 

Fig. 2. Location of the disc in the XYZ coordinate system 
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occurs in two cases: at 1


a  and 5,1


a . When the values of this parameter are  25,1


a  and 

75,1


a , the disc does not radiate in the direction of 90
0
. Increment of parameter 


a   leads to 

decrement of the width of the main lobe and, thus, by adjusting parameter 


a , it is possible to vary 

the operation mode of the disc.  

 

 

 
 

Fig. 3. Radiation patterns of the thin disc 

 

 

 3. Conclusion 

  In this paper, a correct theory of diffraction of plane electromagnetic waves by the ideally 

conducting disc is presented within the geometry optics approximation, when the  so-called "sharp 

edge condition" is satisfied at the edges of the disc. In such circumstances, the radiation pattern of the 

disc differs essentially from those based on the Huygens principle. This difference arises from the fact 

that in our case there takes place the situation when the disc radiates electromagnetic waves in the 

plane of its location, which cannot be provided by the theory based on the Huygens principle.  
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РЕЗЮМЕ 

К ТЕОРИИ ДИФРАКЦИИ ПЛОСКОЙ ЭЛЕКТРОМАГНИТНОЙ ВОЛНЫ НА ТОНКОМ 

МЕТАЛЛИЧЕСКОМ ДИСКЕ 

Асанидзе А.Б., Доборджгинидзе Д.Д., Кеванишвили Г.Ш., Сикмашвили З.И., Чихладзе Г.Г. 

Грузинский технический университет 
В статье рассматривается задача дифракции плоской электромагнитной волны на тонком металлическом 

диске. В отличие от классических работ, принято во внимание т.н. «условие на ребре», которое 

осуществляется на кромке диска, чем и обеспечивается единственность полученного решения, а также 

закон сохранения энергии. Построены диаграммы направленности диска как ретранслятора. 

Ключевые слова: дифракция, диск, условие на ребре, диаграмма направленности. 
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SOME PROPERIES OF THE STRONG MEANS IN THE C AND L SPACES 

 

Skhirtladze I.A. and Skhirtladze N.I. 

 

V. Chavchanidze Institute of Cybernetics of the Georgian Technical University 

 
Abstract. Some properties of the strong means of the Fourier series are defined. 

Keywords: strong means, strong summability, convergence, Fourier series. 

 

1. Some notions and definitions 

We consider the 2 -periodic function  xf  of the real variable, the function being defined 

on the interval    ,T . At the same time,  TCC   
denotes the space of continuous functions 

determined on the T-set by the norm  sup
c

x T

f f x


 . We denote by  TLL   the class of 

functions integrable in the sense of Lebesgue on the same T-set by the norm  dxxff
T

L  . The 

trigonometric Fourier series of function  TLf   can be written as  

  





1

0 ;...1;0sincos
2

;
k

kk kkxbkxa
a

fx       (1) 

where 

 

   

   

1
cos 0,1,2,3,...

1
sin 1,2,3,...

k k

T

k k

T

a a f f x kxdx k

b b f f x kxdx k





  

  





 

We denote by  xS n  private sums of order  n of the Fourier series. As for the strong arithmetic means 

of order n, we denote them by  fxH n ;
 
and define them by the equality 

 

     






n

k

kn xffxS
n

fxH
0

;
1

1
;       (2) 

If the norms of function  fxH
n

;  in the C and L spaces tend to zero, we can say that the 

Fourier series  fx;  in the C and L spaces is strongly summable.  

As is well known, sequence   0
iid  is assumed convex if 02  id  i=0,1,…, where 

1 iii ddd , while    ii dd 2
. Hence it is obvious that 

2

1 22i i id d d     1,2,3,....i   

Notice that we denote by 0id  the fact that 0 id  and  lim 0i
i

d


 , i.e. id  represents a monotonic 

sequence converging to zero. It is well known that a) if 0id  is convex and 0id  while i , 

then 0id ; b) if 0id  is convex and limited, then lim 0i
i

d


 , while   i

i

di 2

0

1




<   [1]. We 

consider below even and odd functions the Fourier series of which have the forms 

  kxa
a

fx
k

k cos
2

;
0

0 




          (3) 

 

 
1

; sin ,k

k

x f b kx




       (4) 

respectively. 
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2. Some properties of the strong means in the C and L spaces 

L. Leinder [2] showed that, if  f C T  and  kE f  is by the C norm the best 

approximation of the f-function by trigonometric polynomials of the appropriate order, then  

   
1

,
1

n

n kc
k

A
H f x E f

n 



 , where A is the positive constant. From this estimation, it follows that 

   
0

1
lim , 0

1

n

k
n

k c

S x f f x
n



 

 . On the other hand, if we do not impose any other condition 

besides infinity on the function f, it may be that its Fourier series does not converge by the C norm 

(uniformly!) [1]. Despite this fact, the following theorem is valid. 

Theorem 1. If the function f is even, its Fourier series has form (3) and 0ka  , the 

convergence of Fourier series  f  and its strong summability by norm  C are equivalent. 

Proof. Suppose   

 

 lim 0n cn
S f f


        (5) 

 

Then, according to the property of the norm,     
0

1

1

n

n kc c
k

H f S f f
n 

 

 . Hence it is 

obvious that   0nH f  , i.e.  ,f x  is srongly summable by norm C. To the contrary, if  

 lim 0n cn
H f


 , then      

0

1
0, 0, 0 0

1

n

n k

k

H f S f f
n 

  

 . 

Hence it follows that, at point x=0, series  f  is convergent and, as function f  is 

continuous,   0

0

0 <
2

k

k

a
f a





   . This numerical series is majoritary to series  f . Therefore, 

according to the Weierstrass theorem, series  f  is uniformly convergent. Theorem 1 is proved. 

Theorem 2. If function f  is odd and its Fourier series has form (4), while 0kb  , the 

convergence of Fourier series  f  and its strong summability by norm C are equivalent. 

Proof. If  f  converges uniformly,  f C T and condition (5) is fulfilled, i.e.  f  is 

strongly summable by norm C. If condition  lim 0n cn
H f


  is satisfied, then  f C T  and 

0kb  . Therefore, according  to Choundy and Jolliffe’s theorem [3], 0kkb  . Hence, according to 

the same theorem,  f  converges uniformly. Theorem 2 is proved. 

Let us consider the convergence by the L-space norm. In view of equality (2) (the equality 

must be integrated), we can write 

 

   
0

1

1

n

n kL L
k

H f S f f
n 

 

          (6) 

 

From this it is inferred that there exists an even integrable function with monotonic 

coefficients for which  

 

 lim >0n Ln
H f


,                (7) 
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i.e. series  f  is not strongly summable by norm L. Actually, let us say  
0k k

a


 is convex, then, 

according to Kolmogorov [4] and Joung [5] theorems, trigonometric series 
1

cos
2

k

k

a
a kx





  

represents the Fourier series of the even function f. According  to the same theorems [6], we get 

 

   
4

ln 1n nS f f a n        (8) 

 

Conditions (6) and (8) allow us to infer that  lim ln n+1 >0n
n

a


. Hence it follows that 

 lim >0n Ln
H f


, which represents (7). 

Theorem 3. Suppose  
0k k

a


 is a convex sequence and 0ka  . Let us assume that 

 f L T  and  f  is defined by this sequence, and  f has form (3). Hence the convergence of 

series  f  and its strong summability by norm L are equivalent. 

Proof. If  lim =0k Ln
S f f


 , then  lim =0n Ln

H f


, i.e. series  f  is strongly 

summable by norm L. Suppose  lim =0n
n

H f


, then, from conditions (6) and (8), we obtain 

   

2

ln 1
1

n

n kL
n

k

A
H f a k

n  
 
 

 

  at 0>n n . As 0ka  , at 3n   we get  

 

    

    

ln 1 ln 2 ln 2
1 2 2 1 2

ln 1 ln 2 > ln 1
2 2

n n
n nL

n n

A a nA n n
H f a n

n n

A n
a n Aa n

n

 
         

  

     

      (9) 

 

From conditions (8) and (9), it follows that  lim =0n Ln
S f f


 , which implies strong 

convergence by norm L of series  f . 

Theorem 4. Suppose 0kb   and  

 

 
1

ln 1 <k

k

b k




         (10) 

 

Hence there exists odd function  f C T  the Fourier series of which has form (4), and the 

convergence of series  f  and its summability by norm L are equivalent. 

Proof. In view of Joung [5] and Sidon’s [7] findings, condition (10), is necessary and 

sufficient for the sum of series 
1

sink

k

b kx





 to be integrable and to represent a Fourier series. 

If we denote the sum of the series by f, we will have    
1

ln 1 ln 1
n

n k

k

b n b k


     . Really, 

           1ln 1 ln 1 ln 1 lim ln 1 lim ln 1 .
n n n

k k k n N n
N N

k т k т k т

b k n b n b n b b n b
 

  

                
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At the same time,    ln 1n L
S f f bn n    [6]. From condition (10) it follows 

that  ln 1 0nb n  . Hence   0n L
S f f  . Therefore   0n L

H f  . 

Suppose   0n L
H f  . Hence it follows that  f C T . Then, according to Joung [5] and 

Sidon [7]  theorems, condition (10) is valid. By similar reasoning, we obtain    0k L
S f  , which 

means that series  f  converges by norm L. 
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РЕЗЮМЕ 

НЕКОТОРЫЕ СВОЙСТВА СИЛЬНЫХ СРЕДНИХ В ПРОСТРАНСТВАХ C И L 

Схиртладзе И.А., Схиртладзе Н.И. 

Институт кибернетики им. В. Чавчанидзе Грузинского технического университета 

Определены некоторые свойства сильных средних ряда Фурье в пространстве C и L. 

Ключевые слова: сильные средние, сильная суммироемость, сильная сходимость. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, №2, 2015  

 
17 

MULTIAGENT SYSTEMS FOR PATTERN RECOGNITION 

 

Bosikashvili Z.V. and Archvadze G.V. 

 

Georgian Technical University 

 
Abstract. In this paper the multiagent system, argumentation framework and pattern recognition are briefly 

described. There are shown different approaches to pattern recognition and different types of multiagent systems. 

When the agents communicate, they do not necessarily use the same vocabulary or ontology. To interact 

successfully, they must find correspondences between the terms used in their ontologies. We are trying to 

explain what the pattern recognition is and how the agents can interact successfully. 

Keywords: argumentation framework, pattern recognition, multiagent system.  

 

 

1. Introduction 

This paper describes what the argumentation framework and the pattern recognition are, how 

they are connected and why we need arguments in pattern recognition, whether we can create the 

multiagent system for pattern recognition without the argumentation framework, how the agents 

interact and  how to implement the argumentation framework in multiagent systems etc. Successful 

communication is a major problem in the architecture where many agents works for one solution.   

Every agent must know each language, they should support or refuse another candidate logic and each 

of them must use the same vocabulary to express its beliefs, and they must transfer information 

between agents. The main purpose is to make a common decision depending on appropriate 

experience and knowledge.  In this paper a formal model how agents can recognize an object is 

described. For pattern recognition when many agents make a decision for successful communication, 

we use the argumentation framework. Using it, the agents can accept or refuse candidate opinion.  

They should transfer data, store knowledge and make decisions.  

 

2. Multiagent Systems 

Multiagent Systems (MAS) are the subfield of Artificial Intelligence (AI) that aims to provide 

both principles for construction of complex systems involving multiple agents and mechanisms for 

coordination of independent agent behavior. As there is no generally accepted definition of the “agent” 

in AI [1], for the purposes of this paper, we consider the agent to be an entity, such as a robot with 

goals, actions, and domain knowledge situated in the environment. The way it acts is called its 

“behavior.” (This is not intended as a general theory of agency.) Although the ability to consider 

coordinated behavior of autonomous agents is a new one, the field is advancing quickly by building 

upon pre-existing work in the field of Distributed Artificial Intelligence (DAI) [1]. 

Distributed Artificial Intelligence (DAI) has existed as a subfield of AI for less than two 

decades. Traditionally, DAI is broken into two subdisciplines: Distributed Problem Solving (DPS) and 

MAS [2]. The main topics considered in DPS are information management issues such as task 

decomposition and solution synthesis. For example, the constraint satisfaction problem can often be 

decomposed into several not entirely independent subproblems that can be solved with different 

processors. Then these solutions can be synthesized into a solution of the original problem [2]. 

Multiagent Systems (MAS) allow the subproblems of the constraint satisfaction problem to be 

subcontracted to different problem-solving agents with their own interests and goals. Furthermore, 

domains with multiple agents of any type, including autonomous vehicles and even some human 

agents, have come under scrutinity of science. 

In the pattern recognition system with multiagent-based architecture, to make a decision, to 

communicate many agents, and to teach the to agents to respect another agent’s opinion, we should 

use the Argumentation Framework.  In what follous we are going to explain blackboard architecture 

(model) and then extend it, we are trying to explain what is the blackboard model, how it works and 
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how we can implement it. Besides, we are going to show some examples using the blackboard model 

and to define step by step what our agent must do [3,4]. 

 

3. Pattern Recognition 

What is the pattern recognition? The pattern recognition is the study how agents can observe 

the environment and make a decision about the categories of the pattern. The best pattern recognizers 

are humans, but we still cannot understand how they recognize patterns.  There are two types of 

recognition 1) Supervised recognition when the pattern is identified as a member of predefined class. 

2) Unsupervised recognition when the pattern is identified as a member of undefined class. 

How we can represent the object which we are going to recognize? We should find the pattern 

which is located at the minimal distance from it and also we should find a corresponding class index. 

We can define our object as X and he pattern as P.  Then: 

 

i* =    min  Dist(X, Pij) 

i,j 

1<= i<=n 

   1<= j <=ik 

For calculation of the distance, we can represent our object as a tree (graph). The root vertex is 

our object and the subvertexes are patterns and so on.  There are three ways of object recognition 

(Fig.1). They are: 

1) Bottom – Up: First we should determine the bottom layer components of the object and the 

closest pattern to this object, this process goes recursively until the current object is the top object. 

2) Top – Bottom: In this case, on the top layer we can assume the type of the object we are 

trying to recognize and then on the sublayer we should proof our assumption. This process goes also 

recursively. The use of this way requires the knowledge about the type of the object to be at the top of 

the tree. It is not easy to collect such knowledge, and it needs experience. 

3) Combination Top- Bottom and Bottom – Up:  In this case, we use both Top-Bottom and 

Bottom – Up together.  

 

 

 

 

 
 
                                                                                

Fig.1. Recognition Architecture 
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4. Single-Agent Systems vs. Multiagent Ones 

As we know the pattern recognition is the branch of Artificial Intelligence as Sound 

Recognition or Hand Writing Recognition but Argumentation Framework helps the agents to make a 

decision in multiagent architecture. In the pattern recognition system with multiagent-based 

architecture, to make a decision, to communicate many agents, to teach the agents how to respect other 

agent’s opinion, we should use the argumentation framework. The multiagent system is also one of the 

branches of artificial intelligence. 

We can imagine the multiagent system both with an individual agent and with many agents. 

Before studying and categorizing the MAS, we must first consider their most obvious alternative: 

centralized single-agent systems. Centralized systems have a single agent which makes all the 

decisions, while the others act as remote slaves. For the purposes of this survey, the single-agent 

system should be thought of as a centralized system in the domain which allows for a multiagent 

approach. In general, the agent in the single-agent system models itself, the environment, and their 

interactions. In the single-agent system, no other such entities are recognized by the agent. Thus, even 

if there are indeed other agents in the world, they are not modeled as having goals, etc.: they are just 

considered as part of the environment. The point being emphasized is that, although the agents are also 

part of the environment, they are explicitly modeled as having their own goals, actions, and domain 

knowledge. The multiagent systems differ from the single-agent ones in that several agents exist 

which model each other’s goals and actions (Fig.2). In the completely general multiagent scenario, 

there may be direct interactions among the agents (communication). From the individual agent 

standpoint, the multiagent systems differ from the single-agent ones most significantly in that the 

dynamics of the environment can be affected by other agents.  

 

 

 
 

                                                                                 Fig.2. Single Agent 

 

 

 

Figure 3 illustrates the view that each agent is both parts of the environment and is modeled as 

a separate entity. There may be any number of agents with different degrees of heterogeneity and with 

or without the ability to communicate directly. 
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Fig.3. Multiagent 

 

 

 

5. Argumentation Framework 

 Classical Argumentation Framework 

The argumentation framework is a pair AF= (AR, attacks), where AR is a set of arguments and 

attacks is a binary relation of AR. An attack (A, B) means that the argument A attacks the argument B. 

The set of arguments S attacks the argument B if B is attacked by the argument in S. The key question 

about the framework is whether the given argument A, A ∈ AR, should be accepted.  One reasonable 

view is that the argument should be accepted only if every attack on it is by an acceptable argument [5]. 

 Value-Based Argumentation Framework 

Classical argumentation framework can be extended, namely, Value-Based Argumentation 

Framework (VAF). The VAF allows determining which arguments are acceptable with respect to 

different audiences represented by different agents. Our agents apply different approaches and 

cooperate in order to exchange their local results (arguments).  

The VAF is able to distinguish attacks from successful attacks, those which defeat the attacked 

argument, with respect to ordering on the values that are associated with the arguments. It allows 

accommodating different audiences with different interests and preferences [5]. 

The Value-Based Argumentation Framework (VAF) is a 5-tuple VAF = (AR, attacks, V , val, 

P), where (AR, attacks) is the argumentation framework, V is the nonempty set of values, val is the 

function which maps from the elements of AR to the elements of V, and P is the set of possible 

audiences. For each A ∈AR, val(A) ∈V . 

 

 

 

6. Conclusion 

In this paper, we outlined the advantages of multiagent system over classical methods. We 

described the argumentation framework and its types: the value-based argumentation framework and 

the classical argumentation framework. The pattern recognition model and a simple way to recognize 

the pattern are described.  We can clearly see the advantages of the multiagent system with 

argumentation.We discussed what the multiagent systems and the argumentation represent. The 

advantages of multiagent-based architecture and its application are described. 
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РЕЗЮМЕ 

МУЛЬТИАГЕНТНЫЕ СИСТЕМЫ ДЛЯ РАСПОЗНАВАНИЯ ОБРАЗОВ 

Босикашвили З.В., Арчвадзе Г.В. 

Грузинский технический университет 

В статье кратко описаны мультиагентная система, основа аргументации и распознавание образов.  

Показаны различные подходы к распознаванию образов и различные типы систем муьлтиагентов. Когда 

агенты общаются, они могут не использовать тот же словарь или онтологию. Для успешного 

взаимодействоватия они должны найти соответствия между терминами, используемыми в их онтологии. 

Мы пытаемся объяснить, что такое распознавание образов и как агенты могут взаимодействовать 

успешно. 

Ключевые слова: основа аргументации, распознавание образов, мультиагентная система. 
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INCORRECT FIXATION OF THE  STATE DURING PERCEPTION  
 

Kadagishvili L.G. 

 
V.V. Chavchanidze Institute of Cybernetics, Georgian Technical University 

Engineering Academy of Georgia 

 
Abstract. In the study of the hierarchical structures of perception, the process of cognition from the spots of 

perception to the assignment of the concept was an important object of the study, during which the parameters 

typical for the psychics were revealed. The cases of daltonism were of importance. Daltonism is a deficiency of 

vision. The daltonian finds it difficult to differentiate between the colors, particularly between green and red (and 

their tones). This is partially the color blindness having a great impact on the objectivity of reasoning.  

Keywords: perception, fixation of the state, image recognition, daltonism. 

 

Human’s psychics is complex and versatile. One of the merits of philosophical anthropology is 

the recognition of this fact. The recognition of a human’s conceptual nature is performed by using 

different scientific approaches. A human, as a whole unity and system, should be considered in the 

way to reveal his essential nature.  

In fact, the relation between the conscious and unconscious processes is the contradiction 

between the determined and undetermined, recognized and unrecognized aspects of the objective. Our 

goal is to consider a nuance of the psychics, which is a private example of the whole and is based on 

the study of the structure of perception. The experiments conducted with the standards the same as the 

ones used in the studies of the normal state of perception with time deficit must be distinguished from 

the set of statistical studies. The experiment when the consistent structure of image recognition in the 

current of consciousness was disrupted with the physiological deficiency is of importance.  

The process of short (0.01 sec) expositions of standardized images allows demonstrating that 

the subject of experiment is given more information than he/she can perceive. The major characteristic 

of short expositions is the occurrence of unconscious processes revealed in time during the study of 

recognition and memorization [1].  

Description of the experiment:  

The scenario of the experiment is as follows [2]: 

   ],,,1,),,[( ЭiINiriTRS   

where R is the experimenter; T is the tachistoscope  (a device for picture exposition); {r}, Ni ,1 - 

is the number of subjects of the experiment; I is the picture (painting, source of information); Эi - is 

the elements of the picture. 

if Э  is the image 

if Э  is a detail of a feature of the image 

 

 

Entity Э is called the elements of the first category, and Э   is called the elements of the 

second category recognized by color, detail or quality (it is a higher level of recognition). 

During the experiment, the principal moment is the correct fixation of the subject. In this 

paper the subjects of the experiment with a certain vision deficiency, namely daltonism, are presented.  

The subjects of the experiment were shown a picture for a short time (0,01 sec) on a screen. 

The pictures with standardized, popular and clear elements were used (we avoided complex images 

difficult to perceive by the daltonians). It should be noted that the pictures were color. The subject of 

the experiment was to tell what he/she had seen (name the elements of the picture) not later than in 2 

to 5 seconds after the experiment.  

The daltonian failed to name the picture elements immediately; he/she had a severe retention 

and asked to show him/her the picture again complaining about the too short exposition time. If we 

agreed to show the picture, the daltonian was able to name 2 or 3 picture elements only after 3 or 4 

expositions (the time of exposition was the same) adding some illusory elements. In this case, the 

image the daltonian could recognize in the picture Ioi can be imagined as a combination of real and 

imaginary elements.  










Э

Э
Э
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)()Re( oimoioi IIVII   

where }/{)Re( AЭIЭI iioi   

and }/{)( AЭIЭII iioim   

The elements of the picture named by the respondent not at the first stage of the experiment, 

i.e. immediately after the picture exposition, but with a significant delay, we called the elements of 

class A. They form a cognitive portion of the picture perceived by the respondent.  

At the second stage of the experiment, we did not show the daltonian a picture, but in a half an 

hour asked him/her to say what he/she had seen in the picture.  

The subjects with good eyesight added new elements to the elements named at first. We called 

them the elements of class B. If they were not in the conscious (vision) and were exposed later, it 

means they were somewhere. The elements of class B are the elements that from the trace of the 

picture (reflected) stored in the unconscious shifted to the conscious.  

At the first stage of the experiment, i.e. when showing the picture, besides the elements 

recognized “at once”, the image was retained in the unconscious. 

}/{ AЭVIIЭI iBAioi   

At the second stage, the subjects of the experiment hardly gave any additional information. 

The respondents did not name any color spectrum during the interviews. the illusory elements got 

active, and no close associations with real elements were observed.  

After one hour, the third interview was held. At this stage, the conscious elements started to 

get forgotten, but the activated information of the illusory element occured mainly for the description 

purposes.  

At this stage, the relationship between the irritation and the reaction was determined by 

considering all the changes in the outer and inner environments, and consequently, the reaction 

remained unchanged. This evidences that the nature of change following the change of the illusory 

element must be identified accurately. As for the conscious elements, their number starts declining at 

this stage.  

We admit that the object is recognized by stages [2]. Clearly, it must be possible to show the 

time it takes the human mind to pass these steps to respond to the irritation. We measured the latent 

time of occurrence of the image emerging in the consciousness after showing the picture and the 

duration of the image extinction for the daltonian. It turned out that the latent time of the emergence of 

the picture image increased extremely, while the duration of extinction reduced.  

The way from the spots of perception to the concept is the time it takes the perception of the 

object to reach the level of conceptual reasoning. During this time, the image of the object fallen on 

the eye retina has to undergo some very important phases. One of the most important aspects in the 

study of visual perception is color vision. In the hierarchy of perception, the perception of the color 

gives the first characteristics of the object. With time deficit, the imagination of the object is diffusive, 

it is difficult to name the object,  no color is determined and the subject of the experiment is forced to 

determine the object by reasoning.  

The subject of the experiment has an access to the image which is recognized only by the size 

and shape of the object. The shape, kind and specificity of an object is imagined as a high step of the 

cognitive value.  

The color, shape and size are three features making the object clear and specific, and when an 

individual cannot see colors, the clearness of the object is diminished. The Gestalt imagination is also 

diminished complicating the perception of the whole picture.  

Underlying the essential features of the object when the specific feature of the object cannot 

be its essential feature, due to the lack of the color specificity, ho  imagination of the essence of an 

object and no synthesis of the essential features (characteristics) of the objects is possible. The 

synthesis is not summation, but the relation of the features with one another matters. This phenomenon 

is disturbed in case of daltonism. This, on its turn, creates an illusion of the individual being partly 

blind.  

Only a small number of stimuli affecting the respondent is reflected in the respondent’s 

consciousness. This gives an impression as if its area is too narrow to accommodate everything 

affecting the respondent. This can be characterized by “the narrowness of consciousness”.  
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The analysis of the experiments evidences that the subjects of the experiments distinguished 

dark areas typical for the picture, while other parts of the picture remained beyond has/her vision. We 

carried out a special experiment for daltonians to examine how well they perceive the clearness of the 

contours of the object, as subsensory perception showed that the daltonians did not see the contrast. 

It is known that there is a double contrast – the light and chromatic contrast.  

We used two similar grey paper squares and fixed one of them on a white background and 

another on a black background. The daltonians almost failed to recognize the grey square on the white 

background, but they saw all in grey (the experiment was held without time limitation). We set the 

same experiment for the subjects with normal eyesight. They saw grey on the white background, while 

grey seems lighter on the black background. This means that any dark object is seen darker than its 

white background and vice versa, the light color is seen lighter than its dark background. This 

phenomenon is called the contrast, namely, the light and shadow contrast.  

This rule has a common nature. It is used for any color. If we replace grey squares by the color 

ones, the effect will be the same. All colors, in the environment of chromatic or achromatic 

surroundings end with ignoring of the color.  

If the contrast of colors is intense, they may be fixed a bit lighter. The contrast is the greatest 

when there is a great difference at the boundary.  

The contrast is much influenced by the quality of  the  boundary between two colors, i.e. more 

or less brightness. The less bright the boundary, the greater the contrast and vice versa, the brighter the 

boundary, the less the contrast.  

According to Gestalt psychology, not the constituent elements determine the whole, but the 

whole determines its parts. In case of the normal eyesight, the part acquires different features 

depending on the kind of the whole it belongs to. The same elements change depending on the features 

of the whole they belong to.  

Our experiments demonstrated [2] that the elements are recognized at the point we focus our 

attention on. The daltonians do not perceive unity, i.e. they have no Gestalt “wholeness” or 

completeness of perception. 

As the completeness of the hierarchical structures of perception from the spots of perception to 

the assignment of the concept determines the accuracy and objectivity of reasoning, the daltonians find 

it difficult to express the idea swiftly and sometimes even objectively.  

Daltonism is a deficiency of vision. The daltonian finds it difficult to differentiate between the 

colors, particularly between green and red (and their tones). This is partially the color blindness having 

a great impact on the objectivity of reasoning.  
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РЕЗЮМЕ 

НЕПРАВИЛЬНОЕ ФИКСИРОВАНИЕ СОСТОЯНИЯ ВО ВРЕМЯ ВОСПРИЯТИЯ 
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Грузинская инженерная академия 

В изучении иерархических структур востриятия процесс восприятия от пятен до присваивания понятия 

является важным объектом изучения, во время которого выявлены параметры, типичные для психики. 

Случаи дальтонизма оказались очень важными. Дальтонизм – дефект зрения. Дальтоник не различает 

некоторые цвета, особенно зеленый и красный (и их оттенки). Это частичная цветовая слепота, что 

оказывает большое влияние на объективность восприятия. 

Ключевые слова: восприятие, фиксирование состояния, разпознавание образов, дальтонизм. 
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ENERGY CONSUMPTION IN BUILDINGS AND FOR STREET LIGHTING IN TBILISI 
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Georgian Technical University 
 

Abstract. The paper deals with the  actions that are related to energy saving in the sector of buildings.  Buildings 

in Tbilisi consume about 40% of all energy. The residential sector of Tbilisi accounts for 37 million square 

meters and is represented by three subsectors: primarily multi-flat buildings (60-65%) that were built during the 

Soviet era, individual housing (constituting about 20-25%), and mixed-type flats (10-20%). The improvements 

in the thermal insulation of the building envelope can reduce the energy consumption of the  heating system by 

40-50%. The thermal performance structure of existing buildings can be enhanced through refurbishment, the 

use of efficient technologies, and changes in consumer behavior that will have contributed to the reduction in 

emissions by 20% by 2020.  All measures are reflected in the framework of SEAP, namely:  the creation of the 

favorable environment, provision of opportunities, setting up of the examples, generation of the citizens’ 

support, direct engagement of the citizens in the actions, generation of  the support and engagement of various 

parties in SEAP activities. The detailed analysis of the number of street lighting points and their energy 

consumption is presented in the paper. It is ascertained that, according to the reference scenario, the energy 

consumption of the public lighting sector in the future will increase and reach 52.78 thousand megawatt-hours in 

2020. As for CO2 eq. emissions, they will reach 21.11 thousand tones per year. The trends of emissions from the 

Tbilisi public lighting sector according to the BAU scenario for the period 2010-2020 is also presented.  
Keywords: urban energy consumption, street lighting. 

 

 

In recent years some positive changes have taken place in Georgia with regard to energy 

saving in buildings. The Tbilisi Municipality has implemented several programs, including a 

partnership program that targets energy efficiency in buildings. The framework agreement on 

Municipal Energy Efficiency Planning (MEEP) with Energy Saving International (ENSI), a 

Norwegian energy efficiency and energy business development consulting company, covered energy 

efficiency aspects in buildings, the training of municipal key personnel, as well as the development of 

a municipal building database with the purpose of identification and reduction of energy consumption 

in the municipality-owned buildings and the planning of future energy saving actions. 

USAID has implemented over 30 pilot projects targeting energy efficiency as well as 

supported a research assessment on energy efficiency and renewable energy potential in Georgia. The 

residential construction sector of Tbilisi was also assessed as regards the prospects of energy 

efficiency. USAID-Winrock launched the New Applied Technology Efficiency and Lighting Initiative 

(NATELI) project, aimed at energy efficiency interventions in public and hospital buildings. The 

project framework foresees the cooperation with the municipality in targeting the common properties 

of residential buildings. 
Within the INOGATE-SEMISE project, preparatory assistance work for SEAP was performed to the Tbilisi City 

Hall (INOGATE: Energy Cooperation between the EU. The Littoral States of the Black and Caspian Seas and 

their Neighboring Countries.  SEMISE: Support to Energy Market Integration and Sustainable Energy in the 

NIS). According to this assessment, the greatest energy saving potential can be found in buildings and the 

transportation sector.   

The Energy Efficient Strategy for buildings deals with causes and implications of the climate 

change. It aims to reduce energy needs and shift to the culture of conservation, empowering responsible 

administrative parties and residents to make new choices for new saving. This strategy plans in future to 

reduce energy bills and contribute to economic development of the city in a sustainable way by 

implementing the energy efficiency measures in buildings and reducing CO2  emissions.  

An energy efficiency approach to the sector of buildings differentiates strategies with respect to 

existing and newly constructed buildings. It is based on recognizing and sharing a sustainable 

development vision and commitment to reduce energy consumption. New buildings can initially be 

designed and afterwards constructed with enhanced energy efficiency in the building structure. In such a 

case, energy saving can make up about 40-50% of the heating system energy consumption at the expense 

of the enhanced thermal performance of the building envelope (These savings have been obtained from 

calculations done with the inclusion of technical parameters ofEnergy efficient construction blocks. Calculations 

were performed made with the electronic Building Envelope Energy Passport program that is based on the 
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Degree Days (DD) approach. DD for Tbilisi was  Calculated as 2322 (source: Karine Melikidze “Energy Audit 

Manual”)). The thermal performance structure of existing buildings can be enhanced through 

refurbishment, the use of efficient technologies, and changes in consumer behavior, which will have 

contributed to the reduction of emissions by 20% by 2020.  

In Tbilisi, vast majority of building energy waste is generated because of poor design, 

inadequate technology, and inappropriate behavior.  Unfortunately, Georgia has not yet adopted the 

construction codes that reflect energy efficiency in buildings. It is clear that, with the absence of a 

legislative framework, the SEAP strategy cannot reflect the measures that are beyond the  municipal 

jurisdiction. The municipality policy can consider the issue of energy efficiency in new buildings as a 

“soft tool” that should be limited only to the information campaign or the initialization of discussions 

on new national regulations with the national government. Thus the strategy should concentrate on 

existing buildings, underlining specific, realistic, and achievable cost-effective measures that are 

considered within city peculiarities as priorities for the municipality to target social and financial 

aspects that can be implemented by 2020 to reach the declared emission reduction. 

Buildings in Tbilisi consume about 40% of all energy. The residential sector of Tbilisi 

accounts for 37 million square meters and is represented by three subsectors: primarily multi-flat 

buildings (60-65%) that were built during the Soviet era, individual housing (about 20-25%), and 

mixed-type flats (10-20%). 

The heating season in Tbilisi lasts 146 days. Central heating systems with boiler houses were 

dismantled after the collapse of the Soviet Union, because they were designed to work as parts of a 

centralized hydronic heating system and could not be retrofitted to serve the needs of individual 

houses/flats after the system collapsed at the beginning of the 1990s. 

The population of Tbilisi faces problems with heating in winter. There is no government-

sponsored solution to this problem, thus each household has to solve it within its own financial and 

organizational means. 

It is known that the exterior properties of buildings determine the load of the heating system, 

which is true for Tbilisi and Georgia as a whole. The vast number of buildings designed during the 

Soviet period is characterized by high heat loss due to poor thermal properties. The majority of 

building energy is wasted because of poor design, inadequate technology, and inappropriate behavior. 

The priorities of that time did not take into account energy performance concerns; energy was cheap 

and thermal property design solutions were shifted to satisfy only minimum energy performance 

indicators. The GHG emission tendencies were not the part of the global interest either. Unfortunately, 

energy-efficient measures are not considered in newly constructed buildings.   

Energy consumption as well as CO2 emissions in the sector of buildings can be reduced 

through the use of local renewable energy potentials. Tbilisi has a great potential in mastering of 

renewable energy resources. Currently geothermal water (mostly for domestic hot water supply 

purposes) is supplied to 78 buildings in part of the Saburtalo district in Tbilisi.  

The result of the analysis of the sector of buildings of Tbilisi indicates that there is a huge 

potential for the reduction of energy consumption. Correspondingly, this means that the reduction of 

the level of emissions of buildings should be a set goal for SEAP activities in Tbilisi. Within the 

Covenant of Mayors Initiative, Tbilisi City Hall selected 87 sites where the energy efficiency 

standards for structural components of the building envelope would be introduced. According to these 

standards, municipal buildings will be refurbished and modernized.  They also will be taken into 

account in the process of construction of new municipal residential buildings.     

Implementation of the above measures should be carried out within the framework of SEAP’s 

target and should be based on the following actions by the municipality: 

 creation of the favorable environment 

 provision of opportunities 

 setting up of examples 

 generation of citizens’ support 

 direct engagement of citizens in the actions 

 generation of the support and engagement of various parties in SEAP activities. 
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Street Lighting Sector 

Tbilisi at night is known as the city of lights - almost all streets, avenues, parks, historical 

buildings, and neighborhoods are illuminated, which makes the capital very attractive to locals as well 

as to visitors.  In 2006, the Tbilisi City Hall began work on the street lighting project called “Tbilisi – 

The City of Light”.  
The table below shows that the number of public lighting points gradually increased seven times from 

2004 to 2010, which implies more consumption of electricity by the capital  
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2004 17600 15.8 897.7 

2005 25700 23.0 894.9 

2006 47905 30.0 626.2 

2007 61738 36.7 594.4 

2008 85162 43.5 510.8 

2009 93900 46.8 498.4 

2010 109711 49.8 453.9 

2011 111603 51.8 464.1 

2012 116477 53.0 455.0 

2013 119093 53.2 446.7 

2014 121723 51.7 424.7 

 

As the table shows,  from 2004 to 2014, the number of lighting points increased  seven times, 

and the power consumption – 3.2 times. The dynamics of changes in the power consumption by one 

lighting point is notable. In 2004-2005 it slightly reduced.  From 2006 it  drastically reduced. This period 

is characterized by introduction of energy efficient bulbs and new lighting technologies in Georgia.  
In 2006 the Tbilisi Municipality had energy costs of the street lighting of 2.4 million GEL or 30 million kWh 

per year (Tbilisi City Energy Efficiency Concept Paper, 2008).  In addition to the illumination of the city, the Tbilisi 

City Hall launched a campaign to replace lighting with energy efficient bulbs. More than 60 percent of light bulbs have 

already been replaced with High Pressure Sodium Lamps (HPSL), Compact Luminescent Lamps (CLLs) and Metal 

Halide Lamps (MHL), which are 1.5 - 3  times more energy-efficient than existing Mercury Lamps. The expansion 

and improvement  of  the street lighting system resulted in the increase of power consumption by 15 percent over the 

period of 2008-2010. But still the conservation potential was estimated to be about 5 to 10 percent. There are a number 

of measures that would make the street lighting even more energy efficient if they were implemented. As it was 

estimated in the Tbilisi City Energy Efficiency Concept Paper of 2008, the installation of LED (light-emitting diodes) 

traffic lights has the potential to bring significant energy saving. The low-energy bulbs also open the possibility of 

using solar panels instead of running an electrical line, which could be particularly effective in remote areas.   

Since most of the territory of Tbilisi is already well-lighted, the increase of public lighting 

points will depend on the expansion of the city, which for its part depends on the growth of 

population. Therefore the main driver for this sector is the growth of population.  
The core element of the smart street lighting system is stepless dimming of the lamp depending 

on the situation, for example according to the time of the day or the intensity of car traffic on the 
highways if detectors are installed. The system will allow the reduction of the intensity of the light output 
at night in the case of empty streets and roads and will increase the voltage when cars approach the area. 
The same mechanism could work in tunnels as well. Since lighting power is not directly related to the 
voltage, the following approach can be applied to control the brightness of the light:  to provide electric 
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power with full voltage for the first 5-10 minutes and, after 10 minutes, to reduce the power to 195 watt. 
As a result, 25 percent less power would be used, while lighting would be diminished by only 7 percent. 
After the midnight, power could be reduced to 140 watt, thus decreasing energy consumption by                      
63 percent. In addition, the system allows the stabilization of voltage and makes the street lighting 
network efficient and reliable. During the fluctuation of voltage, the pressure and temperature of bulbs 
will be maintained. The system can be managed by the GSM mobile telephone network as well, which 
makes it even more effective. The development and integration of the intelligent street lighting system 
will increase the electric power saving  by 40%-60%. 

In case all street lighting lamps are gradually replaced by the LED light bulbs,   28,727,868 
kWh of electric power can be saved while the number of the street lamps will remain the same. As a 
result of this action, 11.1 thousand tons of CO2 equivalent emissions can be reduced.  

Unfortunately only the minority of Tbilisi population use modern energy-efficient bulbs. The 
consumers (population and business) are not properly informed about the advantages of modern devices.  
Besides, the replacement of old bulbs with new ones at the first stage is related with certain expanses, 
but, as compared with other affordable replacement of incandescent  bulbs with fluorescent bulbs, this 
action gives a significant increase in energy efficiency and reduction of energy consumption.  

According to the reference scenario, the energy consumption of the public lighting sector in 
the future will increase and reach 52.78 thousand megawatt-hours in 2020. 

The dynamics of street lighting electricity energy consumption in Tbilisi for the period 2010-
2020 is shown in Fig. 1.  

 
Fig. 1.  Energy consumption of Tbilisi street lighting sector for the period 2010- 2020 

 
Fig. 2. Trends of emissions from Tbilisi public lighting sector according to BAU scenario 
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Figure 2 shows the trends of emissions from the Tbilisi public lighting sector according to the 

BAU scenario for the period 2010-2020. As the figure shows, CO2eq. emissions will reach 21.11 

thousand tons in 2020. 
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РЕЗЮМЕ 

ПОТРЕБЛЕНИЕ ЭЛЕКТРОЭНЕРГИИ ЗДАНИЯМИ И УЛИЧНЫМ ОСВЕЩЕНИЕМ 

г. ТБИЛИСИ 

Арабидзе Г.О., Пхаладзе И.Э. 

Грузинский технический университет 

В работе описаны мероприятия, проведѐнные в связи со сбережением энергии в зданиях. Установлено, 

что самый большой потенциал энергоэффективности существует в секторе зданий и транспорта. В 

Тбилиси здания потребляют приблизительно 40% энергии. Общая площадь сектора бытовых зданий 

составляет 37 миллионов кв.м и он делится на три подсектора: многоквартирные здания (60-65%), 

которые построены в советский период, частные дома (20-25%) и квартиры смешанного типа (10-12%). 

Улучшение термоизоляции оболочки здания может снизить энергопотребление отопительной системы на 

40-50%. Показатели теплоизоляции существующих зданий могут повыситься проведением ремонта, 

использованием эффективных технологий и изменением поведения жильцов, что к 2020-му году снизит 

эмиссию тепловых газов на 20%. В рамках программы SEAP представлен план мероприятий, в 

частности: создание благоприятных условий; обеспечение возможностями; подбор демонстрационных 

примеров; завоевание поддержки граждан; обеспечение непосредственного участия граждан в 

осуществлении этих мероприятий; завоевание поддержки участвующих сторон и их включение в план 

действий осуществляемых мероприятий. Проанализировано по годам количество точек уличного 

освещения и количество потребляемой ими электроэнергии. Установлено, что согласно базисному 

сценарию энергопотребление уличного освещения в будущем увеличится и к 2020-му году достигнет 

52,78 МВт в час, а эмиссия CO2 - 21,11 тыс. тонн в год. Представлена динамика потребления 

электроэнергии уличным освещением г. Тбилиси и тренд эмиссии с сектора уличного освещения по 

сценарию BAU на 2010-2020 гг. 

Ключевые слова: городское потребление энергии, уличное освещение. 
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satransporto logistikuri centrebis klasifikacia da maTi  

optimaluri adgilmdebareobis gansazRvris meTodi 

 

kervaliSvili g.p., gasitaSvili z.a., xuciSvili s.a., mWedliSvili n.f.,       
xarTiSvili m.p. 

 
saqarTvelos teqnikuri universiteti 

 
Sesavali. logistikuri centrebi garkveul wilad axal movlenas war-

moadgens. Tumca maTi Seqmna ar aris SemTxveviTi. biznes procesebi da msof-
lio globalizacia, TanamSromloba saerTaSoriso doneebze, axali biznes 
gadawyvetilebebis Zieba warmoadgens im ZiriTad tendenciebs, romlebmac biZ-
gi misca aRniSnuli saxis centrebis Seqmnas. gadazidvebis sferoSi gamoyene-
buli gaeros terminologiiT, logistika gagebulia, rogorc miwodebis jaW-
vis (etapebis) organizebis procesi da misi marTva farTo gagebiT. romelic 
moicavs warmoebisaTvis saWiro nedleulis miwodebas (aseve saWiro mate-
rialuri resursebis marTvas) sawyobebisaTvis da gamanawilebeli centrebis-
Tvis, daxarisxebas, damuSvebas, SefuTvas da sabolood  moxmarebis adgilze 
maT gadanawilebas [1,2]. 

sxvadasxva daniSnulebis tvirTebis nakadebis warmatebuli marTvis ga-
rantias warmoadgens, miwodebis yvela etapis xarisxiani Sesruleba (rea-
lizeba). 

1. satransporto logistikuri centri da misi SesaZlo klasifikacia 
sxvadasxva saxis tvirTebis nakrebis Sereul gadazidvebSi mniSvnelovan 

elements warmoadgens satransporto logistikuri centrebi (slc). miwodebe-
bis mocemul sqemaSi slc-is daniSnulebaa Semomavali tvirTebis gadamu-
Saveba, dasawyobeba, saWiro mimarTulebiT gadanawileba, tvirTebis calkeuli 
partiebis formireba da sxvadasxva saxis transportiT maTi gagzavna, droiTi 
danaxarjebis da  transportirebaze  gasavlebis  optimazacia. 

arsebobs slc-is gansxvavebuli saxeebi, romlebic asruleben gansxvave-
bul funqciebs, amocanebs, aqvT gansxvavebuli specializacia,  miwodebuli 
samsaxurebis gansxvavebuli saxeebi da moculoba, adgilmdebareoba, dargob-
rivi  profili (mikuTvneba) da a.S. 

nebismieri slc-is klasifikacia SesaZlebelia sami parametriT: momsaxu-
re satransporto saSualebebis mixedviT; dasamuSvebeli tvirTebis mixedviT 
da  teritoriuli dafarvis mixedviT. 

slc-is klasifikacia momsaxure satransporto saSualebebis mixedviT 
efuZneba tvirTebis transportirebis formebs da iyofa Semdeg saxeebad:  

- saavtomobilo - slc sawyobebSi tvirTis mitanis procesi. sawyobidan 
ki tvirTis transportireba xdeba saavtomobilo transportiT;    

- sahaero - tvirTebis mitanis procesi daniSnulebis adgilze aeropor-
tSi, sadac ganlagebulia slc. aeroportidan ki tvirTebis gagzavna xdeba 
sahaero transportiT; 

- sazRvao - tvirTebis mitanis  procesi sazRvao portSi daniSnulebis 
mixedviT, sadac aris slc. sazRvao portis tvirTi igzavneba sazRvao tran-
sportiT;  

- sarkinigzo - slc-s sawyobebSi tvirTis mitanis  procesi. sawyobidan  
tvirTi igzavneba sarkinigzo transportiT;  

- multimodaluri - tvirTebis  miwodebis  procesi. slc-is sawyobidan  
tvirTebis gadazidva xdeba transportis sxvadasxva saSualebebiT (gadazid-
vebis  Semdgomi  tranzitis dros). 

 
 
slc klasifikacia dasamuSvebeli tvirTis tipis mixedviT: 
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- specializebuli - mocemul tips  miekuTvneba slc. romlebic amuSave-
ben mxolod garkveuli kategoriis tvirTebs, an tvirTebs, romlebTanac  
samuSaod  moiTxoveba specialuri nebarTva; 

- Sereuli - specializebuli slc, romlebic Tavisi kategoriis tvir-
Tebis paralelurad, awvdian momsaxurebas generaluri tvirTebis damuSavebis-
Tvis;   

- universaluri - slc, romlebic generalur tvirTebTan erTad amuSa-
veben specialuri pirobebis an specialuri  nebarTvis tvirTebs. 

slc klasifikacia teritoriuli dafarvis  mixedviT: 
- qalaqis - tvirTebis tranportirebis are SezRudulia im qalaqis 

teritoriiT sadac imyofeba slc. 
- raionis - tvirTebis gadazidva SezRudulia im raionis teritoriiT 

sadac imyofeba slc. 
- regionaluri  - tvirTebis  transportirebis are izRudeba  regionis 

im teritoriiT, sadac mdebareobs slc. Tanac regioni SeiZleba imyofebodes  
rogorc erTi saxelmwifos farglebSi, aseve  SeiZleba moicavdes ramdenime  
saxelmwifos teritorias. 

- saerTaSoriso - tvirTebis transportirebis are  moicavs mTel  
msoflios an mis mniSvnelovan nawils. rogorc wesi aseTi slc mdebareoben  
saerTaSoriso tvirTnakadebis marSrutebis gadakveTis adgilebSi.      

satransporto logistikuri centrebis Seqmna ganapirobebs Semdegi amo-
canebis gadawyvetas: ekonomikuri sargeblis miRebas; transportirebis gansx-
vavebuli saSualebebis integracias; tvirTebis gadazidvis koncentracias da 
nakrebi tvirTebis saerTSoriso gadazidvebis safuZvlebis Seqmnas; tvirTis 
saboloo fasSi, tranportirebis wilis Semcirebas;  satransporto seqto-
risaTvis ganviTarebuli infrastruqturis formirebas; satransporto, logis-
tikuri, sadazRveo, safinanso kompaniebis, saxelmwifo organoebis da samsa-
xurebis koperacias da maT ganlagebas erT adgilze; tvirTis transpor-
tirebaze droiTi danaxarjebis Semcirebas; kapitalis brunvis daCqarebas; 

aRniSnuli amocanebis warmatebiT gadasawvetad slc unda flobdes rig 
funqciebs. kerZod: transportirebis, sasawyobe, logistikis, safinanso, makon-
trolebel, informaciuls, marketinguls da infrastruqturuls. 

am funqciebis Sesruleba logistikur centrebs saSualebas aZlevs 
Seamciron danaxarjebi  tvirTebis gadatanaze, gazardon tvirTebis  mitanis 
siCqare, SeZlon tvirTebis miwodebis procesis optimizacia. yoveli etapi 
SeiZleba iyos ganmsazRvreli da garkveuli saxis gavlena moaxdinos  ekono-
mikur garigebaze. 

satransporto logistikuri centrebis Seqmnis mniSvnelovan faqtors 
warmoadgens saerTSoriso satranzito gadazidvebSi monawile komerciuli da 
saxelmwifo struqturebis lokalizacia erT adgilze. amiT SesaZlebeli 
xdeba erToblivi saqmianobis koordinacia, izrdeba saxelmwifo garantiebi, 
komerciuli koperaciis SesaZleblobebi; martivdeba saxelmwifo makontro-
lebel organoebTan mWidro urTierTkavSiri, transportirebis da logis-
tikis yvela saqmianobis erT sistemaSi moqceva da a.S.. ase rom slc-s SeuZlia 
saerTaSoriso vaWrobis monawileebs SesTavazos (centralizebulad) momsa-
xurebis sruli paketi. ris Semdegac SesaZlebeli xdeba droiTi da finan-
suri danaxarjebis Semcireba da mkveTrad izrdeba gaweuli momsaxurebis 
xarisxi. tvirTebis saerTaSoriso satransporto gadazidvebSi logisturi 
amocanebis warmatebuli gadwyvetisaTvis da sartansporto qselebis  formi-
rebisaTvis, romelTa daxmarebiT uzrunvelyofili iqneba tvirTebis gadazid-
vebis da damuSavebis ekonomikurad misaRebi teqnologiebi, aucilebelia 
sworad ganisazRvros slc-s adgilmdebareoba. 

adgilmdebareobis gansazRvris sxvadasxva meTodia cnobili. magaliTad:  
sruli gadarCevis meTodi, evristikuli meTodebi, simZimis centris gansazRv-
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ris meTodi da a.S. naSromSi SemoTavazebulia adgilmdebareobis gansazRvris 
mravalkriteriumiani eqspertuli meTodi, romelic dafuZnebulia xarisxob-
rivi da raodenobrivi maCveneblebis gamoyenebaze [3,4]. amisaTvis aucilebelia  
ganisazRvros is kriteriumebi, romelTa mixedviTac unda moxdes slc-s lo-
kalizaciis adgilis SerCeva. magaliTad Semdegi kriteriumebi, dakavSirebu-
li: satransporto sakiTxebTan, teritoriul mdebareobasTan, komunikaciur 
SesaZleblobebTan, usafrTxoebasTan, urTierTqmedebis formebTan, sakadro 
politikasTan, erTobliv saqmianobasTan, tvirTnakadebis mimarTulebasTan da 
sixSiresTan, qselur ganlagebasTan, ekologiur problemebTan da a.S. cxadia 
SesaZlebelia CamoTvlili kriteriumebis Sinaarsobrivi da mTliani raode-
nobis cvlilebac.   

   
2. Sefasebis mravalkriteriumiani eqspertuli meTodi aramkafio simrav-

leTa Teoriis gamoyenebiT. 
naSromis mizans warmoadgens, ganvsazRvroT slc-is (ganurCevlad sidi-

dis da samarTlebrivi formis) ganlagebis adgili Sefasebis xarisxobrivi 
maCveneblebis saSualebiT. (Tumca meTodi uSvebs Sefasebas raodenobrivi maC-
veneblebiTac). gamoyenebulia Sefasebis eqspertul meTodi da aramkafio sim-
ravleTa Teoriis SesaZleblobebi (trapeciis magvari aramkafio ricxvebi da 
ariTmetikuli moqmedebebi maTze) [3].  ZiriTadi gadasawyveti amocanebia: 

 maCvenebelTa xarisxobrivi sistemis formireba eqspertTa jgufis mier; 

 Sefasebis aramkafio skalis dadgena; 

 maCvenebelTa ranJireba da wonebis gamoTvla [2]; 

 eqspertTa SeTanxmebulobis donis dadgena; 

 eqspertuli Sefasebis formebis damuSaveba; 

 lokaluri Sefasebebis (aramkafio) daTvla; 

 aramkafio integraluri Sefasebis daTvla; 

 aramkafio integraluri Sefasebis da kompleqsuri Sefasebis Sedareba da 
Sedegebis analizi; 

 SesaZlo riskebis raodenobrivi saxiT warmodgena da Sedegebis analizi. 
unda aRiniSnos, rom slc-is mdebareobis Sefaseba saqmianobis dawye-

bamde aranakleb mniSvnelovania vidre Semdgomi saqmianobis sruli, fundamen-
turi analizi. 

am etapis mizani unda iyos racionalurad daasabuTdes slc-is sava-
raudo adgilis mdgomareoba da gakeTdes prognozi misi perspeqtiulobis Se-
saxeb, gadawyvetilebis mimRebi pirisTvis samoqmedo rekomendaciebis formi-
rebis mizniT. aRniSnuli analizuri Sefasebis Catareba  erTi maCveneblis 
mixedviT ar aris efeqturi da saimedo, es gadawyvetilebebi unda daefuZnos 
mraval maCvenebels, mravalkriteriumian Sefasebas, anu slc-is lokalizaciis 
adgilis Sefaseba unda moxdes xarisxobrivi da/an raodenobrivi maCveneb-
lebis sistemis erToblivi gamoyenebis safuZvelze. 

mravalkriteriumiani problemebis gadawyvetis mizniT  gamoyenebulia 
aramkafio simravleTa Teoriis SesaZleblobebi [2,4]. mas sakmaod gamokveTili 
upiratesobebi gaaCnia Sefasebis sxva meTodebTan SedarebiT: pirvel rigSi me-
Todi saSualebas gvaZlevs erT WrilSi ganvixiloT da gamoviyenoT rogorc 
raodenobrivi, aseve xarisxobrivi maCveneblebi. meores mxriv sawyisi para-
metrebis prognozis dros gadawyvetilebebis mimRebi pirisgan moiTxoveba ara 
zusti albaTuri Sefasebebi, aramed sakmarisia saprognozo parametrebis mniS-
vnelobebis Sesaxeb saangariSo diapazonis dafiqsireba. 
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cxrili 1. satransporto-logistikuri centris ganTavsebis adgilis Sefasebis 
xarisxobrivi maCveneblebi da amxsneli kiTxvebi 

xarisxobrivi maCveneblis 
dasaxeleba 

maCveneblis maxasiaTebeli ZiriTadi 
kiTxvebi 

0;
0;
0,
1;
0,
3 

0,
1;
0,
3,
;0
,3
;0
,5
 

0,
3;
0,
5;
0,
5;
0,
7 

0,
5;
0,
7;
0,
7;
0,
9 

0,
7;
0,
9;
1;
1 

satransporto 
SesaZleblobebi 

 

magistralebTan siaxlove      
satransporto kvanZebTan siaxlove      

multimodaluri momsaxureoba      
saerTaSoriso satransporto derefan-

Tan siaxlove 
 

    

logistikuri momsaxurebis bazris  
potenciali - moTxovnis sidide 

 
    

teritoriuli mdebareoba 

siaxlove msxvil dasaxlebul punq-
tebTan 

 
    

msxvil samrewvelo raionebTan      
sabiTumo savaWro  centrebTan      

sasazRvro gasasvlelTan      
sabazro ekonomikis ganviTarebis done      

komunikaciuri sistema 
 

sainformacio teqnologiebi      
telekomunikaciuri teqnologiuri 

infrastruqtura 
 

    

satransporto misasvlelebi(avt)      
sarkinigzo misasvlelebi      

komunaluri qselebi      
eleqtroenergiis wyaroebi      

usafrTxoebis 
maxasiaTeblebi 

 

kavSiri  Sss-Tan      

kavSiri sagangebo situaciis samsaxur-
Tan 

 
    

saSiSi tvirTebis arseboba      
samxedro tvirTebi      

urTierTqmedebis procesi 
 
 

kavSiri adgilobriv xelisuflebasTan      
infrasruqturis mSeneblobasTan      

korufciis done      
biurokratiis done      

sakadro politika 
 

kadrebi logistikis mimarT      
kadrebi markentingis sferoSi      
kadrebi transportis sferoSi      

menejmentis done      
erToblivi funqcionireba 
informacia konkurentebze 

informacia maT datvirTvaze  
    

 terminalebis kategoriebi      
tvirTnakadebis 

intensivoba moZravi 
tvirTnakadebis sidide 

sasawyobo meurneobis Sesabamisoba      

infrastruqturis  mdgomareoba  
    

qseluri kavSirebi 
 

terminalis arseboba      
sxva terminalebTan qselebis Seqmnis 

SesaZlebloba 
 

    

ekologiuri  situacia 
ekologiuri riskebi 

riskebis Tavidan acilebis SesaZleb-
loba 

 
    

riskebis Sefasebis SesaZlebloba      
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maCvenebelTa sistema, romelic axasiaTebs garkveul obieqts an movle-
nas, warmoadgens urTierTdakavSirebuli sidideebis erTobliobas. is yoveli 
kuTxiT asaxavs mocemuli obieqtis mdgo¬mareobas da ganviTarebis perspeq-
tivebs. Tavisi Sinaarsis mixedviT maCvenebelTa sistema iyofa xarisxobriv da 
raodenobriv maCveneblebad. xarisxobrivi maCveneblebi gansazRvraven Sesas-
wavli obieqtebis arsebiT Taviseburebebs da Tvisebebs, raodenobrivi maCve-
neblebi ki gansxvavebuli ganzomilebis ricxviTi maxasiaTeblebia. 

Sefasebis maCvenebelTa sistema imiT gansxvavdeba maCvenebelTa Cveuleb-
rivi nakrebisgan, rom mas aucileblad gaaCnia raRac „maorganizebeli” saw-
yisi, romelic ganapirobebs calkeuli maCveneblis formirebas da Semdeg maT 
gaerTianebas erT mTlianSi, Sesabamisi kavSirebiT. 

naSromSi maCvenebelTa sistemis formirebisTvis aseT sawyisad SemoTa-
vazebulia satransporto logistikuri centrebis adgilmdebareobis arCevis 
zemoT CamoTvlili kriteriumebi, romlebic centrebis ganTavsebis optima-
luri adgilis SerCevas ufro akonkreteben da azusteben. am mosazrebidan 
gamomdinare naSromSi warmodgenilia Sefasebis xarisxobrivi maCveneblebis 
da maTi amxsneli kiTxvebis Semdegi sistema:  (cxr. 1). 

maCvenebelTa sistemis mocemuli CamonaTvali ar aris universaluri da 
konkretul obieqtTan mimarTebaSi is SesaZlebelia Seicvalos, rogorc 
raodenobrivad aseve SinaarsiT, Tumca migvaCnia, rom „maorganizebeli saw-
yisi“ – unda darCes igive. 

xarisxobrivi maCveneblebis Sefaseba unda ganaxorcielos kvalificiu-
ri eqspertebis jgufma, praqtikulad gamarTlebulia Tu aseT jgufSi mona-
wileobas miiReben slc-is struqturuli Semadgenlebis kvalificiuri Tanam-
Sromlebi. eqspertTa jgufSi unda Sediodes aranakleb 10 eqsperti (CavTva-
loT, rom yvela eqsperti aris erTnairi reitingis mqone). firmis xarisxobri-
vi SefasebisTvis avirCioT lingvisturi cvladi „maCveneblis done“, xuTi Se-
saZlo qvesimravliT (Zalian dabali done, dabali done, saSualo done, maRa-
li done, Zalian maRali done). naSromis miznebidan gamomdinare gamoviyenoT 
aramkafio simravleTa Teoriis SesaZleblobebi, da yovel lingvistur Sefa-
sebas mivusadagoT trapeciis magvari aramkafio ricxvi [0,1] SualedSi (cxr. 2). 
es ricxvebi CavTvaloT maxasiaTeblis aramkafio Sefasebad. e.i xarisxobrivi 
maCveneblis Sefasebis Sedegi warmoadgens aramkafio ricxvs, romelic 
mdebareobs 0-s da 1-s Soris. 
 
cxrili 2. Sefasebis intervaluri aramkafio skala 

 Zalian dabali dabali saSualo maRali Zalian maRali 
aramkafio 
Sefaseba 

(0;0;0.1;0.3) (0.1;0.3;0.3;0.5) (0.3;0.5;0.5;0.7; (0.5;0.7;0.7;0.9;) (0.7;0.9;1;1;) 

 
eqspertebi Sefasebis Sedegebs afiqsireben anketebSi, sadac Sesafasebel 

kiTxvas misadagebuli aqvs araricxviTi Sefaseba yoveli kiTxvis gaswvriv  
(cxr. 1). radganac SefasebaSi monawileobs bevri eqsperti, aucilebelia TiToe-
uli maTganis azris gaTvaliswineba, amitom unda ganisazRvros TiToeuli 
maCveneblis Sesabamisi aramkafio ricxvis saSualo ariTmetikuli Sefaseba. 

yvela eqsperti damoukideblad avsebs Sefasebis anketas, anu afasebs 
adgilmdebareobas maCveneblebis Sesabamisi qvemaCveneblebiT, ris Semdeg 
yvela Sefaseba Tavs iyris erT anketaSi. magaliTisTvis ganvixilavT mxolod 
erT  maCvenebels (cxr. 3): 
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cxrili 3. xarisxobrivi maCveneblis - satransporto SesaZleblobebi eqspertuli 
Sefaseba  

maCveneblis 
dasaxeleba 

ZiriTadi kiTxvebi 
romliTac  
vaxasiaTebT 
maCvenebels 

pirveli maCveneblis aramkafio Sefaseba 

(0
; 
0;
 0
.1
; 
0,
3)
 

(0
,1
;0
,3
;0
,3
;0
,5
) 

(0
,3
;0
,3
;0
,5
;0
,7
) 

(0
,5
;0
,7
;0
,7
;0
,9
) 

(0
0,
7;
0,
9;
1;
1)
 

satransporto 
SesaZleblobebi 

 

magistralebTan 
siaxlove 

  XXX  XXXX XXX 

satransporto 
kvanZebTan siaxlove 

  XXXX XXXX XX 

multimodaluri 
momsaxureba 

  XXXX  XXX XXX  

saerTaSoriso  
satransporto 

derefanTan siaxlove 
  XXXX XXXX XXX  

maCveneblis 
jamuri 

aramkafio 
Sefaseba 

 (x1;  x2;  x3;  x4 

 
sadac (x1;  x2;  x3;  x4) pirveli maCveneblis jamuri  aramkafio Sefasebaa. 

Sefasebis maCveneblebisTvis wonebis daTvla warmoadgens sakmaod 
mniSvnelovan da Sinaarsobriv etaps. am dros eqspertma unda gadawyvitos, 
romeli maCvenebelia ufro mniSvnelovani (prioritetuli), sxva maCveneb-
lebTan SedarebiT, rac gansazRvravs kidec Sedegis saboloo saxes (integ-
ralur aramkafio Sefasebas). 

Sefasebis maCveneblebisTvis wonebis dadgenis gansxvavebuli meTodebi 
arsebobs, maT Soris standartul meTods warmoadgens analitikuri ierarqiis 
meTodi, romelic SemoTavazebuli iyo saatis mier [5]. 

naSromSi gamoyenebulia Sefasebis maCveneblebis rangebis daTvlis 
meTodi [4]. aRniSnuli meTodi efuZneba maCveneblebis jamuri rangebis Sedare-
bis Sedegebs. jamuri rangebi gamoiyeneba eqspertTa SeTanxmebulobis donis 
dasadgen konkordaciis koeficientis gamoTvlis procesSi da Tu eqspertebis 
SeTanxmebis done damakmayofilebelia, maSin misaRebi iqneba wonebis daTvlis 
aseTi wesic. 

eqspertuli Sefasebis SeTanxmebis dones, romelic miRebulia yvela 
eqspertis mier maCvenebelTa ranJirebis Semdeg, axasiaTeben SeTanx¬me¬bis 
koeficientiT (konkordaciis koeficienti) W – formula (1). rac metia W miT 
ufro metad SeTanxmebulad (saimedod) iTvleba Sefasebebi. 

 

2

1

2 3

1

12

,

n

i

i
i im

j

j

R

W R R R

m n n m T





 

   

  
 




                (1) 

sadac iR  - rangebis jamia i-ri maCveneblebisTvis, miniWebuli yvela eqspertis 

mier; j – nomeri Seesabameba j-ur eqsperts j=1,⋯,m;   m – eqspertebis raodenoba;  
i – Seesabameba maCveneblebis nomers: i=1,2,⋯,n ; n – Sefasebis maCveneblebis 

raodenoba; R – rangebis jamebis saSualo mniSvneloba; jT  – ganixileba maSin, 

roca ramdnime eqsperts aqvs Tanxvdenili Sefasebebi. 
Cveulebrivad SeTanxmebis done iTvleba damakmayofileblad Tu W>0,5 

da kargia, roca W>0,7. 
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vTqvaT kvlevis obieqtis parametrebis Sefaseba xdeba, aramkafio 

ricxvebiT 1 2, ,..., nX X X  da maCveneblebis Sesabamisi wonebia 1 2, ,..., na a a  sadac 

0ia  αda  

1

1
n

i

i

a


                                     (2) 

maSin, saboloo integraluri Sefaseba toli iqneba: 
1

n

i i

i

X a X


 . Tu maC-

veneblebis mniSvnelobebi iqneba trapeciis magvari aramkafio ricxvebi 

 1 2 3 4, , , , , 1,2,...,i i i i iX x x x x i n  , maSin  integraluri Sefaseba miiRebs saxes: 

1 2 3 4

1 1 1 1

; ; ;
n n n n

i i i i i i i i

i i i i

X a x a x a x a x
   

 
  
 
          (3) 

rogorc vxedavT aramkafio ricxvTa meTodi saSualebas iZleva gaviT-
valiswinoT maCvenebelTa mniSvnelobebis aracxadi forma, rac niSnavs imas, 
rom maCvenebelTa zusti gegmiuri mniSvnelobebis dadgena SeuZlebelia. 

aq TavisTavad ismis ZiriTadi kiTxva: rogor davukavSiroT miRebuli 
integraluri aramkafio ricxvi, slc-is „Sesafasebeli mdgomareobis“ dones? 
vfiqrobT SesaZlebelia ori mimarTulebiT gagrZeldes sakiTxis kvleva. 

pirveli SedarebiT martivi da ufro zogadia. kerZod: imis Semdeg rac 
kvlevis obieqtisTvis miviRebT integralur aramkafio Sefasebas, SesaZlebeli 
aris misi Sesabamisi ricxviTi mniSvnelobis (ganzogadoebuli Sefasebis) 
gamoTvla. arsebobs ramdenime gansxvavebuli meTodi, magaliTad: Ciu-parkis 
meTodi, Cangis meTodi, kauftman-guftis meTodi a.S. [2]. 

naSromSi gamoyenebuli gvaqvs Cangis meTodi, romelic martivia gamosa-

yeneblad da gamosaTvlelad. Tu  1 2 3 4; ; ;X x x x x aris integraluri aramkafio 

Sefaseba, maSin formula gvaZlevs Sesabamis „mkafio“ namdvil ricxvs.  

 
2 2 2 2

3 3 4 4 1 1 2 2

6

x x x x x x x x
ch x

      
         (4) 

radganac integraluri aramkafio ricxvi aucileblad xvdeba (0;1) SualedSi, 
xolo aramkafio ricxvi (0,7; 0,9; 1; 1) Seesabameba Sefasebas „Zalian maRali 
done“ („realuri orientiri“) cxrili 1-Si, amitom SeiZleba misi miyvana for-
muliT (4) – mkafio ricxvamde (is 0,195–is tolia). amis Semdeg SeiZleba pasuxi 
gavceT dasmul kiTxvas – rac ufro axlos iqneba integraluri Sefasebis 
Sesabamisi ricxvi „realur orientirTan”, miT maRali iqneba firmis Sesa-
fasebeli mdgomareoba. rac Seexeba meore mimarTulebas mas am etapze ar viye-
nebT [4].  

aucilebelia ganvixiloT situacia, rodesac ganixileba satransporto 
logistikuri centris ganTavsebis ramdenime alternatiuli adgili. aseT 
SemTxvevaSi unda moxdes yvela perspeqtiuli adgilis aramkafio Sefaseba 
aRwerili meTodiT, Semdeg miRebuli aramkafio integraluri Sefasebebi unda 
daviyvanoT mkafio ricxvebmde da SevadaroT, yvelaze maRali Sefaseba 
migviTiTebs slc-is lokalizaciis ufro misaReb adgils. 

mniSvnelovania aRvniSnoT, rom eqspertuli meTodis SemoTavazebuli 
variant  realizebulia kompiuterze  MATLAB-garemoSi. es niSnavs, rom SesaZ-
lebelia misi gamoyeneba statiaSi dasmuli problemisTvisac, mxolod umniSv-
nelo cvlilebebis gaTvaliswinebiT. 

 
daskvnebi 
nebismieri logistikuri warmonaqmnis formireba, maT Soris satrans-

porto logistikuri centris da misi lokalizaciis adgilis dadgena, saWi-
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roebs Sesabamisi kanonebis gamovlenas da Seswavlas, gansakuTrebiT maSin, 
rodesac marTva xdeba saxelmwifo - kerZo partniorobis safuZvelze. Zalze 
mniSvnelovania slc-Si Semavali sawarmoo, kvleviTi, savaWro, satransporto 
da sxva infrastruqturuli organizaciebis warmomadgenlebis erToblivi 
CarTuloba marTvaSi. aseve momxmarelebis, saxelmwifos da sazogadoebis 
interesebis gaTvaliswineba da maTi monawileoba procesebSi. slc-s gaaCnia 
teritoriuli lokalizacia, romelmac saSualeba unda misces centris 
monawileebs ganlagdnen erTmaneTTan axlos da Sedegad miiRon ekonomia 
mTliani logistikuri procesebis organizebaze gaweuli danaxarjebidan. 
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SUMMARY 

CLASSIFICATION OF TRANSPORT LOGISTIC CENTERS AND THE METHOD OF 

ESTABLISHMENT OF THEIR OPTIMAL LOCATION 

Kervalishvili G.P., Gasitashvili Z.A., Khutsishvili S.A., Mchedlishvili N.F. and Khartishvili M.P. 

Georgian Technical University 

The paper deals with the basic activities of the Transport Logistic Center (TLC) and focuses on modern forms of 

organization, classification models and tasks to be solved.  A multicriterial expert method of establishment of  

the location of TLC, estimation index system and a result - analyzing algorithm are proposed. 

Keywords: transport logistic center, logistics, transportability, storage thrift, service, expert system, index 

system.  
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denebis gansazRvra fazebis grZivi parametrebis asimetriis dros 

 

Turqia n.g., fifia T.r. 
 

saqarTvelos teqnikuri universiteti 
 

fazebis asimetriis SemTxvevaSi reJimis parametrebis gaangariSeba 
miRebuli meTodebiT, anu erTi fazisTvis Sedgenili Canacvlebis sqemis 
mixedviT [1] SeuZlebeli xdeba, vinaidan asimetriis dros samive faza 
sxvadasxva pirobebSia da erTi fazis Sesabamisi Canacvlebis sqema fazebSi 
reJimis parametrebis suraTs ar asaxavs. 

naSromSi warmodgenili meTodi, am problemis gadawyvetis saSualebas 
iZleva. am dros iseve rogorc fazebis gawyvetis SemTxvevaSi [2], asimetriis 
modelireba xdeba idealuri Zabvis wyaroebiT, romlis sididec udris Zabvis 
vardnas gawyvetis adgilze, Cvens SemTxvevaSi ki Zabvis vardnas  fazis 

winaRobis namatze (nax. 1). Tu  aris sidide, romliTac Seicvala 

aRniSnuli  Stos winaRoba da aris Zabvis vardna am winaRobaze, maSin 

sididis mqone idealuri Zabvis wyaros CarTva  winaRobis momWerebze 

asaxavs igive reJims, rac miRebuli gvqonda StoSi -is CarTviT. 

 
nax.1. Zabvis vardna fazis winaRobis namatze 

 
nebismieri Stos parametris SecvliT miRebuli reJimis modelireba 

SesaZlebelia movaxdinoT analogiurad, vinaidan Zabvis wyaroTi mode-
lirebisas icvleba mxolod Stoebis sakuTari gamtarobebi(im Stoebis sadac 
Seicvleba parametri) da amocana daiyvaneba am Zabvebis vardnebis 
gansazRvramde (xazis gawyvetis analogiurad [2]). 

 
 
 
 

nax. 2. П-s magvari Canacvlebis sqema 
 

nax. 2, a-ze mocemuli -s magvari Canacvlebis sqema asaxavs da Stoe-

bis sakuTar da urTierTgamtarobebs  xazis parametris Secvlamde:  

 

a b 
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aq  da  – da Stoebis sakuTari gamtarobebia;  – da Stoebis urTi-

erTgamtaroba;  da  sqemis gardasaxvis procesSi miRebuli sidideebi                             

nax. 2,b-ze mocemulia -s magvari Canacvlebis sqema, -uri Stos 

gamtarobis Secvlis Semdeg, romlis sakuTari gamtarobebi toli iqneba: 
 

 
amgvarad, nebismier StoSi  momxdari cvlileba iwvevs mxolod amave 

Stos sakuTari gamtarobis mniSvnelobis cvlilebas. 
 

A

B

C

ნახაზი 3
 

nax. 3. samfaza sistemis eleqtruli reJimi 
 

ganvixiloT samfaza sistemis romelime -uri ubani, romlis eleqtruli  

reJimi Seesabameba sawyis reJims (nax. 3), sadac  winaRobebis is 

sidideebia, romliTac SeiZleba Seicvalos fazis grZivi parametri, Tu 

damoklebul xazs gavTiSavT.  fazis SemTxvevaSi miviRebT misi grZivi para-

metris  sididiT Secvlil mniSvnelobas (nax. 4), analogiuri viTareba 

iqneba da fazebisTvisac. 

A

B

C

ნახაზი 4

A

B

C

ნახაზი 5
 

samive fazis grZivi parametris cvlileba SeiZleba aisaxos nax. 5-ze 
mocemuli sqemiT. 

SemoTavazebuli meTodis Tanaxmad damoklebuli xazis gawyvetis mode-
lireba movaxdineT  idealuri Zabvis wyaroTi, romelic sididiTa da mimar-
TulebiT emTxveva Zabvis vardnas asimetriis gamomwvev damatebiT winaRobaze -  

  

 

nax. 4. nax. 5. 
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ganvixiloT erTi fazis (  fazis) parametris cvlilebiT miRebuli ara-

simetriuli reJimi, romelic ganisazRvreba simetriul mdgenelebad daSlis 
meTodis gamoyenebiT. am meTodis Tanaxmad arasimetriuli reJimi iSleba sam 
simetriul reJimad, romelsac adgili aqvs pirdapiri, uku- da nulovani 
mimdevrobis sqemebSi (nax. 6). 

 
A

B

C

ნახაზი 6

∆𝑈𝑖 (1) 

𝑎2∆𝑈𝑖(1) 

𝑎∆𝑈𝑖(1) 

 

𝑌𝑖  (1) 

𝑌𝑖  (1) 

𝑌𝑖  (1) 

 
A

B

C

∆𝑈𝑖 (2) 

𝑎2∆𝑈𝑖(2) 

𝑎∆𝑈𝑖(2) 

𝑌𝑖  (2) 

𝑌𝑖  (2) 

𝑌𝑖  (2) 

 

 
A

B

C

∆𝑈𝑖 (0) 

𝑌𝑖  (0) 

𝑌𝑖  (0) 

𝑌𝑖  (0) 

∆𝑈𝑖 (0) 

∆𝑈𝑖 (0) 

 

           (1) 

sadac -uri Stos grZivi parametris cvlilebiT miRebuli 

sidideebia pirdapiri, uku da nulovani mimdevrobis sqemebSi;                   

 - -uri Stos sakuTari gamtarobebia samive mimdevrobis 

sqemaSi; - pirdapiri, uku da nulovani mimdevrobebis denebia 

Sesabamis mimdevrobis sqemebSi;  - -ur StoSi gamavali normaluri (grZivi 

parametris Secvlamde) reJimis denia. 
Tu erTi fazis gawyvetiT miRebuli asimetriis sasazRvro pirobebs 

gamoviyenebT, romelic SemdegSi mdgomareobs:  

                     (2) 

da avjamavT (1)  gantolebebs,  miviRebT: 

           (3) 

saidanac ganisazRvreba TiToeuli mimdevrobis sqemaSi Zabvis vardna 

 sidideebze:  

 (4) 

da Zabvis namati fazaSi:  . 

 da  fazebisaTvis gveqneba: 

 
ganvixiloT SemTxveva rodesac gvaqvs -uri xazis samive fazaSi 

arasimetriuli parametri. amisaTvis jer ganvixiloT simetriul sistemaSi 

sam StoSi TiTo fazis gawyvetiT miRebuli reJimi. vTqvaT -ur xazSi 

gawyvetilia faza, -Si faza, xolo -Si faza.  

[3,4]-is Tanaxmad samive fazis gawyveta SeiZleba warmodgenil iqnes, sam 
erTfaza gawyvetis Sedegad miRebuli eleqtruli reJimis zeddebiT. Sesa-
bamisi gantolebebis miReba ki SeiZleba gantolebebidan, romlebic asaxavs 

sam sxvadasxva xazSi (  da  erTdroul gawyvetas.  

nax. 6. 
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gawyvetis adgilebSi avariuli Zabvebis damakavSirebel gantolebebs, 
pirdapiri mimdevrobis sqemis mixedviT  aqvs Semdegi saxe: 

       (5) 

gantolebebi uku da nulovani mimdevrobebisTvis daiwereba 
analogiurad Sesabamisi mimdevrobis sqemis ganzogadoebuli parametrebisa da 
veqtoris Zvris operatoris mniSvnelobebis gaTvaliswinebiT. 
uku mimdevrobisTvis: 

           (6) 

nulovani mimdevrobisTvis: 

            (7) 

samive mimdevrobis sqemisTvis Sedgenil gantolebaTa sistemidan 
amovarCioT TiToeuli Stos Sesabamisi gantoleba da avjamoT erTfaza 

gawyvetebis sasazRvro pirobebis (2) dacviT, magaliTad  StosTvis Sevkri-

boT pirveli gantolebi samive mimdevrobis sistemidan:  

 
vinaidan  Stos  fazisaTvis 

 da  

analogiurad Sedgeba gantolebebi  da   StoebisTvis Sesabamisi 

sasazRvro pirobebis dacviT: 

;      

;     

   (8) 

am gantolebaTa sistemis amonaxsnis gasammagebuli mniSvneloba iZleva 
fazur Zabvis mniSvnelobas gawyvetis adgilas. 

Tu davicavT Stoebis Serwymis pirobas [4] e.i. CavTvliT, rom erTi 

xazi gvaqvs gawyvetili (vTqvaT  xazi-s samive faza), gveqneba: 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, №2, 2015  

 
42 

  (9) 

Tu  xazis TiToeul fazaSi Secvlilia grZivi parametri, vTqvaT fazaSi -

-iT,  fazaSi -  -iT da  fazaSi- -iT, romlebsac pirdapiri mimdevro-

bis sqemaSi aqvs mniSvnelobebi: , uku mimdevrobis sqemaSi - 

,  nulovani mimdevrobis sqemaSi ki  -uri xazis 

asimetriis ganmsazRvrel sistemas  eqneba Semdegi saxe: 
 

   

(9) gantolebaTa sistemis amonaxsnis gasammagebuli mniSvneloba iZleva 
fazebSi damatebiT gamtarobebze Zabvis vardnis mniSvnelobas. analogiurad 
SegviZlia SevadginoT gantolebaTa sistema nebismieri saxis da raodenobis 
asimetriis SemTxvevaSi. 

am damatebiTi fazuri Zabvis gansazRvris Semdeg vpoulobT maT mier 
gamowveul denebs TiToeuli mimdevrobis sqemaSi, romelTa zeddeba sawyisi 
reJimis denebTan gvaZlevs  asimetriuli denebis mniSvnelobas. 
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SUMMARY 

DETERMINATION OF CURRENTS WITH ASYMMETRY IN LONGITUDINAL PHASE 

PARAMETERS 

Turkia N.G. and Pipia T.R. 

Georgian Technical University 
When designing the power system, it is assumed that the parameters of all its units are symmetric or maximum  

close to that. To attain these ends, certain measures must be taken. For instance, it is necessary to calculate the 

necessity in or at least the number of transpositions in power lines. Despite the abovementioned, the phase 

parameters could be asymmetric. In case of asymmetry of phases, it is impossible to calculate the parameters of 

the mode by a conventional method, i.e. by using an equivalent circuit set up for one phase, because in this case 

all three phases are under different conditions. Hence the equivalent circuit set up for one phase does not 

represent the parameters of the mode of all phases. The method suggested in this work allows resolving the 

above-described problems. 

Keywords: power system, phase parameters, asymmetry. 
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xangrZliv eqspluataciaSi myofi magistraluri milsadenebis teqnikuri 

mdgomareobis Sefaseba 

 
mrevliSvili T.g., lomiZe i.b. 

 
saqarTvelos teqnikuri universiteti 

 
milsadeni, romlis eqspluataciis vada amowurulia, iTvleba amortize-

rebulad da misi Semdgomi funqcionireba saproeqto parametrebiT 
dauSvebelia. xSir SemTxvevaSi maTi eqspluatacia grZeldeba, Tumca bevrad 
dabali teqnikuri parametrebiT. aseTi amortizirebuli milsadenebis 
teqnikuri mdgomareobis Sefasebis sakiTxi gardauval aucileblobas 
warmoadgens, radgan mxolod saTanado kvlevebis da samuSaoebis Catarebis 
Semdgom SesaZlebelia ganisazRvros milsadenis is ubnebi, romlebzec 
lokaluri sareabilitacio samuSaoebis Sesrulebis Semdeg SesaZlebeli 
iqneba gagrZeldes mTliani milsadenis eqspluataciis vada, an SesaZloa 
gaangariSebis safuZvelze dadgindes milsadenis narCeni resursi da 
gagrZeldes misi eqspluatacia gansazRvruli parametrebiT. saqarTveloSi 
arsebuli magistraluri milsadenebis didi nawili aSenebulia yofil 
sabWoTa kavSirSi da maTi eqspluataciis vada gansazRvruli iyo 30-35 wliT, 
anu SeiZleba vTqvaT rom saqarTvelos gazsadenebis garkveuli nawili 
amortizirebulia da saWiroebis SemTxvevaSi maTi saproeqto parametrebiT 
eqspluatacia SeuZlebelia. amJamad saqarTveloSi mimdinareobs ramdenime 
msxvili proeqti, romlebic gulisxmobs amortizirebuli Zveli 
magistraluri gazsadenebis nacvlad axlis mSeneblobas da aseve defeqtur 
ubnebze lokaluri saremonto samuSaoebis Catarebas [1]. 

arsebobs milsadenebis teqnikuri diagnostikis mravali saxis meTodi, 
romelTagan yvelaze efeqtur meTodad iTvleba milSida diagnostika, Tumca 
rodesac amis Catarebis saSualeba ar aris (milsadenis teqnikuri 
mdgomareobis gamo) maSin saWiroa milsadenze arsebuli defeqtebis saxeobis 
mixedviT SeirCes diagnostikis is meTodi, romelic  konkretuli specifiuri 
pirobebis dros  maqsimalurad Sedegiani iqneba.  

amortizirebul milsadenze SeiZleba arsebobdes Semdegi saxis defeq-
tebi: 1) teqnologiuri xasiaTis - anu darRveuli iyos milsadenis mTlianoba, 
an saxazo teqnologiuri kvanZebi gaumarTavi iyos; 2) milis liTonis defeqti 
- SesaZloa gamoxatuli iyos milis geometriis cvlilebiT, liTonis koro-
ziuli dazianebiT, kedlis sisqis gaTxelebiT da sxva; 3) saizolacio 
safaris defeqti - SeiZleba gamoxatuli iyos gamWoli dazianebebiT, talRu-
robiT, Sewebebis xarisxis aradamakmayofilebeli maCvenebliT da sxva [2]. 

rodesac saqme gvaqvs Zvel, amortizirebul gazsadenTan, romlis 
eqspluataciis vada didi xnis amowurulia, da igi xasiTdeba didi raode-
nobiT gaSiSvlebuli da miwiszeda-sahaero monakveTebiT, romlebzec naTlad 
Cans dazianebuli saizolacio safari da koroziuli dazianebebi, ismis 
kiTxva: saerTod saWiroa Tu ara aseT mdgomareobaSi myofi didi sigrZis 
magistralur gazsadens (romlis zogadi teqnikuri mdgomareoba isedac 
cnobilia), Cautardes teqnikuri diagnostika? pasuxi martivia: Zveli magist-
raluri gazsadenebis nacvlad axlis mSenebloba did finansur danaxar-
jebTan aris dakavSirebuli da amitom dgas aucilebloba imisa, rom 
gamovlindes Zveli milsadenebis SedarebiT naklebad amortizirebuli ubnebi, 
Sefasdes teqnikur-ekonomikuri kuTxiT, moxdes maTi reabilitacia da CarTva 
axal sistemaSi, an ubralod gagrZeldeba Zveli gazsadenis eqspluatacia 
SekeTebuli-reabilitirebuli ubnebis saimedoobis gazrdis xarjze. 
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gazsadenebis teqnikuri diagnostikis amocana swored imaSi mdgoma-
reobs, rom gamovlindes defeqturi adgilebi, Sefasdes narCeni resursi da 
Semdeg ganisazRvros usafrTxo eqspluataciis xangrZlivoba [3]. 

arsebobs teqnikuri diagnostikis Catarebis mravali meTodologia, 
swored meTodologiis da sadiagnostiko mowyobilobis swored SerCeva aris 
umTavresi magistraluri milsadenebis teqnikuri diagnostikis sakiTxSi,  
sasurveli Sedegis misaRebad. ganvixiloT sadiagnostiko mowyobilobebidan 
ramdenime, romlebic aqtiur gamoyenebas hpoveben amortizirebuli milsa-
denebis teqnikuri mdgomareobis kvleviT samuSaoebSi.  

xelsawyo Radiodetecton PCM+ (nax. 1) gankuTvnilia kaToduri dacvis sis-
temis muSaobis efeqtianobis da saizolacio safari defeqturi adgilebis 
gamosavlenad. xelsawyo Sedgeba generatorisgan, mimRebisgan, A-tipiseburi 
CarCosagan da jibis kompaqturi kompiuterisagan, romelic uzrunvelyofs 
miRebuli monacemebis kartografirebas [4]. xelsawyos muSaobis principi 
mdgomareobs imaSi, rom generatoris saSualebiT moxdes milsadenze eleqt-
romagnituri talRis gavrceleba da misi milsadenidan gamodinebis wertilis 
dafiqsireba mimRebis saSualebiT.  

Tavdapirvelad saWiroa milsadenTan mierTeba generatoris saSualebiT 
da maqsimaluri SesaZlo simZlavrisa da Zabvis denis gaSveba milsadenze 
(denis Zala meryeobs 100mA - 3AA da Zabva 20V-80V-mde) mazondirebeli denis 
parametrebi damokidebulia gamosakvlevi milsadenis saizolacio safaris 
mdgomareobaze, radgan izolaciis mravlobiTi dazianebebis dros xdeba 
denis gadineba dazianebuli adgilebidan da signali did manZilze veRar 
vrceldeba da aseve damokidebulia gruntze da misi tenianobis xarisxze. 
magaliTad Tixovan tenian gruntSi xelsawyos mier generirebuli eleqt-
romagnituri talRis gavrcelebis manZili erTiorad izrdeba vidre kldovan 
an fxvier mSral gruntSi. xelsawyos mimRebis saSualebiT xdeba miwisqveSa 
milsadenis zusti lokaciis dadgena, xolo A-tipisebri CarCos saSualebiT 
saizolacio safaris dazianebuli adgilis adgilmdebareobis gamovlena 5 
santimetris sizustiT. 

 
 

       
 
 

nax. 1. Radiodetecton PCM+ xelsawyo 
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xelsawyos mierTeba SesaZlebelia rogorc milsadenis gaSiSvlebul an 

sahaero monakveTze, ise kaToduri dacvis sakontrolo gamzom punqtze-

ukanaskneli uzrunvelyofs SedarebiT karg kontaqts milsadenTan.   

aRniSnul xelsawyos gaaCnia erTi nakli:  Radiodetection PCM+ xelsawyo-

Ti Catarebuli kvlevis angariSis analizis dros, aucilebelia gaTvalis-

winebul iqnes cdomileba, romelic damokidebulia adamianur faqtorze da 

TviTon xelsawyos cdomilebaze (2 an ramdenime axlos mdebare dazianebebis 

dros, xdeba signalis gadafarva da xelsawyo oris nacvlad afiqsirebs erT 

dazianebas). anu realurad SesaZlebelia ufro meti izolaciis dazianeba 

arsebobdes vidre dafiqsirebulia, aseve SeuZlebelia zustad dadgindes 

PCM+ mimRebis saSualebiT  dafiqsirebuli monacemis safuZvelze, dazianebis 

sidide. ase rom aRniSnuli xelsawyo da meTodologia xasiaTdeba maRali 

mwarmoeblurobiT, magram garkveuli uzustobebiT. 

Semdegi sadiagnostiko mowyobiloba, romelic gamoiyeneba magistra-

luri milsadenebis defeqturi adgilebis gamosavlenad aris FOCUS TELETEST 

(nax. 2). meTodis principi mdgomareobs milsadenze ultrabgeriTi talgebis 

gavrcelebasa da maT registraciaze. teqnologia ZiriTadad gamoiyeneba 

milsadenis miudgomel ubnebnebze, rogoric aris saavtomobilo gzebis 

kveTebi, mdinareebis da Waobebis gadakveTebi. milsadenTan kontaqtisTvis 

saWiroa misi saizolacio safarisgan gasufTavebuli  mcire sigrZis 

monakveTi, ultrabgeriTi talRebis magenerirebeli saltis SemoWeris Semdeg 

milsadenze, moxdeba talRis gavrceleba orive mxares 360 metris manZilze da 

Semdeg ukan dabruneba mimRebSi, specialuri programuli uzrunvelyofiT 

miRebuli signali damuSavdeba da milis liTonis defeqtis arsebobis 

SemTxvevaSi moxdeba misi rekognoscireba. 

 

 

       
 

nax. 2. FOCUS TELE TEST – mowyobilobiT muSaobis principi 
 

mocemuli meTodis gamoyeneba SesaZlebela rogorc axali ise Zveli 

magistraluri milsadenebis bunebriv dabrkolebebze miwisqveSa gadakveTebis 

Sesamowmeblad, magram misi gamoyeneba didi sigrZis ubnebis gamosakvlevad 

Zalze did dros moiTxovs (500 m erT dReSi) da amitom gaumarTlebelia. 

sadiagnostiko mowyobilobebis muSaobis principi ZiriTadad damyare-

bulia ultrabgeriTi talRis gavrcelebiT milsadenze da Semdeg misi regis-

trirebiT da damuSavebiT specialur programul uzrunvelyofaSi, romlis 
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Semdegac xdeba milsadenze defeqturi adgilebis gamoyofa. 100%-iani sizus-

tiT vercerTi teqnologia da meTodologia ver uzrunvelyofs miwisqveSa 

milsadenze defeqtebis gamovlenas.  

milsadenze arsebuli defeqtebis xasiaTis mixedviT SeirCeva diagnos-

tirebis meTodi da Casatarebeli kvlevebis Tanmimdevroba. rogorc wesi mil-

sadenis teqnikuri diagnostika Tavis mxriv gulisxmobs gamokvlevis ramdenime 

meTodis Catarebas da kvlevebis Sedegad miRebuli informaciis Sedareba 

aproqsimacias. ase magaliTad, gruntis kuTri eleqtruli winaRobis kvleviTi 

samuSaoebis Catarebis Semdeg gamovlenil koroziulad agresiul ubnebze 

moxdeba sakontrolo gamzomi Surfebis gaTxra, romlebic aseve damokide-

bulni iqnebian milsadenis saizolacio safaris gamWoli defeqturi werti-

lebis kvlevis Sedegebze. 

zogadad, diagnostikis nebismieri meTodologiiT Catarebuli kvleviTi 

samuSaoebis Semdeg, daskvniT etapad iTvleba gamovlenil defeqtur ubnebze 

sakontrolo gamzomi Surfebis gaTxra da milis defeqtis saxeebis da misi 

geometriuli parametrebis dadgena. 

sakontrolo gamzom SurfSi gamokvlevas unda daeqvemdebaros: 

• saizolacio safaris xarisxi; 

• milebis liTonSi daZabulobis maqsimaluri koncentracia magnituri 

da sxva meTodebis gamoyenebiT; 

• SenaduRi pirapirebis xarisxi da masSi dauSvebeli defeqtebis 

arseboba; 

• milebis liTonis koroziis xarisxi; 

• milebis narCeni kedlis sisqe; 

• bzarismagvari defeqtebis arseboba da xasiaTi; 

• milebis ovalizaciis,  da gofrebis tipis defeqtebis arseboba [5]. 

miwisqveSa milsadenebisTvis yvelaze mniSvnelovan problemas warmoad-

gens korozia, romlis gamomwvevi mizezic SeiZleba gaxdes mravali faqtori. 

milis koroziulobis xarisxi damokidebulia erTis mxriv, misi izo-

laciis urRvev mdgomareobaze,  xolo meores mxriv gruntis agresiulobaze. 

gruntis agresiulobis xarisxs ganapirobebs Semdegi faqtorebi:  gruntis 

mineraluri Semadgenloba. marilisa da gogirdis Semcveli qanebi. (marilis 

Semcveli mineralebi: galiti - NaCl; silvini - KCl fluoriti - CaF2). (gogirdis 

Semcveli mineralebi: piriti - FeS2, sfaleriti - ZnS, galeniti - PbS, kinovari - 

HgS.) aseTi mineralebis Semcveli qanebis koroziuli agresiulobis xarisxi 

maRalia, rac ra Tqma unda uaryofiT moqmedebs milsadenze. gruntis koro-

ziul agesiulobaze moqmedebs aseve sxva faqtorebi magaliTad, moxetiale 

denebi, gruntis wylis mineralizacia, gruntis tenianobis xarisxi da sxva. 

yovelive zemoT Tqmuli zegavlenas axdens gruntis kuTri eleqtruli 

winaRobis maCveneblis mniSvnelobaze. misi gazomviT SesaZlebelia gruntis 

koroziuli agresiulobis dadgena da Sesabamisad gazsadenis SesaZlo 

korozirebuli ubnebis  dadgena.  

arsebobs aseve saizolacio safaris defeqturi adgilebis Sesamow-

mebeli xelsawyo C-SCAN 2010 (nax. 3), aRniSnuli xelsawyos muSaobis principi 

hgavs  Radiodetecton PCM+ xelsawyoTi muSaobis princips. 
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nax. 3. xelsawyo C-SCAN 2010 
 
iseve rogorc Radiodetecton PCM+ Ti, aseve C-SCAN 2010 xelsawoTi 

muSaobisTvis saWiroa milsadenTan kontaqti. kontaqtis ganxorcieleba SesaZ-
lebelia milsadenis gaSiSvlebul adgilze an ukeTes SemTxvevaSi kaToduri 
dacvlis sakntrolo gamzom punqtze. generatoris saSualebiT xdeba 
eleqtromagnituri velis gavrceleba da mimRebis saSualebiT misi cvlilebis 
registrireba, mimRebSi CamontaJebuli portaturi kompiuteri elelqtro-
magnituri velis cvlilebis adgilebs abavs koordinatebs, aseTi adgilebi 
potenciurad warmoadgenen saizolacio safaris dazianebul wertilebs [6]. 

garda milsadenis saizolacio safarisa eqspluataciaSi Sesuli an 
amortizirebuli magistraluri milsadenis teqnikuri monitoringis dros 
saWiroebis SemTxvevaSi instrumentalur Semowmebas SeiZleba daeqvemdebaros 
milsadenis pirapira SenaduRi nakerebis mdgomareoba da aseve milis liTonis 
mdgomareoba. maTi Semowmeba xdeba radiografirebisa da ultrabgeriTi 
skanirebis meTodebiT sakontrolo gamzom SurfebSi. 

milsadeni  xangrZlivi eqspluataciis dros  ganicdis korozias, koro-
ziis procesis siCqare SesaZlebelia sxvadasxvagvari iyos, es damokidebulia 
grunis agresiulobis xarisxze, saizolacio safaris mdgomareobaze da 
transportirebadi produqtis koroziul Tvisebebze. swored amitom, 
gazsadeni iqneba es Tu navTobsadeni, isini ganicdian korozias da monitorin-
gis dros milsadenis sruli teqnikuri mdgomareobis gamosavlenad 
aucilebelia Semowmdes milsadenis pirapira SenaduRi nakerebis mdgomareoba, 
milis kedlis sisqis gaTxeleba, koroziuili niJarebis geometriuli zomebi 
da maTi gavrcelebis intensivoba. es yovelive aucilebelia koroziiis 
siCqaris dasadgenad da gamoTvliTi meTodis saSualebiT milsaednis narCeni 
resursis gamosavlenad. Sesabamisad SesaZlebelia moxdes milsadenis 
eqsploataciis vadis gagrZeleba garkveuli parametrebiT. 

diagnostikis kidev erTi xelsawyo, romelic xSirad gamoiyeneba (maT 
Soris saqarTveloSi) gazsadenebis pirapira SenaduRi nakerebis da milis 
liTonis mdgomareobis Sesamowmeblad aris - OmniScan MX2 (nax. 4) mowyobi-
lobis muSaobis principi dafuZnebulia specialuri gadamwodebis saSualebis 
ultrabgeris gaSvebis da arekvlis registraciaze. xelsawyos gaaCnia Txevad 
kristaluri ,,tuch” monitori da diagnostikis dros specialuri reJimis 
arCeviT xdeba dazianebuli adgilis skanireba, areklili signalis miReba da 
damuSaveba [7]. 
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nax. 4.  OmniScan MX2 

 
am xelsawyoTi SesaZlebelia milsadenis pirapira SenaduRi nakerebis 

da milis liTonis xarisxis da mdgomareobis Semowmeba, maTze arsebuli 
mikrobzarebis, koroziuli kerebis zomebis da lokaliziaciis zusti 
dadgena. 

kidev erTi meTodi, milsadenze liTonis defeqturi adgilebis gamosav-
lenad aris radiografirebis teqnologia (nax.5), romelic aseve farTod 
gamoiyeneba milsadenebis eqsploataciis sferoSi. meTodis principi 
mdgomareobs gamosakvlevi adgilis rendgenis sxivebit gaSuqebasa da Semdeg 
specialuri firis gamJRavnebaSi, romelzec mkafiod aisaxeba milze arsebuli 
defeqti, iqneba es bzari, koroziuli niJara, meqanikuri dazianeba Tu sxva. 

 

 
 

nax. 5. radiografi  Арина‐3 

 
milsadenze arsebuli defeqtebis xasiaTis mixedviT SeirCeva 

diagnostirebis meTodi da Casatarebeli kvlevebis Tanmimdevroba. rogorc 
wesi milsadenis teqnikuri diagnostika gulisxmobs gamokvlevis ramdenime 
meTodis Catarebas da kvlevebis Sedegad miRebuli informaciis Sedareba -
aproqsimacias.  

magaliTad, gruntis kuTri eleqtruli winaRobis kvleviTi samuSaoebis 
Catarebis Semdeg gamovlenil koroziulad agresiul ubnebze moxdeba 
sakontrolo gamzomi Surfebis gaTxra, rac aseve damokidebuli iqneba 
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milsadenis saizolacio safaris gamWoli defeqturi adgilebis kvlevis 
Sedegebze. 
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SUMMARY 

ASSESSMENT OF THE CONDITION OF THE MAIN PIPELINE BEING IN SERVICE FOR A LONG 

TIME 

Mrevlishvili T.G. and Lomidze I.B. 

Georgian Technical University 

The paper deals with the methods of diagnostics of the condition of pipelines being in service for a long time 

with the specific conditions of operation of pipelines in mind. The types of defects of pipelines and the problems 

caused are considered. The principles of the technological process of diagnostics of the pipeline are explained, 

and the need for such diagnostics is justified. 

Keywords: main pipeline, diagnostics, assessment. 
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magistraluri gazsadenebis saimedoobis da efeqturobis sakiTxebi, 

fazur sivrceSi klasteruli meTodis gamoyenebiT 

 
namgalaZe d.p., pirveli i.z. 

 
 saqarTvelos teqnikuri universiteti 

 
bunebrivi gazis roli ufro da ufro izrdeba saqarTvelos energe-

tikuli moTxovnilebis dakmayofilebaSi, Tumca misi transportirebis, Senax-
visa da moxmarebis Taviseburebebis gamo, mniSvnelovan problemad warmoa-
dgens momxmarebelTa saimedo momarageba, gansakuTrebiT bunebrivi gazis 
tranzitis SemTxvevaSi. cxadia, rom gansakuTrebuli yuradReba unda daeTmos 
gazis transportirebis arsebuli infrastruqturis aRdgena-ganaxlebas, rac 
metad mniSvnelovani da aqtualuria.  

saqarTveloSi bunebrivi gazis moxmarebam 2014 wels Seadgina                   
2,19 mlrd m3 da mosalodnelia moxmarebis zrdis tendencia. amasTan moxmare-
buli bunebrivi gazi mTlianad importirebulia azerbaijanisa da ruseTis 
federaciis magistraluri gazsadenebidan [1]. magistralur tranzitul gazsa-
denebs, gaaCniaT transnacionaluri xasiaTi, rac moiTxovs investiciebis 
dacvasTan dakavSirebul saerTaSoriso samarTlis normebis erTgvarovan da 
aradiskriminaciul gamoyenebas. 

bunebrivi gazis realizacia rogorc qveynis SigniT, aseve maT farg-
lebs gareT, xels uwyobs bunebrivi gazis damatebiT saZiebo saqmianobis, 
mopovebis, transportirebisa da realizaciis SesaZleblobaTa gaumjobesebas 
da Semdgom ganviTarebas; uzrunvelyofs arsebuli infrastruqturis ukeT 
gamoyenebis SesaZleblobebs saxelmwifoebisaTvis bunebrivi gazis miwodebis 
mizniT, da aZlevs saSualebas saxelmwifoebs isargeblon maTTvis bunebrivi 
gazis garantirebuli miwodebis mzardi SesaZleblobebiT; gaxadon SesaZle-
beli saxelmwifoebisaTvis, Seisyidon bunebrivi gazi sarealizacio saqmia-
nobis monawileTagan urTierTmisaRebi komerciuli pirobebiT, aradiskrimina-
ciul safuZvelze. 

tranzituli gazsadeni unda Seesabamebodes saerTaSoriso normebsa da 
standartebs, miesadagebodes bunebrivi gazis tranzitisa da transportirebis 
proeqts da sarealizacio saqmianobas, kerZo wamowyebisa da mewarmeobis 
transnacionalur xasiaTs.  
 amgvarad, bunebrivi gazis magistraluri gazsadenebis tranziti, saime-
doobis, ekologiuri usafrTxoebisa da ekonomikuri efeqturobis sakiTxebi, 
warmoCindeba winaplanze da metad aqtualuria. 
 msoflioSi arsebuli magistraluri gazsadenebis avariebis da inciden-
tebis arsebuli statistikis analizi gvCvenebs, rom magistraluri gazsa-
denebis mtyunebis analizisaTvis mniSvnelovania statistikuri monacemebi 
avariebisa da dazianebis Sesaxeb. magistraluri gazsadenebis dazianebebi, 
SesaZloa dayofil iqnas sami ZiriTadi gamomwvevi mizezis mixedviT: milsa-
denebis korozia,  Jonvebi da gauTvaliswinebeli (SemTxveviTi) avariebi. 
 naSromis mizania magistraluri gazsadenebis mtyunebisa da aRdgenebis 
dadgenis axali sqemis SemuSaveba, kerZod gamoiyeneba fazur sivrceSi klas-
teruli meTodi.  

ganvixiloT magistraluri gazsadenebi, romlebis resursi srulad amo-

wurulia. am dros, mtyunebis safrTxe  t funqcia, rogorc wesi, droSi 

icvleba nax.1-ze mocemuli dinamikiT. aq yvelaze ufro sainteresoa misa-
xmarisi periodi (I da II zonebi), radganac dasawyisSi mtyunebis safrTxe 
izrdeba, xolo Semdeg mcirdeba normalur periodamde, sadac gvaqvs mudmivi 
mtyunebis safrTxe (an misi odnav zrdadi tendenciiT) (III zona). sabolood, 
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gveqneba daRlilobiTi mtyunis safrTxe (IV zona). xSirad I da II zonebi 
erTiandeba da miaxloebiT miiReba garkveuli aproqsimacia. 

Cveni mizania, droSi mtyunebis safrTxesa da aRdgenis intensivobis 
procesis garkveuli idealizaciis sqemis SemuSaveba, fazur sivrceSi klaste-
ruli meTodis gamoyenebiT. 

 

 
nax. 1.  t  mtyunebis safrTxis specifikuri grafiki 

 
ganvixiloT fazuri sivrce: warmovidginoT, rom sistemis obieqtebis 

simravlis yvela mdgomareoba, fiqsirdeba drois momentSi. sistemis TiToeul 
SesaZlo mdgomareobas Seesabameba fazuri sivrcis TiToeul wertils. 
amgvarad, fazur sivrceSi rTuli sistemis nebismieri mdgomareoba warmod-
genilia erTaderTi wertiliT, xolo am sistemis evolucia - sistemis 
wertilis gadaadgilebiT (traeqtoriiT). amitom, SeiZleba fazuri sivrcis 
wertilis warmodgena ganzogadebuli koordinatebiT (an Cveulebrivi sivr-
culi koordinatebiT). e.i. gvaqvs sistemis mdgomareobebis sawyisi simravle. 
Semdgomi wertilebis asaxvisas ki miiReba ara mxolod erTi wertili, aramed 
e.w. „Rrubeli~. gadasvla wertilidan wertilamde SeiZleba iyos monotonuri 
gadaadgileba, an diskretulad naxtomisebrad (nax. 2). 

 

 
 

nax. 2. wertilis traeqtoria  ,t  fazur sivrceSi 
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klasteruli analizi warmoadgens statistikur mravalganzomilebian 
proceduras, romelic awarmoebs monacemTa Segrovebas, obieqtebis amonakrebis 
informacias da awesrigebs obieqtebs SedarebiT erTgvarovan jgufebs [2,3].  
   
 

 
 
 
 
 

nax. 3. Mmtyunebebis da aRdgenebis monacemebi fazur sivrceSi (a);  
amonakrebis dayofa klasterebad (b,g,d); 

 sruli amonakrebis klasterebad dayofa (e) 
 

  
 

ganvixiloT stoqastikuri procesis realuri amonakrebi, romlis mixed-

viT mocemulia namuSevaris ti  da Sesabamisad aRdgenis droebi i  monacemebi. 

Cvens mier moZiebuli amonakrebi Seesabameba erT-erTi magistraluri gazsa-

dens romelmac srulad amowura resursi. imisaTvis, rom srulad aRvweroT 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, №2, 2015  

 
53 

mtyunebebis da aRdgenebis albaTuri procesis maxasiaTlebis gamokvleva, 

ganvixiloT e.w. fazuri sivrce, romelSic am hipersivrceSi TiToeul wer-

tils Seesabameba koordinatebi  ,ti i  (nax. 3,a). 

vizualuri, intuiciuri, an evristikuli mosazrebidan, ZiriTad klaste-

rebs miekuTvneba Sesabamisi garkveuli Tviseba an forma. miRebuli filtraciis 

Sedegad, SesaZlebelia amonakrebis dayofa klasterebad (nax. 3 b,g,d): amgvarad 

sabolood,  sruli amonakrebis klasterebad dayofa naCvenebia nax. 3-ze. 

calkeuli klasterebis statistikuri damuSavebis Semdeg CavTvaloT, rom 

misaxmarisi periodis namuSevrisaTvis gvaqvs releis ganawileba, normaluri 

muSaobisaTvis - eqsponencialuri, xolo daRlilobiTi periodisaTvis – 

normaluri ganawileba. rac Seexeba TviTeuli aRniSnuli periodisaTvis, 

aRdgenis droebi erTnairia da Seesabameba normaluri kanoni. 

magalisaTvis ganvixiloT TiToeuli periodi. am SemTxvevaSi SemTxvevi-

Ti t da  droebisaTvis, albaTobis ganawilebis simkvrivis funqciebi gveqneba: 
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sadac B aris masStabis parametri;   - mtyunebis safrTxe;  da  - Sesabami-

sad maTematikuri molodini da saSualo gadaxra. 
 rac Seexeba aRdgenis Sesabamisi albaTobis ganawilebis simkvrivis 
funqciebi tolia: 
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fazuri sivrcis Sesabamisad, TviTeuli klasterisaTvis gveqneba erToblivi 
albaTobis ganawilebis simkvrivis funqciebi: 
 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, №2, 2015  

 
54 

     

     

     

, ;
1 1 1 1

, ;
2 2 2 2

, .
3 3 3 3

g t w f t

g t w f t

g t w f t

  

  

  













.     (3) 

 
an/da 
 
 

 

 

 

 

 

   

2

1 2
22 21 1 2, ;

1 2
2

1
2

2
222 2, ;

2
2

2
2

2
3
22 223 32, .

3
2

3

t
w

Bg t e e
B

w t
g t e e

t

w
g t e e

 




 

 

 


 

 










































     (4) 

 

sadac ,
1 2

w w da
3

w
 
Sesabamisad aris sruli amonakrebis wilebi. kerZod, Cvens 

SemTxvevaSi gveqneba 
 
 

1 ;
1

2 ;
2

3 .
3

N
w

N

N
w

N

N
w

N

















.       (5) 

 
 

sadac 21, NN da
3

N Sesabamisad aris calkeuli klasterebis amonakrebis 

raodenoba. 
nax. 4 (a, b)-ze naCvenebia calkeuli albaTobis ganawilebis simkvrivee-

bis funqciebi, romelTa Soris nax. 4,a-ze gvaqvs erToblivi albaTobis 
releis da normaluri ganawilebis simkvrivis funqcia, xolo nax. 4,b-ze – 
ori normaluri kanoni. vizualurad, eqsponencialuri ganawileba, iTqvifeba 
geometriuli interpretaciisaTvis. 

sruli procesis aRwerisaTvis, unda davadginoT sruli albaTobis 
ganawilebis simkvrivis funqcia. amisaTvis unda gamoviyenoT albaTobis 
ganawilebis simkvriveebis funqciebis narevi.  
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nax. 4. albaTobis unimodaluri releis da normaluri erToblivi ganawilebis 

simkvriveebis zedapiri (a); albaTobis unimodaluri normaluri erToblivi 

ganawilebebis simkvriveebis zedapiri (b); multimodaluri albaTobis narevis 

erToblivi ganawilebis simkvriveebis zedapiri (g) 

 

  

 sabolood, miviRebT sruli amonakrebis multimodaluri albaTobis 

narevis ganawilebis simkvriveebis zedapirs, romelic aRiwereba: 

 

 

             

 

,
1 1 1 2 2 2 3 3 3

22 2
2

31 22
22 2 2 22 2 22 31 2 31 2 2 2

2 222 321

G t w f t w f t w f t

t
t

ww w tBe e e e e e
B

      

     

   

  

    
    
    

   

  
  




  

. (6) 

  

 

amgvarad, miRebulia magistraluri gazsadenis mtyunebis da aRdgenebis 

stoqastikuri procesis aRmweri albaTobis ganawilebis simkvrivis funqcia. 

am funqciis saSualebiT, SesaZloa am procesis yvela momentebis dadgena 

(maTematikuri molodini, saSualo kvadratuli gadaxra<variaciis da eqscesis 

da a.S.). miRebuli maxasiaTeblebis saSualebiT, SesaZloa procesis marTva da 

procesSi uSualo Careva, rac cxadia gazrdis saimedoobas da efeqtianobas. 

amitom pirvel rigSi saWiroa magistraluri gazsadenis sainformacio bazis 
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SemuSaveba (axali obieqtisaTvis ganixileba arsebuli analogi) da axali 

monacemebis mudmivi ganaxleba. amgvarad, miiReba dinamikuri procesi bmebiT 

da ukukavSiriT. 
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SUMMARY 

ISSUES OF THE RELIABILITY AND EFFICIENCY OF MAIN GAS PIPELINES BY USING THE 

CLUSTER METHOD IN THE PHASE SPACE 

Namgaladze D.P. and  Pirveli I.Z. 

Georgian Technical University 

The paper deals with the reliability and efficiency of the main gas pipelines by using the cluster method in the 

phase space. Statistical processing of individual clusters was developed and the approximation functions of the 

probability distribution density were determined. Finally, the probability density function describing the 

stochastic process of failures and recoveries of the main gas pipeline was obtained. With this function, it is 

possible to determine all statistical moments of the process.The obtained characteristics enable the process 

management and direct intervention in the process, which obviously will enhance the reliability and efficiency of 

the main gas pipelines. 

Keywords: main gas  pipeline,  reliability, efficiency, cluster method,  phase space. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://ru.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B0%D1%81%D1%82%D0%B5%D1%80%D0%BD%D1%8B%D0%B9_%D0%B0%D0%BD%D0%B0%D0%BB%D0%B8%D0%25B
https://ru.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B0%D1%81%D1%82%D0%B5%D1%80%D0%BD%D1%8B%D0%B9_%D0%B0%D0%BD%D0%B0%D0%BB%D0%B8%D0%25B


   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, №2, 2015  

 
57 

motivtive talRaSemarbilebeli hidroteqnikuri nagebobebis bmuli 

modelebis laboratoriuli gamocdis procesis dagegmvis sistemuri 

aspeqtebi 
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saqarTvelos sainJinro akademia 
 

1. Sesavali 

naSromSi warmodgenilia sistemuri aspeqtebi, romlebic emyareba 

realuri situaciis mixedviT motivtive talRaSemarbilebeli hidroteqnikuri 

nagebobebis bmuli modelebis kompleqsis laboratoriul pirobebSi talRa-

generatoris daxmarebiT eqsperimentuli gamocdis procesis sxvadasxva 

saproeqto mdgomareobis funqcionirebis  xarisxis dadgenas, kerZod:  

 sistema  ver akmayofilebs  moTxovnil miznebs; 

 sistema  ver uzrunvelyofs saprognozo  Sedegebs; 

 sistema ver funqcionirebs ise, rogorc es Tavdapirvelad iyo  

dagegmili. 

 
        2. ZiriTadi nawili 

CamoTvlil situaciur mdgomareobaTa gamosakvlevad gamoyenebulia 

daproeqtebis ,,sistemuri paradigmis~ midgoma, romelic xorcieldeba e.w. 

,,introspeqciis gziT~. es niSnavs, rom motivtive talRaSemarbilebeli 

hidroteqnikuri nagebobebis bmuli modelebis kompleqsis funqcionirebis 

xarisxis dadgenisaTvis pirvel etapze vsazRvravT sistemis calkeuli 

Semadgeneli elementis (an elementTa erTobliobis) maxasiaTebeli para-

metrebis sidides da maT Sesabamisad vadgenT deskrifciuli (aRweriTi) tipis 

modelebs. Sedgenili deskrifciuli modelebi saSualebas iZleva gani-

sazRvros bmuli modelebis eqsperimentuli gamocdis procesis msvlelobis 

sagegmorealur mdgomareobaTa simravle uganzomilebo xarisxobriv-krite-

rialuri Sefasebis skalebSi, Semdegi gradaciebis Sesabamisad: `cudi 

mdgomareoba”, `Sualeduri mdgomareoba~, `kargi mdgomareoba~. 

unda aRiniSnos, rom situaciur mdgomareobaTa daproeqtebis intro-

speqciis midgomis gamoyenebiT SesaZlebelia drois mocemul momentSi 

ganisazRvros damyarebuli laboratoriul-eqsperimentuli procesis norma-

luri an gadaxrili `mdgomareobis veqtori~, bmuli modelebis kompleqsis 

Semadgenel elementTa funqcionirebis `aqtiuri reJimebis~ Sesabamisad, 

romlebic uzrunvelyofen moTxovnil (sasurvel) mdgomareobas. aRniSnulis 

gansaxorcieleblad mizanSewonilia winaswar saanalizo procesganmapiro-

bebeli teqnologiuri maxasiaTebeli parametrebis velis Sesabamisad Sedge-

nil iqnas deskrifciuli tipis modelebi e.w. azrobrivi `aqtiuri eqspe-

rimentebis~ dasagegmad, rac saSualebas mogvcems, xelovnurad CavataroT 

azrobrivi `aqtiuri eqsperimentebi~ maxasiaTebeli parametrebis SesaZlo  

cvlilebis areSi. amasTan, SesaZlo cvlilebis are fluqtuacias eqvem-

debareba manamde, sanam ar mivaRwevT erTiani sistemis bmulSi gaerTianebuli 

modelebis maxasiaTebeli teqnologiuri  parametrebis sasurvel mdgo-

mareobas. aq umTavresi isaa, rom sistemis sasurveli mdgomareoba miRweul  

iqnas e.w. ,,dabalansebis~ principis aucilebeli dacviT, rac ayenebs sakvlevi 

procesis rogorc maTematikuri aRweris modelis gadawyvetis SesaZleblobas, 
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aseve sacdeli modelebis funqcionirebis adeqvaturobis xarisxis Sesaba-

misobas praqtikaSi moqmed sistemis kompleqsTan. 

deskrifciuli modeli momdinareobs inglisuri sityvidan `description~, 

rac niSnavs `aRweras~. am klasis maTematikuri modelebi, rogorc es 

saxelwodebidanac gamomdinareobs, zogadad gankuTvnilia nebismieri sag-

nobrivi dargis mixedviT warmoebuli teqnologiuri procesebis aRsawerad. 

mocemul konteqstSi, rogorc aRvniSneT, motivtive talRaSemarbilebeli 

hidroteqnikuri nagebobebis bmuli modelebis kompleqsis laboratoriul-

eqsperimentuli gamocdis procesis dagegmva da aRwera sruldeba stoqas-

tikuri ganusazRvrelobis pirobebSi winaswar Sedgenili deskrifciuli 

modelebis daxmarebiT. Aam SemTxvevaSi saanalizod Cndeba ara marto sakvle-

vi miznobrivi funqciebis simravle, aramed Tavad erTiani rTuli sistemis 

funqcionirebis xarisxis gamokvlevis problemac zRvaze damyarebuli eqstre-

maluri Stormuli mdgomareobis maxasiaTebeli imitaciis Sesabamisad. 

miznis misaRwevad eqsperimentebis damgegmavi personalis mier aqtiurad 

unda iqnas gamoyenebuli logikuri „aramkveTri msjelobebi“, romlebic for-

malurad warmoadgenen specialist-eqspertTa fsiqo-fizikuri xasiaTis 

gadawyvetilebebs, asaxuls xarisxobriv-kriteriuli Sefasebebis verbalur 

kategoriebSi. es kategoriebi SeiZleba ganisazRvros specialuri skalebis 

Tanaxmad (0 – Seesabameba sakvlevi procesis absoluturad miuRebel situa-

ciur mdgomareobas, xolo 1 – procesis Zalian karg situaciur mdgoma-

reobas). 

xarisxobriv-kriteriuli Sefasebis aRniSnuli skala xasiaTdeba gar-

kveuli Sualeduri mniSvnelobebiTac, romelTa mixedviT SesaZlebelia aigos 

sakvlevi procesis diagnostikuri Sefasebis deskrifciuli (aRweriTi) tipis 

modelebi  Semdegi skaluri gradaciebis mixedviT:  

d € 1,00 – parametris maqsimaluri SesaZlo (dasaSvebi) done, romelic 

yovelTvis ar SeiZleba iqnas miRweuli; 

d € 1,00÷0.80 – parametris dasaSvebi da maRali done, romelic agreTve  

ar SeiZleba yovelTvis iqnas miRweuli; 

d € 0.80÷0.60 – parametris dasaSvebi da kargi done, romlis miRwevasac  

cdiloben; 

d €0,37 – parametris mocemuli done (Seesabameba parametris im mdgo-

mareobas,  romelic yovelTvis unda iqnas miRweuli); 

          D € 0,37÷0,0 – parametris ara dasaSvebi (cudi) done. 

xarisxobriv-kriteriuli Sefasebis deskrifciul models vwerT Semdegi 

saxiT [1]: 

 

 

   miHbbd ii ,1,expexp 10 
faqt.

 
 

sadac b0 da b1 saZiebeli koeficientebia, romlebic ganisazRvreba Semdeg-

nairad: 
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 1 1 2

2 1

1 1
ln ln ln lnb H H

d d

 
   
 

cudikargi

kargi cudi

.

 

 

aq cudi
2H  aris sakvlevi teqnologiuri parametris Sesabamisad, aRebuli 

sasazRvro arasasurveli anu `cudi~ sidide (rodesac 2,01 
cudi

d ); kargi
1H aris 

sakvlevi teqnologiuri parametris Sesabamisad, aRebuli sasazRvro 

sasurveli anu ,,kargi~ mdgomareobis amsaxveli sidide  (rodesac 8,02 
kargi

d );  

Hi aris faqtiuri sakvlevi teqnologiuri parametris sidide.  

teqnologiuri parametrebis Sesabamisi diferenciuli xarisxobriv-

kriteriuli Sefasebebi xasiaTdeba Semdeg skalarul gradaciebSi: rodesac 

 37,00,0 d , aRiniSneba teqnologiuri parametris ,,cudi~ situaciuri  

mdgomareoba; rodesac  63,037,0 d
, 
aRiniSneba teqnologiuri parametris 

,,Sualeduri“ situaciuri mdgomareoba; rodesac  163,0 d
 

aRiniSneba 

teqnologiuri parametris ,,kargi~ da ,,Zalian kargi~ situaciuri  mdgoma-

reoba. 

realur situaciaSi dagegmili teqnologiuri parametrebis erToblivi 

integrirebuli mdgomareobis Sefaseba - iD  aiReba analogiurad xarisxobriv-

kriteriuli
 
Sefasebis imave skalur gradaciebშi, rogorc diferenciuli 

Sefasebis saSualo geometriuli  Sewonili  sidide,  da romelic drois 

mocemul momentSi  maqsimumisaken unda miiswrafodes:  

 

  max
H

D H


  

sadac Hteqnologiuri parametrebis aramkafio saxis universaluri 

simravlea. 

 
3. daskvna 

amrigad, warmodgenili sistemuri aspeqtebi emyareba realuri situaciis 

mixedviT motivtive talRaSemarbilebeli hidroteqnikuri nagebobebis bmuli 

modelebis kompleqsis laboratoriul pirobebSi talRageneratoris daxma-

rebiT eqsperimentuli gamocdis procesis sxvadasxva saproeqto mdgomareobis 

funqcionirebis  xarisxis dadgenas, kerZod: 

 sistema ver akmayofilebs  moTxovnil miznebs; 

 sistema  ver uzrunvelyofs saprognozo Sedegebs; 

 sistema ver funqcionirebs ise, rogorc es Tavdapirvelad iyo  dageg-

mili. 

miznis misaRwevad SemoTavazebulia deskrifciuli (aRweriTi) tipis 

modelebis gamoyeneba, romelic eqsperimentebis damgegmav personals saSua-

lebas aZlevs aqtiurad gamoiyenos specialist-eqspertTa fsiqo-fizikuri 

xasiaTis logikuri `aramkveTri msjelobebi~ bmuli modelebis eqsperimen-

tuli gamocdis procesis msvlelobis SesaZlo sagegmo-realur mdgomareo-

baTa simravlis asaxvaSi uganzomilebo xarisxobriv-kriterialuri Sefasebis 

skalebSi, Semdegi gradaciebis Sesabamisad: `cudi mdgomareoba~, `Sualeduri 

mdgomareoba~, `kargi mdgomareoba~. 
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SUMMARY 

SYATEMS ASPECTS OF THE DESIGN OF LABORATORY EXPERIMENTAL TESTING OF THE 

COMPLEX OF CHAIN MODELS OF FLOATING WAVE-SOFTENING HYDROTECHNICAL 

STRUCTURES  

Tsikhelashvili Z.I., Gvelesiani T.L., Mchedlidze M.G. and Margalitadze I.N.  

Georgian Engineering Academy 

The paper deals with the systems aspects of designing the laboratory experimental testing of the complex of 

chain models of floating wave-softening hydrotehnical structures by using a wave-generator. To attain these 

ends, it is offered to use descriptive models, which enables the specialists designing the experiment to use 

actively the psycho-physical logical “implicit judgements” of experts reflecting the multiplicity of designed-real 

states in the process of testing the chain models at the dimensionless qualitative-criterial scale according to the 

following rankings: “bad condition”, “medium condition”, “good condition”. 

Keywords: floating wave-softening hydrotechnical structures, chain models, wave-generator, laboratory 

experimental testing, design, assessment.  
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fotomgrZnobiare hibriduli  naerTebi 

 

maisuraZe j.p., devaZe l.v., axobaZe S.a., zurabiSvili c.i., sefaSvili n.o.A 
   

saqarTvelos teqnikuri universitetis vladimer WavWaniZis saxelobis 
kibernetikis instituti 

 
spiropiranebi aris organuli fotoqromuli bistabiluri narTebis 

mniSvnelovani klasi. bistabilur molekulebs da molekulur ansamblebs 
SeuZlia garkveuli energetikuli barieriT gayofil or Termodinamikurad 
stabilur mdgomareobaSi arseboba. gadarTva erTi mdgomareobidan meoreSi 
SesaZlebelia gare stimulirebiT (sinaTle, siTbo, meqanikuri stresi, eleq-
truli da magnituri velebi da sxva).  

 
sqema 1. spiropiranisa (SP) da merocianinis (MC) izomerebi 

 

moculobiTi aRnagobis spiropiranis (SP) Seuferavi molekula ultra-
iisferi sinaTlis UV zemoqmedebiT gardaiqmneba Seferil, koplanarul, pola-
rul merocianinul (MC) formad. spiropiranebi praqtikul gamoyenebas pou-
loben sinaTliT marTvad iseT mowyobilobebSi, rogoricaa: informaciis 
Camweri (maT Soris samganzomilebiani), dammaxsovrebeli da damamuSavebeli 
sistemebi; arawrfivi optikuri masalebi; molekuluri kompiuterebi; optikuri 
simkvrivis regulirebadi filtrebi; optikuri gadamrTvelebi; sxvadasxva 
tipis sensorebi; wamlis gadamtani nanokonteinerebi da sxva. SP-is daxuruli 
forma warmoadgens or orTogonalur qromofors (piranis da indolinis 
fragmentebiT), romelic STanTqavs UV speqtralur ubanSi, maSin rodesac 
fotoizomerizebuli gaxsnili MC forma Sedgeba erTiani gaWimuli SeuRle-
buli sistemisgan, romelic STanTqavs da gamoasxivebs speqtris xilul uban-
Si. mniSvnelovania spiropiranis UV dasxivebis Sedegad miRebuli MC formis 
STanTqmis speqtris maqsimumis mdebareoba, Sefervis intensivoba da gaufe-
rulebis procesis kinetika.  

spiropiranis speqtrul-kinetikuri Tvisebebis optimizacia Cvens mier 
tardeboda fotoqromul molekulaSi funqcionaluri jgufebis eleqtruli 
Tvisebebis da maTi poziciis varirebiT. xdeboda agreTve molekulis ConCxis 
cvlileba - indolinis birTvis azaindoliniT SecvliT miRebul iqna arse-
bul analogebTan SedarebiT ultraiisferi sxivebisadmi gazrdili foto-
mgrZnobiarobis naerTi [1]. ConCxis cvlilebam molekulis indolinur nawil-
Si damatebiTi fragmentis SeyvaniT fotomgrZnobiaroba gazarda xiluli 
sinaTlis mimarT [2].  

spiropiranis molekulebis amfifilur molekulebad modifikaciiT 
sistemam SeiZina micelebad TviTorganizebis unari da Sinagani energiis 
xarjze gaizarda misi fotomgrZnobiaroba. micelaruli struqtura abrko-
lebs spiropiranul formaSi relaqsacias, rac zrdis MC formis stabi-
lurobas [3].   

fotoqromuli spiropiranebis maxasiaTeblebis  Semdgomi gaumjobesebis 
mizniT mizanSewonilad CavTvaleT spiropiranis bazaze axali hibriduli 
bifunqciuri fotomgrZnobiare naerTebis sinTezi. sinTezirebuli da Seswav-
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lilia sxvadasxva spiropiranis bazaze miRebuli  fotoqromuli hibriduli 
naerTebi [4-6]. Seferili formis arastabilurobis gamo, fotoqromul 
gardaqmnebze dakvirveba ZiriTadad xdeba femtosekunduri teqnologiebiT an 
dabal temperaturebze. praqtikuli gamoyenebisTvis fotoqromul spiro-
piranebs, maRal fotomgrZnobirobasa da oTaxis temperaturaze Seferili 
formis stabilurobasTan erTad, sasurvelia STanTqmis maqsimumi qondes 
iaffasiani dioduri lazeris gamosxivebis ubanSi (780nm). SeuRlebuli 
qromoforebis Teoriis Tanaxmad, fotoqromul molekulaSi meore foto-
qromuli centris SeyvaniT, STanTqmis zolis batoqromul wanacvlebasTan 
erTad, umjobesdeba speqtraluri maxasiaTeblebic (magaliTad, eqstinqciis 
koeficienti).  

yovelive zemoaRniSnulis gaTvaliswinebiT ori fotoqromuli naerTis 
_ SP da AZ  bazaze Cvens mier sinTezirebuli iqna hibriduli molekula SPAZ. 
ori fotoqromis SP da AZ gaerTianebiT erT molekulaSi, fotoinducirebuli 

formis SeuRlebis jaWvis sigrZe gaizrdeba, rac Sesabamisi STanTqmis zolis 
grZeltalRovan gadanacvlebas gamoiwvevs. Cvens mier sinTezirebuli 
hibriduli molekula Sedgeba ori fotoqromuli fragmentisagan _ spiro-
piranisa da azobenzolisagan saziaro benzolis birTviT.  
 

 
  
1. R1=C4H9; R2=R5=NO2; R3=R4=H 

2. R1=CH3; R2=OCH3; R3=H; R4=R5=NO2 

3. R1=CH3; R2=H; R3=OH; R4=R5=NO2 

 
sqema 2 

                               
UV sinaTliT zemoqmedebiT xdeba C-O kavSiris gawyveta, molekula gada-

dis koplanarul mdgomareobaSi, warmoiqmneba grZeli koniugirebuli jaWvi.   
amgvarad, mosalodnelia, rom hibridulma molekulam aqtiuri sinaTlis 

zemoqmedebiT Seasrulos ori funqcia: Sigamolekuluri C-O kavSiris gawyveta 
spiropiranul nawilSi da geometriuli cvlilebebi _ trans-cis izomeriza-
cia azobenzolur nawilSi. hibriduli molekulis bifunqciuroba warmoqmnis 
or fotoproduqts. UV sinaTlis zemoqmedebiT warmoqmnili koniugirebuli 
jaWvis sigrZe azobenzolis fragmentis arsebobis gamo dagrZeldeba da 
Sesabamisi STanTqmis zolis talRis sigrZe batoqromulad wainacvlebs. 
oTaxis temperaturaze fotoqromuli gardaqmnebis dakvirveba SesaZlebelia 
C-O kavSiris SesustebiT. es miiRweva hibridul molekulaSi Camnacvleblis 
eleqtruli Tvisebebisa da maTi poziciis varirebiT (sqema 2). aRmoCnda, rom 
miRebul naerTebs Soris sasurveli Tvisebebi gamoavlina naerTma 1 (sqema 2). 
rogorc sqemidan Cans, eleqtroaqceptoruli jgufebi Canacvlebulia spiro-
piranis qromenul (8) da azobenzolis (4) mdgomareobaSi. eleqtroaqcepto-
ruli jgufebis aseTi ganlageba asustebs C-O kavSirs da polarul gamxsne-
lebSi naerTis Termuli wonasworoba nawilobriv gadaxrilia Seferili 
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formisken. sibneleSi dayovnebuli nimuSebi sustad Seferilia.  UV sinaTlis 
zemoqmedebiT feri TandaTan Rrmavdeba da aRwevs fotowonasworobas. 
sibneleSi Termodinamikuri wonasworoba aRdgeba. xiluli sinaTlis zemo-
qmedebiT nimuSi srulad uferuldeba. procesze dakvirveba xorcieldeba 
oTaxis temperaturaze.  

praqtikuli gamoyenebisTvis hibriduli naerTi 1 integrirebuli iyo 
polarul polimerTan - polimeTilmetakrilatTan. SeviswavleT nimuSis 
speqtraluri Tvisebebi, romelic asaxulia naxazze. mokletalRovani 
STanTqmis zoli Seesabameba azobenzonzols, xolo grZeltalRovani - 
spiropiranis fotoinducirebul formas. 

 

 
 

polimerSi integrirebuli naerTi 1-is STanTqmis speqtrebi.  
1 - Termodinamikuri wonasworoba; 2 - UV sinaTliT dasxivebis Semdeg; 3,4 - sibneleSi 

mimdinare relaqsaciuri procesi; 5 - xiluli sinaTliT dasxivebis Semdeg. 
 
rogorc naxazidan Cans, hibriduli naerTis fotoinducirebuli formis 

STanTqmis speqtrebi modeluri naerTebis (SP da AZ ) STanTqmis zolebTan 
SedarebiT [7] batoqromuladaa wanacvlebuli, rac gamowveuli unda iyos 
molekulis Ria formis grZeli koniugirebuli jaWvis warmoqmniT. sibneleSi 
damyarebuli Termodinamikuri wonasworobis Sesabamisi STanTqmis speqtridan 
Cans, rom nimuSi sustad Seferilia. UV sinaTliT dasxivebiT miRebuli 
fotowonasworoba gamosaxulia speqtrze 2. sibneleSi mimdinare relaqsaciur 
procesebs asaxavs speqtri 3 da 4. relaqsaciis procesi grZeldeba Termo-
dinamikur wonasworobamde (1). nimuSis sruli gauferuleba xdeboda xiluli 
sinaTlis iseTi ubniT zemoqmedebiT, romelic aqtiuria mxolod spiro-
piranuli nawilisTvis, romlis Sedegadac unda Secvliliyo mxolod 
grZeltalRovani STanTqmis zoli. rogorc naxazidan Cans, xilulma sinaTlem 
imoqmeda mokletalRovan STanTqmis zolzec.  

amrigad, speqtraluri monacemebis safuZvelze vaskvniT, rom sinTezi-
rebul hibridul naerTebs gasxivebamde  aqvT spiropiranisa da azobenzolis 

1 

2 

3 

4 

5 
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damaxasiaTebeli STanTqmis zolebi, xolo gasxivebis Semdeg hibriduli 
molekulaSi warmoiqmneba koniugirebuli grZeli jaWvi. 
 
samuSao Sesrulebulia SoTa rusTavelis erovnuli samecniero fondis sagranto 
proeqtis  FR/395/6 – 420/13 dafinansebiT. 
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SUMMARY 

PHOTOSENSITIVE HYBRID  COMPOUNDS  

 Maisuradze J.P., Devadze L.V., Akhobadze Sh.A., Zurabishvili Ts.I. and Sepashvili N.O. 

V. Chavchanidze Institute of Cybernetics of the Georgian Technical University 
A novel hybrid bifunctional photochromic compound (SPAZ) was synthesized from spiropyran (SP) and 

azobenzene (AZ) by coupling reaction and investigated. Photoconvertion of the hybrid compound incorporated 

in a polymer matrix took place at room temperature. Spectral data indicated complete intramolecular 

conjugation. 

Keywords: photochromism, spiropyran, azobenzene, hybrid molecule. 
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qalaqTmSeneblobiTi dokumentacia, rogorc memkvidreobis dacvis 

garanti 

 

quriZe S.f. 

 

saqarTvelos teqnikuri universiteti 

       
ori saxis siyvaruli ori saxis moqalaqeobas warmoSobs:  
uflisadmi siyvaruli ierusalimis (zeciuri qalaqis) 
moqalaqeebad gvaqcevs, ama soflisadmi siyvaruli ki 
babilonis moqalaqeebad  (codvili qalaqi). dae, hkiTxos 
yovelma CvenTaganma sakuTar Tavs: ra uyvars da mixvdeba, 
romeli qalaqis moqalaqea igi (netari avgustine „RvTis 
qalaqis Sesaxeb“). 

 
 

kulturuli memkvidreobis dacvisa da SenarCunebis problema karga 

xania gascda nacionaluri interesebis sazRvrebs da msoflio ganzomilebis 

problemad iqca. ama Tu im konvenciasa Tu qartiaze xelmomweri TiToeuli 

saxelmwifo pasuxismgebelia am saerTaSoriso samarTlebrivi aqtebis moTxov-

naTa Sesrulebaze. xelmowerili dokumentebis Tanaxmad, Sesabamis nacio-

nalur kanonmdeblobaSi Sedis Sesworebebi, xdeba memkvidreobis sistemis 

reformireba. amdenad, kulturuli da bunebrivi memkvidreobis sferoSi, karga 

xania mimdinareobs erTiani msoflio samarTlebrivi sivrcis formireba. 

evrokavSiris mier aRiarebul principebTan saqarTvelos kanonmdeblobis 

Sesabamisobis uzrunvelyofis mizniT, 1998 wlis 1 seqtembridan saqarTvelos 

parlamentis mier miRebuli yvela kanoni da sxva normatuli aqti unda 

Seesabamebodes evropis kavSiris mier dadgenil standartebsa da normebs.  

meTodologiuri TvalsazrisiT, aranakleb mniSvnelobas iZenda mcxeTis 

mastergegmis magaliTze iuneskos mier SemuSavebuli Tanamedrove midgomebis 

saqarTvelos kulturuli memkvidreobis dacvis praqtikaSi danergva - 

`mcxeTis istoriuli ansambli Seicavs yvela im ZiriTad elements, romelic 

SeiZleba gamoyenebul iqnes, rogorc prototipi saqarTvelos sxva isto-

riuli qalaqebis memkvidreobis dacvisa da aTvisebisaTvis~. 

mcxeTis bunebrivi landSafti, romelsac qmnis ori mdinare da fer-

dobebi warmoadgens „vizualur mTlianobas, romelic mniSvnelovan rols 

asrulebs qalaqis adgilmdebareobis Sefasebasa da misi Zeglebis aRqmaSi“.  

generaluri gegma asaxavs, kulturuli landSaftis koncefciis ganvi-

Tarebas istoriul qalaqSi da iZleva saSualebas moxdes misi saerTaSoriso 

mosazrebebisa da rekomendaciebis (evrointegraciis konteqstSi) gaTva-

liswineba kulturul landSaftebsa da aqcents integrirebul konser-

vaciasTan gazrdil damokidebulebaSi. 

qarTuli marTlmadidebeli samyarosaTvis mtkvrisa da aragvis xerTvisi 

yovelieris „naTliRebis adgili da qarTvelTa iordanea“. es adgili 

warmoadgens qarTlSi qristianobis saxelmwifo religiad gamocxadebisa da 

qarTuli eklesiis dafuZnebis udides sulier simbolos, sivrcis aTvisebis 

qristianuli modelis umniSvnelovanes sakralur adgils. warmarTuli da 

antikuri saqalaqo sivrcis axlebur, qristianul dagegmarebas Tavisi filo-

sofiuri msoflmxedvelobidan gamomdinare Sesabamisi ganviTareba da struq-
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turuli cvlilebebic mohyva (zeciuri qalaqis gageba), mogvianebiT pro-

fanuli da sakraluri sivrceebis gasamijnad mefe vaxtang gorgasalis mier 

administraciuli erTeuli TbilisSi gadadis, xolo sulieri centri 

mcxeTaSi rCeba, rogorc zeciuri qalaqis prototipi. unda aRiniSnos, rom 

imdroindeli „pilicentriuli meTodi“ sakmaod sicocxlis¬unariani gamodga. 

„saqarTvelos erTianobis simbolos da erTiani eklesiis“ funqcia saqarT-

velos mTeli istoriis manZilze, mravalgzis omianobis miuxedavad mcxeTam 

pirnaTlad Seasrula. pirveli Carevebi istoriul garemoSi komunistebis 

epoqas ukavSirdeba. am sakralur sivrceSi xuTi aTeuli wlis win SeWrilma 

sabWoTa samxedro bazam, xelTuqmneli garemos ganadgurebasTan erTad, 

dasabami daudo am sakraluri sivrcis rRvevas, romelic dRemde grZeldeba 

da am midamodan qristianuli marTlmadidebeli kulturis mcxeTis simbo-

loebis aRqmis SesaZlebloba, Seusabamo nagebobebis intensiurma SemoWram 

gawyvita da daaziana Warbteniani zonisa da msoflio memkvidreobis Zeglis 

aRqmis areali.  

urbanizaciis procesis mzardi da dinamiuri xasiaTi sagrZnob negatiur 

zegavlenas axdens istoriuli qalaqebis dacvaze. globalizaciis epoqaSi 

totaluri samSeneblo bumis progresirebadi zewolis pirobebSi, istoriuli 

qalaquri landSaftebis konservaciasTan amave dros urTulesi problemis 

mniSvnelobas iZens. istoriuli qalaquri landSaftis koncefcia Caisaxa, 

rogorc bolo ori aTeuli wlis manZilze SemuSavebuli midgomebis ana-

lizis, kritikuli Sefasebisa da axali gamowevebis gaTvaliswinebaze dafuZ-

nebuli xedva. istoriul qalaqebsa da maT unikalur garemoze Tanamedrove 

arqiteqturis negatiuri zemoqmedebis Tavidan acileba ZeglTa dacviTi 

saerTaSoriso organizaciebis gansakuTrebuli Zalisxmevis sagans warmoad-

gens. urbanuli ganviTarebis dRevandel etapze qalaqebis uZrav qonebasa da 

infrastruqturaSi Cadebuli investiciebi urbanuli garemos transfomaciis 

ZiriTad mastimulirebel Zaladaa gadaqceuli. istoriuli qalaquri land-

Saftis mkveTri negatiuri cvlilebebis ZiriTadi mizezi am Zalis aSkara 

calmxrivi komerciuli xasiaTia. istoriuli ganaSenianebis sivrciT-gegma-

rebiTi cvlilebebis procesSi sul ufro mniSvnelovan adgils ikavebs 

Tanamedrove arqiteqtura. cvlilebebis dinamiur xasiaTTan erTad, SeSfo-

Tebas iwvevs am arqiteqturis qalaqis kulturul da bunebriv arealebSi 

SeWris masStabebi. aSkarad ikveTeba istoriuli qalaquri landSaftebis 

ganadgurebisa da istoriuli qalaqebis fizikuri da vizualuri mTlianobis 

dakargvis safrTxe. aseT viTarebaSi, Tanamedrove ganaSenianebis istoriuli 

qalaquri landSaftis konteqstSi harmoniuli Caweris uzrunvelyofa – 

qalaqis memkvidreobis dacvis Teoriisa da praqtikis erT-erT principul 

sakiTxs warmoadgens. istoriuli qalaqebisaTvis Seusabamo msxvilmasStabiani 

samSeneblo aqtivobis pirobebSi, sul ufro mkveTrad ikveTeba ZeglTadacviTi 

saerTaSoriso organizaciebis protesti im urbanuli gadawyvetilebebis 

mimarT, romlebmac safrTxis winaSe daayenes evropis kulturuli faseu-

lobis mqone qalaqebi. dRes qalaqebi iseTi faqtorebis zewolas ganicdian, 

romlebic „istoriuli ansamblebis dacvisa da Tanamedrove rolis Sesaxeb“ 

iuneskos 1976 wlis rekomendaciis miRebis dros ar arsebobdnen. „istoriuli 

centrebis vizualuri gavlenis zonebSi Tanamedrove etapisaTvis damaxa-

siaTebeli giganturi masStabis Senoba-nagebobebisa da kompleqsebis proeq-

tebis lokalizebis msgavsi precedentebi dRemde ucnobia“ [1-7]. 
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Tanamedrove etapze kulturuli memkvidreobis cneba gacilebiT farTea, 

vidre 1972 wlis msoflio memkvidreobis konvenciaSia mocemuli. triadis - 

„Zegli“, „ansambli“ da „RirsSesaniSnavi adgilebi“ - ganmartebiT igulisxmeba. 

iuneskos generalurma konferenciam, Tavis 35-e sesiaze (16.10.2009w.) daadgina, 

rom qalaqis memkvidreobasTan dakavSirebuli moqmedi normatiuli aqtebi 

Sevsebuli unda yofiliyo istoriuli qalaquri landSaftebis Sesaxeb axali 

rekomendaciiT. 

bolo wlebis mniSvnelovan tendencias Seadgens landSafturi midgomis 

koncefciis aRiareba, rac asaxulia iuneskos mier miRebul rekomendaciaSi - 

„istoriuli qalaquri landSaftebis dacvis Sesaxeb~ (2011w...10.). aRniSnuli 

rekomendacia iTvaliswinebs Tanamedrove socialur-ekonomikuri gardaqmnebis 

Sedegad warmoqmnil gamowvevebs. scildeba ra istoriuli centris ansamb-

lebisa da maTi garemocvis Sesaxeb tradiciuli warmodgenebis sazRvrebs, 

istoriuli qalaquri landSaftis cneba, vrcel geografiul konteqstTan 

erTad, moicavs miwaTsargeblobis modelebsa da tenikuri infrastruqturis 

elementebs, sivrciTi organizaciis, vizualuri kavSirebisa da topografiis 

aspeqtebs. 

nebismieri qalaqis xelisuflebis interesi infrastruqturis, sacxovreb-

lisa Tu saofise obieqtebis investirebaSi didia, amasTanave savaraudoa am 

tendenciis xangrZlivi drois manZilze SenarCunebis albaToba. Seqmnl 

viTarebaSi sakvanZo mniSvnelobas iZens istoriul qalaqebSi modernizaciisa 

da investiciebis interesebis istoriuli qalaquri landSaftebis dacvis 

moTxovnebTan Sesabamisobis uzrunvelyofa. 

arsebuli saerTaSoriso xelSekrulebebi; istoriuli qalaqebis dacvis 

qartia; rekomendacia istoriuli ansamblebis dacvisa da Tanamedrove rolis 

Sesaxeb moicaven ganvlil 20-30 wlamde istoriul periods. isini yuradRebas 

amaxvileben mcire dasaxlebebze an qalaqebis calkeul nawilebze da ara 

zogadad istoriul qalaqebze farTo gagebiT. arcerTi zemoaRniSnuli do-

kumenti ar asaxavs im or sakvanZo problemas, romlebmac bolo wlebSi 

srulad ganapirobes Tanamedroveobis dRis wesrigi. es problemebia, upirve-

les yovlisa, mdgradi ganviTareba  da aramaterialuri kulturuli memkvid-

reoba. 

iuneskos mier dadgenili standatebis mixedviT, qalaqis istoriuli 

zonidan msxvilmasStabiani ganaSenianeba iseT manZilze unda iyos lokali-

zebuli, romelic uzrunvelyofs istoriuli centris vizualuri mTlianobis 

SenarCunebas. istoriul saqalaqo landSaftze orientirebuli midgoma 

garemos xarisxis SenarCunebasa da gaumjobesebazea mimarTuli. igi 

uzrunvelyofs qalaqis memkvidreobis dacvisa da socialur-ekonomiuri 

ganviTarebis miznebis integracias. igi efuZneba dabalansebul da mdgrad 

urTierTkavSirs, erTis mxriv, qalaqur da bunebriv garemos Soris, meores 

mxriv, dRevandeli da momavali Taobebis moTxovnilebasa da warsulis 

memkvidreobas Soris. eWvs ar iwvevs axali qalaqTmSeneblobiTi midgomis 

aucilebloba. man unda moicvas memkvidreobis materialuri da aramate-

rialuri aspeqtebi, CauRrmavdes ekologiur problemebs, daicvas saTayva-

nebeli adgilebi (Genius loci) da maTTan asocirebuli faseulobebi, qalaqis 

dangreuli da dakarguli adgilebis aRorZinebiT aRadginos socialuri da 

kulturuli siamaye. 

aseT SemTxvevaSi gveqneba grZelvadiani strategia, agreTve teritoriebis 

ganviTarebis detaluri gegmebi dadgenili periodis ganmavlobaSi. qalaqebs 
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aucileblad unda hqondes sakuTari marTvis instrumenti, raTa Tavi 

davizRvioT diqtatoruli Tu sxva msgavsi saxis gadaxrebisagan. 
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SUMMARY 

URBAN BUILDING DOCUMENTATION AS A GUARANTEE OF HERITAGE PROTECTION 

Kuridze Sh.F. 

Georgian Technical University 

The protection and preservation of cultural heritage goes for beyond the national interests, the problem has 

become  of a world dimension. Every country having signed the International Convention or Charter is 

responsible for implementation of these legal acts. According to these International Documents, relevant 

amendmends and alternations are to be made in national legislation. The heritage system is to be reformed. Thus, 

the formation of the global legal space in the field of cultural and natural heritage  began a long time ago. In 

order to comply with the principles of the European Union, all laws and other legal documents adopted by the 

Georgian Parliament since September 1, 1998, must conform to EU Standards and Norms. The countries having 

signed the Architectural Heritage Convention are responsible to adopt the integrated conservation policy 

according to which the preservation of architectural heritage in urban planning is an important task. Thus, urban 

planning must guarantee the preservation of cultural heritage. 

Keywords: urban building, cultural heritage, preservation, International Convention. 
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eqstrahirebis procesis kvleva sistemaSi „siTxe-siTxe“ 

 

berZeniSvili i.g., kamkamiZe k.n. 
 

saqarTvelos teqnikuri universiteti 
          

nivTierebis ganawilebis kvleva sistemaSi „siTxe-siTxe“ aqtualuria 
eqstrahirebis procesis Casatareblad [1-3].  

nernstis ganawilebis kanonis mixedviT, yovel mocemul temperaturaze 
or Txevad A da B fazas Soris  ganawilebuli mesame D komponentis koncent-
raciaTa fardoba mudmivi sididea:   

/D D

A BC C K  . 

K mudmivas ganawilebis koeficienti ewodeba. es gantoleba marTebulia 
im SemTxvevaSi, Tu gaxsnili nivTiereba arc disocirdeba da arc asocirdeba 
[1,2]. 

disociaciis an asociaciisas  mimarTaven gantolebis ufro zogad 
formas: 

  /
n

D D

A BC C K , 

sadac n mocemuli sistemis mudmivaa.      
Eeqsperimentis Sedegebis mixedviT qloroformsa da wyals Soris iodis 

ganawilebis koeficienti K=130. Tu iodis wyalxsnars davumatebT qloroforms 
da narevs SevanjRrevT, wonasworobis damyarebis Semdeg iodis koncentracia 
qloroformSi 130-jer meti iqneba, vidre wylis fenaSi (naxazi).  

 

 
 

iodis ganawileba qloroformsa da wyals Soris 

 

ganawilebis kanonis Tanaxmad, qloroformsa da wyalSi gaxsnili iodis 

wonasworul koncentraciaTa fardoba yovelTvis K = 130-is tolia da ar aris 
damokidebuli gaxsnili iodis saerTo raodenobaze.  

aqedan gamomdinare, TavisTavad cxadia, rom xsnarSi meore gamxsnelis 
damatebiT (romelic Seurevadia pirvelTan), miiRweva gaxsnili nivTierebis 
amoReba xsnaridan. iodi ufro kargad ixsneba qloroformSi, vidre wyalSi. 
amitom qloroformis damatebiT iodis mniSvnelovani nawili gamoiyofa 
wyalxsnaridan.  

am movlenas eqstrahireba (eqstraqcia) ewodeba, xolo gamxsnels, rom-
liTac eqstrahirebas atareben – eqstrahenti.  

amrigad, eqstrahirebis arsi Seurevel Txevad fazebs Soris komponen-
tebis ganawilebaSi mdgomareobs da Sesabamisad ganawilebis koeficienti 
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SeiZleba gamoviyenoT xsnaridan gamxsneliT nivTierebis eqstrahirebis pro-
cesis gasaangariSeblad, rasac qvemoT gTavazobT. aRsaniSnavia, rom eqstra-
hentad unda SeirCes iseTi gamxsneli, romelSic mocemuli nivTiereba ixsneba 
bevrad ufro advilad. 

ganawilebis kanonis Tanaxmad, nivTierebis raodenoba, romelic pirveli 
eqstrahirebis Semdeg  rCeba sawyis narevSi  gamoiTvleba formuliT: 

)/( 2110 vKvKvgg 
 

narevidan gamxsneliT mravaljeradi eqstrahirebis dros gamoyofili 
nivTierebis raodenoba Seadgens:   

                      nggg  0    an    

})]/([1{ 2110

nvKvKvgg   , 

sadac go – gamosayofi nivTierebis sawyisi raodenoba; v1 – sawyisi xsnaris mo-
culoba; v2 – ToToeuli eqstrahirebisaTvis gamoyenebuli gamxsnelis mocu-
loba; n – Catarebul eqstraqciaTa ricxvi; K – eqstrahirebuli nivTierebis 
ganawilebis koeficienti. 

amrigad, eqstrahirebis efeqtianoba sistemaSi „siTxe-siTxe“ damokide-
bulia or erTmaneTSi uxsnad gamxsnelSi nivTierebis ganawilebaze. ase, maga-

liTad, 291 K-ze eTersa da wyals Soris buTanis mJavas K = 3,5 da wylis fazi-
dan misi sruli eqstrahireba SeuZlebelia.  

eqstraqciis procesis gamokvlevebis Sedegebis safuZvelze SeiZleba 
iTqvas, rom  eqstrahentis ekonomiis mizniT (organuli gamxsnelis siZviris 
gamo), mizanSewonilia eqstraqciis Catareba mcire moculobis eqstrahentiT, 
magram damuSavebis procesis mravaljer gameorebiT. mravalsafexuriani eqst-
raqcia organul da wylis fazebs Soris wonasworobis mravaljer damya-
rebisas mimdinareobs. 

eqstrahirebisaTvis gamoyenebuli gamxsneli unda xasiaTdebodes rege-
nerirebis unariT, qimiuri inertulobiT da sawyisi gamxsnelisagan gansxva-
vebuli simkvriviTa da dabali siblantiT. 

eqstraqcia farTod gamoiyeneba laboratoriul praqtikaSi, qimiur 
mrewvelobaSi, sufTa farmacevtuli preparatebis, Zvirfasi liTonebis miRe-
bisas, Saqrisa da cximebis warmoebisas da a. S. 
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SUMMARY 

INVESTIGATION OF THE PROCESS OF EXTRACTION IN THE LIQUID-LIQUID SYSTEM 

Berdzenishvili I.G. and Kamkamidze K.N. 

Georgian Technical University 

The experimental data on the distribution of iodine between two liquid phases are presented. It is shown that, the 

more the distribution coefficient differs from 1 in favor of the solvent added, the more efficient is the extraction. 

The calculation of the extraction process  in the liquid-liquid system is described. 

Keywords: distribution law, extraction, liquid, solvent. 
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spirtebis eleqtrofiluri mierTeba meTilenciklobutanTan da 

1-meTilciklobutenTan katalizatoris H2SO4-is Tanaobisas 

 
eremeiSvili m.g. 

 
akaki wereTlis saxelmwifo universiteti, quTaisi 

 
meTilenciklobutanis da meTilis spirtis urTierTqmedebisas, pala-

diumis qloridis da qlorwyalbadis Tanaobisas, Sesabamisi eTeris efeqtu-
roba SeimCneva ≥200°C temperaturis dros. aseTi pirobebi araxelsayrelia 
mocemuli naxSirwyalbadebisaTvis.  

Cvens mier, Seswavlil iqna spirtebis mierTeba meTilenciklobutanTan 
da 1-meTilenciklobutenTan. 80%-iani H2SO4-is Tanaobisas [1-4].  

cdebi Catarebul iqna Termostatul reaqtorSi 37°C temperaturaze. 
miRebuli gardaqmnili produqti gamoyofil iqna reqtifikaciiT da maTi 
aRnagoba dadgenil iqna ПМР, ЯМР, Масс da ИК speqtriT.  
 

 
 

1-meTil1-meToqsiciklobutanis  ПМР-speqtri 

 

 
reaqciis msvlelobis dros SenarCunebul iqna oTxwevriani birTvi da 

warmoiqmna 1-meTil 1-alkoqsi eTeri. 
 

CH2

ROH+
(H2SO4)

35 °C

ORCH3

 
CH2

CH3OH+
(H2SO4)

35 °C

CH3CH3

 
 
simetriuli eTeris misaRebad Catarda ori oTxwevriani birTvis hid-

ratacia meTilenciklobutanTan. xolo Semdeg moxda warmoqmnili 1-meTil                 
1-hidroqsiciklobutanis sxva molekulaze. 
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1-meTil 1-hidroqsiciklobutani 80%-ani H2SO4-is Tanaobisas. 35°C-ze 
dehidrataciiT warmoqmnis narevs meTilenciklobutanis da 1-meTilciklo-
butenisas Tanabari raodenobiT (1:1) saerTo gamosavali 31%. 

 
CH2

H2O+
(H2SO4)

35 °C

OHCH3

 

+
(H2SO4)

35 °C

OHCH3
CH2 CH3OCH3

 

OHCH3
(H2SO4)

H2O, 35 °C

CH2 CH3

+
 

 
1-meTil 1-hidroqsiciklobutanis 85%-ani H3PO4-Tan gaxurebiT warmoiqmna 

ara identificirebuli oligomerebis narevi. 

amrigad, Cvens mier sinTezirebuli nivTierebebi katalizator H2SO4-is 
Tanaobisas 350

C temperaturaze gamoirCeva aqtiurobiT da miiReba Sesabamisi 
aduqtebi. 
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SUMMARY 

ELECTROPHILIC ADDITION OF METHYLENECYCLOBUTANE AND  

1-METHYLENECYCLOBUTENE TO ALCOHOLS USING H2SO4 AS A CATALYST 

Eremeishvili M.G. 

Akaki Tsereteli State University, Kutaisi 

The electrophilic addition of methylenecyclobutane and 1-methylenecyclobutene using H2SO4 as a catalyst 

produces an ethers. The reaction of 1-methylcyclobutane with alcohols yieids 1-methyl 1-methoxy cyclobutane. 

Keywords: electrophilic addition, alcohol, catalyst, ether. 
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СИНТЕЗ И БИОЛОГИЧЕСКАЯ АКТИВНОСТЬ  

ПРОИЗВОДНЫХ 2-ДЕЗОКСИСАХАРОВ 

 

Гахокидзе Р.А., Сидамонидзе Н.Н., Вардиашвили Р.О., Ломтатидзе З.Ш.,  

Коиава Н.А.   

 

Тбилисский государственный университет им. Ив.Джавахишвили 

 Тбилисский государственный медицинский университет 

 

 

Среди различных биологически активных вешеств дезоксисахара занимают важное место. 

Они и их производные являются объектами интенсивных биологических исследований, 

связанных с изучением механизма ферментативных реакций, некоторых аспектов иммунно-

химических проблем, ряда вопросов физиологии растений, биохимии микроорганизмов и т.д. В 

связи с этим разработка новых практических методов синтеза дезоксисахаров, исследование их 

биологических свойств представлается одной из важнейших задач биоорганичесекой химии. 

Изыскания в этом направлении могут привести к созданию новых физиологически активных 

препаратов. 

С целью настоящей работы является синтез и исследование  бактериоцидного действия 

производных дезоксисахаров,  для продолжения исследовании окислительно-восстановитель-

ной  перегруппировки углеводов и их производных [1-3]. Молекулярной перегруппировкой   

3,5-O-бензилиден-D-ксилозы (I), 3,4-O-изопропилиден-L-арабинозы (VI) и 1-хлор-3,4,6-три-O-

ацетил-β-D-глюкозы (XI) под действием гидроксида свинца в инертной среде при постепенном 

повышении температуры синтезированы: кальциевая соль и 1,4-лактон 2-дезокси-D-

ксилоновой кислоты (IV-V), кальциевая соль и 1,4-лактон 2-дезокси-L-рибоновой кислоты   

(IX-X) и кальциевая соль и 1,4-лактон 2-дезокси-D-глюконовой кислоты (XIV-XV). 
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Строение полученных соединений было подтверждено данными элементного анализа, ИК- 

и  ЯМР 
13

C спектроскопии. 
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Данные ЯМР 
13

C спектров соединений IV,V,IX и XIV приведены в таб. 1. 

 
                        Таблица 1. Спектры ЯМР 

13
C соединений IV,V,IX и XIII 

 

 

 

 

   

 

 

Исследована биологическая активность полученных веществ IV,V,IX и XIII в отношении 

некоторых актиномицетов: Streptomyces allbogriseolus sub. sp. Aragviensis, Actinomyces grisens, 

Elitrosperangium brasiliense. Результаты исследования приведены в таб. 2. 

Опыты показали, что вышеуказанные вещества стимулируют рост Streptomyces 

allbogriseolus sub. sp. Aragviensis, что дает основание предположить перспективность 

использования данных веществ при культивации в целях стимуляции роста актиномицетов – 

продуцентов физиологически активных соединений. 

 

 
Таблица 2.   Биологическая активность соединений IV,V,IX и XV  в отношени актиномицетов 

 

 

Микроорганизмы 

 

 Соединение 

IV V IX XIII 

Концентрация г/л 

0,001 0,01 0,1 0,001 0,01 0,1 0,001 0,01 0,1 0,001 0,01 0,1 

Величила зон култивации в мм ,  (контроль-0,0) 

Streptomyces 

allbogriseolus sub. 

sp. Aragviensis 

 

 

0,5 

 

2,5 3,5 1,0 2,0 4,0 1,0 3,0 6,0 4,0 4,5 6,5 

Actinomyces 

grisens 

 

0 0,5 1,5 0,5 1,0 1,0 1,0 1,2 1,3 0,5 1,4 1,8 

Elitrosperangium 

brasiliense 

 

0 1,0 1,0 0 0,5 0,5 1,0 1,0 1,5 0,5 1,0 1,0 

 

 

 

Экспериментальная часть 

 

Оптическое вращение определено на универсальном сахариметре  СУ-3. Спектры  ЯМР 
13

C 

снимали на спектрометре Bruker WM-250 (62,89 МГц) в D2O. ИК-спектры получены на 

спектрометре  UR-20 в таблетках с KBr. Чистоту полученных соединений и значения R 

определяли на Silufol UV-254. Хроматографию на бумаге Ватман-1 проводили исходящим 

методом. 

3,5-O-бензилиден-D-ксилоза (I). []
18

D +34,4
о 

(c 1,15, EtOH) [2]. 

3,4-O-изопропилиден-L-арабиноза (VI).  Т.пл. 77-78
о

, []
20

D +124
о

 (c 0,54, H2O). (по лит. 

данным [3]: []
20

D +128
о

 (H2O) , т.пл. 80
о
). 

1-Хлор-3,4,6-три-O-ацетил-β-D-глюкозы (X). Т.пл. 155-156
о
, []

20

D +16.3 (c 0,32, CHCl3) [4]. 

2-Дезокси-D-ксилоновая кислота (III).  К 2,61 г (0,011 моль) вещества I добавляли 40 мл 

H2O и 3,1 г (0,0013 моль) свежеосажденного Pb(OH)2. Реакцию проводили в атмосфере азота 

Соединение C 1 C 2 C 3 C 4 C 5 C 6 

IV 168 41,5 70,8 76,8 66,2  

V 172,1 41,4 70,9 89,8 63,7  

IX 170,1 40,1 71,8 76,5 65,8  

       XIV 172,1 38,1 75,0 74,5 73,0 64,2 
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при постоянном перемешивании 3 ч – при 25 
о

С, 4 ч – при 75 
о

С и 4 ч – при 95 
о

С. Желтый 

раствор отделяли от осадка, промывали водой, эфиром, обесцвечивали активированным углем 

и после фильтрации раствор упаривали в вакууме (20 мм 50-60
 о

С). Редуцируюшие вещества  

экстрагировали органическими растворителями (ацетон, хлороформ), оставшуюся массу 

растворяли в 50 мл воды и свинец из реакционной смеси осаждали сероводородом, после 

фильтрации упаривали в вакууме при возможно низкой температуре до удаления запаха 

сероводорода. Полученный сироп растворяли в воде и раствор пропускали через колонку с 

анионитом AB-17(OH
-
),  кислоту вытесненяли пропусканием 3%-ного раствора NaOH через 

колонку с отмытой смолой. Для получения свободной кислоты фильтрат нагревали 2 ч с 

катионитом КУ-2(H
+

)  при температуре 50 
о
С, после фильтрования упаривали в вакууме. 

Получали хроматографически кислоту (III) c выходом 0,962 г (58,82%). R 0,39 (система 

бутанол-пиридин-вода 3:2:1,5). Найдено,  %: C  39,74,  H 7.12.  C
5
H

10
O

5
.  Вычислено, %:  C 40,0,  

H 6,66.  ИК-спектр  

см
-1

: 2800-3600 (OH), 1725 (C=O), 1020, 1040 (C-O-C). 

Кальциевая соль 2-дезокси-D-ксилоновой кислоты (IV).  0,68 (0,002 моль)  кислоты (III)  

растворяли в 30 мл воды и нагревали 6 часов с углекислым кальцием на кипящей водяной бане. 

После фильтрации раствор обесцвечивали активированным углем, упаривали в вакууме, 

кальциевую соль (IV) осаждали 96%-ным этанолом (при добавлении 50 и 80%-ого спирта, 

кристаллы не выделяются). Перекристаллизовывали из воды. Выход 0,46 г (61%). []
18

D +9
о 

(c 

0,32, H
2
O).  Найдено, %: Ca 11.64 (комплексонометрия). C

5
H

9
O

5
Ca

1/2. Вычислено,%: Ca 11.83. 

1.4-Лактон 2-дезокси-D-ксилоновой кислоты (V). При нагревании 0.4 г (0.0026 моль) 

кислоты (III) в вакуум-термостате до 90
 о

С в течение 2 ч, получен 1,4-лактон (V) с выходом 

0,27 г (81,2%). Т.пл. 133-133,5
 о

С, R 0,78 (система бутанол-этанол-уксусная кислота-вода 

45:1:1:49), []
18

D +18,4
о 

(c 0,36, H2O). Найдено, %: C 39,74, H 7,12. C
5
H

8
O

4
. Вычислено,%: C 

45,45, H 6,06. ИК-спектр см
-1

: 3100-3400 (OH), 1725 (C=O), 1020, 1070 (C-O-C). 

Аналогичным путем были синтезированы: 

2-Дезокси-L-рибоновая кислота (VIII).  Выход 59.2%. Т.пл.°C (сироп),   [α]
20

D 
+4,2° (с 

0,72, H2O), R 0,41 система бутанол-пиридин-вода 10:10:3.  

Кальциевая  соль  2-дезокси-L-рибоновой кислоты  (IX). Выход 77,4%, []
18

D + 9,2
о  

(с  0,53, H2O). Найдено,%: Ca 12.18 (комплексонометрия), C5H9O5Ca1/2. Вычислено,%: Ca 11,83. 

1,4-Лактон  2-дезокси-L-рибоновой кислоты (X).  Bыход 80,5%. Т.пл. 153-155
о
С,  

[]
18

D -10,8
о 

(c 0,5, H2O). Найдено, %: C 44,93, H 6,39. C
5
H

8
O

4
. Вычислено,%: C 45,45, H 6,06. 

ИК-спектр см
-1

: 3300-3400 (OH), 1730 (C=O), 1050, 1070 (C-O-C). 

     2-Дезокси-D-глюконовая кислота (XIII).  Выход 29.3%. Т.пл. 142-144°C, [α]
20

D 
+5,12° (с 

0,45, H2O), R 0,38 система бутанол-этанол-уксусная кислота-вода 45:1:1:49. 

Kальциевая  соль  2-дезокси-D-глюконовой  кислоты  (XIV).  Выход 80,5%.  

[]
18

D +8,48
о 

(с 0,50, H2O). Найдено,%: Ca 10,18 (комплексонометрия), C6H11O6Ca1/2. 

Вычислено,%: Ca 10,05. 

1,4-Лактон 2-дезокси-D-глюконовой кислоты (XV). Bыход 83,5%. [α]
22

D 
+74,49

 
(c 0,8, 

H2O). Найдено, %: C 44,26, H 6,01. C
6
H

10
O

5
. Вычислено,%: C 44,0, H 6,66. ИК-спектр  

см
-1

:  3200-3600 (OH), 1750 (C=O), 1025, 1020 1160 (C-O-C). 
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SUMMARY 

SYNTHESIS AND BIOLOGICAL ACTIVITY OF THE DERIVATIVES OF 2-DEOXYSUGARS 

Gakhokidze R.A.,  Sidamonidze N.N., Vardiashvili R.O., Lomtatidze Z.Sh. and  Koiava N.A. 

Iv. Javakhishvili Tbilisi State University 

Tbilisi State Medical University 

By molecular rearrangement of the derivatives of aldoses (xylose, arabinose and glucose), 1,4-lacton and 

calcium salts of 2-deoxy-D-xylonic acid, 2-deoxy-L-ribonic acid and 2-deoxy-D-gluconic acid were synthesized. 

Biological activity of synthesized products was tested. 

Keywords: molecular rearrangement, derivatives of deoxysugars, calcium salts of 2-deoxy-D-aldonic acids,  

biological activity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, №2, 2015  

 
77 

ГЕТЕРОЯДЕРНЫЕ ЦИТРАТЫ МИКРОЭЛЕМЕНТОВ В РАЦИОНАХ  

ЦЫПЛЯТ-БРОЙЛЕРОВ 

 

Бешкенадзе И.А., Жоржолиани Н.Б., Чагелишвили А.А., Уротадзе С.Л., Гогаладзе М.А., 

Бегелури Г.Т., Кларджеишвили Н.А. 

 

Тбилисский Государственный Университет им. И. Джавахишвили, Институт   

физической и органической химии П.Меликишвили 

  

 

На сегодняшний день одной из важнейших проблем является создание экологически 

безопасной продукции с высококачественными и количественными показателями, что является 

обязательным условием для здоровья человека. 

В решении этой проблемы существенную роль играет оптимальное и соразмерное 

обеспечение живых организмов микроэлементами [1-7]. Этого можно достичь  созданием пре-

миксов нового поколения на основе хелатных соединений, содержащих незаменяемые микро-

элементы с применением их в экспериментах на животных и птицах [8-13].   

Несмотря на очевидную теоретическую и практическую обоснованность их 

применения,  разработка новых хелатных соединений с кислотами, участвующими в процессах 

метаболизма, в частности с лимонной кислотой, а также определение эффективности хелатных 

соединений в кормлении по-прежнему актуальна. 

Цель настоящей работы - изучение влияния гетероядерних цитратов микроэлементов  

на рост, развитие, сохранность, статус крови цыплят-бройлеров и стимуляцию продуктивности 

птицы. 

Продолжая исследования в направлении синтеза и изучения биологической активности 

соединений хелатного типа [14-20], были  получены гетероядерные хелатные цитраты  с общей 

формулой: M
1
2M

11
L2 nH2O (гдеM

1
=Zn,Co,Fe,Mn,Cu, M

11 
= Mn,Zn,Co,Cu;  n=O÷4, L –цитрат-ион 

и изучены их ряды с физико-химическими методами [10]. 

С целью изучения  эффективности смеси микроэлементов, которые были включены в 

0,5% премиксы, приготовленные на основе синтезированых хелатных соединений для  

кормления цыплят-бройлеров, были проведены предварительные и основные опыты. 

В предварительном опыте в период выращивания нами были изучены следуюшие 

показатели: 

1. Динамика живой массы в возрасте  7, 21, 28 и 35 дней, при индивидуальном взвешивании 

птиц. 

2. Сохранность цыплят-бройлеров в период выращивания. 

3. Затраты корма в период выращивания  на 1 гол. 

4. Затраты корма в период выращивания на 1 кг. привеса. 

5. Среднесуточный и абсолютный прирост живой массы в период выращивания. 

Результаты представленны в таб.1. 

Из данных таблицы видно, что как в 7-  так и в 14-дневном возрасте по живой массе 

между опытной и контрольной группой достоверной разницы не отмеченно. Но все-таки птицы 

опытных групп по живой массе в указанных возрастах на 2,5-3,0% были тяжелее, чем птицы 

контрольной группы. 

В 21-дневном возрасте бройлеры второй опытной группы по живой массе достоверно  

(Р≥0,05) превосходили птицу контрольной группы (3,5%), а в 35-дневном возрасте разница по 

живой массе бройлеров опытной и контрольной групп составила 2,0-2,5%, (разница не 

достоверна). 
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          Таблица 1. Основные зоотехнические показатели  

 

Показатели 
Единица 

измерения 

Группы 

1 2 3 

Количество птиц в группе Гол. 20 20 20 

Живая масса в возрасте, 

в днях суточный 
г 40,5 40,5 40,5 

7 г 128,3 186,7 177,6 

14 г 505,0 508,0 490,0 

21 г 807,4 817,0 789,0 

35 г 1730 1720 1690 

Абсолютный прирост г 1689,5 1679,5 1649,5 

Средне суточный прирост г 48,3 47,9 47,2 

Сохранность % 100 100 100 

Затраты корма на 1гол. кг 3,0 2,9 3,0 

Затраты корма на 1кг привеса кг 1,72 1,69 1,78 

 

 

За 35 дней выращивания среднесуточный прирост в опытных группах был на 1,5-2,5% 

выше контрольной. В предварительном опыте сохранность во всех трех группах была 100%. 

Это указывает на то, что у птиц были оптимальные условия содержания и кормления. 

Затраты корма на 1 голову в период выращивания составили 2,9-3,0 кг и были для всех 

групп одинаковыми. А на 1 гол. живой массы затраты корма во второй опытной группе 

составили 1,69кг и были на 5,3% меньше, чем в контрольной группе. Во второй опытной 

группе затраты корма на 1 кг живой массы были меньше (на 2,9%),  чем в контрольной. 

Таким образом, предварительный опыт показал, что включение в премиксы 

синтезированных хелатных соединений увеличивает живую массу бройлеров на 2-3% и 

снижает затраты  корма на 3-5%. 

После завершения предварительных опытов проведен основной опыт, в котором,  кроме 

основных зоотехнических показателей (таб. 2), изучены перевариваемость корма и морфоло-

гические показатели крови, проведена анатомическая разделка тушки.  
 

Таблица 2. Основные зоотехнические показатели 

 

Показатели 
Единица 

измерения 

Группы 

1 2 3 

Количество птиц в группе Гол. 20 20 20 

Динамика живой массы,   суточная г 39 39 39 

7 г 180,5 183,9 180,0 

14 г 495,6 503,2 489,0 

21 г 811,2 820,0 790,0 

35 г 1700,5 1745,3 1670,0 

Сохранность % 100 100 100 

Абсолютный прирост г 1661,5 1706,3 1641,0 

Средне суточный прирост г 47,5 48,8 46,6 

Затраты корма на 1гол. кг 3,0 3,0 3,1 

Затраты корма на 1кг живой массы кг 1,77 1,75 1,85 

Индекс эффективности - 336 349 316 

 

 Из данных таблицы видно, что как в 7- так и в 14-дневном возрасте между группами по 

живой массе достоверной разницы не отмечено. Но все-таки цыплята второй опытной группы 

на 2,8% превосходили цыплят контрольной группы. В конце выращивания цыплят-бройлеров 

опытной группы живая масса оказалась на 4,2% выше цыплят-бройлеров контрольных групп 

(p≥0/05) и на 2,6% выше цыплят-бройлеров первой опытной группы. Среднесуточный привес 

во второй опытной группе составил 48,8 г на 2,2 г (4,7%) выше  показателей контрольной 

группы. Затраты корма на 1 голову за период выращивания во всех трех группах были 
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фактически одинаковыми и составили 3,0-3,1кг. Что касается затрат корма на 1кг привеса, этот 

показатель во второй группе был самым низким -1,75, а самым высоким в контрольной группе -

1,85. 

 Индекс эффективности выращивания бройлеров самым высоким был во второй 

опытной группе и составил 349, тогда как этот показатель в контрольной группе был 316. 

 В балансовых опытах, проведенных на бройлерах в 35-дневном возрасте, определили  

усваиваемость азота и жира. Данные предcтавлены в таб. 3. 

 
Таблица 3. Перевариваемость питательных вешеств у циплят-бройлеров 

 

Показатели Единица 

измерения 

Группы 

1 2 3 

Усваивание азота % 43,2 43,6 42,9 

Перевариваемость протеина % 91,0 92,0 90,5 

Перевариваемость жира % 71,4 73,9 71,0 

 

Из данных таблиц видно, что усваивание азота во всех группах фактически одинаково и 

достаточно высоко - 42,9-43,6%. 

 Перевариваемость протеина тоже достаточно высокая и составила 90,5-92,0%. Но все- 

таки она была более высокой -92,0% во второй группе. 

 Перевариваемость жира еще более высокой -73,9% была во второй группе, что на 2,9% 

выше чем перевариваемость жира в контрольной группе. 

После завершения выращивания нами был проведен контрольный убой бройлеров. В то 

же время были изучены некоторые гематологические показатели,  представленные в таб. 4. 

 
           Таблица 4. Некоторые гематологические показатели 

 

 

 

  

 

 

 

 

 

Гемоглобин, который относится к сложным белковым вешествам – хромопротеидам, 

состоит из глобулинов и четырех молекул гем, которые в своем составе содержат железо. 

Количество гемоглобина является показателем интенсивности обмена вешеств в организме. Из 

данных таблиц выдно, что в 35-дневном возрасте в крови цыплят-бройлеров  гемоглобин 

составил 92-98 г/л. В опытных группах этот показатель оказался высоким - 98 г/л   

 Уровень эритроцитов в крови указывает на интенсивность обмена вешеств - чем выше 

уровень эритроцитов, тем выше интенсивность обмена вешеств в организме. Из данных таблиц 

видно, что количество эритроцитов в крови в опытных группах колебалось от 3,6∙10
12

 до 

3,8∙10
12

 и было на  0,6 - 0,8∙10
12

 выше (20-25%), чем в контрольной группе. Это указывает на то, 

что в опытных группах обмен вешеств более высок по сравнению с контрольной. 

 Функция лейкоцитов, в основном, определяется в защите организма и учавствует в 

восстановительных процессах. В 1л крови во всех трех группах количество лейкоцитов  

фактически был одинаковым и составило 26∙10
9 
- 27∙10

9
. 

Аналогично количество тромбоцитов и лимфоцитов в 1л крови во всех трех группах 

фактически было одинаковым и составило – 76-78%, 22 - 24%, соответствено. 

Таким образом, морфологические показатели крови указывают на то, что кровь 

насыщена кислородом и она обеспечивает более высокий уровень обмена вешеств и быстрый 

рост живой массы бройлеров. 

Показатели Единица измерения 
Группы 

1 2 3 

Гемоглобин г/л 98 98 92 

Эритроциты 10
12

/л 3,8 3,6 3,0 

Лейкоциты 10
9
/л 27 26 27 

Тромбоциты % 78 78 76 

Лимфоциты % 22 22 24 
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Во время контрольного убоя выход мяса составил в первой группе  – 69,85%, во второй 

–70,52% и в третьей – 69,2%. Выход грудного белого мяса в первой опытной группе был – 

24,3%, во второй – 23,8% и в контрольной – 23,08%. 

Изучая категории тушки, показанные в таб. 5, количество туш первой категории в 

контрольной группе было – 80,0% а во второй опытной группе – 85,0%. Количество тушек 

третьей котегории в первой и второй опытных группах было одинаковым и составило 5,0%, а в 

контрольной – 10,0%. 
 

               Таблица 5. Категории тушек цыплят-бройлеров 

 

 

 

 

 

 

 

Таким образом, проведенные эксперименты показали, что добавка в премиксы 

микроэлементов (Mn, Zn, Fe, Co, Cu) в хелатной форме - цитратами положительно влияла на 

рост и развитие цыплят-бройлеров, что обеспечило снижение затрат корма на продукцию, 

улучшило качество мяса. При этом сохранились физиологические показатели норм организма. 
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SUMMARY 

HETERONUCLEAR CITRATES OF MICROELEMENTS IN THE RATION OF  

BROILER-CHICKENS 

Beshkenadze I.A., Zhorzholiani N.B., Chagelishvili A.A., Urotadze S.L., Gogaladze M.A., Begheluri G.T. 

and Klarjeishvili N.A. 

P. Melikishvili Institute of Physical and Organic Chemistry, Iv. Javakhishvili Tbilisi State University 

Preliminary and main experiments were carried out to study the efficiency of microelement mixes added in 0.5% 

to premixes made on the base of synthetic chelate compounds for feeding broiler-chickens. In preliminary 

experiments, in the period of rearing we studied the following indices: dynamics of live mass at the age of 7, 21, 

28 and 35 days by weighing individually the chicken, preservation of broiler-chickens, consumption of fodder 

per chicken, consumption of fodder per kg weight gain, average 24-hour and absolute weight gain of live mass. 

Preliminary experiments showed that addition of chelate compounds to premixes contributed to the growth of 

live mass of broilers by 2-3% and to the decrease of fodder consumption by 3-5%. In the main experiment, 

alongside with the major zootechnical indices, we studied the digestion of fodder, protein and fat, the efficiency 

index of rearing of broilers. In balance experiments carried out on 35-day-old broilers, the assimilation of 

nitrogen and fat were also studied. Some haematologic indices were also studied. Morphological indices of blood 

pointed to the fact that blood was impregnated with oxygen and that it provided higher grade of metabolism and 

swift growth of live mass of broilers. When the rearing was completed, we carried out control butchering of 

broilers, performed and anatomical dressing of the carcass. The experimental data proved that the addition of 

microelements (Mn, Zn, Fe, Co, Cu) in  the form of chelate - citrate to the premixes had a positive effect  on the 

growth and development of broiler-chicken, provided a decrease in fodder consumption, improved the meat 

quality, with presserration of physiological characteristics of body norms. 

Keywords: citrates, chelates, biocoordination compounds, fodder, chicken, broiler. 
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Rvinis davargeba leqze 

 

daTukiSvili g.a., Wanturia i.g., xomasuriZe m.b., geliaSvili z.e. 
 

saqarTvelos teqnikuri universiteti 
 

enologiuri praqtikaSi cnobilia leqze davargebis da safuaris avto-

lizis saSualebiT gansxvavebuli produqciis damzadebis ori farTod 

gavrcelebuli meTodi. tradiciuli boTluri meTodiT cqriala Rvinis 

warmoeba da muxis kasrSi batonaJis meTodiT specifikuri organoleptikuri 

Tvisebebis matarebeli TeTri Rvinoebis warmoeba. orive meTodi saTaves iRebs 

safrangeTidan. 

tradiciuli meTodiT cqriala Rvinis warmoebisas meoradi fermentaciis 

Semdeg gaTvaliswinebulia Rvinis safuaris leqze davargeba. arsebuli 

kanonmdeblebiT Sampanuri leqze yovndeba aranakleb 15 Tve, xolo kavas leqze 

dayovnebis minimaluri periodi 9 Tvea. Rvinis leqTan kontaqti gansazRvravs 

momavali produqciis xarisxs. yvelaze mniSvnelovani biologiuri procesi, 

romelic leqze daZvelebisas mimdinareobs aris safuaris avtolizi – feno-

meni, romelic iwvevs safuaris ujredSida nearTebis RvinoSi gadasvlas.  

literaturaSi termini „avtolizi“ pirvelad gamoiyena salkovskim me-19 sauku-

nis bolos, rac niSnavs RvinoSi ujredovani komponentebis TviTdaSlas, 

romelic ujredis kvdomis Sedegad iwyeba. avtolizis fenomenis Seswavlisas 

ganixileba  mimdinare bioqimiur da mikrobiologiur procesebi.          

tradiciuli meTodiT damzadebul cqriala RvinoSi, alkoholuri 

duRilis dasrulebidan erTi Tvis Semdeg aminomJavebis Semcveloba 8,5%-iT 

izrdeba, xolo 4 wlis Semdeg ki 84%-iT. 

leqze xangrZlivad daZvelebisas cqriala RvinoSi inaqtivirebuli 

safuarebidan gadmosuli naerTebis monawileobiT warmoiqmneba laqtonebi da 

aqroladi fenolebi, romelic mniSvnelovan zegavlenas axdens Sampanuris 

gemovnur Tvisebebze da Sesabamisad Txilis, vegetatiuri da xilis tonebi 

yalibdeba. safuaris leqidan siTxeSi nivTierebaTa gadmosvla da maTi 

gardaqmna grZeldeba safuaris fermentuli destruqciis dasrulebamde. 

swored avtolizis procesi qmnis Sampanuris unikalur gemovnur Tvisebebs. 

Sampanurisa da cqriala Rvinis damaxasiTebeli aromatebia: 

• safuaris - axalgamomcxvari puri, biskviti (daZvelebuli Sampanuri); 

• cximovani - karaqi; 

• Txilis - kakali, mwvane Txili; 

• xilis - vaSli, mwvane banani, limoni, greifruti, mango, msxali, komSi, 

gargris Ciri, marakuias nesvi, TeTri xurtkmeli. 

• yvavilovani tonebi - TeTri vardi, Jasmini, akaciis yvavili, atmis yvavili, 

SroSani, gvirila, iasamani, cacxvis yvavili. 

• vegetatiuri - mwvane balaxi, Tiva, Cala, mwvane Cai, bza, muxudo. 

• tkbili tonebi - karameli, Tafli, TeTri Sokoladi, fiWvi. 

avtolizisas RvinoSi gadmosuli naerTebi mniSvnelovnad cvlis 

rogorc Rvinis qimiur Sedgenilobas, aseve mis sensorul Tvisebebsac. 

manoproteinebi, romlebic safuaris ujredis kedlis nawils qmnian, avto-

lizisas gamoiyofian da cqriala RvinoSi wagrZelebuli naxSiroJangis buS-

tukebis formirebaSi ZiriTad rols asruleben. cximovani mJavebi, miuxedavad 

maTi dabali koncentraciebisa, monawileoben eTerebis, aldehidebisa da keto-



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, №2, 2015  

 
83 

nebis formirebaSi. avtolizis Sedegad Rvino damatebiT mdidrdeba aminomJave-

biT, romlebic Semdgom aromatuli naerTebis prekursorebs warmoadgenen [1-3]. 

batonaJi. batonaJiT Rvinis warmoebis meTodi farTod gavrcelebulia 

safrangeTSi kerZod, burgundiaSi. alkoholuri duRilis dasrulebis Semd-

gom, safuaris avtoliziT, Rvino mdidrdeba polisaqaridebiT, aminomJavebiT, 

peptidebiT, cximovani mJavebiT da manoproteinebiT. safuaridan gadmosuli 

naerTebi zegavlenas axdenen Rvinis aromatze, kompoziciaze, sxeulze da 

Rvinis stabilurobaze. Sedegad yalibdeba gansxvavebuli stilis Rvino. 

batonaJis mizania Rvinos mianiWos meti sxeuli, gazardos aromatis kompleq-

suroba. leqis gasresiTa da siTxis dareviT miiRweva avtolizis procesis 

intensifikacia. inaqtivirebuli safuaris ujredidan gadmosuli polisa-

qaridebi Rvinos ,,simrgvale“-sa da gemos xangZlivobas aniWebs; zrdis gemos 

intensivobasa da narCeni gemos xangZlivobas. manoproteinebi uerTdeba anto-

cianebsa da taninebs, izrdeba feris intensivoba da klebulobs simwklarte. 

mkvdari safuaris ujredidan gadmosuli naerTebi xels uwyobs vaSl-rZemJava 

duRilis baqteriebis gamravlebas da vaSl-rZemJava duRilis ganviTarebas. 

safuaris ujredidan gadmosuli naerTebi icaven RvinoSi xilis aromatis 

mqone naerTebs daJangvisagan. proteolituri aqtivobis fermentebis moqme-

debiT proteinebi hidrolizdeba aminomJavebad da monopeptidebad. amino-

mJavebi da azotovani mJavebi xels uwyoben kompleqsuri aromatis Camoya-

libebas.  RvinoSi inaqtivirebuli safuaris arseboba xels uwyobs eTerebis 

warmoqmnas, gansakuTrebiT cximovan mJavaTa eTerebs da yalibdeba motkbo, 

saneleblebis, xilis aromati. batonaJis xangZlivobis da siTxis darevis  

periods irCevs mwarmoebeli, Tumca unda aRiniSnos rom batonaJiT damzade-

buli Rvinoebis organoleptikuri Tvisebebi mimsgavsebulia Sampanuris aro-

matTan da gemosTan, swored esaa batonaJis mizani - Rvinos SesZinon 

safuaris, biskvitis, xilis, cximovani da Txilovani tonebi. batonaJis war-

moebis sirTule da riski Rvinis oqsidaciaa. batonaJi iTvaliswinebs kasrSi 

leqiani Rvinis darevas sxvadasxva sixSiriT [4,5].  

leqis ,,gasresisas“ da Rvinis darevisas ganviTrebuli oqsidaciis 

xarjze warmoqmnili eTilacetati, acetaladehidi da izoamilacetati auare-

sebs momavali produqciis xarisxs. batonaJisas, aseve didia riski gogird-

wyalbaduri da merkapta¬nuli tonebis ganviTarebisa. ris Sedegac Rvino 

iZens laye kvercxis, dampali xaxvis, damwvari rezinisa da gazis suni [6].                       

enologiur praqtikaSi danergili meTodebis kombinaciiT da TiToeuli 

meTodis risk-faqtorebis dadebiTi da uaryofiTi mxareebis gaTvaliswinebiT 

Cvens mier daigegma eqsperimenti da Rvinomasalebis leqze davargeba ganxor-

cielda boTlebSi. 

kvlevis dawyebamde, Sesabamisi safuaris wminda kulturis SerCevis 

mizniT adgilwarmoSobis dasaxelebis kontrolirebadi Rvinis ,,winandalis“ 

masala - yurZnis tkbili fermentirebuli iqna sxvadasxva velur da 

komerciul kulturul safuarebze:  I.O.C B-2000;  Oenoferm Freddo; SINA Cryarome;  

LALVIN QA23. kvlevis Sedegebze dayrdnobiT, Rvinomasalebis fizikur-qimiuri 

parametrebis da organoleptikuri Sefasebis Sedegebis gaTvaliswinebiT, 

leqze davargebisaTvis SerCeuli iqna Oenoferm Freddo. am safuariT damzadebul 

nimuSs organoleptikuri Sefasebisas miniWebuli hqonda umaRlesi qula, aseve 

igi xasiaTdeboda aqroladi mJavebis warmoqmnis reducirebuli unariT da 

Zlieri cxovelqmedebiT. 
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kvleva ganxorcielebuli iqna sawarmoo pirobebSi, Sps korporacia 

,,qarTul RvinoSi“, raTa miRebuli Sedegebi gamosadegari da gamosayeneblad 

SesaZlebeli yofiliyo mwarmoebelTaTvis. 

`winandali“-s Rvinomasala alkoholuri duRilis dasrulebis Semdgom, 

vaSl-rZemJava duRilis gasagrZeleblad leqze datovebuli iqna cisternaSi, 

vaSl-rZemJava duRili dasrulda sami kviris Semdeg. Rvinomasala dekantire-

buli iqna leqidan, raTa igi ganTavisuflebuliyo narCeni naxSirorJangisgan. 

dekantaciisas sulfitirebuli iqna kaliumis metabisulfiti - 30mg SO2/l-ze. 

Rvinomasala gadatanil iqna 750 ml moculobis boTlebSi da leqi 

(Rvinis dekantaciis Semdgom cisternaSi darCenili leqi) daemata sxvadasxva 

raodenobiT: saerTo raodenobis 1%, 2% da 3%. TiToeuli nimuSi 20 boTlis 

odenobiT. leqis damatebis Semdgom, boTlebi daixura korpis sacobiT da 

SeinjRra leqis siTxeSi Tanabari gadanawilebisaTvis. Setanili leqis rao-

denoba da leqze davargebis periodi warmodgenilia cxr. 1-Si.  

 
 
cxrili 1. Rvinomasalebis leqze davargebis pirobebi 
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742,5 ml 1%- 7,5 ml 

12 kvira 3 kviraSi erTjer 10-12 0
C 

 24 kvira yovel 6 kviraSi erTjer 

36 kvira 9 kviraSi erTjer 

735 ml 2% -14,5 ml 

12 kvira 3 kviraSi erTjer 10-12 0
C 

 24 kvira yovel 6 kviraSi erTjer 

36 kvira 9 kviraSi erTjer 

727,5 ml 3%-22,5 ml 

12 kvira 3 kviraSi erTjer 10-12 0
C 

 24 kvira yovel 6 kviraSi erTjer 

36 kvira 9 kviraSi erTjer 

 

leqze davargeba ganxorcielda Sampanuris damzadebisas danergili 

praqtikis gamoyenebiT. boTlebi dawyobili iqna horizontalurad Rvinis sar-

dafSi 10-120
C. aseve Sampanuris teqnologiis Sesabamisad gadawyoba, SenjRreva 

ganxorcielda leqze davargebis gansazRvrul periodSi 4 jeradad. batonaJis 

msgavsi operaciis ganxorcielebisaTvis gadawyobisas xorcieldeboda boT-

lebis Zlieri SenjRreva, Tumca boTlebi ar ixsneboda da leqi meqanikurad 

ar ziandeboda. batonaJisas Rvinomasalebis davargebis periodad mwarmoeblis 

Sexedulebisamebr miCneulia leqze davargeba 3, 6 an 9 TviT. aRniSnuli 

praqtikis gaTvaliswinebiT Cvens mier SerCeuli iqna drois es periodebi. 

leqidan moxsna ganxorcielda 3, 6 da 9 Tvis Semdgom.  dekantaciamde Rvino-

masalebi moTavsda macivarSi 2,50
C, horizontalur mdgomareobaSi, 24 sT-is 

ganmavlobaSi da Semdgom  dekantirebul iqna leqidan. dekantaciis TiToeul 
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etapze Rvinomasalebs emateboda SO2-30 mg/l-ze, ifiltreboda laboratoriul 

pirobebSi da isev inaxeboda 10-120
C-ze eqsperimentis dasrulebamde. 

9 Tvis Semdeg, nimuSebi amotanili iqna sardafidan da dekantaciis da 

filtraciis Semdgom Rvinomasalebi sadegustaciod wardgenili iqna sawar-

mos TanamSromlebisaTvis, mowveuli sertificirebuli degustatorTaTvis  da 

teqnikuri universitetis Sesabamisi profilis profesorebisaTvis. Sefaseba 

ganxorcielda 5 baliani sistemiT. 

degustatorebi Rvinis xarisxis Sefasebis garda orientirebulni iyvnen 

SeefasebinaT leqis monawileobiT gamowveuli Rvinis  sakontrolo nimuSTan 

sxvaoba. aseve gansakuTrebuli yuradReba iyo gamaxvilebuli potenciur 

riskze - gogirdwyalbadis, merkapatnis da oqsidaciis (acetaldehidi, eTil-

acetati da izoamilacetati) maniSnebel tonebze.  degustaciis  Sejamebuli 

Sedegebi asaxulia cxr. 2-Si. 

 
 
cxrili 2. organoleptikuri Sefasebis Sedegebi 
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sakontrolo nimuSi - - 4 4 4 4 

1% 12 kvira - 4.5 4 4 4,16 

1% 24 kvira - 4,5 3,5 4 4 

1% 36 kvira - 4 3,5 3,5 3,66 

2% 12 kvira - 4,5 4 4 4,16 

2% 24 kvira - 4,5 3,5 3,5 3,83 

2% 36 kvira - 3,5 3,5 3 3,33 

3% 12 kvira - 5 5 4,5 4,83 

3% 24 kvira - 4,5 3,5 3,5 3,83 

3% 36 kvira - 3,5 3 3 3,16 

 

aRsaniSnavia, rom arcerT nimuSs ar axasiaTebda gogirdwyalbadis, 
merkaptanisa da oqsidaciis gamoxatuli niSnebi, rac boTlSi Rvinis davar-
gebis  dadebiT mxared unda CaiTvalos. 

organoleptikuri Sefasebis Semdeg nimuSebSi vazisa da Rvinis saerTaSo-

riso organizaciis mier dadgenili, validirebuli meTodebis Sesabamisad 

ganisazRvra Rvinis xarisxis maCvenebeli fizikur-qimiuri parametrebi (cxr. 3) [7]. 

fizikur-qimiur parametrebsa da organoleptikur Sefasebaze dayrd-

nobiT ,,winandali“-s Rvinomasalis boTlSi davargebis optimalur xangZli-

vobad miCneuli iqna sami Tve leqis 3 %-is odenobiT monawileobisas.  
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cxrili 3. Rvinomasalebis fizikur-qimiuri parametrebi 
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sakontrolo nimuSi  6,8 24 0,2 12,9 

1% 12 kvira 6,78 24 0,24 12,85 

1% 24 kvira 6,55 24,7 0,3 12,83 

1% 36 kvira 6,1 25,9 0,39 12,78 

2% 12 kvira 6,75 24,8 0,27 12,70 

2% 24 kvira 5,98 25,4 0,39 12,68 

2% 36 kvira 5,88 26,0 0,41 12,0 

3% 12 kvira 6,73 25,1 0,35 12,6 

3% 24 kvira 5,77 25,6 0,41 12,1 

3% 36 kvira 5,3 26,7 0,55 11,8 

 
 
organoleptikuri Sefasebis da fizikur-qimiuri parametrebis gansaz-

Rvris Semdgom [7], warmoebaSi danergili meTodikis Sesabamisad nimuSebi 
gamocdili iqna cilovani, Seqcevadi koloiduri, polisaqariduli simRvri-
visadmi midrekilebaze da oqsidazur kasze [8]. Sedegebi asaxulia cxr. 4. 

amrigad, Catarebuli eqsperimentis Sedegebze dayrdnobiT SeiZleba 

iTqvas, rom siTxeSi leqis monawileoba xels uwyobs Seqcevadi koloiduri 

simRvrivisadmi Rvinis mdgradobis uzrunvelyofas. amasTanave unda aRiniSnos, 

rom arcerTi nimuSi ar iyo midrekili oqsidazuri kasis mimarT da aseve ar 

aReniSneboda polisaqariduli simRvrive. Tumca, rogorc sakontrolo, ise 

saanalizo nimuSebs axasiaTebdaT cilovani simRvrisadmi midrekileba. leqi-

dan moxsnis Semdgom, ganvaxorcieleT Rvinis stabilizacia boTlSi. Rvino-

masalas daemata Sampanuris enologiis institutis mier warmoebuli tanini - 

TANIN TC (7g/hl Sesabamisad 52,5 mg/750 ml)  da 12 saaTis Semdeg bentoniti 

INOBENT DP (30g/hl 22,5 mg/750 ml). dozebi da preparatebi SeirCa Sampanuris  

warmoebisas tiraJSi monawile masalebis da maTi dozebis gaTvaliswinebiT. 

webodan moxsnis Semdgom, Rvinomasala ganmeorebiT Semowmda  cilovani 

simRvrivis mimarT. miRebuli Sedegis safuZvelze dadginda misi mdgradoba. 

Sesabamisad, ukeTesi iqneboda Tu zemoaRniSnuli masalebis damateba ganxor-

cieldeboda uSualod boTlSi leqisa da siTxis Casxmis etapze. leqidan 

moxsnili nimuSi dasvenebuli iqna sami kvira da moTavsebuli iqna macivarSi - 

50
C swrafad gaifiltra da daemata metavinis mJavas xsnari doziT 10 g/hl-ze. 

nimuSi Semowmda kristalur simRvrivisadmi mdgradobaze. Catarebuli teqno-

logiuri operaciis Sedegad RvinoSi miRweuli iqna mdgradoba kristaluri 

simRvrisadmi. kristaluri stabilizaciis uzrunvelsayofad sasurvelia le-
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qidan dekantaciis win Rvinomasalebi gacivdes -4, -50
C, gaifiltros sterilur 

filtrSi da Camosxmis win daematos metavinis mJava. 

 
 
cxrili 4. sakvlevi da sakontrolo nimuSebis midrekileba simRvriveebisadmi 

 
 
 

gazuri qromatografis saSualebiT ,,Sps Rvinis laboratoriaSi“ 

SerCeul nimuSSi da sakontrolo RvinomasalSi gansazRvruli iqna meTano-

lis, eTilacetatis izobuTilisa da izoamilis Semcveloba (cxr. 5). 

 
cxrili 5.  sakvlevi da leqze davargebuli Rvinomasalebis fizikur-qimiuri 

parametrebi 

 

Rvinomasala 

 
meTanoli, mg/l 

OIV-MA-AS312-03A 

eTilacetati, mg/l 

OIV-MA-AS315-02A 

izobutili, 

mg/l 

izoamili,

mg/l 

 

leqze  davargebuli 

Rvinomasala 
17,48 42,69 15,57 73,71 

kontroli 0 61,46 6,32 102,99 

 

miRebuli Sedegebis safuZvelze, SemuSavda winandlis Rvinomasalis 

leqze davargebis optimaluri Semdegi teqnologiuri operaciebi: 
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sakontrolo nimuSi ---------- + - + + 

1% 12 kvira + - + + 
1% 24 kvira + - - + 
1% 36 kvira + - - + 
2% 12 kvira + - - + 
2% 24 kvira + - - + 
2% 36 kvira + - - + 
3% 12 kvira + - - + 
3% 24 kvira + - - + 
3% 36 kvira + - - + 
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winandlis Rvinomasalis leqze davargebis optimaluri teqnologiuri 
operaciebi 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
zemoT Tqmulidan SeiZleba davaskvnaT, rom: 

- boTlebSi leqze davargebisas aRiniSneba dayvanili eqstraqtis zrdis, 
aqroladi mJavebis umniSvnelo matebis, titruli mJavebis da eTanolis 
Semcvelobis umniSvnelo klebis tendencia;  

- kulturul safuaris leqze, vaSl-rZemJavuri duRilis dasrulebis 
Semdgom, boTlSi Rvinis davargebisas ar iqmneba gogirdwyalbadis, merkap-
tanis ganviTarebis da Rvinis daJangvis  riski;  

- winandlis Rvinomasalis leqze davargebis optimaluri xangZlivoba 3 Tvea, 
xolo leqis raodenoba 3%. naklebi periodiT an naklebi leqis 
procentuli raodenobisas mcirea leqis avtoliziT warmoqmnili aromatis 
intensivoba da gemovnuri Tvisebebi, xolo 9 Tviani davargebisas ukve 
Rvinos axasiaTebs zedmetad gamoxatuli safuarisagan miRebuli tonebi, 
rac ukve Trgunavs jiSur aromats. 

- boTlebSi Rvinomasalis leqze davargebisas,  rodesac boTlSi Setanilia 
3% odenobis leqi samTviani davargebis Semdgom, aRiniSneba Semdegi 
tendenciebi: meTanolis Semcvelobis gazrda, eTalacetatis  da izoamilis 

yurZnis miReba, rqawiTelisa da mwvanes yurZnis jiSebis sepaJi 

 

klertis gacla, presireba, TviTnadeni da pirveli fraqciis kupaJi 

 

klertis gacla, presireba, TviTnadeni da pirveli fraqciis kupaJi 

 

siTxis rezervuarSi CatvirTvisas SO2-is 60 mg/l-ze da fermentuli 
preparatis damateba. tkbilis dawmenda 10-120

C,  12-24 sT-is ganmavlobaSi 

 

tkbilis dekantacia, 16-180
C-is pirobebSi safuvri dedos 

Setana, alkoholuri duRili 16--18 0
C -ze 

 

vaSrZemJava duRili, siTxis dekantacia leqidan, 20 mg/l-ze SO2-is damateba 

 

boTlebSi Camosxma, Rvinis moculobis 3%odenobiT leqis 
damateba, taninisa 7g/hl da bentonitis 30g/hl-ze Setana 

 

korpis sacobis damagreba, boTlebis moTavseba 10-120
C-ze 

horizontalur mdgomareobaSi. boTlebis gadawyoba, SenjRreva 
yovel samkviraSi erTxel. davargeba sami Tve. 

 

 

boTlebis gacieba -5 0
C -ze vertikalur mdgomareobaSi, siTxis 

dekantacia da filtracia, metavinis mJavis damateba 10g/hl-ze 
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spirtis masis koncentraciis Semcireba, xolo izobuTilis spirtis Semcve-
lobis mniSvnelovani gazrda; 

- leqze davargebisas sasurvelia Rvinomasalis mdgradobis uzrunvelyofis 
mizniT sasurvelia leqTan erTad taninisa da bentonitis xsnarebis Setana 
Rvinis mdgradobis uzrunvelyofis mizniT;  

- kristaluri simRvrivis mimarT mdgradobis uzrunvelsayofad leqidan 
moxsnamde Rvinomasalebi unda moTavsdes -50

C, gaifiltros da Camosxmis 
win daematos metavinis mJava. 
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SUMMARY 

WINE AGING ON LEE 

Datukishvili G.A., Chanturia I.G., Khomasuridze M.B. and Geliashvili Z.E. 

Georgian Technical University 

 The experiment was arranged by combination of the mentods applied in Champagne technology and production 

of white wine by batonnage. During designing of the experiment, the good and negative points of both methods 

were considered. Lee aging was carried out in bottles for 3, 6 and 9 months. After completion of malolactic 

fermentation, wine was poured in bottles and   different amounts of lee were added -1, 2, and 3%. Based on the 

results obtained by laboratory analyses and sensory evaluation, the optimal technological operations and 

conditions of aging of the wine on lee in bottles were worked out.  The experiment confirmed that, during aging 

the wine on lee in bottles at 10-12 ◦C  in accordance with the developed technological processes, there is no risk 

of either formation of hydrogen sulfide and merkaptan or the wine oxidation.  

Keywords: wine technology, aging on lee, Champagne technology, batonnage. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, №2, 2015  

 
90 

RED DESSERT WINE ENRICHED WITH PHENOLIC COMPOUNDS 

 

Kekelidze I.A., Ebelashvili N.V. and Japaridze M.Sh. 

 

Institute of Viticulture and Oenology, Agricultural University of Georgia 

 
Abstract. Numerous scientific investigations confirm that, among phenolic compounds of red wines, 

catechins, flavonols, phenolcarbonic acids and resveratrol are characterized by high antioxidant activity and  

sharply reduce the risk of numerous diseases. Nowadays an increasing demand for red wines on the world market is 

conditioned by their antioxidant effect. However, according to the antioxidant activity, those red wines are 

distinguished which are characterized by high content of phenolic compounds. Their concentration in wine depends 

on the location of vine growth, the grape cultivar and techniques of fermentative maceration. We have developed 

fermentative maceration technology for red dessert wine with the aim of its enrichment with phenolic compounds 

(our “know-how”). The purpose of this work is to investigate flavonoids and non-flavonoids of red dessert wines: 

control  - prepared by the existing technology and test - prepared by the technology we elaborated  – enriched with 

phenolic compounds. For the preparation of the research objects, local grape Saperavi was used. The objects of 

research were: 1. Test sample of red dessert wine prepared by our technology; 2. Control sample prepared by the 

existing technology. By the HPLC analysis we determined the amount of phenolic compounds using the apparatus 

Infinity 1200, USA with  UV-VIS detector. The separation of components was performed on the chromatographic 

column with reversed-phase sorbent Microsorb 100-S C18. The detection was performed at the wavelengths: 280 

nm; 360 nm; 310 nm. The results of the study showed that,  in comparison with the control  the test dessert wine 

sample had higher phenolic content: total quantity of catechins 2.9 times as much; flavonols – 4.9 times as much; 

phenolic acids – by 55.8 %; phenolic aldehydes by 14%.  

Keywords: flavonoids, non-flavonoids, red dessert wine. 

 

Introduction 

Numerous scientific studies have proven that, from the vast spectrum of biologically active 

substances of red grape varieties and red wines, phenolic compounds such as catechins, flavonols, 

flavons,  phenolcarbonic acids, anthocyanins and resveratrol are distinguished by high antioxidant 

activity. Phenolic compounds inhibit the development of free radicals, generated in a wide range in the 

human body, significantly reduce the risk of development of cardiovascular diseases, diabetes 2, 

various types of cancer and a variety of other diseases [1-7]. 
Numerous long-term studies held in 17 developed countries by the World Health Organization 

have shown that in France where  regular and moderate consumption of red wine is habitual, in spite 

of having a diet relatively rich in cholesterol and saturated fats, cardiovascular disease percentage is 

the lowest and the duration of life is the longest (known as the “French Paradox”). Nowadays it is 

unequivocally confirmed that the basis of the French paradox is phenolic compounds which are 

extracted from the grape skins and seeds during alcoholic fermentation. In addition, it is known that 

the red wine has a good effect only in case if not more than 300-400 ml of it is taken per day by men 

and twice less per day by women [8]. 

Phenolic compounds concentration influences red wines typicality, quality and antioxidant 

activity.  

Nowadays the growing demand for red wines on the international market is influenced by their 

antioxidant activity. At the same time, not all red wines have an antioxidant effect. Due to positive 

correlation between the phenolic compounds and antioxidant activity of the red wine, only those wines 

have the antioxidant effect in which their concentration is high. The amount of phenolic compounds in 

the wine depends on the grape variety, the location of vine growth and preparation technology [9-17].  

Among red wines, dessert-type ones are popular. 

Nowadays, on the international market (especially in the USA), antioxidant-rich products are 

much in demand; their prices and sales rates are also high.  

Elaboration of the innovative technology of red Georgian dessert wines with high antioxidant 

activity is a very important problem in winemaking.  

We developed fermentative maceration technology for red dessert wine with the aim of its 

enrichment with phenolic compounds (our “know-how”). The purpose of this work is to determine the 

amount of phenolics and to compare it in red dessert wines prepared by the technology we elaborated 

and by the existing (standard) technology.   

Materials and Methods     
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For the preparation of the research objects local grape cultivar Saperavi was used. The objects 

of the research were: 1. Test sample of red dessert wine prepared by our technology; 2. Control sample 

prepared by the existing technology [18]. 
By the HPLC analysis, we determined the amount of phenolics using the apparatus Infinity 

1200, Agilent Technologies, USA, with UV-VIS detector.  

 The separation of components was performed on the chromatographic column with reversed-

phase sorbent Microsorb 100-S C18 (250mm x 4.6 mm x 5.0 mm). The elution was performed in a  

gradient mode at the rate of mobile phase feed equal to 1 ml/min. The following solutions were used: 

Solution A – water/phosphoric acid (in the ratio of 99.5/0.5); solution B – 

acetonitrile/water/phosphoric acid (in the ratio 50/49.5/0.5). The wine samples were diluted five times 

with methanol and filtered through a membrane filter (pore diameter 0.22 µm). The solvents and 

commercial standards used during the analysis were purchased from Sigma-Aldrich (Germany).The 

detection was performed at the wavelengths: 280 nm (catechins, phenolcarbonic acids, 

phenolaldehydes), 360 nm (flavonols and ellagic acid); 310 nm (resveratrol). Identification was 

conducted by comparison of the retention time of standard substances and defined components as well 

as by using the method of standard substances addition known in special literature [19]. 

The investigation of phenolic compounds in the wine samples was carried out in triplicate. 

 

Results and Discussion 

In the research objects we have identified and quantified: 

catechins: (+)-catechin and (-)-epicatechin; flavonols: quercetin, quercetin-3-β-D-glucoside, 

kaempferol and  myricetin; phenolcarbonic acids: gallic, caftaric, chlorogenic, syringic, vanillic, 

caffeic, p-coumaric, ferulic, sinapic, t-cinnamic and  ellagic acids;  phenolaldehydes: vanillin and 

syringe aldehyde.  

Among phenolic acids, caftaric acid was present most of all in our research objects. According 

to the literary sources, this acid is characterized with high antioxidant effect and is the main phenolic 

compound in curative plants [20; 21]. 

It should be noted that caftaric acid in red wines from Saperavi was identified for the first time 

by us.  

In our samples, among flavonols quercetin-3-β-D-glucoside was present most of all. Its 

quantity is also high enough in red dry wines from domestic red grape cultivars [16; 17].   
In the research objects, cinnamic acid was present as traces; the amount of resveratrol in them 

was also low (1.5 mg/l). The amount of resveratrol in red wines was present as traces or up to 1 mg/l 

also in other authors works [16; 22; 23]. 
The results of the study showed that, in comparison with the control sample, the test dessert 

wine had higher phenolic content   (see Table  and Diagrams):  total amount of catechins - 2.9 times as 

much (96.8  vs 33.8 mg/l); flavonols  - 4.9-times as much (38.8 vs 7.8 mg/l  ); phenolic acids – by 55.8 

% (100.9  vs 67.6 mg/l); phenolic aldehydes - by 14% (4.2 vs 7.7 mg/l).  

 
Phenolic compounds of test and control red dessert wine samples   

Phenolic compounds (mg/l) Test dessert wine sample Control dessert wine sample 

Total catechins 96.76 33.52 

Total flavonols 32.07 6.37 

Total phenolcarbonic acids 107.63 69.09 

Total phenolaldehydes 4.18 3.67 

Caftaric acid 52.75 20.98 

Caffeic acid 14.7 2.8 

Syringic acid 12.3 7.6 

Ellagic acid 6.7 1.5 

Total identified phenolic 

compounds 
240.6 112.6 
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Diagrams of phenolic compounds content in the test and control red dessert wine samples: 

A - total catechins; B – total flavonols; C – total phenolcarbonic acids; D – total phenolaldehydes; E – caftaric 

acid; F – caffeic acid; G – syringic acid; H -  ellagic acid; I – total identified phenolic compounds. 

 

Total identified phenolic compounds in the test sample (240.6 mg/l) is twice as much in 

comparison with the control (112.6 mg/l). 
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Total content of phenolic acids in the test sample in comparison with the control is higher 

mainly due to the quantitative increase in caftaric, caffeic, syringic and ellagic acids. Their amount in 

the test sample is as follows - 52.75; 14.7; 12.3; 6.7 mg/l; in the control – 20.98; 2.8; 7.6; 1.5 mg/l, 

respectively. 

According to the literature data, phenolcarbonic acids along with the antioxidant ability 

determine the sort peculiarities and influence on the formation and typicalness of the wine. Caffeic 

acid has a bacteriocide action which is so high that its activity is often expressed by a certain unit of 

penicillium [9]. 

Total quantity of flavonols  increases  mainly due to the increase of the quercetin-3-β-D-

glucoside. Its amount in the test sample is 31 mg/l; in the control – 5.2 mg/l.  

The indicated increase in the content of catechins, phenolcarbonic acids, flavonols and aromatic 

aldehydes in the test red wine sample can be explained by the application of the technology we 

developed which provides far better extraction of these components from the grape pulp in the process 

of alcoholic fermentation as compared to the existing technology.  

The high concentration of monophenolics enhances the antioxidant effect of the test wine 

sample, improves its quality  and nutritive value.  
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РЕЗЮМЕ 

КРАСНОЕ ДЕСЕРТНОЕ ВИНО, ОБОГАЩЕННОЕ ФЕНОЛЬНЫМИ СОЕДИНЕНИЯМИ 

Кекелидзе И.А., Эбелашвили Н.В., Джапаридзе М.Ш. 

Институт виноградарства и виноделия, Аграрный университет Грузии 

Многочисленные научные исследования подтверждают, что среди фенольных соединений красных вин - 

катехины, флавонолы, фенолкарбоновые кислоты и ресвератрол характеризуются высокой 

антиоксидантной активностью и  значительно снижают риск большинства заболеваний. На мировом 

рынке нынешний растущий спрос на красные вина вызван их антиоксидантным эффектом. Однако, 

исходя из антиоксидантной активности, выделяются те вина, в которых высоко содержание фенольных 

соединений. Их концентрация в вине зависит от места произрастания лозы, сорта винограда и метода 

ферментативной мацерации. Мы разработали технологию ферментативной мацерации для красных 

десертных вин с целью их обогащения фенольными веществами (наше «ноу-хау») Целью данной работы 

является исследование флавоноидов и нефлавоноидов красных десертных вин: контрольного образца - 

изготовленного по существующей технологии и испытуемого образца -  изготовленного по 

разработанной нами технологии  – обогащенного фенольными соединениями. Для приготовления 

объектов исследования использовали местный сорт винограда Саперави. Объектами исследования были: 

1. Испытуемый образец красного десертного вина, изготовленный нами по разработанной технологии; 2. 

Контрольный образец, изготовленный по существующей технологии. С помощью анализа  

высокоэффективной жидкостной хроматографией (HPLC), на аппарате Infinity 1200, США, с UV-VIS 

детектором мы определили количество фенольных соединений. Разделение компонентов производилось 

на хроматографической колонке с обращенной фазой сорбента Microsorb 100-S C18. Детекция 

осуществлялась на длинах волн: 280 нм; 360 нм; 310 нм. Результаты исследования показывают, что в 

испытуемом образце десертного вина, по сравнению с контрольным, фенольных соединений было 

больше: общее количество катехинов в 2,9 раза; флавонолов – в 4,9 раза; фенольных кислот – на 55,8 %; 

фенольных альдегидов - на 14%.  

Ключевые слова: флавоноиды, нефлавоноиды, красное десертное вино. 
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xurmis gamoyeneba Taflis Rvinis misaRebad 

 

xositaSvili m.l., buiSvili g.T. arZenaZe m.d. oSaymaSvili c.z 
 

iakob gogebaSvilis saxelobis Telavis saxelmwifo universiteti 
SoTa rusTavelis saxelobis baTumis saxelmwifo universiteti 

saqarTvelos teqnikuri universiteti 
 

xilisa da kenkris maRalalkoholiani sasmelebi didi xania popu-
larobiT sargebloben evropis sxvadasxva qveynebSi. cnobilia Taflis, 
alublis, qliavis, tyemlis, citrusebis, vaSlis, gargaris, xurmis da sxva 
nedleulidan damzadebuli alkoholuri da ualkoholo sasmelebi [1]. aRniS-
nuli masalebi xasiaTdebian nazi da sasiamovno gemoTi, feriTa da specia-
luri xilis buketiT. xilis Rvinoebis gamoxdisas distilatSi gadadis 
xilis specifikuri nivTierebani, romlebic xasiaTdebian specialuri xilis 
aromatiT [2]. xurmis nayofebidan wvenebis miRebis garda SesaZlebelia 
spirtebis warmoebac, radganac igi gamoirCeva Saqrebis maRali SemcvelobiT 
[3]. xurma miekuTvneba dabalmJavian xils, amitom misi SaqarmJavianobis indeqsi 
metad maRalia. xurmis nayofi xasiaTdeba agreTve mwklarte gemoTi, romelic 
dakavSirebulia xsnad polifenolebTan  da gavlenas axdens xurmisa da misi 
wvenis gemur Tvisebebze. aRniSnulidan gamomdinare xurmidan spirtiani 
sasmelebis miRebis teqnologiis damuSaveba aqtualur sakiTxs warmoadgens. 

Cveni kvlevis mizans Seadgenda xurmis wvenis qimiuri da teqnologiuri 
Tvisebebis Seswavla Taflis wyalxsnaris bunebrivi xilis SaqrebiT da sxva 
sakvebi nivTierebebiT gasamdidreblad, alkoholur duRilSi safuarebis 
cxovelqmedebisaTvis. 

xurmis wvenis misaRebad gamoviyeneT xaCias jiSis daumwifebeli nayofi 
teqnikur simwifeSi, romlis  qimiuri maCveneblebi mocemulia cxrilSi. 

 
xurmis wvenis qimiuri Sedgeniloba (%) 
 

maCveneblebi raodenobebi 

mSrali nivTierebebi 19,00 
saerTo Saqrebi 16,4 

fruqtoza 10,2 
saqaroza 0,9 

titruli mJavianoba 0,1 
mTrimlavi nivTierebebi 0,08 
peqtinovani nivTierebebi 0,33 

 
 
rogorc cxrilis monacemebidan Cans xurmis wveni mdidaria mTrimlavi 

da peqtinovani naerTebiT,romlebic xurmis wvens aZlevs simwklartes. misi 
Semcirebis mizniT gamoviyeneT daqucmacebuli xurmis wvenis masis (damuSave-
bulia 80 gradus temperaturaze 20 wT-is dayovnebiT) dayovnebis meTodi, rom-
lis Sedegebi mocemulia naxazze. 

rogorc naxazidan Cans yoveli saaTiT dayovnebis Semdeg mTrimlavi 
nivTierebebis SemcirebasTan erTad mcirdeba peqtinovani nivTierebebis Semc-
velobac TiTqmis erTi da igive klebadobis xarisxiT. 4 saaTis Semdeg ki 
rogorc mTrimlavi, ise peqtinovani nivTierebebis maCvenebeli ucvleli rCeba. 
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 mTrimlavi da peqtinovani nivTierebebis  cvalebadobis dinamika dayovnebis drosTan   

damokidebulebiT 
1. peqtinovani; 2.  mTrimlavi nivTierebebi. 

 
amrigad, Cven mier SemuSavebuli iqna xurmis nayofidan iseTi qimiuri 

Sedgenilobis wvenis miRebis teqnologia, romelic Taflis wyalxsnars 
gaamdidrebs biologiurad aqtiuri nivTierebebiT alkoholuri duRilis 
normalurad warmarTvisaTvis. 
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SUMMARY 

APPLICATION OF PERSIMMON TO THE PRODUCTION OF HONEY WINE 

Khositashvili M.L., Buishvili G.T., Ardzenadze M.D. and Oshakmashvili Ts.Z. 

Jakob Gogebashvili State University, Telavi 

Shota Rustaveli State University, Batumi 

Georgian Technical University  

The paper deals with the application of persimmom juice to the production of alcoholic beverages. Volatile 

substances and pectins transfer  from the persimmon juice to the honey mixture. Being oxidized, they give the 

beverage a mild velvety flavor. 

Keywords: fruit juice, persimmon, alcoholic beverage, honey wine, flavor. 
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xilis wvenebis gamoyeneba alkoholiani sasmelebis warmoebisaTvis 

 

xositaSvili m.l., buiSvili g.T. arZenaZe m.d. oSaymaSvili c.z 
 

iakob gogebaSvilis saxelobis Telavis saxelmwifo universiteti 
SoTa rusTavelis saxelobis baTumis saxelmwifo universiteti 

saqarTvelos teqnikuri universiteti 
 

im qveynebisaTvis, sadac farTodaa ganviTarebuli mexileoba didi 
ekonomiuri mniSvneloba eniWeba xilis gamoyenebas alkoholuri sasmelebis 
warmoebaSi. nedleulad gamoiyeneba arasdandartuli, gansakuTrebiT ki 
malfuWadi xili. xilis alkoholiani da ualkoholo sasmelebi xasiaTdebian 
nazi da sasiamovno gemoTi, qimiur Semadgenlobaze damokidebulebiT specia-
luri xilis buketiT, rac momxmareblis TvalSi maRla swevs produqciis 
reputacias da mis Rirebulebas [1]. 

warmoebaSi danergili xilis alkoholiani sasmelebis damzadebis erT–
erTi teqnologiuri sqema iTvaliswinebs: wvenis maduRari aris kondiciamde 
miyvanas, safuaris SerCevas alkoholuri duRilisaTvis, alkoholur duRils 
da daduRebuli masalis gamoxdas specialur spirtsaxdel aparatze [2].  

wvenis kondiciamde miyvana gulisxmobs saduRari aris ZiriTadad Saqar-
mJavianobis koreqtirebas. Cveni kvlevis obieqts warmoadgenda Taflis 
alkoholuri sasmeli, romlis dasamzadeblad saWiroa Taflis gaxsna  
wyalSi. aRsaniSnavia, rom Taflis wyalxsnari saWiroebs mJavis damatebas, 
risTvisac SesaZlebelia gamoyenebuli iqnes tyemlis wveni [3]. 

kvlevis mizans Seadgenda Taflis wyalxsnaris gamdidreba bunebrivi 
mJavebis Semcveli tyemlis wvenis gamoyenebiT. kvlevis obieqtad aRebuli 
gvqonda saqarTveloSi gavrcelebuli sxvadasxva Seferilobis tyemlis 
veluri formebi. tyemalis nayofs winaswar vaclidiT kurkas, vWyletdiT da 
vwnexdiT. miRebul wvens vikvlevdiT qimiuri Sedgenilobis mixedviT, romlis 
Sedegebi mocemulia cxr. 1-Si. 

 
 

cxrili 1. tyemlis wvenis qimiuri maCveneblebi 
maCveneblebis dasaxeleba Semcveloba 

mSrali nivTierebebis masuri koncentracia, g/100sm3 11,2 
titruli mJavebis masuri koncentracia vaSlmJavaze 

gadaangariSebiT, g/dm3 
24,0 

Saqris masuri koncentracia, g/100sm3 5,27 

mTrimlav nivTierebaTa masuri koncentracia g/dm3 0,48 
peqtinovan nivTierebaTa masuri koncentracia g/dm3 0,34 

cilebis masuri koncentracia,  g/dm3 124,0 

Q 
rogorc cxrilis monacemebidan Cans tyemlis wvenis titruli mJavebis 

masuri koncentracia sakmaaod maRalia, igi Seadgens 24,0 g/dm3, romlis wylis 
5-6- jer ganzavebiT SegviZlia miviRoT bunebrivi mJavebiT SemJavebuli xsnari, 
romelic optimaluri iqneba Taflis Rvinomasalis misaRebad. Taflis 
wyalxsnaris  mJavebiT gamdidrebisaTvis tyemlis wvenis miRebis meTodi 
SevimuSaveT Semdegi eqsperimentis safuZvelze. 

daWyletili tyemali gavyaviT sam nawilad, romelsac davamateT 
Sesabamisad 40-45; 60-65 da 95-100 gradusis wyali. gaciebis Semdeg gamovwnexeT. 
miRebul wvenSi ganvsazRvreT saerTo simJave, Sedegebi mocemulia cxr. 2-Si. 
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cxrili 2. tyemlis wvenSisaerTo simJavis masuri koncentracia temperaturis 
cvlilebaze damokidebulebiT 

 

dasaxeleba 
saerTo simJavis variantebi, g/dm3 

40 – 450C 60 - 650C 95 - 1000C 

saerTo simJavis jamuri raodenoba 18,48 18,72 18,95 

saerTo simJavis jamis % 77 78 79 

  
amgvarad, miRebuli monacemebi gviCvenebs, rom tyemlidan saerTo 

simJavis gadmotana SeiZleba temperaturis matebiT. garda aRniSnulisa 
tyemlis wveni Taflis  wyalxsnars gaamdidrebs cxrilSi mocemuli qimiuri 
nivTierebebiT, romlebic alkoholuri duRilis dros nawilobriv an 
mTlianad gardaiqmnebian da Taflis Rvinos SesZenen sirbiles da xaver-
dovnebas [4]. 

      EBUL  
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SUMMARY 

APPLICATION OF FRUIT JUICE TO THE PRODUCTION OF ALCOHOLIC BEVERAGES 

Khositashvili M.L., Buishvili G.T., Ardzenadze M.D. and Oshakmashvili T.Z. 

Jakob Gogebashvili State University, Telavi 
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Georgian Technical University  

The paper deals with the application of fruit juice to the production of alcoholic beverages. Plum (tkemali) iuice 

is used in combination with the water solution of honey. It enriches the beverage with natural sourness and 

desired chemical composition. 

Keywords: fruit juice, alcoholic beverage chemical composition, flavor. 
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diabeturi daniSnulebis produqtebis profilaqtikuri efeqturoba 

 

qarCava m.s., silagaZe m.a., berulava i.o. 

 

akaki wereTlis saxelmwifo universiteti, quTaisi 

 

diabeturi daniSnulebis produqtebis profilaqtikuri efeqturoba 

ganisazRvreba produqtis glikemiuri indeqsiT. glikemiuri indeqsi (GI) aris 

diabeturi daniSnulebis produqtis maxasiaTebeli, romelic gansazRvravs 

produqtis miRebis Semdeg sisxlSi glukozis momatebis unars. produqtis 

glikemiuri indeqsi in vivo ganisazRvreba produqtis miRebis Semdeg 2 sT-is 

ganmavlobaSi sisxlSi Saqris maqsimaluri donis (G1) SedarebiT etalonuri 

siTxis (50 g glukoza 200 ml wyalSi) miRebis Sedegad dafiqsirebul Saqris 

maqsimalur donesTan (G2), GI = G1:G2×100. aRniSnuli kvleva tardeba janmr-

Tel adamianze.  

diabeturi daniSnulebis produqtebis umniSvnelovanesi maxasia-

Tebelia aseve insulinuri indeqsi (II). insulinuri indeqsis gansazRvris 

dros ganisazRvreba sisxlSi insulinis maqsimaluri done sakvebis miRe-

bidan 2 sT-is ganmavlobaSi. etalonad aiReba umaRlesi xarisxis xorblis 

fqvilisgan momzadebuli 100 grami puri. xdeba sakvlevi produqtis 100 g-is 

miRebis Semdeg sisxlSi insulinis momatebis unaris (I1) Sedareba 100 g 

puris igive maCvenebelTan (I2). insulinuri indeqsi (II) iangariSeba for-

muliT II = I1: I2×100. 

dadgenilia, rom glikemiuri da insulinuri indeqsebi – postprandia-

luri glikemia da insulinemia - xasiaTdebian mWidro korelaciiT (K=0,75). 

anu produqtebi maRali glikemiuri indeqsiT, rogorc wesi, xasiaTdebian 

maRali insulinuri indeqsiTac, magram aris gamonaklisebi. magaliTad, 

ciliTa da cximebiT mdidar produqtebs aqvT SedarebiT dabali glikemiuri 

indeqsi, magram maTi insulinuri indeqsi  maRalia, rac gamowveulia imiT, 

rom  insulini am nivTierebebis metabolizmis erT-erTi aqtiuri faqtoria, 

amitom ciliTa da cximiT mdidari produqtebi iwveven insulinis sinTezis 

stimulacias organizmSi. produqtebi maRali insulinuri indeqsiT 

uzrunvelyofen sisxlSi Saqris donis dawevas, magram es mxolod sawyis 

etapze xdeba, Semdeg etapze ki erTis mxriv pankreasis beta ujredebis 

gadatvirTvis gamo xdeba maTi „dasusteba“ da isini ukve veRar 

gamoimuSaveben insulinis saWiro raodenobas, xolo meores mxriv ujredis 

plazmuri membranis cila-receptirebi, romlebic uzrunvelyofen glukozis 

transports organizmSi, kargaven mgrZnobelobas insulinis mimarT, anu 

xdebian insulinrezistentulebi da iwyeba „ukuprocesi“ - sisxlSi imatebs 

Saqris raodenoba, rac janmrTeli organizmisTvisac ki, diabeti tipi 2-is 

didi riskis faqtoris matarebelia.  

produqtis glikemiuri indeqsi pirdapirproporciul damokidebule-

baSia masSi monelebadi naxSirwylebis SemcvelobasTan, magram is faqti, rom 

100 grami glukozis (an sxva monelebadi naxSirwylis) Semcveli nebismieri 

produqtis glikemiuri indeqsi naklebia sufTa glukozis glikemiur 

indeqsze,  niSnavs imas, rom produqtSi Semavali „sxva nivTierebebi“ xels 

uSlian produqtidan sisxlSi glukozis Sewovis process. cnobilia, rom 

erT-erTi aseTi yvelaze aqtiuri „xelis SemSleli“ faqtori sakvebi boW-

koebia – mcenareuli ujredis kedlebis struqturuli komponentebi – moune-
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lebadi maRalmolekuluri polisaqaridebi: celuloza, hemiceluloza, 

protopeqtini, riTac gansakuTrebiT mdidaria Cvens mier damuSavebuli 

axali Taobis diabeturi produqtebi [1,2].  

axladSeqmnil diabetur nawarmSi zemoT aRniSnuli meTodiT gansazRv-

ruli glikemiuri indeqsebi mocemulia cxrilSi. 

 
        axali Taobis diabeturi nawarmis glikemiuri indeqsi 
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diabeturi krekeri, galeti 80 50 

diabeturi  „xiliskrekeri“ (vaSliT, 

komSiT, citrusiT, feihoaTi) 
- 38 

diabeturi Taflakvera 85 40 

diabeturi keqsi (sxvadasxva 

gulsarTiT) 
85 40 

diabeturi  „saaRdgomo kuliCi“ 85 40 

diabeturi namcxvari topinamburiT 65 30 

diabeturi „kaklis namcxvari“ 

(nigvziT, TxiliT, nuSiT) 
80 40 

diabeturi „kaklis torti“ (nigvziT, 

TxiliT, nuSiT) 
80 43 

diabeturi „xilis torti“ 80 42 

diabeturi „samarxvo torti“ 85 45 

mosarTavi naxevarfabrikatebi 

diabeturi SaqarlamebisaTvis 
85 45 

diabeturi „gamajansaRebeli“ 

ualkoholo sasmelebi 
45 10 

 

 

glikemiuri indeqsis mixedviT miRebulia produqtebis dayofa maRal, 

saSualo da dabali glikemiuri indeqsis mqone produqtebad. dabal gli-

kemiur indeqsad miRebulia GI=0÷10, saSualo glikemiur indeqsad GI=41÷70, 

maRal glikemiur indeqsad GI=71÷100. 

rogorc cxrilis monacemebidan Cans, Cvens mier damuSavebuli teqno-

logiebiT miRebuli sakonditro nawarmis glikemiuri indeqsebi tradiciuli 

analogebis glikemiuri indeqsis TiTqmis naxevars Seadgens da naklebia 50 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, №2, 2015  

 
101 

erTeulze, ris gamoc isini miekuTvnebin dabalglikemiuri produqtebis 

rigs. aRniSnuli faqti gamowveulia pirvel rigSi axal nawarmSi 

monelebadi naxSirwylebis dabali doniT, gansakuTrebiT ki maTSi 

saxameblis Semcvelobis minimumamde dayvaniT, romelic gacilebiT met 

safrTxes warmoadgens adamianis organizmisaTvis, vidre sakvebi Saqari – 

saqaroza. imis gamo, rom organizmSi saxameblis hidrolizis Sedegad 

miiReba igive raodenobis (odnav meti) mxolod glukoza, xolo saqarozas 

hidrolizis Sedegad Tanabari raodenobis glukoza da fruqtoza. fruq-

toza ki rogorc cnobilia gacilebiT nela Seiwoveba da amitom nakleb 

safrTxes warmoadgens organizmisaTvis. glikemiuri indeqsis Semcirebis 

aranakleb mniSvnelovani gansazRvreli faqtoria diabeturi produqtis 

sakvebi boWkoebiT gamdidreba. isini axdenen monelebadi naxSirwylebis 

nawilobriv adsorbirebas, riTac xels uSlian nawlavis kedlebis mier maTi 

Sewovis process. magaliTad, xilis sakvebi boWkos maRali Semcvelobis 

gamo  xilis krekeris glikemiuri indeqsi 12 erTeuliT (TiTqmis 25%-iT) 

naklebia galetis glikemiur indeqsze.   

axali teqnologiiT miRebuli diabeturi sakonditro nawarmisa da 

ualkoholo sasmelebis SemadgenlobaSi biologiurad aqtiuri nivTiere-

bebiT mdidari iseTi ingredientebis CarTva rogoricaa diabetis samkurnalo 

mcenareuli nakrebi (mocvis foToli, lobios CenCo, askili, Svita, krazana, 

gvirila, beqqondara da vardkaWkaWa), naturaluri cilovani komponentebi 

(sois fqvili da rZis cila), antioqsidanturi komponentebi (mzesumziras 

zeTi, selis zeTi da yurZnis wipwis zeTi), vitaminuri kompleqti (askilis 

fqvili), mineraluri komponentebi (saqarTvelos mineraluri wylebi) da sxva 

kidev ufro amaRlebs axladSeqmnili nawarmis profilaqtikur efeqturobas.  

damuSavebuli axali Taobis diabeturi produqtebis - sakonditro 

nawarmisa da ualkoholo sasmelebis maRali profilaqtikuri efeqturoba 

dadasturda q. quTaisis saeklesio saavadmyofo - wminda daviT aRmaSeneblis 

qsenonSi Catarebuli klinikuri kvlevebiT, kvlevis mizans warmoadgenda 

Saqriani diabeti tipi 2 pacientebis metaboluri kontrolis Sefaseba kvebis 

racionSi Cvens mier damuSavebuli produqtebis Setanis Semdeg.  

klinikuri kvlevebiT dadginda, rom SemoTavazebuli produqtebis 

gamoyeneba sakvlev periodSi pacientebis sisxlSi Saqris donis momatebas ar 

iwvevs.  

 
 
aRniSnuli proeqti ganxorcielda SoTa rusTavelis erovnuli samecniero fondis 
finansuri xelSewyobiT (sagranto xelSekruleba 30/25) winamdebare publikaciaSi 
gamoqveynebuli nebismieri azri ekuTvnis avtorebs da SesaZloa ar asaxavdes SoTa 

rusTavelis erovnuli samecniero fondis Sexedulebebs . 
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SUMMARY 

PROPHYLACTIC EFFICIENCY OF DIABETIC-PURPOSE CONFECTIONERY 

Karchava M.S., Silagadze M.A. and Berulava I.O. 

Akaki Tsereteli State University, Kutaisi 

The paper deals with the indexes determining the prophylactic efficiency of diabetic-purpose products. The 

glycaemic indexes of developed diabetic products and alcohol-free beverages were determined. The results of 

their clinical testing are given. It is shown that the developed diabetic products are characterized by a low 

glycaemic index and their inclusion in the food ration of diabetics does not worsen their glycaemic index. The 

level of the concentration of the glycosylated hemoglobin in the blood reduces by 20-25%.  

Keywords: diabetic-purpose products, prophylactics, efficiency, glycaemic index. 
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axali Taobis diabeturi produqtebi - Tvisobrivad axali produqti 

qarTul bazarze 

 

qarCava m.s., silagaZe m.a., berulava i.o. 
 

akaki wereTlis saxelmwifo universiteti, quTaisi 
 

mecniereba kvebisa da sakvebis Sesaxeb  seriozuli gamowvevebis winaSe 
dgas. Tanamedrove epoqa tradiciuli xedvebisa da midgomebis gadaxedvas da 
axali Taobis, Tvisobrivad axali produqtebis Seqmnas moiTxovs Semdeg 
mizezTa gamo: arasasurveli ekologiuri garemo - dabinZurebuli haeri, 
wyali, niadagi da Sedegad dabinZurebuli sakvebi, soflis meurneobis qimii-
zaciis sul ufro farTo masStabebi - Tanamedrove agroteqnologiebSi 
gamoyenebuli Sxamqimikatebi da mecxoveleobaSi gamoyenebuli qimiuri prepa-
ratebi (antibiotikebi, hormonaluri preparatebi, zrdis stimuliatorebi da 
sxva); rafinirebuli sakvebi produqtebis warmoebisa da moxmarebis zrda da 
Sedegad Tanamedrove adamianis kvebis statusis seriozuli darRveva - 
racionSi najeri cximebisa da adviladmonelebadi naxSirwylebis siWarbe da 
iseTi sasicocxlod aucilebeli, nutrientebis deficiti, sasursaTo teqno-
logiebSi aTasgvari xelovnuri sakvebi danamatebis gamoyeneba, genmodi-
ficirebuli produqtebi da mravali sxva negatiuri alimentaruli faqto-
rebia udidesi riskis qveS ayeneben Tanamedrove adamianis janmrTelobas 
rasac Sedegad mohyva egreT wodebuli „Tanamedrove civilizaciis“ iseTi 
daavadebebis gavrceleba, rogoricaa nivTierebaTa cvlis moSla, alergiebi, 
hormonaluri disbalansi, fsiqoemociuri moSlilobebi, gulsisxlZarRvTa 
daavadebebi,  avTvisebiani warmonaqmnebi da sxva. 

XXI saukunis sakvebis daniSnuleba ukve aRar aris mxolod organizmis 
moTxovnebis dakmayofileba ZiriTad sakveb nivTierebebze - cilebze, cximebze, 
naxSirwylebze, vitaminebze, mineralur nivTierebebze. mas gacilebiT ufro 
seriozuli misia akisria - XXI saukunis sakvebma unda gaaaqtiuros da gaaZ-
lieros organizmis damcavi fiziologiuri meqanizmebi da daicvas organizmi 
zemoT CamoTvlili mavne faqtorebisagan. sakvebisaTvis aseTi funqciebis mini-
Weba moiTxovs misi Sedgenilobis seriozul koreqtirebas, ris Sedegadac 
miiReba axali Taobis  Tvisobrivad axali produqti [1,2]. 

 sakvebisaTvis damatebiTi damcavi,  Tvisebebis miniWeba gansakuTrebiT 
aqtualuria, roca sakiTxi exeba romelime daavadebis samkurnalo-profi-
laqtikur produqts. 

dReisaTvis msoflioSi farTodaa gavrcelebuli adamianis organizmSi 
nivTierebaTa cvlis iseTi darRvevebi, rogoricaa diabeti, simsuqne, disli-
pidemia da metaboluri sindromi. msoflio jandacvis organizaciis mona-
cemebiT 2014 wlisaTvis msoflioSi oficialurad daregistrirebul diabetiT  
daavadebulTa raodenoba mosaxleobis 6%-s Seadgens, xolo am riskis mata-
rebel adamianTa saerTo raodenoba 30 %-mde aRwevs da sul ufro mzardi 
tendenciiT xasiaTdeba. 

mosaxleobis am nawilSi umTavresi profilaqtikuri da samkurnalo 
faqtoria kveba. moSlilobaTa msubuqi formebis dros sakvebi am daavadebis 
erTaderTi saamkurnalo saSualebaa, saSualo simZimis formebis dros sakvebi 
aseve ZiriTadi samkurnalo saSualebaa, xolo mZime formebis SemTxvevaSi igi 
medikamentozuri Terapiis umniSvnelovanesi, aucilebeli danamatia. 

diabetis dros maqsimalur sifrTxiles moiTxovs naxSirwylebiT  mdi-
dari iseTi yoveldRiuri da farTo moxmarebis produqtebis gamoyeneba,  
rogoricaa purfunTuSeuli, fqvilovani kulinaruli da sakonditro nawarmi 
da tkbili ualkoholo sasmelebi.  
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diabeturi sakvebisadmi wayenebuli ZiriTadi moTxovna produqtSi nax-
Sirwylebis dabali Semcvelobaa. magram aRsaniSnavia is faqti, rom diabetis 
dros sustdeba organizmis damcavi fiziologiuri meqanizmebi - RviZli da 
imunuri sistema, ziandeba sisxlZarRvebi da nervuli sistema, rac kidev 
ufro amZimebs organizmis saerTo mdgomareobas.    

Cveni mizani iyo diabeturi daniSnulebis produqtebis teqnologiebis 
ganviTareba da  axali Taobis, jansaRi diabeturi sakvebis Seqmna, romelic 
ara marto daicavs organizms Warbi naxSirwylebisagan, aramed xels Seuwyobs 
organizmis damcavi fiziologiuri meqanizmebis gaaqtiurebas, imunitetis 
amaRlebas da zogadad organizmis saerTo mdgomareobis normalizebas.  

dReisaTvis saqarTveloSi ara Tu maRali kvebiTi Rirebulebis srul-
fasovani diabeturi nawarmi, aramed Saqris SemcvlelebiT damzadebuli 
produqtebic ki ar iwarmoeba iSviaTi gamonaklisis garda.  

diabeturi daniSnulebis fqvilovani sakonditro produqciis warmoebis 
msoflioSi aprobirebuli Tanamedrove teqnologiebi ZiriTadad orienti-
rebulia saqarozas (sakvebi Saqris) Canacvlebaze sxvadasxva damatkboblebiT. 
am dros saxameblis Semcveloba produqtSi, romelic 70-75%-s Seadgens, 
ucvleli rCeba. zog SemTxvevebSi, ki tradiciul  teqnologiebSi saxameblis 
masuri wilis Sesamcireblad gaTvaliswinebulia nawarmSi cximovani gulsar-
Tebisa da mosarTavi naxevarfabrikatebis raodenobis gazrda. Sedegad  
produqtis glikemiuri indeqsi (sisxlSi glukozis donis momatebis unari) 
iklebs, magram imatebs insulinuri indeqsi (produqtis miRebis Semdeg 
organizmSi gamomuSavebuli insulinis raodenoba), rac aseve insulinrezis-
tentobis riskis faqtoris matarebelia.  

diabetis dietoTerapiis Cveneuli principia - organizmis uzrunvel-
yofa dabali glikemiuri da insulinuri indeqsebisa da maRali kvebiTi 
Rirebulebis  mqone srulfasovani sakvebi produqtebiT. 

Cvens mier damuSavebuli produqtebis dabali glikemiuri indeqsi 
miRweulia:  

1. xorblis fqvilidan saxameblis gamorecxvisa da comSi nedli 
webogvaras gazrdis gziT;  

2. fqvilovan nawarmSi xorblis fqvilis CanacvlebiT saxameblis 
dabali Semcvelobis mqone dabal glikemiuri da dabal insulinuri 
purfunTuSeulisa da fqvilovani sakonditro produqtebis warmoebisaTis 
aratradiciuli marcvleuli kulturebis qeris, Svriis,  selis, cercvis da 
wiwiburas  fqvilebiT. 

diabeturi nawarmisaTvis damatebiTi samkurnalo-profilaqtikuri, gama-
jansaRebeli  Tvisebebis  misaniWeblad ki axal teqnologiebSi gamoyenebulia  
biologiurad aqtiuri nivTierebebiT mdidari naturaluri cilovani, boWko-
vani, vitaminuri, antioqsidanturi danamatebi, xil-kenkris produqtebi, samkur-
nalo mcenareebi da saqarTvelos mineraluri wylebi. 

aRniSnuli midgomebi inovaciuria da principulad cvlis fqvilovani 
sakonditro nawarmis miRebis `Wirveul da faqiz~ teqnologiur process, 
romelTa optimizaciis mizniT Catarebulia didi moculobis kompleqsuri -  
gamoyenebiTi da fundamentaluri kvlevebi. 

diabetianTa racionis optimizaciis TvalsazrisiT, Cveni azriT, farTo 
perspeqtivebi aqvs diabetianTa kvebaSi naturaluri, biologiurad aqtiuri 
komponentebiT mdidari, gamajansaRebeli ualkoholo sasmelebis  gamoyenebas. 
Cvens mier damuSavebulia diabeturi daniSnulebis naturaluri ualkoholo 
sasmelebisa da fitosasmelebis mecnierulad dasabuTebuli teqnologiebi 
saqarTvelos unikaluri mineraluri wylebisa da samkurnalo mcenareebis 
gamoyenebiT. 

zemoT aRniSnuli principebis gaTvaliswinebiT saqarTvelos erovnuli 
samecniero fondis finansuri mxardaWeriT sagranto proeqtis farglebSi 
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(GNSF/ST 07/7 – 256 ,,diabeturi daniSnulebis purisa da fqvilovani nawarmis 
teqnologiebis damuSaveba~) damuSavebulia maRali kvebiTi Rirebulebis, 
biologiurad aqtiuri naturaluri danamatebiT gamdidrebuli diabeturi 
daniSnulebis Semdegi produqtebis recepturebi da teqnologiebi:  

 diabeturi cilovan-boWkovani puri (patenti P 4168); 

 vitaminSemcveli diabeturi puri (patenti P 5614);  

 iodSemcveli diabeturi puri (patenti P 5631);  

 diabeturi dabalkaloriuli lavaSi (patenti P5834);  

 diabeturi xaWapuri  (patenti P5835);  

 diabeturi  funTuSa  (patenti P5836);  

 diabeturi pica  (patenti P 5837);   

 diabeturi  xinkali  (patenti P 5263);  

 diabeturi makaroni (patenti P 5264).  
imave principebis safuZvelze SoTa rusTavelis erovnuli samecniero 

fondis finansuri mxardaWeriT sagranto proeqtis (AR/201/10-150/12 №30/25  
`axali Taobis diabeturi produqtebis teqnologia”) damuSavebulia Semdegi 
diabeturi nawarmis teqnologiebi:  

 xorblis diabeturi krekeri;  

 xilis (vaSlis, komSis, feihoas, citrusis) diabeturi krekerebi;  

 diabeturi galeti;  

 diabeturi keqsi;  

 diabeturi saaRdgomo kuliCi;  

 diabeturi Taflakvera;  

 diabeturi nuSis namcxvari - diabeturi Txilis namcxvari;  

 diabeturi nigvzis namcxvari;  

 diabeturi xaWos namcxvari;  

 diabeturi nigvzis torti da Saqarlama;  

 diabeturi torti da Saqarlama xilis fqviliT;   

 diabeturi samarxvo torti da Saqarlama;   

 diabeturi xaWos torti;   

 diabeturi araJnis torti;  

 ualkoholo diabeturi sasmeli mineraluri wylebis fuZeze;  

 diabeturi ualkoholo fitosasmeli. 
aRniSnuli teqnologiebis siaxlis dasadastureblad da saavtoro 

uflebebis mosapoveblad  gakeTebulia gancxadebi maTze patentis misaRebad.  
yvela damuSavebul nawarms gavlili aqvs klinikuri aprobacia 

saqarTvelos v. iverielis endokrinologiis, metabologiis da dietologiis 
centrSi da quTaisis saeklesio saavadmyofos - wminda daviT aRmaSeneblis  
qsenonis Terapiul ganyofilebaSi. Catarebuli klinikuri gamokvlevebis 
safuZvelze miRebulia rekomendaciebi damuSavebuli nawarmis diabetianTa 
kvebaSi dasanergad.  

miRebuli produqti - diabeturi daniSnulebis purfunTuSeuli, fqvi-
lovani kulinaruli da sakonditro nawarmi,  diabeturi sasmelebi – upir-
veles yovlisa gankuTvnilia diabetiT daavadebulTaTvis. miRebuli nawarmi 
aris aseve dieturi daniSnulebis produqti Warbi wonis, dislipidemiis da 
metaboluri sindromis mqone adamianTaTvis. aseTi saxis produqtebis miReba 
xels Seuwyobs diabetianTa racionis miaxloebas janmrTeli adamianis 
racionTan da gazrdis maTi cxovrebis Tavisuflebis xarisxs. 

aRsaniSnavia is faqti, rom sakonditro nawarmi da ualkoholo  
sasmelebi Tanamedrove adamianis racionis ganuyofeli nawili gaxda. saqmiani 
sazogadoebis, moswavle da studenti axalgazrdobis udidesi nawili siste-
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maturad sargeblobs swrafi kvebis produqtebiT, romelTa ZiriTadi nawili 
sakonditro, purfunTuSeuli da fqvilovani kulinaruli nawarmia. tradi-
ciuli teqnologiebiT miRebuli am saxis nawarmi ki insulinrezistentobis 
didi riskis faqtoris matarebeli produqtebia. amdenad, maRali kvebiTi 
Rirebulebis, dabalglikemiuri da dabalinsulinuri, vitaminebiT, minera-
lebiT, antioqsidantebiTa da sxva biologiurad aqtiuri nivTierebebiT mdi-
dari diabeturi nawarmis Seqmnis sakiTxi scdeba diabetianTa kvebis sferos. 
aRniSnuli problema gacilebiT ufro masStaburia da zogadad eris sijan-
saResTanaa dakavSirebuli.  ase, rom damuSavebuli nawarmi aris jansaRi kve-
bis produqti nebismieri janmrTeli adamianisaTvis. amitom aseTi saxis pro-
duqtebis teqnologiebis damuSaveba aqtualuri sakiTxia da aqvs ara mxolod 
mecnieruli, aramed didi praqtikuli da socialur-ekonomikuri mniSvneloba.  

 
aRniSnuli proeqti ganxorcielda SoTa rusTavelis erovnuli samecniero fondis 
finansuri xelSewyobiT (sagranto xelSekruleba 30/25) winamdebare publikaciaSi 
gamoqveynebuli nebismieri azri ekuTvnis avtorebs da SesaZloa ar asaxavdes SoTa 
rusTavelis erovnuli samecniero fondis Sexedulebebs. 
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SUMMARY 

NEW-GENERATION DIABETIC-PURPOSE PRODUCTS – RADICALLY NEW PRODUCTS ON THE 

GEORGIAN MARKET 

Karchava M.S., Silagadze M.A. and Berulava I.O. 

Akaki Tsereteli State University, Kutaisi 

The paper deals with the basic scientific aspects of the production of developed diabetic products The efficiency 

of the use of natural albuminous, fibrous, vitamin, antioxidant supplements rich in biologically active substances, 

medicinal plants and Georgian mineral waters for their production with the purpose of giving them additional 

therapeutic-preventive and health-improving properties is justified. Due to this fact, the resultant  products are 

considered as radically new for the Georgian market.    

Keywords: diabetic products, efficiency, natural raw materials. 
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fqvilovani sakonditro nawarmi gaRivebuli 

xorblis fqvilisagan 

 
xuciZe c.z., fruiZe e.g., ZnelaZe e.s. 

 
akaki wereTlis saxelmwifo universiteti, quTaisi 

 
adamianis janmrTelobaze moqmed faqtorTa Soris erT-erTi umniSvne-

lovanesia kveba. swori kveba ganapirobebs xangrZliv sicocxles, daavadebaTa 
profilaqtikas, organizmis rezistentulobis amaRlebas.  

cilebis, vitaminebis, sakvebi boWkoebis, poliujeri cximovani mJavebis, 
mineraluri nivTierebebis deficiti iwvevs mniSvnelovan gadaxras jansaRi ba-
lansirebuli kvebidan. aRniSnuli problemis gadaWra SesaZlebelia mTliani 
marcvlisgan jansaRi kvebis produqtebis warmoebiT. isini warmoadgens sak-
vebi boWkoebis, vitaminebis, mikroelementebis, aminomJavebis mniSvnelovan way-
ros. kvebiTi da biologiuri RirebulebiT aseTi produqti mkveTrad aWarbebs 
tradiciuli teqnologiiT momzadebul yvela asortimentis nawarms. gansakuT-
rebulad Rirebulia produqcia gaRivebuli marcvlidan, radgan aRmocenebis 
dros hidrolituri procesebis Sedegad Znelad SesaTvisebeli naerTebi 
gardaiqmneba SedarebiT martiv nivTierebebad. amasTan erTad aqtiurdeba bio-
sinTezi da warmoiqmneba iseTi axali nivTierebebi, romlebic ar aris mSral 
marcvalSi. mniSvnelovania gaRivebis procesSi marcvalSi sxva hidrolitur 
fermentebTan erTad ferment fitazas gaaqtiureba, romelic Slis inozit-
fosformJavas. es ukanaskneli ki aferxebs organizmSi rkinis moxvedras. 

fqvilovani sakonditro nawarmi warmoadgens popularul, tradiciul 
da mniSvnelovan kvebis produqts. recepturisa da teqnologiisagan damo-
kidebulebiT namcxvari SeiZleba iyos masobrivi daniSnulebis, delikatesuri, 
dieturi an profilaqtikuri da bavSvTa kvebis produqti.aRniSnuli nawarmis 
warmoebis ZiriTad nedleuls warmoadgens xorblis fqvili, romelsac aqvs 
sakmaod maRali kvebiTi Rirebuleba, magram misgan damzadebuli nawarmis   
fiziologiuri da biologiuri Rirebuleba dabalia. axali saxis nawarmis 
SemuSavebisas mizanSewonilia iseTi nedleulis gamoyeneba, romelic mdidaria 
Seucvleli aminomJavebiT, vitaminebiT, mineraluri nivTierebebiT da sakvebi 
boWkoebiT, aseT nedleuls ki warmoadgens gaRivebuli xorblidan miRebuli 
fqvili [1]. 

 gaRivebuli xorbali unikaluri sakvebi danamatia, romlis bioqimiuri 
Sedgeniloba miaxloebulia dedis rZis SedgenilobasTan. is zrdis orga-
nizmis winaaRmdegobis unars, aRadgens imunitets, gamoiyeneba onkologiuri 
daavadebebis samkurnalod. gaRivebul marcvalSi sasargeblo nivTierebebi 
aqtiur mdgomareobaSia, maTi Semcveloba balansirebulia, amitom isini 
dadebiT gavlenas axdenen adamianis nervuli sistemis, kuW-nawlavis traqtisa 
da sxva organoebis   muSaobaze.  

Cveni kvlevis mizans warmoadgenda axali Taobis funqcionaluri daniS-
nulebis fqvilovani sakonditro nawarmis teqnologiis SemuSaveba gaRi-
vebuli xorblis marcvlis bioqimiuri da teqnologiuri Tvisebebis kvlevis 
safuZvelze. kvlevis obieqts warmoadgenda gaRivebuli xorbali da misgan 
miRebuli fqvili, romelic gamoviyeneT funqcionaluri danamatis saxiT 
fqvilovani sakonditro nawarmSi. 

SeviswavleT gaRivebuli xorblis Tvisebebi da Sedgeniloba. xorblis 
gaRivebas vaxdendiT 3 dRe-Ramis ganmavlobaSi 200

C temperaturis pirobebSi.  
gaRivebuli xorblis marcvalSi karotinis Semcveloba Seadgens 1,72 mg/kg, 
rac Seadgens β-karotinis dRiuri normis (3-5 mg) daaxloebiT 45 %-s. gaRi-
vebis procesSi xorbalSi 2-3-jer izrdeba C, E vitaminebis Semcveloba, rom-
lebic xels uSlis organizmis daberebas. 
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xorblis marcvlis qimiuri Sedgenilobis cvlileba gaRivebis pro-
cesSi moyvanilia cxrilSi. 

gaRivebuli xorblis dafqviT miRebuli fqvilis mza nawarmis  xaris-
xze gavlenis dadgenis mizniT  laboratoriul pirobebSi CavatareT fqvilo-
vani sakonditro nawarmis sacdeli cxobebi. 
 
xorblis marcvlis qimiuri Sedgenilobis cvlileba gaRivebis procesSi 
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1000 marcvlis 
mSrali wona 

% 
g 

100,00 
43,6 

84,40-97,70 
36,80-42,60 

mSrali nivTiereba % 36,30 36,50 
cila %, mSral nivTierebaze 13,00 14,20 
cximi % 2,40 2,60 

vitaminebi 
B1 

B2 

PP 

C 

 0,43 
0,14 
5,32 
- 

1,89 
0,80 
0,43 
11,30 

β-karotini mg % 0,02 1,72 
azoti % 1,06 1,06-0,95 
nacari % 1,67 3,65 

mineraluri nivTierebebi, 100g marcvalSi 

K 

Ca 

P 

Mg 

Fe 

mg % 335,00 
60,00 
390,00 
111,00 
5,50 

835,00 
71,00 
1050,00 
398,00 
9,50 

    
gamSrali gaRivebuli marcvali davfqviT laboratoriul wisqvilze. 

sakontrolo nimuSad aRebuli iyo Saqrovani namcxvris receptura [2]. kvlevis 
obieqtebi iyo nimuSebi, romelTa recepturaSi fqvilis 10-25% Secvlili iyo 
gaRivebuli xorblis fqviliT: nimuSi 1 - 10%; nimuSi 2 - 15%; nimuSi 3 - 20% 
da nimuSi 4 - 25%. 

namcxvris gamocxobisa da gacivebis Semdeg vatarebdiT mza nawarmis 
degustacias xarisxis organoleptikuri maCveneblebis mixedviT. gamoviyeneT 5 
baliani Skala, romelic iTvaliswinebda calkeuli maCveneblebis mniSvnelo-
baTa koeficients. 

namcxvris organoleptikuri analizi tardeboda degustaciis Catarebis 
meTodikis Sesabamisad standartiT normirebuli xarisxis maCveneblebis Sefa-
sebis safuZvelze [3]. 

mza nawarmis xarisxze vmsjelobdiT xarisxis xuTive maCveneblis jamu-
ri qulebiT (balebiT) mniSvnelobaTa koeficientebis gaTvaliswinebiT. im 
nawarmis xarisxi, romelic degustaciis dros iRebda xuT bals, iTvleboda 
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saukeTesod, oTxi bali - karg nawarmad, sami bali - damakmayofileblad, sami 
balis qvemoT - aradamakmayofileblad. miRebul monacemebs vamuSavebdiT mate-
matikuri statistikis meTodiT.  

mza nawarmis organoleptikuri Sefasebis Sedegebi mocemulia naxazze.  

  

 
 
Saqrovani namcxvris xarisxis organoleptikuri maCveneblebi  
 
kvlevebis Sedegad dadginda, rom saukeTeso organoleptikuri maCveneb-

lebiT xasiaTdeboda nawarmi, romelSic xorblis fqvilis 15-20% Secvlili 
iyo gaRivebuli xorblis fqviliT. 
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SUMMARY 

FLOUR CONFECTIONERY PRODUCTS FROM GERMINATING WHEAT GRAIN 

Khutsidze Ts.Z., Pruidze E.G. and Dzneladze E.S. 

Akaki Tsereteli State University, Kutaisi 

The objective of the work is the development of flour confectionery of a functional purpose of new generation 

on the basis of biochemical and technological research of the germinating wheat grain. The object of research is 

the germinating grain and the flour produced from this wheat, which was used in the form of functional 

additives. The best organoleptic indicators characterized the product in which 15-20% of wheat flour was 

replaced with the flour from the germinating grain. 

Keywords: flour confectionery, wheat, germinating grain. 
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Ddiabeturi wylulis samkurnalod SerCeuli trikotaJis struqtura 

 
failoZe n.o. 

 
akaki wereTlis saxelmwifo universiteti, quTaisi 

 
pirveli, teqstiluri matareblebi antimikrobuli saSualebebisaTvis 

celulozuri qsovilebi iyo. antimikrobuli masalebis  matareblebis saxiT  
garda teqstiluri qsovilebisa  SesaZlebelia gamoviyenoT  trikotaJis 
tiloc.  maT  qsovilebisagan gansxvavebiT aqvT kargi Zvradoba: drekadoba, 
elastiuroba, Wimvadoba, rac sxvadasxva formisa da diametris milovani  
nakeTobebis miRebis saSualebas iZleva.  

Sesaxvevi masalebis saxiT, romelic uSualod diabetur terfze 
daefineba, didi xnis ganmavlobaSi ZiriTadad gamoiyeneboda  sxvadasxva 
samkurnalo saSualebebiT  gaJRenTili  dolbandis steriluri xelsaxocebi  
an qsovilze datanili malamoebi da fxvnilebi. dolbandi, rogorc sxva 
teqstiluri masala, kargad STanTqavs, magram cudad ikavSirebs eqsudats da 
amasTanave  mas aqvs adheziis Tviseba; isini swrafad iJRenTebian. aRniSnuli 
Tvisebebi warmoadgenen dolbandis naklovanebebs. yovelive amas mivyavarT 
Sexorcebis pirobebis gauaresebamde, xSiri Sexvevebis aucileblobamde, 
tkivilis SegrZnebebamde da saxvevis Secvlisas qsovilebis travmatizaciamde.  
amasTanave xSirad irRveva Wrilobis adeqvaturi drenireba, warmoiSoba 
meoradi dainficirebuli Rruebi da arsebiTad ferxdeba Wrilobis Sexor-
ceba. amis garda, teqstiluri masalis saxvevi  saWiroebs aucilebel dama-
tebiT fiqsacias.  

diabeturi terfis mkurnalobis gamocdileba uCvenebs, rom yvelaze 
optimalurad iTvleba Wrilobebis mkurnalobis is teqnologia, romelic 
dafuZnebulia ara qirurgiuli Carevis radikalurobaze da swraf antisep-
tikur  efeqtze,  aramed Wrilobis procesis sxvadasxva stadiebze zemoqme-
debis paTogenetikurobaze. farTo SesaZleblobebis gadaudebeli radikaluri 
qirurgiuli Carevidan mcire SesaZleblobebis nazi qirurgiuli SesaZleblo-
bebisa da Tanamedrove Sesaxvevi masalebis gamoyenebaze gadasvlam mraval 
pacients dauCqara Sexorcebis procesi. mza steriluri da individualuri 
SefuTvis mqone Wrilobis atravmatuli saxvevebis gamoyeneba diabeturi 
terfis movlas  arsebiTad amsubuqeben.  

dazianebuli zedapiris safari da Sesaxvevi masalebi unda pasuxobdes 
Semdeg moTxovnebs: 

1. unda hqondes gamwmendi moqmedeba, e.i. xels uwyobdes nekrozuli 
qsovilebis daSlas, Wrilobis gamonayofis evakuacias. Trgunavdes Wrilobis 
infeqcias, iyos barieri infeqciis SeRwevis gzaze. uzrunvelyofdes Wri-
lobaSi sakmaris tenianobas. iyos Seuferxebeli  airmimocvlis garanti. iyos 
atravmatuli Wrilobis zedapiris mimarT. ar hqondes citotoqsikurobis, 
alergiulobis, kancerogenulobis efeqtebi. 

2. Sesaxvevi masalis saxeoba WrilobaSi mimdinare procesis stadiiT 
ganisazRvreba. eqsudaciis fazaSi saxvevis daxmarebiT unda iqnas moSorebuli 
Warbi eqsudati, nekrotizebuli qsovilebi; erTdroulad unda moSordes 
baqteriebi, toqsinebi. amrigad, saxvevi privel fazaSi unda axdendes da 
aCqarebdes Wrilobis gawmendas da infeqciis profilaqtikas. igi imavdrou-
lad unda icavdes Wrilobas xelmeored dasnebovnebisagan.  

3.  proliferaciis fazaSi saxvevi unda asrulebdes Wrilobis tenianobis 
maregulirebel funqcias. Wrilobis saxvevi aseve unda flobdes anti infeq-
ciur da atravmatul Tvisebebs (ar ewebebodes Wrilobas).  

4. reparaciis fazaSi daskvniTi epiTelizaciisaTvis aucilebeli piro-
bebia momwifebuli granulaciebi da Wrilobis teniani zedapiri. amisaTvis, am 
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fazaSi saWiroa Wrilobis hidroaqtiuri, atravmatuli  saxvevebi, unda icaven 
Wrilobis zedapirs gamoSrobisagan, xolo saxvevis Secvlis dros - 
epiTelialur ujredebs   travmatizaciisagan.  

Cveni mizani iyo diabeturi terfis samkurnalo Sesaxvevi masalis 
SerCeva, risTvisac gaviTvaliswineT zemoT CamoTvlili moTxovnebi da 
mTavari aucilebeli piroba, rom diabeturi terfis mkurnaloba maqsimalu-
rad atravmatuli unda yofiliyo da dagvecva yvela Tanamedrove qirurgis 
mier aRiarebuli principi: `ar SeiyvanoT WrilobaSi iseTi araferi, rasac ar 
SeiyvandiT sakuTar TvalSi~.  

aseve rogorc medicinaSi gamoyenebuli nebismieri Sesaxvevi masala 
dibeturi terfis samkurnalo Sesaxvevi safenis SerCevisas gaviTvaliswineT 
rom safeni: 

1. Seuqcevadad aSorebdes detrits, mikrobul nawilakebs da Warb eqsu-
dats; 

2. icavdes Wrilobas gamoSrobisagan; 
3.  astimulirebdes reparaciul procesebs WrilobaSi; 
4. icavdes Wrilobas meqanikuri zemoqmedebisagan, qimiuri gaRiziane-   

bisagan da meoredi inficirebisagan; 
5. ar iwvevdes sisxlis mimoqcevisa da Wrilobis kideebis oqsigenaciis  

darRvevebs; 
6. ar hqondes adheziuli Tvisebebi; 
7. iyos mosaxerxebeli avadmyofisaTvis.  
Tavdapirvelad movaxdineT boWkos SerCeva risganac unda dagvemza-

debina saxvevi. medicinaSi arsebuli safenebis analizis da Catarebuli 
kvlevis Sedegad SevCerdiT bambis boWkoze, romelic uZvelesi droidan 

gamoiyeneba medicinaSi sxvadasxva nawarmis saxiT da gamoirCeva bunebrivad kargi 

TvisebebiT, ar Seicavs mavne nivTierebebs, xolo bunebrivi minarevebi scildeba 

mas gamoxarSvis gziT, rac ar warmoadgens sirTules. 
meore sakiTxis gadasaWrelad trikotaJis romeli xlarTisaTvis 

migveniWebia upiratesoba, cdebi CavatareT sxvadasxva xlarTis trikotaJul 

tiloze: wnexovani-misaqselian, kulirul sada, lastik 1:1, lastik 2:2-ze. 
kuliruli sada da lastikis xlarTebi Sesrulebuli iyo 8 da 10 klasis 

trikotaJul manqanaze, xolo wnexovani-misaqseliani xlarTi _ qselsaqsov 

manqanaze. 
movaxdineT damzadebuli qsovilebis fizikur-meqanikuri da higros-

kopuli Tvisebebis Seswavla: ganvsazRvreT qsovilebis forianoba, kapilaroba 
da Catarebuli cdebis safuZvelze arCevani SevaCereT trikotaJul xlarTze 
lastiki 2:2-ze. 

 

 
 

lastiki 2:2 
 
amrigad, bambis trikotaJuli tilo, romlis xlarTia lastiki 2:2, 

SesaZlebelia gamoviyenoT samkurnalo da antimikrobul nivTierebebTan komp-
leqsSi diabeturi wylulis samkurnalo samedicino saxvevebisaTvis. radgan 
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isini elastiuria, advilad efineba Wrilobis reliefur zedapirebs, aqvT 
maRali higroskopuloba da kapilaroba, uzrunvelyofen drenaJs - Wrilobaze 
zemoqmedebis umniSvnelovanes faqtors. 

 
aRniSnuli naSromi Sesrulebulia SoTa rusTavelis erovnuli samecniero fondis 
finansuri xelSewyobiT (№11-17 grantis farglebSi). winamdebare publikaciaSi 
gamoqveynebuli nebismieri azri ekuTvnis avtorebs da SesaZloa ar asaxavdes SoTa 
rusTavelis erovnuli samecniero fondis Sexedulebebs 
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SUMMARY 

KNITTED FABRIC STRUCTURE SELECTED FOR TREATMENT OF DIABEETIC ULCERS 

Pailodze N.O. 

Akaki Tsereteli State University, Kutaisi 

The paper deals with the selection of the dressing for treatment of diabrtic ulcers. The  requirements imposed on 

such a dressing are considered. It is offered to use the knitted cotton fabric with interlacement 2:2 as a dressing 

for treatment of diabetic ulcers. The fabric can be used in combination with medicinal and antibacterial 

substances. The advantages of the offered dressing stemming from its structure and properties are demonstrated. 

Keywords: diabetic ulcer, dressing, treatment, knitted fabric. 
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diabeturi iaris eqsperimentuli modelis Seqmna 

 

buaZe e.p., failoZe n.o., abulaZe n.b. 

 

akaki wereTlis saxelmwifo universiteti, quTaisi 

 

diabeturi terfis iarebi Tanamedrove qirurgiis erTerTi umTavresi 

problemaa, amitom gamiznuli Tvisebebis safeiqro masalebis Seqmna, war-

moadgens umniSvnelovanes, aqtualur samecniero-praqtikul amocanas. gansa-

kuTrebuli mniSvneloba aqvs gaxangrZlivebuli samkurnalwamlo Tvisebebis 

safeiqro masalis Seqmnas, romlis saWiroeba misi gamoyenebis komfortu-

lobiT aixsneba. misi gamoyeneba SesaZlbelia, rogorc sayofacxovrebo da 

klinikis pirobebSi, aseve katastrofebis medicinaSi. 

safenze datanili samkurnalwamlo nivTierebis moqmedebis gaxangrZ-

livebis mizanSewoniloba damtkicebulia praqtikaSi – am dros naklebi 

sixSiriT xdeba safenis gamocvla, QWriloba naklebad travmirebuli da 

mtkivneulia, gaadvilebulia samedicino personalis saqmec. Eeqsperimentul 

situaciebSi mniSvneloba aqvs imas, rom safenebi SeiZleba gamoyenebuli iqnas 

klinikaSi misvlamdec. Tumca, unda aRiniSnos, rom samkurnalwamlo nivTie-

rebiT gaJRenTili safenis moqmedebis prolongaciis saWiroeba misi Semqmneli 

teqnologis winaSe gansazRvrul amocanebs ayenebs: safeiqro masala unda 

warmoadgendes erTgvar `depos~, romelic Seicavs samkurnalo saSualebis 

aucilebel da teqnologis mier winaswar gansazRvrul koncentracias, 

romelic gadadis safeiqro masalidan iaraSi da qmnis masSi sakmaris 

Terapiul koncentracias safenis eqspluataciis mTeli drois ganmavlobaSi. 

amrigad, safenis Semqmneli teqnologi eqimis dakveTis Semsrulebelia: 

WrilobaSi (garemo) samkurnalo saSualebis (ss) mkacrad gawerili koncent-

racia 48-72 sT. ganmavlobaSi (safenis eqspluataciisaTvis gansazRvruli dro) 

unda narCundebodes. aSkaraa, rom am amocanis Sesruleba SesaZlebelia 

mxolod safeiqro masalaSi ganawilebisa da ss garemoSi (WrilobaSi) 

difuziis kanonzomierebis Seswavlis Semdeg, masalis Seqmnisas teqnolo-

giuri Taviseburebebis gaTvaliswinebiT.  

qsovilTa gamoyvanis xerxebze damyarebuli dReisaTvis arsebuli 

teqnologiuri gadawyvetilebebi, samwuxarod, saSualebas ar iZlevian 

miviRoT samkurnalo zemoqmedebis farTo speqtris nawarmi: safeiqro masalis 

daCiTvis operaciisas – ss xsnaridan SeiZleba moxdes masalaze wamlis 

dabali koncentraciis datana (gansakuTrebiT im SemTxvevebSi,  Tu ss mcired 

xsnadia), riTac ver mivaRwevT samkurnalo zemoqmedebis efeqtis pro-

longirebas. ss qimiuri imobilizaciis gamoyeneba principSi gvaZlevs aseT 

SesaZleblobas, magram rogorc literaturuli monacemebi gviCveneben, es 

rTuli da ZviradRirebuli procesia da igi uyenebs gansakuTrebul moTxov-

nebs rogorc ss-s, aseve boWkowarmomSobi polimeris qimiur agebulebas. 

samkurnalo Sesaxvevi masalebis miRebis teqnologiis SemuSavebis dros 

unda gaviTvaliswinoT Sesaqmneli nakeTobis mravalferovneba da saWiroeba 

farTo sazogadoebisaTvis. Cven isini unda gavTvaloT momxmarebelTa Zalian 

farTo speqtrze. K 

sxvadasxva etiologiis daavadebebis mkurnalobisaTvis klinikur praq-

tikaSi gamoyenebulia sxvadasxva miznobrivi daniSnulebis preparatebi medi-

cinis muSakTa mier moTxovnil kombinaciebSi. zemoTqmulis gaTvaliswinebiT, 
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Cvens mier gaxangrZlivebuli samkurnalwamlo zemoqmedebis Sesaxvevi masalis 

SemuSavebis axali xerxis Seqmnis dros upiratesoba mieca safeiqro mrew-

velobaSi farTod gamoyenebuli safeiqro masalebis CiTvis da apretirebis 

meTodebs, romelTa ganxorcielebis dros kolorirebisa da gamoyvanis dros 

safeiqro masalaze (CiTvis dros) saRebavi an apretirebis agenti daitaneba 

Sesqelebuli – imobilizebuli polimerul kompoziciaSi.N vivaraudeT, rom 

ase SeiZleba datanili qnas safeiqro masalaze samkurnalo saSualebac.  

Cvens mier SemuSavebulia safeiqro masalis masSi Setanili samkurnalo 

saSualebiT da gamokvleulia misi specifikuri Tvisebebi [1-3].  

kvlevis mizans warmoadgenda iaris eqsperimentuli modelis SemuSaveba; 

diabeturi terfi da ganviTarebuli wylulic xom igive iaraa, romlisTvisac 

Cven vamuSavebT samkurnalo safens da yovelive zemoT Tqmuli masac 

miekuTvneba.  

 

kvlevis meTodebi da Sedegebi 

iaris zedapirze ss aqtiuri moqmedebis dro ganisazRvreba samkurnalo 

safenis zedapiridan iaris eqsudatSi samkurnalwamlo saSualebis difuziis 

droisa da paTologiis mkurnalobis procesSi misi momdevno danaxarjis 

mixedviT. `iaris~ imitaciis eqsperimentuli modelis Seqmnis sirTule mdgom-

areobs eqsperimentis modelur pirobebSi ss xarjvis meqanizmis gansazRvrasa 

da modelirebaSi. naSromSi [4] iaris modeli imitirebulia sisxlTan an 

plazmasTan an fiziologiur xsnarTan М=5 SemTxvevaSi rogorc modelSi 

`wartacebiT~, aseve stacionarul mdgomareobaSi. Tumca aseTi xerxiT mire-

buli Sedegebi ver iZleoda zust pasuxs, radgan iaris zusti Semadgenloba 

damokidebulia daavadebis mimdinareobis specifikasa da yoveli individis 

Taviseburebebze. aRniSnul naSromSi CvenTvis mniSvnelovani iyo iaris 

garemoSi arsebuli situaciis Sefaseba, raTa gvcodnoda rasTan gvixdeboda 

brZola. 

dadgenilia, rom organizmis umravles daavadebasa da stresul 

mdgomareobas Tan axlavs radikalebis gadasrola qsovilebsa da sisxlis 

plazmaSi lipidebis zeJangovani Jangvis gaZlierebis gamo; Tumca litera-

turaSi praqtikulad ar aris organizmSi mimdinare paTologiuri procesebis 

dros radikalebis koncentraciis Sesaxeb raodenobrivi monacemebi, SesaZloa 

kvlevis meTodebis teqnikuri da eqsperimentuli sirTuleebis gamo. L 

literaturuli monacemebis, aseve eqsperimentis Sedegebis analizi 
(laboratoriaSi - 24 pacientis sisxlis plazmaSi endogenuri antioqsidan-

tebis raodenobrivi cvlilebebis qemiluminescenturi gazomvebiT), romlebic 

Catarebuli iyo sxvadasxva doziT medikamentozuri zemoqmedebis SemTxveveb-

Si, saSualebas gvaZlevs SevafasoT Tavisufali radikalebis jami   0

2RO  

`iaraSi~. A 

amgvarad, sisxlis plazmis endogenuri antioqsidantebis saSualo sta-

tistikuri done normaSi Seadgens  0

2

N

RO =18x10
-6moli/ml. paTologiuri 

procesisas igi or-samjer mcirdeba.  

Tu CavTvliT, rom paTologiisas endogenuri antioqsidantebi mTlianad 

ixarjeba iaris eqsudatSi radikalebis spontanuri ganatyorcnis daTrgun-

vaze, maSin am dros iaraSi warmoiSoba 10
-6 

- 10
-9moli/l raodenobiT paToge-

nuri radikalebis kvazistacionaruli koncentracia. Tavisi mniSvnelobiT es 
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sidide, rogorc savaraudo miaxloebiTi mniSvneloba, Seesabameba lite-

raturul monacemebs [5]. 

,,iaris~ mimbaZavi modeluri reaqciis saxiT, Cveni azriT, gamodgeba 37
0
С 

temperaturaze kumolis dabaltemperaturuli inicirebuli daJangvis qemilu-

minescenturi modeli (ql-modeli). am SemTxvevaSi zeJanguri radikalebis 

stacionaruli koncentracia uzrunvelyofili iqna standartuli inicia-

toriT – α-α –azobas-izobutironitriliT (aibn). amavdroulad, reaqciaSi 

radikalebis generacia Seesabameba paTogenuri radikalebis generacias 

,,iaraSi~, rogorc pasuxi dazianebaze. 

gamxsnelis saxiT viyenebdiT acetonitrils da qlorbenzols Tanafar-

dobiT, 1:1.Aacetonetrili TiTqosda asrulebda iaris eqsudatis rols da 

xels uwyobda safeiqro masalis nimuSze polimeris gajirjvebas da ss 

masaTgadatanas Cvens mier Seqmnili safenidan `lnr~ ql-modelis moculobaSi. 

ss masaTgadatana regulirdeboda masalisa da polimeris – bentonitis ga-

jirjvebiT, ss koncentraciis gradientiT areSi ,,ss – garemo~, ss xsnadobiT 

da misi wartacebis siCqariT garemoSi (sisxlSi, limfaSi), rac xels uwyobda 

ss koncentraciaTa sxvaobis cvlilebas garemosa (iarasa) da samedicino 

safen lnr-s Soris. am dros xdeba ss desorbcia garemoSi [6-7]. 

kumolzeJanguri radikalebsa da ss-s Soris urTierTqmedebasa da maT 

xarjvas mivyavarT ss-is damatebiT desorbciamde safenis nimuSidan modeluri 

reaqciis moculobaSi da  garda amisa, iaraze ss aRweril moqmedebamde. Ees 

garemoeba Tvisobrivad ganasxvavebs ql-models adre gamoyenebuli iaris imi-

tirebis [4] modelisagan, sadac mxedvelobaSi ar miiReboda iaraSi radikalur 

meqanizmze ss xarjvis kinetika, aramed ganixileboda mxolod aris Tvisebebi 

da ss-isa da bentonitis wartaceba Wrilobidan limfisa da sisxlis mier.  

am eqsperimentSi Cvens mier Segnebulad iqna ugulebelvyofili masaT-

gadacemis procesze iseTi Tvisebebis zemoqmedeba, rogoricaa garemos 

realuri Semadgenloba, maT Soris cilovani Semcveloba, misi siblante da 

sxv. kidev erTxel unda gaesvas xazi, rom Cveni kvlevis obieqti iyos is 

antioqsidanturi Tvisebebis cvlilebebi iaraSi samkurnalo saSualebis 

Semcveli `lnr~ safenis Setanis dros. 

zemoT Tqmulidan SeiZleba davaskvnaT, rom modeluri reaqciis saxiT, 

romelic warmoadgens `iaris~ imitacias, radikaluri procesis TvalTa-

xedviT, SeiZleba gamodges kumolis dabaltemperaturuli inicirebuli 

daJangvis qemiluminescenturi modeli (ql-modeli). 

 
aRniSnuli naSromi Sesrulebulia SoTa rusTavelis erovnuli samecniero fondis 
finansuri xelSewyobiT (№11-17 grantis farglebSi). winamdebare publikaciaSi 
gamoqveynebuli nebismieri azri ekuTvnis avtorebs da SesaZloa ar asaxavdes SoTa 
rusTavelis erovnuli samecniero fondis Sexedulebebs 
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SUMMARY 

DEVELOPMENT OF AN EXPERIMENTAL MODEL OF THE DIABETIC WOUND 

Buadze E.P., Pailodze N.O. and Abuladze N.B. 

Akaki Tsereteli State University, Kutaisi 

 The paper deals with  the problem of treatment of the diabetic wound and  with the development of the wound 

model.   It was established that  a chemiluminescent model (model CL), initiated by  low-temperature oxidation 

of cumene  at  T = 37
0
C, can serve as a model reaction simulating a wound in terms of the radical process.   It is 

shown that the steady-state concentration of peroxide radicals is provided by the standard initiator 

Azobisisobutyronitrile - AIBN.  It was found that the generation of radicals in the reaction corresponded to the 

generation of radicals in the pathogenic "wound" as a response to damage. 

Keywords:  textile materials, reaction model,  pharmaceutical substance, diabetic wound. 
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