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ОБ ОДНОЙ МЕТОДИКЕ МНОГОКРАТНОГО КОРРЕКТИРОВАНИЯ БАЗ ДАННЫХ  В  

ЗАДАЧАХ РАСПОЗНАВАНИЯ ОБРАЗОВ 

              

                      Ткемаладзе Н.Т.,  Джихвашвили В.Н.,  Куридзе М.В.,  Мамулашвили Г.Г. 

        

     Институт кибернетики им. В.В.Чавчанидзе Грузинского технического университета 

 

Многократное корректирование баз данных на основе результатов распознавания 

реализаций объектов (образов) является одной из важных задач, разработанной нами системы 

распознавания образов с обучением – СРОО [1]. Реализацией объекта [1,2] называется пос-

ледовательность значений параметров, характеризующих объект. Эту последовательность на-

зывают также описанием объекта [3,4], изображением [5], m -компонентным вектором [6]  ( m  

– количество параметров). Реализации тех объектов, для  которых заранее известны классы, к 

которым они принадлежат, называются обучающими  реализациями. 

CРОО состоит из: 1. Модели предварительной обработки исходной информации – 

МПОИИ: 2. Обучающей модели – ОМ и 3. Модели распознавания – МР. 

Многократное корректирование баз данных проводится на основе результатов распоз-

навания контрольных реализаций и реализаций новых объектов из заданного списка классов, 

когда система заканчивает работу. Однократное корректирование проводится на основе резуль-

татов распознавания обучающих распознаваемых реализаций, т.е. таких  обучающих реализа-

ций, которые  МР распознает в процессе  работы ОМ. 

МПОИИ из исходных обучающих реализаций выделяет контрольные реализации объек-

тов c помощью случайных чисел. Из обучающих реализаций, оставшихся после выделения 

контрольных реализаций, ОМ с помощью случайных чисел выделяет обучающие распознава-

емые реализации, количество которых зависит от количества исходных обучающих и контроль-

ных реализаций. На основе тех обучающих реализаций, которые остались после их выделения, 

определяются база знаний и база данных. 

Таким образом, определяется один (первый) вариант обучающих распознаваемых и 

обучающих реализаций. После этого уже с помощью случайных чисел и процедуры скользя-

щего контроля определяются и другие варианты. Под этой процедурой подразумевается, что 

при выделении каждого последующего варианта в обучающие реализации должны входить и 

выделенные в предыдущем варианте обучающие распознаваемые реализации, при этом требу-

ется, чтобы каждая исходная обучающая реализация была представлена как обучающая 

распознаваемая реализация в двух, или, по крайней мере, в трех вариантах. С учетом этого 

требования определяется количество вариантов обучающих реализаций, которое соответсвует 

количеству вариантов обучающих распознаваемых реализаций. Реализации содержат лишь 

числовые значения параметров (этот факт обеспечивает МПОИИ преобразованием качес-

твенных значений параметров в числовые значения [1]). МПОИИ варианты обучающих реа-

лизаций передает в обучающую модель для создания баз знаний и баз данных, а новые, 

контрольные и обучающие распознаваемые  реализации –  в модель распознавания для их даль-

нейшего преобразования и распознавания. 

Кроме определения вариантов в МПОИИ решаются еще пять задач, что обуславливает 

представление исходной информации  в такой форме, которая необходима для ОМ и МР. 

ОМ включает в себя методы и алгоритмы решения семи задач, с помощью которых  

проводятся такие преобразования, которые сближают реализации объектов одного и того же 

класса и увеличивают разницу между реализациями объектов разных классов. ОМ определяет 

характеристики классов – создает базу знаний и базу данных для каждого варианта на основе 

обучающих реализаций объектов, входящих в соответствующий вариант. 

База знаний включает в себя все те формулы – функции (параметры), которые исполь-

зуются для преобразования распознаваемых реализаций. Базы данных содержат характерис-

тики (признаки и их комбинации) каждого класса, их меры информативности, пороговые меры 

и все данные, которые  используются в критериях, на основе которых МР принимает  решение 

о принадлежности распознаваемых объектов к соответствующим  классам. 

МР, которая содержит методы и алгоритмы решения восьми задач, на основе баз знаний 

преобразует распознаваемые реализации, под которыми подразумеваются как обучаюшие рас-
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познаваемые реализации, так и контрольные и новые реализации. МР для их распознавания 

пользуется критериями трех типов: 1) в критериях первого типа принимают участие лишь такие 

признаки и их комбинации, которые характеризуют только объекты одного и того же класса. 

Такой признак будем называть максимально информативным признаком, МИП-ом. Если МИП 

характеризует все объекты этого класса, то его будем называть максимальным максимально 

информативным признаком, махМИП-ом. В этих же критериях также используется количество 

тех реализаций, в которых даны вышеуказанные признаки; 2) в критериях второго типа 

принимают участие информативные признаки, т.е. такие признаки, которые характеризуют 

объекты более одного  класса (но не все  объекты всех классов, т.е неинформативные призна-

ки), а также их меры информативности; 3) в критериях третьего типа принимают участие все 

данные, которые участвуют в двух вышеуказанных критериях, а также пороговые меры, с 

помощью которых принимается решение о принадлежности исследуемого объекта к тому или 

иному классу с определенной степенью принадлежности. 

Таким образом, проводится распознавание обучающих распознаваемых реализаций   

объектов с определенными степенями принадлежности на основе базы знаний и базы данных, 

определенных в соотственном варианте. Что касается новых и контрольных реализаций объек-

тов, то они распознаются на основе базы знаний и базы данных, определенных в каждом ва-

рианте в отдельности, так что для каждого объекта принимаются несколько решений, число 

которых соответствует количеству вариантов. Назовем их первичными решениями, на основе 

этих решений принимается окончательное решение. 

Так как заранее известен класс, к которому принадлежит контрольная реализация в каж-

дом варианте, а обучающая распознаваемая  реализация только в соответствующем варианте,  

поэтому несмотря на то, каковы будут их степени принадлежности, проводится корректи-

рование соответствующих баз данных. После распознавания контрольных реализаций прово-

дится многократное корректирование баз данных, а после распознавания обучающих рас-

познаваемых реализаций база данных корректируется только один раз (хотя целесообразно и ее 

многократное корректирование). Что касается новой распознаваемой реализации, после ее 

распознавания многократное корректирование проводится лишь в том случае, когда соответс-

твующий распознанный объект принадлежит к классу со степенью принадлежности, равной 

единице. Под многократным корректированием подразумевается, что после первого кор-

ректирования базы данных опять проводится распознавание на основе результатов  распоз-

навания с помощью корректированной базы данных, затем опять проводится корректирование 

базы данных и т.д. Этот процесс продолжается до тех пор, пока результаты распознавания 

контрольных реализаций не окажутся стабильными, т.е. базы данных уже не будут меняться. 

Многократное корректирование обуславливает изменение степеней принадлежности к соответ-

ствующим классам, что выражается (как показала статистика) в распознавании нераспознанных 

и ошибочно распознанных объектов.   

 Предложенная методика многократного корректирования баз данных значительно 

повышает эффективность распознавания контрольных и новых реализаций, а однократное кор-

ректирование обучающих распознавамых реализаций в какой-то мере повышает ее. Корректи-

рованию подлежат отдельные признаки, их пары, тройки, а также специфические группы 

признаков, т.е. комбинации признаков, харатеризующих и нехарактеризующих объекты и 

которые определены с помощью конфигураций типов ),,,,( rkbv и 

,),,,,,( ,

i

ii pnrkbv  2,1i  [7,8]. 

Методика корректирования баз данных заключается в следующем: пусть имеется L   

количество классов LS ,1,  . Множество их баз данных обозначим через },{ dD                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

,,1 L  j -ый признак,  характеризующий  -ый класс, обозначим через  jq , а если он 

является МИП-ом, или maxМИП-ом, то его обозначим через 
*

jq ;  через R  обозначим коли-

чество реализаций в  -том классе, через jn – количество таких реализаций, которые входят  

в  -ый  класс и  включают в  себя j -ый признак, а  через  jH – количество  тех  реализасий 
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объектов всех классов, которые содержат j -ый признак. 

Методика корректирования включает в себя три случая. В них рассматриваются те 

данные, которые принимают участие в вышеуказанных критериях, с помощью которых 

распознаются объекты. 

           I. Когда распознанная реализация объекта класса S  содержит признак 
*

jq , тогда: 

A) если  
*

jq  является махМИП-ом, то увеличивается количество реализаций объектов  - 

того класса, т.е. в его базу данных  вместо  R  записывается 1R ; 

B) если 
*

jq  является МИП-ом, то увеличивается и количество тех реализаций объектов 

 -того класса, которые влючают в себя этот признак и, соответственно, в базу данных запи-

сываются 1R  и 1jn . 

II. Когда распознанная реализация объекта класса S  включает в себя информативный 

признак jq , который входит в базу данных класса S , т.е. в  d ,  то вычисляется его новая 

мера информативности, 

                               j

2/122 }2/]))1/()1(())1/()1{[((  jjj HnRn  ,  

 которой заменяется предыдущая мера информативности j -того признака, а R – через 1R  

и так записываются они в базу данных d . Что касается баз данных остальных классов 

,,  S то для каждой из них, т.е. для d , в которую входит признак jq , вычисляется 

новая мера информативности этого признака  

                       j

2/122 }2/]))1/(()/{[(  jjj HnRn  . 

Таким образом, определенные меры информативности записываются в базы данных со-

ответствующих классов. 

III. Если в распознанной реализации объекта класса  S окажется  такой  признак, 

который не входит в базу данных этого класса, но входит в базы (базу) данных классов  

(класса)  S ,   ,   тогда определяется мера информативности 

                                          j

2/122 }2/]))1/(1())1/(1{[(  jHR ,  

которая записывается в базу данных d , а для каждой  базы данных  ,d , которая 

содержит этот признак: 

 А) если   
*

jq
  является  махМИП-ом ,  то  он  превращается  в  информативный  признак  

и определяетсяк его мера информативности 

                                     j

2/12 }2/]))1/((1{[(   Rn j , 

которая  записывается  в базу данных соответствующего класса.   

Б) если 
*

jq
  является  махМИП-ом,  то  он также превращается в информативный 

признак и определяется его мера информативности  

                                          j

2/122 }2/]))1/(()/{[(( 
 jjj nnRn , 

которая также записвается  в базу данных соответствующего  -го класса. 

Таким образом, оба МИП-а преобразуются в информанивные признаки; 

    С) если  jq  является информативным признаком, то для него вычисляется новая мера 

информативности  которая также записывается в базу данных сооветствующего  -го класса. 

                                      2
1

22 }2/]))1/(()/{[(  jjjj HnRn  , 

Результаты распознавания объектов разных классов показали, что включение в СРОО 

новой методики многократного корректирования базы данных на основе результатов рас-

познавания объектов значительно улучшает результаты распознавания. 
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SUMMARY 

ON ONE METHOD OF MULTIPLE CORRECTION OF DATABASES IN PATTERN RECOGNITION 

OBJECTIVES  

Tkemaladze N.T., Jikhvashvili V.N., Kuridze M.V. and Mamulashvili G.G.     

V. Chavchanidze Institute of Cybernetics of Georgian Technical University 

A new method of multiple correction of data bases on the basis of object recognition results is suggested. The  

correction of databases is one of important objectives of the system of pattern recognition with learning (SPRL) 

we elaborated. Therefore, the brief information on the SPRL is given. The object recognition results were 

significantly improved after including the above-mentioned method in the SPRL 

Keywords: multiple correction, pattern recognition, database, measure, feature. 
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ПОИСК ОБЪЕКТОВ НА ПЛОЩАДИ  

 

Начкебия М.Д. 

 

Институт вычислительной математики им. Нико Мусхелишвили  

Грузинского технического университета 

 

Теория поиска представляет собой одно из направлений исследования операций. Это 

теория поиска – обнаружения  какого-либо объекта в области его вероятного местонахождения, 

уточнение его координат и возможное дальнейшее сопровождение. Область применения очень 

широка – от археологических раскопок до современных проблем в науке, технике, военном 

деле и т.д. 

Можно выделить большую группу задач, в которых поиск осуществляется на плоскости 

или в пространстве. Эти задачи хорошо известны [1], а методы в дальнейшем были успешно 

применены при исследовании большого числа разных задач. Во всех задачах поиска в первую 

очередь нужно обосновать стратегию поиска. Средством достижения этой цели служит 

решение ряда задач, главными из которых являются [2]: 

- установление причинно-следственных связей между условиями выполнения поиска и его 

результатами путем построения и анализа соответствующих математических моделей; 

- анализ физических основ поиска, включающий рассмотрение объектов поиска, средств 

обнаружения и среды поиска; 

- установление кинематических закономерностей взаимных перемещений наблюдателя, 

ведущего поиск, и объекта поиска; 

- обоснование оптимальных способов поиска и слежения, обеспечивающих максимизацию 

или минимизацию избранных критериев эффективности; 

- обоснование оптимального распределения поисковых ресурсов. 

Данные о местонахождении объекта до начала поиска и в процессе его выполнения носят 

вероятностный характер. Такая неопределенность является причиной проведения поисковых 

действий. 

Пусть процесс поиска происходит в определѐнной области G , называемой пространст-

вом поиска. В общем случае пространство G  является подмножеством n -мерного евклидова 

пространства 
nR , координатами которого могут быть пространственные и временные 

координаты поисковых средств, характеристики их работы, параметры, характеризующие 

физические своиства объекта (объектов) поиска и др. В пространстве 
nR определена функция 

f - плотность распределения вероятности местоположения  объекта поиска. 

Имеется поисковый ресурс М  в виде множества разнородных поисковых средств, рас-

положенных в разных пунктах базирования. 

Качество поисковых действий, участвующих в операции поисковых средств, определя-

ется значением функционала  

 

                                           ( , , , )W P M f u T ,                                                         (1) 

 

являющегося критерием эффективности поиска при заданных функции плотности - f , 

организации работы поисковых средств (називаемой управлением) -u  и продолжительности 

процесса поиска -T . 

При организации поисковой операции важным фактором является учѐт некоторых 

ограничений, связанных с тактико-техническими возможностями поисковых средств, с 
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ограничениями на совместное использование  и маневрирование поисковых средств в процессе 

поиска и др. Эти ограничения можно записать в виде   

 

                                                 ,V u Q                                                                   (2) 

где (mQ R m - число ограничений). 

Формально задачу поиска объекта можно сформулировать таким образом: найти вектор 

- функцию ( )u M (управление поисковым ресурсом M в пространстве поиска G ), достав-

ляющую экстремум функционалу (1) при заданной плотности - f , продолжительности 

процесса поиска - T  и удовлетворяющую ограничениям (2).  

Задача поиска для различных критериев эффективности и ограничений обсуждается в научных 

исследованиях, в том числе в [1-7] . 

Несмотря на разнообразие ситуаций поиска рассматривают, в основном, три типа 

поиска: 

1. Поиск на площади (в районе); 

2. Поиск на границе (на пороге); 

3. Поиск по вызову (с начальной информацией или с начальной точки). 

В данной работе рассматривается задача поиска на площади (в районе), являющаяся 

частной задачей, сформулированной выше задачи и получающаяся в предположении 
2G R . 

Поисковый ресурс задаѐтся с помощью матрицы 
i j , где элементы i -ой строки являются 

характеристиками i – го поискового средства. 

Задача  управления поисковым ресурсом при этом виде поиска с учѐтом ограничиваю-

щих факторов по условиям управления является комплексом ряда взаимосвязанных задач: 

- определение области поискового пространства – выбор района поиска; 

- определение наряда поисковых средств; 

- разделение района поиска на участки с учѐтом ограничений на совместное использование и 

маневрирование поисковых средств; 

- определение времени начала поиска поисковыми средствами в разных участках района; 

- распределение ресурса в районе поиска. 

Организация поиска в районе предполагает разделить район на участки и распределить 

поисковые силы (ПС) по участкам таким образом, чтобы с учѐтом их поисковых 

производительностей и местонахождений на момент начала поиска обеспечить максимальную 

суммарную эффективность, в качестве которой принимаем вероятность обнаружения объекта 

поиска. При этом взаимное расположение сил по участкам должно быть таким, чтобы цель 

уклоняясь от сильно шумящих ПС, попадала в зону обнаружения малошумящих. Учитывая эти 

требования, решение поставленной задачи даѐтся для  двух различных ситуациях поиска:  

1) среди поисковых сил имеется одна шумная, а остальные – малошумные ПС. В этом случае 

для достижения оптимального распределения ПС задача приводится к задаче оптимального 

назначения [6];  

2) уклонение объекта возможно от всех ПС. При этом процесс поиска описывается с помощью 

обыкновенных дифференциальных уровнений [7]. Нами в указанной модели сделаны два 

существенных дополнения – в правой части введено дополнительное слагаемое, выражающее 

эффект обнаружения, и с помошью специальных функций - множителей в правых частях 

системы дифференциальных уравнений – учтены сдвиги во времени. 

В качестве района поиска рассматривается участок прямоугольного типа 

 

    2, , ,0 ,0G x y x y R x a y b     
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Для конкретных ситуаций поиска вероятность обнаружения объекта поиска в качестве 

главного показателя (критерия) эффективности (при заданном распределении ПС по участкам 

района поиска) определяется следующим образом: 

1) При 

   

    1 1 1 ,

, 1/ , , ;

, , ,..., ,N N N

f x y S x y G

u x y i x y i

 


 

(S – площадь района поиска; ситуация соответствует т.н. “контрольному поиску” в районе – 

поиску при равномерном распределении объекта поиска;  ,j jx y  центр j -го участка, 

отведенного 
ji -му ПС). Выражение для вероятности обнаружения объекта поиска в районе ко 

времени T всеми поисковыми средствами, производящими поиск независимо друг от друга в 

отведѐнных им участках района поиска, получается в следующем виде: 

 

                                     '

1 1

1
j j j

N

k i j k i j i j

j
j k

P T t f t t f



        
  ,                              (3) 

где  k - номер участка, отведѐнного шумному средству (под номером 1); 
i jt - время прибытия 

i -го средства в j -й участок; 
ji - поисковая производительность 

ji  - го ПС; 
jf - плотность 

распределения вероятности местополжения объекта поиска в j -м участке с учѐтом уклонения 

его от шумного средства 

 

1 1( )

, ;

0, ,

kj k

j kj

l T t
f

S L Sf если j k

если j k

 


  


  
 

kjl - длина общей границы  k -го и  j -го участков; kL - периметр k -го участка; 

 

1
'

1

, ,
.

,

j

j

k i j

j

j k i j

f если t t
f

f если t t


 

  

 

2) При произвольной плотности и возможности уклонения объекта поиска от всех поисковых 

средств предложен метод оценки эффективности поиска путѐм решения следующей системы 

дифференциальных уравнений 

 

 
       

 
   

1

1

12 1 1 1 1 1 1

1
1

1

1

1

... ,

. . . . . . . . . . . . . . . . . . . . . . . . . .

,

N

N N i k k k

k
k

N
N

k N k k

k

dP t
t P t t P t

dt

dP t
t P t

dt

      

 













         





 






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где номер 1N   приписывается области вне района;    1,2,...,jP t j N  - вероятность 

нахождения необнаружѐнного объекта поиска в j - м участке,  1NP t
 - вероятность выхода 

необнаружѐнного объекта поиска из района ко времени t; 

 

 
1

0, ,

1, ,

j

j

i j

j

k i j

если t t
t

если t t



 



1,2,..., .j N  

 

Эти функции вводятся для учѐта развѐртывания и времени прибытия поисковых средств 

на отведѐнные им участки; 

 j k jP t - интенсивность перехода объекта из j - го участка в k -й участок в момент t ;  

 
ji jP t - интенсивность обнаружения объекта поиска 

ji -м средством в j -м участке: 

 1
,

,

j j

j j

j

o

i i jk

jk

j j

o

i i

i

j

П PH l

S L

П PH

S





 







 
 

j

o

iП - производительность объекта поиска в отношении 
ji -го поискового средства; 

jiPH - 

вероятность неуклонения объекта поиска от 
ji  -го средства; 

jS  - площадь j - го участка - 
jG ; 

Функции    1,2,..., 1jP t j N   удовлетворяют условиям  

   0 1 0; 1 ,

j

j N

G G

P t f dxdy P t f dxdy     

где  0 min .
ji jt t  

Вероятность обнаружения объекта поиска ко времени T (к заданному сроку) равна 

 

                                           
1

1

1
N

i

i

P P T




                                                          (4) 

 

Таким образом, задачи оптимального управления поисковым ресурсом (оптимального 

распределения поискового ресурса) при поиске на площади являются дискретными задачами 

оптимизации со сложными целевыми функциями и ограничениями, учитывающими 

особенности управления поисковым ресурсом в реальных условиях поиска. С целью 

преодоления трудностей их численной реализации предлагается метод решения задачи в два 

этапа:  

1) оптимизация  распределения поискового ресурса в первом приближении;  

2) корректировка получившегося на первом этапе решения.  

Смысл первого приближения заключается в уменьшении числа вариантов распределения путѐм 

сведения к подмножеству рациональных решений по тому или иному, обоснованному для 

конкретной ситуации поиска, частному критерию. На втором этапе осуществляется 

корректировка этого решения с целью достижения максимальной эффективности поиска при 

соблюдении порядка первого распределения  и требования одновременного окончания работы 

во всех участках района поиска. 
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В рассмотренной выше ситуации поиска при возможности уклонения объекта поиска от всех 

ПС, на первом этапе решается задача наискорейшего прибытия поисковых средств в участки 

поиска: найти неизвестные  , 1,2,...,i jz i j N , которые минимизируют функцию  

 

                                                       max i j i j
z

y t z                                                        (5) 

 

и удовлетворяют ограничениям 

 

        
1 1

0
1, 1,2,..., ; 1, 1,2,..., ; , , 1,2,...,

1

N N

i j i j i j

i j

z j N z i N z i j N
 


     


  .        (6) 

 

В случае “контрольного поиска” 
1

f
S

 
 

 
 при условии, что из поисковых средств одно 

шумное (под номером 1), остальные малошумные, рещается задача: найти неизвестные 

 , 1,2, ,i jz i j N  , которые максимизируют выражение  

      '

1 1 1

1 1 1

N N N

k i j k i j i j i j k

k i j

P z T t П f t t П f z z
  

 
         

 
 

 
 

и удовлетворяют ограничениям (6). 

При необходимости отправления поисковых средств на поиск в разные моменты време-

ни 1 2, , , lt t t , задача оптимального распределения поискового ресурса в первом приближении 

приводится к трѐхиндексной задаче об оптимальном назначении: найти 

 1,2,..., ; 1,2,..., ; 1,2,...,k i jx k l i n j m   , которые максимизируют сумму kij

k i j

kij x  

при условиях  

 

1; 1; 1;

0
, 1,2,..., ; 1,2,..., ; 1,2,..., ,

1

k i j k i j k i j

i j k i k j

k i j

x x x

x k l i n j m

  


   


  

 

где 
k i jП - показатель эффективности поиска i -го средства в j -м участке при отправлении его 

из пункта базирования в момент kt . 

На втором этапе решения задачи поиска на площади каждому ПС выделяется участок с 

площадью пропорциональной доли возможного обследования им площади в районе поиска. 

Кроме того, в случае возможности неоднократного перекрытия (обследования) района поиска в 

течение заданного времени T  корректируется время поиска или уменьшается наряд (состав) 

поисковых средсв, участвующих в поиске. 

Окончательной процедурой второго этапа является определение вероятности обнаруже-

ния объекта поиска и оптимальных параметров управления поисковым ресурсом – координат 

отведѐнных им участков района поиска. 

Численная реализация разработанных математических моделей рассмотренных задач 

реализована в среде Matlab. 
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SUMMARY 

SEARCH OF OBJECTS IN THE AREA 

Nachkebia M.D. 

Niko Muskhelishvili Institute of Computational Mathematics of the Georgian Technical University 

The paper deals with the problems of search in the area in different situations of search depending on the 

character of information about locations of the object of search, the structure and location of search means, 

technical parameters of both search forces, and the required object. In the specific case, the model can be applied 

to the problems of search of naval underwater objects 

Keywords: search situation, search resource, search space, probability of detection, optimum control of the 

resource. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, №3, 2015  

 
15 

ON THE ORIGIN OF  A STIMULATED DOMAIN-ACOUSTIC ECHO POSSESSING THE 

LONG-TERM MEMORY IN MAGNETITE POWDERS 
 

Mamniashvili G.I., Gegechkori T.O., Gavasheli T.A., Sharimanov Yu.G., Gventsadze D.I., 

Daraselia D.M. and  Japaridze D.L. 

 

E. Andronikashvili Institute of Physics, 

Iv. Javakhishvili Tbilisi State University 

 
Abstract. The stimulated domain-acoustic echo (DAE), possessing the long-term acoustic memory, and 

magnetoacoustic responses were inductively excited in magnetite using  a pulsed NMR technique with recording 

inductivly the signals and studing their properties. The comparison of the DAE intensity and magnetization 

dependence on the outer magnetic field showed that the long-term memory of DAE is caused by the irreversible 

changes of magnetization in the monodomain grains of magnetite powder due to the magnetostriction  with the 

interaction of the acoustic wave generated by the first RF pulse with the magnetic field of the second RF pulse. 

Keywords: stimulated domain-acoustic echo, long-term memory, magnetite powder, magnetoacoustic response,  

pulsed NMR.  

 

  

1. Introduction 
After the excitation of a magnetostrictive sample mounted in the RF coil of a conventional pulsed 

NMR spectrometer by RF pulses, different  magnetoacoustic responses were observed [1,2]. In [1] a 

slab-shaped ferrite sample was excited by a train of RF pulses of 0.5 microseconds width and 10 ms 

repetition time at 5 MHz frequency; a response signal was observed after each RF pulse. The Fourier 

transformation of this signal showed a series of equally spaced peaks with spaces depending on the 

geometry of the sample. Using these data for the slab-shaped sample, one could determine the acoustic 

wave speed in this material and compare it with similar data obtained by other methods [3]. In [2] the 

DAE signals were inductively generated using a pulsed NMR technique after application of three RF 

pulses in Co0.01Mn0.05Cu0.18Ni0.2Mg0.72Fe0.6O4 ferrite, europium garnet and iron borate samples at 20 

MHz frequency. 

The acoustic signal 1=10cos(kx-t) (10,  and k are the amplitude, the angular frequency and 

the propagation constant of the wave, respectively) propagating in a ferrite rod in the x-direction after 

the application of the first RF pulse was recorded using the second short RF magnetic field pulse 

H1=H10cos(t) of the same frequency . As a result of the simultaneous action of acoustic and 

magnetic pulses, due to the nonlinear interaction of these oscillations with the magnetic field of the 

second pulse the principal contribution to which apparently comes from the magnetostriction, a 

stationary space-periodic magnetic structure is formed in the sample with spatially inhomogeneous 

magnetization component  M ~ coskx.  

This structure is a magnetic image of the acoustic signal [4,5]. The formation of this structure 

could be explained by the irreversible changes in magnetization. The information storage duration is 

practically unlimited. The information is read by the third RF or the acoustic pulse 2=20cos(kx-t) 

as a DAE signal. In the case of DAE, the irreversible change in magnetization could be caused by the 

displacement of domain walls (DW) in ferrite grains [4]. In the monodomain nanosized grains, this 

change in magnetization is due to the change of domain magnetization  caused by magnetostriction 

[5]. The DAE phenomenon can be used for development of the DAE processors performing integral 

transformations of RF signals, memory devices and delay lines [6]. 

The main properties of DAE formed in domains of magnetostrictive materials were qualitatively 

well accounted for by a simple phenomenological model [5]. Unfortunately, this model cannot be used 

for the direct quantitative comparison with the experimental results because of its simplicity. So far, 

polycrystalline ferrites with garnet or spinel structures have generally been used for DAE 

investigations [7]. The main materials were iron-yttrium garnet Y3Fe5O12 and nickel ferrite NiFe2O4. 

Various kinds of these ferrites (Y3Fe1.15Al0.85O12, Ni0.98Co0.02Fe2O4, Ni0.97Co0.03Fe and 

Ni0.97Cu0.03Fe2O4) were used in DAE experiments. It is seen that, in spinels, Fe
2+

 ions are partially 

substituted by Co
2+

 and Cu
2+

 ions, and, in the garnet, the Fe
3+

 ions are partially substituted by Al
3+

 

ones. The Co
2+

 and Cu
2+

 ions in Ni–Co (Ni1-xCoxFe2O4) and Ni–Cu (Ni1-xCuxFe2O4) ferrites, 

respectively, increase magnetoelastic interactions in these materials. Small admixtures of other ions 
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could also change other physical properties of ferrites for optimization of their use in the DAE 

processors. As an example, small aluminum admixtures in nickel ferrites change their saturation 

magnetization, and a manganese admixture increases their electrical conductivity, while a copper one 

could improve their mechanical properties, etc. As a result, the optimal ferrite composition could 

become rather complicated. 

Magnetite (Fe3O4), one of iron oxides, is the most magnetic of all naturally occurring minerals on 

the Earth. The particles of magnetite are raw materials extensively used for production of magnetic 

fluids, microwave absorbers, chemical sensors, and so on. 

Due to its topical magnetic and electric properties, magnetite is one of the best filler materials 

used in combination with polymers for, for instance, medical applications and in the information 

storage media [8]. 

Additional experimental investigations are necessary to clear out the DAE formation mechanism 

in magnetostrictive materials with intensive magnetoacoustic responses. 

For this purpose, we have carried out new investigations of  DAE and magnetoacoustic responses 

in magnetite and a ferrite-piezoelectric (FP) layered composite, and a number of other 

megnetostrictive layered composites obtained using a conventional pulsed NMR spectrometer [2] for 

excitation of these samples by series of three RF pulses. 

The results of previous investigations of the DAE effect in magnetite [9] showed that the 

properties  of the DAE  in magnetite could not be explained by the mechanism proposed in [4 ] for the 

domain-acoustic echo in Ni-Cu ferrite when the irreversible change of magnetization  under the action 

of the second RF magnetic field pulse was caused by the displacement of DWs in ferrite grains. 

In this case the magnetic structure which is formed in the sample after the application of the first 

pair of pulses is gradually destroyed by an increasing magnetic field  and, consequently, the DAE echo 

decreases monotonically with the increasing magnetic field up to 50 Oe, Fig.1 [4]. 

 

 
 

Fig.1. Stimulated domain-acoustic echo signal versus the ''erasing'' field strength 

 

Similar results were obtained in [2] for europium garnet powder. 

In magnetite, a different dependence of DAE on the outer magnetic field was observed when the 

intensity of the DAE at first increased until it reached a certain maximum and then gradually 

decreased. 

In this work we are studying the nature of the DAE in magnetite in more details. 
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2. Experimental results and discussions  
The experimental setup, Fig.2, used in this work to observe and investigate the DAE and 

magnetoacoustic signals comprised a standard Bruker Minispec p20 NMR spectrometer for studying 

the proton relaxation in liquids provided with the Kawasaki electronic digital signal averager [2]. It 

was capable to produce 20 MHz RF pulses with durations and powers up to, correspondingly, 10 s 

and 100 W. The DAE and magnetoacoustic response signals were observed and studied at room 

temperature in magnetite samples, consisting of disordered naturally occurring magnetite crystalline 

powders with the grain mean diameter ~ 100 , placed in a cylindrical capsule of about 1 cm
3
 volume. 

The magnetite powder was previously thoroughly magnetically treated to remove the non-magnetic 

impurities. 

 

 
 

Fig.2. Block-diagram of the experimental installation:  
1 – RF generator, 20 MHz;  2 – gate; 3 – pulse generator; 4 – RF power amplifier; 5 – recording coil;  

6 – reading coil; 7 – sample; 8 – RF receiver; 9 – storage oscilloscope. 

 

 

 

  
 

 
 

 

Fig.3. (a) The oscillogram of the DAE signal in magnetite, the time interval between the first two RF 

pulses: τ12=5 μs; the RF pulse duration τ=5 μs. The oscillogram was taken at room temperature, external 

field 0 and 70 W RF pulse power. The total oscilloscope beam sweep duration is 100 μs, 

1 – the third RF “Read-out” pulse position marked as 1, the DAE signal position – 2. 

(b) The oscillogram of the magnetoacoustic response in magnetite under excitation by a train of  RF pulses with 

repetition rate 1 kHz and RF pulse duration η=1.7 μs. The oscilloscope beam sweep duration is 100 μs 
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The NMR receiver was locked during the action of a RF pulse and a strong transient response 

signal of the RF coil. From this moment any signal was absent for the empty coil and for the coil with 

test manganese and lithium ferrite samples. The signals from the samples under study were 

sufficiently intensive to provide their direct observation on the oscilloscope without signal averaging. 

For the magnetization measurements, the vibration magnetometer VSM was used. 

We first studied the DAE and magnetoacoustic responses of the magnetite powder with starting 

mean grain size ~ 100 µ. The signals of DAE and magnetoacoustic responses of initial powder were as 

is shown in Figs. 3a and 3b, respectively. 

The optimal RF pulse powers and magnetic fields for observation of these magnetoacoustic 

responses coincide with those for DAE signals. 

Then the magnetite powder was ball-milled for 1 and 5 hours, and the signals of DAE and 

magnetoacoustic responses for these samples were studied 

 

 

 
 

Fig.4. The signal dependences of the DAE on the RF pulse power P at magnetic field strength Ho  

(a) and on the outer magnetic field Ho at P=70 W (b) in magnetite 

 

 

It was also established that the signal of DAE was practically unobservable after already 1 hour 

of milling and the signals of magnetoacoustic responses also disappeared gradually (Fig.5-7) along 

with the increase in the milling time. The magnetization measurements by the vibration magnetometer 

(VSM) showed a considerable increase in the coresitivity force of the magnetite powder, which could 

be, in our opinion, the reason for the strong reduction of DAE and magnetoacoustic response signals 

with milling, Figs. 8-10. 
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Fig.5. Magnetoacoustic responses in the magnetite powder without milling 

 

 
 

Fig.6. Magnetoacoustic responses in the magnetite powder after 1-hour milling 

 

 

 
 

 

Fig.7. Magnetoacoustic responses in the magnetite powder after 5-hour milling 
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In Figs. 8-10 are shown the magnetization hysteresis curves of the investigated samples. 

 

 
 

 

Fig.8.  Magnetization hysteresis curve for the initial magnetite sample 

 

 

 
 

 

Fig.9. Magnetization hysteresis curve for the one-hour ball-milled magnetite sample 
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Fig.10. Magnetization hysteresis curve for the five-hour ball- milled magnetite sample 

 

 

The basic DAE properties in magnetite are different than those observed in polycrystalline 

Ni0.97Cu0.03Fe2O3 ferrite [4] and for the europium garnet in [2] and resemble the ones of more 

complicated behavior for iron borate [2]. These peculiarities apparently could be accounted for the 

peculiarities of domain wall properties and magnetostriction dependent on the outer magnetic field in 

this material [1].   

It should be noted that the threshold RF power for DAE excitation in magnetite was lower as 

compared with other magnetostrictive materials studied by us so far.  

The comparison of the DAE intensity dependence on the value of the outer magnetic field with 

the similar magnetite magnetization dependence on the magnetic field showed that the magnetic field 

corresponding to the intensity (Figs) in magnetite coincided with the one corresponding to the 

magnetization saturation field for magnetite. This observation allows us to conclude that the domain-

echo effect in magnetite is caused by the mechanism similar to the one described in works [5] and [10] 

when irreversible changes of magnetization under the action of the second RF pulse were caused by 

the magnetization change in the monodomain magnetite grains due to magnetization. 

 

3. Conclusion  

The long-term acoustic memory and magnetoacoustic effects were studied in the magnetite 

powders  with their inductive excitation by RF pulses using the pulsed NMR techniques.  

The stimulated domain-acoustic echo possessing the long-term acoustic memory was inductively 

excited by three RF pulses in magnetite using the pulsed NMR technique with inductive recording of 

DAE signals. 

The properties of the stimulated domain-acoustic echo (DAE) possessing the long-term acoustic 

memory were studied. The comparison of the DAE and magnetization dependences on the outer 

magnetic field showed that the long-term memory of DAE was caused by the irreversible changes in 

the magnetization of monodomain grains due to the magnetostriction under the action of the second 

RF pulse. 
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РЕЗЮМЕ 

О ПРОИСХОЖДЕНИИ СТИМУЛИРОВАННОГО ДОМЕН-АКУСТИЧЕСКОГО ЭХА, 

ОБЛАДАЮЩЕГО ДОЛГЛВРЕМЕННОЙ ПАМЯТЬЮ, В МАГНЕТИТНЫХ ПОРОШКАХ 

 Мамниашвили Г.И., Гегечкори Т.О., Гавашели Т.А., Шариманов Ю.Г., Гвенцадзе Д.И.,            

Дараселия Д.М., Джапаридзе Д.Л. 

Институт физики им. Э Андроникашвили, Тбилисский государственный университет                      

им. Ив. Джавахишвили 

Стимулированное домен-акустическое эхо (ДАЭ), обладающее долговременной памятью, и магнитоакус-

тические реакции возбуждались индуктивно в магнетите методом импульсного ЯМР с индуктивной 

записью сигналов и изучением их свойств. Сравнение интенсивности ДАЭ и зависимости 

намагничивания  от внешнего магнитного поля показало, что долговременная память ДАЭ вызвана 

необратимыми изменениями намагничивания монодоменных зерен магнетитного порошка из-за 

магнитострикции при взаимодействии акустической волны, генерированной первым ВЧ имрульсом, и 

магнитным полем второго ВЧ имрульса. 

Ключевые слова: стимулированное домен-акустическое эхо (ДАЭ), долговременная память, магнетит, 

порошок, магнитоакустическая реакция, имрульсный ЯМР. 
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INVESTIGATION OF THE POSSIBILITY OF CHANGING THE ABSORPTION SPECTRA 

OF PHOTOCATALYTIC TiO2 NANOPOWDERS 

 

Nadareishvili M.M., Gegechkori T.O., Mamniashvili G.I., Zedginidze T.I., Petriashvili T.G., 

Tsakadze S.J. and Ramsden J.J. 
 

E.Andronikashvili Institute of Physics at Tbilisi State University  

University of Buckingham, UK 

 
Abstract. The possibilities for changing the absorption spectra of the anatase modification of the photocatalytic 

TiO2 powder were studied with the aim to use more efficiently the energy of UV solar radiation for 

photocatalysis and to involve the visible light energy into this process for enhancing the efficiency of the 

photocatalytic reaction. It was found that the deposition of Ni-B clusters on the TiO2 powder by the unique 

technology developed by the authors increases significantly the absorption of energy in the UV region. It was 

also revealed that, after deposition of the Ni-B clusters on the TiO2 nanopowder, in the result of heat treatment in 

vacuum, the absorption spectra of the TiO2 nanopowder shifted to longer wavelength, and the absorption in the 

visible part of light increased. From the experiments carried out, it follows that the absorption in the visible part 

of light can be increased as well by selecting the sizes of nanopowder particles coated with Ni-B clusters. The 

investigations performed showed that it is possible to enhance significantly the visible light absorption and the 

efficiency of the catalytic reaction.  

Keywords: photocatalisator, titanium dioxide, absorption spectrum, hydrogen production 

 

1. Introduction 

It is well known that gas and fuel supply on the Earth under the conditions of current 

consumption will soon be exhausted [1]. The current fuel consumption intensity is defined by the 

industrialization of mankind, and it is not practically possible to slow it down. For this reason the only 

way out of this dependence is finding of alternative energy sources: one of the most perspective trends 

on this way is the dissociation of water into hydrogen and oxygen using the solar energy and the 

utilization of produced hydrogen as fuel, the final product of which under burning is again water.      

The nowadays actual problem hindering the wide application of the above-described method 

in practice is the low efficiency of the photocatalytic reaction – the reaction of water dissociation into 

hydrogen and oxygen with solar radiation energy by using catalysts. Hence the pressing problem many 

investigations are devoted to is the enhancement of the efficiency of the photocatalytic reaction. 

Considering the importance of the problem, it attracts the attention of many researchers throughout the 

world [2-11].  

Currently it is believed that the most promising substance for the photocatalysis is titanium 

dioxide TiO2 [1]. Photocatalysis over a semiconductor oxide such as TiO2 is initiated by the absorption 

of a photon with energy equal to or greater than the band gap of the semiconductor (3.2 eV for TiO2) 

producing the electron - hole (e
-
/h

+
) pairs [11]. 

 

 

TiO2  e
–

cb (TiO2) + hvb
+
 (TiO2)    (1) 

 

 

        Consequently, after irradiation, the TiO2 particle can act as either an electron donor or as an 

acceptor for molecules in the surrounding media. However, the photoinduced charge separation in 

bare TiO2 particles has a very short lifetime because of charge recombination. Therefore, it is 

important to prevent the hole-electron recombination before the above-mentioned chemical reaction 

occurs on the TiO2 surface. 

    Having recognized that charge separation is a major problem, numerous techniques were 

developed to minimize this effect. One such technique is to scavenge photogenerated charges with 

strongly absorbed substances. The increase of the distance of charge separation can be obtained by 

adding metal and metal oxide clusters to the surface of the semiconductor particle. 
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The electrons produced upon band-gap excitation are injected into the metal particles, and 

positively charged holes are injected into the metal oxide. Various substances can be used to capture 

either holes or electrons, allowing them to react.  

As it was pointed out, a band-gap width for TiO2 is 3.2 eV, hence only ultraviolet rays, the 

share of which in the solar radiation spectrum is only about 4%, participate in the catalytic reaction. 

The energy necessary for water dissociation is 1.23 eV. The photons of corresponding energy are 

located in the visible part of the solar spectrum the energy of which is by an order of magnitude 

greater than that of the ultraviolet region. Therefore, to improve the catalytic reaction efficiency, it is 

important to increase the contribution of the visible part of the light spectrum to the catalytic process. 

 

2. Results and discussion  

In this paper we investigated the optical absorbtion spectra of the TiO2 nanopowders in order 

to study the possibility of the improvement of their photocatalytic properties by increasing the UV 

light absorption and the visible light share in the photocatalytic process and hence of the improvement 

of photocatalysis reaction efficiency. We performed some investigations in the above-mentioned field, 

namely, some methods making it possible to change the optical properties of TiO2 powders as desired 

were found. First of all, at Andronikashvili Institute of Physics a unique nanotechnology of coating the 

nanoparticles with clusters of different sizes from different materials (for example, Ni-B) was 

developed [12]. These nanostructures were fabricated using electroless deposition of metals and 

alloys. The peculiarity of the method consists in the maintaining of low temperature during the coating 

reaction (58-60
o
C), which preserves the physical – technical properties of the substance to be coated. 

The proposed nanotechnology has a number of other advantages: it is simple, low-cost and hence 

competitive for production process purposes.  

For studying the possibilities of nanotechnology we developed, the experiments were 

conducted by the following procedure: the optical absorption spectra of the distillate suspension of the 

photocatalyst powder was studied, two crystallographic modifications of the TiO2 powder (anatase and 

rutile) were used. The light absorption of distilled water over the entire working spectral range was 

preliminarily   studied. It appeared to be rather low. However, in order to exclude the distortion of 

absorption spectra of the powders under study as a result of the distilled water effect, we recorded the 

absorption spectra of the powders dissolved in the distilled water in reference to pure distilled water 

instead of the air. For this purpose the cell with the solution of the powder under study was placed in 

one compartment of the 4-compartment spectrophotometer ф-46 and an identical cell with pure 

distilled water – in other compartment. To check the validity of the used procedure, we prepared 

several similar reference aqueous solutions of the same powder. Then their absorption curves were 

taken. The obtained spectra coincided very closely with the maximum difference of ± 5%.   

For testing the efficiency of the developed nanotechnology of deposition of Ni-B clusters on 

photocatalytic TiO2 nanopowders, we took two modifications of the TiO2 powder, anatase and rutile, 

with the grains  300nm in size. We prepared their identical suspensions in distilled water and 

recorded their absorption spectra over the wavelength range from 300 to 800 nm. The measurements 

showed that the absorption spectra of the nanopowders under study were very much alike, without any 

particular absorption at any wavelength. Then we deposited Ni-B clusters on the powders under study 

and recorded again their absorption spectra over the same wavelength range by the same technique. 

The measurements showed that the absorption spectrum of rutile changed only slightly, while that of 

anatase altered dramatically: there appeared a clear and wide maximum at the wavelength   360nm. 

This implies a sharp increase in the absorption of light energy at the given wavelength, which in turn 

would enhance the efficiency of photocatalysis in the result of treatment of photocatalytic TiO2 

nanopowders by the nanotechnology we developed. Figure1 shows the absorption spectra of the 

anatase modification of TiO2 nanopovders before (curve 2) and after (curve 3) deposition of Ni-B 

clusters. 
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Fig.1. Absorption spectra of the TiO2 nanopowders 

Curve 1 - absorption spectrum of the TiO2 nanopowders of the Rutile modification. 

   Curve 2 - absorption spectrum of the TiO2 nanopowders of the Anatase modification. 

          Curve 3 - absorption spectrum of the TiO2 nanopowders of the Anatase modification after their coating 

with Ni-B nanoclusters. 

 

 

After the investigation of the effect of coating with clusters, the vacuum thermal treatment 

effect on the absorption spectra of TiO2 photocatalytic nanopowders was studied. The size of powder 

particles was again  300 nm.  

For heat treatment in vacuum, we used high-temperature and high-vacuum furnace СНВЭ-

1.31/16ИЗ-УХЛ4, which provides heat treatment over the range from room temperature to 1600
0
C in 

10
-5

mm Hg high vacuum. In the beginning the heat treatment effect on the optical absorbtion spectra 

of pure TiO2 (both anatase and rutile ) nanopowders was studied. Under vacuum heat treatment, the 

absorption spectra of these powders practically remained unchanged.      

As for coating of these powders with Ni-B clusters, after this procedure, the absorption 

spectrum of rutile remained unchanged, while the absorption of anatase in the visible part of spectrum 

increased.  

In Fig. 2 are shown the absorption spectra before the heat treatment and after it for TiO2 

(anatase) coated with Ni-B clusters. Curve 1 corresponds to the optical absorption spectrum of Ni-

B/TiO2 (anatase) powder without heat treatment and curve 2 – to  the same powder heat- treated in 

vacuum at 750
0
C for 3 hours.  As it is seen from the figure, as a result of heat treatment, one could 

observe a significant change in the optical absorption spectrum of    Ni-B/TiO2 powder, namely, the 

absorption of solar energy significantly increased over the range of 400-500 nm. This fact is 

particularly important for enhancing the photocatalyst efficiency in the visible range of solar radiation.  

Hence, from our experiments, it follows that the heat treatment of TiO2 nanopowders does not 

change their electron excitation spectrum. However after coating of TiO2 with the Ni-B clusters, the 

heat treatment results in the change of the electron excitation spectrum of these particles followed by 

the increase in the absorption in the visual part of the spectrum.  
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Fig.2. Absorption spectra of the TiO2 nanopowders coated with the Ni-B clusters before and after 

thermal treatment in vacuum  

        Curve 1 -absorption spectrum of the TiO2 (Anatase ) nanopowders before thermal treatment 

        Curve 2 - absorption spectrum of the TiO2 (Anatase ) nanopowders after thermal treatment 

 

 

The investigation also showed that the photocatalytic TiO2 nanopowders with Ni-B clusters 

deposited by the unique technology developed at E. Andronikashvili Institute of Physics have the 

capacity to increase the light absorption in the visible region of the solar spectrum by selecting the 

optimal size of particles. The nanopowders we used for deposition of Ni-B clusters on them are 

characterized by definite distribution of particle sizes. We carried out the separation of particles by 

their sizes. For this purpose we prepared the Ni-B/TiO2 suspension in distilled water. After 

preliminary careful mixing, the prepared opaque suspension was placed into a centrifuge. The 

centrifugation was performed at the rate of 4000 rev/min for a definite time. During the centrifugation, 

smaller particles remained in the suspension, while bigger ones precipitated on the bottom or on the 

walls of the vessel. After centrifugation, we poured the suspension into an empty vessel. We poured 

distilled water on the remained residual, stirred it thoroughly and placed the obtained suspension into 

the centrifuge. This time we performed the centrifugation at a lower rate of 2000 rev/min for the same 

time as in the first case. We again poured the obtained suspension into an empty vessel. Then we 

recorded the absorption spectra of the obtained suspensions.  

If the absorption spectrum of the TiO2 nanopowder coated with the Ni-B clusters does not 

depend on the particle size, the intensity ratio of the absorption spectra should be a near-horizontal 

line. In Fig. 3 is shown the intensity ratio of the absorption spectra of the Ni-B/TiO2 suspension 

centrifugated at 2000 and 4000 rev/min for the same time. The experimental results showed that this 

dependence was characterized by a clear maximum at the wavelength ~ 450 nm, i.e. by selecting the 

size of the particles of photocatalytic TiO2 powders coated with the Ni-B clusters, it is possible to 

increase the absorption of the visible part of solar energy. 
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Fig.3. The ratio of absorbtion of TiO2 (Anatase ) nanopowders coated with the Ni-B clusters with 

two different grain sizes 

 

 

Finally it can be inferred that there are a few ways of altering the absorption spectra of 

photocatalytic TiO2 nanopowders. They are the deposition of even smaller clusters on the 

nanopowders by simple and efficient nanotechnology, heat treatment in high vacuum and the selection 

of nanoparticles by their size. By using optimally these methods, specifically by selecting the materials 

and optimal sizes of clusters, establishing the optimal conditions of heat treatment in vacuum and 

selecting the optimal sizes of particles, it is possible to increase the absorption of the visible part of 

solar energy by these photocatalysts and hence to enhance significantly the efficiency of the 

photocatalytic reaction. 
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РЕЗЮМЕ 

ИССЛЕДОВАНИЕ ВОЗМОЖНОСТИ ИЗМЕНЕНИЯ СПЕКТРОВ ПОГЛОЩЕНИЯ 

ФОТОКАТАЛИТИЧЕСКИХ НАНОПОРОШКОВ TiO2 

Надареишвили М.М., Гегечкори Т.О., Мамниашвили Г.И., Зедгинидзе Т.И., Ретриашвили Т.Г., 

Цакадзе С.Д., Рамсден Д.Д. 

Институт физики им. Э. Андроникашвили, Тбилисский государственный университет им.                   

Ив. Джавахишвили  

Букингэмский университет, Великобритания 

Была изучена возможность изменения сректров поглощения фотокаталитических наноророшков TiO2 

модификации анатаза с целью более эффективного использования энергии УФ излучения солнца и 

вовлечения в этот процесс видимого света для увеличения эффективности фотокаталической реакции. 

Была утановлено, что нанесение кластеров из Ni-B на поверхность наночастиц TiO2 с помощью 

уникальной нанотехнологии, разработанной авторами, существенно увеличивает поглощение солнечной 

энергии в УФ области спектра. Было обнаружено также, что термическая обработка в вакууме после 

нанесения кластеров из Ni-B на поверхность нанопорошков TiO2 сдвигает спектры поглощения этих 

нанопорошков в сторону длинных волн и поглощение в видимой части света возрастает. Из 

экспериментов следует, что поглощение в видимой части можно увеличить также  селективным 

подбором размеров частиц TiO2 покрытых кластерами из Ni-B. Проведенные исследования показывают, 

что существует возможность значительного увеличения поглощения видимого света и следовательно 

эффективности фотокаталитической реакции.  

Ключевые слова: фотокатализатор, двуокись титана, спектр поглощения, получение водорода. 
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FUNCTIONAL DEPENDENCE OF THE PSYCHIC PHENOMENA  

 

Kadagishvili L.G.  

 

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

Georgian Engineering Academy   

 
Abstract. The paper deals with the psychics as a dynamic process and the consciousness as a Gestalt unity. The 

principle of unity is a relative process in psychology like the theory of relativity is in physics. There is no 

fixation between the conscious, subconscious and unconscious expositions of information, but they complement 

each other and are transferred from one phenomenon into other in a normalized manner, like there is no fixed 

time or space. Our studies are based on multiple experiments. This means that the casual factors, which we 

cannot control, seem to filter gradually according to the law of so-called big numbers, and finally the relative 

frequencies (of the exposition of elements) can be determined. Processing the information in this manner, we can 

talk about not only the conscious portion of the information, but also the quantitatively exposed subconscious 

and unconscious psychic parameters.  

Keywords: psychic phenomena, functional dependence, consciousness, subconsciousness. 

 

Psychics is a dynamic process depending on the surroundings on the one hand, and the 

demands of the body on the other hand. The combination of these two factors causes an action of the 

living creature.  

Consciousness is a Gestalt unity [1], and therefore it is impossible to teduce it to the feelings 

without some effort exerted (falling to illusion in particular) and distortion of reality. An isolated 

feeling is a fiction. It is the product of scientific abstraction. The unity of a structural type is typical of 

the world of feelings, and the examination of the peculiarities of its elements must be based on this 

concept.  

The unity, which is typical of the physical world, is no less typical of the psychic world, as the 

Gestalt psychologists contemplate. The concept of the unity of the world turned out to be the basic 

principle both, for the theory of relativity in physics and the Gestalt theory in psychology.  

Introduction of the second principle of the Einstein’s physical concept to psychology must 

have evidenced an indirect link between the reaction and the stimulus. The reason for a reaction to 

occur is not an isolated stimulus, but the ratio between the stimuli. An excellent example is the 

experiments we accomplished [2] and the analysis of the moment of exposition of pictures 

(information) in a short time (with the lack of time). As a result of the short-term picture exposition, 

we gained conscious, subconscious and unconscious psychic parameters. The ratio between the time 

and space in this instance is of the kind which, according to the Einstein’s theory, does not change in 

relation to the movement of bodies. There is no fixation between the conscious, subconscious and 

unconscious expositions of information, but they complement each other and are transferred from one 

phenomenon into other in a normalized manner, like there is no fixed time or space. These two 

principal provisions known as the principle of unity and correlation in physics are worth consideration. 

The concept of a functional use in such exact sciences, as for example, physics, always means 

the functional equations correlating different physical values. As for physiologists and psychologists, 

quite often they use the concept of a function in different senses. When they speak of a function, they 

mostly mean designation, and the psychologists consider the functions of various organs in this sense. 

For example, the function of the ear is to comprehend sounds, the function of the eye is to sense light, 

etc. In this respect, in biology, they differentiate physiology and anatomy: the former studies the 

functions, while the latter studies the structure of the system of different organs. It should be noted that 

most American psychologists name themselves functionalists because of this fact. They study 

functions more than the structure of consciousness.  

In mathematics, the function has an absolutely different meaning. Here the function means a 

certain link between two variables. It implies that one variable depends on the other, and any change 

in one variable changes the other one. This link is shown as follows:  

 

 xfy   
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where f  is the characteristic of the function. It shows the right kind of action on x  (an independent 

variable) to get the right value of y  (function). When x definitely determines variable y
 
(i.e. when y  

is the definite function of x ) and it is possible to fix the unit of measurement for x , then it is clear 

that y  can also be measured. Most of the categories in physics are measured in such a direct manner. 

For example, force is measured by deformation, temperature is measured by the height of a liquid 

column, time is measured by the movement of an arrow, and so on. 

As for the psychic phenomena, in a similar way, one can determine the functional dependence 

annong three phenomena (conscious, subconscious and unconscious psychic), which determine, verify 

and characterize each other. It means that one can fairly state that, based on functional 

equation )(xfy  , we can immediately measure one or another psychological category (indirectly).  

If a subconscious process is part of some forgotten conscious information, then, if we are 

aware of the conscious information which is forgotten after a certain time, equation )(xfy   can be 

used to describe the functional dependence.  

A similar dependence can be used to determine quantitatively the unconscious  psychic. If we 

know the amount of information delivered in the experiment (in our case, it is the number of pictures 

shown with short intervals), the number of elements B occurring in the conscious and added later 

(after the second interview) determines the functional dependence occurring between the delivered 

information and the realized information (elements) of B amount. 

 

)(xfy   

 
A similar dependence is observed by a certain moment tn to determine the unrealized 

elements:  

 

)( 21 xxfy   

 

where 2x  is the unconscious elements and 1x  is the subconscious elements, which were in the 

conscious some time ago, but have been forgotten by the moment tn. 

In the light of strict determinism, the existence of ambiguous associations must be unclear at 

one glance. However, the case is that quite often some variable cannot be determined accurately by 

using only one other variable. Mathematically, this means that it could be a function of not one, but 

two, three or more variables (e.g. errors, illusions, fantasy). While in physics it is easier to control 

some independent variables, for example, to leave them as they are, it is very difficult in psychology 

because of the failure in realizing the phenomenon objectively [3].  

Thus, in most cases, the value of variable y cannot be determined accurately only by knowing 

the value of variable x . Despite this, y can be dependent on x  to a certain degree, e.g. when 1xx  , 

a certain distribution of variable y may be the case (in case of a picture recognition, it is the 

association between the levels of information) with a certain mean (arithmetic) value; when x  has 

value 2x , the distribution of variable y may be different with a different mean arithmetic value, etc. 

When we talk about some distribution of variable y , we mean the awareness of the probability of 

possible prospects and arriving at all its elements. The calculation of this kind of dependence will be 

made clear by empirical calculations, and it belongs to the study of statistical dependences, i.e. when 

the distribution of variable y  depends on variable x , we say that y  statistically depends on x . As 

the quality of perception of a picture (information) depends on the individual, then, on average, the 

state of the information perception ability can be characterized by the statistical treatment of many 

experiments.  

A phenomenon can be described accurately by considering different abilities of individuals, 

and this is why we avoided specifying this number (functional dependence) in advance only by means 

of disposition. However, if we repeat the experiments many times, we can be sure that the relative 

frequencies of the exposition of some number (elements) tend to a quite definite limit. In other words, 

this means that, when performing the experiments many times, the casual factors which we cannot  
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control seem to filter gradually according to the law of so-called big numbers, and finally the relative 

frequencies (of the exposition of elements) can be determined.  

Processing the information in this manner, we can talk about not only the conscious portion of 

the information, but also the quantitatively exposed subconscious and unconscious psychic 

parameters.  
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В статье рассматривается психика, как единое Гештальта. Как теория относительности в физике, так и 

принцип единого в психологии представляет собой относительный процесс. Не существует 

фиксирования между сознательными, подсознательными и бессознательными информационными 

проявлениями, они дополняют дрг друга и нормировано переходят из одного явления в другое, как не 

существуют фиксированное время и пространство. Наше исследование опирается на многократные 

эксперименты. Это означает, что случайные факторы, которые мы не можем контроллировать, 

фильтруются и в конце получается, что  относительная частота (при проявлении элементов) вполне 

определяется. При такой обработке информации мы можем говорить не только о сознательный части, но 

и о выявленных количественных параметрах подсознательного и бессознательного. 

Ключевые слова: психические явления, функциональная зависимость, сознатеьное, подсознателное, 

бессознательное. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, №3, 2015  

 
32 
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Abstract: Comparative studies of relaxation processes and mechanical properties of the samples of ferritic steel 

P92 in different states were conducted using the temperature- and amplitude dependence of the internal friction 

and shear modulus. The  measurements of  Q
-1

(T,)  and G~ƒ
2
(T,) spectra were carried out in vacuum (10

-4
torr)  

using a relaxometer with the reversed torsion pendulum, at frequencies 1-5Hz, amplitudes of deformation 10
-5

-10
-3

 

and the rate of heatingcooling 2-5C/min over the temperature range 25-750C. The samples were taken in 

three different states: in as-received condition, after additional electric current tempering at 700C under external 

mechanical tension, and after annealing at 950C/20min.  The obtained results clearly demonstrate a 

considerable increase (more than ~40%) in strength characteristics at elevated temperatures (550700C), 

achieved by the additional electric current tempering under mechanical tension.    

Keywords:  ferritic steel, internal friction, shear modulus, activation energy, relaxation processes, electric 

current tempering.  

 

1. Introduction 

Higher steam temperatures and pressures in advanced supercritical new-generation power 

plants of the near future will require the use of steels with an improved and useful combination of 

high-temperature mechanical properties (creep, fatigue, strength) and corrosion/oxidation resistance at 

operating temperatures, 650C and higher. The development of new-generation power plants is 

directly related to the results of continuous technological progress of heat- and corrosion-resistant 

steels and coatings. In recent years the progress led to the development of a number of modified 

9%Cr steels, such as high-strength ferritic steels P91 and P92 developed to fulfill the new materials’ 

requirements in respect to creep strength [1]. Further improvment (complete realization of potentials) 

of creep strength and corrosion resistance of these steels, they are subjected to optimum alloying and 

thermo-mechanical treatments. The ways of realization of the latter have not been studied completely 

yet.  The development of the means of substructure strengthening of the steels (high-temperature 

thermo-mechanical treatment, low-temperature thermo-mechanical treatment, coupled with low- and 

high-temperature tempering) designed for operation at elevated temperatures needs a deep 

understanding of the mechanisms of substructure formation and stabilization ensuring the required 

properties of the material. High-temperature microstructure evolution in steels usually consists of 

dynamic recovery, recrystallization, transformation γ, precipitation of numerous carbides and 

nitrides, coarsening of precipitates and other phenomena caused by the movement of individual and 

collectivized dislocations and their interaction with the precipitates. An excellent literature survey of 

microstructure formation in the heat-resistant ferritic-martensitic steels P91 and P92, after basic 

treatment (normalizing + annealing, “as received” condition) and long-term creeps and oxidation is are 

given in [2-6]. The TEM study unambiguously showed that steels P92 and P91 in “as received” 

condition are characterized by a microstructure of a lath martensite (and polygonized ferrite) with 

numerous precipitates such as M3C, M23C6 and MX of diverse morphology and sizes [3,4], which, 

together with the dislocations, experience a significant microstructure evolution during  the long-term 

exposures to elevated temperatures and creep [2-5]. On the other hand, the diffusion of alloying 

elements is one of the most fundamental processes governing the creep deformation and 

corrosion/oxidation. Therefore, determination of activation energies and corresponding diffusion 

coefficients of the considered steels over the temperature range 600-700C are of considerable 

importance.  Obviously, the correlation between short-circuit diffusion and creep behavior of practical 

alloys, such as multicomponent ferritic steels P92 and P91 under creep condition is not as simple as in 

the case of pure metals and binary alloys [7,8] at high temperatures.  Therefore, further development 

of heat-resistant steels for new-generation power plants makes it necessary to conduct a systematic 

investigation of the influence of thermo-mechanical treatments on microstructure-property 
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relationships. Because or the complexity of the problem, the enhancement of research efficiency 

requires integrated application of other structure-sensitive techniques of solid-state characterization 

coupled with the direct methods of identification of phases and microstructure components (TEM, 

SEM, EDX). Such a technique is the measurement of the temperature dependence of internal friction 

(IF) and shear modulus (G) of the material, so-called “mechanical spectroscopy” [9,10]. This method 

is highly sensitive and selective with regard to phase and microstructure changes of the material.  

In the case of engineering high-temperature creep-resistance steel, the data derived from 

internal friction (IF) measurements (activation energy of the processes, diffusion coefficients, 

relaxation time etc.) can be applied to the prediction of dominant mechanisms of the processes taking 

place at the beginning of creep under specific stress and temperature conditions [1,9], and to the 

understanding of several diffusion-controlled processes during corrosion [11].   

 From the point of view of the above considerations, the aim of this work is the 

characterization of physico-mechanical properties of 9%Cr ferritic steel using low-frequency internal 

friction measurements over the temperature range 25-750°C. The limited number of the investigations 

in this field encouraged us to take up steel P92 as a subject matter. The aim of the performed research 

was to characterize the inelastic properties of steel P92 in three different states: as-received, after 

additional electric current tempering at 700°C under mechanical tension and after annealing at 950°C 

inside the relaxometer of the IF apparatus.      

 

 

2. Materials and experimental procedure 

The studies on inelastic/elastic properties and dynamic shear modulus vs temperature, 

deformation amplitude and vibration frequency (ƒ) were performed using low-frequency internal 

friction methods. The samples of ferritic steel P92 were characterized in the as-received condition and 

after various thermal and thermo-mechanical treatments. The chemical composition of steel P92 used 

in our study is given in Table 1. 

 

 
     Table 1.  Chemical composition of  steel P92 (wt%)   

     

C Si Mn P S Cr N Mo Ni Nb V B W 

0.12 0.21 0.49 0.014 0.002 8.70 0.053 0.38 0.17 0.06 0.18 0.003 1.65 

 

Rectangular samples 50x30x4mm in dimensions were machined after cutting them from a bar 

and subjected to the basic treatment in the following sequence: normalization at 1060°C/20min – 

cooling medium air + annealing at 770°C/60min – cooling medium air.  From the  prepared 

rectangular samples (coupons), with the above basic treatment (as-received condition),  the 

50x1,2x1,2mm rods were machined and were used as standard specimens for low-frequency internal 

friction (IF) measurements. Surface grinding of these specimens was carried out before polishing in 

order to obtain plain parallelism with the accuracy better than 5μm. Part of these specimens were 

machined to a cylindrical shape, having a diameter of 1mm, to avoid possible edge effects during the 

IF measurements. 

The temperature dependence of the internal friction Q
-1

(T) and dynamic shear modulus 

G(T)~ƒ
2
(T) was measured in vacuum (10

-4 
torr) using a relaxometer with  the reverse torsion 

pendulum [12] at frequencies 1-5Hz  with the amplitudes of deformation 10
-5

-10
-3

, and the rate of 

heating  cooling 2-5C/min over the temperature range 25-750C. The first cycle of measurements 

was conducted with the specimens in the as-received condition. Additional heat treatment was carried 

out after the first measurement directly in the relaxometer via annealing at 950C/20min.  

Subsequently, Q
-1

(T) and ƒ
2
(T) were measured repeatedly at the rate of cooling 2C/min. The second 

cycle of the experiments included a comparative study of the temperature and amplitude dependence 

of the internal friction and shear modulus for P92 steel samples in the as-received condition and after 

the additional electric current tempering under mechanical tension at elevated temperatures.     
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3. Results and discussion 

The results of Q
-1

(T) and ƒ
2
(T) measurements derived from the logarithmic decrement  and 

vibration frequency of the P92 steel specimen when tested in the as-received condition are shown in 

Fig.1, a and b. The measurements were conducted in the heatingcooling mode at the rate of 

2C/min, keeping the vibration frequency at  ~1Hz,  and the rate of vibrational deformation    210
-5

.   

It is clear that the initial specimen (in the as-received condition) is characterized by a weakly 

increasing background up to 450C, after which its exponential growth is observed with the 

superimposed IF peaks at 510-530C, 570-575C and 650C. At higher temperatures (>750C), the 

background decays so quickly that it was practically impossible to measure the IF intensity.  

Therefore, in this temperature range, the specimen was only heated up to 950C/20min and 

subsequently cooled at the rate of 2C/min. Starting from 750C, the measurements of inelastic 

characteristics were recommenced. The obtained Q
-1

(T) curve (curve 2 in Fig.1, a) has many similar 

features to that of the initial spectrum (curve 1 in Fig.1, a). A weak hysteresis with the shift to lower 

temperatures is observed in the vicinity of the 650C peak. The increase in the vibration frequency up 

to 4Hz caused a  shift of the above peaks to higher temperatures by ~1520C , which argues for the 

reversible relaxational rearrangement of defects at critical temperatures in the field of periodical 

external loading (torsional vibrations).   

   

 
 

 

Fig.1. The temperature spectra of:  a) Internal friction  Q
-1

(T) and  b) the dynamic share modulus 

G(T)~ƒ
2
(T) for steel P92: 

 1- as-received, initial condition;  2- after annealing at 950°C/20min inside the relaxometer 
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The dynamic share modulus temperature spectrum G(T)~ƒ
2
(T) of the same specimen shows a 

step-like change of the modulus, and in the temperature range of the IF peaks a defect of the shear 

modulus occurs, which is related to the local weakening of the lattice in the process of the relaxation 

rearrangement of defects at critical temperatures.  It is also seen that, in the heating and cooling curve, 

a slight hysteresis appears at elevated temperatures, 350 - 600C (see Fig.1,b).  At the same time, the 

shear modulus of the specimen in the as-received condition remains unchanged up to 200C, and 

decreases at the elevated temperatures by 16% at 500C, 33% at 600C, 40% at 650C and 44% at 

700C.    

Figures 2, a and b show the results of measurements of the internal friction and square 

frequency of the vibration of  the P92 specimen after additional electric current tempering at 

700C/60min, under mechanical tension 2.8kgf/mm
2
. The conditions of the measurements were 

identical to those for P92 in the as-received condition described above.  In the Q
-1

(T) curve for the 

electrically tempered specimen under mechanical tension, a significant increase of the IF peak is 

observed near 650C, while the peak at 570C increased negligibly (compare Fig.2, a with Fig.1, a).  

 

 

   
 

 

Fig.2. The temperature spectra of:  a) the internal friction Q
-1

(T) and b) the dynamic share modulus 

G(T)~ƒ
2
(T) for the sample of steel P92 after additional electric current tempering at 700C/60min under 

mechanical tension of 2.8kgf/mm
2
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Similar heating and cooling  G(T)~ƒ
2
(T) curves obtained after the additional electric current 

tempering of the initial P92 specimen showed a significant (~45%) decrease in the rate of reduction of 

the dynamic shear modulus in comparison to its permanent value over the range of 25 - 200C.  

Particularly, its decrease from the permanent value over the range 25 - 200C is equal to: 7% at 

500C, 20% at 600C,  22% at 650C  and 25% at 700C (Fig. 2, b).    

After the additional electric current tempering, an increase in the shear modulus was revealed 

in comparison to the initial P92 specimen over the temperature range 500 - 700C. This indicates 

strengthening of the initial microstructure through reinforcement of pinning of the dislocations newly 

formed under mechanical tension, segregated by impurity atoms, and the precipitates of disperse 

phases additionally nucleated in the specimen during its tempering after heating by electric current up 

to 700C/60min.    

The activation energy of the relaxation processes responsible for the respective peaks in the  

Q
-1

(T) curves of steel P92 was calculated from the experimental values of Tmax and ƒmax  corresponding 

to the above-described peaks using the Wert-Marx formula [9]:  

 

max

max
max ln

fh

KT
kTH


         (1) 

                                                                                              

where k  is the Boltzmann constant;   h – the Plank’s  constant,  Tmax  and  ƒmax  are the temperature and 

vibration frequencies corresponding to the IF peaks, respectively. Then, from the formula 

12  mf , where 











mKT

H
exp0  is the  relaxation time, which is a necessary condition for 

appearance of Q
-1

max, the value of frequency factor was calculated [9,10]: 

 













m

m
KT

H
f exp21

0          (2) 

    
                                            

Activation characteristics of the relaxation processes in steel P92, determined over the temperature 

range 500 - 700°C, are given in Table 2. 

 

                   Table 2.    Activation characteristics of relaxation processes in steel P92 

 

Condition of the 

P92 sample 

Tmax  of IF 

peaks, C

 

ƒmax   of IF peaks, 

sec
-1

 
Activation energy,  H,  

cal/mol 

Frequency factor,              

τ0 
-1

 ,   sec-1 

Initial               

“as-received” 

520 

570 

645 

1,6 

0,98 

0,89 

47900 

52700 

56000 

6·1013 

1·1014 

8·1013 

Tempered by 

electric current 

under mechanical 

tension 

520 

570 

640 

1,4 

1,36 

1,22 

48500 

50500 

56000 

8,7·1013 

2·1013 

1·1014 

 

 

The activation characteristics reported here may play an important role in the determination of 

the diffusion  parameters of the alloying atom for corrosion studies of the investigated ferritic steel 

over the temperature range 500 - 750°C, since, at these comparatively low temperatures, the 

determination of the diffusion coefficient using a conventional isotopic diffusion method is practically 

impossible or very inaccurate [8-11]. The relaxation peak near 520°C, with the activation energy 

47,900 cal/mol and the frequency factor 6·10
13 

sec
-1

, is similar to the grain boundary peak in iron 

alloys [9]. We propose that the observed relaxation process near 520°C in steel P92 is caused by the 
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movement of unanchored subgrain boundaries in the stress field. The comparison of diffusion 

characteristics of substitutional atoms in binary iron alloys available in literature [7,8] to those we 

obtained for ferritic steel P92 near 570°C makes it possible to assume that, under the external periodic 

stress near 570°C,  a reversible diffusion reorientation of the pairs of Cr atoms in the stress field takes 

place according to the Zener mechanism [9,10].  The process of amplitude-dependent relaxation of 

vibration near 650°C with the activation energy 56,000 cal/mol and the frequency factor 8·10
13

 sec
-1

 is 

close to that of impurity and grain boundary relaxations observed in metallic alloys [10]. Taking into 

consideration the physical essence of the first and second critical amplitudes of deformation (cr , cr) 

[9,13] and the available data on the character of the dislocation structure of ferritic steel P92 [2-4],  the 

measurements of the amplitude-dependent internal friction in the investigated steel may provide the 

valuable information necessary for the selection of remedies for refinement of high-temperature 

properties of the material.    

Figures 3. a and b show the results of the measurements of the amplitude dependence of the 

internal friction for steel P92, obtained in the as-received condition and after the electric  current 

tempering at 700C/60min under the mechanical tension of 2.,8kgf/mm
2
. The measurements were 

conducted in the range of deformation amplitudes 10
-5 

- 10
-3

 at the following fixed temperatures: 25, 

200, 300, 400,500 and 600C. 

 

   

 
 

Fig.3. The amplitude dependence of internal friction Q-1(ε) for steel P92 at fixed temperatures:   

a) for the sample in the as-received condition and  b) for the same sample after additional electric current 

tempering at 700°C/60min under mechanical tension of 2.8kgf/mm2:  

1 - 25°C;  2 - 200°C;  3 - 300°C;  4 -  400°C;  5 - 500°C;  6 - 600°C. 
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Figure 3. a shows that, at room temperature, in a wide range of amplitudes of deformation, 

steel P92 in the as-received condition is characterized by a single critical amplitude of vibration  cr  

which divides two permanent and linearly increasing regions of the internal friction curve. The 

measurements carried out during continuous reduction of the vibration amplitude showed a practically 

complete coincidence of descending and ascending Q
-1

(ε) curves, that indicates the reversibility of 

dissipation of the vibration energy up to the deformation rate ~510
-3

 (Fig.3 a, curve 1).  An increase in 

the measurement temperature to 200°C and 300°C did not change the type of Q
-1

(ε) dependence.  

However, the tendency of the first critical amplitude of deformation cr  for a decrease of the intensity 

of IF for an increase in the whole region of deformation amplitude, is obvious. At the same time, the 

slope of the Q
-1

(ε) curve at high temperatures testifies that the mechanism of dissipation of the 

vibration energy is the same up to 300°C (Fig.3, a, curves 1,2,3). At higher temperatures of 

measurements, up to 400°C, the second critical amplitude of deformation of cr   and the isolation of 

three ranges of the Q
-1

(ε) curve occur. These ranges show different regularities of IF variations 

(Fig.3a, curve 4). In the first range, the background IF is constant up to    cr .  In the second range, 

IF increases linearly with a small slope up to some definite value of the second critical amplitude cr. 

In the third range, an abrupt linear increase of Q
-1

(ε) with a higher slope was detected. At the rate of 

deformation higher than cr , irreversible changes in Q
-1

(ε) begin, which is expressed by a deviation 

between the “ascendant” and “descendant” curves in the form of a hysteresis loop in Q
-1

(ε) curve, 

during the increase in the temperature up to 500°C and 600°C.    

In these cases, in parallel with the increase in the critical amplitudes of deformation cr and cr , 

opening of the hysteresis loop is observed, which indicates the generation of a microplastic deformation 

in the field of external high-amplitude  ( > ′cr) periodic stress (curves 5 and 6 in Fig.3, a). 

Similar measurements of the amplitude dependence of IF carried out under the same 

conditions of the experiment for the P92 sample subjected to additional thermo-mechanical treatment 

using electric current tempering showed that the general character of the Q
-1

(ε) curves was not 

changed for the respective measurement temperatures (compare Fig. 3,a  and Fig. 3,b). However, a 

noticeable increase was revealed in values cr and cr caused by the additional thermo-mechanical 

treatment of the initial steel P92 sample. The values of critical amplitudes of deformation at each 

temperature of testing (see Table 3) clearly demonstrate the effect of the additional thermo-mechanical 

treatment at 700C of steel P92, which provides the formation of a more stabile structure of the 

material persistent at elevated temperatures. The observed increase in cr and the appearance of the 

hysteresis in the “loadingunloading” curves of Q
-1

(ε) for P92 after the above-mentioned additional 

treatment may originate several kinds of microstructure changes at 400C caused by 

dislocation/precipitates interaction in the process of microplastic deformation at amplitudes    cr.   

 

Table 3. The values of the first (cr) and second (cr) critical amplitudes of deformation for steel P92 

 

Testing temperature, 

Tt ,  °C 

Sample condition 

As-received Additional electric current tempering 

cr ·105 cr ·105 cr ·105 cr ·105 

25 6 -- 7 -- 

200 6 -- 7 -- 

300 4 -- 6 -- 

400 3 50 4,5 60 

500 2,5 45 4 55 

600 2 42 3 55 
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This interpretation is also supported by the observed increasing (more than by 40%) shear 

modulus over the temperature range 500 - 700C of the initial P92 sample undergone the additional 

electric current tempering at 700C under mechanical tension of 2.8kgf/mm
2
 (compare with Fig.1,b 

and Fig.2.b). 

 

4. Conclusion 

This research deals with ferritic steel P92 in three different states: as-received, after additional 

electric current tempering at 700C and after annealing at 950C. The study of  the temperature  and 

amplitude dependence of the internal friction and shear modulus over the temperature range                     

25-750C revealed  three maxima of internal friction at temperatures 510 - 530C,  570 - 575C and 

650C, accompanied by shear modulus defects. The first maximum is determined to be of the 

relaxation nature, and is characterized by the activation energy of ~48,000 cal/mol and the relaxation 

time constant equal to 610
13

sec
-1

. According to its activation features (H=52,000 cal/mol,  0 = 110
-14

), 

the maximum at 570C may be attributed to the relaxation rearrangement of chromium atom couples 

through the Zener mechanism during diffusion in the -phase. The vibration amplitude-dependent 

relaxation process near 650C with the activation energy 56,000 cal/mol and the frequency factor 

810
13

sec
-1

 is close to that of the impurity and grain boundary relaxation observed in metallic alloys. 

The results of the amplitude-dependent internal friction Q
-1

() and shear modulus G() measurements 

at fixed temperatures over the range 25-750C can be successfully used for comprehensive 

characterization of solution annealing behavior of steel P92. The comparison of the measured values 

of the critical amplitude of dislocation breakaway cr (first critical amplitude) wich that of the 

initiation of microplastic deformation cr (second critical amplitude) determined for steel P92 in 

different states clearly demonstrates a noticeable increase in the strength characteristics at elevated 

temperatures achieved by additional thermo-mechanical treatment using electric current tempering 

coupled with external mechanical tension.  
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РЕЗЮМЕ                      

ТЕМПЕРАТУРНАЯ И АМПЛИТУДНАЯ ЗАВИСИМОСТИ ВНУТРЕННЕГО ТРЕНИЯ И 

МОДУЛЯ СДВИГА В 9%Cr ФЕРРИТНОЙ СТАЛИ  P92 В ИНТЕРВАЛЕ ТЕМПЕРАТУР 25-750
o
C    

 Кутелия Э.Р., Дарсавелидзе Г.Ш., Кукава Т.Г., Дзиграшвили Т.А.,  Курашвили И.Р., Перез 

Трухилио Ф.Х.   

Ресубликанский центр структурных исследований Грузинского технического университета  

Университет Комплутенсе, Мадрид, Испания                                                                                   

Проведены сравнительные исследования процессов релаксации и механических свойств ферритной 

стали P92 в трех разных состояниях:  состояние поставки, после дополнительного электроотпуска при 

700C и после отжига при 900C/20 мин. Изучены температурная и амплитудная зависимости 

внутреннего трения и модуля сдвига. Измерения спектров Q
-1

(T,) и G~ƒ
2
(T,) проводились  в вакууме 

(10
-4

 торр) с использованием релаксометра при частоте 1-5 Гц, амплитуде деформации 10
-5 

- 10
-3

 и скоро-

сти  нагрева↔охлаждения 2 - 5 
0
С/мин в диапазоне температур 25 - 750 

0
С.  Полученные результаты чет-

ко демонстрируют повышение (более  40%) прочностных характеристик  при повышенных температурах 

(550 - 700˚С), обусловленных дополнительным электроотпуском под механическим напряжением. 

Ключевые слова: ферритная сталь, внутреннее трение, модуль сдвига, энергия активации, релакСА-

ционные процессы, электроотпуск. 
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ЭКСПЕРИМЕНТАЛЬНОЕ ИССЛЕДОВАНИЕ ПЕРЕМЕЩЕНИЙ И 

ТЕМПЕРАТУРНОГО ПОЛЯ В СТЕРЖНЕ ПРИ ТЕРМОМЕХАНИЧЕСКОМ 

НАГРУЖЕНИИ  

 

 Байсарова Г.Г., Киквидзе О.Г. 

 

Каспийский государственный университет технологии и инжиниринга им. Ш.Есенова, 

Актау, Казахстан 

Государственный университет Ак.Церетели, Кутаиси 

  

 

Стержневые элементы конструкций в период эксплуатации часто испытывают 

одновременное воздействие неоднородного температурного поля и механической нагрузки. 

Следовательно, расчет напряженно-деформированного состояния и оценкy прочности 

необходимо вести на основе решения связанной задачи теплопроводности и механики 

деформируемого твердого тела. 

В общей многомерной постановке решение этой задачи достаточно сложно. Разработка 

относительно простой, прикладной модели, требует введения определенных гипотез. Для 

проверки достоверности получаемых теоретических результатов необходимо провести 

экспериментальное исследование, которое дает возможность также проверить справедливость 

вводимых гипотез [1]. 

В лаборатории сопротивления материалов было проведено испытание консольной 

призматической балки постоянного прямоугольного сечения при термомеханическом 

нагружении. Схема экспериментального стенда показана на рис.1. 

 

 

 
 

Рис.1. Схема экспериментального стенда 

1 - консольная балка; 2 - термометр;  3 - нагревательное устройство; 4-индикаторы часового типа; 5- гири 

 

 

  

 
Характерные геометрические размеры стенда: l=700 mm; l1=350 mm; l2=190 mm;              

l3=240 mm; Материал балки ст. 45 с геометрическими размерами 12х24х700 мм. Было 

изготовлено нагревательное устройство с использованием спирали мощностью 200 Вт., с 

помощью которого нагревали часть нижней поверхности балки длиной 19 см. Температуру 
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измеряли цифровым контактным термометром ТК-5.03. Для измерения перемещений 

применяли индикаторы часового типа. Механическую нагрузку создавали с помощью гирь 1 кг 

и 2 кг. 

Опыты проводились для двух случаев нагружения: первый – когда балка только 

нагревается на части нижней поверхности и второй – термомеханическое нагружение. При 

термомеханическом нагружении вначале балку нагружали на свободном конце гирь, а затем 

нагревали на части нижней поверхности.  Балка нагревалась в течение 8 мин. Интервалом 40 

сек. измеряли температуру нагреваемой части нижней поверхности и верхней поверхности в 

данной точке, а также вертикальное и горизонтальное перемещения свободного конца балки.  

Этот эксперимент однофакторный. Независимым фактором является время. Был выбран 

последовательный план. Проводились повторные измерения для каждого уровня независимого 

фактора.  Для графического представления экспериментальных данных была проведена 

статистическая обработка результатов измерений. Резко отклоняющиеся экспериментальные 

точки проверялись по критерию Смирнова – Гребса [2] : 
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где: minmax , ii yy максимальное и минимальное значения измеряемой величины на данном 

уровне независимого фактора, iy - среднее значение наблюдаемых величин на данном уровне 

независимого фактора, m - количество повторных измерений,  - среднее квадратичное 

отклонение. 

Если ti VV max  или ti VV min , то соответствующие экспериментальные точки 

исключаются из дальнейшего рассмотрения. Если ti VV max  или ti VV min , то 

соответствующие экспериментальные точки остаются. ),( mpVV tt  - теоретическое значение 

параметра и выбирается из таблицы [2,3] в зависимости от доверительной вероятности 

p (например p =0,9) и от числа повторных измерений m . 

Однородность дисперсий проверяли по критерию Кокрена (Кохрена): 





n

i

iiG
1

22

max /  , где n - число уровней независимого фактора, 
2

maxi - максимальная 

дисперсия, 
2

i - дисперсии на каждом уровне. Если tGG  , то гипотеза об однородности 

дисперсии не отбрасывается. Величина )1,,(  mnpGG tt  берется из таблицы в зависимости 

от доверительной вероятности, числа уровней независимого фактора и числа повторных 

измерений m . 

Для каждого уровня независимого фактора находили средние значения измеряемых 

величин.  На рис. 2 показаны зависимости температуры нагреваемой части нижней поверх-

ности балки и температуры верхней поверхности балки в измеряемой точке. На рис.3 показаны 

зависимости вертикального и горизонтального перемещений свободного конца от времени при 

термомеханическом нагружении балки. 

Из рис. 2 видно, что температура в точке верхней поверхности в пределах 

расположения нагревательного устройства меняется фактически линейно во времени, а на 

нижней нагреваемой поверхности температура меняется нелинейно и она примерно в два раза 

выше.  
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Рис.2. Зависимость температуры нижней нагреваемой поверхности  балки (Т0 ) и верхней 

поверхности в измеряемой точке (Т1) от времени 
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Рис.3. Зависимость горизонтального (W) и вертикального (V)перемещений свободного конца 

балки от времени при термомеханическом нагружении  

 

 

На рис. 3 вертикальное перемещение от статической механической нагрузки гораздо 

больше, чем горизонтальное перемещение. Однако, под действием температуры картина 

меняется, и вертикальное перемещение остается фактически постоянным, т.е. перемещение от 

изменения температуры существенно меньше, чем от нагрузки, а горизонтальное перемещение 

увеличивается существенно и в конце нагрева (t = 440сек.) становится соизмеримым с 

вертикальным перемещением.  
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SUMMARY 

EXPERIMENTAL INVESTIGATION  OF DISPLACEMENTS AND THE TEMPERATURE FIELD OF 

THE BEAM  UNDER  THERMOMECHANICAL LOADING 

Baisarova G.G. and Kikvidze O.G. 

Esenov Caspian State University of Technology and Engineering ,  Aktau, Kazakhstan 

Akaki Tsereteli State University, Kutaisi 

The paper deals with the experimental investigation of the cantilevered beam. The beam has a rectangular cross-

section. The schematic of the experimental stand is given. The beam was loaded with a concentrated force and a 

temperature field. In the experiment, the temperature of top and bottom surfaces of the beam, as well as  vertical 

and horizontal displacements of the free end of the beam were measured. All measurements were carried out 

with 40-s intervals in two modes 1. The beam under the action of a inhomogeneous temperature field, 2. The 

beam under the action of a concentrated force and then under the action of the inhomogeneous temperature field. 

The experimental graphs of displacements and temperature are presented.  

Keywords: displacement, beam, temperature, experiment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, №3, 2015  

 
45 

wertilovani  SeduRebis nimuSTa naxevradmuSa  eleqtrodebiT gaxureba 

 
sulamaniZe a.k., kaxiSvili g.s. 

 
saqarTvelos teqnikuri universiteti 

 
 

wertilovani SeduRebis xvedriTi wili Tanamedrove etapze aRwevs 
liTon-konstruqciaTa damzadebis sferoSi gavrcelebuli  eleqtro-kontaq-
turi SeduRebis oTxmoc procentamde. swored amitom saSemduReblo warmoe-
bis ganviTarebis upirveles amocanad am dargSi igulisxmeba iseTi dauSleli 
SeerTebis, wertilis, miReba, romelic uzrunvelyofs nakeris maRal da 
stabilur xarisxs. TviTon wertili Camoyalibdeba SesaerTebeli detalebs 
Soris, e.w. cxelkontaqtSi, SedarebiT mcire farTobze, sxmuli birTvis sa-
xiT, romlis zomebis diametrisa da Cadnobis siRrmeTa ricxviTi mniSvnelo-
bebi damokidebulia teqnologiuri procesis parametrebze, aseve SeduRebis 
zonis elementTa masalasa da konstruqciaze. aRniSnul komponentTa saTana-
do varirebiT SesaZlebelia damakmayofilebeli Sedegis miRweva maSin, roca 
duRdeba Tanabari sisqis detalebi. im SemTxvevisaTvis ki, Tu saqme gvaqvs 
sxvadasxva sisqeebTan, Tavs iCens metad arasasurveli wuni – wertili 
daiZvris cxeli kontaqtidan sqeli detalis siRrmisaken raRac Z manZiliT 
(nax. 1) da mosalodnelia misi mTlianad ganTavseba sqel detalSi, romlis 
Sedegad miiReba gamousworebeli wuni. 
 
 

 
 
 

nax. 1  wertilis adgilmdebareoba 
a. Tanabari;  b. araTanabari sisqeebis SemTxvevaSi 

 
Catarebulia kvleviTi samuSaoebi sxvadasxva sisqis detalTa wertilo-

vani SeduRebis xarisxis gasaumjobeseblad, saWiro gaxda dRemde arsebuli 
seriozuli, dauZleveli problemis, SenaduRi wertilis asimetriulobis       
(nax. 1, Z>0) meqanizmis Seswavla. 

pirvel rigSi saWiro gaxda wertilis adgilmonacvleobis kanonzomie-
rebis dadgena SesaduRi detalebis sisqeTa fardobisagan damokidebulebiT. 
am TvalsazrisiT literaturuli monacemebis analizis Sedegad [1-4] gamoikve-
Ta r. holmis ganmarteba, kerZod, wertilovani SeduRebis eleqtrodTaSoris 
zonaSi yvelaze metad gacxelebulia is adgili, romelic uSoresia 
eleqtrodTa muSa zedapiridan. am gamonaTqvamis argumentad avtori Tvlida 
eleqtrodTa gamacivebel rols, rac garkveulwilad dasaSvebicaa. Tu am mid-
gomiT grafikulad warmovidgenT damokidebulebas wertilis asimetriu-

ζ2= ζ1    ζ2> ζ1 

ζ
2
  

ζ
1
  

ζ
2
  

ζ
1
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lobasa da SesaduR detalTa fardobas Soris – Z=f(δ2/δ1), saqme gveqneba 
wrfivad mzard  gamosaxulebasTan, rac garkveul eWvs iwvevs, gansakuTrebiT 
sisqeTa fardobis mniSvnelobaTa jeradobiT zrdis Semdeg. es naTlad 
dasturdeba eqsperimentuli kvleviT calkeuli SedegebiT, rogorc Savi, aseve 
feradi liTonebis SemTxvevebSi. 

cxadi gaxda, rom eleqtrul kontaqtebSi SesaniSnavi mecnieris holmis 
hipoteza [3] saWiroebs Semdgom ganviTarebas, rac unda moxdes eqsperimentuli 
kvlevebisa Tu Teoriuli analizis SedegTa safuZvelze dayrdnobiT. am 
TvalsazrisiT saqarTvelos teqnikuri universitetis SeduRebis teqnolo-
giaTa centrSi damuSavebuli da mosinjuli iqna detalTa eleqtro gaxureba 
wertilovani SeduRebis naxevradmuSa eleqtrodebiT (nax.2). 
 

 
 

nax. 2.  naxevradmuSa eleqtrodebiT nimuSTa gaxurebis sqema 
1 – SesaduRi detalebi; 2 – eleqtrodebi; 3 – naxevarwertilis adgili 

 
aseTi meTodiT Catarebul samuSaoTa Sedegad SeiZleba miviRoT: 1. ro-

gorc detalTa dauSleli SeerTeba myar mdgomareobaSi; 2. aseve naxevarwer-
tilis formis sicariele, dawyebuli cxeli kontaqtis (detali–detali) Ria 
profilidan da detalTa an sqeli detalis siRrmeSi damTavrebuli. am 
Teoriulad saorientacio SedegTa miRebis msvlelobas gansazRvravs mimdina-
re teqnologiuri procesis parametrTa: eleqtruli denis (I), misi moqmedebis 
droisa (t) da dawnevis Zalis (P)-s SerCeuli ricxviTi mniSvnelobani. 

Cveni kvlevis mizans warmoadgenda Txevadi birTvis warmoqmnis adgilis 
dadgena. zemoT CamoTvlil parametrTa gansazRvreli sidideebi Seesabameboda 
cxel kontaqtSi liTonis adgilobrivi gadnobis, anu Txevadi birTvis 
Camoyalibebis klasikur pirobebs. 

Cveni prognoziT eqsperimentis msvlelobisas e.w. SeduRebis adgilze – 
naxevrad Ria cxel kontaqtSi (nax. 2) warmoqmnili Txevadi naxevarbirTvi 
avtomaturad gamoiRvreboda Riad mimdebare atmosferul garemoSi da Tavisi 
formis, naxevarwertilis kvals datovebda sicarielis saxiT, rac moxda 
kidec. 
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nax.   3.  kontaqturi SeduRebis wertilis  adgilmonacvleobis damokidebuleba 
SesaduRi detalebis sisqeTa fardobisagan (SeduRebis teqnologiuri zonebi) 

 
amrigad, miRebuli sicarielis metrologiuri kvlevis SedegebiT gani-

sazRvreboda wertilis SesaZlo adgilmdebareoba.  
saeqsperimentod gamoyenebuli iyo namzadebi foladis, fol. 3-is furc-

lisagan sisqeTa Semdegi fardobiT: 
k= δ2/δ1   (1:1; 2:1; 3:1; ....20:1) 

amasTanave, Cveni pirobebidan gamomdinare, saTanadod aiReboda 
sisqeebic: δ1 =const;  δ2=var. 

Sedegis damajereblobis TvalsazrisiT gamoyenebuli iyo Txeli fur-
clis sisqis ramodenime varianti, kerZod ki: 0,05mm; 0,5mm; 1,0mm. 

metrologiuri kvlevis Sedegebi Seitaneboda saTanado cxrilSi da mis 
mixedviT agebuli iqna saTanado grafiki (nax. 3), romelmac daadastura, rom 
holmis hipoteza, sisqeTa fardobis garkveuli zRvris Semdeg, kerZod, roca  
δ2/δ1 =(8–12)-sa, irRveva, kargavs Tavis sworxazovani ganviTarebis msvlelobas da 
sisqeTa fardobisaTvis (18–20) ki wertili aRidgens simetriul mdgomareobas. 

am movlenis gamomwvevi meqanizmi saWiroebs Seswavlas, rac Cveni 
muSaobis Semdgomi etapis amocanas warmoadgens. 
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SUMMARY 

HEATING OF THE ITEMS OF SPOT WELDING BY HALF-WORKING ELECTRODES 

Sulamanidze A.K. and Kakhishvili G.S. 

Georgian Technical University 

A technique of heating of the items of spot welding was elaborated. It is shown that the location of the welding 

spot determined by the elaborated method depends on the thickness ratio of the items to be welded. 

Keywords: spot welding, half-working electrode, heating, welding spot.  
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ВЫБОР КРИТЕРИЯ ОЦЕНКИ КАЧЕСТВА ЭЛЕКТРОКОНТАКТНОЙ СВАРКИ 

АРМАТУРЫ ЖЕЛЕЗОБЕТОННОЙ КОНСТРУКЦИИ 

 

Оспанова С.М., Зивзивадзе Л.Б., Шаламберидзе М.Ш. 

 

Государственный университет им. Акакия Церетели, Кутаиси 

 

Для создания средств автоматического контроля и управления контактной сварки 

арматуры необходимо разработать экспериментально-статистическую модель процесса, 

представляющую собой уравнения регрессий, связывающих выбранный показатель качества 

сварного соединения с параметрами процесса сварки. Разработка такой модели, адекватно 

описывающей процесс сварки, и ее применение для контроля во многом зависит от 

правильного выбора критериев качества сварных соединений. 

При контактной сварке в качестве такого критерия часто используются размеры литого 

ядра [1]. Однако при сварке металлической сетки из арматурных прутков, в зависимости от 

режима сварки, соединения могут образоваться с ядром в жидкой фазе, а также в твердой фазе 

без образования литого ядра. В этих случаях за критерий качества сварки арматуры 

целесообразно применять результаты механических испытаний сварного соединения. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Рис.1. Схемы испытания сварных соединений на срез (а) и на отрыв (б) 

 
Экспериментальные и расчетные данные для расчета коэффициента корреляционной связи между 

сварочным током  (I1, I2) и механическим испытанием сварного соединения на отрыв и на срез 

№№ На срез На отрыв 

Рср,Y1, 

даН 

Рсв, 

Y1, 

кА 

2

1Y  
2

1X  Y1 Х1 Ротр,Y2, 

даН 

I2, X2, 

кА 

2

2Y  
2

2X  Y2 Х2 

1 16,6 1,0 275,56 1,0 16,6 13,1 1,1 171,61 1,21 14,41 

2 17,5 1,12 306,25 1,2544 19,6 15,0 1,1 225 1,21 16,5 

3 19,2 1,27 368,64 1,6129 21,384 18,1 1,2 327,61 1,44 21,72 

4 19,0 1,25 361,0 1,6625 23,75 18,5 1,2 342,25 1,44 22,2 

5 20,0 1,29 400,0 1,6641 25,8 19,2 1,3 368,64 1,69 22,96 

6 21,5 1,30 462,25 1,69 27,95 20,5 1,3 420,25 1,69 26,65 

7 22,0 1,35 484,0 1,8225 29,7 24,6 1,35 605,16 1,8225 33,21 

8 19,5 1,26 380,25 1,5876 24,57 19,0 1,12 361,0 1,2544 21,28 

9 24,0 1,45 576,0 2,1025 34,8 23,7 1,45 561,69 2,1025 34,365 

10 19,5 1,27 380,25 1,6129 24,765 19,0 1,3 361 1,69 24,7 

 198,8 12,56 3994,2 15,9024 201,919 190,7 12,42 3744,28 15,5494 239,995 

 25,4 16,608 

r 0,94 0,86 

 - 12,0224 - 0,9796 

Y=f(X) P = - 12,02 + 25,4 I P = - 0,98 + 16,6 I 

1
0
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В строительных ненапряженных железобетонных конструкциях на сварное соединение 

действуют как отрывающие, так и срезывающие усилия вследствие протекания физико-

механических воздействий бетона. В связи с этим, критерием качества контактной сварки 

арматуры могут быть результаты механических испытаний сварных соединений на отрыв и на 

срез (рис.1). Из них наиболее целесообразную схему испытания возможно выбирать, исходя из 

ее чувствительности к изменению основных факторов процесса сварки [2]. В качестве такого 

фактора при сварке арматурных прутков накрест выступает сварочный ток, как один из 

основных параметров режима сварки, существенно влияющих на прочность сварного 

соединения [3]. Следовательно, чувствительность схемы испытания к изменению этого 

параметра должна быть основным критерием выбора показателя качества. 

Для сопоставления схем испытаний (рис.1) при различных значениях сварочного тока 

были сварены 20 образцов. Сварка проводилась при оптимальных и постоянных остальных 

параметрах режима и условиях. По 10 образцов из каждой партии были испытаны на прочность 

по двум исследуемым схемам  (табл.1). 

В результате экспериментов получены зависимости Ротр= f(Iсв) и Рср= f(Iсв). Вместе с тем, 

допускали существование линейной связи между прочностью и сварочным током. При этом 

критерием оценки чувствительности схем испытания был принят коэффициент корреляции 

между вышеуказанными параметрами. Ограничивались рассмотрением уравнения регрессии 

первого порядка Y=+X. Коэффициент корреляционной связи r, коэффициенты  и  

определяли по известным формулам [3]: 
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где объем выборки m=10. 

 

 

 
Рис.2. Зависимости прочности от сварочного тока при  разных схемах испытания сварных 

соединений 

 

Результаты эксперимента и расчета представлены в таблице. В обоих случаях испытаний 

обнаружена высокая корреляционная связь между током и усилием отрыва и среза. Однако 

некоторое преимущество можно отдать испытанию на срез, так как при этом коэффициент 
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корреляционной связи больше (рис.2). Эта схема испытания будет более чувствительной к 

изменению параметров режима сварки, что особенно важно при разработке математической 

модели по параметрам режима сварки для оценки прочности сварных соединений. 

Таким образом, для оценки прочностных показателей качества электроконтактных 

сварных соединений арматуры целесообразно использовать результаты испытания сварных 

соединений на срез. 
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SUMMARY 

CHOICE OF THE QUALITY ASSESSMENT CRITERION OF ELECTRIC CONTACT WELDING OF 

STEEL REINFORCEMENT OF CONCRETE ELEMENTS  

Ospanova S.M., Zivzivadze L.B. and Shalamberidze M.Sh. 

Akaki Tsereteli State University, Kutaisi 

The paper dwells on the development and substantiation of the mechanical pattern for assessing the quality of the 

electric-contact welding of steel reinforcement of concrete elements. It is shown that the share test is highly 

sensitive to the changes in arc-welding current.   

Keywords: electric contact welding, quality assessment criterion, arc-welding current, steel reinforcement.    
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sferuli da asferuli zedapirebis formireba saWrisis profilis 

gaTvaliswinebiT 

 

SalamberiZe d.m., zardiaSvili d.g., avaliani i.m. 
 

ssip instituti `optika~ 
 

cnobilia, Tu raoden didi mniSvneloba aqvs sainJinro optikaSi 

sferuli da asferuli zedapirebis damuSavebis sizustes. წinamdebare 
statiaSi ganvixilavT or sakiTxs: brunviTi zedapirebis damuSavebisaTvis 
saWrisis formis gaTvaliswinebis da saWrisis mocemuli formidan gadaxris 
SemTxvevaSi, miRebuli zedapiris cdomilebis Sefasebis amocanas. Aam 
ukanasknelis gamokvlevis mizniT unda ganvixiloT ara marto is 
gavrcelebuli SemTxveva, rodesac saWrisis muSa nawils aqvs wriuli forma, 
aramed nebismieri formis profilis saWrisis SemTxveva. saWrisis profilis 
gantoleba SeiZleba miviRoT interpolaciis meSveobiT. Tu misi centris 

simrudis radiusia , profilis gantolebas eqneba saxe [1]: 
 

. … 

 
zogad SemTxvevaSi saWrisis profilis gantolebas (1) aqvs saxe (nax. 1): 

 

                              (1) 

 
 

 
 

nax. 1. saWrisis profili 
 

aq saWrisTan uZravad dakavSirebuli aTvlis sistemaa ( saWrisis 

wveroa), romelic moZraobs detalTan dakavSirebuli uZravi sistemis 
mimarT. 

vTqvaT, dasamzadebeli detalis brunviTi zedapiris meridia-

nuli kveTiT miRebuli wiris gantolebaa, xolo  saWrisisa da 
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zedapiris Sexebis wertilia (nax. 2). cxadia, . vTqvaT, sistemaSi 

igive  wertilis koordinatebia  da , anu . 
 
 
 

 
 

nax. 2. dasamuSavebeli zedapirisa da saWrisis profilebi 

 
 

nax.-dan 2 Cans, rom sistemaSi saWrisis wveros koordinate-

bia . Cveni mizania davweroT  wertilis mier Semowerili 

wiris (anu, faqtiurad, saWrisis traeqtoriis) gantoleba. wertilSi 
saWrisisa da detalis SeuRlebis piroba (maT unda hqondeT saerTo mxebi) 
iqneba: 

 
 

                                            
                     (2) 

 
sxva aRniSvnebSi igive tolobisTvis gveqneba: 
 

   .                                ( ) 
 

Cven vgulisxmobT rom , amitom arsebobs -is Seqceuli funqcia 

. 

( ) tolobidan gamomdinareobs, rom 
 

.                              (3) 

 
gantoleba (3) warmoadgens saZiebeli traeqtoriis parametrul 

gantolebas parametris mimarT. 
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davsvaT Sebrunebuli amocana: vTqvaT, cxadi saxiT mocemuli gvaqvs 

saWrisis traeqtoriis gantoleba . Cveni mizania davweroT Wris 

Sedegad miRebuli zedapiris gantoleba, cxadia iqneba im wirTa 
ojaxis momvlebi, romelic aRiwereba saWrisis profilis moZraobiT. 

momvlebi wiris gantoleba ganisazRvreba Semdegi sistemis amoxsniT [2]: 
 

                           
                 (4)                                     

 

 
miRebuli brunviTi zedapiris sizustis SefasebisTvis ganvixiloT 

SemTxveva, rodesac saWrisis profilia ara wre, aramed elifsi 

naxevarRerZebiT  da . elifsis gantolebas eqneba saxe: 
 

 .                                         (5) 

 

vTqvaT, saWrisis moZraobis wiria wrewiri radiusiT , romlis 
gantolebaa 

 

.                          (6) 
 

aq aris im sferuli zedapiris radiusi, romelic unda migveRo Tu 

saWriss eqneboda wriuli forma simrudis radiusiT . 
(5) da (6) tolobebidan gamomdinareobs, rom 
 

1

dT x

dx R y



,                                  (7) 

 
 
 

 .               (8) 
 

(7) da (8) gamosaxulebebis gaTvaliswinebiT (4) sistema miiRebs saxes: 
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      (9) 

 
 

miRebuli gamosaxuleba warmoadgens realurad damzadebuli detalis 
brunviTi zedapiris gantolebas. aRniSnuli zedapiris sferulobidan 
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gadaxris sizuste SeiZleba SevafasoT, magaliTad, 
a

b
sididis gadaxriT 1-dan. 

rodesac 1
a

b
 , (9) gantoleba gvaZlevs zust sferul zedapirs  

. 
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SUMMARY 

FORMATION OF SPHERICAL AND ASPHERICAL SURFACES WITH FOR A CUTTER ACCOUNT 

PROFILE 

Shalamberidze D.M., Zardiashvili D.G. and Avaliani I.M. 

LEPL Institute “OPTICA” 

The article deals with a mathematical model of shaping of complex surfaces on CNC machines. In this model the 

cutter trajectory is calculated taking into account the profile of the optical part and the cutter profile of any 

complexity. This can significantly increase the accuracy of shaping of the part surfaces. 

Keywords: optical parts, spherical surfaces, aspherical surfaces, cutter profile. 
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almaskompoziciuri masalebis zogierTi fizikur-meqanikuri parametris 

gavlena almasuri damuSavebis teqnologiuri procesis efeqturobaze 

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

 
saqarTvelos teqnikuri universiteti 

 
rogorc cnobilia, almasuri instrumentis maRalwarmadi da rentabe-

luri muSaoba konkretul  teqnologiur operaciaze,  mTel rig  faqtoreb-
zea damokidebuli – Wris procesSi monawile almasuri kristalebis  fizi-
kur-meqanikuri, fizikur-qimiuri da Tbofizikuri Tvisebebi, almaskompozi-
ciuri masalis liTonuri  Semkvrelis  Tvisebebi, romelic uzrunvelyofs  
almasuri  kristalebis optimaluri daWeris simtkices  da garda amisa, Wris  
zonaSi dasamuSavebel masalasTan da SlamTan kontaqtisas aucilebel  
cveTamedegobas.  zemoT naxsenebi parametrebis optimaluri  SerCeva almasuri 
instrumentis proeqtirebisas uzrunvelyofs instrumentis muSaobas ekono-
miurad  gamarTlebul  TviTalesvis  reJimSi. 

liTonuri SemakavSireblis almasdaWeris unari da cveTamedegoba  
Tavis mxriv damokidebulia mis fizikur-meqanikur, Tbofizikur da  fizikur-
qimiur Tvisebebze. garda amisa, almasuri kristalebis daWeris simtkice 
SemakavSirebelSi  SeiZleba  Seicvalos  instrumentebis  muSaobis  procesSi  
da is damokidebulia datvirTvis ciklurobaze da TviT datvirTvis saxeo-
basa (Tburi, meqanikuri) da sidideze [1,2]. erTeul almasur kristalze 
mosuli  xvedriTi datvirTva da misi dinamika damokidebulia iseT faqto-
rebze, rogoric aris almasebis  koncentracia SemakavSirebelSi da misi  
marcvlovaneba, teq. procesis kinematikuri sqema (xexva, frezireba, segmenturi 
xerxebiT Wra, burRva da sxv.)  da agreTve dasamuSavebeli masalis  buneba [3].   

aRsaniSnavia agreTve, rom instrumentis, mWreli nawilis muSa  pirobebi 
umetesad ganisazRvreba damuSavebis reJimebiT, gamaciebeli siTxis hidrodi-
namikiT  da instrumentis  konstruqciiT. Tu zemoT CamoTvlils SevajamebT, 
SeiZleba gakeTdes konstantireba imisa, rom almasuri damuSaveba warmoadgens 
mravalfaqtorian process. erTiani formula, romelic moicavdes yvela im 
parametrs, romelic gavlenas axdens almasur damuSavebaze da agreTve im 
parametrebis cvlilebis dinamikaze uSualod teq. procesis mimdinareobisas 
ar arsebobs. ar arsebobs formula, romelic mogvcemda saSualebas, axali  
teq. procesebis Seqmnisas utyuari prognozireba da planireba gagvekeTebina 
almasuri instrumentis yvela saWiro teqnikuri parametrisa (almasebis marka 
da marcvlovaneba, koncentracia, Semkvrelis  Semadgenloba, mWreli nawilis 
geometria da sxv. 

axali teq. procesis SemuSavebisas, romelic gulisxmobs axali Semad-
genlobis almaskompoziciuri masalis gamoyenebas mWrel elementad, damu-
Savebis reJimebis, Tanac instrumentis saWiro geometriis SerCeva ZiriTadad  
xorcieldeba almasur damuSavebaSi dagrovili codniT da gamocdilebiT da 
agreTve arsebuli eqsperimentaluri bazis da rekomendaciebis gamoyenebiT. 
procesis Semdgomi srulyofis etapi gulisxmobs rogorc damuSavebis 
reJimebis, aseve instrumentis geometriis dazustebas da koreqtirebas alma-
suri nedleulis (almaskompozitis) gamoyenebis umaRlesi efeqturobis 
misaRwevad.  

samuSaos mizans warmoadgenda almaskompoziciuri masalis SemuSaveba 
saamSeneblo industriaSi gamosayeneblad, iseTi masalebis dasamuSaveblad, 
rogoricaa betoni, armirebuli betoni  da asfaltbetoni.  

betonebi da asfaltbetonebi TavianTi Semadgenlobidan (didi raode-
nobiT SiO2 Semcveloba) gamoirCevian Zalian maRali abraziulobiT. aqedan 
gamomdinare, maTi damuSavebis operaciaze gamoyenebul almasuri instruments 
moeTxoveba Zalian maRali cveTamedegoba. cveTamedegobis ganmsazRvrel 
erTerT ZiriTad parametrs (sxva maxasiaTeblebTan erTad) warmoadgens 
masalis sisale. almasebis damuSavebis Teoriidan da praqtikidan cnobilia, 
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rom [3,4] instrumentSi gamoyenebuli almaskompoziciuri masalis muSa unaris 
efeqturobaze pirdapir an irib gavlenas axdenen misi liTonuri matricis 
iseTi maxasiaTeblebi, rogoric aris sisale, simtkice Runvaze, dartymiTi 
siblante, iungis moduli da sxv. CamoTvlili Tvisebebis kompleqsis gavlenis 
garkveuli kanonzomierebebis dasadgenad mTlianad almaskompozitis muSa 
unarianobaze SeirCa sxvadasxva Semadgenlobis da Sesabamisad gansxvavebuli 
fizikur-meqanikuri Tvisebebis mqone almaskompozitebi konkretul opera-
ciebze gamosacdelad. daigegma Cvens mier SerCeuli da Seswavlili Co, Co-Sn  

da Co-Sn-Ni sistemis Semkvrelebis gamoyeneba liTonur Semkvrelebad almasur 
instrumentSi gamosayeneblad. SerCeuli sistemis kompoziciebi xasiaTdebian 
miRebis maRali teqnologiurobiT (presvadoba, Secxobis temperatura) da 
procentuli Semadgenlobis varirebis meSveobiT fizikur-meqanikuri maxa-
siaTeblebis  (HRB, ζb, KCU) farTo diapazoniT.  

SerCeuli sistemebis zogierTi liTonSemkvrelis miRebis pirobebi da 
maTi fizikur-meqanikuri maxasiaTeblebi, saetalono (Ni) da sabazo (M16-01) 
nimuSis maxasiaTeblebi moyvanilia cxrilSi. sabazo nimuSi warmoadgens               
Fe-Cu-Sn-Ni Semadgenlobis cnobil standartul SemakavSirebels, romelic 
farTod gamoiyeneba betonis damuSavebisas. 

SemdgomSi isini gamoyenebul iqnen almasuri instrumentis dasam-
zadeblad mWrel elementebSi (segmentebSi) liTonSemkvrelebad. maT  bazaze 
damzadebuli sxvadasxva almasur instrumentebis eqspluataciuri maxasiaTeb-
lebis  dadgena ganxorcielda burRvis operaciaze. 

 
zogierTi liTonSemkvrelis fizikur-meqanikuri maxasiaTeblebi 

nimuSis 
Semadgenloba 

Secxobis 
temperatura, T

0
C 

sisale HRB 
 

simtkice 
Runvaze, ζkg/sm2 

dartymiTi 
siblante KCU kj/m2 

 
Ni 900 56 210 11,2 
Co 850 102 176 5,9 

M16-01; 
Fe-Cu-Sn-Ni 

790 96 101 5,8 

Co-Sn 840 109 - 110 64 3,2 
Co-Sn-Ni 840 112 83 4,8 

  
  

 
sur.1. rkina-betonisa filebis damzadebis operacia 

 
 

burRvis operaciaze instrumentis gamocda xorcieldeboda armirebuli 
betonis filebSi gamWoli naxvretebis gakeTebiT. filebis sisqe 50mm; betonis 
marka М 400, armirebis koncentracia 6%. betoni armirebuli iyo Ф 16mm 
diametris armaturiT. armirebis koncentracia  da  armaturis  wyoba  beton-
Si ise iyo  ganxorcielebuli, rom  betonis filis nebismier adgilas burR-
visas almasur instruments aucileblad uwevda liTonuri armaturis  
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gadaWra. filaSi yoveli 20 naxvretis Sesruleba niSnavda almasuri instru-
mentis mier  (20X50mm=1000 mm) jamurad 1 m armirebuli betonis gaburRvas. 
fiqsirdeboda 1 - 1,5 m-is  gavlis Semdeg almasuri instrumentis mWreli nawi-
lis (segmentis) cveTis sidide. am monacemebis meSveobiT dgindeboda yoveli 
konkretuli Semadgenlobis almaskompoziciiT aRWurvili instrumentis saer-
To medegoba L metrebSi  da xvedriTi resursi  Rs m/mm.  Wris reJimebis 
konkretuli mniSvnelobebisaTvis. 

medegobis cdebi Catarebuli iyo milisebri segmenturi almasuri 
burRiT. milisebri almasuri burRis diametri Seadgenda Ф 60 mm.  burRis Tavi 
aRWurvili iyo 6 almasuri segmentiT, zomiT 21X6X3 mm. burRvis operacia tar-
deboda vertikalur  saburR Carxze, modeli – 2M 125. Spindelis (burRis) 
brunvis siCqare SerCeuli iyo  1000 br/wT. miwodeba xorcieldeboda mudmivi 
dawnevis pirobebSi (P ~ 9 – 10 kg/sm2). fiqsirdeboda burRvis siCqare                    
VburRv. sm/wT anu warmadoba. gacieba wyliT, saSualo intensivobiT                  
0,8 - 1,2 l/wT.  wylis miwodeba xorcieldeboda burRis korpusSi gakeTebuli 
specialuri mimRebebidan. 

sur. 2-ze moyvanilia segmentebiani almasuri burRis konstruqcia  da 
misi  mWreli elementebi, xolo sur. 3-ze  mocemulia stendi da masze mimdi-
nare burRvis teq. operacia. 

 

 
                         

sur.  2. segmentebiani almasuri burRis konstruqcia da misi mWreli elementebi 
 

sxvadasxva Semadgenlobis almaskompozitebiT aRWurvili  instrumentis 
eqsploataciuri parametrebis dadgena (V sm/wT; R m/mm) xorcieldeboda ara 
nakleb I=5m jamuri sigrZis naxvretis gakeTebis Semdeg. instrumentis jamuri 
medegoba  Lm = Ra x  h;  sadac  h mm  mWreli segmentis saerTo simaRlea. 

                     

 
 
sur. 3.  gamosacdeli stendi da masze mimdinare burRvis teq. operacia 
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sur. 4-ze warmodgenilia eqsperimentaluri monacemebi sxvadasxva 
Semadgenlobis almaskompozitiT aRWurvili almasuri instrumentebis warma-
dobis da medegobis  damokidebulebisa liTonSemkvrelis sisaleze. miRebuli 
Sedegebi upirveles yovlisa, cxadyofen, rom Cvens mier SemuSavebuli Co-Sn-Ni 
sistemis liTonSemkvrelis gamoyeneba almasur instrumentSi mkveTrad 
amaRlebs mis eqspluataciur maCveneblebs standartul SemkvrelebTan 
SedarebiT (M16-01, Co). 

 

 

 
sur.  4. almasuri burRebis warmadobis Vsm/wT(1) da medegobis Rm/mm(2) 

damokidebuleba instrumentis mWreli  nawilis sisaleebze 
  
miRebuli Sedegebis Rrma analizi moiTxovs Semdgomi kvlevebis 

gagrZelebas, raTa dadgindes garkveuli kanonzomiereba kompozociuri 
masalis fizikur-meqanikur maxasiaTeblebs da maT Sromisunarianobas Soris 
Tvisebebis sruli kompleqsis gaTvaliswinebiT. 
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SUMMARY 

THE INFLUENCE OF SOME PHYSICAL AND MECHANICAL PROPERTIES OF DIAMOND 

COMPOSITE MATERIALS ON THE EFFICIENCY OF DIAMOND PROCESSING 

Avalishvili  Z.A., Tserodze Sh.P., Tserodze M.P., Dzidzishvili I.G. and Loladze N.T. 

Georgian Technical University 

The paper presents the experimental data showing the dependence of metal bonding materials properties on the 

performance and tool life of diamond tools during reinforced concrete drilling. A direct dependence of the 

hardness of bonding materials on the tools workability is revealed. 

Keywords: diamond composite materials, diamond processing, hardness, efficiency. 
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saTburis gazebis emisiis Semcirebis politika da gasatarebeli 

RonisZiebebi 

 

arabiZe g.o., fxalaZe i.e. 
 

saqarTvelos teqnikuri universiteti 
 

imis gaTvaliswinebiT, rom saqarTvelom unda daafiqsiros emisiebis is 
raodenoba, romlis Semcirebasac is daiwyebs 2020 wlidan, qveyanaSi am mimar-
TulebiT ori umniSvnelovanesi procesi mimdinareobs: saqarTvelos mTavroba 
amzadebs dabalemisiebian ganviTarebis strategias (degs - LEDS) da 2010 wlidan 
qveynis didma qalaqebma daiwyes CarTva merebis SeTanxmebis (COM) 
ganxorcielebaSi. amJamad am SeTanxmebas, sxvadasxva etapze, saqarTvelos 
cameti qalaqia mierTebuli da, Sesabamisad, maTTvis mimdinareobs energetikis 
mdgradi ganviTarebis samoqmedo gegmebis (SEAP) SemuSaveba. am samuSaoTa Ses-
rulebas da Semarbilebeli RonisZiebebis ganxorcielebas daxmarebas uwevs 
sxvadasxva donorebi, maT Soris evrokavSiri da USAID. axlo momavalSi dageg-
milia agreTve erovnul doneze gansazRvruli savaraudo wvlilis dokumentis 
(INDC) SemuSaveba da orwliani ganaxlebadi angariSis (BUR) momzadeba [1,2]. 

mesame erovnuli Setyobinebis farglebSi Catarebulma saTburis gaze-
bis mesame inventarizaciam, romelmac 2006-2011 wlebi moicva, aCvena, rom 
saqarTveloSi saTburis gazebis (sg) emisiebSi wamyvan seqtors energetikis 
seqtori (transportis qveseqtoris CaTvliT) warmoadgens. amitom emisiebis 
Semcirebis RonisZiebaTa dagegmvisas ZiriTadi aqcenti am seqtorze gakeTda. 
energetikis seqtoris analizs safuZvlad daedo erovnuli MARKAL-is 
integrirebuli energosistemis modeli MARKAL-Georgia. analizi miznad is-
axavs 2030 wlisaTvis emisebis Semcirebis gavlenis Sefasebas momavalSi ener-
giaze moTxovnebis dakmayofilebis procesze, raTa moxdes mdgradi ekono-
mikuri zrdis xelSewyoba dabalemisiebiani ganviTarebis strategiis miznebis 
gaTvaliswinebiT. 

modelis saSalebiT gaanalizebuli iqna rogorc sabaziso (BAU) sce-
nari, aseve masTan SedarebiT 15, 20 da 25%-iT emisiebis Semcirebis strate-
giebi. dabalemisiebiani ganviTarebis strategiis farglebSi agreTve mimdi-
nareobs BAU scenaris SemuSaveba, Tumca igi jerjerobiT ar aris qveynis mier 
sabolood dadasturebuli [3,4]. 

ekonomikisa da mosaxleobis zrdis oficialur saprognozo mona-
cemebze dayrdnobiT biznesis tradiciuli gziT ganviTarebis (BAU) scenaris 
Tanaxmad, saboloo energiis moxmarebis kuTxiT, 2030 wlisTvis mosalodnelia 
energiis moxmarebis mniSnelovani zrda 76,6%-iT. moTxovnilebis zrda, Turqe-
Tis bazarze eleqtroenergiis eqsportis SesaZleblobaTa gamoyenebasTan 
erTad, saWiros gaxdis eleqtroenergiis generirebis sistemis simZlavris 
gazrdas 3 260 mgvt-dan 5 731 mgvt-mde. Sesabamisad, saqarTvelos energetikis 
seqtorSi sawvavis wvis kategoriidan naxSirorJangis emisia 72,3%-iT gaizr-
deba da 2030 wlisTvis savaraudod 11 179 aTas tonas miaRwevs [4]. 

energetikis seqtoris amJamindeli mdgomareobis mixedviT bunebrivi 
gazis didi nawilis moxmareba warmoebs sayofacxovrebo, komerciul da 
samrewvelo seqtorebSi, da 2024 wlis Semdeg misi moxmareba mniSvnelovnad 
mcirdeba am droisaTvis gazze momuSave 2 didi Tbosadguris eqspluataciis 
vadis gasvlis gamo da hidroeleqtroenergiis generirebis gazrdis xarjze. 
miuxedavad amisa, sayofacxovrebo da satransporto qveseqtorebSi gazis 
moxmarebis arsebiTi zrdis Sedegad misi importi 2030 wlisTvis 2012 welTan 
SedarebiT 57%-iT gaizrdeba. saboloo moxmarebis seqtorSi gazis moxmarebis 
maRali done naTlad miuTiTebs gareSe faqtorebis mimarT qveynis ekonomiku-
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ri da socialuri ganviTarebis mowyvladobaze da energoresursebis diver-
sificirebis kritikul aucileblobaze. 

eleqtroenergiis mwarmoebeli axali simZlavreebis matebaSi hidro-
eleqtrosadgurebis simZlavris zrda yvelaze TvalsaCino tendenciaa, rom-
lis Sedegadac 2030 wlisTvis miiReba 2 601 mgvt damatebiTi simZlavre. qva-
naxSiris, bunebrivi gazisa da qaris damatebiTi eleqtrosadgurebis aSenebis 
Semdeg sabaziso scenariT 2030 wlisTvis saqarTveloSi eleqtrosadgurebis 
dadgmuli simZlavre 5 731 mgvt-s miaRwevs. amis uzrunvelsayofad 2030 wlamde 
saWiro iqneba yovelwliurad saSualod 290 mln. evros daxarjva. amav-                
droulad, saWiro iqneba yovelwliurad 4 000 mln evroze meti, Tanamedrove 
teqnologiebTan dakavSirebuli SedarebiT maRali xarjebis dasafaravad. 

BAU scenariT 2030 wlisTvis CO2-is emisiebis mniSvnelovani (72%-ze 
meti) zrda dRis wesrigSi ayenebs dabalemisiebian ganviTarebis strategiiis 
ganxorcielebis saWiroebas. gamoTvlebma aCvena, rom emisiebis mxolod 15%-iT 
Semcireba 2030 wlisTvis energiaSemcvelTa importis 13%-ze metiT Semcirebas 
gamoiwvevs, rac gaamyarebs qveynis energousafrTxoebas. emisiebis 20%-iT 
Semcirebis SemTxvevaSi importi 18%-iT Semcirdeba, xolo 25%-iT Semcirebisas 
- 23%-iT. procesis xelSewyoba Sesabamisi energoefeqturobis strategiis 
saSualebiT unda ganxorcieldes. rac Seexeba, ganaxlebad energiebs, 
eleqtogeneraciaSi maTi wili (hidro da qari) 2030 wlis sabaziso scenaris 
90%-dan 93-94%-mde unda avides. 

araenergetikuli qveseqtorebidan saTburis gazebis emisiis Semcirebis 
sakmao potenciali myari narCenebisa da Camdinare/naxmari wylebis qveseqtors 
gaaCnia. merebis SeTanxmebasTan dakavSirebuli mdgradi energetikis samoqmedo 
gegmebis Sesrulebis farglebSi saqarTvelos 4 xelmomweri qalaqisTvis 
(Tbilisi, baTumi, quTaisi da zugdidi) Catarebulma Sefasebebma aCvena, rom 
myari narCenebis nagavsayrelebidan gamoyofili gazis mogrovebisa da dawvis 
Sedegad 2030 wlisTvis SesaZlebeli iqneba daaxloebiT 292 aTasi tona meTa-
nis dazogva CO2-is ekvivalentSi. 

naxSirorJangis STanTqmis SedarebiT naklebi potenciali gaaCnia zemoT 
CamoTvlil 4 qalaqSi arsebul gamwvanebis zonebs, romelTa mier yovel-
wliurad STanTqmuli CO2-is raodenobam miaxloebiT 17 300 tona Seadgina. 

2014 wlis 27 ivniss saqarTvelom, ukrainasa da moldovas respublikas-
Tan erTad, xeli moawera evrokavSirTan asocirebis xelSekrulebas. evro-
kavSirTan TanamSromlobis procesSi gansakuTrebuli adgili uWiravs mdgra-
di ganviTarebisa da mwvane ekonomikis principebis integrirebas qveynis ganvi-
Tarebis strategiaSi. kerZod, asocirebis xelSekrulebis kari 6-is Tavi 4 
gansazRvravs klimatTan dakavSirebul qmedebebs, rac saqarTvelos erT-erTi 
valdebulebaa. xelSekruleba xazs usvams klimatis cvlilebis sakiTxebze 
TanamSromlobis aucileblobas Tanasworobisa da ormxrivi sargeblianobis 
safuZvelze Semdeg sferoebSi: klimatis cvlilebis Serbileba, klimatis 
cvlilebasTan adaptacia, naxSirbadiT vaWroba, klimatis cvlilebis saki-
Txebis dargobriv politikaSi integracia da sufTa teqnologiebis ganvi-
Tareba. TanamSromlobis farglebSi sxva sakiTxebTan erTad, unda momzaddes 
da ganxorcieldes: a) „klimatis cvlilebasTan adaptaciis erovnuli samoqme-
do gegma“ (NAPA); b) „dabalemisiebiani ganviTarebis strategia“ (LEDS), „erov-
nul doneze misaRebi Semarbilebeli zomebis“ (NAMA) CaTvliT; g) teqno-
logiebis saWiroebis Sefasebis safuZvelze, teqnologiebis gadacemis xel-
Semwyobi RonisZiebebi; d) ozonis Sris damSleli nivTierebebisa da ftor-
Semcvel saTburis gazebTan dakavSirebuli RonisZiebebi. 

asocirebis xelSekrulebiT gansazRvruli etapebis efeqturad gansaxor-
cieleblad erT-erT aucilebel pirobas warmoadgens procesebis decentra-
lizacia da am mimarTulebebiT, adgilebze (municipalitetebis doneze) eqsper-
tuli, teqnikuri da finansuri potencialis gazrda. klimatis cvlilebis 
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mimarTulebiT decentralizaciis procesi jer kidev meore erovnuli Setyobi-
nebis momzadebis procesSi daiwyo da mniSvnelovnad gaaqtiurda 2010 wlis 
Semdeg, rodesac saqarTvelos dedaqalaqi Tbilisi, pirveli, miuerTda evro-
kavSiris iniciativas merebis SeTanxmebis Sesaxeb, rac gulisxmobs qalaqis an 
municipalitetis mier nebayoflobiTi valdebulebis aRebas imis Sesaxeb, rom 
2020 wlisaTvis Tavisi teritoriidan 20%-iT Seamciros saTburis gazebis 
emisiebi. 

asocirebis xelSekrulebaSi CamoTvlili sakiTxebis mosamzadeblad da 
praqtikaSi dasanergad erovnul doneze ukve mimdinareobs ramdenime inicia-
tiva: dabalemisiebiani strategiis momzadeba (LEDS); orwliuri ganaxlebadi 
angariSi (BUR); erovnul doneze misaRebi Semarbilebeli RonisZiebebi 
(NAMA), romlis magaliTebia - Senobebis seqtorSi energoefeqturobis gazr-
da, tyeebis mdgradi marTvis praqtika da mzis energiiT wylis gamacxeleb-
lebis masiuri gavrceleba; erovnul doneze gansazRvruli savaraudo wvli-
li (INDC). am programebisa da strategiebis momzadebas finansurad mxars 
uWeren evrokavSiri, germaniis da aSS-s mTavrobebi. 

qveynis strategiis ganxorcielebis procesSi yuradReba unda gamaxvil-
des gansakuTrebiT mniSvnelovan proeqtebsa da procesebze rogoricaa: adgi-
lobrivi potencialis gaZliereba; saTburis gazebis inventarizacia; mowyvla-
doba/adaptacia; saTburis gazebis emisiebis Semcireba; ganaTleba, kadrebis 
momzadeba da cnobierebis amaRleba; grZelvadiani strategiis ganxorcieleba, 
romelic 2009 wlis strategiis mixedviT ganixileboda 2020 wlamde da 
ZiriTadad gulisxmobda saqarTvelos ekonomikis gadayvanas mdgradi ganvi-
Tarebis principebze. 
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SUMMARY 

GREENHOUSE GASES EMISSION REDUCTION POLICY AND THE MITIGATION MEASURES 

FOR IMPLEMENTATION 

Arabidze G.O. and Pkhaladze I.E. 

Georgian Technical University 
The Greenhouse Gases (GHG) inventory conducted in the framework of the Third National Communication Plan 

revealed the Energy Sector (including the transport sub-sector) as a leading GHG emitter sector in Georgia. 

Therefore the main emphasis in planning the GHG emissions reduction activities was made on the Energy 

Sector. Markal-Georgia is an integrated energy system model of the national Markal model which was used for 

the Energy Sector analysis. The baseline scenario (BAU) was developed and analyzed using the Markal Georgia 

model. The 15, 20 and 25% GHG reduction strategies were elaborated against the BAU scenario. By 2030 an 

increase in energy consumption by 76.6%  is expected, which ultimately will result in the increase in CO2 

emissions by 72.3%. The emissions will reach 11 179 th. tones. The expected increase in GHG emissions 

revealed the importance of development of a low emissions strategy. Calculations showed that the reduction of 

the emissions just by 15% by 2030 would result in the reduction of energy carrier import by 13% and more, 

which ultimately will strengthen the energy security of the country. In case of the 20% emission reduction, the 

import will be reduced by 18% and, in case of the 25% reduction, the import will be reduced by 23%. The 

development of the National Low Emissions Strategy should concentrate on the projects and processes like local 

capacity development, development of a local GHG inventory; adaptation issues, GHG reduction, training of 

specialists, intense PR company etc. 

Keywords: greenhouse gases, emission, reduction, energy, stable development. 
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geoTermuli wylebi energodamzogi politikis gatarebis WrilSi 

 
veziriSvili-nozaZe q.o., fancxava e.v., jixvaZe m.j., mWedliZe q.g. 

 
saqarTvelos teqnikuri universiteti 

 
saqarTveloSi energodamzogi sistemebis energo-ekologiuri efeq-

turobis gazrdis gamokvlevis  safuZveli gaxda evrokavSiris mier miRebuli 
„mwvane dokumenti“, romelSic yuradReba gamaxvilebulia energodazogvis 
problemebze. am dokumentSi dasaxulia energoefeqturobis strategiuli 
miznebi da debulebebi Sesabamisi direqtivebis SesamuSaveblad. dokumentSi 
warmodgenilia sami problema: evropis qveynebis ekonomikis konkurentunaria-
nobis amaRleba produqciis TviTRirebulebebis SemcirebiT, kiotos oqmis 
valdebulebebis Sesruleba garemos dacvis saqmeSi, energousafrTxoebis 

amaRleba. „mwvane dokumenti“ prიoritetebs Soris gamoyofs energoefeqturo-
bas saerTaSoriso doneze, gansakuTrebiT evrokavSiris geopolitikuri inte-
resebis sferoSi Semavali qveynebisaTvis. amas adasturebs saqarTvelos 
evropis samezoblo politikaSi CarTva. energoefeqturobis strategiuli miz-
nebi unda daukavSirdes samrewvelo, socialur, finansur da sxva politikas, 
romelic gavlenas axdens energiis gamoyenebaze. energoefeqturobis amaRleba 
unda gaxdes qveynis energetikuli politikis ganmsazRvreli faqtori. 

imisaTvis, rom daCqardes energiis efeqturad gamoyeneba saWiroa 
saTanado ekonomikuri garemo, ekonomikuri stimulebi da motivacia, rom 
bazris monawileebma Seamciron yovelwriuli warmoebis xarjebi energoefeq-
turobaSi kapitaldabandebebis gziT. energiis fasebis reforma da privatiza-
ciis procesi warmoadgens amgvar motivacias. energoefeqturobis amaRlebiT 
mcirdeba yovelwliuri sawarmoo xarjebi da Sesabamisad  iqmneba ekonomiku-
ri zrdis safuZveli. am problemis gadaWra uzrunvelyofs energoefeqturi 
teqnologiebis sistemebis farTod danergvas. axali sabazro urTierTobebis 
pirobebSi aucilebelia energoresursebis moxmarebis mkveTrad Semcireba da 
misi gamoyenebis efeqturobis amaRleba, rac moiTxovs strategiul Ronis-
ZiebaTa SemuSavebas da danergvas, rogorc energoresursebis warmoebis, aseve 
miwodebis da moxmarebis yvela sferoSi. 

ganvixiloT geoTermuli wylebis energiis gamoyenebis aspeqtebi swored 
energodamzogi politikis gatarebis WrilSi. 

Cveni qveynis saTbob-energetikuli balansis axlandeli daZabuli mdgo-
mareobis pirobebSi geoTrmuli wylebis siTbos gamoyeneba sayofacxovrebo-
komunaluri miznebisaTvis, soflis meurneobaSi saTburebis mosawyobad, 
sxvadasxva teqnologiuri procesis siTboTi da siciviT momaragebisaTvis, 
didad Seuwyofs xels saqarTvelos calkeuli regionebis energomomaragebis 
gaumjobesebas. 

saqarTveloSi geoTermuli wylebi cnobilia uZvelesi droidan da 
saukuneebis manZilze maTi gamoyeneba xdeboda abanoebsa da samkurnalo-
balneologiur dawesebulebebSi. Tanamedrove etapze hidrologiuri gamokv-
levebis safuZvelze saqarTvelos geoTermuli resursebis 50-1000

C temperatu-

riT Sefasebulia 220-260 mln m 3 weliwadSi, rac potenciurad Seesabameba            
1,8 - 2,3 mlrd tps-s. ZiriTadi Termuli wylebis Semcveli horizontebi, rom-
lebic respublikis meurneobis obieqtebis geoTermuli Tbomomaragebis sare-
surso bazas warmoadgens, ganlagebulia qveda carcis (dasavleT saqarT-
veloSi) da eocen-paleocenis naleqebSi(aRmosavleT saqarTveloSi) [1]. 

Sps ,,saqburRgeoTermiis“ mier wina wlebSi Catarebuli saZiebo burRvi-
Ti samuSaoebis Sedegad gamovlenili geoTermuli wylebis sabadoebi ganla-
gebulia: TbilisSi, sadac 7 WaburRilis saerTo debiti Seadgens 3760 m/dR-s, 
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temperatura – 56-700
C-s. sabados eqspluatacia mimdinareobs 1973 wlidan. 

amJamad sabados eqspluatacia grZeldeba, geoTermuli wylebi miewodeba 
mosaxleobas da abanoebs cxel-wyal momaragebis mizniT, ris Sedegadac 

yovelwliurad izogeba 14,2 aTasi tps da 1,5 mln m 3  sasmeli wyali;  
zugdid-caiSis geoTermuli wylebis sabadoze 18 WaburRilia. maTi 

saerTo debitia 36800 m 3 /dR, temperatura - 82-90 0
C geoTermuli wyali miewo-

deba q. zugdidis komunalur meurneobas cxel-wyal momaragebisaTvis, sasof-
lo-sameurneo obieqtebs, caiSis balneologiur kurorts.           

arsebuli sabadoebis jamuri debiti Seadgens 82500 m3/dR-s an                 
30 mln m3 /w-s, rac am resursebis efeqtiani gamoyenebis SemTxvevaSi Seesaba-
meba weliwadSi 240 aTas tps-is dazogvas. saqarTvelos saTbob-energetikuli 
balansSi geoTermuli energiis xvedriTi wili 1990 wlisaTvis 0,5 % iyo, 
magram zemoT aRniSnuli geoTermuli wylebis kompleqsurad gamoyenebis 
SemTxvevaSi SesaZlebelia es maCvenebeli gaizardos: 2015 wlisaTvis 1,7 %-iT, 
2020 wlisaTvis 2,3%-iT da 2025 wlisaTvis ki 3,5% -iT [2,3]. sailustracioT 
ganvixiloT zugdidi-caiSis geoTermuli sabados eqspluataciis optimiza-
ciis sakiTxebi.      

am regionSi arsebuli WaburRilebis mdebareobisa da maTi produq-
tiulobis analizis safuZvelze sabados mTeli teritoria pirobiTad gaiyo    
„zugdidisa“ da „caiSis“ ubnebad, rac TiToeul ubanze geoTermuli 
Tbomomaragebis srulyofili sistemis Seqmnis saSualebas iZleva. zugdidis 
Tbomomaragebis SemoTavazebuli geoTermuli sistema SeZlebs moemsaxuros 
sacxovrebel, municipalur komerciul da samrewvelo Senobebs; daaxloebiT 
15000 macxovrebeli uzrunvelyos cxeli wyliT; 200 t tevadobis wyali miawo-
dos bostneulis Sesanax macivars da mefrinveleobis fabrikas, romlis 
mwarmoeblurobaa weliwadSi 200 t qaTmis xorci.  

caiSis agrokompleqsSi rekomendebulia Tbomomaragebis Semdegi momxma-
reblebi:  
1. mefrinvelebis fabrika (mwarmoebluroba - 600 t qaTmis xorci weliwadSi); 
2. saTburi (mwarmoebluroba - 1800 t bostneuli weliwadSi); 
3. saTevze meurneoba (mwarmoebluroba - 320 t Tevzi weliwadSi); 
4. Ria saTevze gubura (mwarmoebluroba - 2000 t Tevzi weliwadSi); 
5. bostneulis sacavi-macivari (tevadoba - 2000 t kvebis produqti); 
6. Cais foTlisa da xilis saSrobi (mwarmoebluroba - 1500 t weliwadSi); 
7. sokos mwarmoebeli ferma (mwarmoebluroba - 1500 t Sampinioni weliwadSi); 
8. bostneulis ferma (mwarmoebluroba - 1500 t bostneuli weliwadSi). 

aseTi sawarmoebiT dakompleqtebuli caiSis agrokompleqsis formireba 
saSualebas mogvcems mivaRwioT geoTermuli wylis siTbos srul gamoyenebas 
da SeZlebisdagvarad gavaTanabroT siTbos moxmarebis sezonuri uTanabroba. 

ekonomikuri analizi Catarda rogorc zugdidis, ise caiSis geoTermu-
li Tbomomaragebis sistemebisaTvis. zugdidisa da caiSis geoTermuli Tbo-
momaragebis sistemebis ekonomikuri analizis ZiriTad maCveneblebi mocemulia 
cxrilSi 1 da 2. 

      cxrili 1. zugdidis geoTermuli Tbomomaragebis sawyisi investiciebi         
N
# dasaxeleba 

geoTermuli 
Tbomomaragebis 

sistema 

bunebrivi airis 
saqvabeebi 

1 
 

kapitaluri xarjebi 8,3 mln. aSS dol. 6,8 mln. aSS dol. 

2 30 welze gadanawilebuli 
xarjebi 

15,3 aSS dol./gkal 18,2 aSS dol./gkal 

3 wminda diskontirebuli 
Rirebuleba 

9,8 mln aSS dol 10,8 mln aSS dol 
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cxrili 2. caiSis geoTermuli Tbomomaragebis sawyisi investiciebi               

# dasaxeleba 
geoTermuli 

Tbomomaragebis 
sistema 

bunebrivi airis 
saqvabeebi 

1 kapitaluri xarjebi 14,5 mln.aSS dol. 12,8 mln.aSS dol. 

2 
30 welze gadanawilebuli 

xarjebi 
18,2 aSS dol./gkal 21,3 aSS dol./gkal 

3 
wminda diskontirebuli 

Rirebuleba 
17,1 mln aSS dol 19,2 mln aSS dol 

 
ekonomikuri analizidan gamomdinare, rogorc zugdidis, ise caiSis 

geoTermuli Tbomomaragebis proeqtebi ekonomikurad misaRebia. Semdegi etapia 
is, rom unda momzaddes saTanado biznesgegmebi, romlebic Seesabameba 
potenciuri investorebis, saerTaSoriso bankebisa da TanadamfinansebelTa 
moTxovnebs. amasTan, saqarTvelos mTavrobam aqtiurad unda dauWiros mxari 
sawarmoTa xelaxal Camoyalibebas da privatizacias zugdidsa da caiSSi. es 
proeqtebi xels Seuwyoben regionebis ekonomikur aRorZinebas, mosaxleobis 
dasaqmebas, Seamcireben mefrinveleobis nawarmisa da Cais imports da 
gazrdian bostneulis, Tevzisa da xilis warmoebas. 

amrigad, am proeqtebis ganxorcieleba win gadadgmuli nabiji iqneba 
saqarTvelos erovnuli meurneobis Semdgomi aRmavlobis, ekologiuri 
situaciis gaumjobesebisa da energodamzogavi politikis gatarebisaTvis. 
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SUMMARY 

GEOTHERMAL  WATERS WITH REGARD OF ENERGY EFFICIENCY POLICY 

Vezirishvili-Nozadze K.O., Pantskhava E.V., Jikhvadze M.J. and Mchedlidze K.G. 

Georgian Technical University 

The results  of the efficient complex use of geothermal waters are discussed. Analytical dependences for 

designing of  complex geothermal systems were obtained. The advisability of using the geothermal sources for 

complex heat-cool supply of agriculture, giving a considerable economy of fuel and improvement of ecologial 

conditions of the environment, is substantiated. 

Keywords: energy-ecological efficiency, energy saving, municipal economy, agrarian complex, heat supply. 
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md. yvirilasa da misi mimdebare teritoriis mZime liTonebiT 

dabinZurebis monitoringis Sedegebi 2010-2015 ww. 

 
baqraZe e.m., kuWava g.p., arabiZe m.a. 

 
garemos erovnuli saagento (garemosa da bunebrivi resursebis dacvis 

saministro) 
 

Sesavali 
kacobriobis ganviTarebis paralelurad ganviTarda wiaRiseulis mopo-

vebis teqnologiebi, Sesabamisad gaizarda wiaRiseulis mopovebis masStabebi. 
Tanamedrove msoflioSi bunebrivi resursebi, maT Soris, mineraluri 
resursebi, Cveulebriv ekonomikur keTildReobasTan asocirdeba. Tumca, 
xSirad gansakuTrebiT ganviTarebad qveynebSi, mopovebiTi mrewvelobis 
ganviTareba naklebad aisaxeba siRaribis donis maCvenebelze.  

wiaRiseulis mopoveba mraval winaaRmdegobriv sakiTxs ukavSirdeba. 
erTis mxriv, is Semosavlis da axali samuSao adgilebis Seqmnis wyaroa, 
Tumca, amavdroulad SeiZleba grZelvadiani ziani moutanos adgilobriv 
mosaxleobasa da garemos. wiaRiseulis mopovebas udidesi gavlena aqvs 
garemoze.  

mdinare yvirila mdebareobs dasavleT saqarTveloSi, igi rionis 
marcxena Senakadia. saTaves iRebs raWis qedze, Zirulas SesarTavamde 
miedineba xeobaSi, Semdeg ki dablobze. mdinaris sigrZe 140 km-ia, auzis 
farTobi 3630 km3, wylis saSualo xarji - 61 m3/wm  zestafonTan, 90 m3/wm - 
SesarTavTan. ZiriTadad sazrdoobs wvimis wylebiT. md. yvirilas auzSi mdeba-
reobs WiaTuris manganumis sabadoebi. mis napirze gaSenebulia qalaqebi - 
saCxere, WiaTura, zestafoni. mdinaris ZiriTadi hidrologiuri maxasiaTeb-
lebi mocemulia cxrilSi 1. 

 
cxrili 1. mdinare yvirilas ZiriTadi hidrologiuri maxasiaTeblebi 
 

maxasiaTebeli yvirila 
mdinaris sigrZe, km 140 
auzis farTobi, km2 3630 

saSualo mravalwliuri xarji, m3/wm 61 

         
 
ZiriTadi nawili 
WiaTuris manganumis madnis sabado mdebareobs md. yvirilas Sua 

dinebis auzSi da vrceldeba mdinareebis - yvirilasa da Zirulas SeerTebis 
adgilidan Crdilo-aRmosavleTiT 25-30 km-ze. gansaxilveli teritoria Crdi-
loeTidan da Crdilo-aRmosavleTidan isazRvreba raWis qedis samxreTi fer-
dobebis mTiswinebiT, danarCeni sazRvari pirobiTia da miuyveba md. yvirilas 
mcire Senakadebis wyalgamyofebs. 

garemos daWuWyianebis TvalsazrisiT, Zalze mniSvnelovania samTo-
mompovebeli mrewvelobis uaryofiTi gavlena, gansakuTrebiT Ria karieruli 
wesiT sabados damuSavebisas. es ukanaskneli bunebrivia, bevrad rentabeluria 
madnis miwisqveSa damuSavebasTan SedarebiT. am dros 3-5-jer izrdeba Sromis 
nayofiereba da TiTqmis amdenjerve mcirdeba produqciis TviTRirebuleba. 
amasTan isic unda aRiniSnos, rom karierebis adgilze nadgurdeba sauku-
neebis manZilze Seqmnili da Camoyalibebuli niadagi, bunebrivi da kul-
turuli mcenareuloba, karierebis midamoebi xSirad gadaqceulia eroziuli 
da mewyruli movlenebis, Camdinare da sasmeli wylebis, agreTve atmosferos 
daWuWyianebis kerebad, rac aZnelebs am teritoriis sasoflo-sameurneo 
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savargulebad gamoyenebas, amcirebs mosavlianobas da auaresebs mosaxleobis 
sayofacxovrebo pirobebs. 

 

    
  
                  

rogorc zemoT aRvniSneT, anTropogenuli faqtoris uaryofiTi gavlena 
vrceldeba sabados eqsploataciis farglebs gareTac, daaxloebiT orjer 
met farTobze da iwvevs gruntis wylis reJimisa da qimiur elementTa 
migraciis cvalebadobas, eroziuli procesebis gaaqtiurebas, savargulebis 
produqtulobis dacemas da sxv.  

garemos erovnuli saagentos garemos dabinZurebis monitoringis 
departamentis kompentenciis farglebSi Sedis awarmoos yovelTviuri moni-
toringi md. yvirilsa da misi mimdebare teritoriebis fonur mdgomareobaze 
dakvirvebis TvalsazrisiT. mZime liTonebis gansazRvris analizebi tardeba 
atmosferuli haeris, wylisa da niadagis laboratoriaSi aqsialuri induq-
ciuri plazmis (ICP-OES) speqtrometris saSualebiT, ISO -11885:2007 meTodebis 
Sesabamisad.  

naSromSi naCvenebia 2010-2015 wlebis periodSi md. yvirilas da misi 
mimdebare teritoriis mZime liTonebiT dabinZurebis  suraTi, romelic 
cvalebadi xasiaTisaa. kerZod, TuTiisa da spilenZis Semcvelobebi ganxi-
luli periodis ganmavlobaSi ar aRemateba maT Sesabamis zRvrulad dasaSveb 
koncentraciebs (zdk - 1,0 mg/l), rkinis Semcveloba 2010-2014 wlebisaTvis 
yvirila-WiaTura qveda da yvirila-zestafonis dakvirvebis wertilebSi Ziri-
Tadad aRemateba zRvrulad dasaSveb koncentracias an Zalian miaxloebulia 
masTan (zdk - 0,3 mg/l); rac Seexeba manganumis saSualo wliur Semcvelobas 
am ori wertilisaTvis  igi yvelgan aRemateba zdk-s (zdk - 0,1mg/l), rac Cveni 
azriT miuTiTebs 2010-2015 wlebSi manganumis mompovebeli sawarmoebis 
intensiur muSaobaze da Sesabamisad md. yvirilas wylis  manganumis ionebiT 
dabinZurebaze (nax. 1-4) [1,2]. 

 

 
 
 

nax. 1. manganumis ionis koncentraciis cvalebadobis dinamika                             
md.yvirilas 3 kveTSi 2010-2015 ww. 
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2014 wlis monacemebis mixedviT spilenZis Semcveloba WiaTuris 

samrewvelo zonis niadagebSi meryeobda 17,33 mg/kg – 71,87 mg/kg-is farglebSi, 
misi yvelaze maRali koncentracia 24 zdk  dafiqsirda samrewvelo zonis mim-
debare teritoriaze (X 0359837 Y 4683684). TuTiis koncentraciebi icvleboda 
64,36m g/kg-dan 1446,10 mg/kg-mde. misi maqsimaluri mniSvneloba 62,9 zdk aRiniSna 
aseve samrewvelo zonis mimdebare teritoriaze. tyviis koncentracia icvle-
boda 2,00 mg/kg-75,61 mg/kg-is farglebSi, misi maqsimaluri mniSvneloba 12,6 zdk 
aRiniSna sof. darkveTSi. manganumis koncentracia meryeobda 830,82 mg/kg-dan  
33968,94 mg/kg-mde. misi yvelaze maRali koncentracia 48,5 zdk dafiqsirda 
samrewvelo zonis mimdebare teritoriaze (X 0359680, Y 4683553). rkinis koncen-
tracia icvleboda 0,63%-dan 2,16 %-mde. misi maqsimaluri mniSvneloba  
dafiqsirda sof. zodSi  (X 0361429, Y4688288) (cxr. 2) [3]. 

nax. 2. rkinis ionis koncentraciis cvalebadobis dinamika  
md.yvirilas 3 kveTSi 2010-2015 ww. 

 

 

nax. 3. TuTiis ionis koncentraciis cvalebadobis 
dinamika   md.yvirilas 3 kveTSi 2010-2015 ww. 

nax. 4. spilenZis ionis koncentraciis cvalebadobis dinamika 
md.yvirilas 3 kveTSi 2010-2015 ww. 
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cxrili 2.  WiaTuris samrewvelo zonis niadagebSi mZime  liTonebis Semcveloba,  
30.09.2014 

# punqti grZedi ganedi 
Cu, 
mg/kg 

Zn, 
mg/kg 

Pb, 
mg/kg 

Mn 
mg/kg 

Fe, % pH 

1 

WiaTura 1, 
samrewvelo 

zona 
Semcveloba 

X 0358143 Y 4682948 28,51 146,10 10,68 10755,36 0,90 7,50 

2 

WiaTura 2, 
samrewvelo 

zona 
Semcveloba 

X 0359680 Y 4683553 30,56 118,24 13,77 33968,94 0,63 7,29 

3 

WiaTura 3, 
samrewvelo 

zona 
Semcveloba 

X 0359837 Y 4683684 71,87 126,66 17,09 23078,01 1,50 7,76 

4 

WiaTura 4, 
samrewvelo 

zona 
Semcveloba 

X 0360399 Y 4684031 48,61 87,69 2,51 17010,42 1,03 7,78 

5 
WiaTura 5, 

zodi 
X 0361429 Y 4688288 55,22 160,14 12,55 830,82 2,16 7,70 

6 
WiaTura 6, 

zodi 
X 0361559 Y 4687650 33,19 64,36 9,05 836,18 1,64 6,87 

7 
WiaTura 7, 

zodi 
X 0361498 Y 4687909 33,59 71,69 13,54 1511,43 0,79 7,20 

8 
WiaTura 8, 
darkveTi 

X 0362414 Y 4687168 17,33 144,03 2,00 1103,10 0,75 7,60 

9 
WiaTura 9, 
darkveTi 

X 0362737 Y 4687033 18,77 211,92 75,61 1677,52 0,75 7,50 

10 
WiaTura 10, 
darkveTi 

X 0363307 Y 4686904 30,54 82,37 24,.94 20295,53 0,76 8,10 

 
daskvna 
amrigad, Catarebuli kvlevebisa da miRebuli Sedegebis analizis 

safuZvelze SegviZlia vTqvaT, rom garemos daWuWyianebis TvalsazrisiT, Zal-
ze mniSvnelovania samTo-mompovebeli mrewvelobis uaryofiTi gavlena, md. 
yvirilas wylisa da misi mimdebare teritoriis mZime liTonebiT dabin-
Zurebaze; rom karierebis adgilze nadgurdeba saukuneebis manZilze Seqmnili 
da Camoyalibebuli niadagi, bunebrivi da kulturuli mcenareuloba, 
karierebis midamoebi xSirad gadaqceulia eroziuli da mewyruli movle-
nebis, Camdinare da sasmeli wylebis, agreTve atmosferos daWuWyianebis 
kerebad, rac aZnelebs am teritoriis sasoflo-sameurneo savargulebad 
gamoyenebas, amcirebs mosavlianobas da auaresebs mosaxleobis sayofa-
cxovrebo pirobebs. 

aucilebelia mudmivi monitoringi da kvleva mdinareebis xarisxobrivi 
da raodenobrivi parametrebis Sefasebis mizniT, raTa Tavidan acilebuli 
iqnas yvela im tipis safrTxe, romelic SeiZleba aRmocendes am konkretul 
situaciebSi; Catardes garkveuli RonisZiebebi sawarmoTa mxridan, raTa kidev 
ufro Semcirdes dabinZurebis SesaZleblobebi, rogorc sasoflo-sameurneo 
da satyeo meurneobis moTxovnilebis, aseve garemos dacvis interesebis 
gaTvaliswinebis mizniT. 
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SUMMARY 

THE RESULTS OF MONITORING OF POLLUTION OF THE RIVER KVIRILA AND HIS 

VICINITIES WITH HEAVY METALS 2010-2015 THE PERIOD 

Bakradze E.M., Kuchava G.P. and Arabidze M.A. 

Ministry of Environment and Natural Resources 

LEPL National Environmental Agency 

This research deals with the degree of pollution of the Kvirila River and the adjacent territory with heavy metals, 

especially in the cities of Chiatura and Zestaponi. The concentration measured in reference areas and at 

anthropogenic influence points describes the dynamics of changes in the concentration of heavy metals in                

2010-2015. 

Keywords: anthropogenic influence, heavy metals, degree of pollution. 
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diafragmul saleq manqanaze manganumis madnis gamdidrebisas sxvadasxva 

simkvriveebis mineralebis ganSrevebis efeqturobaze mmarTveli 

sidideebis gavlenis dadgena 

 

gamcemliZe m.n., javaxiSvili g.v., arabiZe z.d., ruxaZe T.a.,  
TuTberiZe m.l., TevzaZe d.m. 

 
ssip grigol wulukiZis samTo instituti 

saqarTvelo teqnikuri universiteti 
 

manganumis madnebis wvrili klasis gamdidreba gravitaciuli meTode-
bidan warmatebiT xorcieldeba daleqvis procesiT, diafragmul saleq 
manqanebze, romelic sxva tipis saleq manqanebTan SedarebiT gamoirCeva 
simartiviT momsaxurebis Tvalsazrisidan gamomdinare (ar saWiroebs haeris 
meurneobas). 

diafragmuli saleqi manqanebisaTvis sxvadasxva simkvrivis mineralebis 
ganSrevebis efeqturobis asamaRleblad Cvens mier damuSavebuli iqna amZravi 
mowyobiloba, romelic saSualebas iZleva uwyvetad, manqanis gauCereblad 
(romelic dRemde ar xorcieldeba) vcvaloT wylis ZiriTadi rxevis ampli-

tuda da, masTan erTad, miviRoT wylis dabal amplitudiani damatebiTi 
rxevebi [1,2].Ees ukanaskneli xels Seuwyobs sagebis gansaSrevebeli masalis 
maRali sixSiriT gafxvierebadobas, rac sabolood uzrunvelyofs sxvadasxva 
simkvrivis mineralebis advilad gadaadgilebas. amZravi mowyobilobis 
muSaobis principi mdgomareobs SemdegSi: CarCo, romelSic Cadgmulia konusi, 
da dakavSirebulia saleq ganyofilebasTan diafragmiT, xraxniani meqanizmiT 
gadaadgildeba sxvadasxva manZiliT. CarCosTan Tavisufal SexebaSia eqscen-

trul budeSi Cadgmuli RerZi. am ukanasknelis brunviT xorcieldeba wylis 
rxevebi. rxevis amplitudis sididis cvlilebas ki ganapirobebs aRniSnuli 
RerZidan sxvadassxva manZiliT gadaadgilebuli CarCo, xolo xraxnuli meqa-
nizmis da CarCos dartymiT warmoqmnili Zala gvaZlevs wylis dabal ampli-
tudian damatebiT rxevebs.  

kondiciur koncentratSi manganumis Semcvelobaze aRniSnuli sidi-
deebis gavlenis dasadgenad gamoyenebuli iqna korelaciuri meTodi. wyvilebs 
Soris formisa da kavSiris dasadgenad Catarebuli iqna eqsperimentebi, 
romlis Sedegebi moyvanilia cxrilSi 1. miRebuli monacemebis safuZvelze 
agebulia grafikebi (nax. 1,2,3). 
 
cxrili 1. eqsperimentebis Sedegad miRebuli monacemebi, wyvilebs Soris kavSiris 

dasadgenad 
 

 
 
                        

 , % F , n 

23,5 35 
25,7 35,2 
29,1 36,1 
33,8 40,5 
24 30,5 
33,5 41,5 
32,2 50.1 
34,1 45 
32,5 55 
32,1 60 

 , % A , mm 

29 5,2 
32,1 6,3 
34,2 7,1 
40,5 9,5 
34,5 7,5 
40,8 8,5 
26,9 6,1 
39,8 9 
34,5 11,9 
35,9 12,5 

 , % Ж , l/wm 

25,1 1,2 
23,8 1 
33,1 1,7 
38 2 
31,1 1,5 
37 1,8 
38,6 2,5 
39,2 2,6 
33,1 3 
32,9 3,5 
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a 1,2269 

k 2,7515 

c 0,2874 

β(A)=aA
K
e

-cA
=1.2269A

2.7515
e

(-0.2874A)
 

 N 
        
 

nax. 1. damokidebuleba wylis rxevis amplitudasa da Semcvelobas Soris 
 

 

 

 

 
 

 

β(A)=aA
K
e

-cA
=50.0493A

1.9403
e

(-0.8216A)
 

 
    
 

nax. 2. damokidebuleba wylis xarjsa da Semcvelobas Soris 
 

 

 

 

a 50,0493 

k 1,9403 

c 0,8216 
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a 1,25E-04 

k 4,3174 

c 0,0875 

 
β(A)=aA

K
e

-cA
=(1.15E-04)A

4.3174
e

(-0.0875A)
 

 
   nax. 3. damokidebuleba dartymis Zalasa da Semcvelobas Soris 

 
 

 
grafikebis analizidan Cans, rom mmarTvel sidideebsa da gamdidrebis 

maCveneblebs Soris aris eqstremaluri damokidebuleba. am damokidebule-
bidan miRebuli mmarTveli sidideeebis optimaluri mniSvnelobebia, kerZod,  

A  = 9,5 mm (nax. 1), Ж = 2,5 l/wm (nax. 2), F = 45,5 n (nax. 3).Ees mniSvnelobebi 
aris is sawyisi baza, romelic saWiroa mocemuli procesis marTvis modelis 
misaRebad. 

damokidebulebidan naTlad Cans, rom daleqvis procesSi gasamdidrebe-
li manganumis madnis efeqtur ganSrevebaze (kondiciur koncentratSi manga-
numis madnis Semcvelobis cvlilebaze) ZiriTad gavlenas axdens wylis rxe-
vis amplituda da wylis xarji, agreTve wylis dabal amplitudiani damate-
biTi rxevebi.  

zemoT CamoTvlili sidideebi iTvlebian ZiriTad faqtorebad, romle-
bic mudmivad moqmedeben cdis ganmavlobaSi. aRniSnulis cvlilebaze gav-
lenas axdens, agreTve, SemTxveviTi faqtorebi, romelTa moqmedeba cdidan 
cdamde icvleba. 
 

cxrili 2. ZiriTadi faqtorebis zemoqmedebiT gansazRvruli manganumis madnis 
Semcvelobebi 

                                                             
N
# faqtorebi 

Mmanganumis Semcveloba, 

 ,% 

mniSvnelobaTa 

jami,    
ra   saSualo 

mniSvnelobebi 
1  faqtori A  40,5; 40,5; 39,2; 38,5; 30,9.       189,6 37,9 

2  faqtori Ж   37,5; 37,1; 34,5; 35,4; 31,5. 176,0 35,2 

3  faqtori F  31,5; 32,5; 30,5; 29,9; 26,5. 150,9 30,2 

   516,5 34,4 
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dispersiuli analizis meTodiT SesaZlebelia ganvsazRvroT koncent-
ratSi manganumis madnis Semcvelobis cvlilebaze ramdenad arsebiTia Ziri-
Tadi faqtorebis zemoqmedeba SemTxveviT faqtorebTan SedarebiT. cxr. 2-Si 
mocemulia ZiriTadi faqtorebis moqmedebiT miRebuli manganumis madnis 
Semcvelobebis mniSvnelobebi [3]. cxrilis monacemebidan Cans, rom erTi da 

igive cda ganmeorebulia 5-jer, cdaTa Casatareblad gamoyenebulia sami Ziri-
Tadi sidide (faqtori) [4,5].   

manganumis Semcvelobaze sidideeebis moqmedebis Sesafaseblad angariSs 
vawarmoebT Semdegi TanmimdevrobiT. 

gamovTvaloT ,S  fS  da eS  gadaxraTa kvadratebis jami. cnobilia, rom 

saSualo kvadratuli gadaxra iangariSeba formuliT 
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Cveni monacemebisaTvis, sadac i = 3 da   j = 5,  viRebT 
 

                 S = 40,5 2 + 40,5 2 + . . . + 26,5 2 _
15

1
(516,5)2 = 262,73, 

faqtorebis saSualo kvadratul gadaxras vangariSobT Semdegnairad:  
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sadac ra Semcvelobebis saSualo mniSvnelobebia da cxrilSia moyvanili. 

Cveni SemTxvevisaTvis viRebT 
 

          fS = 5 *    2222 2,302,359,37
3

1
2,302,359,37  =152,7, 

          fe SSS  =262,73-152,7=110,03, 
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 = 9,17. 

miRebul dispersiaTa Sedareba gvaZlevs, rom 2 2>f es s . dispersiaTa Sefar-

debiT gamoiTvleba dakvirvebis 1T , romelic tolia:  

 

33,8
17,9

35,76
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e

f

s

s
T .A 

 

mocemuli kvlevebisTvis: 11  iK =2, xolo )1(2  jiK =12. Sesabamisi 

cxrilidan, 0,05 albaTobisaTvis, 49,3табT . vinaidan, Ddakvirvebis 1T  metia 

cxrilidan aRebul табT  mniSvnelobaze, anu, 1 8,33>3,49T  ,Ees imis maCvene-

belia, rom zemoT aRniSnuli faqtorebis moqmedebas koncentratSi manganumis 
Semcvelobaze mniSvnelovani gavlena aqvs. 
 

 
aRniSnuli statia Sesrulebulia SoTa rusTavelis erovnuli samecniero fondis 
mier dafinansebuli sagranto proeqtis (sagranto xelSekruleba №FR/342/3-180/13) 
farglebSi. publikaciaSi gamoqveynebuli mosazrebebi ekuTvnis avtorebs da SesaZloa 
ar asaxavdes SoTa rusTavelis erovnuli samecniero fondis Sexedulebebs. 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, №3, 2015  

 
74 

literatura 

1.   Степанов  А.В., Гамцемлидзе  М. Н., Буцхрикидзе  Г. Д., Джапарашвили  Н. А.  Авторское 

свидетельство  №716593, Привод диафрагмовой отсадочной машини. опубл. 25.02.80, бюлл. №7. 

2. Степанов  А. В., Буцхрикидзе  Г.Д., Гамцемлидзе  М.Н., и др. Привод механической отсадочной 

машины с допольнительными вибрациями. //Горная электромеханика и рудничная аэрология, 

Мецниереба, 1982, с. 58-60. 
3. mania g. albaTobis Teoria da maTematikuri statistika. –Tbilisi, Tbilisis  
universitetis gamomcemloba, 1976 w., gv. 292-320. 
4. Барский Л.А., Козин В.З.   Системный анализ в обогащении полезных ископаемых. -М., Недра, 1978, 

сс. 120-179. 

5. Вентцель Е.С.  Теория вероятностей. -М., Наука, 1964, 576 с. 

 

SUMMARY 

DETERMINATION OF THE EFFECT OF CONTROLLING VARIABLES ON THE EFFICIENCY  OF 

SEPARATION OF MINERALS OF DIFFERENT DENSITY WITH A  DIAPHRAGM JIGGING 

MACHINE IN THE PROCESS OF ENRICHMENT OF MANGANESE ORE 

Gamtsemlidze M.N.,  Javakhishvili G.V.,  Arabidze Z.D.,  Rukhadze T.A., Tutberidze M.L. and 

Tevzadze D.M. 

LEPL G.Tsulukidze Mining Institute 

Georgian Technical University 

 The paper deals with the investigation of the  gravity concentration of the fine fraction of manganese ore by 

jigging, in particular with a diaphragm jigging machine.  For effective separation of different-density minerals, a 

driver source was  developed. It allows changing continuously the amplitude of fundamental vibrations  of  water 

as well as obtaining the low-amplitude vibrations. The dependence of controlling variables (water vibration 

amplitude, water consumption and impact force)  participating in the process on the manganese content in the 

concentrate on the basis of correlation analysis is given. By the dispersion method, a significant impact of 

mentioned controlling variables on the manganese content in the concentrate was determined. 

Keywords: water vibration amplitude, water consumption, impact force, dispersion ratio. 
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INVESTIGATION OF THE STRUCTURAL CHANGES IN POLYPHENYLENE OXIDE IN 

THE PROCESS OF ITS PROCESSNG AND FRICTION 

 

Gurgenishvili M.B., Papava G.Sh., Sherozia V.A., Chitrekashvili  I.A., Papava Sh.R. and 

Tabukashvili  Z.Sh. 

 

P. Melikishvili Institute of Physical and Organic Chemistry, Iv.  Javakhishvili Tbilisi State 

University 

 
Abstract. Structural changes in polyphenylene oxide in the process of its thermal processing and friction were 

studied by mass-spectrometry. It is shown that, during thermal processing at 300
o
C, destructive-structuring 

processes proceed in the polymer. At the same time, the Fries rearrangement resulting in the brunching of 

macromolecules and formation of a gel fraction takes place. When studying the tribochemical processes with 

friction, it was revealed that the character of tribochemical processes in the polymer was determined by a 

complex structure of molded samples containing a brunched cross-linked polymer and a low-molecular fraction. 

The complex structure was formed at the interface of rubbing surfaces as a result of friction. 

Keywords: polyphenylene oxide, Fries rearrangement, tribodestruction, coefficient of friction. 

 

Of  known  heterochain polymers, aromatic ether - polyphenylene oxide (PPO) is of interest as 

a binder of antifriction plastics. The structure of an elemental ring of polyphenylene oxide, 

representing a combination of aromatic phenyl nuclei with hinged oxygen bridges, determines a low 

value of the coefficient of friction, quite high heat resistance and the capability of being melt-

processed in blends with other polymers [1]. 

We chose commercial PPO having molecular weight 56,000 and characteristic viscosity                 

0.47 dl/g as a subject of investigation. Polyphenylene oxide is synthesized by dehydrocondensation of 

2,6-xylenol. The polymer readily dissolves in chloroform. The polymer was processed by compression 

molding at 300
o
C and unit pressure 500 kg/cm

2
.Under such conditions [2], the initiation of polymer 

destruction is probable, which could be followed by changes in the structure and properties of PPO. 

Hence it was of interest to study first the thermal properties of PPO. 

The heat resistance of initial and molded polyphenylene oxide was studied by mass-

spectrometry. The spectra were recorded over the temperature range from 25
o
C to 500

o
C at the 50

o
C 

intervals. The energy of ionizing electrons was equal to 70 eV. The outcomes presented in Fig. 1 show 

that the thermodestruction of initial polyphenylene oxide occurred as if in two steps reaching the 

maximum of product release at 200
o
C and 450

o
C. At 200

o
Cthe release of xylene (m/z 106) and toluene 

(m/z 91) occurred. Toluene is used as a solvent during the synthesis of polyphenylene oxide and is 

preserved in small proportion in the finished product, while xylene is present in toluene as an impurity. 

The basic destruction of polyphenylene oxide is observed at 450
o
C, which is followed by release of the 

products with m/z equal to 122, 107, 91, 135 and 242. 
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Fig. 1. Temperature dependence of the composition of the products of destruction of initial polyphenylene 

oxide (A) and polyphenylene oxide molded at 300
o
C (B) 

 

A comparison between the obtained results and the destruction of model compounds 

(dimethylbenzene,2,6- and 3,5-dimethylphenol, diphenylmethane and diphenyl ether) shows that, 

under these conditions, there occurs the destruction of the main chain of the polymer with formation of 

[3].
 

 
The emergence of the product with m/z 135 in the spectrum can be referred to the Fries 

rearrangement occurring at high temperature (450-500
o
C) by the following scheme [4] 

 

 
 

 

At the same time, there was not observed the m/z 135 ion in the mass-spectrum with 

thermodestruction of pure PPO, which is a testimony to the high heat resistance of the polymer.  

Hence the results of investigation of the commercial specimen of PPO showed that, under 

thermal processing  (450
o
C), the destruction of the polymer occurred by the main chain (phenyl-o-

phenyl bond broke). 
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Besides, under these conditions, the Fries rearrangement is possible (release of m/z 135). The 

presence of low-molecular impurities like toluene, xylene, and small proportions of dimers and trimers 

decreases the heat resistance of PPO to 200
o
C and could cause changes in the structure of the polymer 

during its processing. 

The investigation of molecular-mass characteristics of industrial PPO after its processing by 

molding at 300
o
C showed that, in this case, a decrease in the characteristic viscosity from 0.47 to 0.45 

dl/g and an increase in the molecular weight from 56,000 to 65,000 took place. The latter can be 

referred to the formation of a brunched structure of the polymer. After molding, the formation of a gel-

fraction in the amount of 4% in the polymer was observed [4]. 

The formation of cross-linked structures in PPO during its processing may be due to 

theoxidation of a side methyl group as well as to the recombination of free macroradicals formed in 

the process of thermodestruction. 

Therefore, the outcomes of the investigation of the behavior of commercial PPO during its 

processing testify that, under the conditions of molding at 300
o
C, there proceed two competing 

reactions, destructive-structuring  processes and the Fries rearrangement, causing branching and cross-

linking of macromolecules with formation of the gel-fraction. 

 

 
 

Fig. 2. The impact of the friction duration on the release of basic products of tribodestruction of the 

sample of commercial polyphenylene oxide (PPO) 
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When designing new wear-resistant materials, one of the basic problems is the investigation of 

physicochemical processes proceeding on rubbing surfaces and the elucidation of the role of the 

polymer binder. This is important, because high temperature of the environment as well as the 

increasing temperature on the surface with friction lead to significant changes not only in the 

physicomechanical properties of materials, but also in the chemical structure of the polymer [5]. 

The tribochemical processes in PPO samples were studied by using a unit placed in the mass-

spectrometer chamber in the immediate vicinity of the ionization zone [6] at the rotation rate of the 

cylinder V=1m/s and pressure P=0.1 MPa (Fig. 2). 

The investigation showed that the maximum release of volatile products occurred in the 

process of run-in for the first 5-10 min. As the time of friction increased, the amount of released 

products decreased. The basic products of tribodestruction are the following: benzyl radical (C6 

H5CH2, m/z91), phenyl radical (C6H5, m/z 77), xylene (C6H4(CH3)2, m/z 106), small amounts of 

xylenol (C6H4(CH3)2OH, m/z 122), and the products with mass numbers m/z 31(CH2OH) and m/z 45 

(COOH), which are likely to emerge in the result of oxidation of side methyl groups.  

Comparing the tribodestruction of PPO with its thermodestruction [7], we can see that, during 

friction, basically the products characterizing the low-temperature destruction of initial PPO (m/z 106 

and 91) occurring at 200
o
C, as was mentioned above, are released. It is believed that less heat-resistant 

products of the low-molecular fraction undergo the tribodestruction first and are released as volatile 

products. At the same time, during friction of PPO, in the mass-spectrum appear small amounts of ions 

with m/z 122, m/z 107, m/z 45 and m/z 31, which indicates that, along with the tribodestruction of the 

low-molecular fraction, during friction there may take place the break-away of side methyl (-CH3) 

groups and the destruction in the main chain of the polymer [8]. 

When studying the process of friction of PPO purified by reprecipitation from the solution in 

chloroform with acetone (Fig. 3), it was revealed that, in this case, the run-in period prolonged from 6-

7 min to 12-13 min. 

 

 
Fig. 3. The impact of the friction duration on the release of basic products of tribodestruction of the 

reprecipitated PPO sample 

 

Unlike the thermodestruction, the basic products of the tribodestruction (Fig. 3) are the 

following: m/z 15 (CH3-group), m/z 91 (benzyl radical), m/z 107 (cresol) and small amounts of the 

products with m/z 106 and m/z 122. There is no phenyl radical in the spectrum. The obtained results 

show that the process of friction of pure PPO is accompanied basically by the break-away of methyl 

groups. In this case, the main chain destructs to a lesser degree as compared to the commercial 

polymer. 

The tribodestruction of pure PPO differs from the thermodestruction of this polymer in that, in 

the process of friction, a cresol radical is formed at the expense of removal of the methyl group (m/z 

15) and the benzyl radical is released in substantial amounts, while the basic product of 

thermodestruction is the xylenol radical (m/z 122). This is likely to be caused by the formation of the 
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secondary heat-resistant structure in PPO on the friction surface due to the recombination of free 

radicals formed in the result of thermal and mechanical action. The absence of the low-molecular 

fraction, which readily participates in tribochemical reactions, retards the process of tribodestruction 

of PPO, which eventually decreases the wear. 

Based on the obtained data, we can assume that the character of tribochemical processes in 

commercial polyphenylene oxide is determined by the complex structure of molded samples 

containing the branched cross-linked polymer and the low-molecular fraction. As compared to other 

polyheteroarylenes [9], this structure of commercial PPO has a lower coefficient of friction, which 

makes it suitable for using as a binder of antifriction plastics. 
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РЕЗЮМЕ 

ИССЛЕДОВАНИЕ СТРУКТУРНЫХ ИЗМЕНЕНИЙ В ПОЛИФЕНИЛЕНОКСИДЕ В ПРОЦЕССЕ 

ЕГО ПЕРЕРАБОТКИ И ТРЕНИЯ 

Гургенишвили М.Б., Папава Г.Ш., Шерозия В.А., Читрекашвили И.А., Папава Ш.Р.,   

Табукашвили З.Ш. 

Институт физической и органической химии им. П. Меликишвили Тбилисского государственного 

университета им. Ив. Джавахишвили 

Методом масс-спектрометрии изучены структурные изменения в полифениленоксиде в процессе 

термической переработки и трения. Показано, что в условиях переработки при 300
о
C в полимере 

протекают деструктивно-структурирующие процессы. Вместе с этим, имеет место перегруппировка 

Фрисса, приводящая к ветвлению макромолекул и образованию гель-фракции. При изучении 

трибохимических процессов при трении показано, что характер трибохимических процессов в полимере 

обусловлен образовавшейся в результате трения на границе трущихся поверхностей сложной структурой 

прессованных образцов, содержащих ветвленый, сшитый полимер и низкомолекулярную фракцию. 

Ключевые слова: полифениленоксид, перегруппировка Фрисса, трибораспад.  
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ТЕРМОГРАВИМЕТРИЧЕСКИЕ ИССЛЕДОВАНИЯ  ТЕТРАБРОМКУПРАТА (II) 

ТРИФЕНИЛ-МЕТИЛАРСОНИЯ 

 

Кикалишвили М.И. 

 

Государственный университет им. А. Церетели, Кутаиси 

 

Комплексное соединение тетрабромкупрата (II) трифенил-метиларсония представляет 

интерес не только из-за характерных химических свойств, но и из-за проявляемой 

физиологической активности. Условия его синтеза, а также некоторые физико-химические 

свойства хорошо изучены; однако не существует практических данных относительно 

термических свойств данного соединения [1-3].  

В последнее время значительно возрос интерес учѐных в связи с твѐрдофазными 

преобразованиями комплексных соединений. Новый этап в изучении термических прев-

ращений комплексных соединений наступил с началом использования дифференциального 

термического анализа (ДТА). Для получения полной картины превращений и химических 

реакций при термическом анализе необходимо вместе с Т и ДТА кривыми получить и кривую 

изменения массы ТГ. Все эти операции позволяет сделать прибор, использованный нами для 

исследования синтезированных образцов – дериватограф Q-1500D системы Паулик-Паулик-

Ердей [4,5]. Этот дериватограф даѐт возможность при изучении одного взятого образца 

записать одновременно четыре кривые – изменения температуры (Т), изменения массы (ТГ), а 

также соответствующие дифференциальные кривые ДТА и ДТГ. Детальное описание и 

принцип действия прибора приведены в [4,5]. Термогравиметрическое исследование 

проводилось при температуре до 1000°С и скорости нагревания 10°С/мин. Чувствительность 

весов – 100 мг / 250 мм, чувствительность ДТА гальванометра – 250 мкВ, ДТГ – 500 мкВ, 

эталонное вещество – α-Al2O3, тигель – платиновый, масса исследуемого образца ≈ 100 мг. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Дериватограма. [(C6H5)3AsCH3]2[CuBr4] 

 

 

 

 

Δmмг 
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Термический анализ представляет собой один из ведущих методов физико-химического 

исследования соединений. При термическом анализе, в основном, применяют дифференциаль-

ные кривые нагревания, которые получают с использованием дифференциальных термопар. 

Дифференциальная кривая нагревания называется ДТА кривой, а сам метод – методом 

дифференциального термического анализа. Дифференциальная термопара состоит из двух 

простых термопар. Одна из термопар помещается в исследуемое вещество, а вторая термопара 

– в эталонное вещество. Эталон представляет собой инертное вещество, и при нагревании в 

заданном температурном интервале в нѐм не протекают термические преобразования. 

Теплопроводность эталонного и исследуемого веществ идентична.   

При нагревании в исследуемом веществе протекает химическая реакция или физическое 

преобразование, связанное с выделением или поглощением тепла. Температуры термопар 

эталона и исследуемого вещества будут различаться, и в это время гальванометр зафиксирует 

значение ЭДС в цепи.  

Дифференциальные кривые нагревания отмечены по системе координат: абсцисса – 

время или температура нагревания; ордината – разница температур между эталоном и 

исследуемым веществом.  

На ДТА кривой отчѐтливо представлены термоэффекты, а с помощъю температурной 

кривой, независимо от того, что печь нагревается строго равномерно, отмечаем начальную, 

максимальную и конечную температурy термического эффекта исследуемого образца.  

Исследовано поведение тетрабромкупрата (II) трифенил-метиларсония при нагревании. 

Представлена дериватограмма продуктов взаимодействия ацетата трифенил-метиларсония и 

тетрабромкупрата (II) калия (рисунок). Как следует из данной дериватограммы, процесс 

термического распада соединения протекает многоступенчато. Первый эндоэффект, 

сопровождаемый уменьшением массы, отмечается в температурном интервале 190-400°С. 

Потеря массы составляет 41,0% (теоретически – 39,1%), что соответствует массе бромида 

трифенил-метиларсония [(C6H5)3AsCH3]Br. Основанием для этого предположения служит тот 

факт, что как известно, соли арсония не являются термически стойкими соединениями [6]. 

Вместе с этим следует учитывать, что энергия связи As–Cалиф меньше энергии связи As–Cаром. 

Можно предположить, что в данном температурном интервале происходит отделение не соли 

арсония, а продуктов его распада:  

 

[(C6H5)3AsCH3]Br  →  (C6H5)3As  +  CH3Br 

 

В пользу такого предположения свидетельствует и то, что первый большой эндоэффект 

в температурном интервале 190-400°С состоит из двух малых эндоэффектов (рисунок), которые 

нельзя отнести на счѐт отделения от бромида трифенил-метиларсония какого-либо 

определѐнного составляющего фрагмента. 

Второй эндоэффект наблюдается в температурном интервале 800-1000°С. На данной 

ступени потеря массы составляет 16,6%. Сублимация мышьяка начинается при температуре 

612°С, а при температуре свыше 800°С процесс испарения протекает настолько интенсивно, 

что его можно наблюдать визуально [1]. С другой стороны, в данном температурном интервале 

протекает распад бромида меди (II):  

 

CuBr2  →  CuBr  +  ½ Br2 

 

Можно заключить, что на данном этапе происходит частичное отделение брома и 

полное отделение мышьяка. Процесс термического разложения тетрабромкупрата (II) 

трифенил-метиларсония можно представить следующим образом: 
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SUMMARY 

THERMOGRAVIMETRIC STUDY OF TRIPHENYLMETHYLARSONIUM TETRABROMO-

COPPER (II) 

Kikalishvili M.I. 

Akaki Tsereteli State University, Kutaisi 
The process of decomposition of arsenic-containing compound [(C6H5)3AsCH3]2[CuBr4] was studied by  

thermogravimetric analysis. It was revealed  that first an organic part separated. The final product of the 

thermolysis was copper bromide. 

Keywords: triphenylmethylarsonium, tetrabromo-copper, thermogravimetric analysis. 
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POLYCONDENSATION OF PHENOL AND CARD-TYPE BISPHENOLS WITH 

PARAFORM IN THE MELT 

 

Molodinashvili Z.F. 

 

Petre Melikishvili Institutte of Physical and Organic Chemistry, Iv. Javakhishvili Tbilisi State 

University 

 

Abstract. A new continuous method of production of novolac-type oligomers by interaction of phenol and Card-

Type bisphenols with paraform in the melt in the presence of an acid catalyst was developed. To enhance the 

heat resistance of the polymers, complex polymers with statistical arrangement of monomers in the 

macromolecule were synthesized by simultaneous condensation of phenol and Card-Type bisphenols. The 

softening temperature of co-oligomers increased from 70 
0
C  to 90-180

0
C. 

Keywords: copolymers, polycondensation, phenol, Card-Type bisphenols, paraform. 

 

Since the beginning of the XX century, among thermoreactive polymers, phenolic resins have 

found wide application in almost all fields of national economy due to their valuable properties. They 

were produced synthetically by polycondensation though the reaction of phenol with formaldehyde. 

Alongside with phenol, cresols, xylenols, multiatomic phenols, alcylphenols, multinuclear compounds, 

e.g. bisphenols, etc. were used as phenolic raw materials [1]. 

 

 

Properties of the complex oligomers based on Card-Type bisphenols, phenol and formaldehyde, and the 

conditions of their synthesis in the melt in the presence of an acid catalyst 
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1 Phenolphthalein:phenol: formaldehyde 0.1 : 0.9 : 1 100 30 81 
soluble 

160-180 

2 
1.1-bis(4-β-oxiphenyl) 

cyclohexane:phenol:formaldehyde 
0.1 : 0.9 : 0.9 80 10 88.78 

soluble 
90-100 

3 
2.2-bis(4-β-oxiphenyl) 

norborneylidene:phenol:formaldehyde 
0.1 : 0.9 : 0.9 80 10 88.85 

soluble 
105-110 

4 

5.5-bis(4-β-oxiphenyl) hexahydro-4,7-

methyleneindane-

5ylidene:phenol:formaldehyde 

0.1 : 0.9 : 0.9 80 10 93.56 

soluble 

115-120 

5 

2.2-bis(4-β-oxiphenyl) decahydro-1,4,5,8-

dimethylenenaphthyl-

idene:phenol:formaldehyde 

0.1 : 0.9 : 0.9 80 10 87.28 

soluble 

120-125 

6 
2.2-bis(4-β-oxiphenyl) 

adamantane:phenol:formaldehyde 
0.1 : 0.9 : 0.9 80 10 75.46 

insoluble 
130-135 

 

Catalyst – 15% HCl in relation to phenol  
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To enhance the heat resistance of phenol-formaldehyde polymers, we synthesized complex 

copolymers by simultaneous polycondensation of phenol and Card-Type bisphenols, which contained 

phthalide, cyclohexane, norbornane, indane, naphthene and adamant Card-Type groups. The conditions 

of synthesis are given in the Table [2-5]. 

The introduction of Card-Type bisphenols into the composition of phenol-formaldehyde 

oligomers increased the softening temperature of co-oligomers from 70 
0
C  to 90-180

0
C. The 

oligomers containing phthalate Card-Type groups had the highest softening temperature. 

If we compare the contributions of the groups with the Card-Type structure to the increase in the 

softening temperature, we can arrange them in the following row. 

 

 

The obtained oligomers dissolve in acetone, cyclohexane, dimethylformamide, tricresol, etc. 

They partially dissolve in ethanol, except the oligomers containing cyclohexane and norbornane cyclic 

groups, which are characterized by very good solubility in spirit. 

Under the action of hexamethylenetetraamide, at 180-200
0
C the oligomers undergo hardening 

and transform into spatially-structured resite. 
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РЕЗЮМЕ 

ПОЛИКОНДЕНСАЦИЯ ФЕНОЛА И БИСФЕНОЛОВ КАРДОВОГО ТИПА С ПАРАФОРМОМ В 

РАCПЛАВЕ 

Молодинашвили З.Ф. 

Институт физической и органической химии им. П. Меликишвили, Тбилисский государственный 

университет им. Ив. Джавахишвили 

Разработан новый непрерывный метод получения олигомеров типа новолака путем  взаимодействия 

фенола, бисфенолов кардового типа и параформа в расплаве в присутствии кислотного катализатора. Для 

повышения термостойкости полимеров совместной конденсацией фенола и  бисфенолов кардового типа 

были синтезированы смешанные полимеры со статистическим расположением мономеров в 

макромолекуле. Температура размягчения со-олигомеров повысилась с 70 
0
C  до 90-180

0
C. 

Ключевые слова: сополимер, поликонденсация, фенол,  бисфенолы кардового типа, параформ. 
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DEVELOPMENT OF A NEW CONTINUOUS METHOD OF  PRODUCTION OF THE 

NOVOLAC OLIGOMER AND THE STUDY ON ITS KINETICS 

 

Molodinashvili Z.F. 

 

Petre Melikishvili Institutte of Physical and Organic Chemistry, Iv. Javakhishvili Tbilisi State 

University 

 
Abstract. A new continuous method of production of novolac-type oligomers by interaction of phenol with 

paraform in the melt in the presence of an acid catalyst was developed. To establish the optimal conditions of the 

reaction, some kinetic regularities of the process were investigated. It is shown that the reaction is of the second 

order. The optimal conditions for formation of the oligomer are the following: temperature – 100-120
0
C; 

duration of the reaction – 10 min; phenolic component: formaldehyde molar ratio – 1.15:10; amount of the 

catalyst – 1 % in relation to the phenolic component. 

Keywords: novolac, oligomer, phenol, paraform. 

 

Since the beginning of the XX century, among thermoreactive polymers, phenolic resins have 

gained primary importance and wide application in almost all fields of national economy due to their 

valuable properties. They were produced synthetically by the reaction of polycondensation. Their 

formation was based on the interaction between phenol and aldehydes, mainly formaldehyde. 

Alongside with phenol, cresols, xylenols multiatomic phenols, alcylphenols, multinuclear compounds 

e.g. bisphenols, etc. were used as phenolic raw materials [1]. 

Novolac is usually produced by the reaction between phenol and formaldehyde in water 

solution, in an acid medium. The process is periodical. Hence it was of interest to develop a 

continuous method of production of novolac, because, in this case, we could use novolac immediately, 

without performing additional procedures. Besides, we would eliminate the necessity in the treatment 

of rinsing water, containing the phenol and formaldehyde that did not enter into the reaction, and 

polluting the environment. The treatment of rinsing water for removal of phenol, formaldehyde and 

the acid from it is a serious problem at all operating plants. Another serious problem is the removal of 

water from obtained novolac, its drying, which is associated with power costs as well [2,3].   

For development of the continuous method, we used puraform instead of the water solution of 

formaldehyde. The reaction proceeded in the melt, with heating up of the paraform-phenol mixture, in 

the presence of an acid catalyst. The phenol:formaldehyde molar ratio was 1.15:1.0; hydrochloric acid 

was used as a catalyst (1% in relation to phenol) [4,5]. 

 Under heating paraform undergoes depolymerazation, and formed formaldehyde immediately 

reacts with phenol. The reaction of dipolymerization of paraform can be presented in the following 

form: 

       2 2 2 2 2 2 21 2 3n n n n
CH O CH O CH O CH O CH O CH O CH O

  
        

Generally the process of condensation in the acid medium can schematically be depicted as  

     OxHOHHCCHOHHCHOxCHOHHCx
x 2462362561   

where x=4-8. 

As there was no information about the character of the course of the reaction between phenol 

and paraform in the melt in the literature, as well as for the establishment of optimal conditions of the 

synthesis of the novolac-type oligomer in the melt, we studied some kinetic regularities of oligomer 

formation. 

For production of the novolac oligomer, the reaction in the melt proceeded over the 

temperature range from 40 to 120 
0
C. The phenol:formaldehyde molar ratio was 1.15:1.0. 

Hydrochloric acid was used as a catalyst (1% of the phenolic component). 

The course of the reaction was controlled by changes in the amount of formaldehyde in the 

reaction mixture. Table 1 gives the changes in the amount of formaldehyde in the reaction area with 

interaction with phenol at different temperature.  When the temperature increased from 40 to 120 
0
C, 

after 10 seconds the amount of free formaldehyde in the reaction area decreased as follows: 

95.40>92.76>84.05>76.30>70.23; after 1 min: 75.85>58.99>45.00>34.27>28.38; after 10 min: 

55.85>27.70> >21.24>15.45>11,69. When the process was prolonged at 40
0
C, after 10 s, 1 min and 10 

min, the amount of formaldehyde decreased as follows: 95.40>75.85>55.85; at 60
0
C: 
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92.76>58.99>27,70; at 80
0
C: 84.05>45.00>21.24; at 100

0
C: 76.30>34.27>15.45; at 120

0
C: 70.23> 

>28.38>11,69%. 

 
Table 1. Chenges in the order of formaldehyde transformation with the reaction between phenol and 

paraform in the melt with the reaction proceeding over the temperature range from 40 to 120 
0
C* 

 

Duration of the 

reaction, s 

Amount of formaldehyde that did not enter into the reaction, % 

40С 60С 80С 100С 120С 

10 95.40 92.76 84.05 76.30 70.23 

20 90.55 81.35 70.96 61.41 54.22 

30 86.30 74.16 62.14 51.30 44.11 

45 80.90 66.30 53.32 41.02 34.56 

60 75.85 58.99 45.00 34.27 28.38 

90 67.98 48.88 35.17 25.85 20.79 

120 61.24 41.80 29.39 20.79 16.41 

240 57.31 35.51 26.07 18.54 16.13 

600 55.85 27.70 21.24 15.45 11.69 

*Phenol:formaldehyde molar ratio is 1.15:1.0 

 

The order of polymerization of the novolac oligomer formed in the melt is 7-8. As is seen, the 

amount of formaldehyde that did not enter into the reaction decreases with the increasing duration of 

the process, though the intensity of decreasing is higher at the initial stage. For instance, when the 

reaction proceeded at 40 
0
C, after 10 s the amount of formaldehyde that did not enter into the reaction 

was 95.40%, after 1 min – 75.85%; after 2 min – 61.24%;  after 10 min – 55.85%. At 60
0
C the amount 

of free formaldehyde decreased as follows: 92.7>58.99>41.80>27.70, respectively; at 80
0
C – 

84.05>45.00>29.39>21.24, respectively; at 100
0
C – 76.30>34.27>20.79>15,45, respectively;  at 

120
0
C – 70.23>28.38>16.41>11.,69%, respectively. 

The IR spectroscopic analyses showed that, at the first stage of the reaction, phenolic alcohols 

were formed, and then they transformed into dioxidiphenylmethane and oligomers. 

To control the reaction, we took samples in certain intervals and measured the amount of 

formaldehyde that did not enter into the reaction. Figure 1 shows the kinetics curves of the reaction of 

phenol with formaldehyde at different temperature. The investigation showed that, over the 

temperature range from 40 to 120 
0
C, the rate constants of the reaction retain their values calculated by 

the second-order equation. These data are given in Table 2. 

 
 

Table 2. Some kinetic parameters of the reaction of phenol with formaldehyde over the temperature range 

from 40 to 120 
0
C; phenol:formaldehyde molar ratio is 1.15:1.0 

 

Duration of the 

reaction, s 

Reaction rate constant K, 10
-3 

l·mol
-1

s
-1 

40С 60С 80С 100С 120С 

10 0.27 0.43 0.94 1.74 2.38 

20 0.29 0.65 1.14 1.76 2.37 

30 0.29 0.65 1.14 1.77 2.37 

45 0.29 0.65 1.09 1.79 2.36 

60 0.29 0.65 1.14 1.79 2.36 

90 0.29 0.65 1.15 1.79 2.37 

120 0.29 0.65 1.12 1.78 2.38 

240 0.17 0.42 0.66 1.02 1.16 

600 0.07 0.24 0.34 0.51 0.70 

1800 - 0.15 0.18 0.20 0.43 

Activation energy E=11.4 kcal/mol 

Probability factor, A=1.064 l/mol·s 
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Fig. 1. Kinetic curves of the reaction of phenol with formaldehyde in the presence of a catalyst* at 

different temperature. 

P – transformation order; t – duration of the reaction;*catalyst – 1% HCl in relation to phenol. 

 

 

 
The linear dependence of the logarithm of the reaction on the reverse absolute temperature and 

that of 1/a-x on the reaction duration also point to the second order of the reaction. The activation 

energy of the reaction was equal to 11.4kcal/mol (Figs. 2 and 3). 

 

0 0,5 1 1,5 2 2,5 3 3,5

1/T10
-3

lgK

 
 

Fig.2. The dependence of  lgK on the reverse absolute temperature during polycondensation of phenol 

with paraform at 40-120 
0
C in the presence of a catalyst (1% HCl in relation to phenol) 

 

s 
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Fig.3. The dependence of 1/a-x on the duration of polycondensation of phenol with paraform at different 

temperature in the presence of a catalyst (1% HCl in relation to phenol) 

a – initial amount of formaldehyde; x – transformation order of formaldehyde 

 

 
From the kinetic curves of the reaction of phenol with paraform and the data of Table 1, it is 

obvious that both the temperature and the reaction duration have an impact on the course of the 

reaction. 

From the data given in Table 3, it is seen that the reaction rate increases  with the increasing 

temperature, though it decreases significantly with the increasing reaction duration. When the duration 

of the reaction increased from 10 to 600 seconds at constant temperature, e.g. 40 
0
C, the reaction rate 

decreased from 0.46 to 0.07 g/s, while at 120 
0
C the transformation order reached a high value after 

120 s (Table 1). 

When the temperature increased from 40 to 120 
0
C, the reaction rate constant increased from 

0.29 to 2.38·10
-3

l·mol·s
-1

. When the reaction proceeds at higher temperature, a major portion of 

paraform leaves the reaction area. Hence the maximum temperature of the reaction must not be higher 

than 120
0
C. 

 
Table 3. Changes in the reaction rate depending on the temperature and the reaction duration   

Duration of the 

reaction, s 

Reaction rate, g/s
 

40С 60С 80С 100С 120С 

10 0.46 0.72 1.59 2.37 2.97 

20 0.47 0.93 1.45 1.92 2.28 

30 0.456 0.86 1.26 1.62 1.66 

45 0.424 0.74 1.03 1.31 1.45 

60 0.40 0.68 0.91 1.09 1.19 

90 3.33 0.56 0.72 0.82 0.88 

120 0.32 0.48 0.58 0.66 0.69 

240 0.17 0.26 0.30 0.33 0.34 

600 0.07 0.12 0.13 0.14 0.14 

1800 - 0.04 0.04 0.05 0.05 

 

Therefore, the temperature range from 40 to 120
0
C is optimal for the reaction in the melt. At 

higher temperature, intense depolymerization of paraform takes place, the released formaldehyde has 

no chance to react with phenol and gets lost. The optimal duration of the reaction is 10 minutes.  

 

 

s 
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РЕЗЮМЕ 

РАЗРАБОТКА НЕПРЕРЫВНОГО МЕТОДА ПОЛУЧЕНИЯ ОЛИГОМЕРА НОВОЛАЧНОГО 

ТИПА, ИЗУЧЕНИЕ КИНЕТИКИ 

Молодинашвили З.Ф. 

Институт физической и органической химии им. П. Меликишвили, Тбилисский государственный 

университет им. Ив. Джавахишвили 

Разработан новый непрерывный метод получения олигомеров новолачного типа взаимодействием 

фенола и параформа в расплаве в присутствии кислотного катализатора. Для установления оптимальных 

условий реакции были изучены некоторые кинетические закономерности. Установлено, что реакция 

второго порядка. Оптимальные условия формирования олигомеров: температура   - 40 – 120
0
С; 

длительность реакции – 10 мин; молярное соотношение фенол:формальдегид составляет 1,15:1,0. 

Соответственно, количество катализатора – 1% соляной кислоты в отношении к фенольному  

компоненту. 

Ключевые слова: новолак, олигомер, фенол, параформ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fermentaciisas WaWaze dayovnebis xangZlivobis zegavlena 
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qvevris Rvinis fizikur-qimiur parametrebze 

 

mesxiZe m.z., CxartiSvili n.n., jayeli k.T., andriaZe g.t., xomasuriZe m.b. 
 

saqarTvelos teqnikuri universiteti 
kavkasiis saerTaSoriso universiteti 

 
 

qvevrebSi Rvinis dayenebis wesi (teqnologia) saqarTvelos sxvadasxva 
kuTxeSi, rigi mizezebis gamo sxvadasxvagvaria. Zvelad arsebobda qvevrebSi 
Rvinis dayenebis kaxuri, qarTluri, imeruli da mesxuri wesebi. yvela is wesi, 
romlebsac sxvadasxva kuTxeSi icavdnen rigi faqtorebiT iyo gamowveuli. 
gaTvaliswinebuli iyo adgilobrivi niadagebis tipebi, adaT-wesebi, Tavad 
yurZnis mosavlis weli da misi qimiuri Sedgeniloba [1,2].  

Rvinis dayenebis kaxuri wesi gulisxmobs yurZnis, yurZnis durdos 
moTavsebas WaWianad, klertis CaTvliT. duRilis dasrulebis Semdgom, roca 
qvevris Tavze momdgari WaWa CaiZireba, qvevrs piramde Seavseben, TixamiwiT 
gozaven da sarqveliT xuraven [3]. 

imeruli wesis mixedviT TeTryurZniani jiSebis SemTxvevaSi sawnaxe-
lidan Cawurul tkbils emateba ara WaWis mTliani raodenoba (kaxuri 
wesisagan gansxvavebiT), aramed maqsimum erTi mesamedi nawili. qarTlsa da 
mesxeT-javaxeTSi, iseve rogorc kaxeTsa da imereTSi qvevrebSi mimdinareobda 
ara mxolod yurZnis tkbilis, aramed WaWis erT nawilTan erTad misi 
duRili da WaWaze misi davargeba garkveuli droiT. unda aRiniSnos rom 
Rvinis ,,udedod~, anu uWaWod egreTwodebuli ,,evropuli wesiT~ dayeneba 
ucxo iyo saqarTveloSi. saqarTvelos zogierT kuTxeSi aseve codniaT 
ramdenime jiSis yurZnis tkbilisa da WaWis garkveuli dozebiT Sereva da 
maTi qverebSi erTianad daduReba [3]. magaliTad, sofel xidisTavSi icodnen 
Cinuris, Tavkverisa da goruli mwvanis Sereva da aRmosavleT saqarTveloSi 
ganTqmuli Rvinis xidisTavuris dayeneba. aleqsandroulisa da mujureTulis 
SereviT dgeboda Rvino ,,xvanWkara~. qvevris Rvinod iTvleboda is Rvino, 
romelic WaWiT Tu uWaWod, ara mxolod daduRda qvevrSi, aramed garkveuli  
droiT qvevrebSive davargda. SesaZloa Rvino WaWazeve ar davargdes, igi 
WaWidan gancalkevdes alkoholuri duRilis dasrulebis Semdeg an 
dasrulebamde. WaWidan moxsnili Rvino Tu qvevris Rvinod mzaddeba, qvevrsave 
unda daubrundes da ara sxva WurWelSi. xalxSi gavrcelebuli azriT da 
Sesabamis literaturul wyaroebze dayrdnobiT qvevri Rvinis daduRebidan 6 
Tvis Semdeg unda gaixsnas [3,4]. 

dRes, qvevris Rvino kaxeTis regionTan da rqawiTelis, kaxuri mwvanisa 
da saferavis jiSis yurZenTan asocirdeba, arada, Zvel droSi mevenaxeoba da 
qvevrSi Rvinis dayeneba saqarTvelos yvela regionSi iyo gavrcelebuli. 
rodis unda moSordes Rvinos WaWa, perspeqtiulia Tu ara dasavleT saqarT-
veloSi gavrcelebuli endemuri jiSebis gamoyeneba Tanamedrove bazrisaTvis 
Sesabamisi maRali xarisxis qvevris Rvinis dasamzadeblad(?) swored am kiTx-
vebze pasuxis gasacemad, dasavleT saqarTvelosaTvis tradiciuli vazis ji-
Sebidan: Cxaveri, ojaleSi, ocxanuri safere da aladasturi damzadda qvevris 
Rvinoebi. 

eqsperimentis miznebidan gamomdinare, dasavleT saqarTveloSi Sesyi-
duli yurZnis sxvadasxva jiSebisagan Cvens mier damzadebuli iqna qvevris 
Rvinoebi ,,kavkasiis saerTaSoriso universitetis~ kuTvnil sacdel/saswavlo 
maranSi. yurZeni daiwura da moTavsda qvevrebSi, WaWianad. sakontrolod 
aRebul iqna igive jiSis yurZnis nimuSebi, romlebic, aseve daiwura da 
qvevrebSi moTavsda WaWianad. 5 dRis Semdeg, sakontrolo nimuSebi moixsna 
WaWidan da alkoholuri duRili gaagrZela WaWis gareSe. orive SemTxvevaSi 
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duRili warimarTa saSualod 20-220
C-ze. WaWis Tanaobisas duRili saSualod 

erT kviraSi dasrulda, WaWis gareSe daduRebuli nimuSebis SemTxvevaSi, 10 
dReSi. WaWaze fermentirebuli Rvino dayovnebuli iqna WaWaze duRilis 
dasrulebis Semdeg. alkoholuri duRilis Semdeg, qvevrebi gadaivso da 
dailuqa, qvevrSi Rvinis dayenebis tradiciuli teqnologiis Tanaxmad [3]. 
qvevris gaxsnisas egalizirebuli iqna Rvinis ori fraqcia  dawmedili Rvino 
da WaWis gamonawuri (presirebis gareSe). calke iqna lokalizirebuli WaWa 
romelic magari sasmelebis dasamzadeblad gamoviyeneT. enologiur 
praqtikaSi, xarisxovani Rvinoebis dasamzadeblad gamoiyeneba TviTnadeni da 
presis pirveli fraqcia, Sesabamisad dasaxuli miznis misaRwevad 
kvlevisaTvis gamoyenebuli iqna egalizirebuli ori fraqcia - amoRebuli  
dawmedili Rvino da  WaWis gamonawuri. 

qvevris Rvinis fizikur-qimiur parametrebze fermentaciisas WaWaze 
dayovnebis xangZlivobis zegavlenis Seswavlis mizniT, nimuSebSi qvevris 
daxurvidan 5 kviris Semdgom, vazisa da Rvinis saerTaSoriso organizaciis 
mier dadgenili, validirebuli meTodebiT ganvsazRvreT am teqnologiuri 
etapisaTvis mizanSewonilad miCneuli xarisxis maCvenebeli parametrebi. nimu-
Sebis laboratoriuli kvleva ganxorcielda Sps ,,Rvinis laboratoriaSi~. 
kvlevis meTodebi da dargis maregulirebeli dokumentebiT, Rvinis ZiriTadi 
parametrebisadmi wayenebuli moTxovnebi warmodgenilia cxrili 1-Si [5]. 
 
cxrili 1. qvevris Rvinoebis fizikur-qimiuri parametrebi 
 

 
 

parametri 
 

WaWaze fermentirebuli 
Rvino 

WaWaze 120 saaTiT 
fermentirebuli Rvino 
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saerTo fenolebis mas. konc., 
mg/l 

1175 2082 2008 1135 1820 1786 

dayvanili eqstraqtis mas. konc. 
g/l 

36 25,3 29,8 33,2 23 25,1 

RvinoebSi eTanolis moc. wili %. 9,2 10 10,5 9,2 9,9 10,5 

deducirebuli Saqrebis mas. 
konc. g/l 

3,9 1,8 2 3,9 1,9 2,5 

titruli mJavebis mas. konc., g/l 6,5 6 5,8 6,5 6,1 6 

aqroladi mJavebis mas. konc., g/l 0,8 0,68 0,6 0,82 0,7 0,6 

Tavisufali SO2; mg/l 3 5 3 5 5 3 

saerTo SO2; mg/l 37 38 33 40 33 35 

rkina,  g/l 2,0 1,0 1,6 2,0 1,0 1.5 

 
eqsperimentis mimdinareobisas, qarTuli yurZnis jiSis – Cxaverisagan, 

qvevris Rvinis damzadebis mizanSewonilobis dadgenis mizniT, damzadebuli 
iqna Rvino. Cxaveris jiSis yurZnis alkoluri duRili srulad ganxorciel-
da WaWis monawileobiT. qvevrSi WaWaze fermentirebuli da 5 kviris ganmav-
lobaSi WaWaze dayovnebuli Cxaveris fizikur-qimiuri parametrebi warmod-
genilia cxrili 2-Si. 
cxrili 2. Cxaveris fizikur-qimiuri maCveneblebi WaWaze 5 dRiani fermentaciis Semdeg 
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1 eTanolis moc.w. % 9,2 
2 reducirebuli Saqrebis masis koncentracia g/l 3,9 
3 titruli mJavebis m/k (Rv. mJ-ze gadaangariSebiT) g/l 6,5 
4 aqroladi mJavebis m/k (Zm.mJ-ze gadaang) g/l 0,82 
5 Tavisufali SO2 m/k mg/l 5 

6 saerTo SO2 m/k mg/l 40 
7 Dayvanili eqstraqtis masis koncentracia g/l 33,2 
8 rkina masis koncentracia g/l 2,0 

 
miRebuli Rvinis fizikur-qimiuri parametrebi srulad Seesabameba dar-

gis maregulirebeli dokumentiT dadgenil moTxovnebs [5]. organoleptikuri 
SefasebiT ki miRebuli Rvino xasiaTdeboda gamokveTili jiSuri aromatiT, 
xilis tonebiTa da xalisiani mJavianobiT. 

amrigad, SesaZlebelia Semdegi daskvnebis gakeTeba 
a) qvevrSi Rvinis damzadebisas, fermentaciis dros yurZnis magari 

nawilebis monawileba amcirebs alkoholuri duRilis mimdinareobis drois 
xangZlivobas.  

b) qarTuli endemuri yurZnis jiSebidan: ,,Cxaveri~, ,,ocxanuri safere" 
,,ojaleSi~ da ,,aladasturi~ - mizanSwonilia qvevris Rvinis damzadeba. kon-
diciuri yurZnidan damzadebuli Rvino Seesabameba dargis maregulirebeli 
dokumentiT dadgenil moTxovnebs.  

g) qvevrSi Rvinis daduRebisas yurZnis myari nawilebis Tanaobis 
xangrZlivoba mniSvnelovan zegavlenas ar axdens RvinoSi eTanolis mocu-
lobiT wilze, reducirebuli Saqrebis masis koncentrciaze, aseve aqroladi 
mJavebisa da titruli mJavebis Semcvelobaze.  

d) qvevrSi fermentaciisas da post perfentaciul periodSi, siTxis 
yurZnis magar nawilebTan gaxangZlivebuli kontaqtiT RvinoebSi izrdeba 
saerTo fenolebis Semcveloba da dayvanili eqstraqtis masis koncentracia. 

e) qvevrSi dayenebul RvinoSi dadgenili rkinis masis koncentracia 
dargis maregulirebeli dokumentiT dagenil normaze bevrad dabalia. 
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SUMMARY 

THE EFFECT OF THE DURATION OF FERMENTATION ON POMACE ON THE 

PHYSICOCHEMICAL CHARACTERISTICS OF THE WINE KEPT IN THE KVEVRI 

Meskhidze M.Z., Chkhartishvili  N.N., Jakeli K.T., Andriadze G.T. and Khomasuridze M.B. 

Georgian Technical University 

Caucasus International University 

The paper deals with the effect of the duration of keeping the pomace in the wine matured in the kvevri. The 

wine was produced from Georgian grape cultivars Aladasturi, Otskhanuri Sapere and Odzhaleshi by the 

Kakhetian technology. 

Keywords: wine, pomace, fermentation, physicochemical characteristics.  

 
sasmelebis uvneblobis Seswavla WaWis arayis magaliTze 
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http://www.moa.gov.ge/contentimage/kan/3.pdf
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SildelaSvili i.i., maTiaSvili S.i., buiSvili g.T. 
 

iakob gogebaSvilis saxelobis saxelmwifo universiteti, Telavi 
  

ukve ramodenime aswleulia, rac adamianebi cdiloben Tavi daicvan mav-
nebeli da uxarisxo sasursaTo produqciis moxmarebisgan. am Temaze saub-
robdnen TavianT nawarmoebebSi medicinis klasikosebi - hipokrate, avicena, 
paneni da sxva.  

sursaTis uvnebloba adamianis sicocxlisa da jamrTelobis, sursaTiT 
gamowveuli riskebisgan dacvas gulisxmobs, xolo sasursaTo usafrTxoeba 
sazogadoebis, mosaxleobis, calkeuli jgufebisa da individebis aucilebeli 
materialuri pirobaa, romelic uzrunvelyofs demografiuli, ekonomikuri, 
politikuri, kulturuli, inteleqtualuri ganviTarebis funqciebsa da 
SesaZleblobebs. amitom mosaxleobis uvnebeli sursaTiT stabiluri 
uzrunvelyofa erT-erT mniSvnelovan saxelmwifoebriv amocanas warmoadgens, 
romelzedac damokidebulia eris jamrTeloba. yurZnis gadamuSavebis Sedegad 
miiReba narCenis saxiT: TeTri, vardisferi da wiTeli WaWa, romlis gada-
muSaveba xdeba spirtis, RvinomJavis, wipwis misaRabad. axali WaWa isinjeba 
organoleptikurad ferze, sunze, tenianobaze, Saqrianobasa da spirtis 
Semcvelobaze, agreTve Rvinis mJavis aqroladi mJavebis raodenobaze, imis-
aTvis, rom miviRoT miRebuli WaWidan maRalxarisxovani produqcia saWiroa 
maSinve moxdes WaWis gamoxda, Semdeg wipwis gamoyofa da RvinomJava mari-
lebis miReba, vinaidan mokle droiTac ki nawnexis araxelsayreli Senaxvisas 
masSi mimdinareobs biologiuri procesi, romlis drosac nawnexs aqvs obis, 
Zmris suni, rac niSania ZmarmJava SemJavebis, spirtianobis Semcirebis, romlis 
xarisxi dabalia masSi meTilis spirtis dagrovebis gamo, rac gamowveulia 
peqtinovani nivTierebebis daSliT, xolo aseTi narCeni produqtis gamoxdis 
dros am nivTierebebis koncentracia adamianisTvis saSiSia.  

Cvens mizans Seadgenda gvenaxa ramdenad uvnebeli produqti iyideba 
bazarze. amisaTvis Telavis sakolmeurneo bazarze SeZenili iqna 1 litri 
WaWis arayi da gavakeTeT misi analizi. WaWidan spirtis misaRebad wvril 
warmoebebSi gamoviyeneT martivi zarfuSiani aparatebi. aparatis muSaoba 
warmoebs Semdegnairad: WaWas CatvirTaven aparatSi, qvabs SeunTeben cecxls, 
WaWa male cxeldeba da iwyeba aqroladi nivTierebebis: eTilis spirtis, 
meTilis spirtis, mqrolavi mJavianobis da sxva aqroladi komponentebis 
gamoyofa, yvela es komponentebi gaivlis macivarSi, siTxed iqceva da 
sakontrolo faraniT miemarTeba Semkreb WurWelSi. miRebuli WaWis nedli 
spirti simagriT 50% moculobiT,  Caisxmeva patara qvevrSi an TuTisgan, 
akaciisgan da muxisgan damzadebul kasrebSi da maSinve iwyeba bazarze misi 
gayidva. mosaxleoba etaneba dasalevad ufro WaWis arays misi siiafiTa da 
gansakuTrebuli daTrobis meti efeqtiT. WaWis aryis maTrobela Tvisebebi 
ganpirobebulia masSi didi raodenobiT umaRlesi spirtebis arsebobiT, 
romelic TiSavs zurgis tvinis nerviul sistemas da adamianisTvis  didi 
ziani moaqvs. aRniSnuli WaWis araswori Senaxvis dros adgili aqvs 
peqtinovani nivTierebebis hidrolizs, rasac mosdevs meTilis spirtis didi 
raodenobiT warmoqmna rac Zlieri sawamlavia, adamianis sisxlSi moxvedrili 
meTilis spirti iJangeba formaldehidamde, es ukanaskneli ki WianWvelis 
mJavamde da SeuZlia B12 -is dazogierTi sxva jgufis vitaminebis inaqtivacia, 
igi organizmSi nela iSleba - miRebuli dozis 1/3 ki 4,48 saaTis Semdegac 
dauSleli rCeba.  

WaWis arayis analizis Sedegad miRebuli monacemebi mocemulia 
cxrilSi.  
       WaWis arayis analizis Sedegebi 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, №3, 2015  

 
94 

# 
parametris 
dasaxeleba 

parametrebis 
faqtiuri 

maCvenebeli 

Testirebis meTodi / 
aparatura 

 
1 faqt. alkoholi 48,00% (V/V) OIV- MA-AS312-01A 

2 saerTo Saqari 0,00 g/l OIV-AS311-01A 

3 meTanoli moc. 
procentSi 

1,05% OIV- MA-AS312-03A 

4 
eTilacetati 844,0 mg/l 

(OIV) MA-E-AS312-03-

METHAN 

5 
n-propanoli 0,00 mg/l 

(OIV) MA-E-AS312-03-

METHAN 

6 
izo-butanoli 25,8 mg/l 

(OIV) MA-E-AS312-03-

METHAN 

7 
n-butanoli 0,00 mg/l 

(OIV) MA-E-AS312-03-

METHAN 

8 
izo-amili 133,0 mg/l 

(OIV) MA-E-AS312-03-

METHAN 

9 
n-amili 0,00 mg/l 

(OIV) MA-E-AS312-03-

METHAN 

10 umaRlesi spirtebi 
(gadaangariSebuli 
uwylo spirtze) 

1002,8 mg/l 
(OIV) MA-E-AS312-03-

METHAN 

11 aldehidebi (uwylo 
spirtSi) 

37,00 g/hl გოსტ 30536-97 

12 eTerebi 
(eTilacetatze 
gadaangariSebiT) 

244,0 g/hl გოსტ 30536-97 

                                                                                                                                     
 
  
     cxrilis monacemebidan Cans: 
1.  meTilis spirtis raodenoba aris 1,05 %. rac migvaniSnebs imaze, rom 
adgili aqvs peqtinovani nivTierebebis daSlas da meTilis spirtis zedmeti 
raodenobiT warmoqmnas. 
2. eTilacetatis raodenoba  844 mg/l.  rac  gulisxmobs ZmarmJava aldehidis 
didi raodenobiT dagrovebas. 
3. izobutanoli 25,3 mg/l.  
4. izoamilis spirti 133 mg/l.  
5. umaRlesi spirtebi 1002,8 mg/l. (norma 0,003%). 
6. eTerebi (eTilacetatze gadaangariSebiT) 244,0 mg/l. 
 miRebuli monacemebis Sedarebidan Cans, rom kaxuri wesiT dayenebuli 
Rvinis narCeni WaWis gamoxdisas 4-jer izrdeba yvela saxis komponenti rac 
RvinoSia, agreTve daudevrad SenaxvisTvis narCen WaWaSi monacemebi Sesabami-
sad izrdeba, rac adamianis organizmze uaryofiTad moqmedebs. 
 Cveni kvlevis Sedegebidan gamomdinare SeiZleba davaskvnaT, rom:  

1. WaWa Rvinidan ganTavisuflebisTanave unda gamoixados, gamoxdis 
dros moixsnas Tavnaxadi da bolo naxadi da gamoyenebuli iqnes Sua naxadi 
misi kasrebSi SenaxviT.  

2. TeTri yurZnis gadamuSavebis Sedegad miRebuli tkbili WaWis 
alkoholuri duRili warimarTos 15-18 0С-ze. 

3. imisaTvis, rom eTilacetatis meti raodenoba ar aRmoCndes WaWis 
araySi, igi unda davicvaT ZmarmJava baqteriebisagan da gamoxdis procesi 
warimarTos normalur pirobebSi. 
 
 

 

 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, №3, 2015  

 
95 

literatura 

1. q. laferaSvili. sursaTis uvneblobis mecnieruli safuZvlebi Tanamedrove 
principebi da samarTlebrivi regulirebis zogadi debulebebi. 2014w. Tbilisi 90 gv. 
2. Энциклопедия виноградарства. Редакция Молдавской Советской Энциклопедии. – Кишинев, 1987, 

501с. 

3. n. maTiaSvili, S. maTiaSvili. Rvinis xarisxis kontroli. –Telavi, 2015, 236 gv. 
 
SUMMARY 

STUDY ON THE SAFETY OF  DRINKS BY THE EXAMPLE OF CHACHA VODKA 

Shilelashvili  I.I., Matiashvili Sh.I. and Buishvili G.T 

Jakob Gogebashvili Telavi State University 

Stable  supply of  safe food is one of important governmental objectives  which the health of the nation depends 

on. Hence in this work we  aimed to analyze the quality of Chacha vodka sold on the  agricultural  market by 

farmers. Chacha vodka is distilled from grain pomace. Based on the results of the analysis we worked out some 

recommendations on the technology of Chacha vodka: 

1. Chaha should  be distilled immediately after removal from wine. During  the distillation, the first and the last 

distilled Chacha should be removed,  and the middle distilled Chacha should be kept  in barrels. 

2. The alcoholic fermentation of sweet Chacha obtained in the result of  processing of white grapes should 

proceed at 15-18 
0
C 

3. In order to avoid undersired amount of ethyl acetate in Chacha vodka,  we must protect it against acetic acid 

bacteria and guarantee that the process will proceed under normal conditions. 

Keywords: Chacha, vodka, pectin substances, raw alcohol,  formaldehyde, deinactivation. 
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sicocxlis mTavari molekula rnm 

 

jinjolia S.r. 
 

akaki wereTlis saxelmwifo universiteti, quTaisi 
 

sicocxlis sayovelTao ganmarteba ar arsebobs. nobelis premiis lau-
reatis genetikos g.d. melleris azriT yvelaze metad misaRebia NASA-s (aero-
navtikis da kosmosuri sivrcis kvlevis erovnuli sammarTvelo a.S.S.) mier 
mocemuli ganmarteba „sicocxle TviT SenarCunebadi qimiuri sistemaa, rome-
lic emorCileba darvinistul SerCevas“. sicocxlisaTvis damaxasiaTebeli 
Tvisebebidan ganvixiloT ori maTgani pirveli memkvidruli informaciis 
arseboba. meore aqtiurad ganxorcieleba ,,muSaobisa~  romelic mimarTulia 
TviTdacvisaken, zrda gamravlebisaken,  energiis miRebaze.  

yvela cocxali organizmi CamoTvlil amocanebs axorcielebs sami 
klasis rTuli organuli naerTebis dnm (dezoqsiribonukleinis mJava) rnm 
(ribonukleinis mJava) da cilis daxmarebiT. dnm axorcielebs memkvidruli 
informaciis Senaxvis amocanas. cilebi pasuxismgebelia meore amocanis 
yvelasaxis aqtiuri „muSaobis“ Sesrulebaze. naerTebs Soris Sromis 
ganawileba mkacrad  gansazRvrulia. cilebi ar inaxaven memkvidrul 
informacias, dnm ar axorcielebs aqtiur samuSaos, rnm uzrunvelyofs 
memkvidruli informaciis wakiTxvas. misi daxmarebiT xorcieldeba cilis 
sinTezi, dnm molekulaSi Cawerili „instruqciis“ Sesabamisad. 

am sami rTuli molekulidan romeli gaCnda pirvelad davis sagania, 
mecnierTa nawilis azriT pirvelad gaCnda cilebi, vinaidan isini asruleben 
yvela samuSaos cocxal ujredSi, maT gareSe sicocxle SeuZlebelia. magram 
cilebs ar SeuZliaT Seinaxon memkvidruli informacia. e.i. pirvelad warmoiS-
va memkvidruli informaciis matarebeli dnm. sakiTxi gadauwyveteli rCeba, 
vinaidan calcalke  arseboba dnm-sa cilis gareSe da cilebis dnm-s gareSe 
SeuZlebelia, gamodis rom isini erTdroulad warmoiSvnen. es ki Znelad 
warmosadgenia. am kamaTSi rnm aRmoCnda „zedmeti“ TiTqmis daviwyebuli. rog-
orc adre fiqrobdnen rnm-s ar SeuZlia daxmarebis gareSe informaciis Senaxva 
da samuSaos Sesruleba. aRmoCnda rom mraval virusSi memkvidruli informacia 
Senaxulia rnm saxiT, magram igi CaiTvala kuriozad, gamonaklisad. 

1980 wlis dasawyisSi t. Cekis da s. oltmanis laboratoriaSi (a.S.S.) 
aRmoCenili iqna rnm molekulebis katalizuri Tviseba. fermentebis (ing. 
enzyme) analogiurad rnm katalizatorebs uwodes ribozimebi (maTi aRmoCenis 
gamo t. Ceks 1989 wels miekuTvna nobelis premia qimiaSi). ufro metic aRmoC-
nda rom ribosomebis aqtiuri centrebi Seicaven didi raodenobiT r-rnm. ase-
ve rnm-s SeuZlia warmoSvas ormagi jaWvi da moaxdinos TviTreplicireba [1].  

aRmoCnda, rom rnm-s SeuZlia Seasrulos orive mTavari sasicocxlo 
amocana – informaciis Senaxva da aqtiuri muSaoba. cxadi gaxda, rom SesaZle-
belia arsebobda cocxali organizmi, romlebsac ar hqondaT arc  cila da 
arc dnm da yvela funqcias asrulebda rnm. rnm Semcvelma organizmebma 
SesaZlebelia mogvianebiT SeiZines cilebi da dnm, dasawyisSi ki maT gareSe 
arsebobdnen. ase warmoiSva „rnm samyaros“ Teoria, romlis saboloo 
formulireba ekuTvnis u. gilberts (1986w). rnm samyaro hipoTeturi etapia 
sicocxlis gaCena dedamiwaze. sadac genetikuri informaciis Senaxvas da 
qimiuri reaqciebis katalizs asruleben rnm ansamblebi. SemdgomSi maTi 
asociaciisagan warmoiSva Tanamedrove gare aredan membranebiT gancalkeve-
buli dnm-rnm – cilovani sicocxle. 

mecnierTa didi nawili Teorias „rnm samyaro“ miiCnevs biologiaSi 
Teoriuli azrovnebis ukanaskneli 30 wlis miRwevad.  



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, №3, 2015  

 
97 

Tavdapirveli ganWvretiTi „rnm samyaro“ Teoria swrafad ivseba 
eqsperimentaluri monacemebiT. mecnierebma SeZles mieRoT ribozimebi TiTqmis 
yvela sasurveli maxasiaTeblebiT.  

Teoriis Tanaxmad sicocxlis dasawyisSi albad arsebobda ribozimebi, 
romlebic axorcielebdnen rnm molekulis matricul sinTezs (gamravlebas). 
bunebaSi dReisaTvis aseTi ribozomebi ar aris aRmoCenili, xolo xelovnu-
rad Seqmnilebi muSaoben Zalian cudad. sxvadasxva meTodebis „evolucia sin-
jaraSi“ da „gonieri dizainis“  SerwymiT amerikelma mecnierebma daamzades 
rnm – polimerazuli aqtiobis  ribozimi, romelsac SeeZlo 95  nukleotidis 
sigrZis rnm molekulis kopireba. axali ribozomis daxmarebiT pirvelad 
SesZles sxva ribozimiT rnm funqciuri molekulis gamravleba cila  fer-
mentis  monawileobis garaeSe [2]. 

calkeuli  nukleotidebidan rnm molekulebis sinTezireba mecnierebma  
moaxerxes, magram nukleotidebis miReba ver SeZles. britanelma mecnierebma 
SeZles laboratoriul pirobebSi mieRoT ribonukleotidebi – calkeuli 
samSeneblo erTeulebi, romlisganac Sedgeba  rnm molekula [3]. mecnierTa es 
naSromi warmoadgenda Zlier arguments „rnm samyaro“ Teoriis dasaxasia-
Teblad, romlis momxreebic Tvlidnen rom molekulebma romlebmac miiyvana 
sicocxle warmoSobamde swored rnm iyo. 

biologebi da qimikosebi romlebic cdiloben axsnan sicocxlis 
warmoSobis saidumloeba paralelurad amuSavebdnen ramdenime SesaZlo  
scenars. erT-erTi SesaZlo scenari sicocxlis warmoSobisa aris  savarau-
dod warsulSi lipiduri garsiT SemosazRvruli „protoujredebis“ arse-
boba, romelSic midioda rnm-is arafermentuli matriculi sinTezi (repli-
kacia). magram problema mdgomareobs imaSi, rom magniumis ionebi, romlebic 
akatalizeben rnm-s replikacias Slian lipidur membranebs da xels uwyoben 
erTjaWviani rnm molekulis daSlas. d. Sestakma da k. adamalma gadalaxes es 
winaaRmdegoba. ares daumates maxelatinebeli agenti – citrati. aRmoCnda rom 
magniumis ionebi citratTan kompleqsSi akatalizebs rnm-s replikacias. mag-
ram ar azianebs membranebs. am aRmoCenam mecnierebs saSualeba misca SeeqmnaT 
xelovnuri „protoujredebi“, romlis SigniTac rnm sinTezi mimdinareobs 
cilovani fermentebis da ribozomebis gareSe [4]. 

„rnm – samyaro“ Teoriis mraval versiaSi varaudoben rom evoluciis 
gansazRvrul etapze, arsebobdnen ribozimebi rnm – polimerazuli aqtivobiT 
e.i. arsebobdnen rnm molekulebi, romlebsac SeeZloT rnm sxva molekulebis 
replikaciis (gamravlebis) katalizireba, msgavsad imisa, rogorc amas akeTe-
ben  cila fermentebi-polimerazebi. Tanamedrove cocxal organizmebSi, ribo-
somebi rnm polimerazuli aqtivobiT ar gvxvdeba. es gasakviric ar aris, isini 
albaT Seicvala ufro efeqturi cila polimerazebiT. amitom mecnierebi 
cdiloben miiRon isini xelovnurad sxvadasxva meTodebis „xelovnuri 
evoluciis“ da „gonieri dizainis“ (mizanmimarTuli proeqtirebis) meTodebis 
SerwymiT. yvela SesaZlo molekulisaTvis ukve napovnia ribozomebi, 
romlebsac rnm matriculi sinTezis katalizireba SeuZlia (marTalia 
dabali aqtivobiT). matricis rols asrulebs rnm erTmagi  Zafi, romelzedac 
gaaqtiurebuli nukleotidebiT TandaTanobiT sinTezirdeba ribozim-
polimerazebiT miRebuli komplementaruli Zafi. romelTa Soris ukeTes  
SeuZlia 206 nukleotiduri sigrZis matricis replicireba [5]. 

cnobil ribozim – polimerazebis nakls warmoadgens maTi efeqturobis 
Zlieri damokidebuleba matricaze. cilovani polimerazebisagan gansxvavebiT 
maTTvis sul erTi ar aris romeli nukleotidi da ra TanmimdevrobiT dgas 
kopirebad matriciaze. amitom yvela matricias  ar SeuZlia replicirebuli 
iyos mocemuli ribozomiT. amerikelma mecnierebma d. Serpanskim da j. joisma 
(elen skripsis saxelobis samecniero-kvleviTi instituti) gamoTqves mosaz-
reba, rom sicocxlis dasawyisSi rnm molekulebis TviTgamravlebad 
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kompleqsebSi asimetrias adgili ar qonda. rnm-is marjvena da marcxena mole-
kulebs SeeZloT koperireba rom gaemravlebinaT erTmaneTi [6].  

mecnierebma gamoacxades rom sicocxle dedamiwaze SeiZleba. warmoSo-
biliyo ramdenime martivi naerTidan, romlebmac Seqmnes biomolekulebis sami 
ZiriTadi klasi. nukleinis mJavebi (rnm da dnm) aminomJavebi da lipidebi 
britanelma qimikosebma d. sazerlendma da misma kolegebma jer kidev 2009 
wels warmoadgines Zlieri argumenti „rnm samyaros“ Teoriis sasargeblod, 
rom pirveli biomolekula iyo rnm, romelic ara marto inaxavda genetikur 
informacias, aramed asrulebda katalizatoris rols sxva saWiro reaq-
ciebisaTvis, sazerlendis azriT rnm-is oTxi nukleotididan ori SeiZleba 
warmoiSvas damoukideblad im reaqciebis Sedegad romelSic monawileobdnen 
acetileni da formaldehidi [7]. 

sazerlendma aCvena, rom rnm-isaken gza SeiZleba gavliliyo ufro 
martivi nivTierebebiT. mecnierebma SeZles cianwyalbadis (NCN), gogird-
wyalbadis (N2S), ultraiisferi gamosxivebiT damuSavebis safuZvelze SeeqmnaT 
nukleinis mJavebis prekursorebi (nivTierebebi romlebic monawileoben 
reaqciebSi romlebsac mivyavarT miznobrivi nivTiereba „gordonis“ warmo-
Sobamde). aseve gairkva, rom nedleuli bunebrivi aminomJaveebisaTvis da 
lipidebisaTvis warmoiSoba msgavs pirobebSi, ase amgvarad qimiuri reaqciebis 
erTidaigive jgufma SeiZleba warmoSvas erTdroulad sicocxlisaTvis 
saWiro yvela ZiriTadi struqturuli elementi [8]. 

a.S.S. niu-iorkis Statis kornelis universitetis mecnierebma SeZles 
axali tipis sicocxlis formis Seqmna, romlis sicocxlis unari dafuZ-
nebuli aris ara Txevad wyalze da Jangbadze, aramed meTanze. romlebsac am 
gziT SeuZliaT nivTierebaTa mimocvla da TviTwarmoSoba. aRniSnuli modeli 
SeiZleba safuZveli gaxdes sicocxlis rTuli formebisaTvis [9]. 
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SUMMARY 

THE MAIN MOLECULE OF LIFE – RNA 

Jinjolia  Sh. R. 

Akaki Tsereteli State University, Kutaisi  

The paper dwells on the “RNA world”,  a hypothetical stage of the origin of life on the Earth, where the genetic 

information is stored and the catalysis of chemical reactions is performed by the RNA ensembles. There are 

considered the experimental data and assumptions on the role of the main molecule of life – RNA in the origin of 

life, which have been obtained by researchers over the period of the last fifteen years. 
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ribosomebis evolucia 
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cocxalma organizmebma evoluciis garkveul etapze SeiZines ramdenime 
mniSvnelovani Tviseba. maT Soris erTerTi mTavari aris aminomJavuri poli-
merebis – dasawyisisaTvis mokle peptidebis, Semdeg grZeli cilebis sinTezi-
reba. cilis sinTezirebis sakiTxSi garkvevisaTvis, axlos unda gavecnoT 
ribosomebs – rTul molekulur struqturebs, romlis daxmarebiTac sinTe-
zirdeba cilebi Tanamedrove cocxal ujredebSi. 

ribosomebi – rTuli molekuluri kompleqsebia, romlebic Sedgeba 
ribosomuli ribonukleinis mJavebisagan (r-rnm) da cilebisagan. ribosomebi 
TamaSoben sakvanZo rols transliaciaSi – cilis sinTezSi, matraciuli rnm 
(m-rnm) molekulaSi, genetikuri kodis daxmarebiT Cawerili instruqciis 
mixedviT.  

ribosomebi cocxal sistemebSi dawyebuli baqteriebidan adamianis 
CaTvliT msgavsi agebulebisaa. albaT es niSnavs rom ribosomebi arsebobdnen 
sicocxlis yvela Tanamedrove formebis saerTo winaprebSi.  

ribosomebi Sedgeba ori didi (mTavari) da patara (damxmare) suberTeu-
lisagan. orive suberTeulis safuZvels warmoadgens ribosomuli rnm (r-rnm) 
molekulebi, romelsac garedan akravs ribosomuli cilebis molekulebi.  

dReisaTvis aRiarebuli „rnm samyaro“ Teoriis Tanaxmad sicocxlis 
ganviTarebis adreul etapze yvela ZiriTad funqcias romelsac dReisaTvis 
asrulebs cilebi xorcieldeboda rnm molekulebis mier. cilis sistemis 
warmoSoba sakvanZo movlena gaxda „rnm samyaro“-dan CvenTvis nacnob „cilis 
samyaro“-ze gadasvlisas, vinaidan ribosomebi warmoadgenen am sistemis cent-
raluri komponents, maTi warmoSobis sakiTxis garkveva aucilebelia rom 
gavigoT Tu rogor gardaiqmna rnm  Semcveli sistemebi pirvel prokaroitul 
ujredad.  

dRemde mraval mecniers miaCnda rom ribosomebis warmoSobis 
safuZvlebis axsna SeuZlebelia, vinaidan bunebaSi ar darCa „gardamavali 
rgoli“ ufro martivi molekuluri kompleqsebisa, romlebic SeiZleba 
CaTvliliyo ribosomebis „winaprebad“, magram kanadelma bioqimikosebma 
monrealis universitetis bioqimiis departamentidan monaxes am saidumloebis 
gasaRebi, Tanamedrove organizmebis ribosomebis struqturaSi.  

maT yuradReba miaqcies Tanamedrove baqteriis (Escherichia coli) ribosomis 
mTavar nawils – 23 S rnm molekulas romelic safuZvelia ribosomis didi 
suberTeulisa. es molekula sakmaod didia. igi Sedgeba TiTqmis 3000 
nukleotidisagan, igi daxveulia gorglad, am gorglis maryuJebi gamoS-
verilebi da struqturis sxva elementebi uzrunvelyofen sxvadasxva funq-
ciis Sesrulebas: ribosomul cilebTan kavSirs, mcire suberTeulTan 
dakavSirebas saWiro poziciaSi, transportuli rnm (t-rnm) mierTebas da 
dakavebas, romlebsac Tavis „kudebze“ (cca-3′ daboloebaze)  mimagrebuli aqvT 
cilis sinTezisaTvis saWiro aminomJavebi.  

cnobilia, rom ribosomuli cilebi asruleben damxmare rols. isini 
ribosomebs aniWeben stabilurobas. amaRlebs maT efeqtur muSaobas. yvela 
mTavar moqmedebas cilis sinTezSi asrulebs ribosomul rnm. es niSnavs rom 
Tavdapirvelad ribosomebi Sedgeboda mxolod r-rns-isagan, cilebi daemata 
mogvianebiT. yvelaze mTavari etapi transliaciis – aminomJavebis mimateba 
sinTezirebad cilis molekulebTan (transpeptidaciis reaqcia) – xorciel-
deba 23S r-rnm molekulebiT, amitom logikuria vivaraudod rom yvelaferi 
daiwyo swored am molekulebidan. 23S r-rnm molekula sakmaod didi da 
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rTulia. igi albaT warmoiSva ufro martivi winamorbedi molekulebisagan 
TandaTanobiTi evoluciis Sedegad. e.i. axali fragmentebis TandaTanobiT 
damatebiT. 

daasabuTebulia, rom 23S r-rnm molekula Sedgeba eqvsi ZiriTadi 
struqturuli nawilisagan anu domenisagan, TiToeuli maTgani Sedgeba ufro 
patara erTeulebisagan. molekulebis samganzomilebiani struqturis 
mTlianoba SenarCunebulia nawilebs Soris sxvadasxva tipis (ZiriTadad 
wyalbaduri) kavSirebiT. molekulis zogierTi nawili daxveulia ormag spi-
ralad komplementarobis principis safuZvelze. mniSvnelovan rols TamaSobs 
egreTwodebuli ,,a-minoruli“ kavSirebi. ,,a-minoruli“ kavSirebi warmoSo-
bilia erTmaneTTan TandaTanobiT dakavSirebuli ramdenime adenoziniT (a) 
molekulis erT nawilSi da ormag spiralSi mis sxva nawilSi. 

23S r-rnm struqturis kvlevisas yuradReba mieqca im faqts, rom ormagi 
spiralebi da maTgan warmoSobili „a-minoruli“ kavSirebi, adenozinebis 
jgufebisa (adenosin stacks) ganlagebulia eqvsive domenSi qaoturad, erTis 
mexuTe dimenis gamoklebiT, romelSic SeimCneva ormagi spiralis Tavmoyra, 
romelSic praqtikulad ar aris adenozuri Tavmoyrebi. mexuTe domenSi 
warmoSobili a-minoruli kavSirebi aris erTmimarTulebiani am dakvirvebam 
avtorebi miiyvana im azramde rom 23S r-rnm molekulis evolucia SeiZleba 
dawyebulia mexuTe domenidan anda mis romelime nawilidan. swored, mexuTe 
domeni asrulebs gadamwyvet rols transpeptidaciaSi. is ikavebs t-rnm-is 
molekulebis cca kudebs swor poziciaSi (romlebmac moitana winamorbedi 
aminomJava SesakavSireblad sinTezirebad cilasTan). swored 23S r-rnm mexuTe 
domeni uzrunvelyofs axali aminomJavis miaxloebas wina morbedTan, rome-
lic ukve mierTebulia cilasTan da akatalizebs aminomJavebis dakavSirebas 
cilebTan. am faqtis aRmoCenis Semdeg mkvlevarebi gadavidnen 23S r-rnm 
struqturis ufro detalur analizze maT daSales 23S r-rnm molekula 60 
damoukidebel struqturul blokad da detalurad gaanalizes maT Soris 
kavSirebis xasiaTi da Seecadnen aexsnaT eqvemdebarebian Tu ara isini agebas 
da  daSlas detalebis dazianebis gareSe. aRmoCnda rom, molekula SeiZleba 
TandaTanobiT daiSalos da ar daazianos darCenili blokebi. Tavdapirvelad 
gamoyves 19, Semdeg 11, 9, 5, 3, 3, 2, 2, Semdeg kidev sami bloki calcalke 
TiToeul erTeulebad. ris Sedegadac darCa molekulis patara fragmenti 
romelic saerTo masis 7% iyo, swored es dauSleli fragmenti warmoadgens 
mexuTe domenis nawils, romelic Seicavs katalizur centrs da pasuxis-
mgebelia transpeptidaciaze. (peptidil-transferazuli centri p.t.c. (peptidyl-

trasferase centre). sawyisi funqcionaluri molekula – „protoribosomisa“ 
romlidanac daiwyo ribosomis evolucia, albad iyo peptidiltransferazuli 
centri (ptc), 23S r-rnm molekulis mexuTe domenisa. TviTon ptc. Sedgeba ori 
simetriuli „frTisagan“ TiToeuli „frTa“ ikavebs cca kuds t-rnm-s erTi 
molekulisa. logikuria msjeloba rom aseTi struqtura warmoiSva sawyisi 
frTis dublikaciis (gaormagebis Sedegad). 

mkvlevarebma detalurad moaxdines evoluciis Tanmimdevruli sava-
raudo rekonstruireba. 23S r-rnm molekulis pirveli rva damatebiTi bloki 
miuerTes  protoribosomas ise, rom warmoSva „masiuri safuZveli“. ris 
Sedegadac protoribosomis struqtura gaxda ufro stabiluri. momdevno 12 
blokma kidev ufro gaamyara da gaafarTova es safuZveli. axalma blokebma 
warmoSves kontaqtis zedapiri r-rnm mcire  suberTeulebTan  ramac 
SesaZlebloba misca Sesuliyo isini ribosomis SemadgenlobaSi. danarCeni 
blokebis damatebam warmoSva gamonazardebi (protuberances) didi suberTeule-
bis zedapirze am gamonazardebis funqcia mdgomareobs imaSi rom isini exam-
reba ribosomebs airCios swored is t-rnm romelic atarebs saWiro aminomJa-
vas. aseve gamouSvas ribosomidan damuSavebuli t-rnm. e.i. sabolood proto-
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ribosoma aRmoCnda SemosazRvruli sxva blokebiT yvela mxridan im arxis  
gamoklebiT, romelic datovebuli iqna cilis jaWvis gamosasvlelad. 
mecnierebma daasabuTes rom 23S r-rnm miuxedavad sirTulisa agebulia martiv 
principze. misi blokuri struqtura metyvelebs imaze rom igi SeiZleba 
sakmaod swrafad ganviTarebuliyo evoluciis manZilze protoribosome-
bisagan mutaciebisa da gadarCevis Sedegad. 

savaraudoa, rom „rnm samyaro“-dan „cilis samyaroSi“ gadasvla SesaZ-
lebeli gaxda  mas Semdeg rac rnm organizmebma SeZles cilis sinTezi im 
sizustiT rom zogierTi am cilebidan gamoyenebuli yofiliyo ribosomebis 
ganmtkicebisa da srulyofisaTvis. danarCeni cilebi romlebic kontaqtireben 
ribosomebTan stabilurobis SesanarCuneblad albaT daematnen ribosomebs 
ukve „cilis samyaros“ warmoSobis Semdeg [1,2]. 

r. rut-bernsteinma (miCaganis universiteti) da m. rut-bernsteinma (oqs-
fordis universiteti) bioinformaciuli teqnologiebis gamoyenebiT riboso-
muli rnm-is Tanmimdevrobis Seswavlisas daadgines, rom rnm ar asrulebs 
mxolod struqturul da arainformaciuli funqcias. r-rnm TanmimdevrobaSi 
naxes t-rnm da yvela 20 aminomJavebis rudimentebi da kvali ribosomuli 
cilebisa da fermentebis kodirebisa, romelic saWiroa cilis sinTezisaTvis 
da energetikuli momaragebisaTvis. amis safuZvelze ivaraudes rom ribo-
somebi an misi winamorbedebi SeiZleba iyvnen Sualeduri etapi „rnm samyaro“-
sa da ujredul sicocxles Soris [3].  
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SUMMARY 

EVOLUTION OF RIBOSOMES  

Jinjolia  Sh.R. 

Akaki Tsereteli State University, Kutaisi 

The paper dwells on the issue of ribosome evolution. There are discussed the results of studying the main 

ribosome part 23S-RNA of a bacterium (Escherichia coli) carried out by Canadian biochemists. These results 

justify that, during the period of evolution, ribosomes could rapidly develop from protoribosomes. There are 

given the M and R, and the results obtained by the Root-Bernsteins through the use of bio-information 

technologies, and the assumption that ribosomes and their precursors may represent a buffer stage between the 

“RNA world” and cellular life.  

Keywords: ribosomes, evolution, protoribosomes. 
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nodar CxeiZe-75 
 
75 weli Seusrulda teqnikis mecnierebaTa 

doqtors, profesors, saqarTvelos sainJinro 
akademiis akademikoss da ukrainis gemTmSenebeli 
mecnierebis akademiis namdvil wevrs, membranuli 
teqnologiis mecnierebis fuZemdebels saqarTve-
loSi, nodar CxeiZes. 

nikolaevis gemTmSenebeli institutis 
(ukraina) damTavrebis Semdeg 1969 wels igi 
miavlines ssrk sagareo vaWrobis saministroSi 
eqsportuli produqciis mTavar sammarTveloSi.  

1972 wels moskovSi batonma nodarma gaicno 
cnobili mecnieri, sabWoTa kavSiris saxelmwifo 
premiis laureati, sabWoTa kavSiris mTavari qimi-
kosi, qimiurad aqtiuri polimerebis sinTezisa da 

kvlevis fuZemdebeli sabWoTa kavSirSi, kirile saldaZe. masTan Sexvedrebma 
da konsultaciebma gansazRvres momavali mecnieris kvlevis sfero.  

kirile saldaZis mondomebiT da rekomendaciebiT baTumSi 1972 wlis 
bolos Camoyalibda moskovis plastikuri masebis kvleviTi institutis 
ganyofileba, romlis xelmZRvaneloba daevala nodar CxeiZes. ganyofilebis 
ZiriTadi amocanebi iyo qimiurad aqtiuri polimerebisgan Seqmnili 
aparatebisa da procesebis gamoyeneba specteqnikaSi, amitomac igi Camoyalibda 
mkacrad saidumlo organizaciad. ganyofilebis bazaze Camoyalibda membra-
nuli teqnologiebis samecniero kvleviTi instituti, romelsac nodar CxeiZe 
xelmZRvanelobda 1997 wlamde. 

batoni nodaris mier Catarebuli fundamenturi hidrodinamikuri kvle-
vebi saerTaSoriso mniSvnelobisa iyo. man pirvelma Seiswavla mcire sisqis  
(0,2 - 0,9 mm) brtyel da farTe (10 mm da meti) arxebSi siTxeebis turbulenturi 
moZraobis struqtura da maTi gavlena masis mimocvlis procesebze sasazRvro 
fenebSi, romelic aRwera diferencialuri gantolebis intervaluri formiT. 
batoni nodaris kvlevebze dayrdnobiT Seiqmna specialuri eleqtrodializu-
ri aparatebi, romlebic bevrad ukeTesi iyo maSindel msoflioSi arsebul 
analogebze.  

pirvelad sabWoTa kavSirSi 1974 wels baTumis stendebze gamoicada 
centralur samecniero-kvleviT institut ,,kompasTan~ erTad Seqmnili membra-
nuli ukuosmosuri aparatebi ,,cvari 1~ da ,,cvari 2~. 

nodar CxeiZis uSualo xelmZRvanelobiT maRali teqnologiebis gamo-
yenebiT, Seiqmna specialuri modificirebuli sorbentebi da mowyobilobebi 
zRvis wylidan seleqtiurad rubidiumisa da uranis marilebis amoRebisa. 
damuSavda sasmeli wylis kondicirebisaTvis specialuri brom da brom-bor 
seleqtiuli sorbentebi. 

am periodSi Seiqmna baqtoriciduli sorbentebi da kompaqturi (jibis) 
mowyobiloba sasmeli wylis gausnebovnebisaTvis, romlis saSualebiTac 
SesaZlebeli aris nebismieri baqterialurad dasvrili (garda Savi Wiris 
baqteriis) wylis sasmelad gamoyeneba. 

n. CxeiZis gamokvlevebi safuZvlad daedo xangrZlivi gamoyenebis 
daxurul sivrceSi adamianis sicocxlis uzrunvelsayofad naxmari wylebis 
regenarciis aparatebis Seqmnas, damuSavda aparatebi da procesebi zesufTa 
wylebis misaRebad. 

batoni n. CxeiZis monawileobiT mimdinareobda kvlevebi: wylis magnitu-
ri, informatiuli, e.w. cocxali da mkvdari wylebis miReba da maTi 
Tvisebebis Seswavla. 
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institutSi Seiqmna eleqtrodializuri aparatebi, romlebic dResac 
gamoiyeneba uwylo da mcirewylian regionebSi 4 - 5 milioni mcxovrebis 
sasmeli wyliT momaragebisaTvis; 1993 wels Catarda mniSvnelovani samuSaoebi, 
borjomisa da nabeRlavis wylebidan miRebul iqna naturaluri fxvnili, 
rasac mravali wlebi uSedegod cdilobdnen sxva samecniero laboratoriebi. 

1997 wlidan nodar CxeiZe samuSaod gadadis TbilisSi samecniero-
kvleviT centr `membrana~-Si, sadac warmatebiT agrZelebs muSaobas membranul 
sorbciuli teqnologiebis gamoyenebiT radiaciuli wylebis gawmenda-
dakoncentrirebis e.w. radiaciulad dasvrili, sveli fxvnilis misaRebad. 

kolegebTan erTad man SeimuSava cxeli gogirdwalbadSemcveli wyle-
bidan hidrodinamikuri kavitaciis gamoyenebiT agresiuli gogirdwyalbadis 
moSorebis teqnologia da aparatura, rac aseTi cxeli wylebis gamoyenebis 
saSualebas iZleva. 

2003-2009 wlebSi batoni nodar CxeiZe paralelurad saqarTvelos 
teqnikuri universitetis wyalmomargebisa da wyalarirebis kaTedraze 
profesoria.  

nodar CxeiZe avtoria 120-mde samecniero Sromis, monawileobda sxva-
dasxva saerTaSoriso samecniero kongresebsa da konferenciebSi, aris SoTa 
rusTavelis saxelmwifo universitetis profesor-emeritusi, igi aris samec-
niero Jurnalis ,,hidroinJineria~ saredaqcio kolegiis wevri, 2014 wels 
mieniWa ,,wlis ekologis~ wodeba. 

2004 wels nodar CxeiZem kolegebTan erTad SeimuSava saqarTveloSi 
wylis industriis ganviTarebis koncefcia.  

batoni nodari cdilobs gaagrZelos Tavisi kvlevebis praqtikuli 
gamoyeneba sabazro ekonomikis pirobebSi, rac sasikeTod waadgeba qveyanas. 
magaliTad, seleqtiuri sorbentebis Seqmna ftorisa da bariumis ionebis 
mimarT, romelTa gamoyeneba zanavisa da borjomis mineralur wylebSi maT 
raodenobas 5-30-jer Seamcirebs – zRvrul dasaSveb normamde. raWaSi 
arseniumiT (dariSxaniT) dabinZurebuli Camdinare wylebis gawmenda 
membranul-sorbciuli meTodiT. zRvis napirebis ngrevis hidrodinamikuli 
procesebi, talRis energiis CamxSobi hidrodinamikuli mowyobilobebi da sxv.  

batoni nodar CxeiZe aqtiurad TanamSromlobs saqarTvelos sainJinro 
akademiis hidroinJineriis ganyofilebasTan. 

vulocavT baton nodars dabadebidan 75-e wlisTavs, vusurvebT  
janmrTelobas, didxans sicocxles da warmatebul SemoqmedebiT da SromiT 
saqmianobas Cveni qveynisa da mecnierebis winsvlisaTvis. 
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