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eZRvneba vano (ivane)  gorgiZis xsovnas 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Jurnali gamosacemad mzad iyo rodesac moulodnelad, xanmokle 

avadmyofobis Semdeg gardaicvala saredaqcio kolegiis wevri, 
saqarTvelos sainJinro akademiis erT-erTi damfuZnebeli da akademiis 
akademikos-mdivani, saerTaSoriso sainJinro akademiisa da informati-
zaciis saerTaSoriso akademiis namdvili wevri, ruseTis sabu-
nebismetyvelo akademiis namdvili wevri, ssr kavSiris saxelmwifo 
premiis laureati,  saqarTvelos teqnikuri universitetis profesori 
ivane (vano) gorgiZe.  
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ivane gorgiZe  daibada 1942 wlis 12 ivniss, q. TbilisSi. 1959 wels daam-

Tavra q. Tbilisis 30-e saSualo skola da swavla gaagrZela saqarTvelos po-
liteqnikuri institutis gamoTvliTi teqnikisa da informatikis fakultetze,  
romelic warCinebiT daamTavra 1964 wels. 

institutSi swavlis periodSi muSaobda spi-is profkavSiris Tavmjdo-
maris moadgilis Tanamdebobaze. umaRlesi saswavleblis damTavrebis Semdeg 
1965–1978 ww-Si, muSaobda saqarTvelos mecnierebaTa akademiis gamoTvliT 
centrSi, Semdeg ssr kavSiris mecnierebaTa akademiis marTvis problemebis 
institutSi;  1975–1980 ww-Si iyo  saqarTvelos samecniero-saswavlo centr 
„algoriTmis“ direqtori; Semdgom muSaobda saqarTvelos mecnierebisa da 
teqnikis saxelmwifo komitetSi, saqarTvelos saxelmwifo sagegmo komitetSi, 
respublikis ministrTa sabWoSi. 1996_2003 ww-Si iyo saqarTvelos prezi-
dentTan arsebuli sainJinro da samecniero-teqnikuri sabWos pasuxismgebeli 
mdivani; saqarTvelos informatikisa da gamoTvliTi teqnikis sazogadoebis 
swavluli mdivani; saqarTvelos kp Tbilisis saqalaqo komitetTan arsebuli 
informatikisa da gamoTvliTi teqnikis ganyofilebis xelmZRvaneli.  

1980 wels ivane gorgiZe dainiSna saqarTvelos gamoTvliTi teqnikisa da 
informatikis samecniero-kvleviTi gaerTianebis direqtorad, romelsac 
saTaveSi edga 2000 wlamde. misi samecniero Tematikis interess warmoadgenda 
mecnierebisa da teqnikis istoria, marTvis  problemebi, marTvis sistemebi, 

organizaciuli sistemebis ageba da marTva.  
i. gorgiZe aris aqtiuri sistemebis marTvis Teoriis erT-erTi 

Semqmneli. 
2007 wlidan igi iyo saqarTvelos teqnikuri universitetis reqtoris 

mrCeveli, saqarTvelos teqnikuri universitetis profesori, Teologiis 
saswavlo-samecniero centris xelmZRvanelis moadgile  

igi dajildoebuli iyo „Rirsebis ordeniT“, sapatriarqos sigeliT, 
saerTaSoriso sainJinro akademiis diplomiT da sxva maRali jildoTi. 
gamoqveynebuli aqvs mravali samecniero naSromi, maT Soris 10-ze meti 
monografia.  iyo mravali samecniero Jurnalis saredaqcio kolegiis wevri. 
          batoni ivane gorgiZe uaRresad kacTmoyvare, mzrunveli da sikeTis   
mTesveli adamiani gaxldaT.  

Zneli warmosadgenia teqnikuri universiteti batoni vanos gareSe. 
batoni vanos xsovna samudamod darCeba megobrebis, kolegebis  gulSi. 
 
 

saqarTvelos teqnikuri universiteti 
saqarTvelos sainJinro akademia 

Jurnal Georgian Engineering News-is redaqcia 
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РЕШЕНИЕ ДВУМЕРНОЙ ГРАНИЧНОЙ ЗАДАЧИ  ТЕОРИИ ТЕРМОУПРУГОСТИ ДЛЯ 

ПОЛОГО  ЦИЛИНДРА КОНЕЧНОЙ ДЛИНЫ  

 

 Гулуа Н.Г. 

 

Грузинский технический университет 

 

 В работе рассматривается двумерная граничная задача теории термоупругости для 

полого цилиндра конечной длины под действием стационарного температурного поля и 

внешней  нагрузки.  

В работе [1] эффективно была решена  двумерные граничные и гранично-контактные 

задачи теории упругости для многослойных тел, ограниченных координатными поверхностями 

цилиндро-эллиптической системы координат , , ;z   

Принимая во внимание результаты полученные в работе [1] в данной статье для 

трансверсально изотропного тела решается двумерная граничная задача теории термоупругости 

в цилиндро-эллиптических координатах.  

Запишем основные зависимости теории термоупругости для исследования напряженно-

деформированного состояния (НДС) в цилиндро-эллиптической системе координат 

 , , ; 0 , , ,z z               связанные с прямоугольными декартовыми 

координатами , ,x y z  следующими  формулами 

cos , sin ,x ach y ash z z      , 

для параметров Ламе, принимаем: 
1 2 3, , zH h H h H h    ,   при этом  

   
1 1

2 2 2 2
1 2

cos 2 cos2 ,
2

a
h h h a ch ch           1zh  параметры Ламе, a -масштабный 

коэффициент.  

Обозначим через u,v,w  компоненты вектора смещения U вдоль касательных к коорди-

натных линииям  , ,z , через , , z 
   −нормальные напряжения; , ,z z z z     

        − 

касательные напряжения.  

Предположим, что       w=0, u=u , ,v=v , ,
 
что  приводит к следующим зависимостям  

теории термоупругости [2,3] 

 

   

   

10

1 1

2

5

2

v
0; ;

v
0; ;

) 0.

hu h kK B K
a c T

c c

h huB K h
b d B

c

e T

   

   

  
    

   

  
   

   

 

) )

) )

  
 

Закон Гука (физический закон), которая предпологает самую простую, линейную 

зависимость между компонентамы напряжения и соответствующими им компонентам 

деформации для трансверсално-изотропного тела записывается так: 

 

        

 
   

 
   

5 5
102 2

5 5
102 2

v2 2 1
v ,

2 2 1
v ,

hc c h h
K hu h k T

h h h

huc c h h
K hu h k T

h h h






  


  

   
      

    


              

   

       (2) 

            

 
   5 5

2 2

u2 2 1 1
v

hc c h h
B hu h

h h h h
 

  

   
      

        

(3) 

(1) 
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где u,v,w  − компоненты вектора смещения U вдоль координатных линии 

 , ,z
       
          , , , , ,z z z z z − деформации,  1,5ic i = − упругие характерис-

тики,  10 1 5 1 3 2 20 3 1 2 22 , 2k c c k c k k c k c k        
, а 1k  и 2k − коэффициенты линейного 

теплового расширения в плоскости  изотропии и вдоль  z .  T -температура в упругом теле 

подчиняющаяся уравнению  

 
2

2 0 2
0

T
T 




  



                                (4) 

и соответствующим граничным условиям, . 
 

  
   

  

2 2
2

2 2 2
h ;      

Введем следующие  обозначения  

                          

02 2

2 2 v 2
, v = , 2 cos 2

hu h
u h h ch

a a a
    

  
(5) 

 

С учетом формул (5)   выражения (1),(2),(3) перепишем в следующем виде:  
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   
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 
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 

5 5
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5 5
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0
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2 sin 2 v ,
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sin 2 2 v
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B u sh

h h







  


  


   



       
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

       
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
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Пусть 

 

 

   
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1 1 1 15

2

0
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2

0

2
) sin cos ,

2
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    
    

    
тогда общее решение системы (6) имеет следующий вид 

 

Полученные общие решения применяются для рещения граничных задач для областей 

ограниченных эллиптическими кривимы.   
 

(6) 

2 2
2 21 1 2 1 1 2 2
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       

       

         
          

          

         
          

          
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SUMMARY 

SOLVING OF TWO-DIMENSIONAL BOUNDARY PROBLEM OF THE THEORY OF THERMAL 

ELASTICITY FOR HOLLOW CYLINDER OF FINITE LENGTH 

Gulua N.G. 

Georgian Technical University                                      

In the two-dimensional boundary problem of the theory of thermal elasticity of hollow cylinder of finite length 

under the action of stationary temperature field and external load is considered. 

Keywords:   two-dimensional boundary problem, theory of thermal elasticity, hollow cylinder. 
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ОСЕСИММЕТРИЧНОЕ ЭЛЕКТРОУПРУГОЕ РАВНОВЕСИЕ  
ЦИЛИНДРИЧЕСКОГО ТЕЛА 

 
Кварцхава Л.Г.   

 
Грузинский технический университет 

 
  В работе методом разделения переменных  строится точное решение граничной задачи 
электроупругого равновесия для тела, ограниченного координатными поверхностями  
кругового цилиндрической системы ортогональных координат.   
Ключевые слова: Точное решение, электроупругое равновесие, метод разделения переменных, 
транстропная (трансверсально-изотропная). 

В круговой цилиндрической системе координат r , , z рассмотрим электроупругое 
равновесие  тела ограниченного координатным поверхностями, которая занимает область 

  0 1 1 1, , : 0 , 0 , 0П z R z z          r r r r . Криволинейный координатный 

параллелепипед транстропная (трансверсально-изотропная) с плоскостью изотропии  z const .  
Пусть  

при  321 ,,: irzirizi fffrr           (1)  

     
 
а на боковых гранях  заданы условия симметричного или антисимметричного продолжения, 

т.е. на  боковых гранях  имеем следующие условия 

при ;0,0,0:,0 1111111  zz uw        (2)  

при  ;0,0,0:,0 1111111   zzrz uwzz      (3)  
 
 

В равенствах (1), (2), (3) 0i или 1, причем в  (2) и  (3) 1, 0,p p    или 

0, 1,p p      ,3,2,1p
      

а  в (1)
  

,1,0  pppp  1,2p  . 

Уравнения равновесия и электростатики можно записать в виде  [1]:  

                                               
;0

11

,0
21

,0
1













































































z
zzzr

r
zr

rrzrr

rzrr

rzrr

rzrr

                                  (4) 

1 1
0,r z

r

DD D
D

r r r z





 
   

  
 

где: zr   ,, - нормальные, zr   ,, - касательные напряжения. zr DDD ,,  – компоненты 

вектора электрической индукции D   вдоль касательных  к координатным линиям. Уравнения 
состояния  пьезоэлектрической среды  имеют следующий вид [1]:

  1 1 5 3 1 1 1 5 3 1

1 5 1 3 1 1 5 1 3 1

3 2 2 3

1 1
( 2 ) ( 2 ) ,,

1 1
( 2 ) ( 2 ) ,,

1 1
( )

r rr zz z

rr zz z

z rr zz z

u w
c c c c e E c c c u c e

r r r z z

u w
c c c c e E c c c u c e

r r r z z

u
c c e E c

r r r



 



 
   



 
   




   



    
           

    

    
           

    

 
      

 
2 2

4 3 4 3

4 3 4 3

5 4

. ;

1 1
,

, ,

1 1
.

z z

rz rz r

r r

w
u c e

z z

w
c e E c e

z r r

w u
c e E c e

r z r

u
c c u

r r r

  

 



 
 

 


 


 



  
  

  

   
     

   

   
     

   

  
    

    

(5)
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где zr   ,, - компоненты тензора деформации, zr EEE ,,  - компоненты вектора напряжен-

ности электрического поля. ,gradE 


 
где    

- электростатический потенциал. 

 1,2, ,5ic i = - упругие характеристики, ie - пьезоэлектрические постоянные .  

21,ЭЭ - диэлектрические постоянные. 

      Если упругие характеристики тела   1,2, ,5ic i = 
  

удовлетворяют условиям,   

 21 2 3 42 0,c c c c                                    (7) 

при этом компоненты электроупругого поля не зависят от координаты   и        

 u = u , , 0,r z v      w == w , ,r z   0, 0, 0, 0, 0,       z r zB K D    тогда  (4), (5), 

(6) можно переписат в сдедующем виде[2,3]:
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 Таким образом в области   0 1 1 1, , : , 0 , 0П r z R r r r z z          имеем 

осесимметричное  напряженно деформированное состояние со следующими граничными 
условями: 

При 1: , , ;z r rz
     

i i i2 i2
r r f f f   

 При 
10, : 0, 0, 0;        z z                                                                      (13)

 

При      10, : 0, 0, 0;    zr zz z w
 

Компоненты упругого поля, выраженные через эти функции, имеют следующий вид [3] 
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Для нашего случая функции  1 2,   и    имеют следующий вид 
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где 
1

, 0,1,2,
m

m m
z


 

.
 ,i iA A s m - некоторые  постоянные. Имея формулы для  

составим при ir r  выражения для   , ,z r rz
    и  приравним их к функциям   1 2 3, ,

i i i
f f f , 

разложенным с учетом (13) в ряд Фурье.  В результате  для определения  постоянных      

получим бесконечную алгебраическую систему  с квазидиагональной матрицей    с 

диагональнимы блоками p . Непосредственной проверкой убеждаемся, что     

det 0p  (det 0p  , когда p ). 
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SUMMARY 
AXIAL-SYMMETRICAL ELECTRICALLY ELASTIC EQUILIBRIUM OF CYLINDER BODY 
Kvartskhava L.G. 
Georgian Technical University 

In circular cylindric system of coordinates (r, , z) electrically elastic equilibrium of body is considered, restricted 

by coordinate surfaces which  occupies the region   0 1 1 1, , : 0 , 0 , 0П z R z z          r r r r .              

There is axial-symmetric strained-deformed state in mentioned region with following boundary conditions:  

At 
1: , , ;z r rz

     
i i i2 i2

r r f f f
 

 At 
10, : 0, 0, 0;        z z  

At 10, : 0, 0, 0;    zr zz z w  

Keywords: coordinate, cylinder, body, electrically elastic equilibrium.  
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ВИРТУАЛЬНОЕ МОДЕЛИРОВАНИЕ И ИСПОЛЬЗОВАНИЕ ЦИФРОВЫХ 

ТЕХНОЛОГИЙ В ТЕОРЕТИЧЕСКОЙ МЕХАНИКЕ  

 

Мухашаврия С.Э. 

 

Грузинский технический университет 

 

 

Быстрые темпы развития современного общества требуют аналогичного развития в 

области образования. Чтобы быть своевременным и вовремя поддержать ногу. Дело не только в 

будущем, дело в настоящем. Поэтому в процессе обучения необходимо использовать совре-

менные средства обучения и оборудование. Особенно, если речь идет о высшем образовании. 

21 век назвали эрой цифровых технологий. Новые технологии открыли новую эру, 

формировали новые связи и предоставили новые возможности процессу обучения. Сегодня 

слишком много развитых стран используют информационные и коммуникационные техно-

логии в образовании. Можно сэкономить много времени, используя информационные и 

коммуникационные технологии. Это делает использование ИКТ еще более важным в процессе 

обучения. Без компьютерных технологий невозможно узнать новости о такой деятельности, 

поэтому важно включить в обучение информационные и коммуникационные технологии, 

которые определяют результат знаний и в целом эффективный процесс управления. 

Виртуальное моделирование _ это своего рода физический эксперимент, в кото-

ром студент развивает основные принципы и технологии экспериментирования и экспери-

ментирования в «теоретической механике». Он включает в себя все основные этапы экспе-

римента: постановку основной исследовательской задачи, поиск путей и методов достижения 

поставленных целей, использование экспериментального оборудования. 

Образование и наука постепенно становятся все более и более «виртуализированными»: 

цифровые лаборатории становятся естественным инструментом высшего образования. 

 При работе с виртуальной моделью студент приобретает знания на основе сбора и 

анализа экспериментальных данных: изучаются физические характеристики объекта; События 

и процессы, подтверждающие или опровергающие теорию экспериментов и многие другие. 

В данной статье рассматривается виртуальная модель 

лабораторного работы «Теоретическая механика» 

«Исследование колебаний звеньев системы».  Виртуальная 

модель. Виртуально-реальная модель позволяет выполнять 

своего рода моделирование на устройстве в лаборатории, на 

котором будет выполняться виртуальный мониторинг и анализ 

данных. 

Разработка алгоритма анимации виртуальной-реальной 

модели позволит пользователю участвовать в процессе, более 

близком к реальному. Модель реагирует на внешний фактор, 

имеет те же параметры, что и реальная. Изменение параметров 

дает тот же результат, что и фактический процесс. 

В виртуальной модели есть база данных, которая 

позволяет нам отслеживать, изменять и сохранять результаты. 

В виртуальной модели используется специальное программное 

обеспечение и виртуальные эффекты, максимально 

приближенные к реальным. 

Для создания модели использовались компьютерные 

модели, микроконтроллеры, языки программирования и 

платформа Adobe Flash. Последний позволяет нам передавать 

данные о текущих процессах в машине с помощью 

виртуальной модели. После такого подключения в результате 

создания базы данных можно будет наблюдать и анализировать реальный процесс. 

Изучение колебаний связанных систем. В лаборатории «Изучение колебаний связанных 

систем» выполняется прибором FPM-13 (рис.1). Целью работы является изучение свойств и 

 
Рис. 1. Прибор FPM-13 
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основных характеристик колебаний связанных систем. Задача состоит в том, чтобы определить 

частоты парциальных и нормальных колебаний связанной системы из двух одинаковых 

маятников. 

При выполнении лабораторного практикума большое значение имеет приобретение 

навыков проведения измерений и обработки результатов. Вычислительным инструментом, 

которая эффективно решает задачу математической обработки измерений, является mathcad. 

Эта универсальная  программа позволяет производить математическую обработку результатов 

лабораторных работ по всем разделам курса теоретической механики. 

Для большей точности данные, снятые с устройства, анализируются с помощью 

программы Mathcad. С помощью этой программы взятые данные вставляются в формулу и 

рассчитывается конечный результат. Программа может хранить данные до тех пор, пока они не 

будут изменены. 

Ниже приведен расчет данных, необходимых для изучения колебаний связанных систем 

с помощью программы Mathcad. 

 

 

 

 
Программа Mathcad 
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Виртуальная  модель (рис.2) для для изучение колебаний  связанных систем. Как уже 

отмечалось выше для создания виртуальной модели было исползованокомпьютерные модели, 

микроконтроллеры, языки программирования и платформа Adobe Flash. 

 

 

 

Рис.2. Виртуальная модель для  изучения связанных систем 
 

 

Экспериментировать в реальной лаборатории сложно из-за безопасности дорогостоя-

щего оборудования, а также дорогостоящего оборудования. Симуляторы, виртуальные 

лаборатории и удаленные лаборатории предлагают решение этих проблем, экономя при этом 

время и устраняя потенциально опасные события. Концепция удаленной лаборатории также 

обеспечивает подход к обучению, ориентированный на студентов. 

Вывод. Процессы глобализации в современном мире, наряду с развитием веб-

стандартов, способствовала развитию распространенных сегодня методологий дистанционного 

и электронного обучения. Удаленные приложения позволяют студентам и исследователям 

получать удаленный доступ к лабораториям, не посещая практические занятия в кампусе, что, 

несомненно, является большим преимуществом для студентов или исследователей, у которых 

ограничено время. 

 

 
 ЛИТЕРАТУРА 
1. Давид Горгидзе, Леван Джикидзе, Зураб Цицкишвили, Марине Лосаберидзе, Лиана Кварцхава. 

Методические указания к лабораторным работам по теоретической механике. –Тбилиси, ГТУ,  2019,  (на 

груз.-ом) 219 с. 

2. А. Горгидзе. Курс теоретической механики. –Тбилиси, Ганатлеба, 2017 . (на груз.-ом), 184 с. 

3. https://www.engr.colostate.edu/ECE562/mathcad.pdf 

4. http://physics.aidio.net/index.php/18-teoria/28-tavisufali-rxeva-matematikuri-qanqara 

5. https://www.engr.colostate.edu/ECE562/mathcad.pdf 

6. https://1tv.ge/show/fizika-dro/ 

 

SUMMARY 

VIRTUAL MODELING AND USE OF DIGITAL TECHNOLOGIES IN  

THEORETICAL MECHANICS 

Mukhashavria S.E. 

Georgian Technical University 

Education and science are gradually become more and more `virtualized~: digital laboratories become as natural 

instrument of high education. At operating with the virtual model the student receives the knowledge on the 

basis of collecting and analysis of experimental data. The physical characteristics of the object are studied as 

well as the events and processes, experiments confirming or disproving the theory and etc. 

Keywords: virtual modeling, digital technologies, algorithm, distant and electron education. 
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SYSTEM ANALYSIS OF THE MAIN FEATURES OF PROJECT MANAGEMENT IN A 

CONSTRUCTION COMPANY 

 

Museridze R.R. 

 

Georgian Technical University 

 

Abstract. The essence of project managment, purpose, functions, main features of its implementation and 

directions of application are reviewed in the article. For construction companies project management 

components are given and their characteristics are analyzed. Emphasis is placed on the importance of the project 

structure, the relevant structural model is discussed. The hierarchic structure of the job distribution, calendar 

planning and reporting forms and the main features of the project office are presented too. The article shows 

form of the "magic triangle”. Its properties and connections between the components are also analyzed. 

Keywords:  project management, structural model, hierarchical structure, scheduling and reporting forms 

 

 

Introduction 

Project management - is a field of professional activity of the company to create a unique 

product / service through the implementation of a complex of interrelated, targeted activities using 

modern knowledge, skills and tools, human and material resources, it is meant that there are certain 

restrictions on the scope, cost, risks, quality and timing of works. 

Project management, as a mean of systems approach, allows project-oriented company 

management to develop their own project management technology. This reduces many uncertainties, 

risks and enables effective project management in the implementation of each project. In other words, 

the company successfully works with a new project each time, with a certain pattern: stages, results, 

work. At the same time it sets standards for project management. 

At the present stage, project management methodology is widely used in various fields of 

activity: in  IT industry; in production and educational fields, including construction. 

 Practice shows that success in using the project approach depends on how its employees are 

involved in the process, how the ongoing construction processes are managed, and how relevant 

communication links are formed between the project participants. Project management in construction 

is a way to make changes in project management, to develop  more flexible, effective management 

means and methods. 

The aim of the article is to investigate and analyze the key components of project management 

as an effective management technology in a construction company. 

 

Main Part 

A project is a planned complex of interrelated activities aimed at creating a unique product or 

service with limited time and resources. For example, a construction project focuses on the 

construction of a new facility or the reconstruction of an existing one. 

It is important, in the project implementation process, necessary relationship between 

management functions and tasks and internal and external factors (Figure 1). 

It should be noted that the main elements of the project are: the idea (problem), the means of 

its implementation, the solution of the problem and the final results obtained during the 

implementation (Figure 2). 
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Figure 1. Relation of project management functions to the environment 

 

 

 

Depending on the complexity of the project idea and the effectiveness of its implementation, 

the results are classified as: specific (products, organization, buildings, etc.) and abstract (plans, 

knowledge, experience, method, etc.); current (technology, documentation, signed contracts, etc.) and 

final (profit, product, knowledge, etc.). 

 
  

Fig. 2. Stages of project management 

 

In practice, project management is considered as a tool for project development and 

implementation. In other words in variable, unstable and uncertain situations as a universal technology 

of effective management of the firm. Project management in construction is primarily a way to more 

effective project management processes. The following steps are important in these processes: 

1. Change of organizational structure; 

2. Introduction of WBS: 

3. Introduction of a calendar plan: 

4. Introduction of reporting forms; 

 5. Establishment of a project office; 

6. Introduction of an assignment system; 

7. Optimization the conformity of the  magic triangle composition (Purposeful, quality 

oriented). 

 

1.   Change of organizational structure 

Any construction project is implemented within a specific construction company, the 

organizational structure of which has a significant impact on the success of the project. It is important 

that each company has an opportunity to modernize existing management structure before it can 

effectively manage projects. 

Management of external 

factors 

-Adaptation to environmental 

conditions; 

-Management of interactions with the 

nearest  environment subjects 

Management of internal 

factors 

 

-Coordination of participants      

 interaction                                         

-Rational usage of available resources 

The idea 

(problem, task) 
The means of its 

implementation (solution) 
The aim of 

implementation (final 

results) 
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Often while talking  about structure it means organizational structure scheme (structural 

model): unity of divisions and sections, which are located in a certain hierarchy and headed by a 

manager (manager) - a manager or any leadership link.  Such schemes can say quite a lot about the 

company. 

It is accepted that the constituent units, divisions, departments of an organization can be 

formed on the basis of functions, product, region, client, project. It depends on which of the following 

signs is more important for the achievement of the strategic goal of the organization: 

 If structural units - departments are formed according to the basic functions of the 

organization, then it is called a functional structure; 

• If structures use a product, region, or client as a basis for  grouping units, then it is 

called a divisional structure; 

• The structures formed on the basis of the project are called project structures; 

• If organizational units in a structure are created by two symbols at the same time, then 

it is called a matrix structure. 

We discuss project organizational structures according to our goals [1]. 

This organizational form is considered as a temporary structural formation and is used within 

the existing (existing) functional structure to implement a specific task (project). In the project 

structure (Fig. 3.) certain functions (e.g. accounting, marketing, strategic planning, etc.) will be 

transferred to a higher level of management, while all other tasks are solved at the project management 

level. The project manager is responsible for the realization of the project within the given timeframe 

and the limits of available resources. For the realization of the project a group is formed with the staff 

of the organization, i.e from the best specialists of functional services.  Such a structure is more 

effective in the case of large construction projects with a life cycle of more than 2 years. 

The members of the project team and the resources allocated for its implementation are at the 

complete disposal of the project manager. Upon completion of the project, specialists begin to 

implement a new idea or return to a permanent job. The advantage of the project structure is that the 

members of the project team and its leader concentrate on the realization of a single project and do not 

participate in the solution of other problems (tasks) [1]. 

 

Company 

Management 

 
Marketing Project first manager Project second manager Project third manager 

Marketing Project first manager Project second manager Project third manager 

Technical 1   collaborator 1   collaborator 1   collaborator 

Accountancy 2  collaborator 2   collaborator 2   collaborator 

Logistics 3  collaborator 3   collaborator 3   collaborator 

       Project coordination 

 
Fig. 4  Project structure of projects’ management 

 

 

In such a structure, decisions are made as a result of discussions with the team members. The 

project structure is an ideal organizational base for solving innovative problems, especially for very 

large projects of an innovative nature. A significant disadvantage in such  structure is the duplication 

of services in the organization. 

 

2. Introduction of a hierarchical structure of works (WBS-Work Breakdown Structure) 

According to some specialists engaged in investment-construction project management it is 

obvious that there is complete chaos in the current processes in construction companies (especially 

small ones). Many issues are unknown to employees and therefore incomprehensible. One such issue 

is the WBS -Work Breakdown (hierarchical structure of works) and the issue of its existence in the 

organization. [3] 
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If we use PMBOK, then: hierarchical structure of works (WBS) is a result-oriented (project 

results), hierarchical decomposition of works, which is executed by the project team to achieve the 

project objectives and desired results. It helps to define and structure the overall content of the project. 

For example, in practice it is simpler to determine and it is called a classifier. The essence of 

the classifier is to make it possible to classify all the processes in the company through a single search 

engine (‘database’) - both work and costs and the flow of documents, as well as accounting, risk 

assessment, etc. Such a classifier is a unique guide to the activities of each design company. 

WBS is often equated with a simple list of project-related work, but it is only a grouping of 

project work and activities on a certain principle. 

 

3. Adaptation of celendar plan 

If after the initiation of the construction project the possibility of realization of the project is 

confirmed, the development of the activity plan-schedule begins. The main document at this stage is 

the project management calendar plan, which includes various supporting plans, namely: the project 

technological plan; project implementation timeline management plan; costing; requirement 

management plan; quality management plan; communication management plan; risk management 

plan; - procurement management plan; stakeholder Management Plan [2]. 

At this stage, the relevant set of works for the month is processed through weekly planning 

procedures. In addition to production planning, the company must develop a plan for tenders (bids and 

trading). 

 

4.   Implementation of reporting forms 

Every small or large construction company has its own reporting standards. There are key 

elements of project management that should be emphasized when submitting a report, these elements 

are: general information, analysis of checkpoints, key issues, next steps. 

If the company standards do not require a set volume of report, then it should be executed as 

briefly as possible. To make the reader aware of the progress of the project in a short time. If the report 

is emailed, then additional materials on potentially interesting issues may be attached to the report in a 

separate file, indicating what information it contains. Or it may simply indicate that this information 

exists and can be obtained [3]. 

 

5.  Formation of a project office 

There are many options for organizing a project office. Each construction company, depending 

on the management needs, maturity level and resources, creates its own version of this structure and 

realizes its tasks. 

Professionals involved in project management and project management systems (according to 

PMSS) understand that a well-organized project office actually facilitates project implementation, 

improves the management system and related processes, and determines the timely and effective 

results of project objectives, and on the contrary: improperly organized work of this department 

damages the formation of the project management system in the company, reduces the interest of the 

company management in the project management process and may lead to conflicts in the 

management process, at the executor level. First of all, the concept of "Project Office" should be 

defined in accordance with international standards. 

The Project Office is an organizational structure that standardizes project management 

processes and facilitates the targeted use and exchange of needed resources, methodologies, tools, and 

techniques. 

 

6.  Implementing System Tasks 

It should be noted that the assignment system is part of a project management system that 

often fails or is not evaluated. Everyone tries to execute or justify the project meeting minutes in one 

way or another, but that does not mean that the system is working. System performance can be 

assessed if each manager task is completed or if he or she has been warned in advance of possible 

problems. This means that no task is left unattended. 

Introduction of assignment system requires a full-fledged formalization of this process - from 

the moment of the project meeting and formulation of tasks to the final report on implementation. It 
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seems quite difficult, but its implementation is undoubtedly a plus for the manager. The second plus is 

the implementation of performance control, which, of course, depends on the process and many other 

factors. The assignment system has advantages not only for the supervisor who conducts the meeting 

but also for the staff involved. 

In general, the assignment system can both improve and complicate the ongoing processes in 

the company. Therefore, it is not worth looking gently at the introduction of such a system, the process 

should be systematically understood, employees should be more informed, they should be given 

adequate powers and the necessary resources should be alloted. 

 

7. Project Management Triangle 

According to specialists, each construction project is a kind of so-called " magic triangle” in 

which terms, costs, and scope are balanced with each other (Figure 4.). It is impossible to change one 

factor without changing at least one of the others. The task of the project management manager is to 

ensure the sustainability of the triangle. This requires that when a problem arises, first of all, it must be 

determined its place in the project triangle and then analyzed: 

1. What happens to the timeline (schedule), costs (budget) or scope of actions? 

2. It is necessary to find out which sides of the triangle can be changed and which can be 

fixed; 

3. The factors that will help eliminate the problem and optimize the project should be changed. 

 

 
Fig.4  The "magic triangle" of project management by quality factor. 

"Magic Triangle" shows a quality symbol, it is considered as the fourth factor of the triangle 

and largely determines the essence of project management. In other words, it shows the effectiveness 

of the project manager, project office, and project team. It is in the center of the triangle and any 

change in the sides affects it [4]. 

It is actually believed that there is no universal standard of quality. For each project, the 

quality is determined by the project itself. For some companies, quality is a measure of budget 

boundaries. For others, it is more important to get the product to market on time. The project manager 

must know how quality is defined for the organization and the project itself. 

 

Conclusion. 

It should be noted that project management tools are becoming more and more in demand in 

project-oriented companies, including construction companies. The efficiency of the management 

process in companies increases, which directly affects the company's revenue, its customers, the 

company's reputation, employee motivation, etc. Increases guarantees for meeting deadlines, risk 

avoidance, and effective management of resources.  These are the main areas of project management, 

they are quite acceptable and feasible, but less effective due to specific problems in the construction 

business. These problems are: 1. Low level of competence on the construction site. 2. Large gap 

between "upper" and "lower" levels of management. 3. The goals of the participants in the 

Works 

Terms 
Costs 

Quality 
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construction are very different. 4. Consumer is rarely engaged in a detailed study of value engineering 

of a new project. 5. Often project development at early stage is incompleted with its  adjusting 

framework and critical characteristics. 
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РЕЗЮМЕ 

СИСТЕМНЫЙ АНАЛИЗ ОСНОВНЫХ ФУНКЦИЙ УПРАВЛЕНИЯ ПРОЕКТАМИ В 

СТРОИТЕЛЬНОЙ КОМПАНИИ 

Мусеридзе Р.Р. 

Грузинский технический университет 
В статье рассмотрены сущность управления проектом, цель, функции, основные особенности его 

реализации и направления применения. Для строительных компаний приводятся компоненты управления 

проектами и анализируются их характеристики. Подчеркивается важность структуры проекта, в статье 

рассматривается соответствующая структурная модель. Также представлена иерархическая структура 

распределения должностей, календарного планирования и форм отчетности, а также основные 
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inovaciuri procesebis marTvis mravalkonturiani meqanizmebi 
 

xuciSvili s.a., gorgiZe d.a., xuciSvili l.s., museriZe r.r. 
 

saqarTvelos teqnikuri universiteti 
 

Sesavali. inovaciuri procesi rTuli, mraval etapini da mravalwaxnaga 
movlenaa, is warmoadgens Tanamedrove ekonomikis mTavar mamoZravebel Zalas, 
romelic  axdens samecniero teqnikuri procesis miRwevebis materializacias. 
inovaciis ganmartebis bevri gansxvavebuli midgoma arsebobs. erTni inovacias 
aigiveben pratikaSi axali elementebis Seqmnis procesTan, meoreni rogorc 
arsebiT, mizanmimarTul cvlilebebTan teqnologiur procesSi. Sexedu-
lebebis mniSvnelovani dayofa xdeba imasTan dakavSirebiT, aris inovacia 
procesi Tu Sedegi da a.S. Cveni miznebisaTvis gavaerTianoT sxvadasxva    
midgoma da moviyvanoT inovaciis Semdegi ganmarteba: 

inovacia _ axali efeqtiani produqtis (momsaxureobis) miRebis, maTi 
warmoebis  wesis da SemdgomSi, saSinao da sagareo bazarze realizaciis 
procesis Sedegia. igi aris SemoqmedebiTi procesis damasrulebeli etapi.  
Tu Semoqmedeba gulisxmobs siaxlis Seqmnas, inovaciis SinaarsSi igulisxmeba 
Seqmnili siaxlis praqtikaSi gamoyenebis SesaZlebloba. inovacia aris, 
samecniero-sawarmoo ciklis saboloo Sedegi da ganixileba inovaciuri 
procesebisgan mouwyvetliv.  

„inovaciuri procesi“ _ mecnieruli codnis inovaciebad gardaqmnis pro-
cesia. igi mTlianobaSi moiazreba, rogorc saqmianoba, romelic uzrunvelyofs 
axal SesaZleblobaTa mudmiv Ziebas, dasmuli amocanebis gadasawyvetad. 
sxvadasxva resursuli wyaroebis gamoZebnas, mozidvas da kvlavwarmoebiT 
procesSi CarTvas, mecnierebatevadi, konkurentunariani produqciis warmoebas, 
axali midgomebisa da teqnologiebis saSualebiT.  

arsebobs erTiani inovaciuri  procesis `mecniereba – inovaciebi – 
warmoeba – realizacia~ stadiebis amuSavebis periodebs da maTgan miRebul 
Semosavlebs Soris garkveuli wyveta, mniSvnelovani winaaRmdegobebi procesis 
monawileebs Soris warmoiSoba ideis dasabuTebis, Sualeduri Sedegebis 
xarisxis Sefasebis, yoveli stadiis da gansakuTrebiT start-ap kompaniebis 
finansirebis etapze, stadiebs Soris informaciis gacvlis etapze  da a.S.. rea-
lurad problemebi arsebobs rogorc warmoebis stadiaze aseve organizaciul, 
finansur, samecniero-kvleviT da swavlebis sferoSi. iseve rogorc  nebismieri 
procesi,  inovaciuri procesebic  mimdinareobs  bevri faqtoris  zemoqmedebis  
pirobebSi da es zemoqmedeba gansxvavebulia saqmianobis sxvadasxva dargSi. 
Tumca yoveli Taobis inovaciuri modeli garkveulwilad pasuxia ekonomikaSi  
mimdinare cvlilebebsa da tendenciebze.  

sabolood, SeiZleba iTqvas, rom inovaciuri procesi warmoadgens proce-
durebis, saSualebebis erTobliobas, romelTa daxmarebiTac samecniero aRmoCe-
na, idea gadaiqceva socialur, maT Soris saswavlo siaxled. rac Seexeba saq-
mianobas, romelic uzrunvelyofs ideis gadaqcevas siaxled da amasTan axdens 
im procesis marTvis sistemis formirebas, uwodeben inovaciur saqmianobas. 

ase, rom Zalze mniSvnelovan amocanas warmoadgens  inovaciuri  proce-
sebis marTvis sxvadasxva modelis (maT Soris struqturulis) damuSaveba, 
romelic  morgebuli iqneba  konkretuli organizaciis  inovaciur saqmia-
nobas, miznebs da SesabamisobaSi  mova firmis Sida da gare  garemosTan.       

ZiriTadi nawili 
inovaciuri Teoriis ganviTarebasTan erTad evolucia ganicada  inova-

ciuri procesebis modelebmac:  martivi xazovani modelebidan  rTul,  komp-
leqsur da qselur modelebamde.  

inovaciur procesebTan dakavSirebiT  pirveladi kvlevebi da procesis 
stadiebi 1950–1960 wlebs moicavs. am periodSi  gavrcelda  martivi xazovani 
modelebi (pirveli da meore Taoba).  xazovani imitom, rom specialistebis 
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azriT, inovaciur process aqvs xazovani, Tanmimdevruli xasiaTi da aerTia-
nebs samecniero kvlevebs  da  gamogonebebs, sawarmoo  kvlevebs  da  damuSa-
vebas, markentings da bolos bazarze axali produqtis an procesis gatanis 
etaps (sqema 1). 

 
 
 
 

 

 
 
 

sqema 1. inovaciuri procesis xazovani modeli 
 
XX saukunis 70-ian wlebidan orive Taobis xazovani modelebs   ganixi-

lavdnen rogorc ufro zogadi procesebis  (mecniereba, teqnologia, bazari)  
kerZo  SemTxvevebs.  r. rosveli, k. firmanis, n. roznbergis  da sxva mecnierTa 
kvlevebma daadastura markentinguli, sabazro da teqnikuri faqtorebis mniSv-
neloba warmatebul inovaciebis  formirebisTvis. aman ganapiroba 1970–1980-ian 
wlebSi inovaciuri procesebebis mesame da Semdegi Taobis araxazovanis  mode-
lebis Seqmna. 

gamokvlevebma aCvena, rom Tanamedrove ekonomikur pirobebSi inovacia 
iqmneba samecniero cvlilebebis da damuSavebis Sedegad, Tanac inovaciuri 
procesis etapebze icvlis formebs (sqema 1). mas aqvs mkafio orientacia 
gamoyenebiTi xasiaTis saboloo Sedegze. is sul mudam unda ganixilebodes 
rogorc rTuli procesi, romelic uzrunvelyofs  garkveul teqnikur da so-
cialur-ekonomikur efeqts. 

inovaciuri procesis etapebi erTmaneTTan aris dakavSirebuli da 
uzrunvelyofs procesis efeqturobas. 

samecniero kvleviTi samuSaoebis (sks) etapze xdeba ideebis sabazro  
realizaciis SesaZleblobebis gamokvleva, xdeba axali proeqtis (teqno-
logiis) Seqmnis da Sefasebebis meTodikuri  midgomebis damuSeveba. Tu mire-
buli Sedegebi iqneba dadebiTi, maSin mis safuZvelze iwyeba sakonstruqtori 
samuSaoebi (ss) da iqmneba sacdeli nimuSebi (prototipi), romelic gadis 
sacdel gamocda-Semowmebas (sacdeli warmoeba, sw).               

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
sqema 2.  inovaciuri procesis sistemuri warmodgena 
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Tu   Sedegebi iqneba dadebiTi, SesaZlebelia daiwyos axali produqtis 
masiuri warmoeba (mw), es aTvisebis etapia, roca aucilebelia sawarmoo 
procesis adabtacia axal moTxovnebTan (axali mowyobilobebis aTviseba, 
axali  teqnologiebis daufleba da a.S.). aTvisebis procesis efeqturoba did 
wilad ganapirobebs axali produqciis warmoebis efeqturobas. 

eqspluataciis (e) etapi moicavs axali produqciiT bazarze gasvlasTan 
dakavSirebuli problemebis gadawyetas da Sesabamisi samuSaoebis Catarebas, 
realizaciis Semdgomi momsaxurebis uzrunvelyofas. masiuri warmoebis (mw) 
da eqspluataciis (e) etapebi mTlianobaSi gansazRvravs komercializaciis 
stadias da mis mimarTulebebs.   

komercializaciis stadia mocemulia sqema 2-ze, sadac, inovaciuri pro-
cesis xazovani modelis Semadgeneli etapebi, kavSirSia garemosTan, bazris 
kvlevis problematikasTan, komercializaciis procesTan da a.S. aseTi 
struqturuli modeli mniSvnelovnad gansazRvravs inovaciuri procesis     
da misi Semadgenlebis sistemur xedvas. 

inovaciuri saqmianobis warmodgena SeiZleba `subieqti – obieqti~ saxis 
sistemis saSualebiT, sadac, obieqts warmoadgens  inovaciuri procesi, xolo  
subieqts inovaciuri procesis marTvis sistema  (sqema 3).  

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
sqema 3. inovaciuri saqmianobis struqturuli sqema garemosTan kavSirSi 

 
rTuli sistemis funqcionirebis (sistemebis zogadi Teoria) princi-

pebis analogiiT, SesaZlebelia ganvsazRvroT inovaciuri procesebis da maTi 
marTvis sistemis ZiriTadi kanonzomiereba: rac maRalia inovaciis `rangi~, 
miT metia moTxovnebi inovaciuri procesebis marTvis mecnierulad dasabu-
Tebul sistemasTan. 

 
struqturuli dekompoziciis  meTodi. 
inovaciuri procesis marTva warmoadgens rTul sistemur funqcias. 

marTvis sistemas romelic am funqciis realizacias axdens, aqvs Tavisi Semad-
genlebis mowyobis (organizebis) ganxvavebuli formebi (elementebi, qvesis-
temebi, funqciebi, kavSiris formebi SigniT da garemosTan da a.S.) aRniSnuli 
funqciis realizacia gulisxmobs marTvis sistemis struqturizacias, misi 
nawilebis gamoyofis da maT Soris kavSirebis gamovlenis mizniT, raTa ganisa-
zRvros da / an  dazustdes sistemis organizebis SesaZlebeli formebi. 

marTvis sistemis organizebis formebis aRwera da vizualizacia SeiZleba 
movaxdinoT struqturuli Wrilebis saSualebiT, romlebic warmoadgenen 
sistemis garkveuli Semadgenlebis (elementebis) da maT Soris kavSirebis 
erTobliobas, da iyofian mocemuli sakvalifikacio niSnis (dekompoziciis 
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mocemuli safuZveli) mixedviT. aq mniSvnelovania im faqtis dafiqsireba, rom  
sistemis struqturas srulad axasiaTebs struqturuli Wrilebis mxolod 
mTeli erToblioba da ara calke aRebuli romelime struqturuli Wrili, 
radganac arc erTi maTgani ar iZleva saSualebas, adeqvaturi  warmodgena 
viqonioT marTvis mTlian sistemaze. sxvadasxva niSnis mixedviT dekompoziciis 
ganxorcieleba SesaZlebelia sasurveli raodenobiT.  dekompoziciis procesis 
gaCerebis momenti ganisazRvreba marTvis sistemis aRweris da kvlevis miznebiT 
da obieqturad aris SemosazRvruli marTvis obieqtis detalizaciis sirTuliT 
(doniT, xarisxiT, sizustiT), mocemul SemTxvevaSi inovaciuri procesiT. 

dekompoziciis niSnis (maCveneblis) arCeva orientirebuli unda iyos, 
dekompoziciis Sedegad miRebuli struqturuli Wrilis informaciulobasa 
da TvalsaCinoebaze (sicxadeze).  rogorc wesi dekompozicia mimdinareobs 
manam, sanam ar miiRweva marTvis sistemis is ZiriTadi komponentebi, romelsac 
aqvT cnobili, mocemuli an modelirebas daqvemdebarebuli maxasiaTeblebi 
(vTqvaT procesis sawyisi da saboloo mdgomareoba). 

struqturuli dekompoziciis ZiriTadi mizani mdgomareobs imaSi, rom 
sakvalifikacio niSnis arCevis dros gamoviyenoT marTvis sistemis struq-
turaze arsebuli aprioruli monacemebi da gavamartivoT am  sistemis agebis 
amocana sasurveli maxasiaTeblebiT. sakvalifikacio niSnis mixedviT gamo-
yofili elementi (qvesistema, calkeuli marTvis funqcia da a.S.) da misi  
kavSirebi sxva elementebTan unda iyos sawyis sistemaze martivi. am SemTxve-
vaSi dekompoziciis niSnis sworad arCevisas, SevZlebT arsebiTad gavamarti-
voT am elementebis agebis, aRweris da modelirebis procesi da saboloo 
angariSiT marTvis mTeli sistemis aRwera, ageba da modelirebac. 

inovaciuri procesis marTvis sistemis qveS SeiZleba gavigoT sistema, 
romelic orientirebulia siaxleTa Seqmnis gavrcelebis da gamoyenebis 
procesis realizebaze. 

marTvis sistemis aRweris praqtikuli miznebisTvis miRebulia gamoiyos 
ramdenime ZiriTadi niSani: organizaciuli, funqcionaluri da teqnologiuri, 
inovaciuri procesis dekompoziciis  safuZvlad  SeiZleba gamodges  Semdegi  
saklasifikacio niSnebi: axali produqciis sasicocxlo ciklis  mixedviT), 
dargebis mixedviT, regionebis mixedviT da a.S. inovaciuri procesis da 
marTvis sistemis dekompozicia sxvadasxva niSnis mixedviT, calsaxad gansaz-
Rvravs Sesabamis  struqturul Wrils, romlis saSualebiT SesaZlebelia 
konkretuli miznis da amocanebis realizeba. 

 

 
sqema 4. inovaciuri procesis marTvis funqcionaluri struqtura 
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inovaciuri procesis marTvis sistemis dekompozicias marTvis funqcie-
bad (dagegmva, kontroli, monacemebis formireba, stimulireba da a.S ) miv-
yavarT funqcionaluri struqturis Camoyalibebamde. funqciebis Tanmimdev-
roba qmnis „marTvis konturs“, romelic sqema 4-ze aris naCvenebi. qvesistemebi 
romlebic sqemaze `blokebis~ saxiT aris warmodgenili, SeiZleba saWiroebis 
SemTxvevaSi daeqvemdebaros Semdgom dekompozicias. saWiroebis qveS igulis-
xmeba dagegmvis, stimulirebis, resursebis ganawilebis da sxva maTematikuri 
amocanebis dasma, analizi da gadawyveta. magaliTad, miznis `blokis~ 
dekompozicisas „mizani-saSualeba~ niSnis mixedviT, xdeba inovaciuri saq-
mianobis „miznis xis“ ageba. wverodan miznis xis safuZvelisken moZraobisas, 
qvemiznebi Rebuloben ufro da ufro  konkretul saxes.   

magaliTad, miznis `blokis~ dekompozicisas  „mizani-saSualeba~ niSnis 
mixedviT,  xdeba inovaciuri saqmianobis „miznis xis“ ageba. wverodan miznis 
xis safuZvelisken moZraobisas, qvemiznebi Rebuloben ufro da ufro konkre-
tul saxes.  dabali donis miznebi xasiaTdebian magaliTad, Sesaqmneli axali 
teqnikis, teqnologiis, samecniero-teqnikuri, teqnikur-ekonomikuri da teqni-
kuri maCveneblebis daxmarebiT. aseve SesaZlebelia sxva blokebis  danawile-
bac, Tumca naSromis mizans am etapze ar Seadgens marTvis funqciebis Semd-
gomi dekompozicia. 

mniSvnelovania garemosTan `arsebuli urTierTkavSirebis“  dafiqsireba   
da  struqturizaciis procesSi misi gaTvaliswineba. es Cveni azriT  yoveli 
struqturuli WrilisaTvis gulisxmobs,  garemodan zemoqmedebis Sesabamisi 
faqtorebis sworad gaazrebas da dafiqsirebas. Tu inovaciuri procesis 
dekompozicia xdeba sasicocxlo ciklis stadiebad, xolo marTvis sistemisa 
marTvis funqciebad, maSin vRebulobT funqciur-teqnologiur struqturul 
Wrils (sqema 5). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

sqema 5. inovaciuri procesebis marTvis funqciur-teqnologiuri struqtura 
 

es aris SemTxveva, rodesac inovaciuri procesis yvela stadiis   reali-
zeba xdeba erTi marTvis konturiT (vTqvaT romelime firma TviTon axdens mTe-
li procesiis  marTvas).  aseT firmas  TviTon aqvs samecniero da sakonstruq-
toro saqmianobis warmarTvis SesaZlebloba, Zlieri marketinguli ganyofi-
leba da kvalificiuri specialistebi. anu gvaqvs SesaZlo daxuruli inova-
ciuri procesi. 

msxvil korporaciebSi inovaciuri procesis stadiebis realizeba SeiZ-
leba moxdes teritoriuli niSniT. aseT SemTxvevaSi  yoveli stadia SeiZleba 
imarTebodes Tavisi marTvis sistemiT (marTvis konturiT), xolo mTliani 
procesis efeqturi saqmianobisTvis miRebulia marTvis sakoordinacio sis-
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temis (konturis) funqcionireba. man unda uzrunvelyos konturebs Soris  
SeTanxmebuli urTierTkavSirebi, rogorc vertikalze aseve horizontalurad. 
Sesabamisi struqturuli Wrili mocemulia sqema 6-ze. 

 
 
    
 
                                                                                              
 
                                                                                                                                                                                                                                                                                  
 
 
 
 
 

 
 
 

sqema 6. inovaciuri procesis marTvis mravalkonturiani  sistema 
 
inovaciuri procesis  aseTi sistema Seesabameba marTvis ierarqiuli 

doneebis arsebobas da Sesabamis miznebs ierarqiaze. inovaciuri procesis 
marTvis struqtura ufro rTul saxes Rebulobs, roca saWiro xdeba inova-
ciur saqmianobaSi dinamikis gaTvaliswineba, an saWiroa rTuli kompleqsuri 
siaxleebis realizeba, ramdenime konkretuli siaxlis da rTuli organiza-
ciis monawileobiT. 

sabolood SeiZleba davaskvnaT, rom inovaciuri procesis marTvis 
sistema miekuTvneba e.w. rTul sistemebs, amitom erTaderTi misaRebi gza 
aseTi sistemebis aRweris, kvlevis da daproeqtebis (organizebis)  vfiqrobT 
aris maTi Tanmimdevruli dekompozicia ufro martiv qvesistemebad sakva-
lifikacio niSnis mixedviT. Semdgom etapze ki unda moxdes aseTi qvesis-
temebisTvis marTvis amocanebis gadawyveta da konkretuli Sedegebi gaer-
Tiandes amosavali sistemis zogad amoxsnaSi. am mizniT inovaciuri saq-
mianobis praqtikuli situaciebis struqturuli warmodgena da struqturuli 
Wrilebis biblioTekis Seqmna, mniSvnelovan etaps warmoadgens inovaciuri 
procesebis marTvis sistemis proeqtirebaSi.  
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SUMMARY 
MULTICONTOUR MECHANISMS FOR MANAGEMENT OF INNOVATIVE PROCESSES 

Khutsishvili S.A., Gorgidze D.A., Khutsishvili L.S. and Museridze R.R. 

Georgian Technical University 
 Article defines innovation, innovation process and concept of innovative work. Innovative work is described as 
“subject-object” system and based on structural decomposition methodology some structural sections of 
management system are created, together with functional structure of innovative process management, where 
management system is presented as management contour (sequence of management functions). Article also 
presents functional-technological structural section, when management system is decomposed in management 
functions, and innovative process is decomposed in constitutive stages. For such system examples of structural 
sections of one contour and multi-contour management are discussed. 
Keywords: innovation, innovative process, stages, decomposition, structural section, management contour 
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ganawilebis simkvrivis funqcionalebis Sefasebis sakiTxisaTvis 
 

buaZe t.g., giorgaZe v.a. 
 

saqarTvelos teqnikuri universiteti 

 
eZRvneba SesaniSnavi maTematikosisa 

da megobris grigol soxaZis xsovnas 
 

1. Sesavali. vTqvaT, X ucnobi  xf  ganawilebis simkvrivis mqone 

SemTxveviTi sididea. X1 X2,..., Xn  –  X-is damoukidebeli dakvirvebebia. garda 

amisa, ℜ aris  RL2
 sivrcis funqcionali, romelic gansazRvrulia raime L 

qvesivrceze  RLL 2  da aqvs pirveli da meore rigis warmoebulebi. 

davuSvaT, rom   Lxff   da Sesabamisad arsebobs ℜ f . Cveni mizania 

gamovikvlioT ℜ f -Tvis damoukidebeli dakvirvebebis mixedviT agebuli 

Sefasebis mdgradobis sakiTxi, damatebiTi nf̂  statistikis gamoyenebiT, 

sadac nf̂  aris  nXX ,...,1  dakvirvebebiT agebuli Sefaseba.  

f-is da misi warmoebulebis Sesafaseblad Cven gamoviyenebT albaTuri 
simkvrivis rozenblat-parzenis tipis birTvul Sefasebas [1-3, 7]. 
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sadac hn dadebiTi ricxvebis mimdevrobaa, romelic roca n krebadia            
0-sken, K(x) guli ganawilebis simkvrivis Tvisebebis mqone funqciaa.  

dasaxuli amocana moicavs SemousazRvreli funqcionalis SemTxvevas 
(integraluri da sxva tipis), iseve rogorc informaciis da entropiis 
funqcionalebs.  

2. aRniSvnebi da pirobebi. momavalSi dagvWirdeba Semdegi aRniSvnebi da 
pirobebi. vTqvaT, X albaTuri ganawilebis f(x) simkvrivis mqone SemTxveviTi 
sididea. vivaraudoT, rom Sesrulebulia Semdegi pirobebi:  

f 1).  f(x) aqvs uwyveti warmoebulebi, maT Soris m rigis da arsebobs 

iseTi Cj namdvili ricxvebia. fC >0 rom sruldeba piroba  

   m1,2,...,i,<sup  f

i

Rx Cxf ; 

f 2). arsebobs uwyveti, zrdadi funqcia H(x), iseTi rom  
 

 
 xH

yfxy




1
sup . 

 
ganvixiloT namdvili mniSvnelobebis mqone funqcia K(x)≥0 da vivarau-

doT, rom dakmayofilebulia Semdegi pirobebi: 
k 1). K(x) funqcias aqvs kompaqturi matarebeli 

k 2).   1




dxxK  

k 3).  K(x)-s aqvs uwyveti warmoebulebi, maT Soris m rigis. 

maSin arsebobs CK > 0  ricxvebi, rom:    m.0,1,...,-i,<  K

i CxK . 
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hn mimdevrobisTvis Cven vvaraudobT, rom Semdegi pirobebia dakmayofi-
lebuli  

h). hn,n=1,2,… aris dadebiTi ricxvebis mimdevroba, romlebic monotonu-

rad krebadia 0-sken iseTnairad, rom zogierTi c>0 ricxvebisaTvis 
n

nc
hn

log
 . 

cnobilia [4-6], rom f 1). f 2). k 1), k 2). k 3) da h). pirobebis Sesrulebisas,  
1-is toli albaTobiT sruldeba piroba: 

 

   
















n

n

nn
Rx nh

nVh
xfExf

logloglog
0ˆˆsup  

ℜ funqcionalisTvis vvaraudobT Semdegs: vTqvaT  RWW mm  aris     

 RL2
-dan aRebuli funqciebis sobolevis sivrce uwyveti warmoebulebiT, maT 

Soris m rigis, da normiT  
 

   







m

j

j

m
dxxgg

0

2

, 

Wm sivrces aqvs skalaruli namravli 
 

      dxgxggg j
m

j

j

m 2

0

121,  






 , 

xolo ℜ funqcionals Semdegi Tvisebebi 

ℜ1). ℜ funqcionali gansazRvrulia L sWL qvesivrceSi;  

ℜ2). ℜ arsebobs; 
ℜ3). arsebobs funqcionalebi Mℜl, l=0,1,…iseTi, rom  

1) ℜl funqcionalis gansazRvris area     WL  nebismieri            

k=1,2,…,-Tvis, sadac  ks  aris  -ken krebadi mimdevroba roca k ; 

2) kn Lf ˆ  TiToeuli k-Tvis; 

3) nebismieri ,Lg  ℜ ]→ ℜg, rodesac k ; 

4) ℜi funqcionalebi akmayofileben pirobas, rom arsebobs warmoebule-
bi, maT Soris meore rigisac; ℜ′ k _ wrfivi fuqcionalia Lk -ze, ℜ′′

k _ biwrfivi 
funqcionalia Lk -ze, da orive akmayofilebs utolobebs:  

‖ ℜ
     .2,1,0,0,;,

2
 issCgggsCg kkm

a

km

i

k 


  

sadac ‖g‖ aRniSnavs g elementis erTgvarovan normas da 
m

g normaa Lk-Si. 

3. naSTiTi wevrebis Sefaseba. aRvniSnoT    xfExf nn
ˆ . ganvixiloT 

sxvaoba ℜn nf̂ _ ℜn nf  da ℜ3, 4) pirobebis gamoyenebiT gadavweroT is Sesabamisi 

formiT:  

ℜn nf̂ _ ℜn   nnnn RhSf      (1) 

sadac  nn hS  aRniSnavs ℜn funqciuri warmoebulis (is wrfivi funqcionalia) 

Sedegs nn ff ˆ  -ze. (1)-Si  

 

  
m

nnnn ffR  ˆ0  
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Teorema 1. Tu f1), f2), k1)-k4) h) da ℜ1) _ ℜ3) pirobebi sruldeba, maSin    
(1)-Si naSTiTi komponentebisTvis gveqneba 

 












12

log
0

m

n

n
n

nh

nsd
R  

4. mdgradoba. vTqvaT  >0 fiqsirebuli ricxvia. hn mimdevroba SerCeu-

lia iseTnairad, rom 0
log

12


m

nnh

n
, rodesac n . 

ganvixiloT ns  rogorc Semdegi gantolebis amonaxsni. 

 

 




n

m

n sdnh

n 
12

log
     (2)  

sadac    xHxxd  . 

Teorema 2. vTqvaT f 1. f 2, k1) - k3), h) da ℜ1) _ ℜ3) pirobebi dakmayofi-
lebulia. amasTan, hn dadebiTi ricxvebis mimdevrobaa, romelic monotonurad 

krebadia 0-sken iseTnairad, rom 0
log

12


m

nnh

n
, rodesac n da Tu nebismieri 

n-Tvis Nn , ns  _ aris (2) gantolebis amoxsni, maSin  1-is toli  albaTobiT 

adgili aqvs krebadobas  
 

    0,ˆ  fIsfI nn . roca n  

Teorema 1 da 2-is safuZvelze dgindeba ganawilebis simkvrivis arawrfi-
vi, SesaZloa SemousazRvreli funqcionalis damoukidebeli dakvirvebebiT 
agebuli statistikis mdgradoba da krebadobis rigi.  
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SUMMARY 

TO THE ISSUE OF DISTRIBUTION DENSITY FUNCTIONALS’ ESTIMATION 

Buadze T.G. and Giorgadze V.A.  

Georgian Technical University 

Estimation of a nonlinear, possibly unbounded functional of probability distribution density is studied. The plug-

in-estimator is taken for the estimation. The functional can be unbounded, but it cannot exceed polynomial 

growth. Consistency of the estimator is proved and the convergence order is established.  

Keywords: estimation, plug-in-estimator, unbounded functional, consistency.  
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GENERAL SOLUTION OF THE HOMOGENEOUS SYSTEM OF THE LINEAR 

THERMOELASTICITY OF MICROSTRETCH MATERIALS WITH 

MICROTEMPERATURES 

 

Kharashvili  M.G. and Skhvitaridze K.M. 

 

Georgian Technical University 
 

Abstract. We consider the static case of the theory of linear thermoelasticity with microtemperatures and 

microstrech materials. The representation formula of differential equations obtained in the paper is expresed by 

means of four harmonic and four metaharmonic functions. These formulae are very convenient and useful in 

many particular problems for domains with concrete geometry.  

Keywords: microtemperature, microstretch, thermoelasticity, fourier transform, metaharmonic function. 

 

1. Introduction 

One of the basic methods solving three-dimensional problems of rigid deformable bodies is 

the Fourier method which is based on the solution of differential equations of a given model by the 

method of separation of variables in a certain system of curvilinear coordinates. In case the 

construction of system of differential equations turns out complicated, its solution can be represented 

by a simple solution of Laplace and Helmholtz equations. Representations proposed by W. Kelvin,            

J. Hadamard, J. Boussinesq, M. Papkovich, G. Neuber, E. Trefftz, G. Kolosow, N. Muskhelishvili and 

other authors are well known in the literature. 

 

2. Basic equations and auxiliary theorems 

The system of equations of statics in the linear theory of thermoelasticity of the microstretch 

materials with microtemperatures is written in the form [1] 

 

          0gradgradgraddiv  xxxuxu        (1) 

 

ϰ6   xw ( ϰ4 + ϰ5)  xwgraddiv  ϰ3  xgrad  ϰ2   0xw    (2) 

 

ϰ   x  ϰ1   0div xw          (3) 

 

    xux div1   ϰ7       0div 21  xxxw       (4) 

 

where   is three-dimensional Laplace operator,  Tuuuu 321 ,,  is the displacement vector, 

 Twwww 321 ,, is the microtemperature vector,  is the temperature measured from the constant 

absolute temperature 0,>, 00 TT  is the microstretch, T is the transposition symbol, 

,,,,,, 11  ϰ, ϰj, j=1,2,…,7  are constitutive coefficients, satisfying the -conditions  

0,>230,>    3 ϰ4 + ϰ5 + ϰ6 > 0,  ϰ6 + ϰ5 > 0,  ϰ6 _ ϰ5 >0, 

(ϰ1 + T0 ϰ3)2 < 4T0 ϰ ϰ2,   0>0,>3230,> 1

2

2     

Definition. The vector  TwuU ,, is assumed to be regular in a domain  ℝ3 if       

    12 CCU . 

Theorem 1.  A vector  TwuU  ,,, is a solution of system (1) _ (4) in a domain      

 ℝ3, if and only if it is represented in the form  
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       

        

 
 

       

 
 

   

 
   

     ,22

,22

,rotrotrot2grad

,gradgradgradrot

gradgrad

8

2

352

3

4
4

3

2
51

5

2

1

3

4

736355

3

4
44

85343223

2323211

xxa
x

x
a

x

x
a

x

c
ax

x
x

x

x

c
x

xexexa
x

x
a

x

c
axw

xxaxxaxe

xexxax
x

x
caxu













































  (5) 

 

 where  is arbitrary constant   4,3,2,1,0  jxj  

            ,0,7,6,0,0 8

2

3

2

25

2

1  xjxx j   

 

 
   

 
 

 
 

 
 

 
 

 

      2

2

5

2

2

3
1422

1

3

2

1

1

71

2

1

2

31

2

1
22

31

1
1

1

2

1
5

2

3
42

2

12
3

2

2

2

2

22

2

12
1

1

2

22

3

6

22

26540

0

3122

1

3

2
,

2
,

2

2

22
,

2

2

,
2

,,
3

,
3

,
2

0,>
2

2
2

0,>,0,>22































































































































a
a

aaaa

aa

aaa

aa

l
l

 

 

Proof. Assume that the vector  TwuU  ,,,  is a solution of system (1)_(4).  From (2) _ 

(3),  we obtain 

      0,>/,0 032

2

1

2

1 lx    

 

from these equation we get 

 
 

   x
x

x

x

c
x 5

2

1

3

4 22 



            (6) 

 

where c is arbitrary constant,       0,0 5

2

14  xx  .      

Substituting the value of  x   from (6) and    xxw 





1

div   into equation (2), we 

obtain 

 2 2 23 4
2 2 1 5

6 3 1

( )
( ) ( ) 2 ( 2 ) ( )

| |

xc
w x grad grad x

x x

 
     

 

 
         

 
 

where   0>/ 62

2

2   .        

The solution of this equation has the form 
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 
 

         xxexexa
x

x
a

x

c
axw gradrotrotrot2grad2 736355

3

4
44 













   (7) 

 

where           1

2

15234

2

2

2

2 /2,/,0,7,6,0   aaxjxj  

Substituting the values of   xw  and  x ,  from (10) and (8) into (3), we obtain   0x ,     

thus 

 

 
 

       xexexa
x

x
a

x

c
axw 736355

3

4
44 rotrotrot2grad 













   (8) 

If we apply the operator  div  to both part of equality (1),  then we obtain 

         0div2  xxxu  . 

 

From this equation, we get 

          
3

92

31 23div2
x

x
xxxu




      (9) 

where 

 
 
 

0>
2

2
,0

1

2

22

39








 x . 

Substituting the value of   xudiv , from (9)  into equation (6) and  (8), we obtain 

From these, we get: 

 
 

   
 

   x
x

x
xa

x

x

x

c
ax 8

2

3

3

9
52

3

4
1 23

2
2 























      (10) 

where     08

2

3  x , 

 

 
 

 
 

 






















 2

1

1

71

2

1

2

31

2

1
22

31

1
1

2

22
,

2

2

















aa  

 

Substitute the expressions of    x  and  x , given by (6) and (10) into (1),  to obtain 

       
 

      
 

   




































x
x

x
xa

x

x

x

c
ηaγxuxu

8

2

3

3

92

52

2

1

3

4
1

232

2gradgraddiv3





  (11) 

 

which implies 

     xuxuxu ~
0  ,       (12) 

where    xu0   is a general solution of the Lame homogeneous equation 

      0graddiv 00  xuxu  , 

and  xu~  is a particular solution of the nonhomogeneous system (11). 

The solution  xu0  has the form [8] 

          xexexaxxxu 23232310 rotgradgrad   

where         3,2,1,0,3/  jxa j .                             
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The particular solution of the system (11) will be written as 

           xxxxaxxx
x

xc
axu 893

2

53431 gradgradgradgrad
3

1

2

~2 



















 




where 

  22

1

3
2

aa






 . 

Substituting the values of the vectors  xu0  and  xu~  into (15), we get: 

 

          

         xxxxaxx
x

xc
a

xerotxexaxxxu

893

2

53431

3323231

gradgradgradgrad
3

1

2

gradgrad





























(13) 

 

Substitute the expressions of    xxu ,   and   x , given by (13), (6) and (10) respectively, 

we obtain 

        
0

33

2
3

3

41

3

2

3

9
2

2 



















x

xa

x

x

x

x








 . 

This equality will be satisfied, if the function  x9  is defined in the following form 

 
    

    xaxx 412

2

29 2
33








, 

where 

  2

2

12
1

2 






a . 

Substituting the value of  x9  into (10) and (13), we get 

 
   

     

          

     xxaxxa

xxxexxax
x

x
caxu

xxa
x

x
a

x

x
a

x

c
ax

853433

32323211
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4
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3

2
51

gradgradgrad

rotgradgrad

,22
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
















 

 

where 

     











3
,

3

2
,

2 2

2

12
132

2

15

2

2

3
14










 aaaa

a
aa . 

 

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

straightforward verification that the vector   TwuU  ,,,   represented in form (5) is a solution of 

system (1) – (4).                                                                                   

Denote by 
 ahalf-space 0>3x , nd by   its boundary plane 

 RBx R ,0:,03  
 where   RB ,0  is the ball with center at the origin and radius R . 

Denote by R
that part of the boundary of the ball  RB ,0  which lies in the domain   0>3x  by 

 ROS   the circle with center at the origin and radius R   which lies on the plane  03 x . 

Definition. Assume that in the domain 
  the regular vector  TwuU ,,,    has the 

property   Z    if it satisfies the following conditions 
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               211
0,0,0,10


 xxwxxxxxu        (14) 

    0
2

1
lim

2





R
R

dxuxn
R

R


      (15) 

where  xn  is the external normal unit vector passing at a point   Rx  with respect to 

xRR  , . 

Theorem 2.  A solution of system (1) – (4) which has the property  Z  

            

   

 
 

       

 
 

   

 
   

     .2

,2

,rotrotrotgrad

,gradgrad

gradrotgradgrad

8

2
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3

4
4

3

2
5

5

2

1

3

4

736355

3

4
4

852

43223232321

xxa
x

x
a

x

x
ax

x
x

x
x

xexexa
x

x
axw

xxa

xxaxexexxaxxu











































 (16) 

Proof. The proof of this theorem follows from Theorem 2.1 the vectors  xu   and   xw  and 

the functions   x     and   x  represented by formulae (5) satisfy conditions (14). If the value of 

 xu  is substituted from (5) into (15), then we have 0c . If the value 0c   is used in (5), then we 

obtain equalities (16), which completes the proof of the theorem.  

Remark 2.3.  The solution of differential equations (1) – (4), which have    Z  property, a 

point at infinity satisfies the following conditions under in vanishes 

                    3,2,1,0,0,0,0,0
23221




kxxuxxwxxxxxxu k    (17) 

where 3,2,1,/  kxkk . 
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РЕЗЮМЕ 

ОБЩЕЕ РЕШЕНИЕ ОДНОРОДНОЙ СИСТЕМЫ ЛИНЕЙНОЙ ТЕОРИИ ТЕРМОУПРУГОСТИ 

ДЛЯ ТЕЛ МИКРОРАСТЯЖЕНИЕМ С УЧЕТОМ МИКРОТЕМПЕРАТУРЫ 
Харашвили М.Г., Схвитаридзе К.М. 

Грузинский технический университет  

Рассмотривается случай статики линейной теории термоупругости с учетом микрорастяжении и 

микротемпературы. Получено формула представлений общей решений системы дифференциальных 

уравнений с помощью четыре гармоническими и четыре метагармоническими функциями. Полученная  

формула является более удобным при решении конкретных задач для тел конкретной геометрии. 
Ключевые слова: микротемпература, микрострастяжение, термоупругость, преобразование Фурье, 

метагармоническая функция. 
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МЕТОДИКА РАСЧЕТА УПРАВЛЕНИЯ ЭКСПЛУАТАЦИОННЫМИ РЕЖИМАМИ 

МАГИСТРАЛЬНЫХ НЕФТЕПРОВОДОВ 

 

Кенжебаева Ж.Е.  

 

НАО Казахский агротехнический университет им. С.Сейфуллина, г.Нур-Султан, 

Казахстан 

 

К качеству расчетов эксплуатационных режимов неизотермических трубопроводов 

предъявляются повышенные требования, так как высокая вязкость и сдвиговые напряжения, 

появляющиеся при перекачке у многих нефтей и нефтепродуктов при температурах 

окружающей среды, требуют чрезмерно высоких энергозатрат для преодоления 

гидравлического сопротивления трубопровода, а тиксотропные свойства исключают 

возможность остановки перекачки на продолжительное время. При "горячей" перекачке 

потребность в тепле в течение года меняется: летом расход тепла на подогрев меньше, чем 

зимой. Отсюда следует, что теплогидравлический режим трубопровода в течение года 

переменный. Кроме этого, подача центробежных насосов (ЦБН) и работа печей в течение года 

меняются по технологическим причинам, включая плановые и аварийные остановки. 

Проектный стационарный режим на неизотермических трубопроводах практически не 

достигается, и трубопроводы редко эксплуатируются в том режиме, на который 

проектируются, работая с недогрузкой. 

Современный уровень методов расчета нестационарных режимов работы 

неизотермических трубопроводов позволяет рассчитывать указанные процессы лишь 

приближенно, с той или иной степенью точности. Это объясняется сложностью сопутствующих 

явлений и трудностью их математического описания. Существующие методы расчета и 

отраслевой стандарт не учитывают изменения подачи насосов Q вследствие изменения 

гидравлического сопротивления трубопровода при неизотермических нестационарных 

процессах. Колебания подачи насосов и температуры перекачки жидкости взаимосвязаны. 

Поэтому принятие постоянства Q=const правомерно лишь для поршневых насосов. 

При длительной работе ЦБН на "горячий" трубопровод рабочие параметры системы 

определяются точкой пересечения стационарной характеристики "горячего" трубопровода  с 

характеристикой насосов. При нестационарной работе режим работы определяется 

пересечением мгновенной характеристики с насосной характеристикой. Мгновенной 

характеристикой называется графическая зависимость потерь напора от расхода жидкости по 

трубопроводу на данный момент времени. Эта характеристика изотермическая. Так как расход 

жидкости по трубопроводу меняется во времени вследствие изменения гидравлического 

сопротивления, то рабочая точка будет перемещаться по характеристике ЦБН, стремясь при 

прогреве к точке пересечения, а при охлаждении подача сбрасывается до "0". 

Развитие подобных процессов зависит от двух факторов: крутизны насосной 

характеристики и тепловой инерции грунта, которая определяет темп прогрева или темп 

охлаждения трубопровода. Практика эксплуатации трубопроводных систем показывает, что 

"горячие" магистральные трубопроводы эксплуатируются в нестационарных режимах, со 

сложным наслоением "предыстории" переключений, остановок и возобновлением перекачек. 

Это приводит к тому, что теоретически в течение года вокруг трубы нет одинаковых 

температурных полей. Многочисленные диспетчерские данные свидетельствуют о том, как 

часто не коррелируются значения гидравлических потерь h в трубопроводе и температурных 

режимов tн и tк. Обычно исследователи относят это к неточности замеров и погрешности 

экспериментов. Но объяснение может быть и другое, вполне определенное.В силу тепловой 

инерции грунта, при смене режимов, сопровождающихся изменением удельного теплового 

потока в грунт, на разном удалении от трубы могут идти разные процессы.  

В грунте происходит сложнейшее перераспределение не только температур, но и 

влажности. Коэффициенты тепломассопереноса в таких случаях практически неопределимы. 

На эксплуатацию трубопроводных систем влияют климатические условия, проявляющиеся в 

виде экстремальных ситуаций, связанных с резким изменением температуры окружающей 

среды, обильными осадками, паводками, наводнениями, засухами и прочими условиями, 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #2, 2020  

 

39 

значительно изменяющими характер теплообмена, следовательно, и гидравлическое 

сопротивление трубопровода и, как результат, нарушающие подачу насосов. 

Подача центробежных насосов уменьшается с увеличением гидравлического 

сопротивления трубопровода, а темп ее падения зависит от крутизны характеристики ЦБН. 

Снижение производительности является причиной чрезмерного охлаждения и понижения 

температуры по мере следования жидкости до конечного пункта трубопровода. Процесс 

сбрасывания подачи насосов продолжается до полного прекращения подачи и "замораживания" 

трубопровода, если не принять специальных мер. Параметр, производительность трубопровода, 

определяется гидравлическим сопротивлением, возможностью насосно-силового оборудования 

и насосной характеристикой (5) в системе дифференциальных  уравнений (1-7), описывающих 

нестационарные процессы, при соответствующих  краевых условиях и общепринятых 

допущениях: 
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- центробежных насосов 
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- теплопроводности грунта 
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где: ,с и  - плотность, теплоемкость и скорость движения жидкости по трубопроводу; p и t – 

давление и температура;  - время; R, Ri – радиус трубы, изоляции, соответственно; x,y,z – 

координаты оси трубопровода; α - угол наклона трубы к горизонту; TP - напряжение трения 

жидкости на стенке трубы; q(t) - тепловой поток через стенку трубы; F - площадь поперечного 

сечения трубы; h - потери энергии на трение; Hн, H'- напор центробежного насоса при подаче Q 

и нулевой подаче; 00 ,bk  - эмпирические коэффициенты в (5); ittt ,, 1  и TPt  – температуры 

жидкости, стенки трубы, слоев изоляции и грунта; i ,1  и TPi aa , - соответственно 

коэффициенты теплопроводности и температуропроводности. 

Таким образом, к простейшей системе 5-ти дифференциальных уравнений, 

описывающих гидродинамические процессы и теплообмен подземного трубопровода, 

добавляется еще одно уравнение напорной характеристики ЦБН (5).  Сопряженная задача в 
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общем, виде представляется системой уравнений (1-7), при соответствующих краевых условиях 

и условиях сопряжения. В общем, виде решение данной сопряженной задачи получить не 

представляется возможным. Аналитическое решение системы (1-7) весьма трудоемко даже при 

многочисленных допущениях. Упростить подход к решению данного класса задач можно, если 

использовать метод последовательной смены стационарных состояний. Реализовать этот 

принцип возможно в аналитической постановке, с использованием ЭВМ и графоаналитическим 

способом. Не задаваясь целью изложить здесь полученные аналитические решения по 

определению времени прогрева трубопровода, времени безопасной остановки перекачки и др. в 

виду их громоздкости, сославшись на алгоритмы и соответствующие программы расчета на 

ЭВМ основных нестационарных процессов, рассмотрим графоаналитический метод решений 

сопряженных задач, используя динамические характеристики трубопроводной системы. Метод 

динамических характеристик успешно применялся для расчета нестационарных режимов 

нефтепроводов Узень-Шевченко, расчета безопасного времени остановки при транспорте 

бузачинских нефтей и других [1-3]. 

Решение уравнений (1-4, 6-7) дает величину потребного напора для прокачки жидкости 

по трубопроводу в температурном режиме, определяемом тепловой инерцией окружающего 

массива, т.е. дифференциальным уравнением (7). 

 

   thzthz
g

P
H k 





                        (8) 

Условие сопряжения на контуре трубы удобно задать тепловым потоком, полагая 

сбалансированность теплообмена, например, уравнением 

 

,
Rdz

dt
cQq 








                                           (9) 

 

Совместное решение уравнений (5) и (8) дает параметры рабочей точки на 

рассматриваемый момент времени: подачу насосов Q и развиваемый ими напор Н. 

Для стационарного режима это - QА и НА; для нестационарного - QBi и НBi: 

 

,)( 0
0

b
QkHzth                                   (10) 

 

Следует отметить, что для действующих нефтепроводов величину потерь энергии h(t) в 

уравнении (8) можно определять с учетом реального гидравлического сопротивления. Суть 

теплогидравлического расчета, например, прогрева системы, выражается в определении 

температур и построению на их основе мгновенных характеристик на каждый момент времени. 

По точкам пересечения Вi определяют потребный напор и сравнивают его с допустимым. 

Аналогично поступают, если учитывают температуру застывания перекачиваемой нефти или 

другие факторы.  

Отличительная особенность характеристики трубопровода для транспорта 

вязкопластичных жидкостей заключается в том, что она начинается не с нуля, а с некоторой 

величины статического напора при нулевой подаче. При работе насосов с малыми подачами 

потери напора в трубопроводе состоят из потерь на трение Н и на преодоление предельного 

напряжения сдвига Н . 

 

  HHth y  ,                                    (11) 

 

По длине неизотермического трубопровода может сформироваться 4 характерных 

участка, отличающихся режимами течения и законами гидравлического сопротивления. Потери 

энергии на вязкое трение определяются с учетом неизотермичности потока по сечению и по 

длине трубопровода. Для определения потерь энергии Н с учетом линейной зависимости  τ'0  от 

температуры вида 
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предлагая формулу: 
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где: ,ln
ek

eн

tt

tt
Su




  yt  – температура появления предельного напряжения сдвига, 

*
0 – 

предельное напряжение сдвига при температуре et – грунта на глубине заложения 

трубопровода в ненарушенном тепловом состоянии; нt  и kt  – температура перекачиваемой 

жидкости в начальном и конечном сечении трубопровода; d и L – внутренний диаметр и длина 

трубопровода. 

Таким образом, данная методика позволяет проводить полноценное моделирование 

стационарного, пускового, переходных режимов работы, а также остывания трубопровода. На 

основе такого моделирования можно решать следующие задачи, необходимые для трубопро-

водного транспорта реологически сложных нефтей: 1) Определение возможных технологий для 

транспорта реологически сложных нефтей; 2) Выбирать наиболее выгодные режимы работы, 

например, с точки зрения экономии электроэнергии; 3) Заранее прогнозировать возможные 

осложнения при транспорте нефти, находить время безопасной остановки. 
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SUMMARY 

CALCULATION PROCEDURE FOR CONTROL OF OPERATIONAL REGIMES OF MAIN OIL 

PIPELINES 

Kenzhebaeva Zh.E. 

Kazakh agro-technical University Named After S. Seifullin JSC, Nur-Sultan 

Procedure allows the valid modeling of stationary, starting, transient regimes of operation as well as of  cooling 

down of oil pipeline. 

Keywords: oil, operational regime, oil pipeline. 

 

 

 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #2, 2020  

 

42 

ekonomikuri procesebis metrologiuri uzrunvelyofa 

 

saqarTvelos teqnikuri universitetis instituti „talRa“ 
 

lomsaZe x.a. 
 

 

Tanamedrove bazarze, mniSvnelovania produqciis teqnikuri maxasiaTeb-

lebis gaumjobesebisa da SenarCunebis sakiTxi, rac produqciis xarisxTan 

pirdapir kavSirSia. 

edvards demingmis klasifikaciiT produqciis dabali xarisxi or 

jgufad iyofa: specialuri da sistemuri. aqedan dabali xarisxis mizezis 94% 

sistemuria. mxolod specialuri (6%) mizezebis aRmofxvriT, xarisxis mkveTri 

cvlilebis miRweva SeuZlebelia [1].  

me-18, me-19 saukuneebSi zusti gazomvadobis gamoyenebam revoluciurad 

Secvala warmoeba, mewarmeebma Sroma efeqturad da kvalificiurad daana-

wiles. mogvianebiT gazomvadoba gaxda procesebis kontrolis erT-erTi ganu-

yofeli nawili [2]. 

gazomvebis da kontrolis saSualebebi didi sizustiT unda asaxavdes 

informacias nivTierebebis, masalebis da produqtebis Tvisebebis Sesaxeb, 

aseve gamoSvebuli produqciis teqnologiuri procesebis bunebas, xarisxs da 

raodenobas. ufro metic, xarisxis problemis gadaWra umeteswilad damoki-

debulia miRebuli gazomvis informaciis sisworeze da kvlavwarmoebaze. 

produqciis xarisxis gazomvad maCvenebelze obieqturi informaciis 

miReba dafuZnebulia gasazomi (kontrolirebadi) parametrebis moTxovnebis 

SemuSavebasa da reglamentaciaze; sazomi instrumentebis arCevaze, saWiro 

sizustiT Sesrulebul gazomvis meTodikaze; miRebis, damuSavebis da 

Sedegebis wardgenisaTvis mTeli rigi metrologiuri wesebis dacvaze. 

sabazro ekonomikis pirobebSi, warmoebuli produqcia unda gamoir-

Ceodes maRali xarisxis indikatorebiT. imisaTvis, rom sawarmoebi iyvnen 

konkurentunariani da ganaxorcielon warmatebuli ekonomikuri saqmianoba 

unda gamoiyenon maRalefeqturi da Sedegiani xarisxis sistemebi. aseTi 

sistemebis gamoyenebam unda gamoiwvios xarisxis mudmivi gaumjobeseba da 

momxmarebelTa kmayofilebis zrda. xarisxis sistema SeiZleba efeqturi iyos 

mxolod im SemTxvevaSi, roca sawarmos yvela departamenti funqcionirebs 

erTdroulad da SeTanxmebulad, rac gavlenas axdens produqtis xarisxze. 

am dros, metrologia produqciis xarisxis marTvis kompleqsuri 

sistemis Semadgenlobis qvesistemad gvevlineba, romelic awvdis informacias 

marTuli obieqtebis mdgomareobis Sesaxeb maTi maxasiaTeblebis gazomvis 

safuZvelze. magaliTad, dasamuSavebeli detalebis xarisxze gavlenis 

mosaxdenad saWiroa misi Sesabamisi parametrebis faqtiuri sidideebis codna 

(zomebi, geometriuli formebi, zedapiris simqise da a.S, rac SeiZleba gani-

sazRvros mxolod teqnologiuri procesebis dawyebisas an pirveli detalis 

damuSavebis Semdeg). gazomvebis safuZvelze damuSavebis procesis koreqcia 

mimdinareobs teqnologiuri operaciis Semsruleblebis mier an avtomatrad 

(aqtiuri kontrolis sistemis gamoyenebiT). unda aRiniSnos, rom teqnikuri 

gazomvebis dones gadamwyveti mniSvneloba aqvs nebismier sawarmoSi xarve-

zebis gareSe muSaobis uzrunvelsayofad. xarisxis marTva warmoudgenelia 

gazomvebis metrologiuri uzrunvelyofis gareSe, rac xasiaTdeba mate-

rialur da energoresursebze, masalebisa da nedleulis xarisxze, garemos 
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mdgomareobaze, adamianis janmrTelobis usafrTxoebasa da dacvaze da, 

Sesabamisad, procesebisa da produqtebis xarisxze raodenobrivi informaciis 

mopovebis unikaluri SesaZleblobebiT. yovelive zemoTqmulidan gamomdi-

nareobs, rom sawarmos xarisxis uzrunvelsayofad metrologiuri samsaxuri 

aris yvelaze mniSvnelovani elementi.  

produqciis sasicocxlo ciklis procesebis dagegmvisas organizaciam 

misTvis sasargeblo xedva unda Seqmnas: 

a)  mizani _ produqciis xarisxi da moTxovnebi; 

b) procesebisa da dokumentebis SemuSavebis saWiroeba, agreTve 

konkretuli produqtisTvis resursebis uzrunvelyofa; 

g) aucilebeli RonisZiebebis Catareba konkretuli produqtebis veryfi-

kaciisa da validaciis, monitoringisa da gazomvis, kontrolisa da tes-

tirebisaTvis, agreTve produqciis miRebis kriteriumebi; 

d) Canawerebi, romlebic aucilebelia imis dasamtkiceblad, rom pro-

duqtis sasicocxlo ciklis procesebi da produqtebi Seesabameba moTxovnebs. 

aseve, organizaciam unda gansazRvros monitoringi da gazomvebi, 

romelTa ganxorcielebac moxdeba da agreTve Sesabamisi mowyobilobebi 

monitoringisa da gazomvebisaTvis, romlebic uzrunvelyofen produqciis 

dadgenil moTxovnebTan Sesabamisobis mtkicebulebas.  

produqtebis verifikaciis da validaciis, monitoringis da gazomvebis, 

kontrolis da testirebis RonisZiebebis uzrunveyofa xorcieldeba moni-

toringisa da gazomvebis makontrolebeli mowyobilobebis saSualebiT e.i. 

metrologiuri uzrunvelyofiT, romlis Sesrulebazec pasuxismgebloba 

metrologiur samsaxurs ekisreba. 

metrologia mniSvnelovania saerTaSoriso vaWrobaSi. is uzrunvelyofs 

aucilebel teqnikur saSualebebs, imisaTvis, rom moxdes koreqtuli gazom-

vebi harmonizebuli gazomvis sistemis gamoyenebiT, romelic moicavs 

erTeulTa saerTaSoriso sistemas (SI), zust sazom instrumentebs, romlebic 

akmayofileben saerTaSoriso standartebs. gazomva Sedis praqtikulad yvela 

komerciul operaciaSi, dawyebuli sabiTumo vaWrobiT (produqtebi, rogo-

ricaa navTobi, bunebrivi gazi da liTonis sabado), bazarze momxmarebelze 

saqonlis sacalo gayidvamde. garda raodenobisa, produqciis xarisxi da 

maTi Sesabamisoba standartebTan mniSvnelovani kriteriumia saerTaSoriso 

vaWrobaSi. 

Sesabamisi sertifikatebi gamoiyeneba produqtebis standartebTan da 

regulaciebTan Sesabamisobis dasamtkiceblad. aseTi serTifikatebi ufro da 

ufro mniSvnelovani xdeba. mraval SemTxvevaSi xarisxis Semowmeba da Sesa-

bamisoba moiTxovs gadamowmebas.  

akreditebulma sakalibracio laboratoriebma unda uzrunvelyon 

gazomvisa da testirebis aRWurvilobis saTanado kalibraciis pirobebi. 

metrologias aqvs sakmaod didi fiqsirebuli xarjebi, magram aqvs 

mniSvnelovani gamoyenebadoba. sabazro ekonomikaSi gazomvis RonisZiebebi or 

nawilad iyofa. pirveli, TiToeuli organizacia sabazro ekonomikaSi axdens 

gazomvebs Sida miznebisaTvis da uzrunvelyofs, rom is akmayofilebdes 

regulaciebs. meore, gazomva aris sabazro ekonomikaSi gacvlis nawili 

organizaciebs Soris. aq SesaZlebelia saWiro gaxdes specialuri Careva, imis 

gamo, rom SesaZlebelia mimwodebelsa da myidvels Soris gazomvadobas 

hqondes Seusabamoba. 
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SUMMARY 

METROLOGICAL SUPPORT OF ECONOMIC PROCESSES 

Lomsadze Kh.A. 

“Talga” Institute of Georgian Technical University 

The article presents the importance of metrological provision of products for companies that are going to enter 

the international market. The objectives of modern metrological support are presented, the world market 

requirements for product certification and towards the organizations (testing and calibration laboratories) which 

are making certifications are described. 
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inovaciebi sawarmos samecniero-teqnologiur ganviTarebaSi 

 

lomsaZe x.a., mecxvariSvili m.r., kalandaZe i.g. 
 

saqarTvelos teqnikuri universitetis instituti „talRa“ 
 
Tanamedrove ekonomikaSi warmoebis samecniero-teqnikuri ganviTarebis 

ZiriTadi mimarTulebebi aris: warmoebis kompleqsuri meqanizacia da avto-
matizacia; eleqtrofikacia; qimiuri mimarTuleba; axali masalebis Seqmna da 
danergva; axali teqnologiebis (masalis) Seqmna, maT Soris nanoteqologiebis 
(nanomasalebis). 

yvela es mimarTuleba xels uwyobs warmoebis gaaqtiurebas, samuSao 
pirobebis gaumjobesebas, misi produqtiulobis gazrdas, kompaniis pro-
duqciis xarisxisa da konkurentunarianobis gaumjobesebas. amrigad, kompaniis 
samecniero da teqnologiuri ganviTareba aris inovaciis uwyveti procesia 
[1,2].  

arsebobs inovaciuri saqmianobis mravalgvari ganmarteba. 
inovaciebis danergva sul ufro metad ganixileba, rogorc warmoebuli 

saqonlis konkurentunarianobis gazrdis, ganviTarebis maRali donis da 
momgebianobis SenarCunebis erTaderTi gza. sawarmoebSi teqnologiuri gan-
viTarebis ganxorcielebis aqtualoba ganpirobebulia cvlilebebis ori 
jgufiT, romelsac aqvs saSinao da saerTaSoriso xasiaTi. 

sxva sityvebiT rom vTqvaT, sawarmoebze zewolas axdenen  gare da Sida 
bazrebi, rac aisaxeba SemdegSi: momxmareblis qcevis cvlileba; ganvi-
Tarebuli bazari saqonliT da momsaxurebiT, Sedegad gazrdili konkurencia; 
axali, msoflio donis mravalferovani teqnologiebi; miwodebisa da 
moTxovnis globalizacia.  

2016 wlis 22 ivnisis  „inovaciebis Sesaxeb“ saqarTvelos kanonis Ta-
naxmad, inovacia aris ekonomikuri, samecniero an socialuri Rirebulebis 
mqone, gamoyenebadi, axali an mniSvnelovnad gaumjobesebuli produqti, 
procesi an momsaxureba, romelic SeiZleba iyos sxvadasxva saxis. xolo 
inovaciuri saqmianoba aris saqmianoba, romelic xorcieldeba ekonomikuri an 
socialuri Rirebulebis mqone, gamoyenebadi, axali, an mniSvnelovnad 
gaumjobesebuli produqtis, procesis an momsaxurebis Sesaqmnelad [3]. 

amgvarad, inovacia aris samecniero, samecniero-teqnikuri da inte-
leqtualuri potencialis gamoyenebis sistema, imisTvis, rom miviRoT axali 
an gaumjobesebuli produqti an momsaxureba, warmoebis axali meTodi, 
romelic daakmayofilebs rogorc individualur, ise sazogadoebriv mo-
Txovnebs. 

pirveli, da ZiriTadi siaxle iseTi inovaciaa, romelic realizebas 
ukeTebs udides gamogonebas da teqnikaSi xdeba revoluciuri gadatrialebis 
safuZveli, formirdeba axali mimarTulebebi, mimdinareobs teqnologiuri 
sistemebis xarisxobrivi cvlileba, iqmneba axali industriebi. 

aseTi inovaciebi aTvisebisaTvis moiTxovs xangrZliv periods da did 
xarjebs. magram, sanacvlod uzrunvelyofen mniSvnelovan ekonomikur dones 
da masStabebs [4]. 

meore, ZiriTadi da fundamenturi inovaciebi warmoiqmna analogiuri 
gamogonebebis mixedviT, samecniero da teqnikuri rekomendaciebis safuZvelze, 
ris Sedegadac, icvleba teqnikis Taobebi, an iqmneba axali teqnologiebi 
sawyisi fundamenturi samecniero principis SenarCunebiT. am inovaciebis 
realizacia xdeba ufro mokle droSi da ufro dabal fasad, magram 
teqnikuri donis naxtomi da efeqturoba gacilebiT naklebia. 

mesame, saSualo da kombinirebuli inovaciebi warmoadgenen konstruq-
ciulad SeerTebuli elementebis sxvadasxva kombinacias. gamogonebisa da 
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nou-haus saSualo donis realizaciisas, mocemuli inovaciebi saSualebas 
iZleva Seiqmnas mocemuli Taobis teqnikis baza axali modelebisa da 
modifikaciebis Sesaqmnelad, srulyos arsebuli teqnologia, gaaumjobesos 
gamosaSvebi produqciis ZiriTadi teqnikur-ekonomikuri maCveneblebi. 

meoTxe, mcire da kombinatoruli inovaciebi Semoifargleba mcire 
gamogonebebiT, racionalizaciuri winadadebebiT da warmoebis gamocdilebiT. 
isini aucilebelia teqnikur-ekonomikuri parametrebis SesanarCuneblad [5,6].   

saboloo jamSi sawarmos efeqturobis gazrdis mizniT, inovaciurma 
saqmianobam unda uzrunvelyos: 

- saWiroebebis srulyofili da drouli dakmayofileba; 
- sawarmos konkurentunarianoba produqciis xarisxisa da warmoebis 

efeqturobis TvalsazrisiT, balansis miRweva stabilurobasa (tradiciuli 
teqnologiiT marTva) da axali teqnologiis danergvis mcdelobebs Soris. 
tradiciuli produqtiuli teqnologiis SenarCunebisas, aucilebelia 
resursebis nawilis mimarTva axali teqnologiis danergvisaken.   

- sistemis Sida da gare elementebis ganviTarebis urTierTqmedebis 
organizeba, romlis ZiriTadi faqtorebi aris informcia inovaciebis bazris 
Sesaxeb, alternatiuli proeqtebis SerCeva da urTierTdaintereseba [7]. 

ase rom, axali teqnikis da teqnologiis danergvis mizania saqonlis 
Rirebulebis Semcireba, rac iwvevs saqonlis gaiafebas, aseve mcirdeba 
saqonlis erTeulze warmoebis samuSao dro da materialuri xarjebi, 
izrdeba ZiriTadi fondebis simZlavre da a.S. sabazro pirobebSi axali 
teqnikis da teqnologiis danergva xels uwyobs sawarmos ZiriTadi amocanis 
ganxorcielebas - mogebis maqsimaluri gazrda minimalur fasad. 
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SUMMARY 

INNOVATIONS IN SCIENTIFIC-TECHNOLOGICAL DEVELOPMENT OF THE ENTERPRISE 

Lomsadze Kh.A., Metskhvarishvili M.R. and  Kalandadze I.G. 

“Talga” Institute of Georgian Technical University 

Market development and market attitudes show that one of the key competitive strategic conditions for an 

enterprise is its innovative activity. Therefore, the introduction of new techniques and technology is relevant and 

very important. The article presents innovation as an important component of the economic efficiency of the 

enterprise. Today the scientific and technical development of the enterprise is an integral part of its main activity. 

Scientific-technical progress means the development of science, technique, technology, improvement of the 

working tools, forms and methods of the enterprise. 

Keywords: innovation, technologies, complex mechanization, market conditions.  
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betonis kubis fizikuri modeli kumSvis simtkiceze 

sakvalifikacio testirebis Casatareblad 

 

abelaSvili n.n., oTxozoria n.k., merebaSvili g.m. 
 

 saqarTvelos teqnikuri universiteti 
 
sagamocdo laboratoriebi, romlebic samSeneblo sferos produqciis  

kontrolisa da monitoringis amocanebis gadawyvetiT arian dakavebulebi 
ZiriTadad iyeneben  mrRvevi  testirebis meTodebs, maT Soris betonis kumS-
vis xarisxis dadgenis dros. normatiuli dokumentaciiT aseTi tipis testi-
rebis Casatareblad moTxovnilia gamosacdeli nimuSis 7 an 28 dRiani dayov-
nebis mqone betonis kubebis gamocdis aucilebloba, rac TviTon betonis  
nakeTobis teqnologiuri aucileblobiTaa gamowveuli. aseTive droiTi 
dayovneba sWirdeba, sakvalifikacio gamocdisaTvis aucilebeli betonis kube-
bis sakontrolo nimuSebis momzadebasac, romlis daniSnulebas ara betonis 
xarisxis kvleva, aramed TviTon laboratoriis, personalis, sakontrolo-
sazomi aparaturis, gamocdis meTodis da procedurebis, monacemTa damuSa-
vebis meTodebis kompetenturobis dadgena warmoadgens. amas garda gazomvis 
Sedegebis adekvaturobis misaRwevad metad mniSvnelovania sakontrolo gamo-
sacdeli nimuSebis _ betonis kubebis, erTgvarovneba da gazomvis Sedegebis 
aRwarmoebadobis da ganmeorebadobis maCveneblebis kvleva rac sakontrolo 
nimuSisaTvis normirebuli metrologiuri maxasiaTeblebis miniWebas gulis-
xmobs, es ki rRvevad gamocdebis Catarebis aucileblobidan gamomdinare sa-
kontrolo nimuSebis erTgvarovnebas gansakuTrebul moTxovnebs uyenebs [1-4]. 

zemoaRniSnulis gaTvaliswinebiT SemoTavazebulia betonis kubis  fi-
zikuri modeli, kumSvis simtkiceze sakvalifikacio testirebis Casatareblad. 

betonis kubis kumSvis simtkiceze laboratoriaTaSoris sakvalifi-
kacio testirebis CatarebisaTvis SemoTavazebulia betonis kubis ramdenime 
sacdeli  fizikuri modeli.   

fizikuri modelis Sesrulebis erT-erTi varianti  (nax. 1) warmoadgens 
erTmaneTSi Casmul or urTierTTavsebad calmxrivad daxurul liTonis, 
zeda da qveda, cilindrs, romlebic erTmaneTis mimarT isea ganlagebuli, 
rom qmnian saerTo daxurul sivrces. 

 
  

sur 1. betonis kubis kumSvis simtkiceze laboratoriaTaSoris sakvalifikacio 
testirebis Catarebis fizikuri modeli 

1. gamzomi sensori winaswari gamaZlierebliT; 2.analogur cifruli gardamsaxi;               
3. sazomi da indikaciis bloki, sarqvelis marTvis sqemasTan erTad.  
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 cilindrebs Soris moqceuli daxuruli sivrce  Sevsebulia raime 
siTxiT magaliTad, zeTiT an wyliT. zeda cilindris gare diametri Tav-
sebadia qveda cilindris Siga diametrTan. siTxis gaJonvis Tavidan asaci-
leblad, cilindrebs Soris arsebul sahaero RreCoSi, moTavsebulia  rezi-
nis ori saizolacio rgoli. testirebis procesSi zeda cilindrze,  verti-
kaluri mimarTulebiT, moqmedebs kumSvis Zala, is iwvevs daxurul sivrceSi 
moTavsebul siTxeze wnevis zrdas. wnevis cvlileba aRiqmeba wnevis sensoris 
saSualebiT saidanac winaswari gamaZlierebliT gaZlierebuli eleqtruli 
signali, analogur cifruli gardamsaxiT gardaiqmneba cifrul formaSi, 
romelic sazomi xelsawyos Sesabamisi sqemiT, moqmedi Zalis mniSvnelobad 
gardaiqmneba  da aisaxeba indikatoris ekranze (displei).  amas garda sazomi 
xelsawyo uzrunvelyofs saregulirebeli sarqvelis muSaobis marTvas, rome-
lic  winaswar gansazRvruli zemoqmedebis Zalis miRwevis Semdeg gaxsnis 
saregulirebel sarqvels, riTac miiRweva kumSvis Zalis zemoqmedebiT beto-
nis kubis rRvevis efeqti, siTxeze moqmedi wnevis mkveTrad Semcirebis gziT.   

analogiuri wesiT zeda da qveda cilindrs Soris garemo SeiZleba 
Sevsebuli iyos haeriT, romelic SesaZlebelia Caitumbos winaswari wneviT an 
mis gareSe. aseT SemTxvevaSi ra Tqma unda gamoyenebuli unda iqnas pnevma-
tikaze gaTvlili rezinis sadebebi da pnevmaturi  sarqveli.  

fizikuri modelis indikatoris Cvenebas da realur gamosacdeli 
danadgaris gamzomi sqemis Cvenebas Soris SedarebiT ganisazRvreba gamocdis 
procesis kompetenturoba.  

fizikuri modelis Sesrulebis, garda zemoT aRwerili konstruqciisa, 
SesaZlebelia aseve, misi damzadeba kumSvis tenzogardamsaxis gamoyenebiT. 

kumSvis tenzogardamsaxi warmoadgens Zalis eleqtrul  formaSi 
gardamsax mowyobilobas (nax. 2), romlis moqmedebis principi damyarebulia 
moqmedi datvirTvisagan damokidebulebiT, gamtaris ganivkveTis cvlilebaze 
ra drosac icvleba gamtarSi gamavali denis sidide, gamtaris eleqtruli 
winaRobis cvlilebis xarjze. 

 
 

nax. 2. tenzogardamsaxis konstruqcia 
1. drekadi elementi; 2. tenzorezistori; 3. gardamsaxis korpusi; 4. kabelis 

misaerTebeli hermetuli bude. 
 
tenzorezistoruli gardamsaxi konstruqciulad warmoadgens drekad 

elementze damagrebul tenzorezistors. Zalis moqmedebis Sedegad xdeba 
drekadi elementis deformacia, rac Tavis mxriv tenzorezistoris geomet-
riuli parametrebis cvlilebas iwvevs, rac gavlenas axdens eleqtrul para-
metrebze.                            

aseTi tipis gardamsaxebis gamoyeneba perspeqtiul mimarTulebas war-
moadgens miTumetes, rom maTi metrologiuri maxasiaTeblebi normirebulia. 
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aseTi gardamsaxis bazaze damzadebuli sakvalifikacio testirebis sakontro-
lo nimuSis fizikuri modeli saSualebas iZleva isini gamoyenebuli iqnan 
sagamocdo laboratoriebis kompetenturobis Sesafaseblad. 

tenzometruli gardamsaxebis gazomvis procesis uzrunvelyofisaTvis 
rekomendebulia uitsonis bogiruli sqemis gamoyeneba. tenzometruli gardam-
saxebis damzadebis da gamoyenebis rekomendaciebi saerTaSoriso dokumente-
biT regulirdeba  (OIML R60).  

amrigad, wamoyenebuli da dasabuTebulia  mosazreba betonis kubis kum-
Svaze sakvalifikacio laboratoriaTaSorisi testirebisaTvis sakontrolo 
nimuSis saxiT fizikuri modelis gamoyenebis SesaZleblobis Sesaxeb. Semo-
Tavazebulia betonis kubis kumSvaze gamocdis sakontrolo nimuSis ramdenime 
varianti maT Soris hidravlikuri (zeTi, wyali), pnevmaturi da tenzometruli 
gardamsaxis moqmedebaze damyarebuli fizikuri modelebi. gansaxilveli 
amocanisaTvis SemoTavazebuli midgoma gamarTlebulia, radganac sakontro-
lo nimuSis daniSnuleba ar aris betonis xarisxis kvleva, aramed TviTon 
laboratoriis, personalis, sakontrolo-sazomi aparaturis, gamocdis meTo-
dis, procedurebis da monacemTa damuSavebis meTodebis kompetenturobis 
dadgena. 
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SUMMARY 

PHYSICAL MODEL OF A CONCRETE CUBE FOR QUALIFICATION  

COMPRESSIVE STRENGTH TESTS 

Abelashvili N.N., Otkhozoria N.K. and Merebashvili G.M. 

Georgian Technical University 
The article presents and substantiates an opinion on the possibility of using a physical model as a control sample 

for interlaboratory tests of a concrete cube for compressive strength. Several versions of a sample for testing a 

concrete cube for compressive strength have been proposed, including physical models based on the actions of 

hydraulic (oil, water), pneumatic and tensometric effects. 
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value, standard deviation, reproducibility and reproducibility of measurement results. 
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ximinjebi da maTi gamoyeneba mSeneblobaSi 

 

  baSar m. ameen abdullah al-imam 
 

saqarTvelos teqnikuri universiteti 
 

1. Sesavali 
ximinjovani saZirkvlebis daproeqteba iwyeba maTi saxeobis SerCeviT, 

rac damokidebulia nagebobis daniSnulebaze, adgilis geologiur pirobebze, 
sawarmos teqnikur SesaZleblobaze, rodesac _ susti gruntia; miwisqveSa 
wylis done aweulia; datvirTvebi struqturidan mZimea da araregularuli; 
grunti xasiaTdeba maRali kumSvadobiT; SesaZlebelia eroziis arseboba; 
struqturis maxloblad arsebobs arxi an Rrma sadrenaJe sistema. zogjer 
mewyruli ferdobebis gamagreba xdeba vertikaluri an horizontaluri 
ximinjebis gamoyenebiT. [1,2] 

 
2. ZiriTadi nawili  
ximinjebis klasifikacia Semdegnairad xdeba: masalis mixedviT _ xis, 

betonis, rkina-betonis, foladisa da kombinirebuli; xis ximinjebi 
moTavsebulia wylis donis qveS. isini SeiZleba iyos marTkuTxa an wriuli 
formis, misi upiratesobebia: Cveulebrivi zomisaa, xelmisawvdomia, ekono-
miuria da martivia maTi instalacia. xis ximinjebi SeiZleba moWrili iqnas 
nebismieri sasurveli sigrZis dayenebis Semdeg; saWiroebis SemTxvevaSi xis  
ximinjebi advilad gadaadgileba da a.S. xis ximinjebi uaryofiTi mxare _ 
grZeli sigrZis ximinjebis dayeneba yovelTvis ar aris SesaZlebeli; Znelia 
ximinjis dayeneba Tu niadagis Sreebi Zalian rTulia da a.S.  

naburRnateni ximinji. am tipis ximinjs awyoben gaburRviT, WaburRilis 
kedlebis gamagrebis gareSe. gaburRul WaurSi Caidgmeba armaturis karkasi 
da xdeba misi dabetoneba. im SemTxvevaSi, Tu WaburRilis kedlebi ver 
inarCunebs vertikalur mdgomareobas, maSin gaburRvas awarmoeben specialur 
Tixis xsnariT da dabetoneba xdeba wyalqveSa dabetonebis xerxiT [1]. 

foladis ximinjebis upiratesobebi _ martivi instalacia, maT SeuZ-
liaT miaRwion ufro did siRrmes yvela sxva tipis ximinjebTan SedarebiT, 
SeuZliaT SeaRwion niadagis rTul fenaSi da a.S.  

ximinjebi ganivi kveTis mixedviT SeiZleba iyos kvadratuli, marTkuTsa, 
wriuli, samkuTxa, xolo grZivi kveTis mixedviT _ cilindruli, prizmuli, 
konusuri, piramiduli.  

damzadebis mixedviT _ winaswar damzadebuli qarxnuli wesiT an 
adgilze damzadebuli winaswar gaWril WaburRilebSi. damzadebis mixedviT 
ximinjebis ZiriTadad gamoiyeneba sazRvao da mdinaris struqturebSi, anu 
iseT situaciebSi, rodesac adgilze Camosxmuli betonis gamoyeneba 
arapraqtikuli an araekonomikuria. adgilze damzadebuli ximinjebis sigrZe 
martivad SeiZleba icvlebodes.     

armirebis mixedviT _ Cveulebrivi an winaswar daZabuli. muSaobis 
xasiaTis mixedviT ximinji SeiZleba iyos dgari an kiduli. ximinji dgaria 
Tu igi wveriT eyrdnoba praqtikulad kumSvad fenas (klde, Tixiani grunti 
myar mdgomareobaSi, mkvrivi xreSi da sxva). am SemTxvevaSi xaxunis Zalebi 
ximinjis gverdiT pireulze mxedvelobaSi ar miiReba (nax.1, a). ximinji 
kidulia, Tu igi eyrdnoba wveriT kumSvad fenas. aseTi ximinji masze mosul 
datvirTvas ewinaaRmdgegeba rogorc ximinjis wverze aRZruli reaqciis 
ZaliT, aseve mis gverdiT pireulze warmoqmnili xaxunis ZalebiTac (xaxunis 
ximinjebi, (nax.1, b) [1].  
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nax. 1. ximinjebi muSaobis xasiaTis mixedviT _ dgari an kiduli 
 
 

 
nax. 2. horizontaluri ximinjebis sayrdeni kedeli 

τs : ximinjebis da grunts Soris xaxuni; σh : gruntis aqtiuris wneva 
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mewyruli ferdobis gamagrebasTvis, roca  mdgradobis koeficienti 1-ze 
naklebia (ar aris usafrTxo) [3], Cven gamoviyeneT sxvadasxva tipis sayrdeni 
kedlis horizontaluri ximinjebi, adgilze sayrdeni kedeli an winaswar 
damzadebuli qarxnuli wesiT sayrdeni kedlis bloki. gamovTvaleT misi 
mdgradoba rogorc mocurebis da gadambrunebeli momentis, da ferdobis 
mdgradobis koeficienti. isini gansxvavebulia, rac damokidebulia sayrdeni 
kedlis ganzomilebaze. magaliTad, sayrdeni kedeli horizontaluri ximin-
jebis gamoyenebiT. sayrdeni kedlis zoma: 5,0 m simaRle, ximinjebis sigrZe 
(5,0) m, sayrdeni kedlis sigane zemodan aris 0,7 m da qvemodan 0,8 m, kvadrati 
ximinjebis (0,6*0,6) m, manZili ximinjebidan ximinjebimde 5,0. 

ferdobis mdgradobis koeficienti gaizarda (0,77)-dan (1,60)-mde da es 
ufro metia (1,0). rac niSnavs, rom ferdobis mdgradoba axla usafrTxoa. 

_ sayrdeni kedlis mocurebis mdgradobisTvis damatebiTi 25 %. 
_ sayrdeni kedlis gadambrunebeli momentisTvis damatebiTi 50 %-ze 

metia. nax. (2). 
daskvna  
• mewyruli ferdobebis sayrdeni kedlis gamagreba SesaZlebelia 

horizontaluri an vertikaluri ximinjebis gamoyenebiT. 
• ekonomikuri faqtorebi mniSvnelovania ximinjebis tipis asarCevad. 
• sayrdeni kedlebis gamagreba SesaZlebelia horizontaluri  ximin-

jebis gamoyenebiT. 
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SUMMARY 

PILES AND THEIR USE IN THE CONSTRUCTIONS  

Bashar M.Ameen Abdullah Al-Imam 
Georgian Technical University 

 Piles are a structural elements of woods, concrete and steel, that transfer loads from the structures to the ground. 

Sometimes piles are used to control ground movement, such as landslide. Horizontal piles can be used with the 

retaining wall and it will works as counterfort retaining wall.  

Keywords: piles, landslide, retaining wall. 
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dartymamedegobis meTodis kvleva-gaumjobeseba 

 

baliaSvili g.i., beJanovi f.x., sarjvelaZe n.v., tyemalaZe l.v., wiklauri v.z. 
 

ssip grigol wulukiZis samTo instituti 
 

dartymamedegoba (Impact resistance, Ударная стойкость) warmoadgens myari 
sxeulis dartymiTi datvirTvis zemoqmedebis gamklavebis unars  mzidunaria-
nobis dakargvis gareSe. meorenairad myari sxeulis dartymamedegoba aris 
fardobiTi dartymiTi energiis is raodenoba, romlis zemoqmedebiT nimuSi ar 
irRveva. sazomi erTeulia jouli/m2. 

dartymiTi datvirTva warmoadgens Zlier, xanmokle, dinamikur datvir-
Tvas, romelic aRiZvreba sxeulSi masze tvirTis dacemis dros. 

dartyma (Impact, Удар) warmoadgens myar sxeulze dinamikur zemoqmede-
bas, anu dartymas (agreTve uwodeben biZgs, ryevas, impulss, Soks), romelic 
aRiZvreba sxeulebis Sejaxebis dros.  

dReisTvis gamoiyeneba dartymamedegobis dadgenis Semdegi meTodi [1,2]: 
afeTqebis, Wurvis dartymis, tvirTis Tavisufali vardnis,  Carpis da izodis. 
afeTqebis da Wurvis dartymis meTodi saWiroebs rTul mowyobiloba-danad-
gars. Carpis da izodis meTodi SezRudulia da ZiriTadad gamoiyeneba meta-
lebis gamocdis dros. tvirTis Tavisufali vardnis da nimuSze dartymis me-
Todi SedarebiT, martivia da gamoiyeneba qanebis, betonebis, keramikis da sxva 
masalis dartymamedegobis  dadgenaSi. 

Tavisufali vardna warmoadgens mizidulobis Zalis zemoqmedebiT 
warmoqmnil Tanabar moZraobas, rodesac sxva Zalebi ar moqmedeben, an maTi 
qmedeba umniSvnelod mcirea [3]. 

tvirTis Tavisufali vardnis da nimuSze dartymis (Semdgom teqstSi _ 
CaquCis dartymis) meTodis ZiriTad xelsawyos warmoadgens urnali [4,5]. Tavis 
mxriv urnalis ZiriTad nawils warmoadgens urnalis svetebis gaswvriv moZ-
ravi, xeliT samarTavi CaquCi. CaquCi ecema nimuSze ganTavsebul foladis 
burTulaze, an naxevradsferulboloian foladis Reroze (dartymis mimReb-
gadamcemi detali). 

meTodi iTvaliswinebs  CaquCis mravaljerad dartymas sxvadasxva bijiT  
mzardi da ucvleli simaRlidan nimuSis mzidunarianobis dakargvamde.  

naSromSi [7] dartymamedegoba ganisazRvreba pejis tipis urnalis gamo-
yenebiT. nimuSis rRvevis Sefasebis kriteriumia sruli dartymamedegoba, an 
kuTri dartymamedegoba. gamoiyeneba cilindruli formis  nimuSi, romlis  
diametri da simaRle 25 mm-is tolia. urnalis fuZeze Tavsdeba nimuSi, nimu-
Sis centrze Tavsdeba foladis cilindri, romlis  bolo naxevradsferulia. 
Semdeg xdeba CaquCis dartyma cilindrze. dartymis simaRle Seadgens: pirve-
li 1 sm, meore 2 sm, mesame 3 sm  da a.S. pirveli bzaris warmoqmnis momentamde.  

kuTri dartymamedegoba, TiToeul nimuSze ganisazRvreba formuliT (1)  
                                                               

                               ,/VhF   (kgZ×sm)/sm3       (1)  

 
sadac σ _ kuTri dartymamedegoba, (kgZ×sm)/sm3; F _ dartymis Zala, kgZ, romelic 
ganisazRvreba formuliT (2)  

 

gmF        (2) 
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    m _ CaquCis masa, kg; g _ Tavisufali vardnis aCqareba, m/wm2; ∑h _ dartymis 
simaRleebis jamia, sm, romelic ganisazRvreba formuliT (3) 
 
                           ∑h=(1+2+3+...+n)                           (3) 
 
 n _ dartymis is simaRle, romlis drosac warmoiqmna pirveli bzari, sm; V _ 
nimuSis moculoba, sm3.  

dartymaTa raodenobis mixedviT qani iyofa klasebad: dartymamedegi, 
rodesac n>16, saSualod dartymamedegi, rodesac n = 8_16 da sustad dartyma-
medegi rodesac n= < 8 [7].   

aRsaniSnavia, rom fardobiTi dartymamedegoba gaiangariSeba kuTri dar-
tymamedegobis SefardebiT ara nimuSis rRvevis farTobTan, aramed nimuSis 
moculobasTan [7]. sakiTxi moiTxovs dazustebas da dadgenas. nimuSis rRvevas 
ewinaaRmdegeba mTeli nimuSis moculoba, Tu misi garkveuli nawili _ rRve-
vis farTobi, romelic warmoadgens nimuSis simaRlis da siganis (diametris) 
namravls.  

miuxedavad simartivisa CaquCis mravaljeradi dartymis meTodi saWi-
roebs Semdegi sakiTxebis gaumjobesebas, Seswavlas, kvlevas da dadgenas [1-6]:  
sartyami CaquCis konfiguracia, wona, vardnis siCqare, nimuSTan kontaqtis 
xerxi, asxletva, ganmeorebiTi dartyma; nimuSis deformacia, bzarCasaxva, di-
namika, magistraluri bzaris Camoyalibeba, nimuSis rRveva; rRvevis farTobis 
gansazRvra; sartyami CaquCis dartymis simaRle, bijis zoma da sxva.  

amitom dartymamedegobis dadgenis meTodis kvleva-gaumjobeseba war-
moadgens erT-erT Tanamedrove, samecniero-teqnikur aqtualur problemas. 

naSromSi warmodgenilia sartyami CaquCis dartymis simaRlis saxeobis 
(cvalebadi, mudmivi) da bijis zomis sakiTxi.  

Catarebulia bazaltis nimuSebis dartymamedegobaze gamocda pejis ti-
pis urnalis gamoyenebiT [6]. gamoyenebulia CaquCis mravaljeradi dartymis 
meTodi sxvadasxva mzardi simaRlidan mudmivi bijiT da ucvleli simaR-
lidan (cxrili).  
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I 1;2;3;4 0,01/ 0,157 26,3 0,00123 21382 17106 
II 5;6;7;8 0,03/ 0,063 14,4 0,00119 12101 9681 
III 9;10;11;12 0,05/ 0,048 14,0 0,00114 12281 9825 
IV 14;15;16;17 0,08/ 0,033 11,2 0,00111 10090 872 
V 18;19;20;21 0,12/ 0,025 10,8 0,00118 9153 7322 
VI 13 /0,24 0,24 4,80 0,00116 3000 2400 
VII 22 /0,28 ar gatyda  0,00113   
VIII 23;24;25;26;27 /0,30 0,30 6,00 0,00110 5455 4364 

 
 
I variantSi dartymis biji Seadgens 1 sm. nimuSi gatyda meCvidmete 

dartymis, anu 17 sm-is simaRlidan dacemuli CaquCis dartymis gamo, xolo VI 
variantSi  dartyma ganxorcielda 24 sm-is  simaRlidan.  
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nimuSebis rRvevis meqanizmi SeiZleba Camoyalibdes Semdegnairad. I va-
riantSi naxevradsferuli dartymis mimReb-gadamcemi detalis zedapiris ze-
moqmedebiT nimuSis zedapiris qvemoT yalibdeba gamyarebuli konusi, romlis 
zoma da simkvrive TandaTanobiT izrdeba dartymebis Sesabamisad. konusi 
ewinaaRmdegeba rRvevas. nimuSis centrSi gamWimavi Zabvebis Camoyalibeba da 
maTi zRvrul mniSvnelobamde misvla TandaTanobiT xdeba. VI variantSi yove-
live es SeiZleba iTqvas „Svidjer“ ufro swrafad xdeba da am dros Ca-
moyalibebuli konusis zoma „Svidjer“ mcirea. 

fardobiTi rRvevis energia da dartymamedegoba, Sesabamisad, gaian-
gariSeba formuliT (4) da (5):  

iir AEE /        (4)   

                     

KEI rr /        (5) 

sadac: Er _ fardobiTi reRvevis energia, jouli/m2; Ei _ rRvevis energia, jouli; 
Ai  _  rRvevis farTobi, m2;  saimedoobis koeficienti, magaliTad  =1,25. 

II-dan V variantis CaTvliT gamoiyeneba saSualod 6,5 sm-is biji. 
amgvarad, miRebul dartymamaedegobis mniSvnelobebs Soris sxvaoba mcirea 
(varianti (b)). 

 
       
              a) 
 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
         b) 
 
 
 
 
 
 
 
 

 
 

fardobiTi rRvevis energiasa da dartymis bijs Soris damokidebulebis 
grafiki 

(a) I-V varianti   b) II-V varianti 
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      fardobiTi rRvevis energiasa da dartymis bijs Soris damokidebulebis 
formula (6) varianti (a); (7) varianti (b) da korelaciis koeficinti (R2) 
Semdegia: 
 
            Er=2E+0,6n2 _301767n+22681;   R2=0,8574;             (6)  

  
                                    Er=1777,6n2 _37468n+12518;    R2=0,9019               (7)    
daskvna 
 

amocanidan gamomdinare, gamoiyeneba Sesabamisi cdis varianti. magali-
Tad, rodesac dartymamedegoba gaingariSeba Wurvis dartymaze, maSin mizanSe-
wonilia gamoyeneba VI-VIII, zRvis, tbis talRis, mdinaris dinebis, qaris, zva-
vis dartymaze II-Vvariantis.  

dartymamedegobis dadgenis sakiTxi aqtualuri da aucilebelia. amitom 
saWiroa kvlevebis gagrZeleba CaquCis mravaljeradi dartymis meTodis 
gaumjobeseba-daxvewis mizniT. 
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SUMMARY 

RESEARCH-IMPROVEMENT OF THE IMPACT RESISTANCE METHOD 

Baliashvili  G.I., Bezhanov F.Kh.,  Sarjveladze N.V., Tkemaladze L.V. and  Tsiklauri V.Z. 

LEPL Grigol Tsulukidze Mining Institute 
The drop-weight method is relatively simple and is used to determine the impact resistance of rocks, concrete, 

ceramics and other materials.  Despite the simplicity of the hammer impact method, the following issues need to 

be improved: impact hammer configuration, weight, impact velocity, pattern of contact with the specimen, 

swallowing, repeated impact; sample deformation, cracking, dynamics, specimens  decomposition; determina-

tion of rupture area; hammer impact height, step size and etc. Therefore, research on the method of determining 

impact resistance - improvement is one of the modern, scientific and technical issues. The paper presents the 

issue of the height and the step size of the hammer impact. A basalt specimen impact test was performed using a 

hammer impact method. The impact is carried out at varying heights with constant step size and unchanged 

height. It should be noted that under other equal conditions the impact speed and height have a significant effect 

on impact resistance. Depending on the specific task, it is possible to use increasing or constant height of the 

blow. It is necessary to conduct further research around the problem under consideration. 

Keywords: impact resistance, hammer, drop-weight, method. 
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betonis simtkicis matebis damaCqarebeli danamatebis mimoxilva 

 

baliaSvili g.i., beJanovi f.x., sarjvelaZe n.v., tyemalaZe l.v., wiklauri v.z. 
 

ssip grigol wulukiZis samTo instituti 
       

betoni erT-erT Tanamedrove, farTod gavrcelebul, mravalferovan  
kompoziciur samSeneblo  masalas warmoadgens.  

betonis simtkice (kumSvaze, Runvaze, gaWimvaze, dartymaze) ZiriTad 
Tvisebas warmoadgens. betonis saWiro mniSvnelobis simtkicis miReba, 
saTanado periodSi, mraval faqtorzea damokidebuli. maTgan erT-erTia  
simtkicis matebis daCqareba, gansakuTrebiT misi Camoyalibebis sawyis 
stadiaSi daaxloebiT pirveli sami dRe-Ramis ganmavlobaSi.  

betonis simtkicis mateba SeiZleba ganxorcieldes narevSi damaCqare-
beli danamatis gamoyenebiT. amitom statiis mizani, romelic betonis damaCqa-
rebeli danamatebis mimoxilvas da analizs exeba aqtualur, Tanamedrove,  
samecniero da teqnikur amocanas warmoadgens.    

damaCqarebeli danamatis gamoyeneba sasargebloa gansakuTrebiT civ 
amindSi betonirebis dros [1-5]. am dros mcirdeba yinvisgan dacvis dro, 
adreulad xdeba samSeneblo yalibis  moxsna da kontsruqciul elementze 
morigi teqnologiuri proceduris Catarebis dawyeba. mcirdeba   
hidrostatikuri wneviT gamowveuli cementis rZis  gamodenis dro yalibidan, 
Cqardeba  betonis SeWidulobis dro  Sxefbetonirebisas.   

damaCqarebelis gamoyeneba antifrizad ar SeiZleba. garda amisa maTi 
gamoyeneba cxel amindSi gansakuTerbulad safrTxiloa. aman SeiZleba gamoiw-
vios hidrataciis siTbos Zalzed swrafi gamodevna, swrafi SeWiduloba da 
Seklebis bzarebis raodenobis  gazrda. 

danamatis ZiriTadi tipebia  wyalSi xsnadi araorganuli marilebi da 
naerTebi. 

xsnadi araorganuli, ZiriTadi, marilebia: qloridebi, bromidebi, 
ftoridebi, karbonatebi, Tiocianatebi, nitritebi, nitratebi, Tiosulfatebi, 
silikatebi, aluminatebi da tutovani metalebis hidroqsidebi.  

xsnadi organuli, ZiriTadi, naerTebia: trieTanolamini, kalciumis 
forminati,  kalciumis acetati, propionati, aminebis kondensaciis naerTebi 
da formaldehidi 

warmodgenili damaCqarebeli danamatebidan kalciumis qloridi metad 
gavrcelebuli masalaa dabali fasis gamo [4]. magram misi gamoyeneba ar aris 
rekomendebuli winaswardaZabul betonebSi, betonebSi, romlebic Seicavs 
CamontaJebul sxvadasxvagvar liTonebs, an tenian garemoSi myof rkinabetonSi 
foladis  koroziisadmi midrekilebis gamo.   

kalciumis qloridi ar unda iqnes gamoyenebuli kalciumaluminatur 
cementTan erTad, radgan igi amuxruWebs aluminatebis hidratacias. analo-
giurad, kalciumis qloridi da kaliumis karbonati zrdis SeWidulobis 
dros  da amcirebs adreul gamtkicebas  swrafad gamyarebadi cementebis 
gamoyenebis dros.  

bolo kvlevebi  miuTiTebs, rom trieTanolamini aCqarebs triqciumis 
alumatis hidratacias, magram trikalciumis silikats inarCunebs. amdenad, 
trieTanolamins SeuZlia imoqmedos rogorc cementis hidrataciis Camta-
rebeli, aseve amaCqarebeli.  

aucilebelia amaCqareblis gamoyeneba mis konkretuli maxasiaTeblebis 
teqnikur pirobebTan Sesabamisobis Semowmebis Semdeg. amaCqarebeli danamatis  
gadaWarbebulma raodenobam SeiZleba gamoiwvios Zalian swrafi SeWiduloba, 
an misi Seneleba.  
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agreTve  arsebobs gamosayenebeli mza cementis, qviSis da amaCqareblis 
narevebi. amgvarad momzadebuli narevebi gamoiyeneba Senoba nagebobaTa 
miwisqveSa konstruqciul elementebis izolaciis mizniT saavario remontebis 
dros maRal efeqts iZleva. 

daskvna  
1. betonis simtkicis mateba, gansakuTrebiT 1-3 dRis ganmavlobaSi, 

SesaZlebelia  narevSi damaCqarebeli danamatis gamoyenebiT.  
2. damaCqarebeli danamatis gamoyeneba maRal efeqts iZleva xuT 

grdusze meti yinvis pirobebSi sabetone samuSaoebis Sesrulebis dros.. 
3. damaCqarebelis gamoyeneba gayinva-galxobis ciklebis zemoqmedebis 

Sesamcireblad  ar SeiZleba.  
4. yvelaze farTed gavrcelebul damaCqarebels warmoadgens kalciumis 

qloridi.  
5. konkretuli betonis narevSi gamoyenebis win unda Catardes  damaCqa-

rebelis Tvisebebis kontroli da Sesabamisoba teqnikur pirobebTan da beto-
nis narevis gamoyenebis klimatur pirobebTan pirveli sami dRis ganmavlo-
baSi. 
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SUMMARY 

OVERVIEW OF CONCRETE ADDITIVES THAT INCREASE THE STRENGTH OF CONCRETE 

Baliashvili G.I., Bezhanov F.Kh., Sarjveladze N.V., Tkemaladze L.F. and Tsiklauri V.Z. 

LEPL Grigol Tsulukidze Mining Institute 

Increasing the strength of concrete can be accomplished by using an accelerator additive in the mixture. 

Therefore, the purpose of the article, which deals with the review and analysis of concrete accelerator additives, 

is a topical, modern, scientific and technical task. The use of accelerator additive gives a high effect when 

performing concrete work in frost conditions of more than five degrees. The most widely used accelerator is 

calcium chloride. Prior to use in the concrete mix, the properties of the accelerator must be checked and 

complied with the technical conditions and the climatic conditions of the concrete mixture for the first three 

days. 

Keywords: concrete, accelerator, additive, calcium chloride. 
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Tbogamtarobis  λ koeficientis gansazRvris meTodika arastacionarul 

temperaturul reJimSi 

nawili 1 
 

qevxiSvili n.a., jiSkariani T.s., javSanaSvili n.b. 
 

saqarTvelos teqnikuri universiteti 
 

Tbogamtarobis koeficientis (λ) gansazRvris amJamad arsebuli meTo-
debi mTlianad dafuZnebulia stacionaruli velebis gamoyenebaze labo-
ratoriul pirobebSi. warmodgenil meTodSi ki igi ganisazRvreba arastacio-
narul temperaturul velSi Tburi talRis gavrcelebis siCqaris gamo-
yenebiT. aseTi midgoma saSualebas iZleva kedlis Tboizolaciis maxasiaTeb-
lebi dadgindes savele pirobebSi ukve arsebuli Senobebis SemomsazRvrel 
konstruqciebze. 

Tburi talRis siCqaris gansazRvrisaTvis ganvixiloT SemousazRvravi 
brtyeli kedeli (SemousazRvrav kedelSi igulisxmeba iseTi kedeli, romlis 
sigrZe da sigane usasrulod didia sisqesTan SedarebiT, temperaturis 
cvlileba ki xdeba mxolod  x  mimarTulebiT, xolo y da  z  mimarTulebiT 

ucvlelia ( 0




y

t
 da 0





z

t
)), romlis sisqis gaswvriv temperaturis gana-

wileba Seesabameba   00 tFxt x   funqcias. sawyis momentSi kedlis gverdiTi 

zedapirebis temperatura uecrad xdeba ct toli, romelic mudmivadaa 

SenarCunebuli mTeli Semdgomi Tbocvlis procesSi. saWiroa vipovoT 
temperaturis ganawileba kedlis sisqeSi. 

gansaxilveli amocanisTvis mosaxerxebelia koordinatTa sistema 
movaTavsoT kedlis centrSi (nax.1). 

 

t

tc tc

0

+δ 
x 

-δ 

 t(x)=F(x)=t0

τ=0

 
 

nax. 1. SemousazRvravi kedlis Tbocvlis sqema 
 

 
amocanis piroba SeiZleba Semdegnairad Camoyalibdes: mocemulia 

Tbogamtarobis diferencialuri gantoleba 
 

   
 
















x

x

xt
a

xt
-0,>,

,,
2

2

      (1) 

 
sasazRvro pirobebiT: 
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    0,0, 0  txFxt              (2) 

  
    xconsttt c ,,         (3) 

    xconsttt c ,,         (4) 

00 



x

x

t
        (5) 

              sadac, ca  / . 

furies meTodis gamoyenebiT (1) diferencialuri gantolebis kerZo 
amonaxsni miiRebs saxes: 

 

   xkeDxt n

ak

n

n
n cos,
2

1

 




      (6) 

parametri k ganisazRvreba gantolebidan: 
 

  ...3,2,1,0,
2

12  nnkn


      (7) 

xolo  Dn  koeficientebi gamoiTvleba furies integralidan 
 

   




n

n

nn k
k

t
dxxktD sin

2
cos

2 0

0
0


      (8) 

Dn koeficientebis mniSvnelobis SetaniT (6) -Si sabolood gveqneba: 
 

   
  



 2

cos
sin

2
,

10

nak

n

n n

n

c

c exk
k

k

tt

txt 








    (9) 

                                                   
(9) gantoleba gansazRvravs temperaturul vels da Sesabamisad Tburi 

talRis gavrcelebis siCqares brtyel kedelSi, rodesac mis erT mxares 
gaaCnia mudmivi temperatura [2]. 

imisaTvis, rom nawilobriv gacxelebuli kedlidan Sefasdes Tburi 
talRis gavrcelebis siCqare kedlis meore zedapiramde, saWiroa calsaxad 
ganisazRvros im gasacxelebeli wriuli farTobis minimaluri radiusi, 
sadac Tburi nakadis denis wirebi centralur nawilSi erTmaneTis parale-
luri darCeba. anu SesaZlebeli iqneba gamoyenebuli iqnes erTganzomilebiani 
siTbos gavrcelebis procesis (9) gantoleba. 

amisaTvis ganvixiloT erTi mxridan SemosazRvruli sxeuli, romlis 
mTel moculobaSi temperatura drois sawyis momentSi erTgvarovania. 
sxeulis mTeli zedapiri, garda R radiusis mqone wrisa, dafarulia izola-
ciiT. drois garkveuli momentidan dawyebuli, wris mTel farTobze tempe-

ratura xdeba mudmivi 0 -is toli, cxadia siTbo am wriuli farTobidan Tan-

daTan gavrceldeba sxeulis mTel siRrmeSi. saWiroa ganisazRvros, rogori 
stacionaruli ganawilebisken miiswrafvis temperaturuli veli.  

nax.2-ze naCvenebia cilindrul koordinatTa sistema r, φ, z, romelic 
isea ganlagebuli, rom z RerZis dadebiTi mxare mimarTulia wriuli 
farTobidan sxeulis siRrmisken. cxadia koordinatTa sistemis aseTi ganla-
gebiT temperaturuli veli aRar iqneba damokidebuli φ koordinatze. 
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gradθ  

θ =const 

R z

r

 
  

nax. 2. stacionaruli temperaturuli veli erTi mxridan SemosazRvrul sxeulSi 
 
am SemTxvevaSi cilindrul koordinatebSi Tbogamtarobis 

diferencialuri gantoleba da sasazRvro pirobebi Caiwereba Semdegi saxiT: 

0
1

2

2

2

2
















zrrr


     (10) 

sasazRvro pirobebi:  

Rrzconst  0,0,0                   (11) 

rz
z

,0,0 



<R      (12) 

 <0,,0 rz      (13) 

 <z<0,,0 r      (14) 

cvladTa gancalkevebis meTodis gamoyenebiT (10) gantolebis kerZo 
amonaxsni miiRebs Semdeg saxes: 

 rce zk                          (15) 

sadac, Ψ(r) aris beselis diferencialuri gantolebis amonaxsni: 

02   rkr  

 
beselis gantolebis zogadi amonaxsni ganisazRvreba beselis pirveli 

J0(kr) da meore Y0(kr) gvaris nulovani rigis funqciebis jamis saxiT: 

     krDYkrCJr 00       (16)  

zogad amonaxsnSi saWiroa D koeficienti gavutoloT nuls, radgan                

Y0(kr) funqcia, roca r=0, miiswrafis usasrulobisken, rac ewinaaRmdegeba (11) 
sasazRvro pirobas. amrigad, Tbogamtarobis (10) gantolebis zogadi amonaxsni 
Caiwereba Semdegi saxiT: 

 rkJeC n

zk

n

n
n

0

1






           (17) 

imis gamo, rom amocana mocemulia pirveli da ara mesame gvaris 
sasazRvro pirobebiT da sxeuli z RerZis dadebiTi mimarTulebiT 
SemousazRvravia, amitom k parametrisTvis ar arsebobs SezRudvebi, Cawerili 
transcendentuli gantolebis saxiT. es niSnavs, rom k-s SeuZlia gaiaros 
ricxvebis uwyveti mwkrivi, e. i. misi ori uaxloesi mniSvneloba erTmaneTisgan 
gansxvavdebian usasrulod mcire dk sididiT. garda amisa, Cven SegviZlia 
integrebis C mudmiva SevcvaloT raime f(k) funqciiT, maSin (17) usasrulo 
mwkrivi gadadis integralSi da zogadi amonaxsni iqneba 
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   dkkrJekf kz

0

0





      (18) 

sadac, f(k) funqciis saxe ganisazRvreba sasazRvro pirobebidan. (11) sasazRvro 
pirobaSi moTxovnilia, rom, roca 0 ≤ r = R da z = 0 integralma  

   dkkrJkf
z 0

0

0 



  

miiRos mudmivi ϑ0 mniSvneloba. r > R areze ki igive pirobas araviTari 
SezRudva ar Semoaqvs. meores mxriv, cxadia, rom funqcias ar SeuZlia 
SeinarCunos mudmivi ϑ0 mniSvneloba, radgan (13) pirobis Tanaxmad r-is 
zrdasTan erTad igi nulisken unda miiswrafvodes. 

(12) sasazRvro pirobas mivyevarT analogiur Sedegamde. am pirobis 
Tanaxmad integrali           

├         dkkrJkkf
z z

0

00










    

(19)             

roca r > R, unda iyos nulis toli, xolo 0 ≤ r ≤ R areze misi 
mniSvneloba SeiZleba iyos nebismieri. erTaderTi SezRudva isaa, rom (19) 
integralma ar unda miiRos nulis toli mniSvneloba, radgan am SemTxvevaSi 
siTbos gavrcelebas sxeulSi ar eqneba adgili. 

maTematikidan [3] cnobilia arasakuTrivi, parametrze damokidebuli 
integralebi, romlebsac gaaCniaT is Tavisebureba, rom parametris raime 
mniSvnelobaze funqcionaluri damokidebulebis xasiaTi uecrad icvleba. 

yvelaze cnobili integralia 

 
 












R>0,

R/4,

R<,2/

cos
sin

0 r

r

r

dmmr
m

mR




 

am integralis cvlilebis xasiaTi R parametrze damokidebulebiT 
naCvenebia nax.3-ze.              

π/2 

π/2 

R

arcsin(R/r)

1/√(R2-r2)

ა)

ბ)

გ)

 
  

nax.3. parametrze damokidebuli arasakuTrivi integralebi 
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analogiuri Tvisebis mqone integralebi SeiZleba warmodgenili iyos 
beselis funqciebis gamoyenebiT [2], kerZod, Semdegi integralebi (nax.3 b, g): 
 

 
 























R>,arcsin

Rr<0,2/

0

0
r

r

RdmmrJ
m

mRsim


   (20) 

   












    R>r        0,

Rr<0,
1

sin 22
0

0

rRdmrmJmR

 

  (21)    

 
nax. 3. b, da g-dan Cans, rom (21) integrali akmayofilebs (12) pirobas, 

xolo (20) integrali (11) pirobas, Tu masSi Tanamimdevrulad SevitanT iseT 

sidides, romelic  /2-is magivrad mogvcems 0 -s. amgvarad, Tu (18) 

integralSi davuSvebT, rom 

 
 
K

kR
kf

sin2
0


  

maSin saZebni temperaturuli velis gantoleba miiRebs Semdeg saxes: 
 

 
  dkekrJ

K

kR kz



 0

0

0

sin2


     (22) 

 
amgvarad, (22) gantolebiT SeiZleba ganisazRvros kedlis erT mxareze 

is minimaluri gasacxelebeli farTis R radiusi, romelic uzrunvelyofs (9) 
gantolebis gamoyenebis SesaZleblobas.  
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SUMMARY 
PROCEDURE TO DETERMINE  THE COEFFICIENT OF THERMAL CONDUCTIVITY (λ) IN  NON-

STATIONARY TEMPERATURE REGIME. PART I 

Kevkhishvili N.A. Jishkariani T.S. and Javshanashvili N.B. 

Georgian Technical University 

Non-stationary thermal conductivity processes are widely used in many machinery and devices in the field of 

equipment and installation where the temperature periodically varies. To ensure their reliable operation, the 

temperatures of individual structural components at each point in time must be determined in advance, that’s 

because to specify how long it will take for the temperature to reach the required value in the specified area of 

this component since a certain temperature environment is created around it. It is necessary to take into account 

the daily variability of temperature and the implementation of non-stationary thermal conductivity processes, as 

well as to determine the temperature regime in buildings, determine heat losses from the walls of the building, 

implement energy-saving measures and develop appropriate strategies. Solving the non-stationary thermal 

conductivity tasks requires the use of a relatively complex mathematical application, therefore, it is associated 

with significant difficulties. Usually, the theory of non-stationary thermal conductivity refers to the method of 

separation of variables or the so-called Laplace transformation, which involves the use of operational counting 

methods. The article presents a method for determining the thermal conductivity into a non-stationary 

temperature field using a thermal wave flow velocity.  

Keywords: thermal conductivity coefficient, non-stationary temperature field.  
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bunebrivi gazis odorizaciis xarisxis kontrolis                             

mowyobilobis Sesaxeb  

 
maxaSvili q.a., mestviriSvili S.a, iaSvili n.g. 

 
saqarTvelos teqnikuri universiteti 

 
bunebrivi gazi (igive meTani), romelsac moixmars mosaxleoba usuno 

gazia. binaSi meTanis gaJonvis aRmosaCenad arsebobs metad martivi, saimedo  
da aprobirebuli xerxi: bunebriv gazs umateben mZafri, usiamovno sunis mqone 
nivTierebas, romelsac odoranti ewodeba. Sesabamisad, process bunebrivi 
gazis odorizacia ewodeba.  

Cveulebriv magistraluri gazis odorizacias atareben gazis mosax-
leobisaTvis miwodebis win gazgamanawilebel sadgurebSi (ggs). sayofacxov-
rebo gazis odorizaciisaTvis gamoiyeneba sxvadasxva tipis nivTierebebi 
odorantebi: kaptani, pen-kaptani, eTilmerkaptani, buTilmerkatani da sxva.  

yvela saxis odorants waeyeneba Semdegi mTavari moTxovnebi: 
• odoranti ar unda iyos adamianis janmrTelobisaTvis momwamvleli 

da saxifaTo; 
• odorantis damatebiT bunebrivma gazma unda SeiZinos specifikuri 

suni romelic mkveTrad unda gansxvavdebodes sxva sunebTan;  
• odoranti ar unda iwvevdes gazis milebis da danadgarebis koro-

zias.  
sayofacxovrebo gazSi damatebuli odorantis raodenoba unda iyos 

iseTi, rom misi koncentracia sakmarisi aRmoCndes normaluri ynosvis mqone 
adamianis mier SegrZnebisaTvis da amave dros gazis moculobiTi koncen-
tracia ar unda aRematebodes afeTqebis qveda zRvaris 1/5-s. praqtikulad 
gamoTvlilia, rom es mniSvneloba Seadgens 10-dan 30-mde grams 1000 m3 gazze. 
damatebuli odorantis raodenoba damokidebulia mraval faqtorze: gazis 
temperaturaze, wnevaze, gazgayvanilobis qselis mdgomareobaze, mis sigrZeze, 
gazis nakadis xazovan siCqareze, TviT odorantis  saxeze da xarisxze. 

 

            
 

nax. 1. odorizaciis adgili momxmareblisaTvis gazis miwodebis qselSi 
1. magistraluri gazi; 2. gamanawilebeli sadguri; 3. odorizaciis mowyobiloba;                  

4. dozirebis bloki; 5. odorantis WurWeli; 6. odorizaciis sakontrolo xelsawyo; 
7. odorizebuli gazi; 8. momxmarebeli. 
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arsebobs meTanis odorizaciis ramdenime xerxi:  gazis nakadSi odoran-
tis wveTovani Seyvana; gazis nakadSi odorantis fiTiluri xerxiT damateba; 
gazis nakadSi odorantis barbotaJuli meTodiT Seyvana. 

bunebrivi  gazis odorizacia ar aris martivi procesi, Sesabamisad, 
odorizaciis danadgari sakmaod rTulia. amitom aucilebelia odorizaciis 
procesis rogorc calkeuli operaciis kontroli, aseve avtomatizaciis 
kompleqsuri sistemis Seqmna. 

bunebrivi gazis odorizaciis adgili momxmareblisaTvis gazis 
miwodebis qselSi naCvenebia nax. 1-ze. 

TviT odorizaciis axasiaTeben odorantis Senaxvis WurWelis tevado-
biT, warmadobiT, tumbos simZlavriT da odorizaciis procesis operaciebis 
kontrolis doniT. 

gazgamanawilebel sadgurebSi odorizaciis procesis Semdeg moiTxo-
veba specialuri mowyobilobis odorantis koncentraciis gansazRvris ana-
lizatoris dayeneba, romlis daniSnulebaa gansazRvros odorizebul gazSi 
odorantis (merkaptanis) koncentracia. mowyobiloba muSaobs avtomaturad, 
momsaxure personalis gareSe da ar moiTxovs teqnikur momsaxurebas. 

odorizaciis xarisxis gansazRvra SesaZlebelia agreTve specialuri 
xelsawyoTi: gazis sunis intensivobis indikatoriT.  

indikatori arsebuli standartis Sesabamisad, gansazRvravs bunebrivi 
gazis odorizaciis xarisxs, romelic gamoixateba qulebiT, romelic SesaZ-
lebelia davakavSiroT odorantis raodenobasTan romelic izomeba mg/m3-Si. 
indikatori muSaobs gazis sunis gansazRvris eleqtroqimiuri meTodiT.  

bunebrivi gazis odorizaciis procesis zogadi algoriTmi mocemulia 
nax. 2-ze. 

 
 

nax.2. bunebrivi gazis odorizaciis procesis  zogadi algoriTmi 
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arsebobs odorizaciis  avtomatizaciis  sxvadasxva struqturis mqone   
mowyobilobebi da sistemebi, magram maTTvis saerToa Semdegi Semadgeneli 
nawilebi:  odorantis  moculoba (WurWeli); dozirebis bloki; winaswari da 
sufTa gawmendis filtrebi; odorantis miwodebis sensori; ventilaciis mow-
yobiloba; gazis xarjmzomi; xarisxis  kontrolis xelsawyo da dagazianebis 
kontrolis xelsawyo. marTva xorcieldeba  mikroprocesoruli blokiT. 

marTalia aseTi sistemis calkeuli elementebi realizebulia arsebul 
danadgarebSi, magram sruli moculobiT odorizaciis avtomatizaciis komp-
leqsuri sistema jer jerobiT ar arsebobs. avtomatizaciis kompleqsuri sis-
temis aucilebeli Semadgeneli ZiriTadi mowyobilobebia: eleqtromagnituri 
sarqveli, filtriani tumbo, donis sensori da orkedliani WurWeli 
odorantisaTvis.  

amJamad mimdinareobs muSaoba am calkeul  mowyobilobebis  srulyo-
faze. gansakuTrebiT es exeba odorantis donis  gansazRvris inteleqtualur 
sensors, romelic efuZneba hidrostatikur meTods, radgan es meTodi saSua-
lebas iZleva mikroprocesoruli blokiT ganisazRvros wnevis qveS myof 
WurWelSi siTxis (odorantis) done da moculoba (masa). konstruqciulad 
odorizaciis  danadgari  Sedgeba ori nawilisagan: teqnologiuri bloki da 
marTvis bloki.  

yovelive zemoT aRniSnulis gaTvaliswinebiT Camoyalibebuli iqna gazis 
odorizaciis procesis avtomatizaciis sistemisadmi ZiriTadi moTxovnebi: 

• odorizaciis procesis uwyveti kontroli; 
• odorizaciis danadgaris muSaobis koreqtireba; 
• arastandartul situaciebSi operatiulad  reagireba; 
• odorizaciis normis ganuwyveteli kontroli; 
• danadgarSi warmoqmnili Seferxebebisa da avariuli situaciebis 

gamovlena; 
• marTvis  centrSi informaciis gadacema. 
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SUMMARY 

ON THE DEVICE FOR QUALITY CONTROL OF NATURAL GAS ODORIZATION 

Makhashvili K.A., Mestvirishvili Sh.A. and Iashvili N.G. 

Georgian Technical University  

The article examines the issues of determining the quality of the process of adding odorant in natural gas. The 

place of odorization in the network of household gas supply to the consumer is shown. A general algorithm for 

gas odorization is given. The main requirements for the microprocessor of the odorization quality control device 

are formulated. 

Keywords: gas odorization, odorant, quality control, microprocessor device. 
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spilenZis daJanguli mineralebis sulfidizaciis intensifikacia 

eleqtroqimiuri meTodiT  

 
gigineiSvili a.a., TevzaZe d.m. 

 
saqarTvelos teqnikuri universiteti 

 
spilenZis daJanguli madnebi xasiaTdebian simyifiT, miwianobiT, spi-

lenZis mineralebis kolomorfuli struqturiT, rac ganapirobebs meoradi 
Slamebis warmoqmnas da flotaciis procesze uaryofiTad gavlenas.  

spilenZis daJanguli madnebis gadamuSavebis erT-erTi meTodia 
daJanguli mineralebis zedapiris winaswari sulfidizacia da gamoiyeneba 
advilad da saSualod gasamdidrebeli madnebisaTvis. 

sulfhidriluri Semkrebebi daJangul mineralebTan gamoyenebisas 
warmoqmnian ara mtkice afsks, rac ganapirobebs reagentis xarjis mkveTr 
zrdas.  

mineralebis zedapirze warmoSobili afskis gasamyareblad iyeneben 
Cveulebriv sulfidizacias. xSirad mimarTaven intensiur sulfidizacias 
madnis dafqvas natriumis sulfidSi sxvadasxva temperaturuli reJimiT. es 
meTodebi Zvirad Rirebuli da rTulia da ver uzrunvelyofs flotaciis 
maCveneblebis seriozul gaumjobesebas. praqtikaSi xSirad gamoiyeneba gogir-
dovani natriumi. gogirdovani natriumiT sulfidizaciis procesis meqanizmi 
kargad aris Seswavlili da emyareba spilenZis daJanguli mineralebis 
zedapiris sulfidSi gadayvanas [1]. 

gogirdovani natriumi wyalxsnarSi iJangeba da warmoqmnis Tiosulfat, 
sulfit da sulfat ionebs. Aam ionebis mavne gavlenis Semcirebisa da sulfi-
duri ionebis raodenobis gazrdisaTvis xSirad zrdian xsnaris tutianobas. 
amiT SesaZlebeli xdeba uaryofiTi mxarisken gadaweva. Aam parametrebis 
sasurveli mimarTulebiT Secvla ganvaxorcieleT gogirdovani natriumis 
wyalxsnaris eleqtroqimiuri damuSavebiT. 

gogirdovani natriumis wyalxsnaris eleqtroqimiuri damuSaveba kaTod-
ze aRdgenis gziT amcirebs wyalSi gaxsnili Jangbadis koncentracias [2] da 
zrdis sulfiduri ionebis koncentracias. 

 
 

O2 + 2H2O + 4ē ⇆ 4OH-                        (E=0,401 v) 

 

O2 + H2O + 2ē ⇆ OH-  + H               (E=0,427 v) 

 

H  + H2O + 2ē ⇆ 3OH-                  (E=0,942 v) 

 
H 

 

HS- + H2O + 2ē → S2- + OH- + H2↑ 
 
moyvanili reaqciebi kinetikurad mdgradia drois mcire periodi. 

eleqtroqimiuri damuSavebis Semdeg Tavdapirveli wonasworoba swrafad 
aRdgeba, amitom efeqturobis misaRebad saWiroa damuSavebuli wyalxsnari 
uSualod mivawodoT flotaciis process.  

cxr. 1-Si mocemulia eleqtroqimiuri damuSavebis Sedegad miRebuli 
sulfid ionebis koncentracia.  
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cxrili 1. eleqtroqimiuri damuSavebis Sedegad miRebuli sulfid ionebis 
koncentracia 
 

Ddasaxeleba           0,5 % gogirdovani natriumis xsnari 
 daZabuloba 

U, v 

sulfid vercxliswyliani 
eleqtrodis potenciali, mv 

 

PH 

H 
MHS-, mg/l 

M 
S2-, mg/l 

0,0 -770 10,9 1905 50,5 
0,5 -785 11,1 1895 63,0 
1,5 -780 11,15 1892 75,0 
5,0 -784 11,3 1890 130,0 

 
cxrilis monacemebidan Cans, rom wyalxsnaris eleqtroqimiuri (kaTodu-

ri) damuSaveba mkveTrad zrdis masulfidirebeli sulfiduri ionebis koncen-
tracias. 

cxr. 2-Si moyvanilia gogirdovani natriumis 3 %-iani wyalxsnaris ionu-
ri Semadgenlobis  cvalebadoba eleqtroqimiuri damuSavebis Semdeg.  

gogirdovani natriumis 3 %-iani xsnaris Semadgenlobam gviCvena, rom 
eleqtroqimiuri damuSavebis Semdeg kaTodurSi mkveTrad imata sulfiduri 
da hidrosulfiduri masulfidirebeli ionebis raodenobam da mkveTrad 
Semcirda sulfat-ionebis koncentracia 2410 mg/l-dan 680 mg/l-mde. 

  
   cxrili 2. 3 %-iani wyalxsnaris ionuri Semadgenlobis  
   cvalebadoba eleqtroqimiuri damuSavebis Semdeg 
 

 
produqtebi 

ionebis Semcveloba, mg/lHM 
S2-, HS-, H2S S2O3

2- 

 
SO4

2- 

 
sawyisi xsnari 9015 640 2410 
kaToduri 9510 772 680 
anoduri 8350 1175 3020 

 
gogirdovani natriumis wyalxsnaris eleqtroqimiuri damuSaveba zrdis 

xsnarSi hidrosulfiduri da sulfiduri ionebis raodenobas. dadginda, rom 
damuSavebis yvelaze optimaluri periodi iwyeba, rodesac kaTodze 
potenciali Seadgens 0,5 v. 

gogirdovani natriumis aRdgeniTi unaris gaZliereba saSualebas iZ-
leva SevamciroT saflotacio pulpis Jangva-aRdgeniTi potenciali, rac Ta-
vis mxriv zrdis mineralis zedapirze Tavisufali eleqtronebis raodenobas. 

cxr. 3-Si mocemulia damokidebuleba damuSavebul 5 %-ian gogirdovan 
natriumsa da mineralis zedapirze Tavisufali eleqtronebis koncentracias 
Soris. 

 
     cxrili 3. damokidebuleba damuSavebul 5 %-ian gogirdovan natriumsa  
      da mineralis zedapirze Tavisufali eleqtronebis koncentracias Soris 
 

Eeleqtroqimiuri damuSavebis reJimi eleqtronebis koncentracia 
n x 10-14, sm-3E 

 
daZabuloba 

UU, v 

Ddro t, wT 

0,0 0 24,0 

0,5 15 48,0 

3,0 15 52,0 

5,0 15 54,0 
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cxrilSi moyvanili maCveneblebidan gamomdinare, eleqtroqimiuri damu-
Savebis Semdeg daJanguli mineralis zedapirze Tavisufali eleqtronebis 
raodenoba daaxloebiT 2-jer izrdeba. 

moyvanili Sedegebidan gamomdinare SegviZlia gavakeToT daskvna, rom 
gogirdovani natriumis wyalxsnaris eleqtroqimiuri damuSaveba saSualebas 
gvaZlevs 1,5-jer gavzardoT xsnarSi hidrosulfiduri da sulfiduri ionebis 
raodenoba da SevamciroT saflotacio pulpis Jangva-aRdgeniTi potenciali. 
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SUMMARY 

INTENSIFICATION OF SULPHIDATION OF OXIDIZED COPPER MINERALS BY 

ELECTROCHEMICAL METHOD  

Gigineishvili A.A. and Tevzadze D.M. 

Georgian Technical University 

Preliminary sulphidation of oxidized minerals is one of the methods for processing of oxidized copper ores.  For 

sulphidation of mentioned minerals the sulphuric sodium is mainly used. Electrochemical treatment of aqueous 

solutions of sulphuric sodium increases the amount of hydrosulfide- and sulfide-ions in the solution. Research 

has shown that electrochemical treatment of aqueous solution of sulphuric sodium allows the increase of the 

amount of hydrosulfide- and sulfide-ions in the solution by a factor of 1.5 and reduces the redox potential of 

flotation pulp.  

Keywords: sulphidation, oxidized copper minerals, electrochemical treatment. 
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karierisa da mamdidrebeli fabrikis Camdinare wylebidan metaluri 

spilenZis amokrefis SesaZleblobis Seswavla 

 
gigineiSvili a.a., TevzaZe d.m. 

 
saqarTvelos teqnikuri universiteti 

 
 
madneulis sabadoze bunebriv pirobebSi warmoebs spilenZis madnebis 

gamotutva da Sesabamisad karieridan Camdinare wylebSi gvxvdeba spilenZis 
ionebis didi raodenoba.  

spilenZis daJanguli mineralebisa da maTi zedapirebis gaxsna gogir-
dmJavian sust xsnarSi mimdinareobs spilenZis warmoqmniT. 
 

Cu4 (OH)6SO4 + 3H2SO3 → 4CuSO4 + 6H2O 

 

CuSiO3 • 2H2O + H2SO4  → CuSO4 + H2 SiO3 + 2H2O 

 

2CuCO3 • Cu(OH)2 + 4H2SO4  → 4CuSO4 + 2CO2 + 6H2O 

 

CuO + H2SO4 → CuSO4 + H2O 

 

Cu2Cl(OH)3 + 2H2SO3 → 2CuSO4 + HCl + 3H2O 

 

Cu2 CO3 (OH)2 + 2H2SO3 → 2CuSO4 + CO2+ 3H2O 

 
rac Seexeba kuprits Cu2O gogirdmJavaSi mTlianad ixsneba mxolod 

Jangbadis areSi. 
 

Cu2O + 2H2SO4 + 1/2 O2 → 2CuSO4 + 2H2O 

 
rac Seexeba meorad sulfidur spilenZis madnebs isini ixsnebian 

xsnarSi rkinis ionebis arsebobisas. 
 

CuS + Fe2 (SO4 )3 → CuSO4 + 2FeSO4 + S0 

 

Cu2 S + 2Fe2 (SO4 )3 → 2CuSO4 + 4FeSO4 + S0 
 

SedarebiT Znelad ixsneba spilenZis madnebi, romlebic warmodgenilia 
alumosilikatebiT, aluminofosfatebiT da rkinis hidroJangiT. 

miwisqveSa wylebSi spilenZis mineralebis gamxsnelad gvevlineba 
rkinis sulfati, romelic warmoiqmneba qalkopiritisa da piritis wylis 
garemoSi daJangviT. 

 
2FeS2 + 2H2O + 7O2 → 2FeSO4 + 2H2SO4 

 

CuFeS2 + 4O2 → CuSO4 + FeSO4 

 

2Cu2S + 4H2O + 5O2 → CuSO4 + 3Cu(OH)2 + H2SO4 

 

4FeSO4 + 2H2SO4 + O2 → 2Fe2 (SO4)3 + 2 H2O 

 
Cu2S + 2Fe2 (SO4)3 → 2Cu2SO4 + 4FeSO4+ S 
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gamotutvis difuzias adgili aqvs xsnaris sasazRvro SreSi mineral-
xsnaris gamyof sazRvarze. difuziis procesis siCqareze did gavlenas axdens 
myari fazes farTi, romlis sidide ukuproporciul damokidebulebaSia 
marcvlis diametrTan [1,2]. 

spilenZis gamotutvis siCqareze aseve did gavlenas axdens xsnaris 
temperaturis gavlena. xsnaris temperaturis gazrda 20 0C-dan 60 0C-mde gaxs-
nis siCqares zrdis 40÷60 %-iT. 

SemuSavebuli teqnologiuri sqemiT SesaZlebeli gaxda koncentratSi 
spilenZis maqsimaluri amokrefa. amasTan kudebSi danakagma Seadgina 6,0 %. 
flotaciis kudebis gayolili wylis qimiurma analizma uCvena, rom masSi 1 t 
madanze gadaTvlisas Seadgens 100 gr metalur spilenZs da sawyisi madnidan 
1,2 % amokrefas karieris e.w. „mJave wylebSi” qimiuri analiziT dadginda, rom 
spilenZis Semcveloba saSualod Seadgens 1225 mg/l. amasTan wliuri debiti 
Seadgens 1200000 m2. metalur spilenze gadaTvliT „mJave wylebs” weliwadSi 
moyveba 1470 t spilenZi. amdenad aqtualuria am wylebidan spilenZis amokrefa. 

Kkarieris wylebSi arsebuli spilenZis cementacia warmoebs rkinis 
fxvnilis saSualebiT. 

 
Cu2+ + Fe → Fe2+ + Cu 

 
cementaciis procesSi anods warmoadgens damleqi liToni (rkina), 

xolo kaTods xsnaridan dasaleqi liToni (spilenZi). 
cementaciis procesSi garda ZiriTadi reaqciebisa SeiZleba mimdina-

reobdes Semdegi reaqciebi 
 

Fe2+ - ē → Fe3+                                          E0 = 0,77 v 
 

2Fe3+ + Fe → 3Fe2+                                      E0 = 0,477 v 

 
Fe2+ + Cu2+→ Fe3+ +  Cu+                        E0 = 0,94 v  

 
Fe3+ + Cu  ⇆  Cu+ + Fe2+                          E0 = 0,94 v  

 
2Fe2+ + 0.5O2 + 2H+→ 2Fe3+ + H2O 

 

Cu + 0.5O2 + 2H+ ⇆ Cu2+ + H2O 

 
cementaciis siCqare, spilenZis sruli daleqva, spilenZis naleqis 

xasiaTi, rkinis xarji, da sxva parametrebi damokidebulia mTel rig faq-
torebze, rogoricaa xsnaris mJavianoba, damleqis xarji, araorganuli 
nivTierebebis faqtura, qloris ionebis koncentracia, nakadis siCqare, da 
xsnaris temperatura [2].  

rogorc gamokvlevebma gviCvena rkinis saSualebiT spilenZis cemen-
tacia xorcieldeba pH-is farTo mniSvnelobis dros da ganapirobebs rkinis 
sxvadasxva xarjs. 

rogorc cnobilia, pH-is mcire mniSvnelobis (pH =1÷2.5) dros adgili 
aqvs reaqcias 

 
Fe + H2SO4 → 2FeSO4 + H2↑ 

 
Aam SemTxvevaSi adgili aqvs rkinis didi raodenobiT xarjvas. xsnarSi 

Jangbadis arsebobis SemTxvevaSi adgili aqvs Semdeg reaqciebs: 
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Fe + O2 +2H2SO4 → 2FeSO4 + 2H2O 

 
2FeSO4 + 0.5O2 + H2SO4→ 2Fe2 (SO4)3 + 2H2O 

 

Fe + Fe2 (SO4)3 → 3FeSO4 

 

xsnarSi rkinis naklovanebisas pulpaSi Jangbadis ionebis an samva-
lentiani rkinis arsebobisas cementaciis paralelurad mimdinareobs 
spilenZis daJangvac da Sesabamisad rkinis ionebi gadadian xsnarSi 

 
2Cu + O2 + 2H2SO4 → 2CuSO4 + 2H2O 

 

Cu + 2Fe3+ → Cu2+ + 2Fe2+ 
 
reaqciis Jangva-aRdgeniTi potenciali damokidebulia xsnaris pH-ze. 

Zlier mJave areSi cementaciis siCqare mcirdeba, rac ganpirobebulia xsnarSi 
H+ kaTionis momatebiT, romelic xels uSlis spilenZis ionebis migracias 
kaTodisaken. 

spilenZis cementaciis siCqare damokidebulia damleqi nivTierebis 
farTze da xsnarSi spilenZis ionebis koncentraciaze. damleqis xvedriTi 
farTi ukuproporciulia misi diametrisa, rac ufro mcirea sisxo, miT ufro 
srulyofilad da swrafad mimdinareobs cementacia. 

cementaciis siCqaris stabilurobisaTvis CatvirTuli damleqi 
nivTierebis raodenoba ukuproporciul damokidebulebaSia misi zedapiris 
xvedriT farTTan an fxvnilis saSualo diametric kvadratis proporciulia. 

cementaciis procesSi, rogorc wesi, gamoiyeneba fxvnilisebri Tujis 
burbuSela an Rrublisebri rkina sisxoTi 0.1÷1 mm-mde. Teoriulad fardoba 
rkinisa spilenZTan gamoiTvleba maTi atomuri wonebidan Fe : Cu = 56 : 64 = 7 : 
8 praqtikulad rkinis xarji aiReba meti, radganac adgili aqvs sxva 
Tanmxleb reaqciebs.  

Kkvlevebma gviCvena, rom fardoba rkinisa spilenZTan aiReba 1:2.5-dan 1:3-
mde. vinaidan, flotaciis kudebis wyalSi spilenZi warmodgenilia Cu2+ / Cu+ 

ionebis saxiT, amitom spilenZis cementacias Cveulebriv awarmoeben rkinis 
burbuSelaTi. wylis nakads awodeben kasetebs, romlebSic moTavsebulia 
rkinis burbuSela. kasetebSi gavlis Semdeg wyalSi spilenZis Semcveloba 
daeca 1,2 mg/l-mde. operaciaSi metaluri spilenZis amokrefam Seadgina 98.7 %. 
Fflotaciis kudebidan spilenZis amokrefis maRalma maCvenebelma  gviCvena 
karieris Camdinare wylebidan spilenZis amokrefis SesaZlebloba. 

Mmetaluri fxvnils (burbuSelas), romelsac aqvs maqsimaluri aqtivoba 
da didi zedapiri, gamoyeneba uzrunvelyofs cementaciiT miRebuli spilenZis 
maRal xarisxs. ZviradRirebuli rkinis fxvnilis Secvlis mizniT Seswavlili 
iqna rkinis jarTisa da rkinaSemcveli metalebis gamoyenebis SesaZlebloba. 

xsnaridan spilenZis amokrefis procesis intensifikaciisaTvis da Zvi-
radRirebuli rkinis burbuSelas Sesacvlelad Seswavlili iqna spilenSem-
cveli xsnarebidan spilenZis cementaciis SesaZlebloba Siga eleqtroliziT. 

teqnikuri Sedegi miiRweva kaTodisa da anodis gamoyenebiT. kaTodad 
gamoiyeneba cementatoris abazana (sasurvelia titanis korpusi), xolo ano-
dad viyenebT abazanaSi CatvirTuli rkinis an sxva rkinis Semcvel jarTs. 
abazana ivseba spilenSemcveli xsnariT da vawarmoebT cementacias. cementire-
buli spilenZi ileqeba abazanis fskerze da procesis dasrulebis Semdeg 
naleqs movrecxavT da vaSrobT. 

cementatoris muSaobisas abazanaSi xsnari mimdinare daleqvis reaqciis 
gamo swrafad cxeldeba, rac Tavis mxriv zrdis spilenZis gamoleqvis 
procesis siCqares. 
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sainteresoa abazanidan CamotvirTuli rkinis jarTi, romelSic koncen-
trirdeba Zvirfasi liTonebi da Seadgens calcalke Seswavlis sagans. 

Aamgvarad, spilenZis Semcveli xsnaridan spilenZis cementaciis pro-
cesis intensifikacia SesaZlebelia Siga eleqtroliziT da ZviradRirebuli 
rkinis fxvnilis an burbuSelis rkinis jarTiT SecvliT. 
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SUMMARY 

STUDY OF THE POSSIBILITY OF EXTRACTION OF METALLIC COPPER FROM SEWAGE OF 

THE QUARRY AND OF CONCENTRATING PLANT 

Gigineishvili A.A. and Tevzadze D.M. 

Georgian Technical University 

At Madneuli deposit the leaching of copper ores takes place in natural conditions. Respectively, the great amount 

of copper-ions are thrown into sewage. Iron sulfate is used for solving of copper minerals in underground waters. 

Copper cementation in quarry waters is carried out by means of iron powder. To intensify the process of copper 

extraction from the solution and for replacement of costly iron chips the possibility of copper cementation from 

copper containing solutions by internal electrolysis was studied.  The research has shown that intensification of 

copper cementation process from copper containing solutions is possible by internal electrolysis and by 

replacement of costly iron pounder or chips by iron scrap. 

Keywords: quarry, concentrating plant, sewage, copper, electrolysis.     
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aluminis fuZeSreebze eleqtronul-sxivuri teqnologiiT miRebuli 

tantalisa da niobiumis danafarebis kvleva 
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Sesavali 

Tanamedrove epoqaSi industriis, kerZod manqanaTmSeneblobis, aviaciis, 

saraketo da kosmosuri teqnologiis, birTvuli energetikis, eleqtronikis, 

medicinis da sxva sferoebis ganviTarebTan erTad iqmneba inovaciuri masa-

lebi da viTardeba teqnologiebi. am mxriv aRsaniSnavia nakeTobis zedapirze 

gansxvavebuli masalis danafarebis datanis aqtualoba, rac ganapirobebs 

saeqspluatacio maxasiaTeblebis  gaumjobesebas. 

danafarebis warmoebis sxvadasxva meTodi arsebobs. maT Soris farTod 

gamoiyeneba eleqtronul-sxivuri teqnologia, romlis upiratesobebidan gan-

sakuTrebiT aRsaniSnavia: masalebis farTo speqtris, maT Soris yvelaze Znel-

dnobadi elementebisa da qimiuri naerTebis sakmaod maRali siCqareebiT gaxu-

reba dnobisa da aorTqlebis temperaturebamde; danafaris miRebis SesaZleb-

loba nebismier masalaze, fuZeSresTan saukeTeso SeWidulobis, reguli-

rebadi struqturisa da Tvisebebis uzrunvelyofiT da sxv.  

winamdebare naSromSi SemoTavazebuli teqnologiiT miRebulma niobiu-

misa da tantalis danafarebma aluminis fuZeSreze SeiZleba farTo gamoye-

neba hpovos manqanaTmSeneblobaSi, aviamSeneblobaSi, energetikaSi, saraketo 

da kosmosur teqnologiebSi, mikroeleqtronikaSi da sxv. rogorc sufTa, ise 

aluminTan intermetaluri naerTebis saxiT miRebulma danafarebma neitro-

nuli da gama gamosxivebis mimarT mosalodneli maRali radiaciuli mdgra-

dobis gamo SeiZleba gavrceleba hpovos atomur reaqtorebSi, radiaciuli 

narCenebis Sesanax da gadasatan konteinerebSi, xolo adamianis qsovilTan 

saukeTeso SeTavsebadobis gamo _ samedicino sferoSi. 

 

ZiriTadi nawili 

samuSaoSi moyvanilia aluminis fuZeSreebze niobiumis (tantalis) eleq-

tronuli sxiviT aorTqlebisa da orTqlis nakadis optimalur temperaturul 

diapazonebSi Semdgomi kondensaciis gziT miRebuli danafarebis zedapiris 

morfologiisa da fazuri Sedgenilobis Seswavla; fuZeSrisa da danafaris 

struqturul-geometriuli faqtorebis analizi. nimuSebis miReba da kvleva 

ganxorcielda wyaroebSi mocemuli mowyobilobisa da meTodebis gamoyenebiT 

[1-3]. 

ganxorcielebulia aluminis fuZeSreebze tantalisa da niobiumis dana-

fariani nimuSebis kvleva. 

nax.1-ze naCvenebia aluminis fuZeSreze tantalis kondensaciis opti-

maluri temperaturuli intervalis maxloblobaSi nimuSis difraqtograma da 

danafaris zedapiris morfologia. 300 _ 350 °C temperaturul intervalSi 

gamovlenilia Camoyalibebuli multifazuri sistema, romelic Sedgeba sufTa 

Ta (danafari), Al (fuZeSre) da Ta2Al intermetaluri naerTisagan, romelsac 

tetragonuri kristaluri gisosi gaaCnia. 
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nax. 1. aluminis fuZeSreze tantalis danafaris difraqtograma da zedapiris 
morfologia (tcond≈300 _ 350°С) 

 
 
nimuSis zedapiris morfologiis Seswavlisas dabal temperaturul 

zonaSi (300° _ 350°С) gamovlenilia  firSi arsebuli pirveladi   bzarebi, 
Tumca fuZeSresa da danafars Soris SeWidulobis xarisxi sakmaod maRalia 
(1, 4-skaliani SefasebiT, sadac 1 saukeTeso maCvenebelia) [3]. 

nax. 2-ze warmodgenil aluminis fuZeSreze niobiumis danafaris Sedare-

biT dabal temperaturul zonaSi (tcond=250 _ 320C) gamomJRavnebulia rogorc 
fuZeSrisa da danafaris maqsimumebi, ise sistemaSi cnobili AlNb2-is da AlNb3-is 
maqsimumebi.   

 

 
 

nax. 2. aluminis fuZeSreze niobiumis danafaris difraqtograma da zedapiris 
morfologia (tcond≈300 _ 350°С) 
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aRniSnul zonaSi Camoyalibebul kondensirebul SreSi ar aris gamom-
JRavnebuli bzarebi an sxva saxis defeqtebi. danafari Sedgenilia wagrZe-
lebuli konglomeratebisgan. nimuSi uZlebs 12_14 niSancvlad gadaRunvas. 

erT-erTi umTavresi faqtori, romelic danafaris gamoyenebis pirobebs 
da misi miRebis teqnologiis SerCevis siswores ganapirobebs, aris nakeTo-
baSi narCeni Zabvebis sidide. miuxedavad amisa, fuZeSresTan kondensirebadi 
fazis SezrdisaTvis umTavres ganmsazRvrel faqtors, fuZeSresa da danafars 
Soris damakmayofilebeli adheziis uzrunvelyofis TvalsazrisiT, mainc 
kristaluri gisosebis struqturul-geometriuli Sesabamisobis xarisxi unda 
warmo¬adgendes, rac, upirveles yovlisa, gulisxmobs im sibrtyeebis geomet-
riul msgavsebas, romelTa Sezrdac mimdinareobs, xolo maTi periodebis 

fardobiTi gansxvaveba ar unda aRematebodes 15%: ∆=(a1-a2)/a1, sadac a1 aris  

masalis kristaluri gisosis, xolo a2 – kondensirebadi fazis kristaluri 
gisosis periodi [4,5]. 

am mxriv, aluminis fuZeSreze Zneldnobadi liTonebis _ niobiumisa da 
tantalis kondensaciis procesSi rTul situacias aqvs adgili, rac ori 
ZiriTadi movleniT aris ganpirobebuli: jer erTi, aluminis maRali qimiuri 
aqtiurobis gamo fuZeSris optimaluri temperaturis zeda zRvars zemoT 
intensiurad viTardeba kondensaciiT stimulirebuli reaqtiuli difuziis 
procesebi, rac mniSvnelovlad zRudavs kondensirebuli firis dasmis opti-
malur temperaturul areals da meore, aRniSnul intervalSi fuZeSrisa  da 
kondensirebuli fazebis kristaluri gisosebis Seusabamobis xarisxi metad 
maRalia da mniSvnelovlad aRemateba literaturul wyaroebSi miTiTebul 
zeda zRvars (15%, [4]): rogorc me-3 naxazze warmodgenili diagramebidan 

gamomdinareobs, oTaxis temperaturaze  Al-Nb=0,185,  xolo  Al-Ta=0,184. 

 

 

 
 

 
nax. 3. aluminis fuZeSreebisa da niobiumisa da tantalis kondensatebis kristaluri 

gisosebis Seusabamobis xarisxis damokidebeleba kondensaciis temperaturaze 
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im SemTxvevaSi, rodesac fuZeSrisa da danafaris kristaluri gisosis 
perodebs Soris gansxvaveba mniSvnelovania, gisosis drekadi damaxinjeba 
garkveul sididemde ganviTardeba da kondensirebuli firis sisqis ganux-
reli zrdis pirobebSi fazaTa Soris sazRvarze daZabuloba garkveul 
zRvrul mniSvnelobas miaRwevs. aseT SemTxvevaSi, Tu arsebobs dislokaciis 
wyaro, Semova Seusabamobis dislokacia, rac energetikulad ufro momgebiania 
da xels Seuwyobs drekadi deformaciis donisa da fazaTa gamyof zedapirze 
energiis Semdgom Semcirebas. 

aluminis fuZeSreze niobiumisa da tantalis danafarebis miRebis opti-
maluri intervali dabaltemperaturul diapazons moicavs, rac ganapirobebs 
fenebs Soris mkveTri heterosazRvrebis Camoyalibebas da struqturuli 
defeqtebis raodenobis Semcirebas. amitom aseT pirobebSi Seusabamobis dis-
lokaciis Camoyalibebis ZiriTad meqanizmad dacurebis meqanizmi ganixileba, 
romelic ufro dabaltemperaturul pirobebSi realizdeba gadacocebis 
meqanizTan SedarebiT [6]. 

amgvarad, ganxiluli masalis analizi safuZvels iZleva davaskvnaT, 

rom aluminis fuZeSreze 200 _ 390 C intervalSi niobiumisa da 200 _ 320C 
intervalSi tantalis kondensaciis pirobebSi eqsperimentulad dadgenili 
dadebiTi efeqti ganpirobebuli unda iyos „fuZeSre _ kondensati“ fazaTa gam-
yof zedapirze fuZeSresa da kondensirebul fazebs Soris  naxevradko-
herentuli sasazRvro zonis CamoyalibebiT. 

 
daskvna 
1. rentgenostruqturuli analiziT fuZeSreebsa da kondensatebs Soris 

Al, Ta da Nb maqsimumebTan erTad, gardamaval zonebSi gamovlenilia agreTve 
Semdegi Sualeduri naerTebi: aluminis fuZeSreze tantalis kondensaciis Se-

degad – Ta2Al, aluminis fuZeSreze niobiumis kondensaciis Sedegad – AlNb2-is 

da AlNb3. 
2. danafarebis struqturul-geometriuli faqtorebis gaTvaliswinebiT 

aluminis fuZeSreebsa da niobiumisa da tantalis danafarebs Soris kargi 
SeWidulobis xarisxi ganxorcielebulia fazaTa gamyof zedapirze naxevrad-
koherentuli kavSiriT. 

 
 
„kvleva ganxorcielda SoTa rusTavelis saqarTvelos erovnuli 

samecniero fondis finansuri mxardaWeriT [PHDF-18-736, specialuri 
daniSnulebis fuZeSreze funqcionaluri danafarebis miRebis teqnologiis 
SemuSaveba]“ 
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SUMMARY 

STUDY OF TANTALUM AND NIOBIUM COATINGS ON ALUMINUM SUBSTRATES OBTAINED 

BY ELECTRON-BEAM TECHNOLOGY 

Ananiashvili Kh.O.  

 Georgian Technical University 

Coatings of refractory metals are formed by electron beam evaporation and deposition of tantalum and niobium 

powders on aluminum substrates at the temperatures experimentally defined. The morphology of the coatings 

was studied; the phase composition of the "substrate-condensate" transition zone was studied by diffraction 

analysis; the presence of intermetallic compounds between aluminum substrates and condensates - Ta2Al, AlNb2 

and AlNb3 are revealed. The mechanism of phase merging is analyzed. The obtained metal coatings have good 

adhesion to the substrate, which is a result of a semi-coherent connection between the Al substrates and Ta (Nb) 

condensed phases on the interface boundary. 

Keywords: eb-technology, coatings, substrate, condensate, morphology, x-ray diffraction, adhesion 
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polinafToilenbenzimidazolebis forpolimeris izoTermuli 

Termogravimetriuli procesis kvleva Rrma vakuumSi 
 

ormocaZe n.S., bibileiSvili d.v., mesxiSvili m.m. 
 

akaki wereTlis saxelmwifo universiteti 
saqarTvelos teqnikuri universiteti 

 
polinafToilenbenzimidazolebis (pnbi) fizikur-meqanikuri Tvisebebis 

kompleqsi rogorc maRal, aseve dabal temperaturaze, Termo-, Tbo-, siTbo-, 
sinaTlis-, radiaciuli da qimiuri mdgradoba sinTezis axal meTodur gadaw-
yvetilebebTan erTad, sxvadasxva axali asortimentis masalebis: afskebis, 
safarebis  miRebis saSualebas iZleva. aseve did asparezs uqmnis eleqtroni-
kaSi hibridul integralur sqemebSi fenaTaSorisi saizolacio masalebis 
Seqmnas [1-4]. 

Catarebulma intensiurma kvlevam gviCvena, rom Termomdgradi poli-
merebis pnbi-s safuZvelze afskwarmomqmneli sistemebis misaRebad saWiroa: 
gamoyenebuli iqnas am polimerebis sinTezis safexurebrivi meTodi, rac imaSi 
mdgomareobs, rom sinTezis pirvel safexurze N_meTil-2-pirolidonis areSi 
nafTalin-1,4,5,8-tetrakarbonis mJavebis dianhidridebis bis(o-fenilendiamineb-
Tan) dabaltemperaturuli polikondensaciis pirobebSi miiReba afswar-
momqmneli forpolimeri poli[(o-amino)fenil]nafTalimidi (pani), xolo meore 
safexurze _ myar fazaSi Termuli polikondensaciiT mimdinareobs Sidamole-
kuluri ciklodehidratacia pnbi-is makromolekuluri jaWvis warmoqmniT. 

rogorc cnobilia, reaqciis siCqaris an gardaqmnis xarisxis Sesa-
faseblad, sakmarisia reaqciaSi monawile erT-erTi sawyisi an warmoqmnili kom-
ponentis koncentraciis gansazRvra. polinafToilenbenzimidazolebis (pnbi) 
Termuli policiklokondensaciis procesis kinetikis Sesafaseblad mizanSewo-
nilad miviCnieT  dabalmolekuluri nivTierebis _ wylis gamoyofis siCqaris 
gazomva reaqciis τ  momentisaTvis. 

polinafToilenbenzimidazolebis misaRebad forpolimeris (pani)-is po-
liciklokondensaciis Sedegad warmoqmnili dabalmolekuluri produqtis _ 
wylis gamoyofis siCqaris gazomvas izoTermul pirobebSi vawarmoebdiT Rrma 
vakuumSi mak-benis tipis sasworiT romlis sqema mocemulia (nax. 1). 

 
 

nax. 1. Rrma vakuumis danadgaris _ mak-benis sasworis sqema 
1 _ sasworis mili; 2 _ minis difuziuri tumbo; 3 _ vakuumis onkani; 
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eqsperimentuli nawili 
forpolimeris pani-is nimuSebi afskebi da fxvnilebi narCeni gamxsnelis 

mocilebis mizniT winaswar eqvemdebareboda eqstraqcias dieTilis eTeriT 48 
saaTis ganmavlobaSi. xolo TviT eqstragentis mocileba xdeboda nimuSebis 
SrobiT vakuumSi (10-2 mm vercxliswylis sveti) 100 0C-ze, Semdeg ki Rrma va-
kuumSi (10-5 _ 10-2 mm vercxliswylis sveti) 150 0C, organuli gamxsnelebis moci-
lebas vamowmebdiT air-Txevadi qromatografiuli meTodis saSualebiT. 

gasufTavebul da gamomSral polimeris afskebs an fxvnils vaTavsebdiT 
kvarcis jamSi, romelic yunwiT Camokidebuli iyo kvarcisgan damzadebul 
spiralze, es ukanaskneli ki moTavsebuli iyo mak-benis sasworis milSi (1). 
Rrma vakuumSi wylis gamoyofis kinetikis kvlevas vawarmoebdiT minis difu-
ziuri tumbos (2) saSualebiT Seqmnil Rrma vakuumSi. sistemaSi erTi da igive 
temperaturis SenarCuneba kontaqturi TermometriT xdeboda an eleqtronuli 
TermoreguliatoriT da Termowyvilis gamoyenebiT ±2 0C sizustiT. Termometrs 
an Termowyvils vaTavsebdiT Termul abazanad gamoyenebul vudis SenadnobSi. 
reaqciis temperaturas vakontrolebdiT xelsawyos sareaqcio areSi (1) moTav-
sebuli TermometriT. 

 kvarcis spiralebis sakalibro mrudis agebas vawarmoebdiT wonis Tan-
mimdevruli TandaTanobiT gazrdiT 10mg _ 100mg-mde da Semdeg aseTive ukuTan-
mimdevruli TandaTanobiTi gantvirTviT. spiralis mgrZnobiarobas vsazRvrav-
diT formuliT α = 10/ ∆l mg/mm, sadac ∆l spiralis gaWimvaa (saSualo) gamow-
veuli tvirTis 10 mg-iT gazrdiT. spiralis gaWimvas da SekumSvas vafiqsireb-
diT kaTetometriT KM-6 0,005 mm sizustiT. 

gamoyenebuli spiralis mgrZnobiaroba iyo 4,18 da 4,57 mg/mm. nimuSidan 
sorbciuli wylis maqsimalurad mocilebis mizniT polimeris 40 ÷ 60mg wonaks 
reaqciis win vaSrobdiT 150 0C _ Rrma vakuumSi mudmiv wonamde miyvaniT. wonis 
danakargi Seadgenda  α∆ (mg): 

α∆=∆ lc . α 

 

sadac ∆lc _ Srobis procesSi spiralis SekumSvaa mm-Si. Sesabamisad polimeris 
WeSmariti wona α0 Seadgens; 

α0  = α-- α∆ 

 

sadac α  polimeris sawyisi wonakia, mg-Si. 
reaqciis TiToeul momentSi gardaqmnis Pxarisxi p ganisazRvreba, wylis 

molebis raodenobiT, romelic gamoiyofoda reaqciis droSi   n  Sefarde-

buli wylis molebis im raodenobasTan, romelic Teoriuli gaangariSebiT 
unda gamoyofiliyo mocemul wonakSi, mimdinare Termuli Sidamolekuluri 
ciklodehidrataciis dros, anu 

0/ nnp   

radgan, wyMln /   

maSin,P wyMlP /   

sadac, n0 - aris pan-is wonakSi o-aminonafTalimidis fragmentebis reaqciis-

unariani molebis ricxvia, gansazRvruli Cvens mier SemuSavebuli  HC 113   

birTvul magnituri rezonansis speqtroskopiuli meTodis [1,2] gamoyenebiT, 

Mwyali _ wylis molekuluri masaa, ∆ l  _ spiralis damoklebaa reaqciis 
procesis 𝞽 - droSi.  

gardaqmnis xarisxis sizuste limitirebulia kvarcis spiralis mgrZno-
biarobiT da Seadgenda  ±0,5%. 
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forpolimeris makromolkulebSi Sidamolekuluri policiklizaciis 

reaqciis kinetikuri mrudebi koordinatebSi  P mocemulia nax. 2-ze, xolo 

kinetikuri maxasiaTeblebis eqsperimentuli monacemebis tipiuri gamoTvlis 
Sedegebi mocemulia cxrilSi. 

 

 
 

nax. 2. sxvadasxva rgoliani polimerebis Sidamolekuluri policiklizaciis 
reaqciis kinetikuri mrudebi:  

izoTermuli TermogravimetriiT   , air-qromatografiuli ● da birTvul magnituri 
rezonansis speqtroskopiuli meTodiT  , T reaqciis : 1 _ 200; 2 _ 220, 3 _ 240  da            

4 _ 260 0C. 
                                                                         
poli[(o-amino)fenil]nafTalimidis nimuSis Termuli policiklizaciis reaqciis 
kinetikuri maxasiaTeblebis gamoTvlis magaliTis tipiuri sqema izoTermuli 
Termogravimetriuli meTodiT (reaqciis temperatura 260 0C) 
 

reaqciis dro, wT ∆ lτ, mm mτ, mg nτ P 1/1- P Kp 10-4, wm-1 

4 0,005 0,024 0,001 0,268 0,135 12,94 
8 0,066 0,316 0,017 0,485 0,288 13,80 
10 0,074 0,351 0,019 0,501 0,301 11,54 
14 0,085 0,405 0,022 0,547 0,343 9,39 
20 0,100 0,477 0,026 0,600 0,397 7,61 
27 0,120 0,572 0,032 0,671 0,482 6,84 
30 0,125 0,596 0,033 0,689 0,507 6,48 
35 0,130 0,620 0,034 0,705 0,530 5,80 

 
spiralis mgrZnobiaroba _ 4,76 mg/mm, polimeris wonaki _ 25 mg, polime-

ris wonaki Srobis Semdeg – 23,55 mg, polimeris wonakidan Teoriulad gamo-
sayofi wylis molebis raodenoba _ 0,0746 moli. 

polinafToilenbenzimidazolebis forpolimeris poli[(o-amino)fenil]-
nafTalimidis izoTermuli Termogravimetriuli procesis kvlevis Sedegebi 
Rrma vakuumSi, srul TanxvedraSia sxva meTodebiT: air qromatografiuli Tu 
birTvul magnituri rezonansis speqtroskopiiT miRebul SedegebTan, rac kar-
gad Cans am procesis kvlevis Sedegebis safuZvelze nax. 2-ze gamosaxuli kine-
tikuri mrudebiT.  
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SUMMARY 

RESEARCH OF ISOTHERMAL THERMOGRAVIMETIC PROCESS OF THE PREPOLYMER OF 

POLYNAPHTOYLENEBENZIMIDAZOLES IN  HIGH VACUUM 

Ormotsadze N.Sh., Bibileishvili D.V. and Meskhishvili M.M. 

Akaki Tsereteli State University, Kutaisi 

Georgian Technical University 

For obtaining of film forming systems on the basis of thermally stable polymers- PNBI, step-by-step method of 

synthesis of mentioned polymers must be used. At the first step of synthesis film forming prepolymer-poly[(o-

amino)phenyl] naptalimide (PAN) is obtained in the medium of N-ethyl-2-pyrolidone at low-temperature 

polycondensation of dianhydrides of the acids of naphthalene-1,4,5,8-tetracarbon with bis(o-phenylene-

diamines). And at the second step- intramolecular cyclodehydration takes place by thermal polycondensation in 

solid phase with formation of macromolecular chain of PNBA. To estimate the reaction rate or transformation 

degree, the determination of the concentration of one of the reagents is sufficient. For obtaining of 

polynaphtoylenebenzimidazoles measurement of release rate of water - low molecular product, formed as a 

result of polycyclocondensation of prepolymer (PAN), was carried out in isothermal conditions by Mak-Ben 

balances. The results of research of isothermal/thermogravimetric process of PAN in high vacuum are in total 

accordance with the results obtained by other methods - air chromatography or nuclear magnetic resonance. 

Keywords: prepolymer, polynaphtoylenebenzimidazole, thermogravimetry, high vacuum. 
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BACTERICIDAL PROPERTIES OF METAL-CONTAINING PHILLIPSITES 
 

Tsitsishvili V.G., Dolaberidze N.M., Kutsiava N.A., Khutsishvili B.T. and Mirdzveli N.A. 

 

I. Javakhishvili TSU, P. Melikishvili Institute of Physical and Organic Chemistry 

 

Georgian Technical University 
 

Abstract: Metal-containing zeolite adsorbents and ion exchangers are promising for environmental protection 

and medical application. Silver-, copper-, and zinc-containing micro-mesoporous materials have been prepared 

on the basis of natural phillipsite from Shukhuti (Western Georgia) using ion-exchange reactions between zeolite 

and a salt of a transition metal in the solid phase followed by washing. ynthesized adsorbent-ion-exchangers 

show bactericidal activity towards Escherichia coli.  Strong bacteriostatic activity of modified zeolites was 

testified by the Kirby-Bauer test. 

Keywords: Silver-, Copper-, Zinc-containing zeolites, Escherichia coli. 

 

Bactericidal zeolite sorbents have a wide application based on the combination of their 

sorption-detoxification and antibacterial properties. The goals of the work include creation of new, 

pure nanocrystalline zeolite phases by phillipsite characterized by high ion-exchange capacity and 

selectivity to bactericidal cations, exceeding  of clinoptilolite.  
Preparation of metal-containing zeolites (MZs): Ion exchange was carried out as follows: 

powder of natural phillipsite (NP) and the corresponding salt were mixed in different weight ratios 

(from 1:1 to 1:6) and thoroughly grinded in an agate mortar for 5-10 minutes, depending on the 

cationic form and weight ratio. The solid mixture was then transferred to a filter and washed with 

distilled water until the absence of nitrate or chlorine anions, after which the modified samples were 

first dried in air and then at 100-105oС in a thermostat; samples with a maximum silver content are 

labeled as AgP, with a maximum copper and zinc content called CuP and ZnP, respectively.  

Release of metals from zeolites and antibacterial activity: The determination of the amount 

of metals released from MZs in normal salina solution (9 g of NaCl in 1 L of deionized water) was 

carried out under static conditions in a thermostatic bath (Grant Instruments OLS26 Aqua Pro) at a 

temperature of 37 ± 0.1 °C, without stirring or shaking. Sampling for analysis was carried out after 1, 

3, 6 and 24 hours after loading 0.1 gram of zeolite in 100 ml of salina. 

The antibacterial activity of NP and MZs was tested against Gram-negative bacteria 

Escherichia coli. Before testing the antibacterial activity all dry zeolite products were sterilized at 

70°C for 2 hours in a dry sterilizer. No microbial contamination of the prepared samples was found. 

Luria Bertani (LB) medium sterilized by autoclaving (121oC, 15 min) prior to the antibacterial activity 

tests was used as a growing medium, bacteria were grown aerobically in LB broth at 37°C for 12 

hours, the culture was centrifuged twice (10,000 rpm), and the cells were washed and suspended in 

distilled water. 1 cm3 of the prepared biomass suspension of approximately 107 colony-forming units 

(CFU) per cm3 was inoculated into the Schott’s bottles with 100 cm3of autoclaved saline, and zeolite 

samples in a concentration of 0.1 g/100 cm3 were added. The bottles were incubated in a thermostatic 

water bath with shaking at 105 rpm for 24 hours at 37±0.1°C. The number of viable cells was 

determined taking 0.1 mL of water + bacteria + zeolite mixture at the beginning of the experiment 

after 1 hour (the lag phase of bacterial growth), and after 3, 6, and 24 hours (the stationary phase). The 

aliquots were diluted in distilled water, spread on LB agar plates and incubated at 37°C for 24 hours. 

Bacterial colonies were counted using microscope. 

Bacteriostatic properties of natural and modified zeolite samples were determined by the disk 

diffusion (Kirby-Bauer) method in standard conditions using the culture of E.coli grown on Mueller–

Hinton agar medium at 37oC for overnight and placed (109 CFU/cm3) on Mueller–Hinton agar (3 mm 

deep) poured into 100 mm Petri dishes. 0.2 g of zeolite in the form of pellets with 8 mm in diameter 

was placed into the plates. The plates were incubated at 37oC over 5% CO2 medium and, finally, the 

width of inhibition zone of each sample in the plates was measured at the end of the first day. All 

experiments on antibacterial activity of NP and MZs were done in triplicate. The values obtained were 

averaged to give the final data with standard deviations.  

Release of metal ions: The amount of silver ions released after 6 hours (Table 1) corresponds 

to concentration of 0.067 mM, which is higher than the minimal inhibitory concentration (MIC) value 
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for silver ions toward E. coli, 3.996 mg Ag in dm3 [1] or 0.037 mM. On the contrary, the amount of 

copper and zinc ions released after 24 hours corresponds to concentration of 0.45 and 0.5 mM, 

respectively, lower than MIC value for copper and zinc ions toward E. coli, 1 mM [2]. 

Bactericidal activity: Table 2 shows the relative number of viable cells of E. Coli suspended 

in water after their contact with natural and modified phillipsites in relation to the number of cells at 

the beginning of the experiment; results of the Kirby-Bauer test are given in the Table 3.  

 

 
         Table 1. The leaching of metals from modified phillipsites 

 

Ions  Ag+ from AgP (mg/L) Cu2+ from CuP (mg/L) Zn2+ from ZnP (mg/L) 

In 1 hour <5 <5 5.2±1.2 

In 3 hours <5 8.5±2.5 12.7±2.5 

In 6 hours 7.2±1.5 16.2±3.2 23.0±5.5 

In 24 hours 20.6±4.5 28.7±4.5 32.4±6.6 

    

 

        Table 2. The change in the relative number of viable cells of E. coli in time 

 

Sample NP AgP CuP ZnP 

At the beginning 100 100 100 100 

After 1 hr 102.5±4.2 72.0±4.1 85.0±5.0 93.2±6.5 

After 3 hr 98.3±3.5 23.6±2.8 42.0±2.5 51.6±4.7 

After 6 hr 99.6±4.5 0 12.0±2.0 30.4±2.2 

After 24 hr 100.5±4.8 0 0 0 

 

        Table 3. Bacteriostatic properties of NP and MZs against E. coli 

 

Sample Diameter of inhibition zone (mm) 

Petri dish with E. coli only (check) 0 – confluent growth 

Petri dish with E. coli and NP 0 – confluent growth 

Petri dish with E. coli and AgP 18.6±0.7 

Petri dish with E. coli and CuP 15.7±1.0 

Petri dish with E. coli and ZnP 16.3±0.9 

 

CONCLUSION: The obtained MZs can be used as bactericidal adsorbents and ion 

exchangers for medical purposes, as well as for cleaning and disinfecting water and soil. 
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БАКТЕРИЦИДНЫЕ СВОЙСТВА МЕТАЛЛСОДЕРЖАЩИХ  ФИЛЛИПСИТОВ 

Цицишвили В.Г., Долаберидзе Н.М., Куциава Н.А., Хуцишвили Б.Т., Мирдзвели Н.А. 

ТГУ им. Ив. Джавахишвили, Институт физической и органической химии им. П.Г. Меликишвили 

Грузинский Технический Университет 

Металлсодержащие цеолитные адсорбенты и ионообменники перспективны в медицине и для защиты 

окружающей среды. Микромезопористые материалы, содержащие серебро, медь и цинк, были 

приготовлены на основе природного филлипсита из Шухути (Западная Грузия) с использованием 

ионообменных реакций между цеолитом и солью переходного металла в твердой фазе с последующей 

промывкой. Синтезированные адсорбент-иониты проявляют бактерицидную активность по отношению к 

Escherichia coli. Сильная бактериостатическая активность модифицированных цеолитов была 

установлена с помощью теста Кирби-Бауэра. 

Ключевые слова: cеребро-, медь-, цинксодержащие цеолиты, Escherichia coli.  

https://doi.org/10.1371/journal.pone.0094409
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zogierTi 3-formil-2-fenilmeTileTerindolis  

maTematikur-qimiuri gamokvleva 

 

wivwivaZe T.i., cecaZe n.r. 
 

saqarTvelos teqnikuri universiteti 
 
topologiuri indeqsebis (molekuluri deskriptorebis) meTodi far-

Tod gamoiyeneba maTematikur qimiaSi molekulebisa da maTi gardaqmnebis 
gamosakvlevad [1,2]. topologiuri indeqsebis mniSvnelovani nawili agebulia 
molekuluri grafebis Tanaziarobis matricebisa da maTi modificirebuli 
saxesxvaobebis bazaze. aseTi tipis matricebs miekuTvneba: rnb-, qvazi-rnb-, 
fsevdo-rnb-  da ep-matricebi da sxv. [3-5]. 

Cvens mier miRebuli zogierTi 3-formil-2-fenilmeTileTer indoli ma-

Tematikur-qimiurad gamovikvlieT qvazi-rnb-matricis (
~

rnb ) meTodiT. es ma-
rica igeba Semdegi algoriTmis safuZvelze: qvazi-rnb-matricis diagonaluri 
elementebia struqturul fragmentebSi Semaval qimiur elementTa rigobrivi 
nomrebis jamebi, xolo aradiagonaluri elementebi _ struqturul frag-
mentebs Soris qimiuri bmebis jeradobebi.  zogadad, sakvlevi nivTierebebi 
SeiZleba ase CavweroT: 

 
 

   
                          
 
sadac: Y ≡ H, CH3 , Cl . 

X aris molekulis mTavari struqturuli fragmenti. 
Sesabamis qvazi-rnb-matricas aqvs saxe: 
 
 

x

y

Z

Z

1

1
      (2) 

 

Cven SeviswavleT lg( (
~

rnb ) gamoyenebis SesaZlebloba topologiur 
indeqsad zogierTi 3-formil-2-fenilmeTileTer indolebisTvis. 

cxrilSi  lg( (
~

rnb ), TlR.  da Rmdgr.  warmodgenilia sami naerTisTvis: 
 
 
 
 
 
 

(1) 
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naerTi 
lg( (

~

rnb ) TlR. 0C Rmdgr. 

 

3,07 122 0,38 

 

3,34 143 0,4 

 

3,6 (170) (0,42) 

 
 
Cawerilia ori korelaciis gantoleba: 

TlR.  = 90 lg( (
~

rnb ) _ 154    (3) 

Rmdgr.  = 0,07 lg( (
~

rnb ) + 0,17    (4) 
 
korelaciis koeficienti r Sesabamisad tolia 0,992, 0,991.  
amrigad, jafes kriteriumis [6] mixedviT adgili aqvs brwyinvale kole-

racias. 
TlR. da Rmdgr. 3-formil-5-brom-2-fenilmeTileTer indolisTvis gamoTv-

lilia Teoriulad (3) da (4) formulis safuZvelze. 
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SUMMARY 

MATHEMATICAL-CHEMICAL INVESTIGATION OF SOME DERIVATIVES OF                                          

3-FORMYL-2-PHENYLMETHYL ETHERINDOLE 

Tsivtsivadze T.I.  and Tsetsadze N.R.  

Georgian Technical University 

Linearly-some derivatives of 3-Formyl-2-phenylmethyl etherindole were studied within the scope of quasi- 

ANB-matrix method. Two correlation equations were constructed and investigated. Calculations show that 

correlations are briliant. 

Keywords: 3-Formyl-2-phenylmethyl ether-indole, quasi-ANB-matrices, correlation equation. 
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ИЗМЕНЕНИЯ  БЕЛКОВОГО  КОМПЛЕКСА В ПРОЦЕССЕ  ВЛАГОТЕПЛОВОЙ 

ОБРАБОТКИ МАСЛИЧНОГО МАТЕРИАЛА 

 

Кварцхава Г.Р., Сирадзе М.Г.,  Дзнеладзе  С.Дж. 

 

Грузинский  технический  университет 

 

В  процессе  влаготепловой обработки  масличных семян наблюдается интенсивная 

окраска мезги,  жмыха  и шрота.  В свое время это явление объясняли процессом карамели-

зации сахара.  Однако  некоторые исследования показали, что указанное потемнение продуктов 

переработки мятки предопределяется преимущественно меланоидиновыми соединениями, т. е. 

продуктами сахароаминных реакций  [1-3].   

Меланоидиновые соединения  продуктов производства растительных  масел  предс-

тавляют собой сложную смесь веществ непосредственного взаймодействия  редуцирующих и 

инвертных сахаров с лизином и другими аминокислотами белков. Наиболее интенсивное 

накопление меланоидиновых соединений с вовлечением в реакцию  сложных сахаров (с пред-

варительным их распадом) происходит при температуре выше  120 ⁰ С  [4-6].   

На основе данных собственных исследований  в табл.  1  приведены результаты,  харак-

теризующие влияние температуры на увеличение  интенсивности окраски жмыхов и шротов 

семян подсолнечника  и связывание сахаров  белковыми веществами в результате  сахароамин-

ных  реакций. 

 
Таблица 1. Влияние температуры на увеличение  интенсивности окраски жмыхов и шротов семян 

подсолнечника   

 

Способы  извлечения  

масла 

Температура мезги 

или шрота в 

шнековом 

испарителе, ⁰С 

Снижение содержания 

сахаров по отношению 

к весу сухой 

обезжиренной мятки, 

% 

Приращение интен-

сивности окраски по 

фотометру по 

отношению к окраске 

исходной мятки,  % 

В прессах ЕП, МП-21   и 

др. 
120 _ 130 

110 _ 115 

102 _ 105 

2,5 _ 3,8 

1,9 _ 2,4 

0,9 _ 1,7 

40 _ 45 

35 _ 39 

20 _ 22 

По схеме  форпрессование 

_ непрыравная экстракция 

95 _105 0,6 _ 1,3 3 _15 

 

Как видно из данных, представленных  табл.  1,  при температуре  110 _ 130 ⁰С  за  счет  

реакции  взаимодействия  белков и  сахаров  содержание  сахаров снижается  на  1,9 _ 3,8 %  от 

веса  сухой  обезжиенной  мятки,  т. е. сахароаминная  реакция  приводит в  заимному  унич-

тожению  сахаров и  аминокислот,  главным  образом  лизина. 

В результате сахароаминной реакции могут иметь место потери сухого вещества  мятки, 

распадающейся до  летучих  продуктов  (H₂O,  CO₂    NH₃). 

Отмечено,  что  одновременно  с  потерей сухого  вещества  мятки происходит соответ-

ственное увеличение  общего содержания  азота и сильно перегретых объeктах  (шрот, жмых). 

Таким образом, сахароаминная  реакция  не только  снижает  товарное качество жмыхов 

и шротов, но  приводит к значительным  потерям сахаров и аминокислот, а также к увеличению 

сырьевых  потерь. 

В  процессе  жарения  изменение  белковых веществ выражается  в  денатурации их, т. е. 

потере первычных свойств нативного белка. Степень денатурации  различных белков семени раз-

лична и зависит от режима жарения. Особый  интерес с технологической и народнохозяйствен-

ной точек зрения  представляет вопрос денатурации растворимых  белков (в воде,  10 %-ном  

растворе  NaCl  и 0,2 %-ном растворе  NaOH),  так  как  эти белки являются  наиболее  под-

вижными в процессе производства и обусловливают  кормовую  ценность  жмыхов и шротов. 

Являясь  наиболее  усвояемыми, растворимые белки  жмыхов и  шротов в кормовом 

рационе  животных определяют их  продуктивность.  Отсюда  видно,  как  важно знать те 
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изменения  в  этой  группе белковых  веществ,  которые происходят в  процессе производства  

растительных  масел вообще  и  при  жарении  в  особенности. 

В табл.  2 приведены результаты собственных наблюдений  за  изменением  содержания  

растворимых  белков  при  подготовке к форпрессованию хлопковой  мятки в    жаровне    без  

увлажнения  (при  сухом способе  жарения), в  условиях пребывания  мезги в  жаровне  в 

течение  57 _ 62 мин  при  температуре  мезги,  поступающей в пресс  90 _ 95⁰С. 

 
Таблица 2.  Изменение   содержания  растворимых  белков  при  подготовке к  форпрессованию 

хлопковой  мятки 

 

 

 

Показатели,  % 

Наименование продукта 

Мятка здоровых 

семян, пос-

тупающая в  

жаровню 

Мезга мятки из 

здоровых семян 

при выходе из 

жаровни 

Мятка 

дефектных 

семян, 

поступающая в 

жаровню 

Мезга мятки 

из  дефектных  

семян при 

выходе из 

жаровни 

влажность 6,53 6,09 7,02 6,78 

Содержание белков в пересчете 

на абс. сухое обезжиренное 

вещество: 

_ растворимых в H₂O 

_ растворимых в 10%-ном   

растворе  NaCl 

_ растворимых в 0,2%-ном 

растворе  NaOH 

_ всего растворимых 

_ общее 

 

 

 

6,68 

14,25 

 

23,17 

 

44,10 

46,84 

 

 

 

3,73 

18,47 

 

13,85 

 

36,06 

47,12 

 

 

 

3,86 

6,60 

 

18,60 

 

29,06 

46,39 

 

 

 

3,56 

7,48 

 

23,86 

 

24,90 

48,11 

Содержание  растворимых 

белков, %  к  общему их 

количеству 

 

94,2 

 

76,53 

 

62,63 

 

51,80 

 

Как  видно  из  данных табл. 2,  при  обработке в жаровне  мятки  здоровых  семян  

содержание  растворимых белков снизилось  с 94,2 % до  76,53 %,  а при  обработке  мятки  из  

дефектных  семян — 62,68 %  до  51,80 %.     

Результаты проведенных исследований  денатурации  белков  в процессе обработки 

мятки  в жаровне  на  прессовых  заводах   при  переработке семян  сои   приведены в табл.  3.  

 
Таблица 3.   Денатурация белков  в процессе обработки мятки  при  переработке  семян  сои 

 

 

Наименование 

продукта 

 

Влажность, 

% 

 

Температура 

мятки и мезги, ⁰С 

Содержание водо- и 

солерастворимых 

белков*,  % 

Относительная 

степень 

денатурации**, %  

Мятка 

мезга 

12,8 

4,4 

25 

122 

44,18 

6,12 

86,1 

‴ 

Мятка 

мезга 

13,0 

4,3 

28 

114 

43,69 

12,81 

70,7 

‴ 

Мятка 

мезга 

11,8 

4,4 

25 

114 

49,50 

19,12 

61,4 

‴ 

Мятка 

мезга 

11,6 

4,8 

26 

102 

48,75 

23,19 

52,4 

‴ 

 
* в пересчете на абс. сухое и обезжиренное вещество 

** к исходному содержанию 
 

Как видно из данных, приведенных  в табл. 3, степень денатурации белков при  жарении  

сои колеблется в довольно широких пределах, причем с повышением температуры приготов-

ления  мезги и  увеличением влажности ее степень  денатурации возрастает. Особенно  велика 
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степень денатурации белковых  веществ  при  обработке мятки фораппаратными способами, в 

которых применяются высокие увлажнния и температура. 

Установлено, что при соответствующем сочетании  температуры, влажности и давления  

происходит расщепление  образующихся нерастворимых белковых  веществ до водо-  и  

щелочерастворимых   продуктов. 

Большие  изменения  белковых веществ  масличных семян  происходят не только при 

интенсивной  влаго-тепловой  обработке мятки, но и в ходе ее прессования в шнековых прессах 

даже  при  небольших влажностях  (0,9 _ 1,0 %).  Важнейшим  фактором,  определяющим 

весьма быструю денатурацию  белков  при прессовании в шнековых  прессах, является не 

давление, а трение  частиц  мятки   между собой  и о рабочие части пресса. 

Таким образом,  при переработке  масличных семян  прессовым  способом в результате  

влаго-тепловой обработки и отжима масла в шнековых прессах происходит ряд  изменений  

белковых  веществ, важнейшими из которых являются тепловая денатурация (изменение 

уникальной  структуры белковых молекул),  межмолекулярные взаймодействия белков с саха-

рами  (меланоидиновая рекция),  приводящие,  как  было сказано,  к  снижению  растворимости 

белковых веществ;  расщепление  денатурированных  белковых  веществ  до  водо- и щело-

черастворимых  продуктов. 
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SUMMARY 

CHANGES IN THE PROTEIN COMPLEX IN THE PROCESS OF THERMAL – MOISTURIZING  

PROCESSING OF OILSEED MATERIAL 

Kvartskhava G.R.,  Siradze M.G. and  Dzneladze S.J. 

Georgian Technical University 

 It has been established that during the processing of oil seeds as a result of thermal – moisturizing processing, a 

number of changes in protein substances occur, the most important of which are thermal denaturation, 

intermolecular interactions of proteins with sugars, leading to decrease the solubility of protein substances; 

splitting of denaturated protein  into water- and alkali-soluble products. 

Keywords: thermal – moisturizing processing, protein, denaturation, intermolecular interactions, alkali-soluble 

products. 
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fenoluri nivTierebebi sxvadasxva teqnologiuri xerxis gamoyenebiT 

damzadebul naxevradtkbil wiTel RvinoebSi 

 
ebelaSvili n.v., uTuraSvili e.a., kekeliZe i.a. 

 
saqarTvelos agraruli universiteti 
saqarTvelos teqnikuri universiteti 

 
 
fenolur naerTebs ekuTvnis umniSvnelovanesi roli wiTeli Rvinoebis 

feris, eqstraqtulobisa da gemuri Tvisebebis CamoyalibebaSi; maTi koncen-
tracia ganapirobebs wiTeli Rvinoebis xarisxs, tipiurobasa da antioqsi-
dantur aqtiurobas. fenoluri nivTierebebi mkveTrad amcireben gul-sisxl-
ZarRvTa daavadebis, Saqriani diabeti 2-is, sxvadasxva saxis simsivnuri 
procesebisa da mravalricxovan sxva daavadebis ganviTarebis risks. feno-
luri nivTierebebidan maRali antioqsidanturi aqtiurobiT  gamoirCeva: (+)-
katexini, (-)-epikatexini; yavis, qlorogenis, protokatexis, iasamnis, sinapis, 
ferulis mJavebi; kempferoli, kvercetini, miricetini, resveratroli.  saerTa-
Soriso bazarze wiTel Rvinoebze mzardi moTxovna ganpirobebulia swored 
maTi antioqsidanturi aqtiurobiT. antioqsidantur aqtiurobasa da fenolur 
nivTierebebs Soris arsebuli dadebiTi korelaciidan gamomdinare, mxolod 
im wiTel Rvinoebs aqvT antioqsidanturi efeqti, romlebSic maRalia am kom-
ponentebis koncentracia. fenoluri nivTierebebis raodenoba ki damokide-
bulia yurZnis jiSze, vazis zrdis adgilze, damzadebis teqnologiaze [1-12].  

samuSaos mizania durdos maceraciis sxvadasxva teqnologiuri xerxis 
gamoyenebiT fenoluri komponentebis maRali koncentraciis wiTeli 
naxevradtkbili Rvinoebis sacdeli nimuSebis damzadeba, sakontrolo nimuSis 
damzadeba arsebuli (standartuli) teqnologiiT; nimuSebSi fenoluri 
naerTebis farTo speqtris gamokvleva da maTi urTierTSedareba.   

fenoluri naerTebis koncentraciis gazrdisTvis wiTeli naxevrad-
tkbili Rvinis sacdeli nimuSebis dasamzadeblad, pirvelad Cven mier aris 
gamoyenebuli teqnologiuri xerxebi cal-calke da kombinirebulad: 
alkoholuri duRilis Catarebis win,  durdodan tkbilis sxvadasxva nawilis 
mokleba; durdos gacxeleba.  

kvlevis obieqtebi iyo saferavidan damzadebuli wiTeli naxevradtkbi-
li  Rvinis sakontrolo da oTxi sacdeli nimuSi. 

sakontrolo nimuSi damzadda arsebuli (standartuli) teqnologiiT: 

klertgaclili saferavis durdos alkoholuri duRili 25_28 0C-ze mSrali 
safuvris gamoyenebiT; maduRari durdos gamownexa,  rodesac dauduRari Saq-
ris raodenoba 8_9%-mdea, maduRari  tkbilis Senaxva dabal temperaturaze, 
Rvinomasalis leqidan gadaReba rodesac dauduRari Saqris raodenoba                
5%-mdea da misi Senaxva dabal temperaturaze gogirdis dioqsidis (30m g/l) 
gamoyenebiT. 

sacdeli #1 _ klertgaclili durdos gacxeleba 65 0C-ze, durdos              

25 0C-mde gagrilebis Semdeg misi alkoholuri duRili da Semdgomi teqnolo-
giuri procesebi Catarda sakontrolo nimuSis analogiurad;  

sacdeli #2 _ klertgaclili durdodan misi moculobis naxevari 
tkbilis mokleba, darCenili durdos alkoholuri duRili da Semdgomi 
teqnologiuri procesebi Catarda sakontrolo nimuSis analogiurad;  

sacdel #3 _ klertgaclili durdodan misi moculobis naxevari 

tkbilis mokleba, darCenili durdos gacxeleba 65 0C-ze, durdos 25 0C-mde 
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gagrilebis Semdeg misi alkoholuri duRili da Semdgomi teqnologiuri 
procesebi Catarda sakontrolo nimuSis analogiurad; 

sacdeli #4 _ klertgaclili durdodan misi moculobis 1/3 tkbilis 

mokleba, darCenili durdos gacxeleba 65 0C-ze, durdos 25 0C-mde gagrilebis 
Semdeg misi alkoholuri duRili da Semdgomi teqnologiuri procesebi 
Catarda sakontrolo nimuSis analogiurad.  

sakontrolo da sacdel nimuSebSi saerTo fenoluri nivTierebebis 
jamuri raodenobis gamokvleva Catarda [13] folin-Cokalteus reaqtivis 
gamoyenebiT: durdodan gamownexvis Semdeg, Rvinomasalebis 3, 6, 9 da 12 TviT 
Senaxvis Semdeg. katexinebis, fenolkarbonmJavebis, antocianebis raodenobis 
gamokvleva Catarda maRalefeqturi siTxuri qromatografiis meTodis 
gamoyenebiT [14]. 

kvlevis Sedegebi mocemulia cxr. 1 da 2-Si.   
kvlevis obieqtebSi Cven mier identificirebulia da raodenobrivad 

gansazRvrulia fenoluri komponentebi: malvidin-3-glukozidi, (+) - katexini 
da  (-) - epikatexini; fenolkarbonmJavebi:  galis, qlorogenis, vanilis,  yavis,  
iasamnis, p-kumaris da dariCinis; vanilinis aldehidi. 

gamokvlevis Sedegebma gviCvena, rom  fenoluri nivTierebebis  raode-
noba sacdel nimuSebSi sakontrolosTan SedarebiT gacilebiT maRalia. 

fenoluri nivTierebebis maRali SemcvelobiT gamoirCeva sacdeli 
nimuSi #3, romlis damzadebisas gamoyenebuli iyo teqnologiuri xerxebi: 
alkoholuri duRilis Catarebis win klertgaclili durdos moculobis 

naxevari tkbilis mokleba da darCenili durdos gacxeleba 65 0C-ze. masSi 
saerTo fenolebis jamuri raodenoba, sakontrolosTan SedarebiT 2,4-jer 
maRalia. erTi wlis xangrZliobiT Senaxvisas nimuSebSi fenoluri nivTiere-
bebis jamuri raodenoba mcirdeba am komponentebis daJangvis, polimeriza-
ciis, cila-tanatis warmoqmnisa da naleqSi gadasvlis procesebis mim-
dinareobis Sedegad. 

 
 

cxrili 1. fenoluri nivTierebebis jamuri raodenobis (mg/l)  dinamika saferavis  
naxevradtkbili Rvinis  nimuSebSi  durdodan gamownexvis Semdeg da 12 TviT Senaxvis 
procesSi  
 

Rvinis 
nimuSebi 

durdodan 
gamownexvis 

Semdeg 

Senaxvidan  
3 Tvis  
Semdeg 

Senaxvidan 
6 Tvis 
Semdeg 

Senaxvidan 
9 Tvis 
Semdeg 

Senaxvidan 
12 Tvis 
Semdeg 

sakontrolo 3017.30 2715.57 2471.27 2249.34 2045.34 

sacdeli _ #1 4147.00 3741.34 3378.44 3067.63 2760.93 

sacdeli _ #2 5720.00 5142.28 4669.19 4248.97 3866.65 

sacdeli _ #3 7150.00 6434.56 5849.05 5322.64 4841.85 

sacdeli _ #4 6417. 125 5756.95 5180.75 4662.45 4242.99 

 

 
fenoluri komponentebis gamokvleva maRalefeqturi siTxuri qromato-

grafiis meTodiT Catarda  Rvinis nimuSebis damzadebidan erTi wlis Semdeg 
sakontrolo da sacdel #3 nimuSSi (cxrili 2).  

miRebuli Sedegebis analizma gviCvena, rom fenoluri antioqsidantebis 
jamuri raodenoba  sacdel nimuSSi,  sakontrolosTan SedarebiT,  83,8 %-iT 
maRalia. masSi sakontrolosTan SedarebiT,  matulobs: malvidin-3-gluko-
zidis raodenoba _ 52,6 %-iT, fenolkarbomJavebis jamuri raodenoba – 82,4 %-
iT, vanilinis aldehidis raodenoba _ 45,9 %-iT, katexinebis jamuri raodeno-
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ba, iasamnis da yavis mJavis raodenoba _ 2-jer, vanilis mJavis raodenoba – 
3,5-jer. sakontrolosTan SedarebiT, maRali iyo sacdeli nimuSi #3-is 
sadegustacio Sefasebis maCvenebelic. 

 
 

cxrili 2.  fenoluri komponentebi (mg/l)  naxevradtkbili Rvinis  nimuSebSi 
 

fenoluri komponentebi, mg/l sakontrolo sacdeli _ #3 
galis mJava 12.39 14.52 
(+)- katexini 102.036 213.91 

qlorogenis mJava 1.17 1.32 
vanilis mJava 3.65 12.988 
yavis mJava 7.083 16.410 

iasamnis mJava 3.468 7.220 
(-)-epikatexini 155.842 318.175 

vanilinis aldehidi 1.940 2.830 
p-kumaris mJava 0.460 1.160 
dariCinis mJava 3.430 4.110 

fenolkarbonmJavebis jami 31.651 57.728 
katexinebis jami 257.878 532.085 

malvidin-3-glukozidi 184.2 281.1 
fenoluri antioqsidantebis jami 473.729 870.913 

 
  
naxevradtkbili wiTeli Rvinoebis damzadebis teqnologiur procesSi 

alkoholuri duRilis Catarebis win klertgaclili durdos moculobis 
naxevari tkbilis mokleba da darCenili durdos gacxeleba 65 0C-ze 
mniSvnelovnad zrdis RvinoSi antioqsidanturi  fenoluri komponentebis 
koncentracias da Sesabamisad gul-sisxlZarRvTa, simsivnuri  da  mravalri-
cxovan sxva  daavadebaTa prevenciis efeqts. 
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SUMMARY 

PHENOLIC COMPOUNDS IN RED SEMI-SWEET WINES PRODUCED VIA APPLICATION OF 

VARIOUS TECHNOLOGICAL TECHNIQUES 

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

Agricultural University of Georgia 

Georgian Technical University 

Phenolic compounds in red semi-sweet wines produced via application of various technological techniques were 

studied. The research objects were tested and control samples of semi-sweet wines produced from Saperavi 

grape. The control sample was produced via standard technology; the four test samples – via separate and 

combined application of various technological techniques with the aim to increase the phenolic content: removal 

of various amounts of juice from the must right before alcoholic fermentation; heating of the must. It was found 

that the highest amount of phenolic compounds was in that test sample, in production of which there were 

applied the following technological techniques: removal of the juice in amount of the half volume of the  

destemmed must right before alcoholic fermentation and heating of the remained must to 650C. The total amount 

of phenolics in the samples was studied by the Folin-Ciocalteu method; the amount of malvidin-3-glucoside, 

phenol carbonic acids, catechins and vanillin aldehyde - via application of the High Performance Liquid 

Chromatography method. In the best test sample, compared to the control, there were increased concentrations of 

phenolics, such as: the total amount of phenolic compounds – by 83.8%, the amount of malvidin-3-glucoside – 

by 52.6%, the total amount of phenol carbonic acids - by 82.4%, the total amount of catechins – 2-times as 

much,  the amount of vanillic acid -  3.5-times; the amount of vanillin aldehyde – by 45.9%; in the test sample, 

compared to the control, higher was as well the tasting evaluation assessment.  

Keywords: semi-sweet red wine, phenolic compounds. 
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qvevrisa da evropuli wesiT damzadebul qarTul 

RvinoebSi qimiuri parametrebis gansazRvra 

 

sordia e.k., qvarcxava g.r. 
 

saqarTvelos teqnikuri universiteti 
 
mevenaxeoba da meRvineoba saqarTvelos meurneobis mniSvnelovani dar-

gia. dRiTidRe ufro aqtualuri xdeba qvevris Rvinis warmoeba. qvevris Rvino 
sakmaod popularulia sazRvargareTac, amitom gaxda mniSvnelovani maRalxa-
risxiani Rvinis miwodeba momxmareblisTvis. 

kvlevis mizani iyo dagvefiqsirebina is gansxvavebebi, riTac gamoir-
Cevian qvevris Rvinoebi evropuli wesiT damzadebuli Rvinoebisagan da amiT 
metad gagvewia popularizacia qvevris RvinisTvis. warmogveCina qvevris Rvinis 
simdidre da gamogvekveTa misi  dadebiTi gavlena janmrTelobaze.  

qvevris Rvinis dayenebis teqnologia gulisxmobs qvevrSi tkbilis 
alkoholur duRils durdoze, klertTan an klertis gareSe, da masTan 
erTad dayovnebas hermetulad daxurul pirobebSi daaxloebiT 5_6 Tve. aseTi 
tipis Rvinis upiratesoba didwilad damokidebulia swored qvevrze. is 
qimiuri procesebi, romelic mimdinareobs qvevrSi Rvinis duRilisa da 
dayenebis dros,  ganapirobebs qvevris RvinisTvis damaxasiaTebel gemos, aro-
mats da garegnobas.  

qvevris kidev erTi mniSvnelovani upiratesoba aris temperaturis 
SenarCuneba, rac bunebrivad xdeba, ar scildeba Senaxvis dadgenil zRvars, 
da mxolod ramdenime gradusiT icvleba. temperaturul reJims gansakuT-
rebuli yuradReba eTmoba ara marto  SenaxvisaTvis, aramed is mniSvnelovania  
alkoholuri duRilis procesis warmarTvisaTvis [1]. 

qvevri, Rvinis Senaxvis garda,  monawileobs  duRilis da daRvineba-
davargebis procesSi. am WurWelSi Rvinis dayenebisas RvinoSi mimdinare 
yvela procesi qronologiurad bunebrivad mimdinareobs, rasac qarxnul 
pirobebSi sxvadasxva danadgarebi da qimiuri danamatebi esaWiroeba.  

sakvlev obieqtad SerCeul iqna Cinuris, colikouris da manavis mwvanes 
evropuli wesiT da qvevrSi damzadebuli Rvinoebi (Rvinoebi damzadebulia 
klertis gareSe, bunebriv safuvrebze).  

arsebobs Rvinis farTo asortimenti, Tumca aris nivTierebebi, rom-
lebic cnobilia yvela tipis RvinoSi. isini warmoadgenen Rvinis ZiriTad 
nivTierebebs da gavlenas axdenen Rvinis xarisxze. am mizniT kvlevis farg-
lebSi ganisazRvra ZiriTadi qimiuri parametrebi: eTilis spirti, titruli 
mJavianoba, mqrolavi mJavianoba, saerTo eqstraqti, Saqrebi, Tavisufali SO2, 
SekavSirebuli SO2, wyalbadionTa koncentracia (pH), xvedriTi wona. erTma-
neTs Sedarda evropuli tipis da qvevris Rvinoebi da gamoikveTa maT Soris 
gansxvavebebi. Rvinis xarisxis SefasebaSi TiToeul am parametrs gansakuT-
rebuli mniSvneloba eniWeba, amitomac aris maTi gansazRvra mniSvnelovani. 

eqsperimenti Catarda saqarTvelos teqnikuri universitetis agraruli 
mecnierebebis da biosistemebis inJineringis fakultetis bazaze arsebul 
laboratoriaSi. qimiuri kvlevebi ganxorcielda saqarTveloSi moqmedi 
standartis Sesabamisad. TiToeuli cda Catarda 3-jeradi ganmeorebiT da 
aRebul iqna saSualo mniSvneloba. eqsperimentiT miRebuli Sedegebi mocemu-
lia cxrilSi. 
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qvevris da evropuli wesiT damzadebul RvinoebSi qimiuri parametrebis 
mniSvnelobebi 
 

analizis saxeoba 
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eTilis spirti, (%) 11,6 12,18 11,11 12,26 10,62 12,18 
titruli mJavianoba, (g/l) 4,99 5,07 8,01 4,85 4,34 5,14 
mqrolavi mJavianoba, (g/l) 0,42 0,51 0,51 0,84 0,51 0,84 

saerTo  eqstraqti 19,9 25,9 18,3 25,4 16,2 27,6 
Saqrebi, (g/l) 1,8 2,4 0,6 1,95 0,78 2,01 

Tavisufali SO2, (mg/l) 13,39 8,96 8,96 10,24 17,92 10,24 

SekavSirebuli SO2, (mg/l) 96 47,36 66,56 48,64 92,16 62,72 

pH 3,22 3,47 2,9 3,77 3,35 3,92 
xvedriTi wona 0,991 0,994 0,991 0,995 0,99 0,996 

 
   

spirtis Semcvelobas didi mniSvneloba aqvs Rvinis xarisxis gansazRv-
risaTvis, gansakuTrebiT sufris RvinisTvis. spirti warmoiqmneba yurZnis 
wvenis alkoholuri duRilis dros, Saqris daSlis Sedegad: 
C6H12O6=2CO2+2CH3CH2OH. eTilis spirti normaluri raodenobiT aRizianebs 
ujredTa sistemas da zrdis fermentebis gamoyofas cocxal organizmSi [2]. 
Saqris koncentraciis zrdiT alkoholis antiseptikuri Tviseba izrdeba. 
eTanolis Semcveloba moqmedebs Rvinis Senaxvis sakiTxzec. icavs Rvinos 
daavadebebisgan. Rvino, romelic alkoholis dabali maCvenebliT xasiaTdeba 
advilad avaddeba safuvrebiTa da baqteriebiT [3]. 

saqarTvelos sufris Rvinoebi spirts Seicavs 10_13%-mde, rac damoki-
debulia yurZnis Saqrianobaze. rogorc cxrilis monacemebidan Cans, Cven mier 
Seswavlil RvinoebSi eTilis spirtis Semcveloba evropuli wesiT damza-
debul RvinoebSi meryeobs 10,62_11,60 %-mde, xolo qvevris RvinoebSi 12,18-dan 
12,26 %-mde,  evropuli tipis TeTri Rvinoebis SedarebiT dabali  spirtianoba 
ganapirobebs Rvinis simsubuqes, sinazes da Rvino metad xalisiania. kaxuri 
tipis RvinisTvis damaxasiaTebelia spirtis SedarebiT maRali Semcveloba, 
radgan  yurZeni ikrifeba srul simwifeSi da qvevris Rvinoebi damzadebulia 
WaWaze duRiliT. rogorc wesi, klertsa da Rvinos Soris xdeba wylisa da 
eTilalkoholis urTierTmimocvla, rac iwvevs WaWaze davargebuli Rvinis 
ganzavebas da alkoholis moculobiTi wilis Semcirebas. radganac Cven 
Rvinoebi  davamzadeT klertis gareSe, mosalodnebli iyo eTilalkoholis 
meti Semcveloba. miRebuli SedegebiT dgindeba, rom Cven mier gaanalizebuli 
qvevris Rvinoebi SedarebiT met eTilalkohols Seicavs, vidre imave jiSis 
evropuli tipis Rvinoebi. spirtianobis ufro dabali an maRali Semcveloba 
arRvevs Rvinis tipurobas da SedarebiT dabal Sefasebas iRebs [4]. eTanoli 
Rvinos Zalas, sirbiles da siTbos matebs. dabali koncentraciis dros 
aZlevs SedarebiT motkbo gemos da iTvleba rogorc SedarebiT sust Rvinod. 
maRali Semcveloba ki iwvevs mwvel gemos, Rvino zedmetad ZarRviani da 
tlanqia.  

Rvinis xarisxis erT-erTi maCvenebelia titruli mJavianoba. saerTo 
mJavianoba Seadgens RvinoSi arsebuli mJavebis Tavisufal mJava funqciaTa 
jams [3]. sxvadasxva tipis RvinisTvis is gansxvavdeba da ZiriTadad ganpiro-
ebulia yurZnis jiSze, mevenaxeobisa da meRvineobis meTodebze, aseve 
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gansazRvravs gemur Tvisebebs. titruli mJavianoba mniSvnelovania Rvinis 
gamZleobis TvalsazrisiT, aumjobesebs Senaxvis procesebs.  aferxebs mikro-
organizmebis gavrcelebas. Rvinis bioqimiuri mdgradoba ganpirobebulia 
mJavebis moqmedebiT. mniSvnelovania Rvinis, vaSlis da limonis mJava, romle-
bic tkbilidan gadmodis RvinoSi. maTi raodenoba mcirdeba alkoholuri 
duRilis da Rvinis damuSavebis da Senaxvis procesSi. Rvino, romelic Rari-
bia mJavebiT advilad avaddeba da mosalodnelia degradacia SedarebiT adre. 
dabalmJaviani Rvino dunea, xolo zedmetad maRalmJaviani agresiulad iTvle-
ba, normalur zRvrebSi ki Rvinos aniWebs sixalises. garda zemoT CamoTvli-
li mJavebisa, alkoholuri duRilis dros warmoiqmneba rZis mJava, qarvis da 
mqrolavi mJavebi. titruli mJavianoba sufris RvinoebSi RvinomJavaze 
gadaangariSebiT meryeobs 4_9 g/l-mde. rogorc cxrilis monacemebidan Cans, 
Cven mier Seswavlil nimuSebSi evropuli tipis RvinoebSi titruli 
mJavianoba RvinomJavaze gadaangariSebiT meryeobs 4,34_8,01 g/l, xolo qvevris 
RvinoebisTvis 4,85_5,15 g/l. 

mqrolavi mJavebi warmoadgens RvinoSi arsebuli mcire raodenobiT 
ZmarmJavas rigis cximovani mJavebis erTobliobas [3]. am jgufis mJavebidan 
RvinoSi gvxvdeba Zmris, WianWvelis, propionis, erbos da sxva mJavebi. amaTgan 
yvelaze mniSvnelovani aris Zmris mJava, rac RvinoSi didi raodenobiT 
gvxvdeba. es mJavebi RvinoSi Cndeba alkoholuri duRilis dros safurvebis 
da sxva organizmebis mier. maTi raodenoba  SesaZlebelia moimatos Rvinis 
Senaxvis dros. 

TeTr RvinoSi mqrolavi mJavebi ar unda aRematebodes 1,0 g/l-s. rogorc 
cxrilis monacemebidan Cans, Cven mier gamokvleul RvinoebSi mqrolavi mJavebi 
meryeobs Semdeg zRvrebSi: evropuli tipis RvinoebSi 0,42_0,51 g/l, xolo 
qvevris RvinoebSi meryeobs 0,51_0,84 g/l-mde. mqrolavi mJavebis Semcveloba 
qvevris RvinoebSi mcirediT, magram mainc metia evropuli tipis RvinosTan 
SedarebiT, rac ganpirobebulia imiT, rom qvevris Rvinoebi mdidaria Semad-
geneli nivTierebebis meti raodenobiT, Tumca mqrolavi mJavebis am odenobiT 
Semcveloba ar iwvevs Rvinis gemovnur Tvisebebze zegavlenas [4]. 

sufris RvinoebSi saerTo eqstraqti meryeobs 12_30 g/l. gamokvleul, 
evropuli tipis RvinoebSi saerTo eqstraqti aris 16,2_19,9 g/l-is farglebSi, 
xolo qvevris RvinoebSi 16,2_25,9 g/l-mde. saerTo eqstraqtis maRali 
Semcveloba RvinoSi iwvevs disharmoniulobas. radganac evropuli tipis 
Rvino dayenebulia uWaWod is naklebi raodenobiT Seicavs eqstrqtovan niv-
Tierebebs. qvevris Rvino ki ufro sxeuliania, WaWazea dayenebuli da meti 
eqstraqtovan nivTierebebs Seicavs. Rvinis eqstraqtze gavlenas axdens eko-
logiuri pirobebi im adgilisa, sadac yurZeni daikrifa, aseve Rvinis 
dayenebis teqnikaze da Senaxvis pirobebze. eqstraqti gavlenas axdens Rvinis 
Sinaarsze, sxeulze, harmoniulobaze da sxv. 

Saqrebis Semcveloba RvinoSi gansazRravs Rvinis tips. sufris TeTri 
RvinoebisTvis optimalur Saqrianobad miCneulia 18_20%. rac maRalia tkbilis 
Saqrianoba, miT metia RvinoSi glicerinisa da qarvamJavas raodenoba, rom-
lebic ganapirobeben gemos sisrules da sirbiles. Cven mier gamokvleul evro-
puli tipis RvinoebSi meryeobda 0,6_1,8 g/l, qvevris RvinoebSi ki  1,95_2,4 g/l. 

sulfitacia aris gogirdis dioqsidis garkveuli raodenobis Setana 
RvinoSi, romlis mizania daRvinebis procesi warimarTos kargad da uzrunvel-
yos Senaxvis pirobebi. SO2 antiseptikia, xasiaTdeba antioqsidazuri antioq-
sidanturi TvisebebiT, uzrunvelyofs xelis SemSleli mavne mikroorganizme-
bis daTrgunvas alkoholuri duRilis normalurad warmarTvisaTvis, moqme-
debs  mikroorganizmebis sxvadasxva funqciaze, maRali doziT mTlianad spobs 
maT, Tumca misi gamoyenebisas sifrTxile unda gamoviCinoT, radgan maRali 
doziT toqsikuria [3]. evropuli tipis RvinoebSi Tavisufali SO2 meryeobs 
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8,96_17,92 mg/l, SekavSirebuli SO2 66,56_96,0mg/l, qvevris RvinoebSi Tavisufali 
SO2 meryeobs 8,96_10,24 mg/l, SekavSirebuli SO2 47,36_62,72 mg/l. 

pH Rvinis mniSvnelovani maCvenebelia, radgan is gansazRvravs Rvinis 
stabilurobas. wyalbadionTa koncentracia RvinoSi daavadebaTa winaaRmdeg 
brZolis unarianobis maCvenebelicaa. misi Semcveloba RvinoSi damokidebulia 
saerTo mJavianobaze, gansakuTrebiT ki Rvinis mJavaze. evropuli tipis Rvi-
nisTvis pH-is mniSvneloba meryeobs 3,41_3,60, xolo kaxuri tipis TeTri Rvi-
noebisTvis damaxasiaTebelia 3,51_3,70. gamokvleul evropuli tipis RvinoebSi 
pH aris 2,9_3,35; xolo kaxuri tipis RvinoebSi 3,47_3,92. pH-is maRali 
Semcveloba SeiZleba aixsnas RvinoebSi maRali mJavianobis maCvenebliT. 

Rvinis xarisxSi aseve mniSvnelovania xvedriTi wona. xvedriTi wonis 
raodenoba ganpirobebulia yurZnis jiSze, Rvinis Sedgenilobaze, dayenebis 
wessze, asakze da sxva. evropuli tipis Rvinis xvedriTi wona SedarebiT mci-
rea qvevris RvinoebTan SedarebiT. xvedriTi wonis simcire ganpirobebulia 
Rvinis dayenebis teqnologiaze, romlis drosac dayeneba xdeba uWaWod, ris 
gamoc naklebad Seicaven eqstraqtovan nivTierebebs, vidre WaWaze 
daduRebuli Rvinoebi. rogorc literaturidanaa cnobili, TeTr RvinoebTan 
SedarebiT wiTeli Rvinis xvedriTi wona ufro metia, rac ganpirobebulia 
saRebav nivTierebaTa SemcvelobiT. gamokvleul evropuli tipis RvinoebSi 
xvedriTi wona meryeobs 0,990_0,991-mde, xolo qvevris RvinoebSi 0,994_0,996-mde. 

Catarebuli qimiuri maxasiaTeblebis gansazRvriT dadasturda, rom Cven 
mier SerCeuli vazis jiSebidan qvevris da evropuli wesiT damzadebul 
Rvinoebs gaaCnia maRalxarisxovani RvinisTvis damaxasiTebeli qimiuri da 
organoleptikuri Tvisebebi. 
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qvevris da evropuli wesiT damzadebul qarTul RvinoebSi saerTo 

fenolebis da antioqsidantobis Seswavla 

 

sordia e.k. 
 

saqarTvelos teqnikuri universiteti 
 

 
Rvinis damzadebas gansakuTrebuli adgili uWiravs aramarto saqarT-

veloSi, aramed mTel msoflioSi. didi mniSvneloba aqvs maRalxarisxiani 
Rvinis warmoebas da asortimentis zrdas. yurZnis Sedgenilobis, misi teqno-
logiuri gadamuSavebis xasiaTis da sxva mravali faqtorebis cvlilebebis 
Sesabamisad Rvinomasalebi mkveTrad gansxvavdebian erTmaneTisagan feris, 
gemos, gamWvirvalobis, stabilurobis da sxva xarisxobrivi maCveneblebiT. 

dRiTidRe ufro  popularuli xdeba qvevris Rvino, rogorc saqarTve-
loSi, aseve mis farglebs gareT. qvevris Rvinoebi evropuli wesiT dam-
zadebuli Rvinoebisgan gamoirCevian feriT, gemoTi da sxva  maCveneblebiT. 
amitom mniSvnelovania im gansxvavebebis dafiqsireba, riTac gamoirCeva qvev-
ris Rvino sxva teqnologiiT damzadebuli Rvinoebisagan.  

Rvinis xarisxis SefasebaSi mniSvnelovani roli eniWeba fenolur niv-
Tierebebs. fenoluri nivTierebebi ganicdian sxvadasxva gardaqmnas, aqtiurad 
zemoqmedeben Rvinis tipiur Tvisebebze: gemoze, aromatze, ferze da gamWvir-
valobaze da did gavlenas axdenen maT formirebaSi. fenoluri nivTierebebi 
monawileobas Rebuloben Rvinis damzadeba-Senaxvis yvela etapze mimdinare 
rTuli bioqimiuri procesebis warmarTvaSi [1]. 

Cveni kvlevis mizans warmoadgenda RvinoSi saerTo fenoluri nivTie-
rebebis gansazRvra da im gansxvavebis dafiqsireba, riTac gamoirCevian 
qvevris Rvinoebi evropuli wesiT damzadebuli Rvinoebisgan. 

sakvlev obieqtad SerCeul iqna Cinuris, colikouris da manavis mwvanes 
evropuli wesiT da qvevrSi damzadebuli Rvinoebi (Rvinoebi damzadebulia 
klertis gareSe, bunebriv safuvrebze). eqsperimentuli kvlevebi Catarebul 
iqna saqarTvelos teqnikuri universitetis agraruli mecnierebebis da bio-
sistemebis inJineringis fakultetze arsebul laboratoriaSi. kvlevis farg-
lebSi ganisazRvra saerTo fenoluri nivTierebebis Semcveloba, aseve 
taninebi da antioqsidantoba. am parametrebiT qvevris Rvinoebi Sedarda imave 
jiSis evropuli wesiT damzadebul Rvinoebs. 

saanalizo RvinoebSi saerTo fenoluri nivTierebebi ganisazRvra speq-
trofotometruli meTodiT, folin-Cokalteus reaqtivis gamoyenebiT. damzad-
da fenolebis sakalibro xsnari galis mJavas gamoyenebiT. lurji feris 
intensivoba gazomil iqna 760 nm-ze FIBER OPTIC SPECTROMETER CECIL CE9500 

AQUARIUS-is speqtrofotometrze. Rvinis nimuSebSi arsebuli saerTo feno-
luri nivTierebebis koncentracia ganisazRvra sakalibro xsnaris optikur 
simkvrivesTan SedarebiT. Sedegebi moyvanilia cxr. 1-Si. 

 
cxrili 1. RvinoebSi saerTo fenoluri nivTierebebis Semcveloba 

 
# saanalizo Rvino saerTo fenoluri 

nivTierebebi, mg/l 
1 Cinuri (evropuli wesiT damzadebuli) 212,2 
2 Cinuri (qvevrSi damzadebuli) 2003,5 
3 colikouri (evropuli wesiT damzadebuli) 214,9 
4 colikouri (qvevrSi damzadebuli) 1779 
5 manavis mwvane  (evropuli wesiT damzadebuli) 250,2 
6 manavis mwvane (qvevrSi damzadebuli) 2051,0 
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 saerTo fenoluri nivTierebebis garda RvinoSi mniSvnelovania 
taninebis gansazRvra. umetes SemTxvevebSi, axalgazrda Rvinoebs axasiaTebT 
taninis dauJangavi formebis maRali Semcveloba, isini reaqciaSi Sedian piris 
RruSi arsebul cilebTan, kargaven cximovan Tvisebebs, rac iwvevs piris 
gamoSrobis SegrZnebas _ simwklartes. Tu gemo zedmetad aris gamoxatuli, is 
arasasiamovnoa. simwklartis SegrZneba damokidebulia taninebis raodenobaze. 
wipwis taninebi ganapirobeben Rvinis struqturasa da sxeuls, xolo kanis 
taninebi Rvinis sirbilesa da xaverdovnebaSi Rebuloben monawileobas. 
Rvinoebis davargebisas taninebis daJangvis Sedegad maTi gemo xdeba ufro 
rbili, xaverdovani elferiT. isini uaRresad mniSvnelovan rols asruleben 
Jangva-aRdgeniT procesebSi kaxuri tipis Rvinis damzadebisas. tanins 
gansakuTebuli roli aqvs daZvelebuli Rvinis SefervaSi, romelic 
praqtikulad ar Seicavs antocianebs [1]. 

aRsaniSnavia, rom Cven kvlevaSi warmodgenili saanalizo qvevris Rvi-
noebi damzadebulia klertis gareSe, rac kidev ufro sainteresos xdis maT 
am kuTxiT. 

RvinoSi taninebi ganisazRvra permanganatis saSualebiT titraciuli 
meTodiT. Sedegebi mocemulia cxr. 2-Si. 

 
cxrili 2. taninebis Semcveloba saanalizo RvinoebSi 
 
# saanalizo Rvino taninebi, g/l 
1 Cinuri (evropuli wesiT damzadebuli) 0,204 
2 Cinuri (qvevrSi damzadebuli) 1,77 
3 colikouri (evropuli wesiT damzadebuli) 0,216 
4 colikouri (qvevrSi damzadebuli) 1,812 
5 manavis mwvane  (evropuli wesiT damzadebuli) 0,204 
6 manavis mwvane (qvevrSi damzadebuli) 2,37 

 
 fenoluri nivTierebebi xasiaTdebian antioqsidanturi TvisebebiT, 
amitom saerTo fenolebis koncentracia pirdapir kavSirSia antioqsidantur 
aqtivobasTan. dResdReobiT izrdeba interesi antioqsidantebis mimarT, gansa-
kuTrebiT maTi, romlebic Seqmnilia adamianis organizmSi Tavisufali radi-
kalebis savaraudo mavne zemoqmedebis Tavidan asacileblad, agreTve cximis 
da sakvebis sxva Semadgeneli nawilis gauaresebis mimarT [2]. 

antioqsidantebma mniSvnelovani yuradReba miipyres radikalebisa da 
JangviTi stresis, kibos profilaqtikisa da mkurnalobis mxriv. maTi saSua-
lebiT xdeba  ujredebis bunebrivi gziT dacva Jangbadis aqtiuri formebis 
zemoqmedebisgan. sxeuli bunebrivad axdens sxvadasxva sakvebi nivTierebebis 
cirkulirebas maTi antioqsidanturi Tvisebebis gamosayeneblad da warmoqm-
nis antioqsidantur enzimebs am damangreveli jaWvuri reaqciebis sakontro-
lod. mniSvnelovania iseTi produqtebis miReba, romlebic meti antioqsidan-
turi aqtivobiT gamoirCevian, magaliTad, fenoluri naerTebi, romlis warm-
oqmnac adamianis organizms ar SeuZlia. vazis yvela nawili, fesvi, Rero, 
foToli, mtevani mdidaria fenoluri naerTebiT da xasiaTdeba antioqsidan-
turi TvisebebiT [3]. 

jamuri antioqsidantebis koncentraciis gansasazRvravad gamoyenebul 
iqna FRAP meTodi. speqtrofotometris meSveobiT ganisazRvra STanTqmis 
intensivobis cvlileba, romelic mimdinareobs rkinis samvalentiani ionebis 
(TPTZ-Fe3+) aRdgeniT orvalentian ionebad (TPTZ-Fe2+) antioqsidantebis Tanao-
bisas. antioqsidanturi aqtivoba gamoisaxeba askorbinis mJavas raodenobriv 
eqvivalentebSi. sakontrolod gamoyenebul iqna buferuli xsnari, Sesadareb-
lad ki askorbinis mJava. cxr. 3-Si mocemulia antioqsidanturi aqtivobis 
eqvivalenti miligramebSi, askorbinis mJavaze gadaangariSebiT. 
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cxrili 3. antioqsidantebis gansazRvra saanalizo RvinoebSi 
 
# saanalizo Rvino antioqsidantoba, mg/l 
1 Cinuri (evropuli wesiT damzadebuli) 149,28 
2 Cinuri (qvevrSi damzadebuli) 2239,19 
3 colikouri (evropuli wesiT damzadebuli) 149,28 
4 colikouri (qvevrSi damzadebuli) 2545,21 
5 manavis mwvane  (evropuli wesiT damzadebuli) 111,95 
6 manavis mwvane (qvevrSi damzadebuli) 2935,0 

 
 rogorc cxr. 1-is monacemebidan Cans, qvevris Rvinoebi gamoirCeva 
saerTo fenolebis maRali SemcvelobiT. Cinuris evropuli wesiT damzadebul 
RvinoSi saerTo fenolebi 212,2 mg/l-ia, roca imave jiSis yurZnis qvevris 
RvinoSi es ricxvi 2003,5 mg/l-s aRwevs. msgavsi gansxvaveba SeimCneva aseve 
colikouris da manavis mwvanes RvinoebSi. colikouris evropuli wesiT 
damzadebul RvinoSi saerTo fenolebi 214 mg/l-ia, xolo qvevris RvinoSi 1779 
mg/l. manavis mwvanes evropulad damzadebul RvinoSi 250,2 mg/l-ia, qvevris 
RvinoSi 2051,0 mg/l. 

aseve SeimCneva gansxvavebebi taninis SemcvelobaSic. miuxedavad imisa, 
rom qvevris Rvinoebi damzadebulia klertis gareSe, evropuli wesiT damza-
debul RvinoebTan SedarebiT, taninis maRali SemcvelobiT gamoirCeva. ro-
gorc cxr. 2-is monacemebidan Cans, Cinuris evropuli wesiT damzadebul Rvi-
noSi taninebis Semcveloba 0,204 g/l-ia, qvevris RvinoSi 1,77 g/l. colikouris 
evropuli wesiT damzadebul RvinoSi 0,216 g/l, qvevris RvinoSi ki 1,812 g/l. 
manavis mwvanes evropulad damzadebul RvinoSi 0,204 g/l, xolo imave jiSis 
yurZnis qvevris RvinoSi 2,37 g/l. 

rogorc eqsperimentebma aCvena, dafiqsirda mWidro kavSiri fenoluri 
nivTierebebis raodenobasa  da antioqsidanturi Tvisebebis mqone naerTebis 
raodenobas Soris. Rvinoebi, romlebic xasiaTdebian saerTo fenolebis 
maRali mniSvnelobiT, aseve gamoirCevian maRali antioqsidanturi aqtivobiT. 
cxr. 3-is monacemebidan Cans, rom Cinuris, colikouris da manavis mwvanes 
qvevrSi damzadebul RvinoebSi maTi raodenoba meryeobs 111,95_2935 mg/l-mde.  

geografiuli mdebareoba, klimati, niadagis tipi, yurZnis jiSi, vazis 
zrdis garemo faqtorebi da damuSavebis teqnologia gansazRvravs Rvinis 
fizikur-qimiur maxasiaTeblebs Soris gansxvavebas. aseve mniSvnelovani faq-
toria WurWeli romelSic mzaddeba Rvino. qvevrs, Rvinis sxva WurWelTan 
SedarebiT, mniSvnelovani upiratesobebi gaaCnia. is gavlenas axdens Rvinis 
CamoyalibebaSi, monawileobs duRilisa Tu daRvineba-davargebis procesSi. 
qvevrSi temperaturuli reJimi bunebrivad aris daculi da Senaxvis dadgenil 
zRvars ar scildeba da igi zamTarsa da zafxulSi mcired icvleba. tempe-
raturul reJims ara marto Rvinis SenaxvisaTvis, aramed alkoholuri du-
Rilis procesisTvisac Zalze didi mniSvneloba aqvs.  

qvevris garSemo arsebuli niadagi im mikroklimats qmnis, romelic 
qvevrze axdens zegavlenas. rac ufro metad iZleva niadagi aeraciis saSua-
lebas, miT ufro ukeTesia qvevris sisufTavisTvis. qvevrSi Rvinis morevisas 
Rvino mdidrdeba JangbadiT, Sesabamisad icvleba Rvinis feri  da gansxvav-
deba Sesabamisi jiSis evropuli wesiT damzadebuli Rvinisgan. Cinuris evro-
puli tipis Rvino aris Ria Calisferi, qvevris Rvino ki  muqi ferisaa. coli-
kouris evropulad dayenebuli Rvino gamWvirvale, mkrTali moyviTalo-
Calisferia, qvevris Rvino ki SedarebiT muqi Calisferi. manavis mwvanes 
evropuli wesiT damzadebuli Rvino momwvano Ria Calisferia, aqvs xalisiani, 
nazi, harmoniuli gemo. kaxuri wesiT damzadebuli Rvino ki muqi Caisferia, 
igi ufro sruli, mdidari Rvinoa, aromati ufro Zlieri da sasiamovno aqvs.  
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qvevrSi morevis procesi mimdinareobs dRe-RameSi 4_5-jer, rac xels 
uwyobs eqstraqcias. daWyletil masaze (kani, wipwa, rbilobi) zemoqmedeba 
exmareba maceracias da Rvino mdidrdeba fenoluri naerTebiT. rogorc qi-
miurma analizebma aCvena, saerTo fenolebis Semcveloba qvevris  RvinoSi bev-
rad metia imave jiSis evropuli wesiT damzadebul RvinoebSi. Rvinis gamdid-
rebas fenoluri naerTebiT aseve xels uwyobs qvevrSi Rvinis xangrZlivi 
periodiT dayovneba, radgan ramdenime Tvis ganmavlobaSi qvevrSi arsebuli 
wipwa da kani amdidrebs Rvinos, rogorc fenoluri naerTebiT, aseve anti-
oqsidantebiT. 

fenoluri naerTebis SemcvelobiT da aseve antioqsidantebiT gansakuT-
rebiT mdidaria wiTeli Rvinoebi. Caris, galanakis, kotanidis, dianelous, 
gekas statiaSi Sedarebulia kviprosis 12 sxvadasxva Rvino. 11 wiTel da 1 
TeTr RvinoSi gaanalizebulia saerTo fenolebi. TeTr RvinoSi saerTo 
fenolebi 208 mg/l-s Seadgens, xolo wiTel RvinoebSi meryeobs 973_1979 mg/l-
is farglebSi. am monacemebTan SedarebiT, Cven eqsperimentSi gaanalizebuli 
TeTri Rvinoebi, Tavisi mniSvnelobebiT,  aWarbebs saerTo fenolebis Semcve-
lobiT kviprosis wiTel Rvinoebs. rogorc cxr. 1-is monacemebidan Cans 
qvevris TeTr RvinoebSi maTi mniSvneloba meryeobs 1779_2051,0 mg/l-mde [4]. 

sakvlevi TeTri Rvinoebi SevadareT  saberZneTis wiTel Rvinoebs. gou-
guliasis, papaCatzis, kalorizous, Soulieris mier gaanalizebulia saberZne-
Tis 16 wiTeli Rvino. rogorc statiaSia moyvanili RvinoebSi saerTo feno-
luri nivTierebebi meryeobs 1360_3970 mg/l-is farglebSi. am konkretul 
SemTxvevaSi, Cven mier gamokvleuli TeTri Rvinoebi, saerTo fenoluri 
nivTierebebis SemcvelobiT, Tamamad SeiZleba davayenoT wiTeli Rvinoebis 
gverdiT [5]. 

Rvinoebi SevadareT aseve braziliis, kerZod, Rio Grande De Sul-is wiTel 
Rvinoebsac. karlos eugenio daudtis, aline de oliviera fogacas statiaSi 
gaanalizebulia saerTo fenoluri nivTierebebis Semcveloba da wiTel Rvi-
noebSi meryeobs 1552_2792 mg/l-mde. am SemTxvevaSic Cveni qvevris TeTri Rvi-
noebi mniSvnelovan adgils ikavebs wiTeli Rvinoebis gverdiT [6], ar Camou-

vardeba aseve CineTis Cabernet Sauvignon-is da Merlot-is wiTel Rvinoebs. bao 
jiangis, Jen-ven Jangis mier gamokvleul RvinoebSi saerTo fenoluri 
nivTierebebis Semcveloba 860,2_2710,4mg/l-s Seadgens. Cvens RvinoebSi ki 
meryeobs 1779_2051,0 mg/l-mde [7]. 

saerTo fenoluri nivTierebebis maRali SemcvelobiT gamoirCeva aseve 
qarTuli yurZnis jiSisgan damzadebuli Rvino saferavi. literaturuli 
monacemebis mixedviT, saferavis qvevris RvinoSi saerTo fenoluri nivTiere-
bebi 1121 mg/l Seadgens [8]. am mniSvnelobas ar CamorCeba Cven mier gaanali-
zebuli TeTri Rvinoebi, piriqiT, aWarbebs kidec, colikouris qvevris Rvi-
noSi saerTo fenoluri nivTierebebi Seadgens _ 1779 mg/l-s, Cinuris qvevris 
RvinoSi _ 2003,5 mg/l-s, xolo manavis  mwvanes SemTxvevaSi qvevris RvinoSi 
saerTo fenolebis Semcvelobam 2051,0 mg/l Seadgina. 

miRebuli Sedegebis da aseve literaturuli monacemebis Sedarebis 
safuZvelze SeiZleba iTqvas, rom Cven mier gamokvleuli, TeTri yurZnisgan 
damzadebuli qvevris Rvinoebi gamoirCevian saerTo fenolebis maRali 
SemcvelobiT da axasiaTebT maRali antioqsidanturi moqmedeba. 

Sesabamisad sworad dagegmili marketingis SemTxvevaSi qvevrSi damza-
debul qarTul TeTr Rvinoebs didi potenciali aqvT saerTaSoriso Rvinis 
bazarze.  
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SUMMARY 

STUDY OF TOTAL PHENOLS AND ANTIOXIDANTS IN `QVEVRI~ AND EUROPEAN  

RECIPE GEORGIAN WINES 

Sordia E.K. 

Georgian Technical University 

Wine is an important product that requires to be constantly supplied in high quality. As part of the study, 

Chinuri, Tsolikouri, Manavi greens and `Qvevri wines~ were selected according to traditional standard methods. 

The content of the total phenols as well as tannins and antioxidants have been determined. With these parameters 

`Qvevri wines~ have been compared to the same variety wines made by standard methods. According to the 

results obtained, it can be deduced  that the `Qvevri wines~, made from the white grapes, are characterized by  

high content of total phenols and  by a high antioxidant action. 

Keywords: georgian wine, qvevri wine, total phenol, antioxidant activity. 
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Rvinis aromatuli naerTebi 

 

maxvilaZe T.g. 
 

saqarTvelos teqnikuri universiteti 

 
Sesavali 
sensoruli maxasiaTeblidan, Rvinis xarisxis ganmsazRvreli mniSvnelo-

vania faqtoria misi aromati, romelic erT-erT mniSvnelovan rols asrulebs 
momxmareblis mier Rvinis Sesyidvis procesSi [1]. 

Rvinis aromati warmoiqmneba arastabiluri naerTebis mravalferovani 
jgufebis erToblivi moqmedebiT. Rvinis buketis aTasamde sxvadasxva arasta-
biluri naerTia Seswavlili, romelTa koncentraciac ramdenime nanogramidan 
miligram/litramde meryeobs [2,3]. Vitis vinifera-s jiSebi maTi aromatulobidan 
gamomdinare arsebobs martivi aromatebis (romlebic ar xasiaTdebian gamor-
Ceuli aromatiT) da aromatuli jiSebis jgufebi (romlebic Tavisufali 
aromatuli naerTebis mcire raodenobiT (ng/l) SemcvelobiT xasiaTdebian) [4].  

bolo periodSi Seicvala momxmarebelTa midgoma Rvinis Sesyidvisas, 
yuradReba eqceva Rvinis janmrTelobis maxasiaTeblisa da sensoruli 
kmayofilebis mimarTulebebs. swored amitom, mniSvnelovani xdeba Rvinis 
fermentaciis axali gzebis Zieba, romelic gaaZlierebs da gamoavlens Rvinis 
axal, gansxvavebul bukets. Tanamedrove momxmareblebis am gamowvevisas, gan-
sakuTrebiT sayuradReboa ra gavlenas axdens qarTuli yurZnis jiSebze Rvi-
nis damzadebis meTodebi, romlebic unikaluria da mniSvnelovan gavlenas 
axdens Rvinis qimiur Semadgenlobaze. saqarTveloSi gavrcelebulia Rvinis 
damzadebis ramdenime meTodi: „kaxuri wesi“, „imeruli wesi“ da „evropuli 
wesi“. Rvinis duRilis da davargebis am gansxvavebuli meTodebis dros xdeba 
Rvinis Taviseburi maxasiaTeblebis Camoyalibeba, romelTa SedarebiTi kvleva 
aris mniSvnelovani [4-6].    

Rvinis aromatis warmomqneli aramdgradi naerTebis dasadgenad 
Seswavlili iqna ramdenime bibliografiuli monacemis baza.  

Rvinis yvela aromati klasificirdeba oTx ZiriTad jgufad:  
1. vertikaluri aromatebi 
2. alkoholur duRilamde warmoqmnili aromatebi 
3. alkoholuri duRilis dros warmoqmnili aromatebi  
4. alkoholuri duRilis Semdeg (momwifebisas) warmoqnili aromatebi [7]. 
1. Rvinis vertikaluri aromatebis erT-erTi yvelaze mTavari komponentia 

terpenebi, romlebic miekuTvneba mcenareebSi farTod gavrcelebuli organuli 
naerTebis did ojaxs [8]. aromatis warmomqneli naerTebis am did klass Soris 
mniSvnelovani jgufebia monoterpenebi, seskviterpenebi da karotinebi, romle-
bic arapirdapir gavlenas axdens Rvinis buketis Camoyalibebaze [9]. 

monoterpenebi RvinoSi anviTareben xilis, yvavilebisa da muskatis aro-
matebs. Tumca, SeiZleba warmoiqmnas iseTi aromatebic, romlebic Rvinis xa-
risxze uaryofiTad imoqmedebs. marcvalSi xdeba terpenebis warmoqna da maTi 
ganawileba damokidebulia naerTze, geranioli da neroli gacilebiT uxvad 
arian warmodgenili kanSi vidre nayofis sxva nawilebSi, xolo linalooli 
ganawilebulia mTel nayofSi [9]. RvinoSi yvavilovan aromats cxare tonebiT 
da limonis aromats ganapirobebs linalooli, citrusis da vardis aromatebs 
geranoli da neroli warmoqmnis aseve citrusis da tkbili yvavilebis aro-
mats [7]. 

yurZenSi identificirebulia 57 sxvadasxva seskviterpeni [9], es kom-
ponenti ZiriTadad SaqrebTan bmuli formiTaa warmodgenili da araaqtiuria, 
mogvianebiT Rvinis duRilisas mJavuri hidrolizis saSualebiT gadadis 
Tavisufal aromatul formaSi [10]. mniSvnelovan gavlenas axdens Vitis vinifera-s 
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aromatul profilze da zogierTi saxeobisTvis warmoqmnis xis, yvavilovan 
da mcenareul aromatebs misi fiziologiuri momwifebis dros [9,10]. 

araizoprenoidebi aris karotinoidebis JangviTi degradaciis warmoe-
bulebi da surnelovani naerTebi, romlebic xels uwyobs Rvinoebis aromats 
[9,11]. maTgan mniSvnelovani naerTebia β-iononi (iis aromati), β-damascenoni, 
1,1,6-trimeTil-1,2-dihidronafTaleni (TDN)(navTis aromati), (E) -1-(2,3,6-trime-
Tilfenil) buta-1,3-dieni (TPB)(Tambaqos, yvavilis aromati).  

metoqsipirazinebi identificirebulia rogorc yurZenSi aseve RvinoSic 
da warmoqmnis mcenareul tonebs (balaxis, bostneulis). mas SeiZleba qondes 
uaryofiTi gavlena Rvinis xarisxze [4,12].   

RvinoebSi Tiolebi da zogadad gogirdis naerTebi ZiriTadad dakav-
Sirebulia sxvadasxva aromatebTan [13]. arastabiluri Tiolebi nawilobriv 
Tavisufldebian safuaris duRilis dros usuno, aramdgradi winamorbede-
bisgan. maTi warmoqmna SeiZleba gakontroldes rogorc mevenaxeobis, ise eno-
logiuri swori praqtikiT [14]. 

2. alkoholur duRilamde warmoqmnili aromatebi 
fermentaciamde Rvinis aromatebis warmoqmnas ganapirobebs yurZnis 

winaswari damuSaveba (mag., daWyletva), alkoholur duRilamde warmoqmnili 
aromatebi gvxvdeba ZiriTadad Tavisufali formiT. aromatuli naerTebi da 
maTi winamorbedebi didi raodenobiT aris koncentrirebuli marcvlis kansa 
da rbilobSi. aRniSnuli naerTebis eqstraqciisTvis mimarTaven macerciis 
sxvadasxva teqnologias [15,16]. 

Termo-maceraciisas yurZnis damuSaveba xdeba maRal temperaturaze 
didi xnis ganmavlobaSi da yurZeni iWyliteba an daumuSavebeli formiT 
gamoiyeneba. mikrotalRuri maceracis meTodi emyareba ujredSida wylis mier 
energiis SeboWvas da mis gacxelebas. gacxelebuli wyali aorTqldeba da 
warmoqmnis uzarmazar wnevas ujredis kedelze, ris Sedegadac xdeba ujredis 
kedlis dazianeba da aqtiuri Semadgenlobis migracia yurZnis wvenSi. krio-
maceraciis dros yurZnis temperaturis Semcireba  xdeba minimum -18◦C-mde. 
temperatura narCundeba garkveuli drois ganmavlobaSi. yurZnis 
ujredSorisi wyali iqceva yinulad warmoqmnili kristalebi iwvevs ujredis 
qsovilis rRvevas. risi Sedegadac qimiuri naerTebis migracias iwyeba 
garmoSi. aRsaniSnavia rom, krio-maceracia xels uwyobs iseTi aromat-
warmoqmneli naerTebis migracias rogoricaa monoterpenebi, xolo fenoluri 
naerTebis  gamoyofas zRudavs [15]. 

3.  alkoholuri duRilis dros warmoqmnili aromatebi 
fermentuli aromatebi, romlebic cnobilia rogorc Rvinis meoradi 

aromatebi, warmoiqmneba safuvrebis moqmedebis Sedegad alkoholuri duRilis 
dros da gansazRvravs Rvinis xasiaTs [4]. alkoholuri duRili, ZiriTadad 
miRweuli Saccharomyces cerevisiae–iT, iwvevs sxvadasxva eTerebis, umaRlesi spir-
tebis, arastabiluri cximovani mJavebis da aldehidebis warmoiqmnas [17,18]. 
Rvinis alkoholuri duRilis aromatebis jgufze mniSvnelovani gavlena aqvs 
safuvrebs, rogorc Saccharomyces-s gvaris aseve, ara Saccharomyces-s [18]. 

kvlevebiT dadasturebulia, rom naerTebi romlebic xasiaTdebian maRa-
li koncentraciiT kraven Rvinis aromatis ZiriTad matricas da ar gamoir-
Cevian individualuri aromatebiT. Tumca, maTi koncentraciis Semcireba uar-
yofiTad moqmedebs Rvinis xarisxze. mag., eTanolis koncentraciis cvlile-
basTan erTad xdeba Rvinis aromatebis Secvlac: mcire cvlilebisas Rvinis 
buketze ar SeiniSneba gansxvaveba; 7 %-mde Semcirebisas RvinoSi izrdeba xi-
lis, yvavilovani da mJave aromatebis intensivoba; 3 %-mde Semcirebisas ki 
ikargeba Rvinis aromati [7,18]. 
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kaxuri wesiT damzadebuli Rvinoebis aromatuli profili 
kaxuri wesiT Rvinis damzadebisas, Rvino-WaWas urTerTqmedebis xangr-

Zlivobis zrdis Sedegad TeTr Rvinoebi aris bunebrivad stabiluri, xdeba 
muqi Calisferi, oqrosferi an Caisferi Seferilobis, gamWvirvale, kriala da 
xasiaTdeba xilis tonebiT da taninebis zomieri SemcvelobiT [6,19]. am wesiT 
damzadebuli Rvinoebis aromatuli naerTebis analizisas gamovlinda arasta-
biluri naerTebi, romlebic ZiriTadad warmoadgenen umaRless spirtebs, eTi-
lis eTerebs, mokle da saSualo jaWvis cximovani mJavebs da sxva. mag: 2-fe-
nileTanoli, romelic gorul mwvaneSi da saferavSi gvxvdeba warmoqmnis var-
dis aromats, xolo eTil laqtati ganapirobebs amave RvinoebSi xilis msgav-
si aromatebis ganviTarebas [5]. 

4. alkoholuri duRilis Semdeg (momwifebisas) warmoqnili aromatebi 
Rvinis aromatis mniSvnelovani cvlilebebi xdeba momwifebis da 

daZvelebis dros. es moicavs  yurZnis da/an safuaris garkveuli aromatebis 
dakargvas, jiSuri aromatis SenarCunebas, axali aromatebis warmoqmnas da 
yvelaze mniSvnelovani procesi _ xdeba arsebuli yvela aromatis integracia 
harmoniuli  da sasiamovno Rvinis buketis  Sesaqmnelad [20]. xis kasrSi daZ-
velebisas Rvinis aromats emateba xis niuansebi, xolo boTlSi daZvelebisas ki 
xdeba aromatebis dakargva Rviniswarmoebis sxvadasxva etapze sinTezirebuli 
aromatwarmomqmneli naerTebis urTierTqmedebis Sedegad [21, 22]. 

daskvna  
es bibliografuli mimoxilva aerTianebs Rvinis aromatwarmomqmnel 

naerTebs, maT ZiriTad jgufebs da sensorul gavlenas Rvinis xarisxze. maTi 
warmoqmna da gaaqtiureba xdeba Rvinis warmoebis yvela etapze da moicavs 
yvela safexurs vazis jiSis SerCevidan davargebuli Rvinis Senaxvis pirobe-
bis kontrolamde. Tanamedrove momxmareblis mier Rvinis SerCevisas gans-
xvavebuli midgomis gamo mniSvnelovania Seswavlili iqnes ra gavlenas ax-
dens kaxuri wesiT Rvinis dayenebis meTodi mis aromatul kompleqsze da icv-
leba Tu ara aromatuli matrica sxva gavrcelebul meTodebiT Rvinis damza-
debasTan SedarebiT. 

 
literatura 

1. Lesschaeve I, Bowen A, Bruwer J-Determining the Impact of Consumer Characteristics to Project Sensory 

Preferences in Commercial White Wines. //American Journal of Enology and Viticulture/ 2012/ 63: pp. 487-493. 

2. Moreno‐Olivares J.  Paladines‐Quezada D. Fernández‐Fernández J.   Bleda‐Sánchez J.   Martínez‐Moreno A.  

Gil‐Muñoz R.-Study of aromatic profile of different crosses of Monastrell white wines. //Journal of the Science 

of Food and Agriculture 2020, Volume 100, Issue 1, pp. 38-49 

3. Cheng  G. Liu Y. Yue  T. Zhang Z. Comparison between aroma compounds in wines from four Vitis vinifera 

grape varieties grown in different shoot positions. / Food Science and Technology, 2015 vol. 35(2), pp. 237-246.  

4. Visan L. Tamba-Berehoiu R M.  Popa C. Danaila-Guidea S.  Culea R. Aromatic compounds in wines. 2018. 

Management, Economic Engineering in Agriculture and Rural Development vol. 18, Issue 4. pp. 423-430. 

5. Vigentini I.  Maghradze D. Petrozziello M. Bonello F.  Mezzapelle V. Valdetara F.  Failla O.   Foschino R. 

Indigenous Georgian Wine-Associated Yeasts and Grape Cultivars to Edit the Wine Quality in a Precision 

Oenology Perspective. / Frontiers in Microbiology, 2016, vol. 7. pp. 2-13. 

6. Capece, A., Siesto, G., Poeta, C., Pietrafesa, R., and Romano, P.  Indigenous yeast population from Georgian 

aged wines produced by traditional “Kakhetian” method. /Food Microbiol, 2013, vol. 36, pp. 447-455. 

7. Styger  G. Prior  B.  Bauer F.  Wine flavor and aroma. Journal of Industrial Microbiology & Biotechnology. 

2011, vol. 38, issue 9 pp. 1145-1159. 
8. samsonia S. gverdwiTeli m. CikvaiZe i. kvirikaZe l. organuli qimia. – Tbilisi, 
ivane javaxiSvilis saxelobis Tbilisis saxelmwifo universitetis gamomcemloba, 
2017, 234 gv. 
9. Lin J, Massonnet M, Cantu D. The genetic basis of grape and wine aroma. Horticulture Research. 2019, 6:81 

pp. 2-24. 

10. Li Z. Howell K. Fang Z.  Zhang P.  Sesquiterpenes in grapes and wines: Occurrence, biosynthesis, 

functionality, and influence of winemaking processes.Comprehensive Reviews in Food Science and Food 

Safety, 2019, vol. 19, Issue 1, pp.247-281. 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #2, 2020  

 

106 

11. Carrau FM, Boido E, Dellacassa E. Terpenoids in Grapes and Wines: Origin and Micrometabolism during 

the Vinification Process. Natural Product Communications. 2008,  Vol. 3, Issue 4, pp.577-592. 

12. Allen M. Lacey M. Methoxypyrazines of Grapes and Wines. Chemistry of Wine Flavor. American Chemical 

Society, Washington, DC. 1998, pp. 714(31-38). 

13. Roland A. Schneider R. Razungles A. Cavelier F. Varietal Thiols in Wine: Discovery, Analysis and 

Applications. Chemical Reviews. 2011,  vol. 111, Issue 11, pp.7355-7376. 

14. CoetzeeI C.ToitII W.J. Sauvignon blanc wine: Contribution of ageing and oxygen on aromatic and non-

aromatic compounds and sensory composition - A review. South African Journal of Enology and Viticulture. 

2015, Vol. 36, Issue 3, pp. 347-365. 

15. Tartian A. Cotea V. Niculaua M. Zamfir C.A. Colibaba C.Morosanu A.M. The influence of the different 

techniques of maceration on the aromatic and phenolic profile of the Busuioacă de Bohotin wine. BIO Web of 

Conferences 9.2017. 

16. Zhang S, Petersen MA, Liu J, Toldam-Andersen TB. Influence of Pre-Fermentation Treatments on Wine 

Volatile and Sensory Profile of the New Disease Tolerant Cultivar Solaris. Molecules. 2015. Volume 29. Issue 

12 pp.21609-21625. 

17. Fleet GH. Yeast interactions and wine flavour. //International Journal of Food Microbiology, 2003, 86(1-2), 

pp. 11-22. 

18. 18.Belda I. Ruiz J. Esteban-Fernández A. Navascués E. Marquina D. Santos A. Moreno-Arribas MV. 

Microbial Contribution to Wine Aroma and Its Intended Use for Wine Quality Improvement. Molecules. 2017, 

vol. 22, Issue 2, pp. 1-29. 

19. http://georgianwine.gov.ge/Ge/KvevriWine/Details/2 

20. Del Caro A.  Piombino  P. Genovese  A. Moio L. Fanara C. Piga A. . Effect of Bottle Storage on Colour, 

Phenolics and Volatile Composition of Malvasia and Moscato White Wines. // South African Journal of Enology 

and Viticulture, 2016,  vol. 35, Issue 1, pp. 128-138.   

21. Picard M. Tempere S. de Revel G. Marchand S. A sensory study of the ageing bouquet of red Bordeaux 

wines: A three-step approach for exploring a complex olfactory concept. Food Quality and Preference 2015, vol. 

42, pp. 110-122. 

22. Ugliano M. Oxygen contribution to wine aroma evolution during bottle aging. //Journal of Agricultural and 

Food Chemistry, 2013, vol. 61, Issue 26, pp. 6125-6136. 

 

SUMMARY 

WINE AROMATIC COMPOUNDS 

Makhviladze T.G. 

Georgian Technical University 

The aroma of wines is created by various and different interactions between compounds of wine and grapes. The 

compounds interaction can be synergistic or antagonistic. The wine bouquet is derived from varietal aromas and 

compounds generated during grape processing for which develop is significantly influenced by Saccharomyces 

cerevisiae and other fermentation microorganisms. The wine aroma is complemented by compound forming 

during the ageing and storage. This review aims to present a significant overview of the grapes and wine aroma 

compounds that have been accumulated for nowadays. 

Keywords: wine aroma, aroma compunds, varietal aroma, wine fermenaton, maceration. 
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gansxvavebul klimatur pirobebSi velurad mozardi 

kulmuxos (Inula helenium) SedarebiTi Seswavla 

 

demetraSvili m.a., tyemalaZe g.S. 
 

saqarTvelos teqnikuri universiteti 
 
Tanamedrove medicinaSi, kulinariasa da kosmetikaSi, qimiuri saSua-

lebebis gamoyenebiT gamowveulma uaryofiTma Sedegebma mkveTrad gazarda da 
farTo Seswavlis sagnad aqcia bunebrivi samkurnalo, aromatuli, 
saneleblebiani, Taflovani da Sxamiani balaxovani mcenarebis mimarT inte-
resi. gansakuTrebiT aqtualuri gaxda balaxovani mcenareebidan miRebuli 
fiziologiurad aqtiuri nivTierebebis raodenobrivi da Tvisobrivi Seswavla 
sasursaTo teqnologiur procesebSi  maTi Semdgomi gamoyenebis mizniT [1,2]. 
kvleva efuZneba bunebriv pirobebSi mozardi kulmuxos fesvebidan fiziolo-
giurad aqtiuri naerTebis Semcvelobis dadgenas, miRebasa da raodenobrivi 
maCveneblebis gansazRvras. eqsperimentisaTvis gamoviyeneT saCxeris munici-
palitetis sof. sxvitorsa da gardabnis municipalitetis sof. norios teri-
toriaze velurad mozardi kulmuxos rogorc erTwliani, ise mravalwliani 
fesvTa sistema. Seswavlil iqna mcenareSi arsebuli eqstraqtuli nivTie-
rebebis, inulinisa da eTerzeTebis dagrovebis _ dinamika asakis, sezonisa da 
adgilmdebareobis gaTvaliswinebiT. eqstragirebis dawyebamde movaxdineT ned-
leulis winaswari damuSaveba ГОСТ-15056-89-3-is Sesabamisad [3]. eqstragentisa 
da nedleulis Tanafardoba ganvsazRvreT sami TanafardobiT: 1:3; 1:6; 1:9. 
monacemebi mocemulia cxr.1. 

 
cxrili 1. kulmuxos eqstraqtuli nivTierebebis raodenobrivi maCvenebelebi 
 

№ adgilmdebareoba periodi 

eqstraqtuli nivTierebebis     
raodenoba 

eTanoli 
30 % 

eTanoli     
60 % 

eTanoli    
95 % 

1. sxvitori _ erTwliani 2020  ivnisi 11,13 12,32 10,64 
2. sxvitori _ mravalwliani 2020  ivnisi 20,22 21,29 19,78 
3. norio _ erTwliani 2020 ivnisi 11,25 12,98 10,05 
4. norio _ mravalwliani 2020  ivnisi 19,06 20,74 18,55 
5. sxvitori _ erTwliani 2020  seqtemberi 11,87 12,04 10,57 
6. sxvitori _ mravalwliani 2020  seqtemberi 21,37 22,62 20,65 
7. norio _ erTwliani 2020  seqtemberi 10,99 11,78 11,24 
8. norio _ mravalwliani 2020  seqtemberi 21,89 23,29 20,96 

 
rogorc kvlevidan irkveva, eqstraqtuli nivTierebebis eqstragirebis 

maCvenebeli sam sxvadasxva koncentraciis spirtwyalxsnarSi gansxvavebulia: 
eTanolis 30 %-ian eqstragentSi nivTierebebis yvelaze didi raodenoba erT-
wlian norios ivnisis nimuSSia da 11,25 % Seadgens, rac sxvitoris analo-
giurTan 1,07 %-iT metia. seqtembris erTwlian nimuSebSi 7,42 %-iT metia sxvi-
toris nimuSSi noriosTan SedarebiT. ivnisis mravalwlian formebSi 
dominirebs sxvitoris masala 5,74 %-iT. 60%-iani eTanolis SemTxvevaSi, sxvi-
torTan SedarebiT, 5,09 %-iT metia norios erTwlian  formaSi, xolo mraval-
wlian formebSi aseve gamoirCeva sxvitori 2,16 %-iT. 95%-ian eqstragentSi, 
ivnisis erTwlian formebSi norios nimuSi 5,09 %-iT met raodenobas avlens; 
xolo seqtembris erTwlianebSi gamoirCeva saCxeris varianti (5,97 %-iT). rac 
Seexeba mravalwlian formebs: ivnisis TveSi sxvitoris nimuSi 6,22 %-iT aWar-
bebs norios nimuSs, seqtembris fesvTa sistemaSi eqstraqtuli nivTierebebis  
raodenoba mcirediT  gansxvavdeba da 1,48 %-iT metia norios variantTan 
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SedarebiT. kvlevidan irkveva, rom yvelaze meti raodenobis eqstraqtuli 
nivTierebis eqstragireba xorcieldeba 60%-iani eTanolis pirobebSi, sadac 
sxvitoris mravalwlian nimuSSi 22,62 %-ia, xolo norios SemTxvevaSi 23,29 %.  

eTerzeTebis SemcvelobiT msofliofloris  2500 _ 3000 saxeobas gamo-
yofen, romlebic  ZiriTadad Lamiaceae, Apiaceae, Astraceae ojaxebSia gaerTia-
nebuli. kulmuxo (Inula Helenium)- Astraceae-s ojaxis erT-erTi saxeobaa da 
xasiaTdeba biologiurad aqtiuri naerTebis _ mravalkomponentuli aqroladi 
nivTierebebis dagrovebiT.  kulmuxos fesvTa sistemaSi  Semavali eTerzeTebi 
xasiaTdeba samkurnalo TvisebebiT: gamoiyeneba bronquli asTmis dros, 
xasiaTdeba antimikrobuli, antihelmituri, antifungiciduri aqtivobiT; xels 
uwyobs difteriis, tifozis, nawlavuri kolibacilebis, streptokokebis 
mkurnalobas; dadebiTad moqmedebs saWmlis momnelebel organoebze;  Slis 
cximovan ujredebs; amkvrivebs sisxlZarRvTa sistemas; xels uwyobs hormo-
nuli balansis daregulirebas; gamoiyeneba agreTve rogorc hemostatikuri 
saSualeba saxsrebisa da Zvlebis mkurnalobis SemTxvevaSi [4]. eTerzeTebi 
agreTve farTod gamoiyeneba kosmetikasa da parfiumeriaSi;  sursaTisa  da 
sakonditro produqtebis warmoebaSi. mcenaris sicocxlisunarianoba damoki-
debulia eTerzeTebis arsebobasa da maTs raodenobaze, gamoiyeneba mzis 
sxivebisagan damcav saSualebad; xels uwyobs mwerebis mozidvas damtvervi-
saTvis. eTerzeTebis Tviseba damyarebulia maTSi Semaval naerTTa erTo-
blioba.  mcenareuli masalidan  eTerzeTebis miRebis skrininguli meTodis 
garda, SemuSavebulia gamoyofis sami ZiriTadi meTodi: distilireba,  gamowv-
lilva da gamxsneliT eqstragireba [5,6]. 
 kvleva Catarda  kulmuxos fesvTa sistemaSi arsebuli eTerzeTebis 
raodenobrivi maCveneblebis dasadgenad. eTerzeTebis Semcveloba ganvsazRv-
reT ГОСТ-15056-89-5-is mixedviT [3]. eqsperimentulad davadgineT eTerzeTebis 
raodenobrivi Semcveloba rvave sakvlev nimuSSi; miviReT Txevadi saxis, 
cximovanikonsistenciis nivTiereba, damaxasiaTebeli momwvano-zurmuxtisferi 
SeferilobiT. kulmuxos fesvTa sistemaSi eTerzeTebis raodenoba icvleba 
0,66 %-dan 1,62 %-mde. aqedan meti raodenobiT eTerzeTebis dagroveba xdeba 
zrdasrul mcenareSi.  monacemebi mocemulia cxr. 2  
  

 
cxrili 2. eTerzeTebis dagrovebis dinamika 
 

№ adgilmdebareoba periodi 
eTerzeTebis raodenobrivi  

maCvenebeli,% 
1 sxvitori _ erTwliani 2020  ivnisi 0,66 
2 sxvitori _ mravalwliani 2020  ivnisi 1,48 
3 norio _ erTwliani 2020  ivnisi 0,68 
4 norio _ mravalwliani 2020  ivnisi 1,6 
5 sxvitori _ erTwliani 2020  seqtemberi 0,7 
6 sxvitori _ mravalwliani 2020  seqtemberi 1,51 
7 norio _ erTwliani 2020  seqtemberi 0,76 
8 norio _ mravalwliani 2020  seqtemberi 1,62 

 
eTerzeTebis raodenebrivi maCveneblebi orive regionis mravalwlian formeb-
Si bevrad aRemateba erTwlian nimuSebs.  norios mravalwliani ivnisis forma 
eTerzeTebis 0,12 %-iT met raodenobas Seicavs, sxvitoris analogiurTan Se-
darebiT; xolo Semodgomis norios nimuSi 0,11 %-iT metia sxvitoris Semod-
gomis nimuSTan SedarebiT. Sedegebi cxadyofs, rom norios fesvTa sistemaSi 
eTerzeTebis raodenoba aRemateba sxvitoris analogiur formas. mcenaris 
ganviTarebis umniSvnelovanes faqtorad gvevlineba niadagis fizikur/qimiuri 
Tvisebebi, niadagis pH, humusisa da mineraluri nivTierebis Semcveloba, aseve 
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klimaturi pirobebi da hifsometriuli [hifsometria (berZ. simaRle + metria) 
geografiul rukebze dedamiwis zedapiris reliefis gamosaxva feradi 
horizontalebis saSualebiT] monacemebi. am garemoebaTa erToblioba iZleva 
mcenaris mier maTSi nivTierebaTa raodenobrivi dagrovebis gansxvavebul 
suraTs. miuxedavad noriosa da sxvitoris teritoriebis gansxvavebulobisa, 
velurad mozardi kulmuxos fesvebisa da fesvurebis qimiurma kvlevam aCvena 
maTi praqtikulad erTnairi  biologiuri Rirebuleba. 
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SUMMARY 

COMPARISON STUDIES OF WILD Inula Helenium IN DIFFERENT CLYMATIC CONDITIONS  

Demetrashvili M.A. and Tkemaladze G.Sh. 

Georgian Technical University 

The root system of wild Inula Helenium was researched at the territories of vil. Skhvitori (Sachkhere 

municipality) and vil. Norio (Gardabani municipality). The dynamics of the accumulation of extragenic and  

essential oil compounds was studied in accordance with age, season and location. Inspite of  the difference 

between the territories of Norio and Gardabani, the chemical analysis of the roots and rootstocks of wild Inula 

Helenium has shown their practically similar biological importance.  

Keywords: Inula Helenium, roots and rootstocks, extragenic compound, essential oil compound. 
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kulmuxos nedl masalaSi inulinis raodenobrivi gansazRvra 

 

demetraSvili m.a. 
 

saqarTvelos teqnikuri universiteti 
 

inulini ganekuTvneba bunebrivi warmoSobis maRali energetikuli 
mniSvnelobis polisaqaridebs. inulins Seicavs 15 saxeobis mcenareTa ojaxi, 
romelTagan aRsaniSnavia Liliaceae, Astraceae, Polemoniaceae. inulini warmoiqmneba 
mcenaris foTlebSi fotosinTezis Sedegad da grovdeba Reroebsa da fes-
vebSi. kulmuxos garda, inuliniT gansakuTrebiT mdidaria zogierTi mcenaris 
(georgina, topinamburi, artiSoki _ Zvel romSi farTod gamoiyeneboda ro-
gorc mavne nivTierebebisagan organizmis gamwmendi efeqturi saSualeba) mi-
wisqveSa organoebi _ fesvebi (Radices) da fesvurebi Rhizomata [1]. ujredebSi 
inulini moTavsebulia vakuolebSi sferuli kristalebis saxiT [2]. inulini 
msoflioSi yvelaze Seswavlili prebiotikia, Sedgeba fruqtozis  jaWvebisa-
gan (10-dan 36-mde) furanozul formaSi da erTi glukozisagan piranozul 
formaSi. erTmaneTTan dakavSirebulia glikoziduri bmebiT [3]. warmoebaSi dam-
zadebuli inulini Seicavs monaTesave naxSirwylebs, magaliTad: fsevdo-
inulins, inulens, levulinsa da sxv. hidrolizdeba fruqtozad [4,5]. inulini, 
saxameblisa da glikogenis msgavsad, sakmaod mdgradia tuteebis mimarT.  

sakvlev obieqtad SevarCieT saqarTveloSi farTod gavrcelebuli, 
velurad mozardi balaxovani mcenare kulmuxo. kulmuxo aRiarebulia oficia-
luri medicinis mier, rogorc mravalwliani kriptofiti, romelic xasiaTdeba 
gare samyarosTan maRali SeTvisebadobiT (berZ. Kritos _ niSnavs saidumlos, 
dafaruls; mcenare ganviTarebisaTvis sasicocxlod mniSvnelovan formebs _ 
kvirtebsa da amonayarTa daboloebebs _ niadagisa an wyalasatevebis fskerze  
malavs.  

kulmuxo, rogorc inulinis  wyaro, raodenobrivi monacemebis dasad-
genad, SevarCieT bunebrivi klimaturi pirobebiT gansxvavebuli ori regioni: 
aRmosavleT saqarTvelos gardabnis municipalitetis sof. norio da dasav-
leT saqarTvelos saCxeris municipalitetis sof. sxvitori. saanalizod avi-
ReT rva varianti: sxvitori-mravalwliani; sxvitori-erTwliani; norio-mra-
valwliani; norio-erTwliani _ gazafxulisa da Semodgomis nimuSebi. pir-
veladi gadamuSavebis Semdeg ganvaxorcieleT sakvlevi nimuSebis Sroba maTSi  
tenianobis dasadgenad. gansazRvras vawarmoebdiT ГОСТ 24027.2-80-is Sesabami-
sad Semdegi  formuliT: 

 

 
1001 




m

mm
W  

 
sadac W aris nimuSSi wylis Semcveloba %-Si; m _ gamosaSrobi nedleulis 
sawyisi wona; m1 _ gamomSrali masalis wona. 

tenianobis saSualo maCvenebeli rvave nimuSSi icvleba 9,1%-dan 18,63%-mde. 
kulmuxos fesvsa da fesvurebSi Semavali inulinis raodenobrivi 

maCveneblebi ganvsazRvreT speqtrometriuli meTodiT 498 nm talRis sigrZeze 
FIBER OPTOC SPEQTROMETER CECIL CE 9500 Aquarius-is gamoyenebiT. kulmuxos 
nedleulSi inulinis garda lokalizebulia Tavisufali Saqrebi (fruqtozi-
debi). inulini sakmaod kargad ixsneba  wyalSi; xolo 96% spirtSi is ar ixs-
neba. fruqtozidebi ki kargad ixsneba rogorc wyalSi, ise 96%-ian spirtSi. es 
udevs safuZvlad mcenareSi inulinis procentuli maCveneblis dadgenas. 
meTodi efuZneba mJava garemoSi rezorcinis Tanamyofobisas inulinis daSlis 
Sedegad warmoqmnili fruqtozis rezorcinTan urTierTqmedebis produqtebis 
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optikuri simkvrivis gansazRvras. qlorwyalbadmaJavas zemoqmedebiT inulinis 
erTi molekula ixliCeba 34_35 molekula fruqtozad da erT molekula glu-
kozad. mocemul pirobebSi rezorcinTan urTierTqmedebaSi Sedis mxolod 
fruqtoza. amrigad, arsebobs pirdapiri damokidebuleba inulinis koncentra-
ciasa da misi hidrolizis Sedegad warmoqmnil fruqtozas Soris [6]. fruqto-
zidebisa da fruqtozanebis [fruqtozidebi D-fruqtozis glikozidebia, fruq-
tozanebi igivea, rac fruqtanebi, glikanebi da Sedgeba mxolod _ D-fruqto-
zis naSTebisagan. fruqtozanebi ori tipisaa: 1. inulinis tipis fruqtofurano-
zuli naSTebi dakavSirebulia erTmaneTTan β(2→1) glikoziduri bmebiT. 2. le-
vanis tipis _ fruqtofuranozuli naSTebis β(2→6) glikoziduri bmebiT. adre 
levanebs fruqtofruqtozanebi ewodeboda] gansazRvra inulinis Semcvelobaze 
absoluturad mSral nedleulSi procentulad (X) iangariSeba Semdegi 
formuliT: 

 

 Wm

A
X






100498

1025100200
 

 
sadac A _ meore xsnaris (nimuSis) optikuri simkvrivea; m _ nedleulis masa, 
gramebSi; W _ nedleulis sinotive, %. 

 
cxrili 1. sxvitorisa da norios teritoriaze mozardi kulmuxos mier inulinis 
dagrovebis dinamika 
 

№ nimuSis dasaxeleba dakvirvebis periodi 
inulinis dagrovebis 

dinamika, % 
1. sxvitori-mravalwliani 2020 wlis ivnisi 20,97 
2. sxvitori-mravalwliani 2020 wlis seqtemberi 23,68 
3. norio-mravalwliani 2020 wlis ivnisi 21,11 
4. norio-mravalwliani 2020 wlis seqtemberi 25,78 
5. sxvitori-erTwliani 2020 wlis ivnisi 12.,61 
6. sxvitori-erTwliani 2020 wlis seqtemberi 14,02 
7. norio-erTwliani 2020 wlis ivnisi 13,56 
8. norio-erTwliani 2020 wlis seqtemberi 15,89 

 
 
noriosa da saCxeris teritoriaze velurad mozardi kulmuxos rvave  

sakvlev nimuSSi inulinis raodenobrivi Semcveloba gansxvavebulia. nimuSebi  
aRebulia vegetaciis erTsa da imave periodSi. sxvitoris mravalwlian  nimu-
SebSi ivnisis TvesTan SedarebiT seqtembris sakvlev masalaSi inulinis raode-
nobrivi maCvenebeli gazrdilia 11,45 %-iT; norios sakvlevi masalis sezonuri 
cvalebadoba 18,12 %-iT iZleva metobas, rac 6,67 %-iT metia sxvitoris 
analogiurTan. rac Seexeba erTwlian nimuSebs, sxvitoris SemTxvevaSi Semod-
gomis nimuSSi inulinis raodenoba gazrdilia 10,06 %-iT; xolo norios nimuS-
Si 14,67 %-T, rac sxvitoris nimuSTan SedarebiT 4,54 %-T metia. amrigad, zaf-
xulTan SedarebiT Semodgomis nimuSebSi inulinis dagrovebis dinamika orive 
regionisaTvis mzardia, magram norios, rogorc erTwlian, ise mravalwliani 
formisaTvis sxvitoris analogiurTan SedarebiT SeiniSneba ufro meti inu-
linis dagrovebis tendencia (cxr. 1). aRniSnulis mizezi savaraudoT orive 
regionisTvis niadagis gansxvavebuli Sedgenilobisa da klimaturi pirobebis 
Sedegia.  

mcenaris zrda-ganviTarebaze moqmedebs niadagis fizikuri da qimiuri 
Tvisebebi. rogorc cxr. 2-is monacemebidan Cans, niadagebi xasiaTdeba Semdegi 
maCveneblebiT: 
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   cxrili 2. sxvitorisa da norios niadagis fizikur-qimiuri analizi  
 

niadagis 
adgilmdebareoba 

pH 
mSrali 
naSTi, % 

moZravi fosfori, 
mg/100g 

humusi, 
% 

saerTo 
azoti, % 

norio 7,97 0,089 7,72 3,16 0,29 
sxvitori 7,81 0,116 20,2 2,78 0,29 

 
 
sxvitoris niadagis pH=7,81, xolo norios _ 7,97. gansxvaveba 0,16 %-ia, 

vlindeba mciredi gadaxra tutianobisaken. mcenare niadagis reaqciis mimarT 
avlens mdgradobas. humusis Semcveloba mcired gansxvavebulia _ sxvitoris 
niadagisaTvis 2,78 %-ia; xolo norios SemTxvevaSi 3,16 %. sxvaoba 0,38 %-s 
Sadgens. moZravi fosfori sxvitoris niadagSi aris 20,2 mg/100g, xolo norios 
niadagSi _ 7,72 mg/100g, anu (12,48 mg/l-iT meti). gamodis, rom sxvitoris nia-
dagSi fosforis Semcveloba 161,6 %-iT metia norios niadagTan SedarebiT 
(12,48·100/7,72). Sedgenilobis mixedviT, orive niadagi xasiaTdeba daaxloebiT 
erTnairi maCveneblebiT. norios niadagSi moZravi fosforis naklebma Semcve-
lobam ar imoqmeda inulinis dagrovebul raodenobaze. es ki miuTiTebs, rom 
bunebriv sakvlev savargulebze mozardi kulmuxos ganStoebuli fesvTa sis-
temis Semwovi zedapiri srulad iyenebs niadagSi misTvis arsebul, aucile-
bel mikro- da makroelementebs, agreTve sxva saWiro sakveb nivTierebebs, 
romlebsac  mcenare STanTqavs niadagidan. mSrali naSTis Semcveloba orive 
niadagSi Zalian mcirea, rac mianiSnebs, niadagebis daumlaSeblobaze.   

kulmuxos fesvTa sistemis mier nivTierebaTa Sewovis unari aisaxeba  
mcenaris vegetaciur da generaciul organoebSi dagrovebul nivTierebaTa 
raodenobriv Semcvelobaze. cxadia, orive regionSi mozardi kulmuxo xasiaT-
deba biologiurad  aqtiur nivTierebaTa dagrovebis erTnairi dinamikiT.  
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SUMMARY 

QUANTITATIVE  DETERMINATION OF INULINE  IN RAW MATERIAL  OF Inula Helenium 

Demetrashvili M.A.  

Georgian Technical University 

To determine  the inuline quantitative data in raw material of  Inula Helenium the two regions with different 

climatic  conditions has been studied: vil. Norio (Gardabani municipality, East Georgia) and  vil. Skhvitori 

(Sachkhere municipality, West Georgia). Quantitative indises of inuline in roots and  rootstocks of Inula 

Helenium were determined by spectrophotometric methods (λ=498) nm by the use of device Fiber  OPTOC 

Speqtrometer CECIL CE 9500. In both regions wild Inula Helenium is characterized  by similar dynamics of 

accumulation of biologically active compounds. 

Keywords: Inula Helenium, roots, rootstock, humidity, inuline, soil. 
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qacvi kvebis mrewvelobaSi 

 

SildelaSvili i.i., RaRoliSvili m.S., buiSvili g.T. 
 

iakob gogebaSvilis saxelobis Telavis saxelmwifo universiteti 
 

xili da maTi gadamuSavebis Sedegad miRebuli produqtebi xasiaTdebian 
maRali kaloriulobiT, vitaminebis, Saqrebis, biologiurad aqtiuri nivTie-
rebebis, organuli mJavebis SemcvelobiT, ris gamoc did rols asruleben 
adamianis racionaluri kvebis saqmeSi, agreTve aqvT samkurnalo mniSvnelo-
bac. maTgan mzaddeba jemi, xilfafa, kompoti, liqiori, muraba da sxva. velu-
ri xilisgan damzadebuli produqtebi arafriT Camouvardebian xil-bostneu-
lis produqts da organizmisaTvis arian metad aucilebeli nivTierebebis 
mimwodebelni [1,4] 

am mxriv didi yuradReba eqceva qacvis kulturas. literaturuli mona-
cemebis mixedviT igi ekuTvnis qacvisebrTa ojaxs (Equisetaaceae), aris dabuC-
quli tipis datotvili mcenare, yvavilobs gazafxulze aprilSi da maisSi, 
xolo simwifis agrovadad miCneulia agvisto, seqtemberi. nayofi mwifdeba 
Tanmimdevrulad, saqarTveloSi aris sakmaod gavrcelebuli mcenare, gavrce-
lebis arealis mixedviT is SeiZleba Segvxvdes rogorc mTis ferdobze, aseve 
barSi, sakvebad gamoiyeneba damwifebuli nayofi. am kulturis ZiriTadi Rir-
seba is aris, rom mis SemadgenlobaSi Sedis vitaminebi gansakuTrebiT sWar-
bobs karotinoidebi, β da α karotini, C, E, B1, B2, B6, P vitamini, Saqrebi, mTrim-
lavi nivTierebebi, flavonoidebi, foliumis mJava, Seicavs makro da mikro 
elementebs, sasargebloa am mcenaris rogorc nayofi, ise foToli da qerqi. 
qacvs gaaCnia antikarcenogenuri, anemiis sawinaaRmdego, antiseptikuri, Trom-
bolituri Tvisebebi. [1]  

naSromi exeba aRmosavleT saqarTveloSi gavrcelebuli qacvis sxvada-
sxva formebis Seswavlas, maTi kvebis mrewvelobaSi gamoyenebis mizniT, ker-
Zod, Cvens mier 2018_2019 wlebSi Seswavlili iqna qacvis kulturis ori 
forma: forma N1 da forma N2, ganvsazRvreT qacvis am formebSi teqnikuri 
maCveneblebi, romlebic mocemulia cxr. 1-Si 
 
   cxrili 1. qacvis nimuSebis teqnikuri maCveneblebi 
 

wlebi saS. wona, gr nayofis xvedriTi wona, gr/sm3 
nayofis zomebi 

h d 
2018 0,51 1,049 10,05 9,04 
2019 0,68 1,308 10,15 9,6 
 
ganvsazRvreT agreTve qacvis nayofis qimiuri Sedgeniloba, romelic 

mocemulia cxr. 2-Si. 
 

cxrili 2.  qacvis nayofis qimiuri Sedgeniloba 
 

qacvis nayofis qimiuri Sedgeniloba % forma N1 forma N2 
sineste 84,2 85,2 

mSrali nivTiereba refraqtometriT 9,60 10,0 
saerTo Saqrebi 6,05 6,0 

saqaroza 0,11 0,10 
titruli mJvianoba (vaSlmJavaze gadaangariSebiT) 1,9 1 

mTrimlavi da mRebavi nivTierebebi mg% 0,20 0,21 
saerTo peqtini 0,6 0,38 

nacari 0,42 0,57 
vitamini C mg% 41 36 

 
movaxdineT agreTve qacvis naturalur wvenSi mikroelementebis Semcve-

lobis gansazRvra, romelic mocemulia cxr. 3-Si. 
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cxrili 3. mikroelementebis Semcvelobis gansazRvra qacvis naturalur wvenSi 
 

mikroelementebis dasaxeleba mg/100 gr 
spilenZi 0,01 
nikeli 0,245 

manganumi 2,2 
molibdeni 0,001 

qromi 0,001 
bariumi 0,08 
vanadiumi 0,039 
kobalti 0,001 

stronciumi 0,048 
titani 0,065 
TuTia 0,024 
rkina 3,0 

 
eqsperimentis Sedegebma daadastures rom aRmosavleT saqarTveloSi 

gavrcelebuli qacvis orive forma gamoirCeva Saqrebis, titruli mJavianobis, 
C vitaminis da mikroelementebis maRali SemcvelobiT, ramac saSualeba 
mogvca SerCeuli formebidan ojaxur pirobebSi dagvemzadebina ori saxis 
produqcia: daqucmacebuli qacvi SaqriT da qacvi sakuTar wvenSi. 

Cvens mier saojaxo pirobebSi damzadda ori saxis produqcia: daqucma-
cebuli qacvi SaqriT da qacvi sakuTar wvenSi. garecxvis da gasufTavebis 
Semdeg nedli Tanabari Seferilobis nayofi movaTavseT cxavSi wylis moci-
lebis mizniT gadavitaneT qvabSi, CavWyliteT da gavacxeleT 65 0C-mde. 1 kg. 
qacvis masaze davumateT 1 kg. Saqari, kargad avurieT da kvlav gavacxeleT 70 
0C-mde, Semdeg davafasoveT winaswar momzadebul 400 gramian minis WurWelSi, 
davaxureT saxuravi da gavukeTeT pasterizacia 10_15 wuTis ganmavlobaSi. 

qacvi sakuTar wvenSi _ gadarCeul da garecxil nayofs vyriT gaster-
ilebul minis qilebSi da vasxavT 60_65 0C-ze gacxelebul wvens, vxufavT da 
vukeTebT pasterizacias 400 gramian qilas 10 wuTis ganmavlobaSi. 

Cvens mier gamzadebulma produqciam Tavisi organoleptikuri, sasaqo-
nlo xarisxis mixedviT daakmayofila moqmedi standartis moTxovnebi. 

aqedan gamomdinare mizanSewonilad migvaCnia qacvis kulturis danergva 
da gaSeneba aRmosavleT saqarTveloSi, sadac niadagobrivi da bunebrivi 
pirobebi iZleva amis saSualebas. 
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SUMMARY 

BUCKTHORN-IN THE FOOD INDUSTRY 

Shildelashvili I.I., Gagolishvili M.Sh. and Buishvili G.T. 

Iakob Gogebashvili Telavi State University  
Buckthorn culture was studied for its use in the food industry. Various forms of buckthorn were selected for the 
experiment generalized in Eastern Georgia, namely, Form N1 and Form N2. From the selected forms, the 
content of total sugar, titratable acidity and vitamin C is distinguished by Form N1, both forms are distinguished 
by high content of trace elements. From the selected forms of buckthorn we made two types of products: 
Shredded buckthorn with sugar and buckthorn in its own juice. These products meet the requirements of the 
current standard according to their organoleptic and commercial qualities. 
Keywords: pasteurization, organoleptic, standard, rational, riddle. 
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qvemo qarTlis regionis muxnari koromebis niadagSi arsebuli sakvebi 

elementebisa da mZime liTonebis analizis Sedegebi 

 

kapanaZe i.g. 

 

 saqarTvelos  teqnikuri universiteti  

ssip erovnuli satyeo saagento 

 

mcenaris normaluri zrda-ganviTarebisTvis, garda naxSirbadis (C), 

wyalbadis (Н) da Jangbadisa (O) saWiroa makro- da mikroelementebi. niadagi 

aris mcenarisaTvis SesaTvisebuli makro- da mikroelementebis ZiriTadi  wya-

ro. makroelementebi: azoti (N), fosfori (P), kaliumi (K), kalciumi (Ca) da 

sxva mcenares didi raodenobiT sWirdeba, xolo mikroelementebi: magniumi 

(Mg). rkina (Fe), spilenZi (Cu), kadmiumi (Cd), tyvia (Pb), TuTia (Zn), molibdeni 

(Mo), bori (B). manganumi (Mn), natriumi (Na) da sxva ki mcire raodenobiT. mce-

narisaTvis mniSvneloba aqvs imas, Tu ra formiT imyofeba niadagSi sakvebi 

nivTierebebi, radgan dadgenilia, rom mcenare SeiTvisebs mxolod gansazRv-

rul formaSi myof sakveb nivTierebebs. agroqimiuri gamokvlevebiT dadgeni-

lia, rom saqarTvelos ZiriTadi tipis niadagebi Zlier gansxvavdebian erT-

maneTisagan ZiriTadi sakvebi elementebis azotis, fosforis da kaliumis saer-

To da moZravi formebis Semcvelobis mixedviT, muxis koromebis niadagebi 

miekuTvnebian yomrali tipis niadagebs. literaturuli wyaroebidan cnobilia, 

rom yomral niadagebs axasiaTebT gadidebuli saerTo kaliumis Semcveloba 1,7 

_ 2,0 %; niadagi Raribia an saSualod aris uzrunvelyofili azotiT; Raribia 

moZravi fosforiT; hidrolizuri azoti 7 _ 10 mg farglebSia; moZravi fosfo-

ri 8 _ 15 mg 100 g niadagSi; rac Seexeba gacvliT kaliums misi raodenoba gadi-

debuli an maRalia – 17 _ 25 mg 100 g niadagSi [1,2] . 

Cven mier gakeTebuli niadagis Wrilebidan calke aRebuli iqna niada-

gis nimuSebi 0 _ 20 sm siRrmidan sakvebi elementebisa da mZime liTonebis Se-

saswavlad. laboratoriuli analizis Sedegad ganisazRvra gacvliTi kaliu-

mis Semcveloba (mg/kg), mZime liTonebidan:  kadmiumis _  Cd (mg/kg), spilenZis 

_  Cu (mg/kg, tyviis _ Pb (mg/kg) Semcveloba. 

agroqimiaSi gamoiyeneba kaliumis saerTo da SesaTvisebeli formebis 

SefasebisaTvis Semdegi  indeqsebi (cxrili 1)     

 
cxrili 1.  niadagebis uzrunvelyofa sakvebi elementebiT, mg/kg 

 

niadagebis gradacia saerTo formebi, % SesaTvisebeli formebi, mg/kg 

kaliumi 

dabali <1 <200 

saSualoi 1_1,5 200_400 

maRali >1,5 >400 

 

 

Cvens mier gamokvleuli niadagis nimuSebSi naTlad Cans, rom kaliumis 

SesaTvisebeli formis (K2O) Semcveloba sakmaod maRalia _ 460,0 _ 641,0 mg/kg-

ze (cxr. 2). 
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cxrili 2. bolnisis regionis muxis tyis koromebis niadagebSi kaliumis Semcveloba 
(mg/kg) 
 
niadagis 
nimuSi # 

regioni sanimuSo far. # siRme, sm. 
K2O SesaTvisebeli forma 

 

1 bolnisi san.f. # 10 (0_20) 460,0 
2 bolnisi san.f. # 19 (0_20) 503,5 
3 bolnisi san.f. # 27 (0_20) 482,6 
4 bolnisi san.f. # 29 (0_20) 626,2 
5 bolnisi san.f. # 13 (0_20) 641,0 
6 bolnisi san.f. # 23 (0_20) 636,40 

 
miRebuli monacemebis  Sedareba kaliumis saerTo (>1,5%) da SesaTvise-

beli formebis Sefasebis gradaciasTan (>400 mg/kg) gviCvenebs, rom kvlevis 
Sedegad miRebuli monacemebi maRalia. SegviZlia vivaraudoT, rom kaliumis 
Semcveloba muxnarebis ganaxlebas xels ar uSlis, piriqiT dadebiTad unda 
moqmedebdes da es ukanaskneli SesaZloa gamowveuli iyos klimatis  cvlile-
bebiT.  

mZime liTonebi prioritetuli damabinZureblebia, romelTa Seswavla 
aucilebelia. Cvens mier niadagebSi mZime liTonebis Semcvelobis Seswalis 
mizani iyo, dagvedgina aris Tu ara niadagi dabinZurebuli da axdens Tu ara 
is gavlenas muxis aRmonacen-mozardze, zogadad muxis ganaxlebaze.  sxvada-
sxva samecniero naSromebis mixedviT, mZime liTonebiT dabinZurebas adgili 
aqvs saavtomobilo magistralebis momijnave niadagebze. bolnisis regionis 
magaliTze vrceli kvlevebia Catarebuli [3,4,5].  

sasicocxlo garemos (biosferos) metalebiT gaWuWyianebis anTro-
pogenur faqtorebs Soris mniSvnelovani roli avtotransports miekuTvneba. 
Sesabamisad aqcenti gadatanilia intensiuri saavtomobilo mimosvlis zolSi 
niadagebis ekogeoqimiur mdgomareobaze. dadgenilia, rom garemos ekosiste-
mebSi tyviis saerTo Semcvelobis naxevarze meti eTilirebuli benzinis wvis 
Sedegad xdeba, anu uSualod aris dakavSirebuli avtotransportis gamo-
nabolqvTan, rasac, bunebrivia, pirvel rigSi, atmosferuli haeris da niada-
gis gaWuWyianeba mosdevs [3]. avtorTa kvleviT [4] saavtomobilo magistra-
lebis momijnaved ganlagebul sasoflo-sameurneo savargulebze niadagebis, 
toqsikuri metalebis Semcveloba saxifaTo zRvars aRwevs da jeradobiT 
aRemateba saerTaSoriso da saqarTvelos normativebiT dawesebul zRvrulad 
dasaSvebi koncentraciebis sidideebs.  

saqarTveloSi miRebulia evrokavSiris qveynebis normirebis gaTva-
liswinebiT mZime liTonebis gradaciebi (cxr. 3). maRalsaSiSi liTonebisTvis 
gamoiyeneba zRvrulad dasaSvebi koncentraciebis (zdk) minimaluri mniSvne-
loba, zomierad saSiSebisTvis _ zdk saSualo, xolo dabalsaSiSi metale-
bisTvis _ zdk maqsimaluri mniSvneloba. 

 
cxr. 3.  mZime liTonebisTvis saqarTvelos niadagebis gradaciebi (mg/kg) 
 

elementi 
niadagebis ekologiuri mdgomareoba 

sagan- 
gaSo 

gansakuT- 
rebuli 

gawonas- 
worebuli 

kriti- 
kuli 

damakmayo- 
filebeli 

dasaSvebi 

maRalsaSiSi mZime liToni 
kadmiumi >3 3-1 1 1 _ 0,5 0,5 _ 0,1 <0,1 

zomieradsaSiSi mZime liTonebi 
spilenZi >140 140 _ 100 100 100 _ 75 75 _ 50 <50 

dabalsaSiSi mZime liTonebi 
tyvia >200 200 _ 150 150 1500 _ 100 100 _ 75 <75 
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cxrili 4. bolnisis regionis muxis tyis koromebis niadagebSi mZime liTonebis 
Semcveloba 
 
niadagis 
nimuSi # 

regioni 
sanimuSo 
far. # 

siRme, sm 
Cu 

spilenZi 
Cd 

kadmiumi 
Pb tyvia 

1 bolnisi san.f. # 10 (0 _ 20) 0,82 0,16 1,23 
2 bolnisi san.f. # 19 (0 _ 20) 0,92 0,45 0,75 
3 bolnisi san.f. # 27 (0 _ 20) 1,05 0,68 0,99 
4 bolnisi san.f. # 29 (0 _ 20) 1,24 0,94 2,17 
5 bolnisi san.f. # 13 (0 _ 20) 0,45 0,50 2,86 
6 bolnisi san.f. # 23 (0 _ 20) 0,89 0,90 2,49 

 
cxr. 4-Si mocemulia bolnisis regionis muxis tyis koromebis niadagebSi 

mZime liTonebis Semcveloba, monacemebidan Cans spilenZis Semcveloba sakvlev 
niadagebSi sakmaod mcirea da meryeobs 0,82 _ 1,24 mg/kg-ze. saqarTvelos niadage-
bisaTvis miRebuli mZime liTonebis gradaciebis normebis mixedviT (cxr. 3) 
spilenZis Semcveloba  dasaSvebi normis farglebSia (<50). kadmiumis Semcve-
loba 0,16 _ 0,94 mg/kg-is farglebSia da rekomendirebuli gradaciebis mixedviT 
dasaSvebi normis farglebSia (<0,1). tyviis Semcvelobac 0,75 _ 2,86 mg/kg-is 
farglebSia da cxrili 3-is mixedviT dasaSvebi normis farglebSia (<75). 

gamokvlevebma gviCvena, rom  Seswavlili niadagebi mZime liTonebiT (Cd, 

Cu, Pb) dabinZurebuli ar aris, maTi Semcveloba ar aRemateba e.w zdk. miRe-
bul Sedegebze dayrdnobiT SeiZleba iTqvas, rom aRniSnul sanimuSo far-
Tobebze aRebul niadagis nimuSebSi mZime liTonebiT dabinZureba ar aris da 
misi Semcveloba normis farglebSia. muxnarebis ganaxlebis aradamakmayo-
filebeli mdgomareoba ar aris gamowveuli niadaguri faqtorebiT da amis 
mizezi SesaZlebelia gamowveuli iyos sxva  faqtorebiT. 
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SUMMARY 

THE RESULTS OF ANALYSIS OF NUTRIENTS AND HEAVY METALS IN THE SOIL  

OF OAK TREE STANDS OF KVEMO KARTLI REGION 

Kapanadze I.G. 

Georgian Technical University 

LELP National Foresty Agency 
In order to identify the reasons for the delay in the natural regeneration of oak tree stands in the Kvemo Kartli 

region, soil samples were taken separately from soil incisions made in the sample plots to study the nutrients and 

heavy metals form a depth of 0-20 cm. Laboratory analysis determined the content of exchange potassium 

(mg/kg), from heavy metals: cadmium – Cd (mg/kg), copper – Cu (mh/kg), lead – Pb (mg/kg). Comparison of 

the obtained data with the gradation of the evaluation of general and forms for assimilation of potassium shows 

that the potassium content does not influence on the renewal of oak tree stands. Also, the copper content is with 

the permissible norm, as well as the lead and cadmium content are within the permissible norm according to the 

recommended gradations. Based on the data obtained, the unsatisfactory condition of the oak tree stands renewal 

is not caused by soil factors.  

Keywords:  soil, oak stand, heavy metals, analysis, sample plots, exposition, endemic. 
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avTvisebian simsivneTa metastazirebis axali inhibitorebis 

Seqmna onkodaavadebaTa damzogi qimioTerapiisaTvis 

 

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

saqarTvelos teqnikuri universitetis biologiurad aqtiur 
nivTierebaTa kvlevis samecniero centri 

saqarTvelo-israelis erToblivi klinika ,,gidmedi” 
kavkasiis saerTaSoriso universiteti 

 
onkologiuri daavadebebiT avadmyofTa umetesoba iRupeba metastazebis-

gan, romlebic iWrebian sasicocxlod mniSvnelovan organoebSi da Znelad 
emorCilebian Terapiis radikalur meTodebs. amitom metastazirebian simsiv-
neebTan brZola aris kibos Tanamedrove qimioTerapiis pirveli rigis amocana 
[1-10]. 

onkodaavadebulTa Terapiis tradiciuli meTodebi, mkurnalobis mud-
mivi srulyofisa da maRali dadebiTi Sedegebis miuxedavad, jer kidev ver 
aRweven sasurvel Sedegebs. aucilebelia axali, dRemde uCveulo midgomebi 
metastazirebis problemebisa da Terapiuli efeqtebis miRebis xerxebisadmi, 
simsivnuri ujredebis kanonzomierad warmoSobili Tvisebebis yvela saxeobis 
gaTvaliswinebiT:  

1. ujreduli zedapiris modifikacia; 
2. simsivnur ujredTa membranebis struqturaTa cvlileba; 
3. zedapiruli adsorbcia; 
4. simsivnur ujredTa Zvradobisa da adheziis unaris momateba; 
5. Sidaujredovani fermentebis (enzimebis) produqciis aqtivacia; 
6. fermentuli reaqciebis mimdinareoba, Sidaujreduli ribosomis 

muSaoba da nukleinmJavebis struqturebis regulacia ganisazRvreba metal-
kompleqswarmomqmnelTa da garemomcvel pirobaTa ioanebis bunebiT; 

7. avTvisebian ujredebSi mniSvnelovnad Semcirebulia lipidebis war-
moqmna, TandaTanobiT kargvadi fosfolipidebis specifikuroba; 

8. simsivnuri ujredebisTvis damaxasiaTebelia atf molekulebis anoma-
lurad didi ricxvi, sawyis normalur ujredebTan SedarebiT; 

9. avTvisebian ujredebSi Secvlili mimocvliTi procesebis mimdina-
reoba da maTSi Semcirebuli JangviTi procesebis intensioba; 

10.  rogorc qimikos-bioaraorganikosebs, Cven aucileblad migvaCnia yu-
radRebis gamaxvileba sisxlis plazmis uCveulo stereoqimiuri Taviseburebis-
Tvis onkoavadmyofebSi, agreTve imaze, rom simsvinuri ujredidan gamoyofil 
iqnas marjvnivmbrunavi D–glutaminmJava. cnobilia, rom erTi da imave niv-
Tierebis optikuri antipodebi fizikur-qimiuri TvisebebiT erTmaneTisagan ga-
nurCevelia, magram mkveTrad gansxvavdebian TavianTi fiziologiuri moqmede-
biT. magaliTad, preparat sarkolizinis marcxnivmbrunavi forma simsivneTa zo-
gierTi tipis Terapiis dros aqtiuria, xolo marjvnivmbrunavi – araaqtiuria. 

biologiuri moqmedebis specifikurobis mizezi mdgomareobs imaSi, rom 
cocxali organizmebi Tavad arian agebuli optikurad aqtiuri, asimetriuli 
masalisgan. amasTan, cocxal organizmebs unari aqvT mudmivad awarmoon asi-
metriuli masalebi, gardaqmnan optikurad araaqtiuri nivTierebebi optikurad 
aqtiurSi. davamatebT, rom rac metia qimiuri naerTis molekulaSi naxSir-
badis asimetriuli atomebi, miT maRalia misi biologiuri aqtiuroba [11]. 

samwuxarod, SevniSnavT, rom sxvadasxva specialobis mecnierTa mier 
mopovebuli mravali saintereso faqti, romelic Tan axlavs onkodaavadebebs, 
dRemde iseve darCa SeumCneveli da gadauwyveteli. 
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avTvisebian simsivneTa metastazirebis procesi, romelic imyofeba xan-
grZlivi meTvalyureobis qveS organizmSi Sedgeba momdevno etapebis rTuli 
jaWvebisgan: 

1) erTeuli simsivnuri ujredebis an maTi jgufebis CamoSoreba pir-
veladi simsivnisgan; 

2) am ujredebis gadatana sisxliT an limfiT wvril sisxlZarRvebSi; 
3) simsivneTa ujredebis fiqsacia organoebSi; 
4) xelsayrel pirobebSi maTi proliferaciis dafiqsireba metastazis 

avtonomiuri zrdiT. 
simsivnuri ujredebis Camocileba warmoadgens uwyvet process. aseTi 

ujredebis plazmur membranebze warmoiqmneba fibrini. jer kidev 1903 w. pir-
velad m. Smidtma aCvena, rom simsivnuri ujredebi miewebeba filtvebis kapi-
larebis endoTeliums da aq maT garsSemoertymeba fibrinis wvrili qseli. 

simsivnuri ujredebis adhezia (mwebvareba) ganpirobebulia fibrinis 
SriT, romelic faravs mis zedapirs. simsivnuri ujredebis adheziaSi uSualo 
monawileobas Rebulobs glikoproteinis ori zedapiri – laminini da fibro-
neqtini. saxeldobr, fibrini ikavebs mTavar adgils simsivneTa metastazirebis 
meqanizmSi. histologiurma gamokvlevebma gviCvena, rom endoTeliumi kargavs 
Tavis normalur struqturas, rodesac simsivnuri ujredi miewebeba (miemag-
reba) mas Trombis saxiT [1,3-10].  

endoTeliumsa da simsivnian ujredebs Soris urTierTdamokidebuleba 
warmoadgens centralur problemas metastazirebis ganviTarebaSi. ujredebi, 
romlebic miemagrebian sisxlZarRvebis endoTeliums, zogjer TviTneburad 
iSleba an mravali wlis ganmavlobaSi rCeba araaqtiuri. ujredTa ukanask-
nels tips uwodeben ,,mTvlemares~. mTvlemare simsiviani ujredebis reaq-
tivaciis mizezia: stresebi, tramvebi, hormonaluri balansis cvlilebebi, kan-
cerogenuri nivTierebis zemoqmedeba da fizikuri agentebi (gamosxivebis sxva-
dasxva saxe). simsivnuri ujredebis mier gamoyofili fermenti hialuronidaza 
(gavrcelebuli faqtori) xels uwyobs maT gamoyofas pirveladi simsivnuri 
kvanZidan da sxva adgilebSi damagrebas. 

janmrTeli ujredebis gardaqmnas simsivnurSi Tan axlavs misi zedapi-
ris struqturis mkafio cvlilebebi. janmrTeli ujredebi warmoqmnian mo-
wesrigebul qsovils Tavisi unaris wyalobiT SeigrZnon mezobeli ujredebis 
arseboba da maTTan mimocvalon informaciebi plazmuri membranebis saSua-
lebiT. 

sialis mJavas (N-acetilneiraminis mJava) gazrdili Semcveloba simsiv-
nuri ujredebis zedapirze iwvevs ara mxolod maTi glikoproteinis Sedgeni-
lobis cvlilebas, aramed xiluli struqturis cvlilebasac [22]. 

 
sialis mJava ( NeuNAc ) 
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avTvisebiani ujredebi Cveulebriv warmoadgenen mdgrad hipoqsiur 
(mTlianad anaerobuli) ujredebs, rogorc qimioTerapiuli preparatebis 
moqmedebis, aseve radiaciis mimarT, magram aris nivTierebaTa jgufi – 
nitroimidazoli, romlebic maTze axdenen citostatikur efeqts. garda amisa, 
rac Zalian mniSvnelovania, es nivTierebebi simsivnur ujredebs aqceven 
radiaciis mimarT mgrZnobiares. simsivnur ujredebSi, albaT, nitrojgufi 

aRdgeba nitroqsil – anionis ( 

2NO ) radikalamde. janmrTel (aerobul) ujre-

debSi es procesi ar mimdinareobs da amitom isini ar ziandebian nitroimida-
zolebiT [16, 17, 21, 22].  

Tavad nitroimidazolis jgufebi SeiZleba daiyos samkurnalo saSua-
lebebis or qvejgufad: IOqvejgufi – 2-nitroimidazolis warmoebulebi, am 
mwkrivis Zveli preparati: 

 

 
mizonidazoli 

 
II qvejgufi – 5–nitroimidazolis warmoebulebi, am mwkrivis sami prepa-

rati 
 

 
 
 
 
 
 
 
 

 
       metronidazoli                       tinidazoli 
 

 
 
 

  
naqsojini  

 
 
mocemuli preparatebi axdenen radiomasensibilizebel moqmedebas avT-

visebian ujredebze da maT uniSnaven avadmyofs sxivuri Terapiis mimarT 
mgrZnobelobis asamaRleblad. unda aRiniSnos, rom 2-nitroimidazolis war-
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moebuli – preparati mizonidazoli, uSualod Tavad axdens simsivnur 
ujredebze citostatikur efeqts [21, 22].  

onkodaavadebaTa Tanamedrove qimioTerapiis era iwyeba 1942 wlidan [15, 
21, 39], rodesac Seudgnen ipritis analog azotis klinikur gamocdas 

 

  
 
romelic axdenda specifikur citotoqsiur zemoqmedebas limfoidur 

qsovilebze da avlenda simsivnissawinaaRmdego aqtiurobas Tagvebis limfo-
sarkomis dros [15].  

Semdgom iqna sinTezirebuli azoturi ipritis rigi warmoebulebi, ro-
melTagan nawilma gamoyeneba hpova farmacevtuli preparatebis saxiT. am jgu-
fis preparatebi, moqmedebis meqanizmis mixedviT, ganixileba rogorc maal-
kirebeli nivTierebebi. Semdgom miRebul iqna sxva qimiuri jgufebis cito-
toqsikuri maalkirebeli nivTierebebi. Semdegi eqvsi aTeuli wlis ganmavlo-
baSi, dRemde, yvela gamovlenili da miRebuli onkopreparatebi CarTulia 
sxvadasxva qimiuri struqturisa da sxvadasxva farmakologiuri (biologiu-
ri) moqmedebis samkurnalo saSualebebSi. yvela isini klasificirebulia Sem-
deg jgufebad [8,15-17,21]: 

1) maalkirebeli nivTierebebi; 
2) antimetaboliti; 
3) sxvadasxva qimiuri jgufis sinTetikuri preparatebi; 
4) fermentebi, gamoyenebuli onkologiur daavadebaTa samkurnalod; 
5) simsivnis sawinaaRmdego antibiotikebi; 
6) mcenareuli warmoSobis alkaloidebi, polifenolebi da sxva nivTie-

rebebi, romlebic gavlenas axdenen citotoqsikur moqmedebaze;  
7) interferonebi da interleikinebi; 
8) hormonaluri preparatebi da maTi antagonistebi. 
TiToeul onkodaavadebuls simsivnuri procesi aqvs individualur-

Taviseburi. onkodaavadebaTa Taviseburebebze damokidebulebiT, misi mimdi-
nareobis, efeqturobisa da gadamtanobis mixedviT simsivnis sawinaaRmdego 
preparatebisTvis SeirCeva maTi gamoyenebis sqemebi, dozebi, kombinaciebi sxva 
preparatebTan da a.S. [39]. qimioTerapiis SerCeva, rogorc wesi, gamoiyeneba 
operaciisa da sxivuri Terapiis Semdeg. mkurnalobis efeqturobis amaRlebis 
mizniT simsivnis sawinaaRmdego preparatebs xSirad iyeneben arsebul saSua-
lebaTa kombinaciebis saxiT – moqmedebis sxvadasxva meqanizmiT [2]. 

simsivnissawinaaRmdego preparatebi iwveven sxvadasxva gverdiT efeqts: 
gulisrevas, pirRebinebas, anoreqsias, diareas da sxva movlenebs, romlebic 
xels uSlian qimioTerapiis Catarebas. onkopreparatebis umetesobisTvis dama-
xasiaTebelia iseTi gverdiTi efeqtebi, rogoric aris hemopoezis daTrgunva, 
romelic Zlierdeba kombinirebuli Terapiis dros. simsivnissawinaaRmdego 
antibiotikebi xasiaTdeba kardiotoqsikurobiT da nefrotoqsikurobiT, xolo 
hormonaluri preparatebi, maTi analogebi da antagonistebi iwvevs hormo-
nalur disbalanss. rigi onkopreparatebis damaxasiaTebeli Taviseburebaa 
maTi imunosupresiuli moqmedeba, romelic asustebs organizmis imunitets da 
aadvilebs infeqciuri garTulebebis ganviTarebas. amitom bolo aTwleulSi 
Seiqmna da moqmedebaSia mravali damxmare samkurnalo saSualeba, romlebic 
xels uwyoben ZiriTadi onkopreparatebis efeqturobas [21].  

simsivneTa mravalsaxeoba, mravali sxvadasxvagvarad moqmedi onkoqi-
miopreparati, moiTxovs praqtikaSi gamoyenebul iqnas bevri eqsperimentuli 
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meTodi da etalonur simsivneTa farTo speqtri. realuri warmatebebis miu-
xedavad, onkologiur daavadebaTa qimioTerapia dRes jer kidev dgas gadauW-
reli problemebis gverdiT: 

1) jer ar aris Seqmnili universaluri samkurnalo preparati kibos 
mravali formis TerapiisTvis; 

2) simsivne mkurnalobis dros iZens mdgradobas konkretuli preparatis 
moqmedebis mimarT; 

3) sisxlis susti cirkulacia simsivnis qsovilSi arTulebs preparatis 
mitanas simsivneSi; 

4) simsivnissawinaaRmdego preparatebis umravlesoba axSobs nebismieri 
qsovilis zrdas, amitom susti specifikurobis gamo, isini mciredefeqturia 
nela mzard simsivneTa SemTxvevaSi; 

5) aseTi preparatebi axdenen damazianebel moqmedebas im janmrTel 
qsovilebzec, romelTaTvis damaxasiaTebelia ujredTa swrafi dayofa, 
magaliTad, Zvlis tvini. 

amis Sedegad warmoiSva axali situacia, rodesac efeqturi simsivnis 
sawinaaRmdego preparatis sinTezisTvis aucilebelia arsebiTad axali 
midgoma maT Sesaqmnelad.  

qimioTerapiis srulyofisaTvis onkodaavadebas unda moeZebnos mkurna-
lobisTvis ufro SerCeviTi meTodebi da aseve Seiqmnas simsivnis sawinaaR-
mdego samkurnalo saSualebaTa axali specifikuri jgufebi. rac meti gve-
codineba faqizi gansxvavebebis Sesaxeb simsivnur da normalur ujredebs 
Soris, miT ufro advilad movaxdenT qimiur naerTTa sinTezis sqemebis 
konstruirebas, romlebsac eqnebaT SerCeviTi moqmedebis unari. 

Cven xelaxla gadavxedeT simsivnur da janmrTel ujredebs Soris 
fizikur da qimiur faqtorebs Soris mTel ganmasxvavebel kompleqs. swored 
es gansxvavebebi warmoadgenen realur samiznes simsivnur ujredebTan mizanmi-
marTuli brZolisTvis. 

metastazebis warmoqmna mWidrod aris dakavSirebuli urTierTdamoki-
debulebasTan simsivnur ujredebsa da sisxlZarRvebis endoTeliums Soris 
fizikur-qimiur doneze. adamianis sxvadasxva simsivnis ujredebi gansxvavdeba 
sawyisi normaluri ujredebisgan Tavisi eleqtruli muxtiT. janmrTeli 
ujredebis normaluri membranuli potenciali Seadgens 90-100 mv, simsivnur 
ujredebSi is mcirdeba 40 mv-mde. avTvisebian ujredTa potencialis aseTi 
Semcireba maT uflebas aZlevs mkveTrad SezRudon ucxo nivTierebaTa SigniT 
SeRweva. es Zlier aZnelebs simsivnissawinaaRmdego saSualebaTa moqmedebas. 
normalur ujredebs unari aqvT daareguliron Tavisi membranuli poten-
ciali [8, 18-20, 27, 30]. 

simsivnis ujredTa avTvisebianobis amaRlebas Tan axlavs maTi uaryo-
fiTi eleqtruli muxtis gadideba. kancerogenuli nivTierebebi xels uwyoben 
ujredTa eleqtronuli muxtis amaRlebas [8]. kancerogenebi SeiZleba ganisaz-
Rvros rogorc nivTierebebi, romlebic xels uwyoben simsivneTa warmoqmnas 
maTi moqmedebis meqanizmisgan damoukideblad. 

zogierT kancerogens unari aqvs gamovides ligandis (maxelatirebeli 
agenti) rolSi da SeakavSiros metalTa ionebi wyalxsnarebSi an arawyal-
xsnarebSi. sxva kancerogenebi, romlebsac ar aqvT unari koordinaciaSi Se-
vidnen metalTa ionebTan, metabolizmis Sedegad gardaiqmnebian tipurligan-
debad. magaliTis saxiT moviyvanoT aromatuli amidis (2-acetil-3-aminof-
luoreni, aaf) qimiuri gardaqmnis sqema N-hidroqsigogirdmJava eTeris (aaf) 
Jangvis Sedegad, romelic warmoadgens saboloo kancerogens da Zlier 
ligands [18]: 
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            2-acetil-3-aminofluoreni (aaf) 

 

 
                                                N – hidroqsi – aaf 

 

 
N – hidroqsi – gogirdmJava eTeri aaf 

saboloo kancerogeni da Zlieri ligandi 
 
 
aucilebelia aRiniSnos, rom avTvisebiani ujredebi konkurencias uwe-

ven normalurs aucilebeli sakvebi produqtebisaTvis, maT ricxvSi metalTa 
ionebisaTvis. simsivnuri ujredebi imarjveben am konkretul brZolaSi 
metalebisaTvis, radgan isini iyeneben ufro Zlier ligandebs, vidre janmr-
Teli ujredebi [25-28]. 

simsivnis sawinaaRmdego preparatebi miekuTvneba tipur ligandebs da 
unari aqvT warmoqmnan kompleqsebi metalTa ionebTan organizmebSi. am 
preparatebidan bevris simsivnissawinaaRmdego aqtivoba izrdeba, Tu maT Seviy-
vanT organizmSi metalebis koordinaciuli naerTebis saxiT.  

moviyvanoTYzogierTi cnobili simsivnissawinaaRmdego preparatis 
struqturuli formulebi [21]: 

 

                                              
 

  hidroqsikarbamidi  (hidrea)            nitrozomeTilSardovana (metinuri) 
        

 
                   deticeni                                  nidrani 
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natulani (fuZe) 

 
 

 
femara 

 
  

rogorc vxedavT, yvela moyvanili formula warmoadgens tipur li-
gandebs, romlebsac koordinaciis unari aqvT metalis ionebTan organizmSi. 

simsivnissawinaaRmdego preparatebs ar aqvT unari warmoqmnan mtkice 
bmebi metalTa ionebTan da metabolurad gardaiqmnebian organizmSi 
naerTebad, romlebsac eqnebaT ligandebisaTvis damaxasiaTebeli Tvisebebi. 

SeiZleba, agreTve SeTavazeba imisa, rom potenciurad simsivnis-
sawinaaRmdego preparatebi SeiZleba moiZebnos ligandebs Sorisac, romlebic 
warmoqmnian sakmaod mtkice bmebs metalTa mcired daJangul ionebTan. 

aRsaniSnavia, rom martelas koncefciiT metalis kancerogenoba dakav-
Sirebulia mis eleqtrodadebiT xarisxTan [12], e.i. cneba ,,metalis kancero-
genoba~ miekuTvneba ara elements rogorc aseTs, aramed mis garkveul 
fizikur-qimiur mdgomareobas (ion-kompleqswarmomqmnelis Jangvis xarisxs).  

eleqtrodadebiT metalTa ionebi warmoqmnian labilur kompleqsebs, 
romlebic meti nawiliT ar arian kancerogenebi. metalTa ionebi dabali 
eleqtrodadebiTobiT warmoqmnian bmebs bioligandTa donorul jgufebTan da 
unari aqvT ganicadon mxolod mcire xarisxiT mimocvliTi reaqciebi sxva 
ligandebTan, romlebic imyofebian biologiur sistemebSi, rac ganapirobebs 
am kationTa kancerogenur moqmedebas. 

amitom maxelatirebeli agentebis gamoyeneba samkurnalo preparatebSi 
gamarTlebulia da perspeqtiuli. garda amisa, kompleqsnaerTebis damateba, 
onkologiur daavadebaTa Terapiis dros, amaRlebs simsivnissawinaaRmdego 
qimiopreparatebis moqmedebis efeqts. 

zemoaRniSnulidan gamomdinare, SeiZleba gakeTdes Zalian mniSvne-
lovani daskvna, rom simsivnissawinaaRmdego preparatebis aqtivoba dakavSi-
rebulia maT ligandur TvisebebTan an unarTan gardaiqmnas organizmSi 
efeqtur ligandebad.  

nukleinmJavaTa sinTezis inhibitorTa jgufs miekuTvneba fosfonatebi. 
magaliTad, fosfonoZmarmJavas unari aqvs moaxdinos virusTa dnm – polimera-
zis inhibireba. 
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ukanasknel aTwleulSi msoflioSi SemoTavazebulia difosfonatebis 

mwkrivi farmacevtuli preparatebis saxiT _ zogierTi saxeobis simsivneTa 
ZvlebSi metastazirebis riskiT. membranebis ganWolvis regulirebiT, difos-
fonatebi xels uwyoben simsivnissawinaaRmdego preparatebis transportirebas 
ujredebSi. 

gTavazobT difosfonatebis qimiuri sinTezis saerTo sqemas: 

 
 
gansakuTrebul interess, Cveni azriT, warmoadgens aminoeTilfosfonis 

mJava aef(ciliatini), ramdenadac igi gvxvdeba biologiur organizmebSi: 

. 
 
aminoeTilfosfonis mJava – TeTri kristaluri nivTierebaa, kargad 

ixsneba wyalSi da mcired – organul gamxsnelebSi. Zalian mdgradi qimiuri 
nivTierebaa, romelzec ar moqmedebs xisti hidrolituri pirobebi, magaliTad, 

uZlebs 8 saaTis ganmavlobaSi gaxurebas 120ºC garemoSi NaOHN5  an 48 saaTi 

150ºC dros garemoSi HClN8  [13, 14]. aef  napovnia iaponiis zRvis anemoniebSi da 

zogierT moluskebSi. Tetrahymena 15% organizmSi fosfori sul aris aef-is 
saxiT.  

aef qimiuri sinTezi xorcieldeba ori stadiis saxiT: 
 

      I.  OHC 52                                                    OHC 52                        O  

          OHC 52                 СCNClCHP
150

2
itriliqloraceton                

P                         
qloreTili

ClHC 52  ; 

    fititrieTilfos

OHC 52

                                                
OHC 52                           CNCH2  

                                                                                                                        dieTilcianomeTil 
                                                                fosfonati 

 

   II. OHC 52                                O                            HO                         O  

                                   P                        
 

aRdgena

NiH /
                           

P                               . 

       OHC 52                             CNCH2                       HO                              222 NHCHCH   
                                                                                                        aminoeTilfosfonis mJava  
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aminoeTilfosfonis mJavas bazaze Cvens mier SemuSavebulia perspeqtiu-
li transportis maxelatirebeli agentebis sinTezis meTodikebi. 

bunebaSi sxva iSviaTad Semxvedri fosfonatebi, romelTa warmoebu-
lebis sinTezi warmoadgens CvenTvis praqtikul interess, aris: 

 

 
2-meTil-aminoeTilfosfonis mJava 

 

 
3-amino-2-fosfonopropionis mJava 

 
antibiotiki fosfonomicini 

(-)–cis-epoqsi-1,2-propilfosfonmJava 
 

1964 wlidan, rozenbergis mier [26] zogierTi simsivnis mimarT platinis 
martivi kompleqsebis efeqturobis aRmoCenis Semdeg, daiwyo mizanmimarTuli 
kvlevebi metalTa koordinaciuli naerTebis sinTezisa da praqtikuli 
gamoyenebis mimarTulebiT. efeqturi aRmoCnda orvalentiani platinis koor-
dinaciuli naerTebi, romelTa fiziologiuri momedeba damokidebulia maT 
aRnagobaze: aqtiuri aRmoCnda mxolod cis-izomerebi, xolo trans-izomerebs 
simsivnissawinaaRmdego moqmedeba ar aRmoaCndaT. 

Semdgom aRmoCenili iqna nikelis, paladiumis, rodiumis, iridiumis 
kompleqsebi msgavsi bioaqtiuri efeqtebiT [16, 17, 29, 40].  

aucilebelia xazgasmiT aRiniSnos, rom kompleqsuri naerTebis stereo-
qimiuri Taviseburebani mniSvnelovnad damokidebulia centraluri atom-
kompleqswarmomqmnelis sakoordinacio ricxvze [28, 31, 60]. 

garda amisa, aRsaniSnavia, rom Cvens mier ukanasknel periodSi miRebuli 
iqna spilenZisa (II) da TuTiis koordinaciuli naerTebi antimikozebTan da 
antiprotozoinebTan – samkurnalo preparatebTan. am kompleqsnaerTebis medi-
ko-biologiuri kvlevebis Sedegad dadgenil iqna, rom ganwesiT zemoaRniS-
nuli naerTebis antiprotozouli da antibaqterialuri aqtiurobis zrdasTan 
erTad, SeimCneoda agreTve sruliad axali citotoqsikuri aqtiurobis 
gavlena avTvisebiani ujredebis mimarT, romelic aradamaxasiaTebelia Tavad 
ligandebisaTvis [48-52]. 

zemoTqmulTan dakavSirebiT saintereso iyo brZola metastazirebasTan 
kompleqsurad, simsivnur da homologiur normalur ujredebs Soris eleqt-
ronul potencialebSi gansxvavebis gamoyenebiT. 2009_2010 ww. zRurblze 
CvenSi gaCnda idea, avTvisebiani ujredebis uaryofiTi eleqtronuli poten-
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cialis gaTvaliswinebiT, gamogveyenebina uaryofiTi mravalmuxtiani grZel-
jaWviani organuli ionebi simsivnuri ujredebi konkurent-blokatoris saxiT. 
amasTan, varaudobdiT Cagvetarebina sinTezi da makromolekulis SigniT 
agveSenebina heparinis molekulis fragmentebi. 

 

 ; 

. 
es saSualebas mogvcemda gagveZlierebina simsivnur ujredTa mowyva-

doba (susti adgili, nakli) fibrinilitikuri moqmedebis xarjze, rac 
SeewinaaRmdegeboda metastazirebad ujredebis adgezias endoTeliumze. garda 
amisa, msgavsi makromolekuluri polianionebi Tavad arian simsivnuri ujre-
debis konkurentebi metalTa kationebze da iZulebuls xdian maT ganicadon 
SimSili sakveb produqtebze.  

simsivneTa metastazirebis sinTezuri inhibitorebis axali klasis Seqm-
nas, romelsac safuZvlad udevs profesorebis i. nadiraZisa da n. CigogiZis 
aRmoCena (mecnier-konsultanti, profesori T. wivwivaZe), Seerwya simsivnuri 
ujredebis konkurentuli SimSilis principi mravaldonian (mravaliarusian) 
qimioTerapiis princips, rac iTvaliswinebda citolituri meqanizmebis gaS-
vebas maT lokalizaciebTan SerCeviT simsivnur ujredebSi [52-55]. 

sinTezuri naerTebis am klasma miiRo saxelwodeba mravalmuxtiani 
anionaqtiur simsivneTa metastazirebis (maim-i) inhibitori [57, 58].   

,,mravalmuxtiani~-s terminis qveS igulisxmeba makromolekulaSi ramde-

nime funqcionaluri jgufis _ 233 )(,,, OHPOHSOHOSOCOOH   da sxvisi 

arseboba, romlebsac unari aqvT warmoqmnan Zliertute metalebis ceziumi>-
rubidiumi>kaliumi organuli marilebi. ,,maim”-is molekulebis hidrofiloba 
gapirobebulia mocemuli funqcionaluri jgufebis arsebobiT. biologiur 
garemoebSi (siTxeebSi) am nivTierebebs unari aqvT disocirebis grZeljaWviani 

organuli anionebis, agreTve ceziumisa 
Cs  da rubidiumis Rb , warmoqmniT. 

,,maim~-es SeuZliaT erTdroulad urTierTqmedeba lipofilur da hidro-
filur ujredTa struqturebTan, rac gansazRvravs maT biologiur aqtiu-
robas da Rirebulebas. 

ixsneba farTo SesaZlebloba mravalricxovan anionaqtiur makromoleku-
lebis sinTezSi, agreTve Terapevtuli Tvisebebis mravalsaxeoba, romelTa 
varireba SeiZleba sivrciTi aRnagobis makromolekulebis hidrofobur ubanze 
da kombinaciebiT funqcionaluri jgufebisa misi hidrofiluri nawilis mTel 
sigrZeze [23, 24].  

mizanmimarTuli sinTezis gziT maim-ebs SeiZleba mieces antiagregan-
tuli, antikoagulaciuri an fibrinolitikuri Tvisebebi imisaTvis, rom Seewi-
naaRmdegos simsivnuri ujredebis adgezias. endoTeliumis simsivnuri ujre-
debis adgezias aseve ewinaaRmdegeba esa Tu is erTnairi uaryofiTi muxti. 

Zliertute metalebi ceziumi da rubidiumi arian sinergistebi, e.i. 
aZliereben urTierTqmedebas. amave dros, ceziumi da rubidiumi [37] Sedian 
kaliumis qvejgufSi, arian misi analogebi. es saSualebas aZlevs maT, sxva 
elementebisgan gansxvavebiT, SeiWran simsivnur ujredebSi. 
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,,maim~-is sinTezireba SeiZleba rogorc ceziumisa da rubidiumis mono-
marilebis, aseve bibirTvuli kompleqsuri molekulebis saxiT, romelTa 
struqturebSi erTdroulad Sedian ceziumisa da rubidiumis atomebi gansaz-
Rvruli TanafardobiT. preparatebi kargad ixsneba wyalSi, rac uzrun-
velyofs samkurnalo saSualebaTa maRal xelmisawvdomobas organizmis bio-
logiur garemoSi.  

rogorc cnobilia, wylis molekulebi erTmaneTTan SekavSirebulia 
wyalbaduri bmebiT da nivTierebebi ixsneba wyalSi maTi unaris wyalobiT – 
gawyvitos es bmebi da warmoqmnas axali bmebi wylis molekulebTan. amfifi-
luri molekulebi wyalSi imyofeba dinamikuri wonasworobis mdgomareobaSi, 
radgan maTi hidrofoburi ubani uwyvetad gamoidevneba wylis molekulebiT, 
romlebic miiswrafvian SeuerTdnen erTmaneTs. wylis es Tvisebebi safuZvlad 
udevs araspecifikur adsorbcias, ramdenadac amfifiluri nivTierebebi 
ikaveben nebismier maTTvis misawvdom zedapirs, damoukideblad misi qimiuri 
bunebisa [45, 46].   

samkurnalo preparatebis moqmedebisas ufro mniSvnelovan rols asru-
lebs specifikuri adsorbcia. igi damaxasiaTebelia hidrofiluri nivTiere-
bebisTvis, romlebic miiswrafvian gamovidnen wylidan da ganTavsdnen zeda-
pirze, aqvT ra komplementaluri xasiaTi. kompleqsnaerTebis martiv maga-
liTad, SeiZleba gamodges anionis mizidva dadebiTad damuxtuli zedapiris 
ubnis mier, xolo kationisa – uaryofiTad damuxtuli. aseT SemTxvevaSi ioni 
iqneba Zlier adsorbirebuli, vidre araionizirebuli molekula.  

Sidagaremos fizikur-qimiur pirobebSi ujredTa Zvrebi axdenen arsebiT 
gavlenas maT Semdgom gadagvarebas simsivneSi. 

normaluri janmrTeli ujredisTvis optimalurad iTvleba 35,7pH  

mniSvneloba. normaSi pH gareujredovani siTxisa Zevs aseve 7,36-7,44 zRvrebSi. 

pH -is mudmivoba SenarCunebulia organizmis buferuli sistemebiT [19,30]. 

gamonakliss Seadgens pH -is mniSvneloba ujredis SigniT mikrosamyaros 

kuWis jirkvali – 1,7-2.0; winamdebare jirkvali – 4,5; osteoblastebSi – 8,5-mde 
[18-20].  

simsivnuri ujredebisTvis damaxasiaTebelia ufro mJava garemo pH -is 

mniSvnelobis TandaTnobiT SemcirebiT 7,2-dan 6,5-mde. ufro bolo stadiebze 

onkodaavadebebi, simsivnuri ujredebis avTvisebianobis gazrdiT maTi pH  

SeiZleba Semcirdes 5,7-6,0-mde. winamdebare jirkvalis ujredSida siTxis pH -

is dabali mniSvneloba (4,5) gvafiqrebinebs SesaZlo mizezze, Tu rogor xdeba 
mocemuli ujredebis SedarebiT advili da xSiri gadagvareba simsivnurSi.  

kvebis ganwesiT, romelic aucilebelia ujreduli struqturebis 
asagebad da gasazrdelad, ujredSi mudmivad xdeba mimocvlis iseTi procesi, 
rogoricaa sunTqva, romlis Sedegad ujredi Rebulobs misTvis aucilebel 
energias [32, 33]. 

ujredebis sunTqva dakavSirebulia haeris Tavisufali Jangbadis gamo-
yenebasTan (sunTqvis aseT tips ewodeba aerobuli). sunTqvis procesi saSua-
lebas aZlevs ujredebs moipovon aucilebeli energia glukozis gaxleCis 
xarjze – martiv naerTebamde – wyali da naxSirorJangi [18, 20, 30, 32, 33]. 

erTi gram-molekulis (180g glukoza) 
6126 OHC  aerobuli Jangva SeiZ-

leba warmodgenili iqnes gantolebiT: 
 

674666 2226126   OHCOOOHC kkal. 

 
rogorc gantolebidan Cans, 1g – moli glukozis aerobuli gaxleCisas 

gamoiyofa didi raodenobis siTburi energia – 674 kkal. 
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janmrTeli ujredi Jangbadis moTxovnis SemcirebiT erTi mesamediT 
iwvevs normaluri ujredis gadagvarebas simsivnurSi. Tavisi sicocxlis 
uzrunvelyofisTvis, Jangbadis ukmarisobis pirobebSi, ujredi iZulebulia 
gadavides nivTierebis gaxleCaze anaerobul pirobebSi. normaluri ujredi 
ubrundeba evoluciur, ufro primitiul kvebis, zrdisa da gamravlebis for-
mebs rTuli Sidamolekuluri qimiuri gardaqmnebis xarjze. es ukanaskneli 
xorcieldeba fermentebis specifikuri sistemiT. gadagvarebuli (simsivnuri) 
ujredebi xdeba anaerobuli (hipoqsiuri). 

naxSirwylebis fermentaciuli gaxleCa anaerobul pirobebSi aris 
duRilis procesi. duRilis procesSi warmoiqmneba ara mxolod wyali da 
naxSirorJangi, aramed rigi ufro rTuli nivTierebebi: rZis, erbos, propionis 
da sxva mJavebi. 

glukozis fermentacia Jangbadis ararsebobisas iwvevs rZisa da sxva 
mJavebis warmoqmnas. 

magaliTebi msgavsi qimiuri gardaqmnebisas: 
 

52322 3
|

36126 
ZmarmJavaglukoza

mJava rZis

COOHCHCOOHCHCHOHC
OH

kkal 

15222 222236126   HCOCOOHCHCHCHOHC
erbomJava

kkal  

    
rogorc Cans, gamoTavisuflebuli energiis raodenoba sunTqvis anaero-

bul procesSi bevrad naklebia, vidre aerobuli sunTqvis dros. swored, es 
garemoeba iwvevs imas, rom simsivnuri ujredebi Tavisi sicocxlisunarianobis 
uzrunvelyofisaTvis iZulebulia moixmaros glukoza da kaliumis ionebi 

didi raodenobiT. am dros gamomuSavebuli rZis mJava amcirebs pH -is mniSv-

nelobas simsivnuri ujredis SigniT mJavur mxares da erTdroulad axdens 
damazianebel efeqts memkvidreobiT aparatze. iSleba nukleinmJavebis unari 
kontroli gauwion ujredovan dayofas da simsivnuri ujredebi Rebuloben 
ukontrolo gamravlebis SesaZleblobas. garda amisa, rZemJava iwvevs Zlier 
adgilobriv tkivils, agreTve Slis ujredovan fermentebs, romlebic 
aucilebelia normaluri oqsigenaciis procesisaTvis.  

qimiuri gardaqmnebis magaliTebi rZis mJavas monawileobiT: 
 

OHCOCOOHCHCHCHCOOHCHCOOHCHCH
OH

222233
|

3  

erbomJavaZmarmJavamJava rZis

; 

OHCOCOOHCHCOOHCHCHCOOHCHCH
OH

22323
|

3 23  

ZmarmJavavapropionmJamJava rZis

. 

 
bioqimiuri gardaqmnebis Sedegad warmoqmnili erbomJava, propionmJava, 

ZmarmJava da sxva mJavebi, agreTve xels uwyoben daJangon onkoujredebisa da 
metastazebis Sigaujreduli garemo. 

Cvens mier SemoTavazebuli ,,maim~-i avTvisebiani ujredebis mimarT 
xasiaTdeba ormimarTulebiani miznobrivi zemoqmedebiT: 

a) blokireba fibrinSi gaxveuli damcavi fenisgan, romelic mowydeba 
blastomuri ujredis pirveladi simsivnuri keridan; 

b) transporti da mitana ,,gaSiSvlebuli~ simsivnuri ujredis SigniT, 

romelic gatutianebulia 
Cs  da Rb  kationebiT, rac iwvevs am ujredTa 
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srul ganadgurebas. sayuradReboa is, rom janmrTeli ujredebi upiratesobas 

aZleven kationebis K  STanTqmas.  
,,maim~-ebis aseTi SerCeviTi moqmedeba SesamCnevad gansxvavdeba 

gamoyenebuli tradiciuli qimiopreparatebisgan.  
perspeqtiuli samkurnalo preparatebis Zieba da Seqmna axali qimiuri 

naerTebis bazaze warmoadgens Zalian xangrZliv da ZviradRirebul process, 
romelic moiTxovs Seupovar Sromas da specialistTa erTobliv Zalisxmevas. 

simsivneTa metastazirebis axali inhibitorebis klasis pirveli warmo-
madgeneli aris Cven mier sinTezirebuli preparati amficezini [56]. kationebis 

Cs  da Rb  daniSnulebis adgilze misatan saSualebad gamoyenebulia 2-ami-
no-3-hidroqsipropionmJava (hidroqsiaminomJava serini), romelsac aqvs opti-
kuri izomerebi: 

 

 
 

 
movitanoT serinis qimiuri sinTezis sqema glikolis aldehididan: 
 

 
 
sadReisod serinis miReba xdeba didi raodenobiT ufro xelmisawvdomi 

da ekonomikuri bioteqnologiuri xerxiT.      
      preparat amficezinis qimiuri sinTezis sqema [56]. 
1) 

;  
2) 

   ; 
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; 
   

4) OHCOORb

NH

CH

OH

CHCOOH

NH

CH

OH

CHRbOH t

222
|

2

||

2

|


amficezini
pionmJava      

-ohidroqsipr-3-amino-2

hidroqsidi
rubidiumis

. 

 
preparat amficezinis farmacevtuli kompozicia Seicavs 70% serinatis 

ceziums + 30% serinatis rubidiums. amficezinis miReba SeiZleba Sinaganad 
(per os) tabletebis saxiT da wyalxsnarebiT. dauSvebelia SidakunTovani da 
intravenuri (Sigavenuri) Seyvana amficezinisa. ar aris toqsikuri preparati, 
kargad itans adamianis organizmi.  

Tumca, mkacrad rom iTqvas, serini ar iTvleba grZeljaWvian makromo-
lekulad, magram Tavad ,,maim~-is koncefciis Semowmebis mizniT Cveni arCevani 
masze SeCerda. amas xeli Seuwyo rigma mosazrebebma kvlevis pirvel etapze: 

1) serinis narCenebi monawileoben rigi mniSvnelovani fermentebis 
aqtiuri centrebis warmoqmnaSi: tripsini, qimotripsini, trombini, xolineste-
razi, RviZlis karboqsilesterazi da sxv., romlebic uzrunvelyofen maT 
funqcias; 

2) serinis narCenebis hidroqsiluri jgufi advilad warmoqmnis wyalba-
dur bmebs, romlebic aucilebelia fermentTa makrostruqturebis katalizu-
ri aqtivobis SesanarCuneblad; 

3) serinidan SeiZleba advilad miviRoT fosforilserini, romelic 

Seicavs fosfors, SekavSirebuls kovalentur OP   bmasTan; 
 
 

 
4) serini uzrunvelyofs organizmis imunuri sistemis gaZlierebas, mo-

nawileobs antisxeulis gamomuSavebaSi, agreTve stimuls aZlevs  -interfe-

ronis limfocitebis warmoqmnas; 
5) serins SeuZlia Seasrulos maxelatirebeli agentis roli; 
6) monawileobs signalebis ujredSoris gadacemis meqanizmebSi; 
7) serini – mniSvnelovani aminomJavaa ujreduli energiis gamosamuSaveb-

lad; 
8) serini monawileobas Rebulobs ujreduli membranis warmoqmnaSi. 
amficezinis Semdgomma mediko-biologiurma gamocdam sxvadasxva koncent-

raciebSi 460 pD  ujreduli xazis fibroblastebis atipur kulturaSi gviC-

vena, rom Cvenma arCevanma gaamarTla maRali SedegebiT. amficezini, rogorc 
,,maim~-is martivi modeli, Zalian dadebiTad warmoaCina Tavisi Tvisebebi in vitro 

kvlevebSi, romelic Catarda 2018 wlis zafxulSi virusuli Terapiis latviis 
saerTaSoriso centrSi (q. riga). amficezinis gamocdis Sedegebma gviCvena, rom 
simsivnur ujredebze misi citolitikuri aqtivoba damokidebulia gamoyenebul 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #2, 2020  

 

132 

dozaze da kontaqtis droze avTvisebian ujredebTan. atipuri ujredebis 
zrdis inhibiciis maqsimaluri efeqti (93,5 %) SeimCneoda kontrolTan 
SedarebiT (janmrTeli ujredebi) kultivaciis drois ganmavlobaSi 96 sT 
0,237 % koncentraciis dros. 

amJamad Cvens mier damTavrebulia muSaoba ,,maim~-is meore Taobaze. 
Cs da Rb -is Zliertute kationebis axali gadamtanebis saxiT SemoTavaze-

bulia azotSemcveli nivTierebebis Zalian perspeqtiuli klasi – amidinebi, 
romlebic avlenen maRal mravalfunqciur biologiur aqtivobas. 

moviyvanT amidinebis qimiuri sinTezis orsafexurian sqemas: 
1) imidoqloridebis mJavaTa miReba 
 

NH

Cl

CRHClNCR 
|

; 

2) amidinebis miReba 
 

ClNHNH

NH

CRNHNH

Cl

CR
43

|

2

2
|

 . 

,,maim~-is meore TaobaSi gamoviyenebT Trombinisa da antiagregantis 
fermentTa inhibitorebs, romlebic Seicaven Tavisufal bolo amidinis daj-

gufebas.  

kationebis 
Cs  da Rb -is gadamtanTa konkretuli magaliTebi me-2 Tao-

bis ,,maim~-i. 
I. Trombinis fermentTa inhibitorebi: 
 

 
4 – amidinofenilpiroyurZnismJava 

 
 
II. sinTezuri antiagreganti: 

 
lamifibani 
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III. 2-amino-4-(meTilfosfino) – erbomJava 
 

 
am bolo nivTierebam mosalodnelia gamoavlinos antibaqteriuli aqti-

voba. 
warmovadgenT ra amidinebs, vTvliT aucileblad giCvenoT uZlieresi 

antimikrobuli preparati pentamidini, romelic gamoiyeneba afrikuli tripa-
nosomozis, leiSmaniozis, babeziozis profilaqtikisa da pnevmoniis samkurna-
lod.  

 

 
pentamidini 

 
 
naSromis daskvniT nawilSi ganvixilavT ,,maim~-is arsebiT upiratesobas 

sxva simsivnissawinaaRmdego preparatebis mimarT: 
1) arCeviTobisa da specifikurobis amaRleba avTvisebiani ujredebis 

axali inhibitorebis moqmedebaSi; 
2) mocemuli qimiopreparatebis toqsikurobis Semcireba; 
3) maTi gamoyenebis SesaZlebloba mcire koncentraciebiT profilaq-

tikuri mizniT xangrZlivi droiT; 
4) kargi SeTavsebadoba sxva simsivnissawinaaRmdego samkurnalo saSua-

lebebTan da Terapiis meTodebTan; 
5) praqtikulad SeuzRudavi SesaZlebloba maT modifikaciebsa da 

qimiur sinTezSi; 
6) xelmisawvdomoba mosaxleobis farTo masebisaTvis.  
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58. nadiraZe irakli, CigogiZe nodar. avTvisebian simsivneTa operaciisSemdgomi metas-
tazirebis principulad axali inhibitori. //ojaxis mkurnali #1, 2019, gv. 8-12. 
59. saqpatenti. deponirebis damadasturebeli mowmoba 6811, 19.12.2016. nadiraZe irakli, 
CigogiZe nodar. samecniero statia: Отрицательные многозарядные длинноцепочечные орга-

нические ионы в качестве ингибиторов метастазирования при терапии онкозаболеваний. 
60. wivwivaZe Tengiz, maCxoSvili revaz, CigogiZe nodar, kldiaSvili revaz, sxilaZe 
revaz, sulaqveliZe gia. mcenareul alkaloidebTan kibossawinaaRmdego biokoordina-
ciuli nearTebis sinTezi, aRnagoba da Tvisebebi. //saqarTvelos mecnierebaTa 
erovnuli akademiis macne, qimiis seria, 2012, t. 38, #4, gv. 317-324. 
 

SUMMARY 

TO CREATE OF NEW INHIBITORS OF CANCER CHEMOTHERAPY-SAVING  

MALIGNANT TUMORS METASTASIS 

Chigogidze N.Sh., Nadiradze I.Sh., Tsivtsivadze V.P., Chigogidze E.N. and Tsivtsivadze T.I. 

Biologically Active Substances Scientific Center of GeorgianTechnical University 

Georgia-Israel Joint Clinic „Gidmed“ 

Caucasus International University 

The evidence is determined not by quantity but by weight. The article describes the problems of combating the 

metastasis of malignant tumors which in themselves are very active and timely. Issues of sequences of malignant 

tumors metastasis processes in the body are presented. There is also shown the role of fibrin in the mechanism of 

tumors metastasis. The whole complex of differences between normal and tumor cells is reanalyzed. Particular 

attention is paid to various physical-chemical factors between tumor and healthy cells. The history of the 

introduction of modern anti-cancer chemotherapy is discussed (from 1942). Modern classification of anti-tumor 

drugs of different chemical structure and pharmacological action is suggested. Own data on a substantially new 

approach to create specific metastasis inhibitors for saving oncology chemotherapy is presented. A new class of 

synthetic multicharge anionactive tumors metastasis (maim) has been discovered. Their multifunctional action 

on the tumor cell is discussed. A patent has been got for the first drug of given class-Amphicezine that does not 

damage the normal healthy cells of the body.  The research works of the second generation on maim has been 

completed. Where the inhibitors of thrombin and antiaggregant enzymes are transmitters of cesium and rubidium 

strong alkaline cations. They contain free marginal amide groups. The connection between active oncodrugs and 

their ligand features has been shown or the connection between effective ligands in the body that have the ability 

to transform.   The concept is discussed “Carcinogenicity of metal-complex generator”, also the role of some 

complexes in regulation of cell membrane penetration in cancer patients. There are presented the synthesis 

scheme made by the authors and the synthesis scheme of metastasis inhibitors there. As a result of medical 

biological researches, completely new cytotoxic activity of copper and zinc complex compounds is identified 5-

with nitroimidazolederivative that is determined by the coordination number of the central metal-complex 

generator, which in turn, determines the stereochemical properties of complex configurations. 

Keywords: cancer, chemotherapy, malignant tumor, amphicezine. 
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saqarTveloSi adaptirebuli evropuli jiSis Txebis zrda-ganviTarebis 

da laqtaciis monacemebis Seswavla 

 

JRenti T.g., RliRvaSvili v.a. 
 

saqarTvelos teqnikuri universiteti 
 
Sinauri Txebi erT-erTi uZvelesi Sinauri cxovelebia, romlebic ada-

mianma pirvelad moiSinaura. meTxeoba iZleva ara marto adamianisaTvis metad 
saWiro da sasargeblo sakveb produqtebs (xorcs, rZes, qons), aramed mrew-
velobisaTvis iseT Zvirfas nedleuls, rogoricaa: TivTiki, matyli da tyavi.  

Txis rZe iTvleba saukeTeso sakvebad bavSvebisa da avadmyofi adamiane-
bisaTvis. masSi didi raodenobiT Sedis albumini, kazeini, mineraluri mari-
lebi, fosfori, kobalti, vitaminebi _ A, B, D. igi yvelaze axlosaa dedis 
rZesTan.  

Txis rZeze arankleb sasargeblo da gamorCeuli produqtia Txis 
xorci, is Seicavs 20% proteins da mcire raodenobiT cxims. Txis xorcSi 
qolesterinis dabali raodenoba mas dieturi xorcis statuss aniWebs.  

msoflioSi merZeuli mimarTulebis erT-erT yvelaze maRalproduq-
tiul jiSebad iTvleba zaanenis da alpuri jiSis Txebi. orive jiSi gamoy-
vanilia evropis alpebSi. zaanenis jiSi pirvelive laqtaciisas gvaZlevs 
3,5_4,0 litr rZes dRe-RameSi, maqsimaluri _ 8,0 litri, xolo wliuri _ 3000 
litri. alpuri jiSis wliuri monawveli aris 1200_1600 litri.  

Cveni kvlevis mizani iyo dagvedgina, ramdenad rentabeluria am jiSebis 
moSeneba saqarTveloSi, rogor gadian adaptacias, rogoria namati suladobis 
zrda-ganviTareba, rogor TanafardobaSia aq adaptirebuli jiSebisagan 
miRebuli produqtiuli maCvenebeli standartulTan. 

 vikvlevdiT or fermaSi arsebul 100 Txas, qalaq rusTavis Semogarensa 
da mcxeTis municipalitetis sofel galavanSi. 

cdaSi gamoyenebuli iyo 10 ZiriTadi ganazomis da sakontrolo wvelis 
cdis meTodebi. zrda-ganviTarebis monacemebs viTvlidiT dabadebidan da 
Semdgom yovel or TveSi, 8 Tvemde. miRebul Sedegebs vadarebdiT dedebis da 
jiSis standartul monacemebTan.  

cxr. 1-Si mocemulia zaanenis dedis, maTgan miRebuli namati suladobis 
da jiSis standartuli ganazomebis monacemebi. mozardebis zrda-ganviTarebis 
koeficientis da cocxali masis zrdis dinamikis Seswavlam gviCvena, rom 
dabadebidan 4 Tvemde mimdinareobs intensiuri zrda, xolo 8 Tvemde zrdis 
koeficienti Semcirebulia. aseTi araTanabari zrdis tempi nawilobriv ganpi-
robebulia cxovelTa postembrionuli ganviTarebis saerTo kanonzomierebiT, 
nawilobriv ki kvebiT, kerZod, 4 Tvis asakamde Tiknebi Rebuloben, rogorc 
dedis rZes, aseve mwvane balaxs, rac ganapirobebs maT intensiur zrdas. 

4-idan 6 Tvemde, zrdis tempi klebulobs, rac ganpirobebulia dedisa-
gan asxletiT. 6-dan 8 Tvemde saZovarze mwvane masa iklebs, amitom mozardis 
zrda-ganviTareba mimdinareobs 4-dan 6 Tvis periodis matebis proporciulad.   

cxrili 1, 2-is monacemebidan Cans, rom mozardi Txebis zrda-ganviTa-
reba, maT dedebTan da standartul monacemebTan mimarTebaSi, savsebiT damak-
mayofileblad mimdinareobs. 2 Tvis asakSi zaanenis Tiknis namati (rusTavis 
ferma) dedasTan mimarTebaSi aris 12%, 4 Tvis _ 39%, 6 Tvis _ 50%, xolo           
8 Tvis _ 60%. alpuri Txis (mcxeTis ferma) analogiuri monacemebi Semdegia:  
2 Tvis _ 9%, 4 Tvis _ 36,7%, 6 Tvis _ 41,2%, 8 Tvis _ 53%. aqedan Cans, rom 
alpuri Txis Tiknis procentuli namati dedasTan mimarTebaSi odnav metia, 
vidre zaanenis, ris mizezadac SegviZlia miviCnioT rusTavis fermis sula-
dobis mcire CamorCena ganviTarebaSi, mcxeTis suladobasTan SedarebiT, rac 
mcxeTaSi sakvebi bazis da movla-Senaxvis ukeTesi pirobebiTaa ganpirobebuli. 
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cxrili1. zaanenis jiSis dedis, namati suladobis da standartis ganazomebi 
(rusTavi) 

 
zaaneni dedis, namati suladobis da standartis ganazomebi (rusTavi) 
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2 
Tve 

♀ 33,5 35,0 44,5 13,0 12,5 39,0 6,0 12,0 7,3 7,00 28.03.2020 

♂ 34,0 36,0 51,0 12,5 14,0 42,0 6,5 13,0 7,8 8,60 28.03.2020 

4 
Tve 

♀ 39,0 40,0 58,0 14,0 13,0 44,0 7,0 15,0 8,0 26,0 02.05.2020 
♂ 42,0 43,0 62,0 15,0 15,0 47,0 7,0 16,0 8,9 28,0 02.05.2020 

6 
Tve 

♀ 53,0 55,0 71,0 17,0 16,0 52,0 7,0 16,0 10,0 31,9 10.07.2020 
♂ 57,0 60,0 75,0 19,0 18,0 58,0 8,0 17,5 10,9 34,7 10.07.2020 

8 
Tve 

♀ 61,0 64,0 80,5 22,0 21,4 64,0 8,0 18,9 12,0 34,7 05.09.2020 
♂ 64,0 65,0 78,0 20,6 18,4 61,0 8,0 18,0 12,2 41,8 05.09.2020 

deda 66,0 68,0 83,0 33,0 18,0 92,0 9,0 25,0 14,0 70,0 28.03.2020 
standarti 75,0 76,0 81,0 30,0 17,0 88,0 10,0 24,0 13,0 75,0   

 
 

cxrili 2. alpuri jiSis dedis, namati suladobis da standartis ganazomebi (mcxeTa) 

alpuri dedis, namati suladobis da standartis ganazomebi (mcxeTa) 
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2 
Tve 

♀ 32,00 33,00 44,00 14,00 10,00 38,00 7,00 11,00 9,00 6,5 07.03.2020 
♂ 36,00 37,00 46,00 15,00 11,00 40,00 6,50 10,00 8,00 7,0 07.03.2020 

4 
Tve 

♀ 47,00 48,00 50,00 16,00 12,00 53,00 7,00 12,00 9,00 24,4 10.05.2020 
♂ 49,00 51,00 55,00 16,00 11,00 54,00 7,00 12,00 10,00 26,8 10.05.2020 

6 
Tve 

♀ 53,0 55,0 71,0 17,0 12,0 55,0 7,0 14,0 10,0 28,0 18.07.2020 
♂ 57,0 60,0 75,0 19,0 13,0 57,0 8,0 16,0 10,9 30,1 18.07.2020 

8 
Tve 

♀ 58,0 59,0 76,0 21,0 13,0 64,0 8,0 19,0 12,0 35,0 01.09.2020 
♂ 62,0 63,0 78,0 24,0 15,0 67,0 8,0 20,0 12,2 38,6 01.09.2020 

deda 72,00 75,00 92,00 32,00 19,00 95,00 11,00 25,00 16,00 73,00 07.03.2020 
standarti 75,0 76,0 80,0 30,0 17,0 85,0 9,0 23,0 13,0 70,0   

 
 
 deda suladobis merZeuli produqtiulobis dasadgenad gamoviyeneT 

sakontrolo wvelis cda. 
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          cxrili 3. sakontrolo wvela zaanenis jiSis Txa said/n 338 (mcxeTa) 

sakontrolo wvela zaaneni said/n 338 (mcxeTa) 
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1 02.05.2020 1,2 1,5 1,4 1,7 5,8 3,9 3,0 
2 02.06.2020 1,1 1,4 1,4 1,6 5,5 3,8 2,9 
3 02.07.2020 1,1 1,5 1,3 1,7 5,6 4,0 3,0 
4 02.08.2020 1,8 2,0 1,7 2,0 7,5 4,1 3,0 
5 02.09.2020 1,5 2,0 1,7 1,9 7,1 3,7 2,8 
6 02.10.2020 1,4 1,8 1,5 1,8 6,5 3,5 2,7 

jami 38 
  

saSualo monawveli 6,3 kg 

  
cxr. 3-is monacemebidan irkveva, rom mcxeTis fermaSi zaanenis jiSis 

maqsimaluri monawveli dafiqsirda me-4 da me-5 laqtaciisas. es SegviZlia 
avxsnaT am periodSi saZovarze mwvane masis siuxviT da kvebis racionSi bost-
neuli kulturebis sistematiuri damatebiT. me-6 laqtaciis monawveli odnav 
dabalia, rac saZovarze balaxis SemcirebiT da mSral sakvebze gadayvaniT 
aixsneba. Tu gaviTvaliswinebT, rom zaanenis jiSis TxebSi saSualo dRe-Ramu-
ri monawveli standartulad 3,5_5,0 litria, maqsimaluri ki _ 8 litri. mcxe-
Tis fermaSi zaanenis maqsimaluri dRe-Ramis saSualo monawveli 3,8 litri, 
savsebiT damakmayofileblad SegviZlia miviCnioT. 

 
cxrili 4. sakontrolo wvela alpuri jiSis Txa said/n 10308 (rusTavi) 

sakontrolo wvela alpuri deda said/n 10308 (rusTavi) 

T
ve
eb

is
 r

ao
d
en
o
b
a 

w
ve
l
is

 d
r
o
 

monawveli kg rZis xarisxi 

I 
mo

na
w
ve
l
i 
20
 s

T
 

II
 m
o
na
w
ve
l
i 
19
 s

T
 

II
I 
mo

na
w
ve
l
i 
20
 s

T
 

IV
 m
o
na
w
ve
l
i 
19
 s

T
 

j
am
i 

c
x
im
is

 r
ao

d
en
o
b
a 
%
 

c
il

is
 r

ao
d
en
o
b
a 
%
 

1 07.05.2020 1,0 1,3 1,2 1,4 4,9 3,8 2,7 
2 07.06.2020 1,1 1,6 1,0 1,5 5,2 3,5 2,9 
3 07.07.2020 1,0 1,5 1,2 1,5 5,2 3,2 2,9 
4 07.08.2020 1,5 1,8 1,7 1,9 6,9 3,4 3,0 
5 07.09.2020 1,5 2,0 1,6 1,9 7,0 3,2 2,8 
6 07.10.2020 1,2 1,6 1,3 1,7 5,8 3,6 2,6 

jami 35,0 
  

saSualo monawveli 5,8  kg 
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me-4 cxrilis mocemulobiT alpuri jiSis maqsimaluri monawveli 3,6 
litria, rac odnav CamorCeba mcxeTis zaanenis maCvenebels. saerTo jamSi, 
mcxeTis fermis produqtiuloba mcired aRemateba rusTavisas, rac pirdapir 
kavSirSia movla-Senaxvis da kvebis ukeTes pirobebTan.  

kvlevis farglebSi ganvsazRvreT rZis qimiuri Semadgenloba (cxr. 3 da 
4), kerZod, rZeSi cximisa da cilis raodenoba. miRebuli Sedegebi cxadyofs, 
rom orive jiSSi, standartTan mimarTebaSi, cilis da cximis raodenoba 
normaSia.  

Cvens mier mopovebuli masalebis analizze dayrdnobiT SegviZlia gava-
keToT daskvna, rom aRniSnuli jiSebi gamoirCevian maRali genetikuri poten-
cialiT, rac dasturdeba maTi kargi adaptaciis unariT sxvadasxva garemo da 
movla-Senaxvis pirobebSi. xolo zrda-ganviTarebis da produqtiuli monace-
mebis gaumjobesebisaTvis aucilebelia maTi uzrunvelyofa srulfasovani, 
dabalansebuli sakvebi baziT da movlis ukeTesi pirobebiT. Cveni kvlevis Se-
degebze dafuZnebiT SegviZlia fermerebs mivceT rekomenaciebi saqarTveloSi 
am jiSebis mosaSeneblad, rac dargis grZelvadiani winsvlisa da ganviTa-
rebis sawindari gaxdeba.  
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SUMMARY 

STUDY ON GROWTH, DEVELOPMENT, AND LACTATION IN EUROPEAN BREEDS OF GOATS 

ADAPTED TO GEORGIA 

Zhghenti T.G. and Ghlighvashvili V.A. 

Georgian Technical University 
The aim of this study was to investigate the adaptability, growth, development and productivity of high-yielding 

dairy breeds (Saanen and Alpine) brought from Europe to Georgia; compare the data with standard data of the 

breeds. The study was carried out on goat farms in the suburbs of Rustavi and in the village of Galavani, 

Mtskheta municipality. Up to 100 goats, both adult and young, have been involved in the study. To observe the 

goat growth cycle, we used the method of taking ten major measurements, and the control milking experiment to 

determine lactation productivity. The study has shown that the increment is developing well, compared to 

mother does and standard data, and their productivity is close to standard. Thus, we can conclude that if we 

create better conditions for these breeds of care and storage than they were on the farms presented here, their 

data will be improved. We will be able to provide farmers with advice and recommendations based on the results 

of this study on the breeding of these breeds, which will contribute to the long-term progress and development of 

the industry in Georgia.  

Keywords: saanen goats, alpine goats, increments. 
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saqarTvelos teqnikur universitetSi arsebobs  mowinave teqnologiuri 

profilis organizacia – membranuli teqnologiebis sainJinro instituti, 
romlis Seqmna dakavSirebulia saqarTveloSi am dargis  pioneris  baton 
vasil bibileiSvilis saxelTan. igi iyo mecnieri qimiuri procesebisa da 
aparatebis dargSi, teqnikis mecnierebaTa kandidati, aSS kaliforniis mec-
nierebisa da teqnikis saerTaSoriso akademiis namdvili wevri (1997w.), mravali 
gamogonebisa da patentis avtori. 

v. bibileiSvilma 1992 wels Camoayaliba membranuli teqnologiebis 
sainJinro instituti da safuZveli Cauyara metad aqtualur  samecniero-
kvleviT da rac mTavaria sainJinro teqnikur samuSaoebs. misi xelmZRvane-
lobiT Seiqmna axali membranuli elementebi, modulebi, danadgarebi da 
membranuli nanoteqnologiebi, romlebic daculia patentiT, rig warmoe-
bebTan erToblivi samuSaoebis bazaze damzadebulia da danergilia sxva-
dasxva daniSnulebis 70-mde membranuli nanosistema kvebisa da farmacevtuli 
mrewvelobisaTvis da sxva 

institutSi wlebis ganmavlobaSi mimdinareobs samecniero-kvleviTi da 
sacdel-sakonstruqtoro samuSaoebi ekologiisa da mdgradi ganviTarebis 
mimarTulebiT. swored am sakiTxebisadmi aris miZRvnili membranuli teqno-
logiebis sainJinro institutis TanamSromelTa samecniero statiebi rom-
lebsac gTavazobT.     
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koagulantis temperaturis gavlena membranis morfologiasa da xvedriT 

warmadobaze 

 

bibileiSvili g.v., keJeraSvili m.g., javaSvili z.d. 
 

saqarTvelos teqnikuri universitetis membranuli teqnologiebis sainJinro 
instituti 

 
aragamxsneliT inducirebuli fazuri inversiis meTodSi koagulantis 

temperatura ganapirobebs fazuri dayofis meqanizms, rac sabolood gansaz-
Rvravs miRebuli membranebis morfologias, foris zomebs, misi forianobas 
da xvedriT warmadobas [1,2]. membranis zedapirebis Seswavlam maskanirebeli 
zonduri mikroskopis sSualebiT aCvena, rom sakoagulacio abazanaSi koagu-
lantis 10 0C, 25 0C, 40 0C da 55 0C temperaturaze miRebuli M10, M25, M40 da M55 
mebranebis zedapirebis topografiuli gamosaxulebebi gansxvavebulia 
(suraTi). membranebis zedapirebs gaaCnia tipiuri „borcvi-dablobi“struqtura. 
M10 membranebis zedapirze Ria pikebi (borcvi) da muqi pikebi (dablobi) 
araTanabrad aris ganawilebuli, koagulantis temperaturis zrdis mixedviT 
zedapiris reliefi icvleba. M25, M40 membranis zedapirze matulobs pikebis 
simetriulobis elementebi da M55 membranis zedapirze muqi da Ria feris 
pikebi Tanabrad aris ganawilebuli mTel farTobze.   

maRal temperaturaze koagulanti-wylis polimeri-gamxsnelTan Sexebis 
sazRvarze warmoiqmneba konveqciuli nakadebi, romlis efeqturoba ukavSir-
deba aragamxsneli tendencias swrafad Seerios gamxsnels, amitom wylis 
molekulebi swrafad difundirebs polimeris xsnarSi, aragamxsnelis 
Sedinebis Tanafardoba maRalia gamxsnelis gadinebasTan SedarebiT [2]. 

 

  
M10 M25 

  
M40 M55 

 
 membranis SEM mikrografiuli 3D gamosaxuleba: M10, M25, M40, M55 miRebuli 

koagulantis 10 0C, 25 0C, 40 0C, 55 0C temperaturaze 
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maRal temperaturaze wylis polimeri-gamxsnelTan Sexebis sazRvarze 
warmoiqmneba konveqciuli nakadebi, romlis efeqturoba ukavSirdeba aragam-
xsnelis tendencias swrafad Seerios gamxsnels, amitom wylis molekulebi 
swrafad difundirebs polimeris xsnarSi, aragamxsnelis Sedinebis Tanafar-
doba maRalia gamxsnelis gadinebasTan SedarebiT [3,4]. difuziis didi 
siCqaris gamo Cqardeba fazuri dayofis da gamoleqvis procesi, Cndeba struq-
turawarmomqmneli centrebi da formirdeba Ria forebis mqone struqtura 
forebis didi ricxviT (suraTi, M55, cxrili). dabal temperaturaze dimeTil-
acetamidi (dmaa) imaze swrafad gadadis sakoagulacio abazanaSi, vidre  
wyali difundirebs polimeris xsnarSi, amitom difuzia dabali siCqariT 
mimdinareobs, rac ganapirobebs  fazuri inversiis procesis Seferxebas mcir-
deba wylis koagulaciuri SesaZlebloba, amitom gamyarebis procesi Seda-
rebiT nela warimarTeba da miRebuli membrana xasiaTdeba forebis mcire 
ricxviT (suraTi, M10, M25, cxrili ) [3,4].   

  
koagulantis 10 0C, 25 0C, 40 0C da 55 0C temperaturaze miRebuli membranebis forebis 
saSualo diametri, forianoba da xvedriTi warmadoba 
 

miRebuli  membrana M10 M25 M40 M55 

forebis saS. diametric,  mkm 0,22 0,28 0,34 0,38 

xvedriTi warmadoba,  l/m2 sT 640 2400 2777 3600 
forianoba,  % 36,12+0,47 22,34+0,28 48,23+0,38 68,45+0,18 

 
rogorc cxrilis monacemebidan Cans, koagulantis temperaturis moma-

tebiT 10 0C-dan 55 0C-mde membranebis foris zomebi izrdeba 0,22 mkm-dan                 
0,38 mkm-mde, forianoba matulobs 36,12%-dan 68,45%-mde, xolo xvedriTi 
warmadoba izrdeba 640l/m2 sT-dan 3600 l/m2 sT-mde.  

amrigad, sakoagulacio abazanaSi koagulantis temperaturas gaaCnia 
membranebis forianobis da xvedriTi warmadobis regulirebis efeqti.    
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PRODUCTIVITY OF THE MEMBRANE 
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The effect of the temperature of the non-solvent on the morphology, pore size, the frequency of its distribution 

and speсific productivity of the membranes obtained on the basis of polyethersulfones and polyethylene glycol 

by wet method of phase inversion has been studied. As a result of the research it was found, that at the process of 

the phase inversion by variation of the temperature of the non-solvent the regulation of its viscosity and of the 

diffusion coefficient of solvent-non-solvent alloying the prediction of the morphology and structure of the film. 
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polimeruli kompoziciis gaxsnis temperaturis  

gavlena membranis Tvisebebze 

 

bibileiSvili g.v., keJeraSvili m.g., javaSvili z.d. 
 

saqarTvelos teqnikuri universitetis membranuli teqnologiebis sainJinro 
instituti 

 
     polimeruli kompoziciis momzadebis pirobebis gavlenis Seswavla  
mniSvnelovan faqtors warmoadgens maRali warmadobis mqone membranebis 
miRebis procesSi [1,2]. membranebis misaRebi polimeruli kompozicia war-
moadgens polidispersiul sistemas, romelSic arsebuli nawilakebis zome-
bis, polidispersiulobis indeqsis mniSvnelobebi damokidebulia xsnaris 
momzadebis pirobebsa da gaxsnis temperaturaze (cxrili 1 ). polimerul kom-
poziciaSi nawilakebis zoma, koncentracia da polidispersiulobis xarisxi 
ganisazRvra 25 °C, 40 °C, 55 °C da 70 °C-ze momzadebul 100 g/l, 50 g/l, 25 g/l, 10 
g/l da 5 g/l koncentraciis xsnarebisTvis. polimeris gaxsnis procesis 
monitoringi xorcieldeboda polarizaciul-interferenciuli optikuri 
mikroskopiT, xolo gaxsnis parametrebi: nawilakebis zoma, koncentracia da 
polidispersiulobis xarisxi Zetasizer Nano Zen 3690-analizatoriT. polimeru-
li kompoziciis gaxsnis temperaturis momatebiT xsnaris polidispersiu-
lobis xarisxi mcirdeba 1-dan 0,33-mde, makromolekulebis zoma 67,45 nm-dan 
13,15 nm-mde. 70 0C-ze momzadebuli xsnaridan miRebuli membranis xvedriTi war-
madoba aRemateba 25 0C, 40 0C, 55 0C temperaturaze momzadebuli xsnaridan dam-
zadebuli membranebis xvedriT warmadobas da Seadgens 2510 l/m2 sT.   
 
ცხრილი 1.polimeruli kompoziciis Sedgeniloba gaxsnis 25 0C, 40 0C, 55 0C, 70 0C 
temperaturis dros da miRebuli membranebis xvedriTi warmadobebi 

 
 

polimeruli 
kompoziciis 
momzadebis     

T 0C 

nawilakebis 
zoma   

 Z-average(d-nm) 

polidispersiu-
lobis  xarisxi 

PDI 

sakoagulacio 
abazanis  T 0C 

xvedriTi 
warmadoba,             
l/m2 sT 

25 67,45 1 20 1200 
40 57,12 0,9 20 1877 
55 24,68 0.5 20 2188 
70 13,15 0,33 20 2510 

 
 25 0C, 40 0C, 55 0C, 70 0C temperaturaze gaxsnili polimeruli kompoziciiT 
miRebuli membranuli afskebi Seswavlili iqna maskanirebeli zonduri 
mikroskopiT. suraTze gamosaxulia 25 0C da 70 0C temperaturaze momzadebuli 
kompoziciidan miRebuli membranebis zedapirebis mikrografiuli gamo-
saxuleba.  orive nimuSis zedapiri warmoadgens qafismagvar matricas, Ria 
feris warmonaqmnebi suraTze interpretirdeba, rogorc zedapiri da muqi 
feri, rogorc forebi. a-nimuSis zedapirze muqi da Ria ubnebi araTanabrad 
aris ganawilebuli, Warbobs Ria feri, rac zedapirze forebis mcire 
raodenobaze miuTiTebs. b-nimuSis zedapirze Ria da muqi ferebi Tanabrad 
aris ganawilebuli, rac membranis zedapiris erTgvarovnebaze da foria-
nobaze metyvelebs. maRal temperaturaze momzadebul polimerul kom-
poziciaSi nawilakebis zomebis, dispersiulobis indeqsis Semcireba, gamow-
veulia 70 0C-ze temperaturis gavleniT xsnarSi mimdinare struqturuli 
cvlilebebiT, rac amcirebs mikrogeluri nawilakebis (xsnaris dispersiuli 
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faza agregirebuli makromolekulebis saxiT) zomas da zrdis maT 
raodenobas erTeul moculobaSi [3,4]. 
 

   
a                                                b 

membranis zedapirebis maskanirebeli zonduri mikroskopis mikrofotografiuli  
2D gamosaxuleba: miRebuli (a) 25 0C da (b) 70 0C-ze temperaturaze  

 
 

kompoziciaSi mikrogeluri nawilakebis mcire zomebma da maTma ganawilebam   
xsnarSi uzrunvelyo forebis warmoqmnis didi areali (suraTi 1, b), maRali 
forianoba, ramac ganapiroba gaxsnis maRal temperaturaze momzadebuli 
xsnaridan miRebuli membranis SedarebiT maRali xvedriTi warmadoba.  
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The effect of the temperature of solving of the polymeric composition on the morphology and speсific 

productivity of the membranes obtained on the basis of polyethersulfones has been studied. It was established 

that at high temperature of solving of the polymeric composition in the solution such distribution of particle size 

and polydispersity degree is attained which causes obtaining of the membranes with high frequency of pore 

distribution and of high productivity. 
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saqarTvelos teqnikuri universitetis membranuli teqnologiebis  
sainJinro instituti 

       
borjomis mineraluri wyali Tavisi SedgenilobiT  moicavs qimiuri 

komponentebis  sakmaod  did diapazons.  sakvlevi borjomis  mineraluri wya-
li sustadTermadi da hidrokarbonatuli wyalia. misi yvela wyaro da 
burRili iZleva naxSirmJava hidrokarbonatian wyals susti mJava reaqciiT 

pH=6,3_7,2. hidrokarbonatuli wylebi, romlebSic anionTa Soris raode-
nobrivi SemcvelobiT wamyvani adgili ukavia hidrokarbonat _ ions (HCO3

-), 
didi raodenobiT Seicavs kalciums. 

kalciumi borjomis mineraluri wylis ionur-marilovani Sedgenilobis 
erT-erT ZiriTad komponents warmoadgens. mineralur wylebSi kalciumis 
raodenobiTi Semcveloba farTo zRvebSi icvleba. naxSirorJangis desor-
bciis gamo wyalSi karbonat-hidrokarbonatuli wonasworoba irRveva da 
kalciumis hidrokarbonatebi (xsnadi) karbonatebSi (Znelad xsnad formaSi) 
gadasvlis gamo ileqeba [1]. 

Cven mier Seswavlili iqna borjomis mineraluri wylis debarireba-def-
Torirebis nanofiltraciuli procesi. eqsperimentis msvlelobisas gamoye-
nebuli iyo  daumuSavebeli  mineraluri wyali sawyisi mniSvnelobiT da 
nanofiltraciuli NEX da NES tipis membranebi laminaruli da turbu-
lenturi reJimebis pirobebSi [2,3]. ganisazRvra, borjomis bunebrivi mine-
raluri wylebis 37, 41, 25, likani, centraluri parki  WaburRilebis  qimiuri 
Sedgeniloba.  

borjomis bunebrivi mineraluri wylis  nanofiltraciuli procesiT 
damuSavebisas,  deftorireba-debarirebis Sedegad adgili ar hqonda naleqis 
warmoqmnas, rac miuTiTebs kalciumis da misi naerTebis zRvrul dasaSveb 
koncentraciis farglebSi arsebobas. kvlevis Sedegebi mocemulia cxrilSi 1-2.    

                                                                                                                              
cxrili 1. laminaruli reJimis pirobebSi sawyisi  da damuSavebuli borjomis  
mineraluri wylis qimiuri komponentebis raodenobrivi maCveneblebi 
 

burRili teqnologia Ba, mg/l F , mg/l Ca, mg/l 
37 daumuSavebeli 3,27 5,26 51,7 
37 NEX 1,60 3,82 28,2 
37 NES 1,05 4,11 38,5 
41 daumuSavebeli 3,46 6,96 97,2 
41 NEX 1,09 4,82 74,2 
41 NES 0,937 6,52 15,8 
41 2 NES 1,26 _ _ 
25 daumuSavebeli 3,58 9,67 46,8 
25 NEX 1,11 5,10 32,5 
25 NES 1,64 6,48 30,8 

likani daumuSavebeli 2,34 4,06 127,0 
likani NEX 0,738 2,26 56,8 
likani NES 0,833 2,95 104 

cernt. parki daumuSavebeli 3,11 5,76 97,9 
cernt. parki K NEX 0,875 3,91 71,8 
cernt. parki NES 1,16 4,69 51,6 
dasaSvebi 
diapazoni 

 <1 <5 20 _ 150 
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cxrili 2. turbulenturi reJimis pirobebSi sawyisi  da damuSavebuli  borjomis 
mineraluri wylis qimiuri komponentebis raodenobrivi maCveneblebi   
 

burRili teqnologia Ba, mg/l F , mg/l Ca, mg/l 
37 daumuSavebeli 3,27 5,26 51,7 
37 NEX 1,23 3,58 25,5 
37 NES 0,958 3,84 38,5 
41 daumuSavebeli 3,46 6,96 97,2 
41 NEX 0,854 4,28 69,5 
41 NES 0,614 5,84 12,0 
41 2 NES 1,26 _ _ 
25 daumuSavebeli 3,58 9,67 46,8 
25 NEX 0,973 4,57 29,2 
25 NES 1,23 5,77 24,2 

likani daumuSavebeli 2,34 4,06 127,0 
likani NEX 0,641 1,83 48,6 
likani NES 0,780 2,72 97,6 

cernt. parki daumuSavebeli 3,11 5,76 97,9 
cernt. parki NEX 0,623 3,53 68,4 
cernt. parki NES 0,996 4,50 49,1 
dasaSvebi 
diapazoni 

 <1 <5 20 _ 150 

 
rogorc cxrilebis monacemebidan Cans, filtraciis Semdeg kalciumis 

raodenobrivi maCvenebeli burRilebis mixedviT laminaruli reJimis   
meryeobs 28,2 mg/l-dan 104 mg/l-mde, xolo turbulenturi reJimis pirobebSi 
12,0 mg/l-dan 97,6 mg/l-mde,  rac Seesabameba „mineraluri wylebis normatiuli 
safuZvlebi evrokavSiris 2003 wlis 16 maisis 2003/40/ek“ direqtivis mixedviT 
am ionis zRvrul dasaSveb koncentracias [4].  

dadginda, rom borjomis bunebrivi mineraluri wylis debarireba-
defTorirebis nanofiltraciuli procesi uzrunvelyofs maRalxarisxovani, 
kristalurad gamWvirvale,  steriluri da ekologiurad sufTa Senaxvisadmi 
mdgradi produqciis miRebas, naleqis warmonaqmnis gareSe da kalciumis 
raodenoba daiyvaneba zdk-mde. 
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"Borjomi" and under the influence of this process, reducing the amount of calcium to MPC. 

Keywords:  nanofiltration, mineral waters, concentration, ionic selection 
 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #2, 2020  

 

147 

borjomis mineraluri wylis debarireba-defTorirebis gavlena qlorze 

 

bibileiSvili g.v., mamulaSvili m.a., buTxuzi T.g. 
 

saqarTvelos teqnikuri univesitetis membranuli teqnologiebis sainJinro 
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bunebrivi, maT Soris mineraluri wylebis  gawmenda, sterilizacia, 

qimiuri komponentebis zRvrul dasaSveb koncentraciebamde dayvana,  gansa-
kuTrebiT mniSvnelovania adamianis jamrTelobisaTvis da usafrTxo kvebis 
produqtebis momzadebisTvis.  

borjomis mineraluri wyali Tavisi SedgenilobiT  unikaluria da 
moicavs  qimiuri komponentebis sakmaod did diapazons. saanalizo mineralur 
wyalSi zRvrul dasaSveb koncentraciaze meti mniSvneloba gaaCnia mxolod 
fTors,  bariums da  zogierTi WaburRilis mixedviT qlors. 

mineralur wyalSi ionuri seleqciisaTvis, nanofiltraciuli procesi 
tardeboda baromembranul laboratoriul danadgarze NEX da NES 

membranebis gamoyenebiT laminaruli da turbulenturi reJimis pirobebSi. 
wyalSi arsebuli  ionebi ganisazRvra ionomerze И-160.1МП [1,2]. momzadda 
saTanado sakalibro da buferuli xsnarebi [3]. borjomis mineraluri wylis 
debarireba-defTorirebisas, bariumis, fToris da Sesabamisad qloris raode-
nobrivi maCveneblebi daiyvaneba zRvrul dasaSveb koncentraciamde „mine-
raluri wylebis normatiuli safuZvlebi evrokavSiris 2003 wlis 16 maisis 
2003/40/ek“  direqtivis mixedviT [4].  borjomis mineraluri wylSi am ionebis 
raodenoba damuSavebuli da gansazRvruli iqna 37, 42, 25, likanis da cent-
raluri parkis WaburRilebis wylebisTvis. borjomis mineraluri wylis 
qimiuri komponentebis raodenobrivi maCveneblebi,  rogorc laminaruli ise 
turbulenturi reJimis pirobebSi mocemulia  cxrilSi 1 da 2. 

 
cxrili 1. laminaruli reJimis pirobebSi sawyisi  da damuSavebuli borjomis  
mineraluri wylis qimiuri komponentebis raodenobrivi maCveneblebi  
   

burRili teqnologia Ba, mg/l F , mg/l Cl, mg/l 
37 daumuSavebeli 3,27 5,26 386,0 
37 NEX 1,60 3,82 348,0 
37 NES 1,05 4,11 359,0 
41 daumuSavebeli 3,46 6,96 352,0 
41 NEX 1,09 4,82 292,0 
41 NES 0,937 6,52 349,0 
41 2 NES 1,26 _ 334,0 
25 daumuSavebeli 3,58 9,67 372,0 
25 NEX 1,11 5,10 328,0 
25 NES 1,64 6,48 335,0 

likani daumuSavebeli 2,34 4,06 243,0 
likani NEX 0,738 2,26 206,0 
likani NES 0,833 2,95 199,0 

cernt. parki daumuSavebeli 3,11 5,76 323,0 
cernt. parki NEX 0,875 3,91 289,0 
cernt. parki NES 1,16 4,69 291,0 
dasaSvebi 
diapazoni 

 <1 <5 260 _ 380 
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cxrili 2. turbulenturi reJimis pirobebSi sawyisi da damuSavebuli  borjomis   
mineraluri wylis qimiuri komponentebis raodenobrivi maCveneblebi   
 
    

burRili teqnologia Ba, mg/l F , mg/l Cl, mg/l 
37 daumuSavebeli 3,27 5,26 386,0 
37 NEX 1,23 3,58 340,0 
37 NES 0,958 3,84 347,0 
41 daumuSavebeli 3,46 6,96 352,0 
41 NEX 0,854 4,28 273,0 
41 NES 0,614 5,84 318,0 
41 2 NES 1,26 _ 334,0 
25 daumuSavebeli 3,58 9,67 372,0 
25 NEX 0,973 4,57 305,0 
25 NES 1,23 5,77 328,0 

likani daumuSavebeli 2,34 4,06 243,0 
likani NEX 0,641 1,83 199,0 
likani NES 0,780 2,72 194,0 

cernt. parki daumuSavebeli 3,11 5,76 323,0 
cernt. parki NEX 0,623 3,53 266,0 
cernt. parki NES 0,996 4,50 285,0 
dasaSvebi 
diapazoni 

 <1 <5 260 _ 380 

                                                              
 dadginda, rom debarireba-defTorirebis Sedegad qloris koncentracia 
borjomis mineralur wylebSi 386 mg/l-dan dayvanilia zdk-mde da WaburRile-
bis mixedviT meryeobs zRvrebSi _ laminaruli reJimis pirobebSi 199 mg/l-dan 
359 mg/l-mde, xolo turbulenturi reJimis pirobebSi 194 mg/l-dan 347 mg/l-
mde rac Seesabameba mineraluri wylis saerTaSoriso standarts.  
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SUMMARY 

INFLUENCE DEBARINATION-DEFLUORINATION OF BORJOMI MINERAL  

WATER ON CHLORINE 

Bibileishvili G.V., Mamulashvili M.A. and  Butchuzi T.G. 

Engineering Institute of Membrane Technologies of Georgian Technical University  

After nanofiltration of mineral water "Borjomi" the amount of chlorine was determined. It was found that the 

process of debarination-defluorination of „Borjomi” mineral water provides chlorine reduction to MPC. 
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mikrofiltraciuli procesis kvleva 0,75 – 60  NTU simRvrivis bunebriv 
wylebze asimptoturi warmadobis dasadgenad 

 
bibileiSvili g.v., yufaraZe l.p. 

 
saqarTvelos teqnikuri universitetis membranuli teqnologiebis sainJinro 

instituti 
 

mikrofiltraciuli procesis dros xvedriTi warmadobebis  Seswavlis 
sakiTxi dakavSirebulia hidrodinamikuri da masaTa gadacemis procesebTan da 
vinaidan jer-jerobiT ar arsebobs membranuli modulebis  erTiani Teoriu-
li gadawyvetebi da miRebulia kvlevis  mxolod eqsperimentuli gza.  Cven 
avirCieT  laboratoriul pirobebSi samecniero-kvleviTi samuSaoebis gafar-
Toeba, misi optimaluri konfiguraciisa da reJimebis SesarCevad. erT-erTi 
sakiTxTagania baromembranuli filtraciis procesebSi modeluri xsnarebis 
sxvadasxva simRvrivesa da xvedriTi warmadobas  Soris damokidebulebis Ses-
wavla da eqsperimentuli mrudis daxmarebiT eqstrapolaciuri mrudis anali-
zuri saxis dadgena, romelic saSualebas iZleva  sadawneo saknis simaRlis 
cvlilebis pirobebSi xvedriTi warmadobis mniSvnelobebis efeqturi regu-
lirebisa da Semdgomi prognozirebis. 

eqsperimentebi Catarda laboratoriul danadgarze, romlis sadawneo 
sakanis  muSa kvanZis geometriuli zomebi iyo  sigane B= 9 mm;  sigrZe  L= 30 
mm; membranis farTobi ω= B×L= 270 mm2; wneva  sakanSi P=1 bari da siCqare             
v= 0,5 m/wm membranaze 2mkm. sawyisi siTxis temperaturaa T=20 0C. sawyis 
siTxeebad gamoyenebuli iyo bunebrivi wylebi simRvriveebiT _ 0,75 NTU; .  9,95 

NTU;  20,56 NTU;  40,9 NTU;  58,5 NTU  
 

eqsperimentuli  xvedriTi warmadobis  mniSvnelobebi sxvasxva mudmivi simRvrivis  
bunebriv wyalze, mikrofiltraciuli procesiT gafiltvris dros  
 

 
cxrilis monacemebis mixedviT garkveuli droidan dawyebuli xvedriTi 

warmadobebis mniSvnelobebi meordeba Semdegi simRvriveebis wylebisaTvis: 
1) 0,75 NTU - t = 2,5 sT-dan J = 533 (l/(sT×m2);  
2) 9,95 NTU - t = 2,5 sT-dan  J = 525,2(l/(sT×m2);  
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28 800 2,4 _ 2000 1288 933 700 533 533 533 533 
9,95 30,5 303,5 2,35 670 1656 1111 800 622 525,2 525,2 525,2 525,2 
20,56 12 225 2,2 575 1244 800 578 533 510 489 489 489 
40 15 395 1,8 650 844 578 448 444 422 400 400 400 
58,5 17 573 1,35 755 771 488 400 388 378 356 311 300 
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3) 20,56 NTU - t = 3 sT-dan J = 489 (l/(sT×m2);  
4) 40,9 NTU - t = 3sT-dan J = 400 (l/(sT×m2); 
5) 58,5 NTU - eqsperimentis  mimdinareobis 4 saaTis ganmavlobaSi  ver 

miviReT  xvedriTi warmadobebis mniSvnelobebis ganmeoradoba, rac 
migvaniSnebs imaze, rom am SemTxvevaSi eqsperimentebis Catarebis drois 4 
saaTiani xangrZlivoba ar aris sakmarisi. ganmeoradobebis am mniSvnelobebs 
vuwodoT warmadobebis asimptoturi mniSvnelobebi, rac niSnavs, rom igi erTi 
da igivea  xangrZlivi drois ganmavlobaSi.  

 

 
 

eqsperimentuli warmadobebis cvlileba drois mixedviT, sxvadasxva  simRvrivis dros:  
Series 1 - 0,75 NTU ; Series 2 - 9,95 NTU; Series 3  - 20,56 NTU; Series 4  - 40,9 NTU; Series 5- 60, NTU.  

 
rogorc diagramidan Cans, xvedriTi warmadobebi yvela simRvrivis 

SemTxvevaSi ganicdian sagrZnobel vardnas 1,5 saaTamde, xolo drois Semdgom 
periodSi naklebad, rac migviTiTebs imaze, rom sawyis etapze gayofis 
procesis nawilakebi aqtiurad avseben membranis forebs, xolo Semdeg 
periodSi ufro naklebad. 

- rac ufro naklebia sawyisi siTxis simRvrive, miT ufro metia 
membranis  xvedriTi warmadoba 
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SUMMARY 

INVESTIGATION OF MICROFILTRATION PROCESS TO DETERMINE THE ASYMPTOTIC 

SPECIFIC CAPACITY IN NATURAL WATERS WITH 0.75 - 60 NTU TURBIDITY 

Bibileishvili G.V. and Kuparadze L.P. 

Engineering Institute of Membrane Technologies of Georgian Technical University  

In the article the results of microfiltration experiments performed on a laboratory unit on natural water of 

different turbidity evenly distributed in volume are discussed and studied. It was found that different turbidity of 

natural water causes changes in specific productivity. 
Keywords: membrane, microfiltration, specific productivity; turbidity 
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mikrofiltraciuli procesebis dros xvedriTi warmadobebis kvleva 

bunebrivi wylis mudmivi da cvalebadi simRvrivisas 

 

bibileiSvili g.v.,  yufaraZe l.p. 
 

saqarTvelos teqnikuri universitetis membranuli teqnologiebis sainJinro 
instituti 

 
mosaxleobis uzrunvelyofa ekologiurad sufTa produqtebiTa da 

sasmeli wyliT mWidrod aris dakavSirebuli axal, Tanamedrove teqnolo-
giebis SemuSavebasa da danergvasTan. maRali xarisxis sasmeli wylis misaRe-
bad saWiroa stabilurad momuSave, maRali warmadobis mqone membranuli 
danadgarebis Seqmna, romlis ganxorcieleba SesaZlebelia membranuli apara-
tis saTanado konstruqciiT da iseTi hidrodinamikuri reJimiT, romlis 
drosac membranis zedapirze ar warmoiqmneba filtraciuli gayofis procesis 
Semaferxebeli danaleqi [1-3]. am mizniT kvlevebi Catarda membranaze 2mkm,  
sadawneo sakanSi  P=1 bari wnevisa v= 0,5 m/wm siCqaris dros. eqsperimentebiT 
miRebuli Vfil monacemebis anaTvalebis drois intervali iyo ∆t=1 wT. 
sakvlevi siTxis temperaturaa T=20 0C, sawyisi siTxis simRvrive. filtratisa 
Vfil anaTvlebi iReboda yovel naxevar saaTSi. sadawneo sakanis muSa kvanZis 
geometriuli zomebi iyo sigane B= 9 mm; sigrZe  L= 30 mm; membranis farTobi 
ω= B×L= 270 mm2.  

 
eqsperimentuli  xvedriTi warmadobis  mniSvnelobebi sxvadasxva cvlad  da mudmiv 
simRvrivian koncentratze  drois mixedviT 
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20 1 0,6 

cvladsimRvriviani  koncentranti 
5 10,5 048 2333 196 156 133 122 133 118 112 116 
9,9 9,9 0,45 1911 156 176 122 133 118 100 105 99 
20 0,7 0,40 1422 156 176 122 133 118 100 105 99 
 mudmivi simRvriviani  koncentranti 
5 10,5  2333 - - - - - - - - 
9,9 9,9  1911 1656 1111 600 622 525,2 525,2 525,2 525.2 
20 12  1422 1244 800 576 533 510 489 489 469 
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cxrili 1-is monacemebidan Cans eqsperimentebis dawyebis 1 wT-is 
ganmavlobaSi cvlad da mudmiv simRvrivian koncentratebisaTvis xvedriTi 
warmadobebi erTnairia. eqsperimentis dawyebidan naxevari saaTisaTvis ki ukve 
didad gansxvadebian.  

 
 

 
 

nax. 1. xvedriTi warmadobebis droisagan damokidebuleba  cvlad simRvriviani 
koncentratze: 

Series1 - koncentrantis simRvrive 5 NTU; Series2 –k oncentrantis simRvrive 9,9 NTU;           

Series 3 - koncentrantis simRvrive 20 NTU; 

 
cdebis mimdinareobis 2 saaTis ganmavlobaSi xvedriT warmadobebs 

SedarebiT didi vardna gaaCnia, vidre drois Semdgom periodSi da grafikebis 
moxazulobas aqvs TandaTanobiTi klebis tendencia. xvedriTi warmadobebis 
ganmeoradobas am SemTxvevaSi adgili ar aqvs.  

  

 
 
  

nax.2. xvedriTi warmadobebis damokidebuleba droisagan 10 NTU da 20 NTU simRvrivis 
wyalze: 

Series 1 - mudmivi simRvrivis koncentrantze; Series2 - cvladsimRvrivian koncentrantze 
 

rogorc es nax. 2-dan Cans, eqsperimentis dawyebidan xvedriTi warma-
dobebis mniSvnelobebi mudmivi da cvladi simRvrivis koncentratebze didad 
gansxvadebian erTmaneTisagan. es gansxvaveba simRvrivis ufro didi mniSvne-
lobebis SemTxvevaSi  ufro metia. 

 Catarebuli eqsperimentebis Sedegebis analizis safuZvelze SeiZleba 
gavakeToT Semdegi daskvna _ cvlad simRvriviani koncentratis SemTxvevaSi  
xvedriT warmadobebs asimtotebi ar gaaCnia. 
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SUMMARY 

STUDY OF SPECIFIC PERFORMANCE IN MICROFILTRATION PROCESSES WITH CONSTANT 

AND VARIABLE TURBIDITY OF NATURAL WATER 

Bibileishvili G.V. and Kuparadze L.P. 

Engineering institute of Membrane Technologies of Georgian Technical University 

In the article the issue of specific capacity for different values of water turbidity for both constant and variable 

values during the microfiltration process is experimentally investigated.  The study showed that specific 

performance has no asymptote in the case of variable water turbidity. 

Keywords: membrane, microfiltration, specific productivity; turbidity. 
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polisulfonis sxvadasxva koncentraciis xsnarebis kvleva 

mikrofiltraciuli membranebis miRebisaTvis 

 

bibileiSvili g.v., gogesaSvili n.n., kakabaZe e.g. 
 

saqarTvelos teqnikuri universitetis membranuli teqnologiebis 
sainJinro instituti 

 
polisulfonebis Tvisebebi: Termostabiluroba, daJangvis da mJavebis 

mimarT mdgradoba, elastiuroba da maRal temperaturaze dabali denadoba 
ganapirobebs maT farTod gamoyenebas membranul teqnologiaSi.  

samuSaos mizans warmoadgenda laboratoriul pirobebSi  wylis axali 
Semadgenlobis polisulfonis filtraciuli membranebis miReba da gamocda 
[1]. polisulfonis 7%-dan 11%-mde raodenobebi Tavsdeboda 100 ml-ian kol-
baSi CaCl2-is 5%-ian xsnarSi dimeTilacetamidSi da 55 ℃-ze gacxelebiT mag-
nituri sarevalaTi mudmivi morevis pirobebSi tardeboda gaxsnis procesi. 
analogiurad miRebulia polieTilenglikoliani (peg aRebuli iyo polimeris 
masis 25%) dasasxmeli xsnarebi. xsnarebi Seswavlili iqna sinaTlis gabnevis 
dinamiuri meTodiT Zetasizer Nano Zen 3690- Malvern Instruments-ze. polimeruli kom-
poziciebi warmoadgenen polidispersiul sistemebs, romelSic nawilakebis 
zoma damokidebulia koncentraciaze. sxvadasxva koncentraciis membranis da-
sasxmel kompoziciebSi gansazRvruli nanonawilakebis zomebis mniSvnelobebi 
da dispersiulobis indeqsi gansxvavebulia. polisulfonis koncentraciis 
gazrdiT xsnaris polidispersiulobis indeqsi izrdeba 0,2-dan 0,9-mde, maRali 
intensivobis nawilakebis zomebis mniSvnelobebi ki mcirdeba 12,15 nm-dan            
6,09 nm-mde. suraTze 1 mocemulia sufTa polisulfonis da peg-iani polisul-
fonis xsnarebSi nanonawilakebis zomebis  ganawileba intensivobis mixedviT. 

 
 

 
 

suraTi 1. polisulfonis (2) da peg-iani sulfonis(1) xsnarebSi 
nanonawilakebis zomebis ganawileba intensivobis mixedviT 

 
maskanirebel zonduri  mikroskopiT (SPM, Certus standart V) Seswavlilia 

sxvadasxva koncentraciis kompoziciebidan gamoleqili membranuli nimuSebis 
morfologia.  suraTze 2 da 3 mocemulia sufTa polisulfonis 9%-iani  da 
polisulfonis 10% xsnarze peg-is damatebiT miRebuli membranebis mikrosu-
raTebi. 
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suraTi 2. polisulfonis 9%-iani xsnaridan 

miRebuli membranis mikrosuraTi 
suraTi 3. polisulfonis 9%-iani da 
peg-iani kompoziciidan miRebuli 

membranis mikrosuraTi 
 

suraTebidan Cans, rom  membranebis zedapirebis topografiuli gamosa-
xulebebi gansxvavebulia. peg-is Semcvel nimuSebSi polisulfonis koncen-
traciis zrdis pirobebSi zedapiris reliefi erTgvarovani forovani struq-
turisaa, ar SeimCneva defeqtebi da mikroRruebi. rac niSnavs imas, rom dasas-
xmel xsnarebSi peg (400)-is damatebam polimeris masis 25%-is raodenobiT 
polisulfonis koncentraciis zrdis pirobebSi ganapiroba struqturuli 
cvlilebebi polimerul kompoziciebSi, moaxdina  mikrogeluri nawilakebis 
zomebis regulacia mcire zomis forebis warmoqmnis mimarTulebiT [2].  D 

dadgenilia polimeris koncentraciis da peg-is Semcveli polimeruli 
kompoziciebis polidispersobis indeqsis, nanonawilakebis zomis da 
ganawilebis cvlilebebis gavlena miRebuli membranebis morfologiaze.  
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SUMMARY 

RESEARCH OF POLYSULFONE SOLUTIONS OF DIFFERENT CONCENTRATIONS TO OBTAIN 

MICROFILTRATION MEMBRANES 

Bibileishvili G.V., Gogesashvili N.N. and Kakabadze E.G. 

Engineering Institute of Membrane technology of Georgian Technical University            
Research showed that with increasing polysulfone concentration and by supplementing PEG, such changes in 

polydispersity index, nanoparticle size and distribution occur, which in turn affect the surface morphology of the 

obtained membranes. 

Keywords:  concentration, polyethylene glycol, morphology, polysulfone. 
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polimeris koncentraciis da organuli danamatebis gavlenis 

kvleva miRebuli  membranebis forianobasa da warmadobaze 

 

bibileiSvili g.v., gogesaSvili n.n., kakabaZe e.g. 
 

saqarTvelos teqnikuri universitetis membranuli teqnologiebis 
sainJinro instituti 

 
membranul teqnologiaSi gamoyenebuli masalebis didi nawili polimere-

bia. aseT polimerebs ganekuTvneba polisulfonebi, romelTa qimiuri Tvisebebi 
gapirobebulia maT makromolekulebSi polaruli jgufebis arsebobiT [1]. 

membranebis mosamzadeblad gamoyenebuli iyo fazuri inversiis sveli 
meTodi. polisulfonis gamxsnelad SerCeulia CaCl2-is 3%-iani xsnari dimeTi-
lacetamidSi. damzadebulia, rogorc sufTa polisulfonis 7%, 8%, 9% da 
10%-iani dasasxmeli polimeruli kompoziciebi, aseve polieTilenglikoliani 
kompoziciebi (peg polimeris masis 25%). gaxsnis  monitoringi xorcielde-
boda polarizaciul-interferenciuli optikuri mikroskopis daxmarebiT. mi-
Rebuli xsnarebi gafiltvris da vakuumSi deaeraciis Semdeg daitaneboda 
laboratoriul filerze moTavsebul minis firfitaze. gamoleqvis procedu-
rebi Catarebulia gamoxdili wylis sakoagulacio abazanaSi 60 ℃-ze. nimu-
Sebi irecxeboda 60 ℃-iani wyliT 6sT-is ganmavlobaSi da yovndeboda gamrecx 
abazanaSi wyalSi xsnadi nivTierebebis mosaicleblad.  

sufTa polisulfonis sxvadasxva koncentraciis da peg-is Semcveli 
dasasxmeli xsnarebidan miRebuli membranuli nimuSebi aRniSnulia P1, P2, P3, P4, 

P5, P6, P7, P8 simboloebiT. membranebis foris zomis da warmadobebis  mniSv-
nelobebi mocemulia cxrilSi. 

 
miRebuli membranuli nimuSebis foris zomis, forianobis da warmadobis 
mniSvnelobebi 
 

polimeruli 
membranebi 

buStulakis 
wertilis 

wneva, bari p 

foris zoma, D 
mkm 

membranis 
forianoba,% 

membranis 
warmadoba 
l/m2sT 

P1 1 0,81 18 ± 2 1800 

P2 1,36 0,59 20 ± 3 1640 

P3 1,65 0,49 24 ± 1 1450 

P4 1,92 0,42 29 ± 2 1320 

P5 2,2 0,37 31 ± 3 1230 
P6 2,35 0,34 42 ± 1 1120 

P7 2,4 0,33 54 ± 4 1015 

P8 2,6 0,31 70 ± 3 989 
 

  
cxrilis monacemebidan Cans, rom polisulfonis koncentraciis gazrdiT 

xdeba foris zomis Semcireba. kerZod P1 membranis foris zoma iyo 0,81 mkm, 
xolo P4  nimuSis foris zoma gaxda 0,42 mkm, Semcirda TiTqmis orjer. Semdeg 
PEG-is damatebiT miRebul nimuSebSi isev xdeba foris zomis TandaTanobiTi 
Semcireba da P8 nimuSis foris zomis mniSvneloba utoldeba 0,31 mkm. P1 da P8 
nimuSebis foris zomis mniSvnelobebs Soris gansxvaveba 0,5 mkm-ia. foris 
zomis mniSvnelobebis SemcirebasTan erTad mcirdeba  membranebis warmadoba, 
magram umjobesdeba membranebis zedapiris morfologia da forianoba. poli-
eTilenglikolis (400) damatebiT miRebuli membranebis warmadobis Semcireba 
P5, P6, P7 da P8 nimuSebisaTvis gapirobebulia peg-is unariT [2] dasasxmeli xsna-
rebis siblantis gazrdiT Seanelos fazuri inversiis procesi, Seaviwroos 
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da warmoqmnas axali forebi, CaaxSos mikroRruebis warmoqmna da gazardos 
membranebis forianoba. 

empiriuli kvlevebis Sedegad gamovlenilia pirobebi, romelTa meS-
veobiT SesaZlebeli gaxda koncentraciis cvalebadobisa da polieTilengli-
kolis raodenobis regulirebis xarjze miRebuli membranebis morfologiis 
prognozireba.  
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SUMMARY 

INFLUENCE OF POLYMER CONCENTRATION AND ORGANIC ADDITIVES 

ON THE POROSITY AND PRODUCTIVITY OF THE MEMBRANES OBTAINED 

Bibileishvili G.V., Gogesashvili N.N. and  Kakabadze E.G. 

Engineering Institute of Membrane technology of Georgian Technical University 

The influence of the concentration of the polymer and organic additives of polyethylene glycol (PEG) on the 

characteristic parameters of polymer membranes obtained from polysulfone was studied. It was found that by 

increasing the polymer concentration, the porosity of the membranes increases, and the productivity decreases. 

The productivity and pore size were determined by laboratory equipment created at the Institute. 

Keywords:  Polysulfone, concentration, polyethylene glycol, productivity. 
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polimerisa da araorganuli marilis Srobis temperaturis gavlenis 

Seswavla polimeris xsnadobaze optikuri mikroskopiiT 

 
bibileiSvili g.v., ebanoiZe l.o., javaSvili z.d. 

   
saqarTvelos teqnikuri universitetis membranuli teqnologiebis 

sainJinro instituti 
 

polimerul kompoziciaSi polidispersiuli sistemis nawilakebis gana-
wileba, romelic ganapirobebs maRali forianobisa da xvedriTi warmadobis 
mqone membranebis miRebas damokidebulia xsnaris momzadebis pirobebsa da 
gaxsnis temperaturaze. xsnaris momzadebis procesSi mniSvnelovania poli-
meruli kompoziciis komponentebis Srobis procesebi [1]. Seswavlilia 
sxvadasxva temperaturaze gamSrali komponentebis _ polimerisa da araor-
ganuli marilis gavlena polimeris gaxsnis procesze. 550C temperaturaze 
dasasxmeli polimeruli kompoziciis momzadebis procesSi Catarebulia 
polimeris gaxsnis procesis monitoringi polarizaciul-interferenciuli 
optikuri mikroskopiT _ Biolar (poloneTi), gadidebis diapazoniT 350 _ 400 da 
masze damontaJebuli cifruli kameriT [2-4]. ganxorcielebulia polimeris _ 
polieTersulfonisa da araorganuli marilis _ kalciumis qloridis Sroba 
TermostatSi (POL-EKO modeli ST) 600C, 750C, 900C, 1050C, 1200C da 1350C 
temperaturebze (cxr. 1 da 2). 
 
 cxrili 1. polieTersulfonis wona Srobis temperaturis mixedviT 
 

nivTierebis 
dasaxeleba 

Srobis 
temperatura, 

t0C 

nimuSis wona, g 
 

Srobamde Srobis Semdeg 
wonis 

danakargi 

polieTersulfoni 

60 0,550 0,517 0,035 
75 0,542 0,511 0,031 
90 0,511 0,508 0,003 
105 0,508 0,505 0,003 
120 0,505 0,505 0 
135 0,505 0,505 0 

 
 cxrili 2. kalciumis qloridis wona Srobis temperaturis mixedviT 
 

nivTierebis 
dasaxeleba 

Srobis 
temperatura, 

t0C 

nimuSis wona, g 

Srobamde Srobis Semdeg 
wonis 

danakargi 

kalciumis 
qloridi 

60 0,157 0,145 0,012 
75 0,141 0,128 0,013 
90 0,128 0,124 0,004 
105 0,124 0,121 0,003 
120 0,121 0,121 0 
135 0,121 0,121 0 

 
 600C, 750C, 900C, 1050C, 1200C da 1350C temperaturebze gamSrali poli-
meruli kompoziciis komponentebis gaxsna xorcieldebida 5 g/l koncentraciis 
xsnarSi, sareaqcio kolbaSi, 550C temperaturaze. magnituri sarevelaTi moreva  
grZeldeboda polimeruli kompoziciis gamWvirvale xsnaris miRebamde. gaxsnis 
procesze dakvirveba xdeboda mikrografiuli gamosaxulebebis mixedviT. 
kontroli grZeldeboda polimeruli kompoziciis Txevad masaSi polimeris 
Zafiseburi an nemsiseburi CanarTebis, myari nawilakebis srul gaqrobamde. 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #2, 2020  

 

159 

(suraTi a da b). 1350C temperaturaze gamSrali komponentebis Semcveli 
polimeruli kompoziciis mikrografiul suraTze ar Cans mikrogeluri 
nawilakebi (suraTi 1, b), rac miuTiTebs xsnaris erTgvarovnebze. 
 

  
a b 

 
polarizaciul-interferenciuli optikuri mikroskopis mikrografiuli gamo-

saxulebebi: miRebuli (a) 60 0C da (b) 105 0C temperaturaze gamSrali komponentebiT 
momzadebuli kompoziciidan 

 
kvlevis Sedegad dadginda, rom polimerisa da kalciumis qloridis 

Srobis temperaturis cvlilebiT SesaZlebelia polimerul masaSi nawilake-
bis zomis iseTi ganawilebis regulireba, rac ganapirobebs maRali foriano-
bisa da xvedriTi warmadobis mqone membranebis miRebas. 
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SUMMARY 

STUDY OF THE EFFECT OF THE DRYING TEMPERATURE OF THE POLYMER AND 

INORGANIC SALT ON THE SOLUBILITY OF POLYMERS USING OPTICAL MICROSCOPY  

Bibileishvili G.V., Ebanoidze L.O. and Javashvili Z.D. 

Engineering Institute of Membrane Technology, Georgian Technical University 

Influence of drying temperature of polymer and inorganic salt on degree of dissolution of polymeric membrane 

compositions and on specific productivity of membranes obtained on the basis of polyethersulfone has been 

studied. It was established that by changing the drying temperature of the polymer and inorganic salt it is 

possible to obtain such a distribution of particle sizes in the polymer mass, which determines the production of 

membranes with high porosity and specific productivity. 

Keywords: polymeric membrane,  polymer, calcium chloride, inorganic salt, specific output. 
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araorganuli marilis gavlenis Seswavla polimeris xsnadobaze sinaTlis 

dinamiuri gabnevis meTodiT 

 

bibileiSvili g.v., ebanoiZe l.o. 
 

saqarTvelos teqnikuri universitetis membranuli teqnologiebis 
sainJinro instituti 

 
polimerul kompoziciaSi polidispersiuli sistemis nawilakebis 

xarisxobrivi daSla membranis forebis warmoqmnisaTvis saWiro farTobis 
regulirebisa da membranuli apkis xvedriTi warmadobis prognozirebis 
saSualebas iZleva. polimeris masaSi nawilakebis daSla damokidebulia 
xsnaris momzadebis pirobebsa da gaxsnis temperaturaze. xsnaris momzadebis 
procesSi mniSvnelovania polimeruli kompoziciis komponentebis Srobis 
procesebi maRali warmadobis mqone membranebis misaRebad [1]. Seswavlilia 
sxvadasxva temperaturaze gamSrali komponentis _ araorganuli marilis 
gavlena polimeris xsnadobis procesze. Catarebulia polimeris gaxsnis 

procesis monitoringi analizatorze Zetasizer Nano Zen 3690. ganxorcielebulia 

araorganuli marilis _ kalciumis qloridis Sroba TermostatSi (POL-EKO 

modeli ST) 600C, 750C, 900C, 1050C, 1200C da 1350C temperaturebze (cxrili 1).  
 
  cxrili 1. kalciumis qloridis wona Srobis temperaturis mixedviT 
 

nivTierebis 
dasaxeleba 

Srobis 
temperatura, 

t0C 

nimuSis wona, g 
 

Srobamde Srobis Semdeg 
wonis 

danakargi 

kalciumis 
qloridi 

60 0,157 0,145 0,012 

75 0,141 0,128 0,013 

90 0,128 0,124 0,004 

105 0,124 0,121 0,003 

120 0,121 0,121 0 

135 0,121 0,121 0 

 
  

600C, 750C, 900C, 1050C, 1200C da 1350C temperaturebze gamSrali kalciumis 
qloridis Semcvel polimerul xsnarebSi, koncentraciiT 5 g/l, gansazRvru-
lia polimeris zoma da polidispersiulobis xarisxi sinaTlis dinamiuri 
gabnevis meTodiT [2-4]. polimerebis zomebi da am xsnaridan damzadebuli memb-
ranebis xvedriTi warmadobebi warmodgenilia cxrilSi 2. 

cxr. 2-Si warmodgenili monacemebis mixedviT 135 0C temperaturamde 
gamSrali kalciumis qloridi ganapirobebs polimerul masaSi jeradad 
gansxvavebuli zomis nawilakebis miRebas gaxsnis zRvruli maCvenebliT 11 nm 
da membranis maRal xvedriT warmadobas – 4600 l/m2sT-s. 
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cxrili 2. 60 0C, 75 0C, 90 0C, 105 0C, 120 0C da 135 0C temperaturebze gamSrali 
kalciumis qloridis Semcveli polimeruli kompoziciebis nawilakebis zomebi, 
polidispersiulobis indeqsi da miRebuli membranebis xvedriTi warmadobebi 
 

№ 
nimuSis 

dasaxeleba 
piki 
1, nm 

% 
piki 
2, 
nm 

% 
piki 
3, 
nm 

% Ksps PDI 
Z-

Ave 

xvedriTi 
warmadoba,  
J, l/m2.sT 

1 60 0C 
gamSrali 
polimeris 
da  LiCl-is 

polimeruli 
xsnari  
(5 g/l) 

9,549 47,2% 74,07 6,6% 1045 46,2% 53.3 0,987 619,1 

1200 

2 8,710 49,4% 20,79 7,5% 955,4 40,4% 53.9 1,00 821,9 

3 9,065 45,9% 54,76 6,2% 1102 47,9% 52.8 1,00 667,5 

1 75 0C 

gamSrali 
polimeris 
da  LiCl-is 

polimeruli 
xsnari  
(5 g/l) 

8,879 47,0% 20,67 9,1% 888,1 43,9% 49.4 1,00 648,7 

1877 
 

2 6,297 16,6% 10,74 37,8% 995,4 41,0% 46.2 0,826 626,0 

3 6,449 13,3% 11,17 37,2% 1279 46,0% 45.1 0,882 544,5 

1 90 0C 

gamSrali 
polimeris 
da  LiCl-is 

polimeruli 
xsnari 
 (5 g/l) 

7,453 42,3% 19,25 15,9% 1048 41,8% 41.2 0,889 415,3 

2188 
 

2 8,458 48,9% 28,44 9,1% 1104 42,0% 39.5 0,821 493,8 

3 8,785 48,5% 30,65 6,9% 1027 44,6% 41.5 0,839 636,3 

1 105 0C 

gamSrali 
polimeris 
da  LiCl-is 

polimeruli 
xsnari  
(5 g/l) 

9,908 82,9% 49,62 8,7% 694,3 8,5% 18,3 0,210 16,95 

2510 
 

2 9,773 83,4% 76,36 8,0% 959,2 8,6% 18,0 0,228 15,33 

3 10,05 84,3% 41,42 9,1% 515,8 6,8% 17,9 0,153 28,59 

1 120 0C 

gamSrali 
polimeris 
da  LiCl-is 

polimeruli 
xsnari  
(5 g/l) 

9,076 41,1 536,8 39,7 18,10 19,3 54,5 0,978 759,0 

3800 
 

2 615,1 42,0 8,862 39,7 18,06 18,3 50,8 0,856 656,1 

3 1079 51,0 11,76 49,0 0 0 46,6 0,727 436,0 

1 135 0C 

gamSrali 
polimeris 
da  LiCl-is 

polimeruli 
xsnari  
(5 g/l) 

13,21 95,3 582,9 2,9 5183 1,8 20,4 0,257 12,07 

4600 
 

2 11,68 93,4 208,3 6,6 0 0 20,4 0,232 13,56 

3 11,36 89,8 61,22 7,2 547,7 3,0 19,9 0,286 12,87 

 
  

kvlevis Sedegad dadginda, rom kalciumis qloridis Srobis tempe-
raturis cvlilebiT SesaZlebelia polimerul masaSi umciresi nawilakis 
zomebis zRvruli maCveneblebis da forebis warmoqmnisaTvis saWiro far-
Tobis regulireba, rac iwvevs membranuli afkis xvedriTi warmadobis zrdas. 
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SUMMARY 

STUDY OF THE INFLUENCE OF INORGANIC SALT ON THE SOLUBILITY OF POLYMERS BY 

DYNAMIC LIGHT SCATTERING METHOD 

Bibileishvili G.V., Ebanoidze L.O.  

Engineering Institute of Membrane Technology, Georgian Technical University 

Influence of temperature of drying of inorganic salt on degree of dissolution of polymeric compositions and on 

specific productivity of membranes received on the basis of polyethersulfone has been studied. It was established 

that the change in temperature of inorganic salt drying provided the decomposition of particles to the smallest 

size in the polymer mass and identification of their limit values, which makes possible to adjust the area required 

for the appearance of membrane pores and predict the specific productivity of the membrane film. 

Keywords: polymeric membrane,  polymer, calcium chloride, inorganic salt, specific output. 
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nodar CigogiZe – 70 

 
 

 
nodar CigogiZe daibada 1950 wlis 30 maiss q. Tbi-

lisSi. 1967 wels oqros medalze daamTavra Tbilisis 63-e 
saSualo skola. 1972 wels saqarTvelos politeqnikri 
institutis qimiuri teqnologiis fakulteti. 

n. CigogiZis samecniero-kvleviT saqmianobaSi gansa-
kuTrebuli adgili ukavia virusuli reproduqciebis po-
tenciur inhibitorebsa da interferonis induqtorebs. mis 
mier sinTezirebulia 189 qimiuri naerTi.  

2009 wels daicva sadoqtoro disertacia.  
2010 wlidan aris saqarTvelos teqnikuri universitetis biologiurad 

aqtiur nivTierebaTa kvlevis samecniero centris xelmZRvanelis moadgile 
samecniero-teqnikur dargSi.  

n. CigogiZe aris saqarTvelos sainJinro, samxedro-samedicino, erovnul 
da socialur urTierTobaTa, fazisis saero, giga lorTqifaniZis saxelobis 
Teatris, kinos, mecnierebisa da sazogado moRvaweTa akademiebis akademikosi,  

2009 wlidan muSaobs avTvisebiani simsivneebis metastazirebis prob-
lemis gadasaWrelad. 

2020 wels tao-klarjeTis samecniero akademiis mier dajildovda 
oqros medliT kibos sawinaaRmdego, pirveli qarTuli preparatis gamogone-
bisaTvis.  

batonma nodarma didi Rvawli dasdo saqarTveloSi qimiuri mrew-
velobis winsvlisa ganviTarebis saqmes. aris 150-ze meti samecniero naSromis, 
monografiebis, saxelmZRvaneloebis avtori, miRebuli aqvs 12 saavtoro 
mowmoba gamogonebaze, agreTve razionalizatoruli winadadebebi da ori 
danergvis aqti. 

man Tavisi SromiT gaamdidra bioorganuli naerTebis qimiis Teoria, 
praqtikuli wvlili Seitana sameurneo preparatebis warmoebis teqnologiuri 
reglamentis SemuSavebaSi, agreTve samSeneblo masalebisa da mineraluri 
sasuqebis adgilobrivi standartebisa da axali sakvebi produqtebis, sas-
melebis SeqmnaSi.  

vulocavT baton nodars saiubileo TariRs, vusurvebT janmrTelobas, 
nayofier mecnierul-pedagogiur moRvaweobas da SemoqmedebiT warmatebebs. 

 
 
 

 
saqarTvelos teqnikuri universiteti 
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